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Section 1 
Executive Summary 

The North Fort Bend Water Authority (the Authority) is a governmental entity created by 
Senate Bill 1798 of the 79th Texas Legislature.  The primary mission of the Authority is to 
develop a strategy to comply with regulations set forth by the Fort Bend Subsidence Dis-
trict (FBSD).  These regulations require water users within the Authority’s territory and 
subject to FBSD’s disincentive fee to limit groundwater pumpage to a percentage of their 
total water demand beginning in 2013.  The water supply exceeding this amount must come 
from an alternative supply.  Typically, this supply is surface water, although reclaimed water 
reuse and conservation are other options to reduce groundwater demand. 

The following milestones are significant to the Authority’s master plan for surface water 
conversion: 

• 2008 – Receive FBSD certification of Groundwater Reduction Plan (GRP) 

• 2013 – Meet 30 percent reduction in groundwater use 

• 2025 – Meet 60 percent reduction in groundwater use 

The Authority has identified the City of Houston (COH) as the preferred source of water for 
long-term surface water supply.  The COH has raw water available in the Trinity and San 
Jacinto River basins that can be treated by three water purification plants and then conveyed 
through the existing COH water transmission and distribution system and future infrastruc-
ture to meet the Authority’s long-term demands.  The initial supply of treated surface water 
used to meet the Authority’s demands through 2024 will be received in the vicinity of 
Bellaire Boulevard and South Dairy Ashford Street near the western perimeter of the COH 
water system.  Beginning in 2025, this supply will be supplemented with treated COH water 
delivered by way of a pipeline with capacity shared between the Authority and the West 
Harris County Regional Water Authority (WHCRWA).  The Authority will participate in this 
project to provide a treated water supply originating from the northern side of the Authority’s 
boundary. 

The Authority’s water transmission system will be expanded from the 2013 service area 
which is intended to meet surface water supply requirements through the end of 2024, to a 
larger system capable of meeting the more stringent subsidence regulation and increased 
demands of the Authority out to the year 2055.  Pump station facilities will be phased in as 
necessary over the life of the transmission system. 

The Authority anticipates that reclaimed water use and early or over conversion will generate 
credits that may be used to offset the total amount of surface water required to achieve 
compliance.  The Authority may use these credits to meet regulatory requirements in years of 
higher than anticipated demand or to adjust the second phase of surface water conversion as 
the system becomes operational. 
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Section 2 
Introduction 

Fort Bend Subsidence District (FBSD) regulations drive the need and schedule for conver-
sion of the Authority to surface water.  In the 2003 District Regulatory Plan (DRP), the 
FBSD has divided Fort Bend County into three distinct areas with separate conversion goals 
and requirements.  These areas are shown in Figure 1. 

Figure 1 
FBSD Regulatory Areas 
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As shown in Figure 1, the entirety of the Authority is located within Regulatory Area A.  
Permitted groundwater users within Regulatory Area A are required to have a certified 
Groundwater Reduction Plan (GRP) before permits are renewed in 2008 in anticipation of 
regulations requiring the reduction of groundwater use starting in 2013.  Beginning in 2013, 
groundwater use will be limited to 70% of the permittee’s total water demand.  This amount 
will decrease to 40% beginning in 2025.   

There are currently no regulations on groundwater use in Area B, except that groundwater 
produced within this area cannot be imported into Area A as an alternative source of water to 
fulfill conversion requirements.  Additionally, groundwater users in Area A may also be 
considered exempt from regulation if they meet one of the following criteria: 

1. Water is used for irrigation of agricultural crops. 

2. The permittee has a total water demand of 10.0 million gallons per year or less.  
However, if an alternative water supply is available at the site, the permittee may be 
required to convert unless they are in compliance with a GRP. 

3. The permittee meets requirements for exemption based on economic hardship. 

Barring these exemptions, all permitted well operators are required to follow the regulations 
set forth for Area A. 

2.1 Creation of the Authority 

The Authority was created by the 79th Texas Legislature through the passage of Senate Bill 
1798 in May 2005 in response to the need to reduce ground water use described above.  The 
objectives of the Authority are to reach compliance with FBSD’s groundwater reduction 
initiative and to develop a long term plan for surface water delivery to its customers. 

The Authority currently encompasses 44 utility districts and the City of Fulshear as well as 
other private well owners within its jurisdictional boundary (see Exhibit 1).  A list of in-
cluded participants can be found in Appendix A.  Although originally included in the 
Authority boundary, FB MUD 25 requested and was excluded (see Appendix B).  The 
Authority has the power to raise funds through various means including groundwater pump-
age fees and the selling of bonds. 

2.2 GRP Plan Participants 

Participants in the Authority’s GRP include two types of water users.  The first group in-
cludes the owners of wells subject to FBSD’s disincentive fee within the boundary of the 
Authority, shown in Figure 1 and listed in Appendix A. 

The second type of participant is included in the GRP by contract.  The George Foundation 
has reached an agreement with the Authority to include portions of The George Ranch in the 
Authority’s GRP.  A copy of the agreement between the Authority and the George Founda-
tion can be found in Appendix C.  Other entities may also choose to contract with the 
Authority.  However, the George Foundation is the only existing contract participant. 
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The George Foundation will pay groundwater pumpage fees as if they were within the 
Authority boundary.  In turn, the Authority will convert within its boundary in excess of the 
required amount in order to meet the conversion requirements of contract participants. 

The Authority has coordinated with the FBSD to amend the expiration date for all existing 
non-exempt well permits for permittees participating in the Authority’s GRP to a single 
permit expiration date of September 2008.  It is the intent of the Authority to comply with all 
regulations and obtain a certified GRP in advance of that deadline. 

2.3 Planning for Surface Water Conversion 

Extensive planning has been performed in an effort to create this GRP.  Previous planning 
efforts included the Potential Water Source Study, and the Alternative Analysis of alternative 
surface water sources and delivery options.  These studies were prepared to guide the Au-
thority’s decision in selecting a preferred strategy.  Appendix D includes the Potential Water 
Source Study completed by the Authority’s consultants to identify viable sources of water for 
meeting conversion requirements.  The Alternative Analysis of various delivery strategies is 
included in Appendix E of this GRP.  This document presents detailed information regarding 
the development of population and water demand projections throughout the planning period 
as well as the development of capital and operation and maintenance costs for the selected 
alternative which is incorporated into this GRP. 
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Section 3 
Population and Water Demands 

3.1 Population Projection Methodology 

An accurate estimate of future population is an essential component of the overall planning 
efforts to adequately anticipate future demand for water.  Past forecasts of future population 
for Fort Bend County have consistently underestimated the population growth.  Therefore, 
high priority was placed on identifying and evaluating multiple sources of information and 
data available to accurately forecast population in the Authority. 

Potential sources of population projections and projection methodologies were investigated 
to evaluate their advantages, disadvantages and usefulness to the Authority.  Sources of 
population data and/or projections that were identified utilize data from the 2000 Census and 
include: 

• UH Center for Public Policy - UH Houston Economic Multi-Sector (HEMS) Model 

• UH Center for Public Policy - Small Area Model-Houston 

• Population and Survey Analysis (PASA) 

• Municipal Information Services (MIS) 

• Houston-Galveston Area Council (H-GAC) 

• American METRO/STUDY Corporation 

• Texas State Data Center, and 

• Texas Water Development Board (TWDB) 

The above sources of data were evaluated to determine which source would be best suited for 
use in developing population forecasts for the Authority.  For each data source, the length of 
forecast and overall detail of the data available were considered in selecting the preferred 
data source for developing the population forecasts for the Authority. 

Each of the above data sources tended to aggregate population geographically at different 
grid sizes and arrangements.  For example, depending on the date source, population forecast 
may be aggregated for an entire county, incorporated area (towns and cities), groups of 
census tracts (analysis zones), individual census tracts, or even smaller areas, such as a 
residential subdivision or a cell within a grid of cells.  Developing a GRP requires that not 
only the overall population and water demands for a given area be estimated but that the 
location of that water demand be identified as accurately as possible.  For this reason, a data 
source that provides population forecasting for the Authority area at a smaller, discrete level 
of detail is more useful in developing the GRP.   
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The FBSD regulations require that a GRP be developed for a period not less than the year 
2030.  However, the availability of a population forecast beyond the 2030 timeframe is 
advantageous to assist in the overall planning of the facilities required to implement a GRP.  
For example, each phase of conversion (i.e., 2013 and 2025) will include facilities that will 
be constructed at a size to accommodate future water demands well beyond the demand 
estimated for that particular phase 

Water demands are generated based on the projected populations provided by a given fore-
casting model and the estimated per capita water use developed for a given area.  Per capita 
water demands vary depending on the types of development forecast for a given area (i.e., 
single-family residential, multi-family residential, commercial).  Therefore, a population data 
source that provides sufficient detail to estimate subsets of population such as single-family 
and multi-family populations, and/or a forecast of employment in addition to population is 
also valuable in developing a comprehensive GRP. 

Municipal Information Services (MIS) is recognized in the region as an expert in collecting 
and evaluating financial and demographic data for special districts in the Houston region and 
publishes the “Guide to Houston Area Municipal Utility Districts.”  In its work, MIS utilizes 
tax role data, current aerial photography, official statements related to sales of bonds, 911 
(emergency services) information, and other sources of data.  MIS has more than 25 years of 
experience with clients including forecasting population through the anticipated life of the 
development to complete build-out.  In addition, MIS was well-suited to develop an estimate 
of existing population and short-term forecast of population to approximately 2010 based on 
their database and hands-on knowledge of existing developments and the development trends 
in the Authority area.  For these reasons, MIS was selected to provide a forecast of total 
population for the Authority.   

After considering the information and forecasts available from the potential sources, the 
detailed land use data and computer modeling capabilities provided by the Houston-
Galveston Area Council (H-GAC) were determined to best satisfy the need for a projection 
that forecasts where development is most likely to occur within a larger area.  The H-GAC 
land use model uses numerous economic variables to estimate the relative ‘attractiveness’ of 
1,000’ x 1,000’ grid cells compared to other cells.  More attractive cells receive a greater 
proportion of forecast total population than less attractive cells receive.  The two forecasts 
are used together in the methodology described in the following paragraphs. 

Only in the process of understanding the data and forecasts available could a complete 
methodology be developed to project population within the NFBWA.  Major steps within the 
methodology include: 

1. Estimate population in the Authority from 1990 to present to develop baseline esti-
mates of population growth. 

2. Develop high level forecast of Authority-wide population. 

3. Develop grid-level forecast of Authority population. 

The following sections provide additional information for each of these steps in the method-
ology. 
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3.2 Estimate Population in the Authority from 1990 to Present 

New Municipal Utility Districts (MUD) were identified and current MUD information was 
obtained to update MIS’ MUD database.  Data typically consists of counts of lots and hous-
ing units and does not address population directly.  2000 Census data was used to determine 
“Occupancy Rate” and “Population per Occupied Unit” for each of the sixteen census tracts 
entirely or partially within the boundaries of the Authority.  Occupancy rates vary from 
approximately 80% to more than 99%.  Population per occupied unit varies between 2.7 and 
3.5 people/unit. 

The estimated population within the Authority from 1990 to present was calculated based on 
estimates of single- and multi-family housing units multiplied by corresponding factors for 
“Occupancy Rate” and “Population per Occupied Unit.”  The population in the Authority is 
estimated to have been 107,000 in 2005.   

3.3 Develop High Level Forecast of Authority-Wide Population 

Based on MIS years of experience analyzing and developing similar projections, it was 
determined that MUD information, on-site inspection of current development, and housing 
market conditions would be used to develop a short-term forecast through 2010 of residential 
lots and housing units.  Based on this information, estimates of population were developed by 
applying the occupancy rate and persons per occupied unit factors obtained from the 2000 
Census.  This forecast projects the population to grow from approximately 107,000 in 2005 
to 160,000 in 2010. 

Being confident that a land-use based model is the preferred method to forecast long-term 
population, it was necessary to compare H-GAC’s estimated 2010 population to MIS’ 
estimated 2010 population in the Authority.  H-GAC’s population is based on grid cells to 
spatially distribute population over the entire area.  Based on summing the populations of 
grid cells within the Authority, H-GAC’s estimate of the Authority’s population in 2010 is 
approximately 40% less than MIS’ estimated population of 160,000.  This disparity did not 
diminish the value of H-GAC’s forecast because a land use model attempts to accurately 
represent the relative “attractiveness” of an area with respect to other areas based on factors 
such as proximity to transportation and likelihood of flooding.  Therefore, a method was 
needed to take advantage of the benefits of H-GAC’s forecast while adjusting the forecast 
upward to eliminate the difference in the starting 2010 population. 

Of several methods considered, the concept of “capture rate” was chosen because it is 
consistent with the common idea that some areas develop before other areas because they are 
more attractive.  Therefore, attractive areas capture a greater proportion of the population 
moving in than do less attractive areas of the County.  By comparing the estimated popula-
tions within the Authority territory and Fort Bend County since 1990, the Authority’s capture 
rate (i.e., the population that moves into the Authority territory as a percentage of the popula-
tion moving into the County) has increased from approximately 18% from 1990 to 1995 to 
more than 50% from 2000 to 2005.  An obvious limitation on the ability of the Authority to 
continue to capture 50% of the population moving into the County is that the Authority 
territory fills up.  Therefore, the capture rate must decrease as attractive space available to 
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absorb population decreases and decreasing capture rate was the method developed to utilize 
H-GAC’s forecast. 

Beginning in 2010, future population within the Authority was estimated assuming that the 
Authority’s capture rate decreases to 95% of the capture rate of the previous five-year period.  
Using this method the projected population within the Authority is approximately 205,000 in 
2015: 289,000 in 2025: and 365,000 in 2035 – the end of H-GAC’s forecast. 

Adequate water supply planning relies on forecasts of 50 years or more: therefore, the 
population forecast had to be extended from 2035 to at least 2050 or beyond.  It was deter-
mined to continue the forecast at 10-year intervals to 2045 and 2055.  Analysis of H-GAC’s 
forecast indicates that the population over five-year periods increases at a predictable rate.  
Therefore, this predictable trend as well as the TWDB projections of population were used to 
extend the forecast assuming that the percent increase in population during each five-year 
period is 88% of the previous five-year period.  The projected population within the Author-
ity is approximately 429,000 in 2045 and 481,000 in 2055. 

Figure 2 shows the historic and projected growth of the Authority from 1995 through the 
year 2055.   

Figure 2 
Population Forecast for the Authority 
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3.4 Develop Grid-Level Forecast of Authority Population 

The H-GAC grid cell population was used as the basis or starting point to forecast population 
at the grid level.  H-GAC’s population for grid cells within the Authority had already been 
found to be significantly less than the Authority’s estimate of existing population.  However 
there is value of a land use model in representing the “attractiveness” of an area relative to 
other areas.  The process to adjust H-GAC grid cell population so that the total matches the 
Authority estimate simply requires multiplying H-GAC’s population for each cell by the ratio 
of the Authority’s estimate to H-GAC’s total. 

The process described above was limited by a “population cap” placing a maximum on the 
population that could be assigned to a cell based on population density (people per useable 
acre).  Applying a population cap required a determination of 1) the maximum population 
density to allow and 2) useable area for each cell. 

The maximum population density (people per useable acre) was determined by analyzing the 
densities of built-out developments within the Authority.  The criterion used to categorize a 
development as built-out is that the number of houses be at least 95% of the number of 
residential lots in the development.  Seventeen developments meet this criterion and were 
found to have an average population density of approximately ten people per useable acre. 

The useable area was determined using the Authority’s geographic information system (GIS) 
to analyze land use.  Useable area excludes floodways, electric power and petro-chemical 
transmission corridors, transportation rights-of-way, and school and other governmental 
entity property (See Exhibit 2). 

Once the population density factor was determined and the usable area for each cell was 
obtained using GIS, the adjusted population for each grid cell is the smaller of the population 
cap or the projected population.  If the projected population exceeded the population cap, the 
population in excess of the cap was added to the adjacent cell to the southwest.  This process 
began at the most northeasterly cell in the Authority and continued until the population 
remained under the cap.  If the southern or southwesterly edge of the Authority was reached 
and there was still population in excess of the cap, then the excess was added to the next cell 
at the northeasterly edge of the Authority not already processed.  This procedure was re-
peated for projected populations in 2015, 2025, 2035, 2045, and 2055.  The changes in 
population between 2005 and 2055 are shown in Exhibits 3 through 6. 

3.5 Development of Per Capita Water Demands 

Two approaches were taken to investigate per capita water demand in the Authority.  The 
first approach was at the MUD level and is based on dividing metered groundwater pumpage 
for the MUD by the MUD’s estimated population.  To the extent possible, this effort also 
made use of responses received to the Authority’s questionnaire to check population (indi-
rectly based on connection data), pumpage, and interconnections to other Districts to 
discover possible import/export of water that would otherwise skew the pumpage informa-
tion.  Due to limitations on availability and quality of data, per capita demand based on MUD 
information was only estimated for 2005.  Note that 2005 was a dry year for which pumpage 
in most MUDs was higher than average. 
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The results of this effort revealed variations in per capita demand from approximately 100 
gallons per capita per day (gpcd) for older development without amenity lakes and signifi-
cant lawn or esplanade irrigation to approximately 240-gpcd in newer developments with 
amenity lakes and/or irrigation of large green spaces.  The average demand for eighteen 
MUDs, weighted based on estimated population, was found to be 210-gpcd. 

The second approach was at the Authority level and is based on dividing groundwater 
pumpage reported to the Subsidence District by the estimated population within the Author-
ity.  This calculation was made for each year from 1990 to 2005.  The first observation is that 
data for population and pumpage show similar patterns of increase over this period.  The 
similar patterns confirm the strong, direct relationship between population and water de-
mand.  In addition, the largest deviations from the pattern are increased pumpage in the dry 
years of 1999, 2000, and 2005.  Decreased pumpage in wet years does not stand out as 
clearly, but 1997 and 2004 are notable. 

After dividing pumpage by population for each year, a trend of increasing per capita water 
use is evident.  This trend is attributed to the movement toward larger, master-planned 
communities with amenity lakes and significant irrigation of esplanades and green spaces.  
Because the upward slope of the trend appears to be skewed by the recent dry years (1999, 
2000, 2005), the data were divided into three components for further analysis.  Without 
recent wet or dry years, the four most recent “average years” (1998, 2001, 2002, 2003) have 
an average of approximately 170-gpcd with only a slight upward trend.  Analysis of average 
years was limited to these four years because recent history is more representative of current 
conditions in the Authority than are earlier data. 

Based on the trend for the average years, lines with the same slope were fit to the wet years 
and dry years.  These lines provide a range of per capita water demand applicable to the 
Authority depending on rainfall.  The average water demand in the Authority is approxi-
mately 170-gpcd and the water demand in a dry year is expected to be approximately 
210-gpcd. 

3.6 Demands for Contract Participants 

In addition to the demands summarized in the sections above, water demands were also 
considered for participants outside of the Authority boundary.  Other entities may participate 
in the Authority’s Groundwater Reduction Plan (GRP) through contract.  These contract 
participants will pay the same rates as rates paid by districts within the Authority in exchange 
for inclusion in the Authority’s GRP.  The Authority will then over-convert areas within the 
Authority boundary to meet the groundwater reduction requirements of the contract partici-
pants’ groundwater withdrawals outside the Authority boundary up to the contract cap 
amounts. 

Interest was expressed by The George Foundation to participate in the Authority’s GRP 
through contract.  The George Foundation owns over 21,000 acres of undeveloped land south 
of the Brazos River and southeast of Richmond making it the most significant contract 
participant.  Forecast demands for the George Ranch property were provided by The George 
Foundation reflecting a projected development schedule.  The George Foundation water 
demands are listed in Table 1.  There is enough extra capacity in the phasing of the Author-
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ity’s facilities to account for the lower demands in the near future.  Consequently the Author-
ity modified these original demands as shown below for planning purposes. 

Table 1 
Water Demand for Contract Participants 

Projected Water Demand (mgd) Contract 
Participant 

2013 2015 2025 2035 2045 2055 

George Ranch 1 6.0 8.0 14.0 15.0 15.0 15.0 

Modified George Ranch 0.0 0.0 10.0 15.0 15.0 15.0 

Total Contract 
Participant Demand 6.0 8.0 10.0 15.0 15.0 15.0 

1 Source: The George Foundation 

 
 

3.7 Distribution of Water Demands through Planning Horizon 

Per capita water demands were developed that allowed the application of these values to the 
population projections to determine total estimated water demand for the Authority, as shown 
in Table 2.  Figure 3 illustrates the growth in water demand for the Authority through 2055 
as well as the required alternative water use based on the conversion requirements of FBSD 
regulations. 

Table 2 
Authority Projected Population and Demand 

Year Population Authority 
(mgd) 

George 
Ranch 
(mgd) 

Total 
Demand 

(mgd) 
2005 107,000 --  0.0 --   
2013 173,300 36.4  0.0 36.4   
2015 205,000 40.6  0.0 40.6   
2025 289,000 58.0  10.0 68.0   
2035 365,000 73.9  15.0 88.9   
2045 429,000 87.8  15.0 102.8   
2055 481,000 100.9  15.0 115.9   

   Authority demand projections based on a 210 gpcd rate. 

FBSD regulations create two distinct planning horizons for surface water conversion in Fort 
Bend County.  The first phase of conversion begins in 2013 and requires regulated ground-
water users to convert at least 30% of their total water demand to an alternative water supply.  
The second and final phase starts in 2025 and requires conversion of at least 60% of the total 
water demand to an alternative water supply or supplies.  For purposes of this study, the 
second phase conversion requirement (60%) is continued through the end of the study period 
in 2055. 
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Figure 3 
Authority Water Demand and Minimum Regulatory Conversion  

Requirement through Planning Period 
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Exhibits 3, 4, 5, and 6 illustrate the spatial distribution, by 23-acre grid cell, of estimated 
water demand in 2005, 2015, 2025, and 2055, respectively.  The growth in population, and 
therefore the corresponding increase in water demand, generally increases most significantly 
in the southwestern portions of the Authority. 

The single largest component of demand in the Authority is existing utility districts.  A large 
portion of the Fort Bend County water demand, particularly in later years, is associated with 
regions that are primarily undeveloped and outside existing utility districts.  These portions 
of the Authority were divided into fourteen areas shown in Exhibit 7.  Demand for these 
areas was forecast separately and is summarized in Table 3. 
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Table 3 
Projected Water Demand for Undeveloped Areas 

Projected Water Demand (mgd) Undeveloped 
Area 2013 2015 2025 2035 2045 2055 

Central Area 1 0.14 0.21 0.29 0.71 2.37 3.59 

Central Area 2 0.04 0.14 0.49 0.78 1.71 2.51 

Central Area 3 0.02 0.15 0.18 0.32 1.05 1.58 

East Area 1 0.17 0.20 0.23 0.30 0.32 0.32 

East Area 2 0.12 0.24 0.50 0.58 0.69 1.12 

East Area 3 0.08 0.55 1.04 1.27 3.46 4.05 

North Area 1 0.13 0.22 0.27 0.32 0.52 0.73 

Northwest Area 1 0.03 0.15 0.29 0.31 0.42 0.52 

Northwest Area 2 0.22 0.37 0.82 1.15 2.14 3.00 

South Area 1 0.17 0.17 0.22 0.24 0.91 2.60 

Southeast Area 1 1.30 1.82 2.14 2.41 2.87 2.87 

Southwest Area 1 0.44 0.85 1.88 2.64 2.91 3.88 

West Area 1 0.02 0.08 0.19 0.45 0.51 0.70 

West Area 2 0.00 0.01 0.16 0.45 2.04 3.41 

Total 2.88 5.16 8.68 11.92 21.91 30.89 

 
It was also assumed that the unincorporated demands include water usage by private well 
owners.  These include water usage by golf courses, home owners’ associations, and other 
non-exempt well usage that is not included in the municipal demands specifically identified 
here. 

Finally, Table 4 summarizes all of the demand identified above to provide the total water 
demand for the Authority. 

Table 4 
Total Projected Water Demand for the Authority 

Projected Water Demand (mgd) 
Demand Type 2013 2015 2025 2035 2045 2055 

NFBWA Utility Districts 33.5 35.5 49.3 62.0 65.9 70.0 

NFBWA Undeveloped Areas 2.9 5.2 8.7 11.92 21.9 30.9 

George Ranch 0.0 0.0 10.0 15.0 15.0 15.0 

Total 36.4 40.7 68 88.9 102.8 115.9 
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Section 4 
Water Supply  

4.1 Water Supply Sources  

In 2006, the NFBWA studied possible water supply options (Source Supply Study, BGE/TCB 
in Appendix D). The Study included the following major tasks: 

1. Review of available information, models, reports & TCEQ data to identify potential 
water supply entities. 

2. Evaluation of identified water supply entities to determine available water. 

3. Evaluation of potential water rights acquisitions including reliability.  

A number of entities were identified as potential providers of surface water to meet the 
Authority’s needs.  In alphabetical order, those entities are: 

Brazos River Authority (BRA) 

Chocolate Bayou Water Company (CBWC) 

City of Houston (COH) 

City of Missouri City (COMC) 

City of Sugar Land (COSL) 

Coastal Water Authority (CWA) 

Gulf Coast Water Authority (GCWA) 

Texas Genco 

TXU Power (TXU) 

West Harris County Regional Water Authority (WHCRWA) 

Further review and study reduced the list of possible providers to the COH and the BRA.  
Using these two potential water supply sources, the NFBWA studied various alternatives 
(Alternative Analysis, BGE/TCB in Appendix E).  The report recommended that the Author-
ity move forward with contracting water from the COH.  

4.2 Availability of COH Water 

Water from the COH is projected to be available in sufficient quantities to meet the regula-
tory requirements of the Authority throughout the planning horizon.  However, the existing 
infrastructure to deliver this water is generally not available at a capacity and location 
sufficient to facilitate conversion.  Therefore, obtaining sufficient supply for each of the two 
phases of conversion outlined in this GRP will likely require additional infrastructure to 
deliver the required volume of water from the COH to the Authority. 
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The firm yield surface water supply for the COH is identified in the 2006 Region H Regional 
Water Plan (RWP) as 1,217,348 acre-feet per year.  This firm yield supply represents the 
volume of water available under drought of record conditions at the end of the RWP planning 
horizon (year 2060).  Over 80 percent of this water originates in the Trinity River basin as 
reservoir supply from Lake Livingston or as run-of-river supplies along the lower stretch of 
the Trinity River.  These water supplies are made available to the COH through the Coastal 
Water Authority (CWA) Main Canal that conveys water to treatment facilities in Harris 
County.  The remaining supply originates in the San Jacinto River basin with the majority of 
that water originating from Lake Houston and a smaller share coming out of the COH water 
right for Lake Conroe. 

The COH operates three water purification plants, the East Water Purification Plant (EWPP), 
the Southeast Water Purification Plant (SEWPP), and the North East Water Purification Plant 
(NEWPP).  The EWPP began operation in 1954 and currently has the largest capacity of the 
three facilities at 350 mgd.  The EWPP receives water primarily from the CWA Main Canal 
but currently blends this supply with a small amount of water from Lake Houston.  The 
SEWPP relies solely on Trinity River water from the Main Canal and is linked to a major 
portion of the COH water transmission system along with the EWPP.  The SEWPP currently 
has a capacity of 200 mgd.  The NEWPP is supplied entirely from Lake Houston and can 
only provide a limited amount of water to most areas served by the COH treated water 
transmission system.  Although the current capacity of the plant is 80 mgd, only about 12 
mgd of water is available to the system served by the EWPP and SEWPP because the major-
ity of the capacity in the NEWPP is currently contracted to or is planned for use by the 
NHCRWA and WHCRWA. 

The WHCRWA currently receives water from the COH by way of the City’s Jersey Village 
Pump Station.  This supply will eventually become inadequate to supply the entire 
WHCRWA surface water demand.  At that time, the WHCRWA will augment their surface 
water supply with water conveyed through a future pipeline from the COH’s water purifica-
tion plants.  This future pipeline is currently identified as the source of treated COH water for 
the Authority beginning in 2025. 

4.2.1 2013 Conversion 

The Authority plans to purchase surface water from the COH to serve their demands through 
the first conversion period of 2013 to 2024.  Water will be supplied from the vicinity of the 
intersection of Bellaire Boulevard and South Dairy Ashford Street (See Exhibit 8).  The COH 
has indicated that the infrastructure in place to convey water to this location is sufficient to 
provide for the Authority’s demands until the beginning of the second conversion phase in 
2025. 

Water received at the above location is, at this time, treated at the COH EWPP and conveyed 
through the COH transmission system.  The Authority will store and repump water received 
and convey it into the Authority. 
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4.2.2 2025 Conversion 

The amount of water required by the Authority for surface water conversion beyond the year 
2025 exceeds the capacity of the COH’s existing system to convey that quantity of water to 
the Bellaire Boulevard location.  The Authority plans to receive additional COH treated 
water from a second take point that extends from a proposed shared water supply line across 
the COH that will be built and operated jointly with the West Harris County Regional Water 
Authority (WHCRWA). 

The Authority will take water at a point north of the Authority’s boundary near the intersec-
tion of Clay and Peek Roads (See Exhibit 9) and conveyed into the Authority.  Either at the 
take point or within the Authority’s territory, the water must be stored and the pressure 
boosted for delivery to the Authority’s water transmission system.  This supply will augment 
water from the earlier take point established to supply 2013 to 2024 demands and provide 
dual supply points. 

4.3 COH Contract Provisions 

The COH, by letter dated July 6, 2007, has agreed to supply water to the Authority (see 
Appendix F).  Initially the COH agreed to supply water to the Authority under the terms of 
the existing contract between the City and the WHCRWA.  Now, however, the Authority is 
pursuing a separate contract with the City.  A draft contract was submitted to the COH in 
December 2007 and the City and the Authority are currently negotiating and plan to execute 
an agreement by mid 2008.  NFBWA and WHCRWA have agreed to work together and are 
negotiating a separate contract to address how they can share facilities to reduce costs for 
both parties. 

The Authority will participate with the WHCRWA for construction, operation, and mainte-
nance of jointly shared facilities that are beneficial to both parties.  The Authority plans to 
participate in the WHCRWA pipeline to bring water from the COH across town to the north 
of the Authority.  This pipeline will provide the water for the Authority’s second take point 
in 2025 (see Exhibit 10). 
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Section 5 
Infrastructure Requirements 

5.1 Surface Water Delivery Capacity 

Three factors were considered when determining the necessary capacity of the Authority’s 
surface water transmission system.  The first and most critical factor was the total water 
demand throughout the planning period.  Secondly, the regulated use of groundwater directly 
affects the amount of surface water required for delivery to converted areas and these regu-
lated levels are set by FBSD. 

However, a third component that is vital to the sizing of the surface water delivery system is 
the seasonal variation of demand throughout the year.  Figure 4 provides a compilation of 
groundwater pumpage data on a per connection basis for fifteen MUDs in Fort Bend County.  
Figure 4 illustrates that there are periods of time when the use of the various entities is less 
than the average day amount required to meet conversion goals.  During these times, the 
surface water delivered and used will be less than the amount required to meet conversion 
goals on an annual basis.  This means that a surface water delivery system must be sized to 
meet the 2025 and beyond conversion requirements by either converting more than 60% of 
the district demand, by increasing the peak delivery rate above the average day rate required 
to meet the goal for conversion, or a combination of both. 

Figure 4 
Groundwater Pumpage Data for Fifteen Fort Bend County Districts 
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Consideration was given to this issue and it was recognized that two solutions exist.  One 
solution would be to lay additional lines to convert more districts to compensate for this 
problem.  Alternatively, the pipe system and plant facilities could be oversized to provide for 
a higher level of peak demand.  The term ‘compliance assurance factor’ is used in this study 
to define the peak capacity rate at which surface water must be provided to those entities 
receiving surface water to ensure an annual use of 60% (starting in 2025) surface water in the 
Authority.  It is not a peaking factor in the traditional sense of increasing the average day 
demand to a peak day or peak hour demand.  MUD will continue to use their existing wells 
and storage facilities to meet peak day and peak hour water demands. 

Figure 5 further illustrates the relationship between peaking (‘compliance assurance factor’) 
and the percentage of annual demand that can be supplied.  The data for this Figure is derived 
from the information shown above in Figure 4.  However, Figure 5 demonstrates how much 
of a district’s water demand could be met by building a surface water supply system with 
various compliance assurance factors incorporated.  This Figure illustrates that supplying 
water at a rate of average day demand, or a factor of 1.0, would give a district the ability to 
receive only 80% of their demand from surface water.   

Figure 5 
Compliance Assurance Factor Relating to Various Supply Capacities 
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It was decided to apply a compliance assurance factor of 1.3 to the pipe system, which means 
that the system could supply approximately 90% of districts’ total annual water demand with 
surface water.  This determination represents an economical compromise between the need 
for additional pipelines and the option of over-sizing facilities to provide greater peaking 
capacity.  Table 5 provides the surface water design requirements with this factor included.   
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Table 5 
Surface Water Facility Design Requirements 

Projected Water Demand (mgd) 
Demand Type 2013 2015 2025 2035 2045 2055 

Total Demand 36.4 40.7 68 88.9 102.8 115.9
Required Conversion 10.9 12.2 40.8 53.3 61.7 69.5
Compliance Assurance Factor (30%) 3.3 3.7 12.2 16.0 18.5 20.9

Total Surface Water Design Demand 14.2 15.9 53.0 69.3 80.2 90.4
 

Districts were selected for conversion in each of the two conversion phases in order to meet 
the required conversion levels for each phase.  The compliance assurance factor discussed 
above and resulting percent conversion was considered throughout this process.  The districts 
selected for conversion in each of the two phases can be seen in Exhibits 8 and 9.  Table 6 
provides a preliminary overview of the customers currently planned to be converted to 
surface water in each phase of conversion, as well as the level of conversion as a percentage 
of total projected annual demand.  As the new districts are created, they may be added to the 
2013 or 2025 conversion period depending on their location which may in turn affect others. 

It should be noted that this level of conversion (90%) is greater than the overall requirement 
for the Authority.  However, this level of over-conversion allows the Authority to meet the 
requirement for conversion by serving fewer districts at less cost while some districts remain 
unconverted.  The use of over-conversion in excess of the levels required by FBSD is consid-
ered in Section 7.3. 
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Table 6 – Surface Water Preliminary Conversion Schedule 

Conversion 
Phase and Rate Demand Center 

2013-2025 2025-2055 
BIG OAKS MUD 90% 90%
CINCO MUDs   90%
CINCO SOUTHWEST MUDs   90%
CORNERSTONES MUD   90%
FBC FWSD 2 90% 90%
FBC MUD 2 90% 90%
FBC MUD 30 90% 90%
FBC MUD 34 90% 90%
FBC MUD 35 90% 90%
FBC MUD 37   90%
FBC MUD 41 90% 90%
FBC MUD 50 90% 90%
FBC MUD 51     
FBC MUD 52     
FBC MUD 53   90%
FBC MUD 57   90%
FBC MUD 58   90%
FBC MUD 93 90% 90%
FBC MUD 118 90% 90%
FBC MUD 119 90% 90%
FBC MUDs 122, 123 90% 90%
FBC MUD 124   90%
FBC MUD 130   90%
FBC MUD 132 90% 90%
FBC MUD 133 90% 90%
FBC MUD 134 90% 90%
FBC MUD 142 90% 90%
FBC MUD 146 90% 90%
FBC MUD 151   90%
FBC MUD 161   90%
FBC MUD 185   90%
FULSHEAR, FBC MUDs 169-173   90%
GRAND LAKES MUDs 90% 90%
GRAND MISSION MUDs, FBC MUDs 143, 165 90% 90%
H-FBC MUDs 1, 5   90%
KINGSBRIDGE MUD 90% 90%
NORTH MISSION GLEN MUD 90% 90%
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WILLOW POINT MUD   90%
C1     
C2   90%
C3   90%
E1     
E2   90%
E3   90%
N1     
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W1     
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W2     
Contract George Ranch     
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5.1.1 2013 Conversion Strategy 

The first phase of conversion requires that 30% of the total water demand for the Authority 
be substituted by an alternative to groundwater.  It was assumed that facilities constructed 
during this phase would be sized to accommodate 30% of the year 2025 water demand.  In 
addition, it was also assumed that the districts selected for conversion would receive 90% of 
their total annual water supply from the Authority, as determined above.  Districts were 
added to the conversion strategy until 90% of their total water demand equaled the required 
conversion rate of 30% of the Authority’s total demand. 

Consideration was given for the location of water supply points and for minimizing initial 
pipeline lengths.  Priority for conversion was also given to existing water districts.  It was 
assumed that water would only be provided to existing districts for the 2013 Phase Conver-
sion and demands in undeveloped areas were not considered for conversion during this 
phase.  Water was supplied to all known water plants within each converted MUD or Master 
MUD.  Interconnections between districts were not utilized to deliver water in this plan. 

5.1.2 2025 Conversion Strategy 

The second phase of conversion is based on future water needs through the year 2055.  For 
purposes of this study, facilities were assumed to be sized to accommodate delivery of 60% 
of the year 2055 demand throughout the year.  Again, it was assumed that the districts that 
would be connected to the conversion system would receive 90% of their total annual water 
supply and an adequate number of districts were connected to the surface water system until 
the required overall conversion rate was reached for the Authority as a whole. 

Similar to the 2013 conversion system, priority for conversion was given to existing districts 
in the Authority.  However, based on the significant increase in required conversion (60%) 
for the 2025 phase, surface water was supplied to undeveloped areas in order to reach the 
overall conversion goals for the Authority after all existing districts were converted. 

5.2 Sizing of Transmission Pipelines 

Pipelines were sized to have capacity to provide water to meet the 2013 and 2025 conversion 
requirements.  The ultimate water demands through 2055 were used to avoid paralleling 
existing pipelines at a later date.  This results in some pipes with extra capacity in early 
phases of conversion.  However, this extra capacity may be viewed as a factor of safety or as 
a mechanism to achieve early and over-conversion for the Authority.  Pipes were laid out to 
follow existing roads and drainage corridors, where feasible.  In undeveloped areas, pipes 
were laid out following county roads or existing property lines where feasible (Exhibits 8 and 
9).  Loops were also added to increase the overall reliability and redundancy of the system. 

A compliance assurance factor of 1.3, identified in Section 5.1, was used to model the 
average day system demand for each district.  It was assumed that all demand above this 
level will be met using the district’s groundwater wells, storage, and booster pump facilities.  
Transmission pipes were conservatively sized such that resulting head losses were no more 
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than 2 ft per 1,000 feet of pipe and velocities in the pipe were not greater than 5 feet per 
second. 

Surface water was supplied to all water plants within the MUD or Master MUD.  The as-
sumption was made that individual districts would provide water throughout their service 
areas utilizing their internal distribution systems.  System interconnects were not utilized for 
water distribution in this study but may be utilized in future study and detailed design.  
Utilizing existing interconnects during the winter (low demand) months may provide addi-
tional conversion area at minimum capital expense.  Elevation data obtained from Fort Bend 
County LIDAR was used to determine ground elevations for input to the hydraulic model.  
Tank elevations of 25 feet were added at each end point to determine residual pressure at the 
tops of the tanks. A minimum residual pressure of 10 psi at the tops of the tanks was used as 
a guideline for system sizing.  Transmission pipes were first sized for the 2025 system (2055 
demand) and then the system was scaled back to meet the needs of the 2013 (2024 demand) 
system. 

5.3 Sizing of Plant Facilities 

For planning purposes, booster pumps at plant facilities were generally phased in 10 mgd 
increments and sized to deliver a firm capacity adequate to meet the Authority’s surface 
water demand with the compliance assurance factor applied.  An exception to this is the 
sizing for ground storage facilities which are phased in 5 mgd modules and sized to one-half 
of the firm pumping capacity.  The Authority anticipates the construction of facilities to meet 
2020 needs to begin in 2010 and to be in operation by 2013.  A second phase of plant facili-
ties will expand capacity to carry through to the year 2025 when the second stage of 
conversion begins.  Table 7 outlines the projected expansion schedule for plant facilities.  



NFB06-60 North Fort Bend Water Authority 
March 2008 Groundwater Reduction Plan 
 

BROWN & GAY ENGINEERS, INC. 23 

Table 7 

Incremental and Total Facility Expansion Schedule for Total Water Plant Capacity 

Incremental / Total Capacity Component 
2013 2020 2025 2035 2040 2050 

Booster Pumps* 
(total mgd) 30 / 30 10 / 40 40 / 80 10 / 90 10 / 100 10 / 110 

Clearwell Storage 
(mg) 10 / 10 5 / 15 15 / 30 5 / 35 5 / 40 5 / 45 

*Assumes one backup pump 
 
5.4 Costs of Facilities 

Aerial photography was used to determine the relative degree of development along trans-
mission main corridors.  Sections of pipe in heavily developed areas were considered to 
require urban construction methods and pipelines in minimally developed areas were as-
sumed to use less costly methods.  Pipeline costs were determined from a review of recent 
bid tab information for urban or rural construction as well as planning numbers developed for 
the Region H planning process.  The proper cost was applied to each pipe section recom-
mended in the various alternatives.  Easement widths varied from 20 feet for pipelines up to 
36 inches, 30 feet for pipes up to 72 inches and 40 feet for larger pipelines.  An easement 
cost of $1 per square foot was used for all pipe segments. 
 
In addition, a cost of $200,000 was included for costs associated with the connection of the 
Authority’s transmission system to each plant facility.  Connection costs include costs 
associated with flow meters, control valves, and modifications to disinfection systems of 
each plant.  As plants are connected, the connection cost was added to the economic analysis 
in the appropriate year. 
 
An effort was also made to identify special pipe segments that would result in added con-
struction cost.  It was assumed that crossings of major state-maintained highway rights-of-
way, drainage features, and pipeline easements would require special construction methods, 
such as extensive trenchless construction.  Locations where the line layout intersected a road, 
ditch or pipeline easement were identified using GIS.  Aerial photography was used to 
estimate the length of the pipe in each easement that would require special construction 
methods.  Once the lengths of the special pipe segments had been estimated for the entire 
transmission system, the cost was calculated using an average unit cost per linear foot based 
on a review of recent bid tabs provided by the NHCRWA and WHCRWA. 
 
Costs for the booster pump stations were assembled from various sources including review of 
regional planning numbers and WHCRWA bid tabs.  Included in the capital costs is a provi-
sion for standby power, which may be a second electric power feed or backup generators, 
estimated at 13.5% of the ultimate construction cost for the facility.  Half of the standby 
power cost was assigned to the initial construction and the rest was spread throughout the 
expansion phasing. 
 
Costs for ground storage tanks were determined by obtaining vendor quotes and review of 
recent bid tabs for the WHCRWA.  The concrete tanks were assumed to be built in 5 MG 
units. 
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The estimated amount of land required was determined from a conceptual layout plan of 
facilities including buffer areas as well as a review of other planning references.  Land costs 
were determined by identifying available large parcels of land from aerial photo and review-
ing property values from information obtained from the Fort Bend and Harris County 
Appraisal Districts.  A conceptual pump station site plan was developed as part of the plan-
ning and is included as Exhibit 11. 
 
Costs were adjusted to present value using the Engineering News Record (ENR) cost index 
when appropriate.  Project costs include standby power, permitting, land, a contingency 
amount of 20%, and a factor of 15% of the total construction cost of the facilities for engi-
neering, legal and administrative fees. 
 
Table 8 summarizes the development of infrastructure for the two phases as well as today’s 
capital costs of the system including purchased COH water costs and infrastructure.  The 
2013 system data is associated with the system shown in Exhibit 8 and the 2025 system data 
is associated with the system shown in Exhibit 9.  Additional information regarding the 
development of capital costs can be found in the Alternative Analysis contained within 
Appendix E. 
 

Table 8 – Schedule of Facility Expansion and Capital Costs 

Pump Station 1 Pipeline 
Length Booster Pumps Clearwell Storage 

Conversion 
Phase 

(Miles) (MGD) (MG) 

Today’s 
Cost2 

($ millions) 
2013 37.8 40 15 $337
2025 94.2 110 45 $588

1 Represents ultimate required capacity for each phase of development, i.e. 2013 booster pump 
capacity is the capacity required through the year 2024. Includes COH payments for purchased water 
and infrastructure. 

 
 
5.5 Operation and Maintenance Costs 

In addition to the capital costs identified above, the cost of facility operation and mainte-
nance have been considered.  This includes the cost of raw and treated water purchased from 
the COH, the operation of the Authority, the power needed to operate the Authority’s plant 
facilities, and the cost to maintain Authority facilities. 

The cost of treated water from the COH is a function of growth in the Authority’s demands 
and the capacity reservation schedule for obtaining water.  Table 9 below outlines the treated 
water capacity reservations projected for the Authority through 2050.  This includes water 
obtained directly from the COH system as well as water received through participation with 
the WHCRWA. 



NFB06-60 North Fort Bend Water Authority 
March 2008 Groundwater Reduction Plan 
 

BROWN & GAY ENGINEERS, INC. 25 

Table 9 

Preliminary Treated Water Reservation Schedule 

Year 

Additional 
Treated Water 

Reservation 
(mgd) 

Total 
Treated 
Water 

Reservation  
(mgd) 

2008  19.5 
2015 +7.5 27.0 
2020 +36.7 63.7 
2025 +6.2 69.9 
2040 +5.4 75.3 

 

Additional information regarding the development of operation and maintenance costs can be 
found in the Alternative Analysis contained within Appendix E. 

5.6 Anticipated Construction Schedule 

The cost factors described in Section 5.4 were analyzed to determine the total cost of the 
project and to schedule the costs associated with infrastructure upgrades as time progresses.  
Table 10 provides a general schedule for major tasks over the planning period and describes 
the objective of each phase of construction.  The Authority is currently conducting a pipeline 
routing and pump station siting study to identify the final pipeline routes and pump station 
locations.  Easement acquisition for some pipeline segments will begin in 2008. 

Table 10 

Preliminary Schedule for Major Construction Tasks 

Task Begin End 

Routing Studies and Pump Station Siting 2007 2009 

Easement / Land Acquisition 2008  

Design and Construct Pump Station at COH Take Point 2009 2012 

Design and Construct 2013 System 2009 2012 

Design and Construct Pump Station at WHCRWA Take Point 2018 2024 

Design and Construct 2025 System 2018 2024 
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Section 6 
Groundwater Reduction Plan Management 

6.1 General Powers of the Authority 

The general powers of the Authority are outlined in Subchapter C, Section 8813.101 of 
Senate Bill 1798 of the 79th Texas Legislature.  In this section, the Authority is granted the 
following powers: 

1) provide for the conservation, preservation, protection, recharge, and prevention of 
waste of groundwater, and for the reduction of groundwater withdrawals as neces-
sary to develop, implement, or enforce a groundwater reduction plan, in a manner 
consistent with the purposes of Section 59, Article XVI, Texas Constitution, and facili-
tate compliance with Fort Bend Subsidence District or Harris-Galveston Coastal 
Subsidence District, as applicable, rules, orders, regulations, or requirements; 

2) acquire or develop surface water and groundwater supplies from sources inside or 
outside the boundaries of the authority, conserve, store, transport, treat, purify, dis-
tribute, sell, and deliver water to or among persons inside and outside the boundaries 
of the authority, and allocate water among persons participating in the authority’s 
groundwater reduction plan whether they are located inside or outside the authority’s 
boundaries; 

3) enter into contracts with persons inside or outside the authority on terms and condi-
tions the board considers desirable, fair, and advantageous for the performance of its 
rights, powers, and authority under this chapter; 

4) coordinate water services provided inside, outside, or into the authority; 

5) provide wholesale and retail water services to any users or customers within the au-
thority’s boundaries without being required to execute contracts with those users or 
customers; 

6) adopt policies establishing whether, when, and the manner in which the authority 
uses requests for proposals in obtaining services, including professional services; 

7) determine whether to adopt administrative policies in addition to those required by 
Section 49.199, Water Code 

Section 8813.102 authorizes the Authority to adopt and enforce rules to reach its goals. 

Additionally, Section 8813.103 describes specific mechanisms through which the Authority 
may fund its efforts through fees, rates, and charges: 

a) The authority may establish fees, user fees, rates, and charges and classifications of 
payers of fees and rates as necessary to enable the authority to fulfill the authority’s 
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purposes and regulatory functions provided by this chapter. The authority may im-
pose fees, user fees, rates, and charges on any person within the authority. 

b) The authority may charge the owner of a well located within the authority’s bounda-
ries a fee or user fee according to the amount of water pumped from the well. If 
ownership of a well changes, both the prior and subsequent well owners are liable to 
the authority, jointly and severally, for all fees and user fees imposed by the authority 
under this subsection, and any related penalties and interest, for water pumped from 
that well before the change in well ownership. 

c) The board shall make reasonable efforts to send districts and municipalities written 
notice of the date, time, and location of the meeting at which the board intends to 
adopt a proposed charge under Subsection (b) and the amount of the proposed 
charge. The board’s failure to comply with this subsection does not invalidate a 
charge adopted by the board under Subsection (b). 

d) For wells located in Harris County or Fort Bend County, the board shall exempt from 
the charge under Subsection (b) classes of wells that are not subject to any ground-
water reduction requirement imposed by the Harris-Galveston Coastal Subsidence 
District or the Fort Bend Subsidence District, as applicable. If any of those classes of 
wells become subject to a groundwater reduction requirement imposed by the appli-
cable subsidence district, the authority may impose the charge under Subsection (b) 
on those classes. The board by rule may exempt any other classes of wells from the 
charge under Subsection (b). The board may not apply the charge under Subsection 
(b) to a well: 

(1) with a casing diameter of less than five inches that serves only a single-family 
dwelling; or 

(2) regulated under Chapter 27, Water Code. 

e) For purposes of Subsection (d), a well is subject to a groundwater reduction require-
ment if the applicable subsidence district has adopted or adopts a requirement or rule 
that groundwater withdrawals from the well, or from the well and other wells collec-
tively, be reduced, including a groundwater reduction that is not required until a 
future date. 

f) The authority may establish fees, user fees, rates, and charges that are sufficient to: 

(1) achieve water conservation; 

(2) prevent waste of water; 

(3) serve as a disincentive to pumping groundwater; 

(4) develop, implement, or enforce a groundwater reduction plan; 

(5) accomplish the purposes of this chapter, including making available alterna-
tive water supplies; 
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(6) enable the authority to meet operation and maintenance expenses; 

(7) pay the principal of and interest on notes, bonds, and other obligations issued 
in connection with the exercise of the authority ’s general powers and duties; 
and 

(8) satisfy all rate covenants relating to the issuance of notes, bonds, and other 
obligations. 

g) The authority may charge rates established by the authority for water purchased from 
the authority. 

h) The authority may impose fees, user fees, or charges for the importation of water into 
the authority’s boundaries from a source located outside the authority’s boundaries. 

Currently the Authority has adopted Groundwater Reduction Plan Fee Order (Rate Order).  
The original fee, $0.19 per 1,000 gallons, was adopted in October 2005.  The rate has since 
been increased to $0.30 per 1,000 gallons.  Copies of the rate order can be found in Appen-
dix G. 

Section 8813.116 also provides for the Authority’s acceptance of money through gift or grant 
from FBSD. 

Sections 8813.104 and 8813.113 specifically grant the Authority power to purchase water 
from another entity and sell or reuse water or any byproduct of operation, respectively. 

Approval for the Authority to acquire, construct, and operate a water system is outlined in 
Section 8813.112.  Section 8813.114 allows the Authority to enter into contract with a person 
for the sake of receiving professional, construction, or operational services and may also 
contract for water.   

Sections 8813.110 and 8813.111 grant the Authority the ability to produce water supply or 
drought contingency plans and groundwater reduction plans, respectively.  This allows the 
Authority to meet State and local regulatory agency requirements that require these docu-
ments. 

The Authority is granted the power of eminent domain in Section 8813.119.  This power 
extends to the acquisition of land and easements through condemnation.  This power also 
extends outside of the Authority for purposes of pumping, storing, treating, or transporting 
water. 

6.2 Permit Aggregation 

It is the intent of the Authority that FBSD permitted wells operated within the Authority will 
be associated with the Authority to enable the greatest flexibility in operation and to ensure 
that the required groundwater reduction is achieved for the Authority as a whole.  This is 
consistent with the Authority’s plan that some districts will be over-converted while others 
will not be connected to the surface water delivery system.  Currently, it is estimated that the 
Authority would be named as a ‘co-permittee’ beginning with the September 2011 permit 



NFB06-60 North Fort Bend Water Authority 
March 2008 Groundwater Reduction Plan 
 

BROWN & GAY ENGINEERS, INC. 29 

renewals.  Permits for wells will be associated with both the current owner as well as the 
Authority to provide the greatest flexibility in operation of the Authority’s surface water and 
groundwater production capacity. 

6.3 Monthly Groundwater Pumpage Reports 

The Authority will monitor groundwater pumpage on a monthly basis.  The Rate Order 
requires a monthly self-reporting system of groundwater pumpage by each well owner.  This 
activity will be essential for monitoring compliance with the GRP and to allow corrective 
action to be taken as early as possible.  This information is also essential to the business 
operations of the Authority as pumpage fees are an essential component of the infrastructure 
and operations funding.  By monitoring pumpage in this way, the Authority will have the 
opportunity to fully monitor its performance. 

Monthly groundwater monitoring will be streamlined with the use of an online data collec-
tion system, called ‘PRO’ for Pumpage Reports Online.  Well permit holders will be able to 
enter information regarding monthly pumpage online and provide the Authority with a 
database of pumpage information that will improve the ease with which reports may be 
generated for the Authority and FBSD. 

6.4 Flow Monitoring of Surface Water 

Surface water will be metered at the Authority’s take points with the COH and WHCRWA to 
establish the volume of water entering the Authority’s system.  This will be a requirement of 
the Authority’s contracts with the respective water providers.  Additionally, water consump-
tion by individual districts will be metered for use in billing the individual utilities for water 
usage.  All of these measurements will aid in determining the Authority’s compliance with 
FBSD regulation as well as the accountability of water within the transmission system. 
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Section 7 
Other Considerations 

7.1 Water Conservation 

Water conservation is aimed at reducing long-term water demands.  The Authority has 
produced a Water Conservation Plan to address the opportunities within the Authority to 
reduce overall demand.  A copy of the draft plan is provided in Appendix H. 

The Authority is pursuing several opportunities for acquiring conversion credits through 
water conservation initiatives and sees this as an opportunity to secure a sound groundwater 
reduction schedule by allowing for unanticipated pumping during dry years as well as a way 
of reducing per capita demands through education. 

Currently, none of these water conservation measures are factored into the GRP as a way of 
meeting FBSD regulation and serve only as a “buffer” or margin of safety in the overall plan 
for conversion.  As the 2025 conversion phase approaches, additional knowledge and experi-
ence may encourage the Authority to factor these credits into the timing of the next phase of 
surface water conversion. 

7.2 Reclaimed Water Reuse  

The Authority has studied the potential to use reclaimed water to meet non-potable demands, 
such as landscape irrigation.  The use of this water already has an intrinsic advantage to the 
reuser because of reduced costs associated with lower groundwater pumpage fees and 
reduced well O&M.  Additionally, the Authority has moved to further encourage reuse 
through an incentive of $0.39 per 1,000 gallons of reuse.  This rate was set after reviewing 
previous reuse studies and analyzing the costs of various reuse incentives. 

Although the use of reclaimed water represents an opportunity for the Authority to reduce 
their surface water demands, this is not included as part of the Authority’s GRP.  Surface 
water delivery systems were sized and water supplies were planned without assuming any 
demand reduction through reclaimed water reuse.  While the reuse of wastewater provides 
many benefits including conserving water and reducing potable demands, there is neither 
certainty as to the acceptability of this practice to the general public, nor that reuse projects 
will continue to be implemented in the future.  Therefore, reuse was not included in develop-
ing projected surface water needs which results in a conservative estimate of the surface 
water needs for the Authority.  Any reclaimed water reuse program initiated in the Authority 
will generate over-conversion credits under the program sponsored by FBSD.  These credits 
will be accumulated and used during years of unexpectedly high demand or to adjust the 
conversion schedule as the second phase of conversion approaches.  More detailed plans for 
these credits will be made as the surface water delivery system comes online and more is 
known about its operation and the growth trends within the Authority. 
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7.3 Early or Over Conversion 

Over-conversion involves the acquisition of conversion credits from the FBSD through the 
conversion of water demand in excess of the required minimum conversion level.  In effect, 
these credits can be used in exchange for surface water conversion at a later time.  One gallon 
of over-conversion credit earned in one year can then be used in lieu of one gallon of surface 
water conversion in a subsequent year.  By acquiring significant over-conversion credits, it 
may be possible to delay the second phase of conversion in 2025 by some period of time.  
This analysis examines over-conversion strategies and estimates their impact on the cost of 
water.  Two strategies were considered that require minimal additional infrastructure; both 
strategies assume surface water delivery starting in 2013.   
 
Strategy 1 limits the amount of over-conversion by limiting the number of districts converted 
in the surface water conversion plan and limiting the amount of water introduced to the 
system to the amount contracted from the COH. This strategy uses excess capacity that 
already exists in the planned system to provide water to districts at a conversion rate greater 
than 90%.  Therefore, the water demand that could be converted in any year is the smallest of 
100% of the connected districts demands or the amount of water contracted from the COH. 
This level of over-conversion will require the least adjustment to capital or operational plans 
and, therefore, represents a base case that could easily be implemented with no change except 
the cost of additional pumping. 
 
Strategy 2 considers the addition of more pipelines to serve additional districts.  In this 
strategy, districts were added to the conversion schedule until 90% of all district demands 
exceeded the 2013 water purchase.  It was found that the connection to the Cinco MUD 1 
East and West water plants, in addition to the districts planned for connection in 2013, would 
provide more than sufficient capacity to carry out this strategy.  This scenario is only limited 
by the amount of water contracted from the COH.  This strategy has a higher capital cost 
because it requires the installation of nearly 28,000 feet of additional pipelines to connect to 
the Cinco MUD 1 water plants. 
 
The two over-conversion strategies were evaluated using the same demand projections used 
throughout this report to determine their impact on delaying the need for converting to 60% 
surface water in 2025.  Table 11 shows the results of this analysis and indicates the time in 
years that the 2025 conversion could be delayed as a result of over-conversion credits. 
 

Table 11 
Impact of Over-Conversion Strategies 

Strategy Description Years Delayed 
1 Currently planned districts 1 

2 Connection to Cinco MUD 1 
water plants 4 

 
 
These two strategies take advantage of minor changes that could be incorporated into the 
Authority’s GRP that may positively impact the conversion schedule.  Much of this potential 
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exists because of excess capacity provided in early phases of construction in anticipation of 
future demands. 
 
Another factor that may delay the need for conversion is the development schedule for the 
George Foundation properties.  If development proceeds at a rate slower than that projected 
by The George Foundation, the additional capacity planned to meet the needs of this contract 
participant may instead be used to produce over-conversion credits within the Authority.  The 
analysis for Strategies 1 and 2 was repeated assuming that the George Ranch would not 
develop and the additional capacity would be used, where possible, to meet additional 
demands within the Authority. 
 
These Strategies were called Strategies 1A and 2A, which correspond to Strategies 1 and 2, 
respectively.  Table 12 shows the result of this analysis.  Based on this analysis, Strategy 2A 
would be capable of delaying the 2025 conversion beyond 2030.  However, the Subsidence 
District’s current Over-Conversion Credit Policy indicates that “over-conversion credits will 
not be honored or accepted by the District … on or after January 1, 2030,” meaning that 
Strategy 2A is only capable of delaying the second phase of conversion through the year 
2030 under the current regulations. 
 

Table 12 
Impact of Over-Conversion Strategies Without the Development of George Ranch 

Strategy Description Years Delayed 
1A Currently planned districts 2 

2A Connection to Cinco MUD 1 water 
plants and additional districts 5+ 

 
The potential for early conversion is another possibility the Authority faces.  The delivery of 
surface water before the 2013 deadline for conversion will allow the Authority to acquire 
FBSD credits for each gallon of surface water delivered to customers.  The possibility of 
over-conversion will be dependent upon the construction schedule for water supply infra-
structure and may account for substantial credits. 

Another option for over-conversion lies in the water system interconnects between districts.  
These interconnects may allow surface water, in some limited amount, to reach districts that 
have not yet been connected directly through the Authority’s system.  Opportunities for 
conversion through existing interconnects will be examined further as the beginning of 
surface water delivery approaches. 
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Section 8 
Financing Mechanism 

8.1 Authority Powers 

Senate Bill 1798 provides that the Authority may issue bonds or notes payable from tolls, 
charges, rates, fees, user fees, and special assessments imposed by the Authority, the sale of 
water, grants or gifts, operation of the Authority’s facilities, or contracts to outside parties. 

The Authority has a fee structure in place to receive payment based on production from non-
exempt wells within the Authority boundary and other contract GRP participants (see Appen-
dix G).  This fee is based on pumped groundwater reported directly to the Authority and 
checked against pumpage reported to FBSD.  This pumpage fee was initially set at $0.19 per 
1,000 gallons, but was increased to $0.30 per 1,000 gallons on January 1, 2008. 

Once surface water delivery commences, the Authority will also receive payment from its 
customers in return for surface water supplied to those customers connected to the transmis-
sion system.  When surface water is introduced to the Authority, it is intended that the rate 
for surface water will cost $0.35 per 1,000 gallons more than the rate for groundwater at 
present value.  This difference in rates is intended to offset the cost of well operation.  In this 
way customers connected to the transmission system and those relying on their own ground-
water wells will effectively pay the same rate for water. 

8.2 Financial Plans 

The authority will sell bonds to finance construction.  Groundwater pumpage fees and 
surface water rates will pay the debt service, O&M costs, and any other Authority expenses.  
As indicated above, the current rate for groundwater is $0.30 per 1,000 gallons.  Table 13 
shows the preliminary plan for financing the cost of surface water infrastructure and water 
through the year 2030, including preliminary rates for surface and ground water. 
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Table 13 

Estimated Water Rates 
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Section 9 
Summary 

This GRP summarizes the approach through which the Authority will meet FBSD regulatory 
requirements.  The area served by the Authority is expected to undergo substantial growth 
over the planning period.  As these water demands develop over time, the Authority is 
committed to adjusting its strategy to meet the regulations set forth by FBSD.  This process 
will be a dynamic process that will evolve over the course of the first conversion phase in 
order to meet the emerging demands that will confront the Authority in 2025. 

The Authority is in the process of securing a long-term supply of water adequate for meeting 
projected demands based on an agreement with the City of Houston.   The Authority is also 
working with the WHCRWA to share facilities where possible to save costs for both parties.  
The GRP outlines the proposed infrastructure to deliver the required volumes of surface 
water for the two phases of conversion beginning in 2013 and 2025. 

The Authority has considered the variation in seasonal demands in outlining its plans for 
surface water delivery and will have the capacity to provide water at a maximum rate of 1.3 
times average daily demand to connected districts.  In this way, 90% of the connected 
customers’ annual water demand can be met.  This level of conversion will allow FBSD 
regulations to be met by providing surface water to only some districts while others continue 
using groundwater exclusively.  This is essential to the Authority’s plan to provide contrac-
tual GRP inclusion to customers that are well outside of the Authority’s boundary, such as 
the George Ranch. 

Extensive planning for the 2013 system has already been completed.  This system will 
receive water from the COH by way of a proposed pump station in the vicinity of Bellaire 
Boulevard and South Dairy Ashford Street where it will be boosted into the Authority’s 
transmission system.  This will carry water through a looped system of pipelines in the 
southeast corner of the Authority and to the vicinity of SH 99 and FM 1093. 

The second phase of the system will add a connection to a joint project by the Authority and 
the WHCRWA to deliver water from north of the Authority’s boundary.  This second COH 
supply will augment the initial COH supply point and allow for the connection of the North 
and northeast portions of the Authority by 2025. 

The Authority will finance construction through bond sales.  Debt service will be repaid 
through rates for surface water and groundwater use within the Authority and by contract 
GRP participants.  The Authority has also considered alternative means for reaching its 
conversion goals.  Reclaimed water reuse, conservation, and early or over conversion credits 
have been considered.  It is the intent of the Authority to pursue and provide incentives for 
these strategies for use in meeting conversion requirements in years of high demand or to 
potentially delay the second phase of conversion.  However, these options are not considered 
within this GRP but will continue to be evaluated as alternatives as the Authority begins 
surface water conversion in 2013. 
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Section 1 
Executive Summary 

The North Fort Bend Water Authority (the Authority) consists of a number of water 
providers within the Fort Bend Subsidence District’s (FBSD’s) Regulatory Area A.  This 
location within Area A requires that these water providers must limit groundwater pumpage 
to 70% and 40% of total water demand by the years 2013 and 2025, respectively, as required 
by the FBSD District Regulatory Plan (DRP).  This report represents a response to this 
requirement by recommending a strategy for converting a portion of the Authority’s demand 
to use surface water in order to reduce groundwater pumpage. 

1.1 Development of GIS Database System 

Data from existing sources was used to develop a Geographic Information System (GIS) for 
information relating to the Authority.  This information was used for characterizing 
population and infrastructure within the limits of and surrounding the Authority boundary, as 
well as for synthesizing new datasets that were customized for use in the alternative analysis. 

Available data was obtained from sources that included Fort Bend County Appraisal District 
(FBCAD), Fort Bend County, FBSD, the Harris-Galveston Area Council (H-GAC), and the 
U.S. Census Bureau.  These datasets were used to develop a working database of districts and 
regulated wells inside the Authority, locations of water plants and related facilities, and 
various other datasets critical to the development of the alternative analysis. 

1.2 Population and Demand Projection 

A study was conducted to estimate the future population within the Authority and the water 
demand corresponding to this growth.  These numbers are a crucial component in 
determining the future needs for surface water conversion and are a particularly sensitive 
issue because past population projections have historically underestimated growth within 
Fort Bend County. 

Data from Municipal Information Services (MIS) and the Harris-Galveston Area Council 
(H-GAC) were selected for the population projection process.  Population projections were 
used to forecast overall population for the Authority through the year 2035 when H-GAC 
forecasts end.  Forecasts were extended beyond this period through the year 2055. 

Additionally, these Authority-wide population projections were used as a basis for 
developing population projections at a level of 1,000 by 1,000 foot grid cells.  These overall 
figures were used to scale up the H-GAC grid cell projections that take into account 
preferential growth on a spatial basis.  These area-distributed demands were then used to 
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estimate demand within utility boundaries and to determine the extent of development 
projected for undeveloped areas. 

Water demands were determined on a per capita basis through the analysis of utility district 
records on groundwater pumpage and estimated population as well as a similar analysis at the 
Authority level.  This analysis indicated that use during dry and average years was 
approximately 210 gallons per capita per day (gpcd) and 170 gpcd, respectively. 

1.3 Facilities Planning 

1.3.1 Development of Surface Water Supply Strategy 

The overall surface water supply strategy was developed in response to the total water 
demand throughout the planning horizon, the regulations set forth by FBSD, and how 
demand vary throughout the year due to seasonal use patterns.  Two major phases of 
conversion are planned to meet the growth in surface water demand.  The first phase of 
conversion is planned to meet needs through the year 2024 and the second is planned out to 
the year 2055.  These two phases are based on 30 percent and 60 percent conversion levels, 
respectively, as required by the FBSD regulations. 

Potential sources for surface water were identified that ranged from untreated, raw water 
from the Brazos River Authority (BRA) that could be treated and distributed by the Authority 
to treated water from the City of Houston (COH) that could be received from either the COH 
or the West Harris County Regional Water Authority (WHCRWA) water systems and 
distributed by the Authority.  One site near Richmond/Rosenberg and one site near Fulshear 
were considered as take points and locations for water treatment plants (WTPs) for water 
purchased from the BRA.  A total of nine potential alternatives were created based on these 
sources.  These alternatives are listed below. 

1. Richmond/Rosenberg WTP 

2. Fulshear WTP 

3. COH Take Point 

4. WHCRWA Take Point 

5. WHCRWA Take Point (2013 Phase) and Richmond/Rosenberg WTP (2025 Phase) 

6. WHCRWA Take Point (2013 Phase) and Fulshear WTP (2025 Phase) 

7. COH Take Point (2013 Phase) and Richmond/Rosenberg WTP (2025 Phase) 

8. COH Take Point (2013 Phase) and Fulshear WTP (2025 Phase) 

9. COH (2013 Phase) and WHCRWA (2025 Phase) Take Points 
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Alternative 4, the use of water from the WHCRWA system as a sole source of supply, was 
determined to not be a feasible solution for supply in the near-term due to the timing of the 
WHCRWA’s plans for introducing surface water to the area.  All other alternatives were 
studied in further detail to determine relative costs of implementation. 

Plant facilities were phased in 10 mgd increments according to increase in demand over the 
planning horizon.  The first phase was planned to support surface water demand from 2013 
through 2024 with an expansion in the year 2020. 

Treatment plant facilities for receiving raw water form the Brazos River were planned with a 
forebay and reverse osmosis (RO) systems for addressing water quality issues in addition to a 
conventional treatment process.  Repumping stations were specified at each of the treated 
water take point from the COH and the WHCRWA.  These facilities would include storage 
and booster pumps sufficiently sized to provide water at the peak rate to customers within the 
Authority. 

For each alternative, districts that were in close proximity to the source of supply were 
identified for conversion in the first phase beginning in 2013.  Districts were selected until 
the total water demand for all connected districts, adjusted for peaking effects, was sufficient 
to meet the 30 percent conversion requirement for the Authority through 2024.  Additional 
district connections were identified beginning in 2025 to meet the 60 percent conversion 
requirement. 

Water system models were developed for evaluating the line sizing requirements for each 
alternative.  Transmission system pipelines were sized to have a maximum head loss of 2 feet 
per 1,000 feet of pipe and a velocity of 5 feet per second.  Pressures within the modeled 
systems were maintained at a level that would provide a pressure residual of 10 psi at the top 
of each ground storage tank (GST) served. 

1.3.2 Alternative Costs and Economic Analysis 

Costs were developed for each component of the studied alternatives to evaluate the overall 
costs of the different strategies.  The cost of water was developed with information from the 
BRA and the COH.  The provided unit costs were applied to the contracted water supplies 
from each provider to determine the total cost of water for each planning year. 

Capital costs were developed for plant facilities based on professional experience, references, 
information from the Region C and Region H regional water planning processes, vendor 
quotes, a review of recent bid tabs for existing projects, and other available data.  
Transmission system costs were developed based on recent bid tab information for various 
types of construction and consideration was given for special pipe segments that would 
require more elaborate construction techniques such as borings for the installation of pipes 
under major roads or among utilities and pipelines. 
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Operation and maintenance costs for facilities were estimated with consideration for 
consumables and disposal of waste products.  Annual costs for maintaining pipelines and 
pump station facilities were assumed to be a percentage of the total capital cost. 

Long-term costs and revenues were evaluated in order to compare each alternative.  This 
financial analysis included the costs described above as well as costs associated with debt 
service and other global variables that would affect all of the alternatives in a similar manner.   

The resulting analysis demonstrated that Alternative 3, the use of treated COH water to 
provide for all phases of development, had the lowest total present worth cost of all of the 
alternatives considered with a total present worth of $922-million.  Alternative 9, with a 
present worth of $1,028-million was the second least expensive with a difference of less than 
10% between the two options.   This alternative, while more expensive than Alternative 3, 
was selected as the recommended solution because of the advantage of incorporating 
multiple supply points into the system. 

1.3.3 Potential for Over-Conversion 

Over-conversion was also considered as a strategy for delaying the need for the second phase 
of construction associated with the 2025 increase in surface water requirements to 60 percent 
of the total water demand.  It was estimated that changes in operation and/or minor changes 
to the distribution system could allow the Authority to delay the 2025 conversion phase from 
one to four years depending upon the strategy selected.  Due to the initial positive 
implications, it is recommended that a more extensive review of over-conversion options be 
investigated as the Authority moves into design. 

1.4 Summary and Conclusion 

Alternative 9 was selected as the preferred surface water conversion strategy although it was 
not found to be the least expensive option.  Alternative 3 was identified as the least costly 
alternative.  However, there is the potential that additional costs associated with Alternative 3 
may exist that the COH was not able to identify during the course of this study.  Any 
additional costs would narrow the range of present worth between Alternative 3 and other 
alternatives.  Therefore, it is recommended that the NFBWA ensure a redundant supply of 
water and avoid potentially hidden costs by proceeding with Alternative 9.  The maximum 
present value surface water cost for Alternative 9 was estimated to reach a maximum rate of 
$2.75 per 1,000 gallons. 
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Section 2  
Introduction 

The need for the conversion of the Authority to surface water is regulation put in place by the 
Fort Bend Subsidence District (FBSD).  In the 2003 District Regulatory Plan (DRP), the 
FBSD has divided Fort Bend County into three distinct areas with separate conversion goals 
and requirements.  These areas are shown in Figure 1. 

Figure 1 
FBSD Regulatory Areas 
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Entities within Regulatory Area A are required to submit a Groundwater Reduction Plan 
(GRP) beginning in 2008 in anticipation of regulations requiring the reduction of 
groundwater use starting in 2013.  Beginning in 2013, groundwater use will be limited to 
70% of the producer’s total water demand.  This amount will decrease to 40% by 2025.  
Regulation within the Richmond/Rosenberg Sub-Area will be delayed until 2015 but will 
follow the same patterns outlined for Area A.  There are currently no regulations on 
groundwater use in Area B except that this water cannot be transferred into Area A.  As 
shown in Figure 1, The Authority is contained within Area A, meaning that a water source 
other than groundwater will be required to meet 30% and 60% of the total water demand 
beginning in 2013 and 2025, respectively. 
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Section 3 
Development of GIS/Database System 

A Geographic Information System (GIS) was developed for the Authority to use for the 
purposes of data management, data analysis and exhibit production.  The strategy for GIS 
development for the Authority was to utilize existing and available data where possible and 
to only create additional GIS data for the Authority when necessary.  Based on this premise, 
the largest portion of data now accumulated in the GIS for the Authority originates from 
other sources.  However, there were key pieces of data that did not exist that were created by 
the project team.  

In this section, a general description is provided of the types of data collected from third 
party sources, followed by a detailed description about the custom data created for the 
Authority.  The third party data is listed in alphabetical order by source. 

3.1 Third Party Data 

Fort Bend County Appraisal District (FBCAD) – The Engineer purchased a copy of the 
parcel boundaries and attributes from the Appraisal District.  This data was added to the 
Authority’s GIS for determining land use and ownership. 

Fort Bend Subsidence District – The subsidence district provided a file which included 
information on wells in Fort Bend County.  The latitude and longitude coordinates in the file 
were used to create a GIS dataset that allows the user to illustrate the approximate location of 
the wells.  The files also include owner, permit, and pumpage information. 

Fort Bend County – The GIS department of Fort Bend County provided access to an Internet 
site from which the consultant team was able to download a large number of the County’s 
GIS data layers.  A sample set of the type of data provided includes the location of schools, 
MUDs, cemeteries, airports, hospitals, landfills, roads, census tract boundaries, and parcel 
boundaries. 

Houston-Galveston Area Council (H-GAC) – H-GAC provided the results of a population 
projection study recently completed by H-GAC.  H-GAC has provided population projection 
information at a 1,000-foot by 1,000-foot square grid.  The grid was provided as a GIS 
shapefile.  Along with the shapefile they provided a table of projected population, jobs and 
households by grid for each year between 2005 and 2035.  Aerial photography flown in 2006 
was also obtained from H-GAC.     

Texas Natural Resources Information System (TNRIS) – TNRIS maintains a web site that 
contains a number of county and statewide datasets.  Using this link, boundaries were 
downloaded for legislative districts in the area.  This included boundaries for US 
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Congressional Districts, State House of Representative and House Districts, and State Board 
of Education Districts. 

Texas Water Development Board (TWDB) – TWDB also maintains a web site which 
includes GIS data.  Information downloaded from TWDB includes information on state 
reservoirs, water conveyance features, and water wells. 

Texas Railroad Commission (RRC) – Oil and Gas pipeline information was obtained from 
the RRC for Fort Bend and Harris County that provides the approximate location and 
ownership of pipelines.   

US Census Bureau – Data was acquired from the Census Bureau that identifies the Census 
Block, Block Group and Tract boundaries for the 1990 and 2000 Census.  In addition, 
population attribute information was also obtained for the 1990 and 2000 Census. 

US Geological Survey (USGS) – A copy of the National Hydrologic Dataset (NHD) for the 
zones that intersect the Authority’s boundary were downloaded from the USGS.  The NHD 
data identifies the locations of water bodies, including streams, bayous, rivers, reservoirs, 
lakes and ponds.  The project team also acquired copies of the 1:24,000 USGS quad maps for 
the Authority and merged them into a single dataset that could be used to develop a 
background layer for mapping. 

Exxon – Exxon provided a shapefile to the Authority for one of their existing pipeline 
easements that has recently been purchased by the West Harris County Regional Water 
Authority (WHCRWA).  The portion of the pipeline easement that interests the Authority 
runs from midway between the COH East Water Purification Plant (EWPP) and the North 
East Water Purification Plant (NEWPP) to the west side of Houston.  This easement may be 
used to run a pipeline to deliver water to the Authority.  The pipeline does not reside within 
the Authority’s boundaries although its placement near the Authority is a relevant part of 
several of the water supply strategies described in this report. 

3.2 Consultant Generated Data 

During the course of this study, several required datasets were created specifically for the 
Authority.  These datasets were developed due to a specific need, i.e. boundaries were 
missing, collected data needed to be stored for future retrieval, or data required for analysis 
was missing or in the wrong format.  During the data gathering phases of this project, MUDs 
were requested to provide boundary as well as plant information via cadd drawings, metes 
and bounds descriptions or other information.  Existing data was updated as appropriate.  
Perhaps the most important spatial dataset created was the Authority boundary. 
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3.3 GIS Data Application 

This GIS data was used extensively in our analysis of population and water demand 
projections which is discussed in further detail in the next section.  But it found numerous 
applications in a broad array of alternative analysis exercises throughout this study.  

The location of water plants for each MUD, many found by utilizing aerial photography, was 
used to generate pipeline routing for water conversion cost estimates in all the alternatives.  
The topography information was used in the development of the hydraulic models for the 
pipeline system.  Analysis of the aerial photos, the Star Map road data, and the oil and gas 
pipeline data determined where more expensive pipeline construction methods may be 
needed to cross existing infrastructure.  Those special crossings were included in the cost 
estimates for the various alternatives. 

The parcel information from the FBCAD was used to find potential large areas of land for 
possible water plants and pump station locations, and the land values were analyzed to 
estimate land costs.   

The parcel information was also reviewed to identify land areas that may not be suitable for 
future development.  The oil and gas pipeline data as well as the road information was used 
to generate corridors of property that would not be developed.  Corridors for future 
development were also excluded based on road right of ways.  Other items identified 
included high power transmission lines, public parks including the reservoir, cemeteries, 
schools, and property owned by the Texas Department of Criminal Justice.  Areas identified 
as not developable were used to limit population projections in certain areas. 

Of course, all the information was utilized to develop various conceptual working maps, 
planning tools, and final exhibits for the alternative analysis.  This data will continue to be 
utilized as the Authority moves forward to routing studies, easement acquisition and detailed 
design.    
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Section 4 
Population and Demand Projections 

4.1 Population Projection Methodology 

A conservative estimate of future population is essential to ensure that planning efforts 
adequately anticipate future demand for water.  Past forecasts of future population for Fort 
Bend County have consistently underestimated the population.  Therefore, high priority was 
placed on the effort to identify and evaluate resources available to accurately forecast 
population in the Authority. 

Potential sources of population projections and projection methodologies were investigated 
to evaluate their advantages, disadvantages and usefulness to the Authority.  Sources of 
population data and / or projections that were identified utilize data from the 2000 Census 
and include: 

• UH Center for Public Policy - UH Houston Economic Multi-Sector (HEMS) Model 

• UH Center for Public Policy - Small Area Model-Houston 

• Population and Survey Analysis (PSA) 

• Municipal Information Services (MIS) 

• Houston-Galveston Area Council (H-GAC) 

• American METRO/STUDY Corporation 

• Texas State Data Center and Texas Water Development Board (TWDB) 

The primary considerations with each of these sources of information include:  

• Level of detail 

• Length of forecast or projection 

• Other components 

Level of detail refers to whether the data and forecast are for an entire county, incorporated 
area (towns and cities), groups of census tracts (analysis zones), individual census tracts, or 
smaller area, for example, a residential subdivision or a cell within a grid of cells. 

Length of forecast refers to whether the projection extends to 2025, 2035, 2050, etc. 

“Other components” refers to whether the forecast includes subsets of population for 
example, single-family and multi-family populations, and/or a forecast of employment in 
addition to population. 
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After considering the information and forecasts available from the potential sources, 
Houston-Galveston Area Council (H-GAC) was determined to best meet the Authority’s 
need based on their land use data and computer modeling capabilities to provide the long 
term population forecast.  In addition, Municipal Information Services (MIS) was well-suited 
to develop an estimate of existing population and short-term forecast of population to 2010 
based on their database and knowledge of existing developments and the development 
process.  The MIS forecast was used to adjust the H-GAC forecast so that the two forecasts 
agree beginning in 2010. 

MIS is a recognized collector and distributor of financial and demographic data for special 
districts in the Houston region and publishes the “Guide to Houston Area Municipal Utility 
Districts.”  In its work, MIS utilizes tax role data, current aerial photography, official 
statements related to sales of bonds, 911 (emergency services) information, and other sources 
of data.  MIS has more than 25 years of experience with clients including forecasting 
population through the anticipated life of the development to complete build-out. 

H-GAC is the cooperative Council of Government for thirteen counties in the region.  
H-GAC population forecasts are available through 2035 at a 1,000-foot by 1,000-foot grid 
cell level of detail. 

Only in the process of understanding the data and forecasts available could a complete 
methodology be laid out to project population within the NFBWA.  Steps within the 
methodology include: 

1. Estimate population in the Authority from 1990 to present to develop baseline 
estimates of population growth. 

2. Develop high level forecast of Authority-wide population. 

3. Develop grid-level forecast of Authority population. 

The following sections provide additional information about the steps in the methodology. 

4.1.1 Estimate Population in the Authority from 1990 to Present 

New Municipal Utility Districts (MUDs) were identified and current MUD information was 
obtained to update MIS’ MUD database.  Data typically consists of counts of lots and 
housing units and does not address population directly.  2000 Census data was used to 
determine “Occupancy Rate” and “Population per Occupied Unit” for each of the sixteen 
census tract entirely or partially within the boundaries of the Authority.  Occupancy rates 
vary from approximately 80% to more than 99%.  Population per occupied unit varies 
between 2.7 and 3.5 people/unit. 

The estimated population within the Authority from 1990 to present was calculated based on 
estimates of single- and multi-family housing units multiplied by corresponding factors for 
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“Occupancy Rate” and “Population per Occupied Unit.”  The population in the Authority is 
estimated to have been 107,000 in 2005.  Figure 2 shows the rate of growth to be more than 
10,000 new residents annually in the Authority. 

Figure 2 
Population Forecast for the Authority 
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4.1.2 Develop High Level Forecast of Authority-Wide Population. 

Based on MIS years of experience analyzing and developing similar projections, it was 
determined that MUD information, on-site inspection of current development, and housing 
market conditions would be used to develop a short-term forecast through 2010 of residential 
lots and housing units.  Based on this information, estimates of population were developed by 
applying the occupancy rate and persons per occupied unit factors obtained from the 2000 
Census.  This forecast projects the population to grow from approximately 107,000 in 2005 
to 160,000 in 2010. 

Being confident that a land-use based model is the preferred method to forecast long-term 
population, it was necessary to compare H-GAC’s estimated 2010 population to the 
estimated 2010 population in the Authority of 160,000 people.  Based on summing the 
populations of grid cells within the Authority, H-GAC’s estimate of the Authority’s 
population in 2010 is approximately 40% less than the estimated population of 160,000.  This 
disparity did not diminish the value of H-GAC’s forecast because a land use model attempts 
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to accurately represent the relative “attractiveness” of an area with respect to other areas 
based on factors such as proximity to transportation and likelihood of flooding.  Therefore, a 
method was needed to take advantage of the benefits of H-GAC’s forecast while adjusting 
the forecast upward to offset the difference in the starting 2010 population. 

Of several methods considered, the concept of “capture rate” was chosen because it is 
consistent with the common idea that some areas develop before other areas because they are 
more attractive.  Therefore, attractive areas capture a greater proportion of the population 
moving in than do less attractive areas of the County.  By comparing the estimated 
populations within the Authority territory and Fort Bend County since 1990, the Authority’s 
capture rate (i.e., the population that moves into the Authority territory as a percentage of the 
population moving into the County) has increased from approximately 18% from 1990 to 
1995 to more than 50% from 2000 to 2005.  An obvious limitation on the ability of the 
Authority to continue to capture 50% of the population moving into the County is that the 
Authority territory fills up.  Therefore, the capture rate must decrease as attractive space 
available to absorb population decreases and decreasing capture rate was the method 
developed to utilize H-GAC’s forecast. 

Beginning in 2010, future population within the Authority was estimated assuming that the 
Authority’s capture rate decreases to 95% of the capture rate of the previous five-year period.  
Using this method the projected population within the Authority is approximately 205,000 in 
2015, 289,000 in 2025, and 365,000 in 2035 – the end of H-GAC’s forecast. 

Adequate water supply planning relies on forecasts of 50 years or more, therefore, the 
population forecast had to be extended from 2035 to at least 2050 or beyond.  It was 
determined to continue the forecast at 10-year intervals to 2045 and 2055.  Analysis of 
H-GAC’s forecast indicates that the increase in population over five-year periods declines at 
a predictable rate.  Therefore, this predictable trend was used to extend the forecast assuming 
that the percent increase in population during each five-year period is 88% of the previous 
five-year period.  The projected population within the Authority is approximately 429,000 in 
2045 and 481,000 in 2055. 

4.1.3 Develop Grid-Level Forecast of Authority Population 

The H-GAC grid cell population was used as the basis or starting point to forecast population 
at the grid level.  H-GAC’s population for grid cells within the Authority had already been 
found to be significantly less than the Authority’s estimate of existing population.  However 
there is value of a land use model in representing the “attractiveness” of an area relative to 
other areas.  The process to adjust H-GAC grid cell population so that the total matches the 
Authority estimate simply requires multiplying H-GAC’s population for each cell by the ratio 
of the Authority’s estimate to H-GAC’s total. 

The process described above was limited by a “population cap” placing a maximum on the 
population that could be assigned to a cell based on population density (people per useable 
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acre).  Applying a population cap required a determination of 1) the maximum population 
density to be allowed and 2) useable area for each cell. 

The maximum population density (people per useable acre) was determined by analyzing the 
densities of built-out developments within the Authority.  The criterion used to categorize a 
development as built-out is that the number of houses be at least 95% of the number of 
residential lots in the development.  Seventeen developments meet this criterion and were 
found to have an average population density of approximately ten people per useable acre. 

The useable area was determined using the Authority’s geographic information system (GIS) 
to analyze land use.  Useable area excludes floodways, electric power and petro-chemical 
transmission corridors, transportation rights-of-way, and school and other governmental 
entity property (See Exhibit 2). 

Once the population density factor was determined and the usable area for each cell was 
obtained using GIS, the adjusted population for each grid cell is the smaller of the population 
cap or the projected population.  If the projected population exceeded the population cap, the 
population in excess of the cap was added to the adjacent cell to the southwest.  This process 
began at the most northeasterly cell in the Authority and continued until the population 
remained under the cap.  If the southern or southwesterly edge of the Authority was reached 
and there was still population in excess of the cap, then the excess was added to the next cell 
at the northeasterly edge of the Authority not already processed.  This procedure was 
repeated for projected populations in 2015, 2025, 2035, 2045, and 2055. 

4.2 Development of Per Capita Water Demands 

Two approaches were taken to investigate per capita water demand in the Authority.  The 
first approach was at the MUD level and is based on dividing metered groundwater pumpage 
for the MUD by the MUD’s estimated population.  To the extent possible, this effort also 
made use of responses received to the Authority’s questionnaire to check population 
(indirectly based on connection data), pumpage, and interconnects to discover possible 
import/export of water that otherwise skew the pumpage information.  Due to limitations on 
availability and quality of data, per capita demand based on MUD information was only 
estimated for 2005.  Note that 2005 was a dry year for which pumpage in most MUDs was 
higher than average. 

The results of this effort revealed variations in per capita demand from approximately 100 
gallons per capita per day (gpcd) for older development without amenity lakes and 
significant lawn or esplanade irrigation to approximately 240-gpcd in newer developments 
with amenity lakes and/or irrigation of large green spaces.  The average demand for eighteen 
MUDs, weighted based on estimated population, was found to be 210-gpcd. 

The second approach was at the Authority level and is based on dividing groundwater 
pumpage reported to the Subsidence District by the estimated population within the 
Authority.  This calculation was made for each year from 1990 to 2005.  The first 
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observation is that data for population and pumpage show similar patterns of increase over 
this period.  The similar patterns confirm the strong, direct relationship between population 
and water demand   In addition, the largest deviations from the pattern are increased 
pumpage in the dry years of 1999, 2000, and 2005.  Decreased pumpage in wet years does 
not stand out as clearly, but 1997 and 2004 are notable. 

After dividing pumpage by population for each year, a trend of increasing per capita water 
use is evident.  This trend is attributed to the movement toward larger, master-planned 
communities with amenity lakes and significant irrigation of esplanades and green spaces.  
Because the upward slope of the trend appears to be skewed by the recent dry years (1999, 
2000, 2005), the data were divided into three components for further analysis.  Without 
recent wet or dry years, the four most recent “average years” (1998, 2001, 2002, 2003) have 
an average of approximately 170-gpcd with only a slight upward trend.  Analysis of average 
years was limited to these four because the recent history is more representative of current 
conditions in the Authority than are earlier data. 

Based on the trend for the average years, lines with the same slope were fit to the wet years 
and dry years.  These lines provide a range of per capita water demand applicable to the 
Authority depending on rainfall.  The average water demand in the Authority is 
approximately 170-gpcd and the water demand in a dry year is expected to be approximately 
210-gpcd. 

4.3 Demands for Contract Participants 

In addition to the demand summarized in the sections above, water demands were also 
considered for participants outside of the Authority boundary.  Other entities may participate 
in the Authority’s ultimate Groundwater Reduction Plant (GRP) through contract.  These 
contract participants will pay rates similar to the ones paid by districts within the Authority in 
exchange for inclusion in the Authority’s GRP.  The Authority will then over-convert areas 
within the Authority boundary to cover the contract participants’ groundwater withdrawals 
outside the Authority boundary. 

Interest was expressed by The George Foundation and Plantation MUD to participate in the 
Authority’s GRP through contract.  The George Foundation owns over 21,000 acres south of 
the Brazos River and southeast of Richmond making it the most significant contract 
participant.  Forecast demand for the George Ranch property was provided by The George 
Foundation reflecting a projected development schedule.  The George Foundation water 
demand is listed in Table 1. 
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Table 1 
Water Demand for The George Foundation Properties 

Projected Water Demand (mgd) Contract 
Participant 

2013 2015 2025 2035 2045 2055 

George Ranch 1 6.00 8.00 14.00 15.00 15.00 15.00 

1 Source: The George Foundation 

 
 

4.4 Distribution of Water Demands through Planning Horizon 

Per capita water demand was developed that allowed the application of these values to the 
aforementioned population projections to determine total estimated water demand for the 
Authority.  Figure 3 illustrates the growth of water demand for the Authority through 2055 as 
well as the required alternative water use based on the conversion requirements of FBSD 
regulations.  FBSD regulations create two distinct planning horizons for surface water 
conversion in Fort Bend County.  The first phase of conversion begins in 2013 and requires 
regulated groundwater producers to convert at least 30% of their total water demand to an 
alternative water supply.  The second and final phase starts in 2025 and requires conversion 
of at least 60% of the total water demand to an alternative water supply or supplies.  For 
purposes of this study, the second phase conversion requirement (60%) is continued through 
the end of the study period in 2055. 
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Figure 3 
Authority Water Demand through Planning Period 
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Exhibits 3, 4 and 5 illustrate the spatial distribution, by 23-acre grid cell, of estimated water 
demand in 2005, 2025 and 2055, respectively.  The growth in population, and therefore the 
corresponding increase in water demand, generally increases most significantly in the 
southwestern portions of the Authority. 

The single largest component of demand in the Authority is existing utility districts in the 
Authority.  Forecast water demand was developed for each water district using the population 
and per capita water demand projections provided in the sections above.  The demand 
estimated and identified spatially by grid cell was associated with the utility districts using 
GIS.  The individual utility district boundaries were overlaid with the grid cell demands for 
each year.  Each grid cell within a district boundary was then associated with that individual 
utility district.  Where grid cells intersected more than one district, the grid cell demand was 
allocated to each district proportional to the area of the grid cell within that district.  Table 2 
provides a summary of projected water demand for each water utility within the Authority 
from 2013 through 2055. 
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Table 2 
Projected Annual Water Demand by Water District 

Projected Water Demand (mgd) 
District 

2013 2015 2025 2035 2045 2055 

Big Oaks MUD 0.49 0.50 0.53 0.56 0.57 0.58 

Cinco MUD 1 0.37 0.38 0.38 0.40 0.40 0.40 

Cinco MUD 2 0.97 0.97 0.93 0.90 0.95 1.00 

Cinco MUD 3 0.33 0.32 0.30 0.38 0.41 0.45 

Cinco MUD 5 0.42 0.43 0.41 0.42 0.44 0.45 

Cinco MUD 6 0.37 0.38 0.37 0.37 0.42 0.46 

Cinco MUD 7 0.69 0.69 0.69 0.68 0.70 0.72 

Cinco MUD 8 0.62 0.62 0.60 0.59 0.61 0.63 

Cinco MUD 9 0.64 0.64 0.64 0.62 0.63 0.64 

Cinco MUD 10 0.68 0.68 0.65 0.67 0.70 0.73 

Cinco MUD 12 0.37 0.37 0.34 0.34 0.37 0.40 

Cinco MUD 14 0.53 0.59 0.83 1.02 1.03 1.04 

Cinco Southwest MUD 1 0.26 0.33 0.62 0.75 0.76 0.76 

Cinco Southwest MUD 2 0.31 0.39 0.69 0.98 0.99 1.00 

Cinco Southwest MUD 3 0.56 0.70 1.26 1.76 1.78 1.81 

Cinco Southwest MUD 4 0.25 0.28 0.48 0.58 0.58 0.59 

Cornerstones MUD 0.82 0.82 0.82 0.81 0.83 0.85 

Fort Bend County FWSD 2 1.39 1.48 1.73 1.92 1.92 1.93 

Fort Bend County MUD 2 0.49 0.49 0.49 0.50 0.50 0.50 

Fort Bend County MUD 30 0.87 0.91 1.05 1.19 1.21 1.22 

Fort Bend County MUD 34 0.62 0.65 0.77 0.89 0.89 0.89 

Fort Bend County MUD 35 0.71 0.85 1.34 1.74 1.76 1.77 

Fort Bend County MUD 37 0.47 0.49 0.59 0.71 0.72 0.74 

Fort Bend County MUD 41 0.36 0.36 0.37 0.38 0.39 0.41 

Fort Bend County MUD 50 0.57 0.69 1.14 1.52 1.53 1.54 

Fort Bend County MUD 51 0.15 0.17 0.24 0.29 0.29 0.29 

Fort Bend County MUD 52 0.03 0.03 0.04 0.05 0.05 0.05 

Fort Bend County MUD 53 0.23 0.25 0.35 0.46 0.47 0.48 

Fort Bend County MUD 57 0.54 0.67 1.20 1.68 1.70 1.73 

Fort Bend County MUD 58 0.51 0.63 1.09 1.52 1.55 1.57 

Fort Bend County MUD 93 0.23 0.29 0.51 0.68 0.68 0.69 

Fort Bend County MUD 118 0.45 0.50 0.70 0.89 0.91 0.92 

Fort Bend County MUD 119 0.63 0.63 0.63 0.62 0.63 0.64 

Fort Bend County MUD 122 0.28 0.32 0.45 0.57 0.58 0.58 

Fort Bend County MUD 123 0.42 0.53 0.93 1.30 1.32 1.34 

Fort Bend County MUD 124 0.28 0.30 0.35 0.40 0.40 0.40 

Fort Bend County MUD 130 0.28 0.34 0.57 0.78 0.79 0.80 

Fort Bend County MUD 132 0.53 0.67 1.16 1.58 1.59 1.60 

Fort Bend County MUD 133 0.47 0.54 0.76 0.98 0.99 1.00 

Fort Bend County MUD 134 1.80 2.19 3.67 4.63 4.65 4.66 

Fort Bend County MUD 142 0.43 0.53 0.95 1.36 1.37 1.38 
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Projected Water Demand (mgd) 
District 

2013 2015 2025 2035 2045 2055 

Fort Bend County MUD 143 0.17 0.22 0.39 0.54 0.55 0.56 

Fort Bend County MUD 146 0.59 0.73 1.29 1.81 1.84 1.86 

Fort Bend County MUD 151 0.97 1.20 2.04 2.83 2.87 2.91 

Fort Bend County MUD 161 0.22 0.26 0.44 0.60 0.61 0.62 

Fort Bend County MUD 165 0.31 0.39 0.69 0.97 0.99 1.00 

Fort Bend County MUD 169 0.29 0.36 0.65 0.92 0.93 0.94 

Fort Bend County MUD 170 0.56 0.70 1.24 1.75 1.77 1.80 

Fort Bend County MUD 171 0.40 0.50 0.89 1.25 1.27 1.29 

Fort Bend County MUD 172 0.49 0.61 1.09 1.52 1.55 1.57 

Fort Bend County MUD 173 0.57 0.71 1.26 1.77 1.79 1.82 

Fort Bend County MUD 185 0.29 0.33 0.47 0.55 0.55 0.55 

Fulshear 0.27 0.28 0.48 0.67 1.83 3.00 

Grand Lakes MUD 1 0.48 0.53 0.66 0.72 0.72 0.72 

Grand Lakes MUD 2 0.54 0.59 0.76 0.85 0.85 0.86 

Grand Lakes MUD 4 0.88 0.89 0.89 0.95 0.98 1.02 

Grand Mission MUD 1 0.27 0.34 0.62 0.84 0.85 0.86 

Grand Mission MUD 2 0.45 0.56 1.01 1.42 1.44 1.46 

Harris - Fort Bend County MUD 1 0.54 0.58 0.76 0.90 0.92 0.93 

Harris - Fort Bend County MUD 5 0.42 0.42 0.39 0.49 0.64 0.80 

Kingsbridge MUD 0.92 0.91 0.91 0.96 1.00 1.05 

North Mission Glen MUD 0.57 0.57 0.56 0.59 0.59 0.59 

Willow Point MUD 0.09 0.11 0.20 0.28 0.29 0.29 

Woodcreek Reserve MUD 0.00 0.00 0.00 0.00 0.19 0.39 

Total 31.68 35.30 49.25 61.62 64.04 66.45 

 

A large portion of the Fort Bend County water demand, particularly in later years, is 
associated with regions that are primarily undeveloped and outside the limits of existing 
utility districts.  These portions of the Authority were divided into 14 areas shown in Exhibit 
6.  Demand for these areas was forecast separately and is summarized in Table 3. 

Table 3 
Annual Water Demand Projections for Undeveloped Areas 

Projected Water Demand (mgd) Undeveloped 
Area 2013 2015 2025 2035 2045 2055 

Central Area 1 0.14 0.21 0.29 0.71 2.37 3.59 

Central Area 2 0.04 0.14 0.49 0.78 1.71 2.51 

Central Area 3 0.02 0.15 0.18 0.32 1.05 1.58 

East Area 1 0.17 0.20 0.23 0.30 0.32 0.32 

East Area 2 0.12 0.24 0.50 0.58 0.69 1.12 

East Area 3 0.08 0.55 1.04 1.27 3.46 4.05 

North Area 1 0.13 0.22 0.27 0.32 0.52 0.73 
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Projected Water Demand (mgd) Undeveloped 
Area 2013 2015 2025 2035 2045 2055 

Northwest Area 1 0.03 0.15 0.29 0.31 0.42 0.52 

Northwest Area 2 0.22 0.37 0.82 1.15 2.14 3.00 

South Area 1 0.17 0.17 0.22 0.24 0.91 2.60 

Southeast Area 1 1.30 1.82 2.14 2.41 2.87 2.87 

Southwest Area 1 0.44 0.85 1.88 2.64 2.91 3.88 

West Area 1 0.02 0.08 0.19 0.45 0.51 0.70 

West Area 2 0.00 0.01 0.16 0.45 2.04 3.41 

Total 2.88 5.16 8.68 11.92 21.91 30.89 

 
 
Finally, Table 4 summarizes all of the demand identified above to provide the total water 
demand for the Authority. 

Table 4 
Total Water Demand for the Authority 

Projected Water Demand (mgd) 
Demand Type 2013 2015 2025 2035 2045 2055 

NFBWA Utility Districts 33.4 35.8 49.3 61.2 64.8 68.1 

NFBWA Undeveloped Areas 3.0 5.2 8.7 12.7 23.0 32.8 

George Ranch 0.7 0.7 10.7 15.7 15.7 15.7 

Total 37.1 41.7 68.7 89.6 103.5 116.6 
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Section 5 
Overall Approach to Conversion 

5.1 Surface Water Delivery 

Three factors were considered when determining the necessary capacity of the Authority’s 
surface water distribution system.  The first and most critical factor was the total water 
demand throughout the planning period, as this factor directly relates to the amount of 
conversion required.  Secondly, the regulated use of groundwater directly affects the amount 
of surface water required for delivery to converted areas and these regulated levels are set by 
FBSD. 

However, a third component that is vital to the sizing of the surface water delivery system is 
the seasonal variation of demand throughout the year.  Figure 4 provides a compilation of 
groundwater pumpage data on a per connection basis for 15 MUDs in Fort Bend County.  
Figure 4 illustrates that during peak day conditions, the overall average day demand could be 
delivered and used by each district, since all of the peaking needed is produced from 
groundwater.  However, Figure 4 also illustrates that there are periods of time when the use 
of the various entities is less than the average day amount.  During these times, the amount of 
surface water delivered and used will be less than average day amounts.  As a result, the 
amount of surface water used by each district will be less than the average day amount as an 
annual average.  The combined result of these two conditions means that a surface water 
delivery system must be sized to meet the 2025 conversion requirements by either converting 
more than 60% of the district demand, by increasing the peak delivery rate above average 
day, or a combination of both. 



NFB04-60 NFBWA Alternative Analysis  
October 2007 for Surface Water Conversion 

 
 
 

 22  

Figure 4 
Groundwater Pumpage Data for Fifteen Fort Bend County Districts 
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Figure 5 further examines the effect of peaking on the ability to meet seasonal demand.  The 
data for this figure is derived from the information shown above in Figure 4.  However, 
Figure 5 demonstrates how much of a district’s water demand could be met by building a 
surface water supply system with various compliance assurance factors incorporated.  This 
figure illustrates that supplying water at a rate of average day demand, or a factor of 1.0, 
would give a district the ability to receive only 80% of their demand from surface water.  For 
instance, if enough districts were converted to represent 30% of the Authority’s average day 
demand and these districts were served by a surface water delivery system sized for average 
day demand, only 24% of the Authority’s demand would be met with surface water at the 
end of the year on average, which would be less than the regulatory requirement of 30% of 
the total annual demand. 
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Figure 5 
Compliance Assurance Factor Relating to Various Supply Capacities 
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Consideration was given to this issue and it was recognized that two solutions exist.  One 
solution would be to lay additional lines to convert more districts to compensate for this 
problem.  Alternatively, the pipe system and plant facilities could be oversized to provide for 
a higher level of peak demand.  It was determined to apply a compliance assurance factor of 
1.3 to the pipe system, which would mean that the system could supply districts 
approximately 90% of their total annual water demand with surface water.  This 
determination represents an economical compromise between the need for additional 
pipelines and the option of over-sizing pipelines.  Table 5 shows the surface water design 
requirements with this peaking factor included.  The term compliance assurance factor is 
used in this study to define the amount of extra water that must be provided to those entities 
taking surface water in order to ensure an annual use of 30% or 60% surface water, 
depending on the year, in the Authority.  It is not a peaking factor in the traditional sense of 
increasing the average day demand to a peak day or peak hour demand.  Peak day and peak 
hour water demand will continue to be addressed through the use of existing wells and 
storage tanks at each individual MUD.  
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Table 5 
Surface Water Facility Design Requirements 

Projected Water Demand (mgd) 
Demand Type 2013 2024 2025 2035 2045 2055 

Total Demand 37.1 65.0 68.7 89.6 103.5 116.6
Required Conversion 11.1 19.5 41.2 53.8 62.1 70.0
Compliance Assurance Factor (30%) 3.3 5.9 12.4 16.1 18.6 21.0

Total Surface Water Demand 14.4 25.4 53.6 69.9 80.7 91.0
 

5.2 2013 Conversion 

The first phase of conversion requires that 30% of the total water demand for the Authority is 
to be substituted with alternative supplies other than groundwater.  It was assumed that 
facilities constructed during this phase would be sized to accommodate 30% of the year 2025 
water demand.  In addition, it was also assumed that the districts selected for conversion 
would receive 90% of their total annual water supply from the Authority, as determined 
above.  For each alternative, districts were added to the conversion strategy until 90% of their 
total water demand equaled the required conversion rate of 30% of the Authority’s total 
demand.  Consideration was given for the location of water supply points and for minimizing 
initial pipeline lengths.  Priority for conversion was also given to existing water districts.  It 
was assumed that water would be only provided to existing districts for the 2013 Phase 
Conversion and demand in undeveloped areas were not considered for conversion during this 
phase.  Water was supplied to all known water plants within each MUD or Master MUD.  
Interconnects between districts were not utilized to deliver water in this plan. 

5.3 2025 Conversion 

The second phase of conversion is based on future water needs through the year 2055.  For 
purposes of this study, facilities were assumed to be sized to accommodate delivery of 60% 
of the year 2055 demand throughout the year.  Again, it was assumed that the districts that 
would be connected to the conversion system would receive 90% of their total annual water 
supply and an adequate number of districts were included in the system until the required 
overall conversion rate was reached for the Authority as a whole.  Similar to the 2013 
conversion system, priority for conversion was given to existing districts in the Authority.  
However, based on the significant increase in required conversion (60%) for the 2025 phase, 
surface water was supplied to undeveloped areas in order to reach the overall conversion 
goals for the Authority after all existing districts were converted. 
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Section 6 
Identification of Potential Alternatives 

6.1 Potential Water Sources 

Several sources of water exist in the vicinity of the Authority.  These sources include both 
raw and treated water supplies located from a number of providers.  In all, ten alternative 
potential water providers were examined and documented in a previous study by the 
consultant team, North Fort Bend Water Authority – Potential Water Source Study (Source 
Water Study).  Since the completion of this study, the Authority has decided to investigate in 
more detail the acquisition of water from three separate water providers.  The first potential 
provider, the City of Houston (COH), would allow the Authority to acquire treated water 
directly from the COH water system.  The second potential provider, the West Harris County 
Regional Water Authority (WHCRWA), would allow the Authority to acquire treated water 
from the COH water system through WHCRWA.  The third potential provider, the Brazos 
River Authority (BRA), could provide raw water capacity from their system of reservoirs 
throughout the Brazos River basin. 

6.1.1 Brazos River Authority 

The BRA was identified during the Source Water Study as a potential supplier for the 
Authority for both near- and long-term water demand.  The current permitted and 
uncontracted supply available from BRA is not sufficient to meet long-term conversion goals 
at this point.  However, the BRA has applied to the Texas Commission on Environmental 
Quality (TCEQ) for a System Operations Permit which, if granted by the TCEQ, will result 
in the creation of additional water supply in the Brazos basin.  Approval of the BRA System 
Operations Permit would provide the BRA with adequate water supplies for meeting demand 
throughout the basin, including those of the Authority.  The agreement with the BRA would 
consist of a contract for raw surface water supplies only. 

6.1.2 City of Houston 

The COH is the primary regional supplier of raw and treated water in Harris County and is 
also a major water provider in Fort Bend County.  The COH system provides the largest 
volume of surface water in the region and currently is contracted to provide treated water 
supplies to the neighboring WHCRWA.  The proximity of the Authority to the WHCRWA 
allows the acquisition of treated water from one of the three COH water purification plants 
through either the COH or the WHCRWA water systems.  In addition, the exclusive use of 
treated water from the COH would allow for the Authority to provide for projected demand 
without the need to operate water treatment facilities. 
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6.2 Description of Alternatives 

Nine alternatives were considered for delivering water from the three potential water 
providers to meet demand within the Authority.  These Alternatives are summarized in 
Table 6 and described in detail below (See Exhibits 7 through 14). 

Table 6 
Summary of Potential Alternatives 

Phase 
Alternative 

2013 2025 

1 Richmond/Rosenberg WTP - 

2 Fulshear WTP - 

3 City of Houston Take Point - 

4 WHCRWA Take Point - 

5 Richmond/Rosenberg WTP WHCRWA Take Point 

6 Fulshear WTP WHCRWA Take Point 

7 City of Houston Take Point Richmond/Rosenberg WTP 

8 City of Houston Take Point Fulshear WTP 

9 City of Houston Take Point WHCRWA Take Point 
 
6.2.1 Raw Water from BRA 

Two alternative water treatment plant (WTP) plant sites were identified as potential source 
points to receive raw water from the Brazos River and treat it for subsequent use in the 
Authority.  The locations for the two water treatment plants were selected near the 
Richmond/Rosenberg area and the Fulshear area.  However, it was assumed that only one of 
these facilities would be developed in any alternative and no potential alternative would 
examine the use of more than one WTP.  That is, all water treatment capacity the Authority 
requires would be consolidated to take advantage of any economy of scale possible for a 
WTP. 

6.2.1.1 Richmond/Rosenberg Plant 

A WTP location was identified on the north side of the Brazos River (Richmond/Rosenberg 
Plant) in the approximate area between F.M. 359 and F.M. 723.  This gives the plant an 
favorable location to supply existing demand in the northern and eastern portions of the 
Authority.  The use of this WTP as the sole supply point for the Authority was considered 
Alternative 1. 
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6.2.1.2 Fulshear Plant 

A WTP site generally to the southwest of Fulshear was considered as a western supply point.  
This plant site offers greater elevation than the Richmond/Rosenberg Plant described above 
and would reduce the amount of head required to provide water at pressure within the 
Authority.  However, the site is located well to the west of the concentrated demand found in 
the eastern portions of the Authority during the first phase of conversion.  The option to use 
this as the only supply point for the Authority is described in this report as Alternative 2. 

6.2.2 Treated Water from COH 

6.2.2.1 WHCRWA Take Point 

Treated water obtained by way of the WHCRWA would be delivered near the northern 
portion of the Authority.  The WHCRWA has acquired an Exxon-Mobil pipeline easement 
that would be capable of providing right-of-way for the construction of a water transmission 
line from the vicinity of the COH East Water Purification Plant (EWPP) to an area near the 
intersection of Peek and Clay Roads north of I-10 (Exhibit 15).  From here, the water would 
be conveyed southward to the Authority.  Alternative 3 considers the use of this supply point 
as the sole source of water for the Authority.  However, it was recognized that this pipeline 
would not be in place in time to meet the 2013 demand of the Authority’s system.  For this 
reason, Alternative 3 was not considered practical as a single point of supply. 

6.2.2.2 Bellaire-Braes Take Point 

The COH owns and operates a water supply facility near the crossing of Bellaire Boulevard 
and Brays Bayou.  This facility is a major regional pumping station for the COH system and 
could potentially be sized to provide for the Authority’s future demand.  Additionally, the D-
158 pump station, located just over a mile west of the Bellaire-Braes site, may serve as a 
delivery point for treated COH water.  These sites are located to the east of the Authority and 
water would be available from these points immediately for the first phase of conversion in 
2013.  Alternative 4 considers the use of this supply point as the only source point for the 
Authority, although this facility would require improvements to meet the entirety of the 
Authority’s future demand as the sole point of supply. 

6.2.3 Combinations of Source Points 

Five additional alternatives were considered with two supply points.  These alternatives mix 
raw water supply that would be treated by the Authority and treated COH water or combine 
COH water from both the COH and WHCRWA supply points.  Alternatives 5 and 6 begin 
conversion with an initial phase of water from the Richmond/Rosenberg or Fulshear WTPs, 
respectively, and then include treated water from the WHCRWA beginning in 2025.  
Alternatives 7 and 8 both use water from the COH to meet first phase demand in 2013.  
These two alternatives assume that treated water from the Brazos River will be used to meet 
additional demand beginning in 2025.  Alternatives 7 and 8 utilize the Richmond/Rosenberg 
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and Fulshear WTP locations, respectively.  Finally, Alternative 9 uses treated water from the 
COH to meet the first phase conversion demand and adds a WHCRWA take-point beginning 
in 2025. 

In general, alternatives that involve more than one supply point represent a more reliable 
system, but may result in higher overall costs.  A looped system with more than one supply 
point typically results in better system pressure and flow.  In cases where only one supply 
point is initially feasible, that secondary supply can provide for demand in the interim and 
also represent reliability as a secondary water supply.  In addition, the existing groundwater 
plant facilities at each individual water district also represent a reliable backup supply of 
water for short periods when surface water would not be available.  This redundancy is 
inherent to all of the alternatives considered in this study. 
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Section 7 
Phasing and Facilities Planning 

7.1 Preliminary Planning for Water Treatment Plant Facilities 

Water Treatment Plant facilities were initially phased in 15 mgd increments and then refined 
to be phased in 10 mgd increments to address the demands shown in Table 5.  The use of 
modules allows for ease of expansion, consistency, and efficiency in design.  Additional 
capacity was incorporated so that plant capacities could match the compliance assurance 
factor of 1.3 determined for the Authority’s annual average day demand. Peak day and peak 
hour water demand will continue to be addressed through the use of existing storage tanks 
and wells for each individual entity.  In all alternatives, the initial phase is sized to 
accommodate the surface water demand of the system from 2013 through 2024 with a minor 
expansion in 2020.  A second major expansion of infrastructure facilities must be in place by 
2025 to meet the 60% surface water requirement.  Subsequent expansions are required for all 
alternatives. 

In alternatives with multiple source points, assumptions were made regarding the amount of 
water that would originate from each source for the sizing of the facilities and the associated 
cost estimates.  For alternatives that initially built a raw water intake structure and 
accompanying treatment plant, the facilities were sized to deliver all the surface water 
demand through 2024.  By 2025, the second source of supply, which was treated water, was 
utilized and all additional facility expansions were made to that second supply point in order 
to minimize costs of raw water intake, storage and treatment. For alternatives that utilized 
two sources of treated water supply, the flow was more evenly split. 

River intake pumping stations were planned at the Richmond/Rosenberg take site and near 
Fulshear adjacent to the Brazos River.  Phasing for the intake structure was assumed to 
follow the same 10 mgd increment, with two back-up pumps.  An additional 15% of intake 
water was assumed to account for treatment losses.  Experience suggests that two backup 
pumps are prudent given the harsh conditions of river water.  Raw water storage was planned 
at the intake structure site and the water was then to be pumped to the water treatment site via 
a large diameter pipeline. 

Water treatment facilities were envisioned to consist of both a conventional treatment process 
as well as a membrane treatment system for treating a sidestream of water then blending into 
a final treated water product.  It was further assumed that a forebay would be used to reduce 
the variability of river water quality and allow for settling of suspended solids.  The initial 
size of this compartmentalized reservoir was recommended as 5 days of raw water storage. 
That number was revised upward to 7 days of raw water storage for the facility planning in 
order to be conservative given the number of unknowns.  However, this assessment will be 
subject to further review based on review of additional water quality information.  A reverse 
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osmosis (RO) system was identified as required treatment to reduce total dissolved solids 
(TDS), turbidity, and cryptosporidium to an acceptable level. 

On average, available water quality data indicates that approximately 50% of the WTP’s flow 
will require treatment by RO to reduce TDS and turbidity.  However, the daily level of 
treatment will vary throughout the year and may range as high as the entire plant flow.  This 
variability in water quality was taken into account when planning plant facilities.  Losses 
from the treatment process were estimated to be 12%, with about 10% resulting from 
membrane processes and approximately 2% resulting from TSS residuals of the conventional 
treatment process.  A conservative estimate of 15% was used for planning purposes.  The 
additional water required to compensate for those losses was addressed in the sizing of the 
intake structures and raw water storage. 

There is a regulatory process currently underway that aims to assign different watersheds a 
level of cryptosporidium treatment appropriate to their characteristics.  Because of this, there 
may be need for additional treatment in the future and this potential was also incorporated 
into this analysis by providing for add-on treatment processes. 

Preliminary plans for treatment included the requirement for disposal of treatment residuals 
and membrane concentrate.  It was assumed that the sludge produced in the conventional 
treatment process would be disposed of off-site.  Treatment of brine from the RO requires a 
more complicated process of disposal and various options were evaluated.  It was determined 
that discharging the concentrate to the Brazos River, given that the river is already on the 
high side of TDS would be difficult and would require significant discussions with TCEQ.  
The process of disposal through use of evaporation ponds would require excessive amounts 
of land.  Preliminary investigations determined a 10 mgd plant would require 1,000 acres for 
evaporation.  Heat based evaporation methods are very expensive from an energy standpoint.  
The possibility of using land application of the concentrate is feasible but would require a 
site that is dedicated to this purpose.  The salts would tend to stay at the surface of the soil, 
slowly building up until plant life was no longer viable.  The preferred solution would be the 
disposal of this byproduct in a sanitary sewer system but that depends on the hydraulic 
capacity of the system, the dilution capability of the wastewater stream and the distance the 
waste would need to be pumped.  Another option is to locate a user who could create a 
reliable beneficial use of the concentrate.  A significant limitation to this option is finding a 
user who will be reliable in the long-term and enter into a contractual commitment with the 
Authority.  However, for purposes of this analysis, it was assumed that the only available 
disposal option would be injection of the waste material into a deep, abandoned oil well.  An 
initial survey indicates the presence of several such capped oil wells and dry holes in the 
immediate areas of both the Richmond-Rosenberg and Fulshear WTPs.  However, further 
survey will be required to determine the suitability of these wells for deep injection of RO 
concentrate.  This method of disposal will require approval by the TCEQ. 

Repumping stations were planned at each of the treated water take points.  These facilities 
would use ground storage to maintain a supply of water that could then be provided to the 
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Authority under pressure from booster pumps.  Ground storage tanks were sized at one half 
the total firm pumping capacity in 5 mgd units.  Standard TCEQ design guidelines for 
storage are not applicable because surface water is not the sole source of water, each entity 
has groundwater as an alternative supply of water.  Phasing for the pumping facilities was 
assumed to follow the same 10 mgd increment as used for WTPs with one back-up pump.  
This study assumed the NFBWA will deliver surface water at a low-pressure connection to 
the MUD’s water storage tank with an air gap and not deliver directly to their distribution 
system under high-pressure. 

7.2 Raw Water Storage Analysis 

The Brazos River is subject to a range of flows that vary seasonally and according to specific 
climatic factors.  Stream flow measurements at the river’s crossing with US 90A near 
Richmond demonstrate a variation in flow that averages as much as 14,509 cfs in May and as 
little as 2,608 cfs in August.  Minimum daily flows as low as 35 cfs have been recorded by 
the USGS at that site.  In addition, the wide profile of the river channel is indicative of a 
channel geometry that would result in low flows and very low stage levels that may be 
difficult to intercept with a standard pump station positioned on the river bank.  Low flows 
may result in the need for raw water storage if river levels reach a point where flow cannot be 
adequately captured by an intake structure.  For purposes of this study, a river stage height of 
approximately five feet was used as the limitation for adequate pumping and to estimate raw 
water storage requirements.  

An investigation of flows in the Brazos River was conducted beginning with daily flow data 
from the USGS gage at Richmond.  The period of record for this station spans January 1, 
1903 to June 30, 1906 and October 1, 1922 to present.  Of particular interest are the low 
flows experienced in August.  This month results in the lowest recorded flows throughout the 
year.  A distribution was created to statistically estimate the number of days when flow is 
below various river stage levels.  It was generally demonstrated that the amount of storage 
required increases gradually to approximately 500 cfs, at which point the curve climbs 
sharply indicating a much larger volume of storage required if the threshold flow for uptake 
were above this point. 

Each of the flows corresponds to a stage within the river channel.  The data available from 
USGS had only a limited period of record for stage data.  Available hydraulic models for the 
river are based primarily on high flow events for the purpose of flood planning.  In contrast, 
data was required to determine the lowest flow conditions that would be experienced in the 
Brazos River.  A literature review pointed to some bathymetric survey data that was 
performed in Analysis of Instream Flows for the Lower Brazos River – Hydrology, 
Hydraulics, and Fish Habitat Utilization produced by the Texas Water Development Board 
(TWDB).  This report examined four cross sections in the portion of the Brazos River near 
Simonton, which is just upstream of the proposed Fulshear plant site.  These cross sections 
were entered into a steady-state HEC-RAS model.  This model was then used to simulate 
flows at various levels to determine the stage in each of these channel cross sections.  The 
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normal depth within the hydraulic model was set to the average bed slope between the 
Fulshear and Richmond/Rosenberg plant sites as contained within the Federal Emergency 
Management Agency (FEMA) Flood Insurance Study for Fort Bend County, Texas and 
Incorporated Areas.  It was determined from this analysis that the raw water storage capacity 
specified as a treatment forebay must be sufficient to provide five days of storage. 

This above estimate of required raw water storage is likely a conservative estimate as it does 
not consider flows in the river resulting from future reservoir storage releases as a result of a 
water contract with the BRA.  Water contracted and obtained from the BRA would be called 
for from upstream reservoirs and would be delivered in addition to the flows considered in 
this analysis, further allowing for the water’s uptake during low flow conditions.  It is 
important to note that the gage data analyzed reflects the actual conditions of the river as a 
result of water withdrawals and return flows, and is not necessarily reflective of river 
conditions that would result if all permitted flows were taken and return flows minimized.  It 
is the position of BRA that approval of their System Operations Permit would improve the 
reliable supply of water for most of their customers along the river, including potentially 
NFBWA. 

In the final analysis, the water quality conditions of the river indicated a need for raw water 
storage amounts that would provide improved baseline conditions for the membrane plant 
processes.  For that reason storage of 7 days was used in the cost analysis.   

7.3 Sizing of Transmission Pipelines 

For each alternative, pipeline alignments were identified that would be capable of providing 
water to address the 2013 and 2025 conversion requirements.  The ultimate water demand 
through 2055 were used to ensure water line capacity was appropriately sized and would not 
require paralleling existing pipelines at a later date.  This results in some lines with extra 
capacity which varies over time and is different for each scenario.  This extra capacity may 
be viewed as a factor of safety or a mechanism for achieving early and over conversion for 
the Authority.  Lines were laid out to follow existing roads and drainage corridors, where 
feasible. In undeveloped areas pipes were laid out following county roads or existing 
property lines where feasible (Exhibits 7 through 14). Loops were also added where feasible 
to increase reliability in the system.  

 
A compliance assurance factor of 1.3, identified in Section 6.1, was used to model the 
average day system demand for each district.  It was assumed that all demand above this 
level would be met using ground storage tanks and groundwater wells at each district water 
plant.  For each alternative, transmission pipes were conservatively sized such that resulting 
head losses were no more than 2 ft per 1,000 feet of pipe and velocities in the pipe were not 
greater than 5 feet per second. 

 For Alternatives 1 and 2 where only one plant is used to supply water to the converted 
districts, the pressure coming from the plant was set so that the minimum pressure at the top 



NFB04-60 NFBWA Alternative Analysis  
October 2007 for Surface Water Conversion 

 
 
 

 33  

of the ground storage tank (GST) at each district water plant was no less than 10 psi after 
removing losses associated with flow meters and control valves. For Alternatives 5 through 9 
which use two water sources to supply water in 2025, the pressure from each source was 
adjusted to allow approximately half of the required capacity from each source and also 
providing a minimum pressure at the top of each districts’ GST of no less than 10 psi.  
Elevation data obtained from Fort Bend County LIDAR was used to determine ground 
elevations for determining the hydraulic grade along the lengths of the system and tank 
elevations of 25 feet were added at each end point to determine residual pressure at the tops 
of the tanks.  Transmission pipes were first sized for the 2025 system and then the system 
was scaled back to follow the alignment required for the 2013 phase.  Any adjustments to 
transmission pipe sizes required in the 2013 model were then entered back into the 2025 
phase model.  

 For utility districts, master MUDs, or entities with multiple water plant sites, surface water 
was supplied to all water plants within the MUD or Master MUD.  The assumption was made 
that individual districts would provide water throughout their service areas utilizing their 
internal distribution systems.  System interconnects were not utilized for water distribution in 
this planning study but may be utilized in some instances during future study and detailed 
design.  Utilizing existing interconnects during the winter (low demand) months may provide 
additional conversion area at minimum capital expense. 
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Section 8 
Facility Costs 

8.1 Purchased Water Costs 

In general, the purchased water costs are estimated based on preliminary discussions with 
water suppliers.  NFBWA has not completed contract negotiations with their potential 
suppliers so contract terms may change.  For the purposes of this study assumptions were 
made regarding water prices from various suppliers based on the best available information 
at the time of this study. 

8.1.1 Raw Water from BRA 

The BRA provided projected pricing for raw water through 2010 on a dollar per acre foot 
basis.  They also provided an estimated pricing cap for their water of 90 to 100 $/ac-ft and an 
estimated annual escalation percentage of 5% to 10%.  Base costs were escalated 
approximately 5% annually to 95 $/ac-ft and then held constant in the financial calculations.  

8.1.2 Treated Water from COH through WHCRWA 

In a July 6, 2007, letter, the City of Houston confirmed its willingness to provide surface 
water to the Authority.  In addition, the letter confirms that the Authority should purchase 
surface water through the existing water supply contract between the City and the 
WHCRWA, as has been discussed by all three parties.  In that contract, the Authority’s cost 
for both raw and treated water capacity including transmission line capacity is based on the 
Authority’s pro-rata share of the respective facility(ies) capacity(ies).  Those costs as well as 
a share of the operation and maintenance costs of the COH are paid by the Authority. 

The COH was contacted and discussions ensued regarding treated water costs that would 
potentially be paid by the NFBWA.  The cost for raw water capacity is estimated to be 
$0.80/1000 gallons of capacity reserved.  The cost for treated water (i.e., treatment plant) 
capacity is estimated to be $1.50/1000 gallons, and the cost for transmission main capacity is 
estimated to be approximately $1.00/1000 gallons. 

In addition to these costs, the City and regional water authorities have discussed the timing 
for development of the Luce Bayou Inter-basin Transfer project.  Based on the existing 
agreement between the City and WHCRWA, the Authority would pay a pro-rata share of the 
City’s debt service (not capital cost) of future raw water projects.  Funding of the Luce 
Bayou project is anticipated in two major phases.  The first phase will begin in 2008 and is 
estimated to require $36,000,000.  The second phase will require an estimated $214,000,000 
in 2015 in order to complete construction and deliver water by 2020.  Based on a bond rate of 
5% and 30 year life, the Authority’s pro-rata share of debt service is estimated to be 
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$200,000 annually beginning in 2009 and increase to a total of $1,365,000 annually 
beginning in 2016.  Debt service may be less or deferred depending on State participation. 

The WHCRWA has expressed a commitment to work with the NFBWA and plans to pass 
through the water purchase price that they pay to the COH with a small administrative 
markup.  That markup has not yet been determined but their verbally expressed intent is to 
merely cover administrative costs incurred on the Authority’s behalf. 

8.2 Plant Facility Costs 

Plant facility costs include the cost of WTP facilities as well as the cost associated with 
repumping stations for treated water from the COH.  Costs are also included for connection 
to individual MUDs and potential upgrades to individual MUDs piping to support the surface 
water delivery. That cost was estimated at $200,000 per connection.  Capital costs for 
infrastructure and operation and maintenance costs (O&M) were developed from a number of 
sources including the Region H Regional Water Plan, recent bid tabs, individual product 
vendors, and professional experience. 

8.2.1 Capital Costs 

Capital costs for WTP facilities were developed for the entire system from the raw water 
intake structure to the high pressure pump station through which water would enter the 
Authority system.  Costs for raw water storage were assembled for both the one-time 
construction of a plant facility and the cost of an initially sized WTP that could be 
constructed in phases as demand increased over the planning period.  Costs were adjusted to 
present value using the Engineering News Record (ENR) cost index when appropriate. 
Project costs include standby power costs, land costs, a contingency amount of 20%, and a 
factor of 15% of the total construction cost of the facilities for engineering, legal and 
administrative fees.  

The costs for a raw water intake pump station were determined from empirical studies of 
intake structure construction costs as presented in Pumping Station Design by Robert Sanks, 
second edition.  Some time was spent evaluating the costs associated with the on-going 
Coastal Water Authority Expansion of the Trinity River Pump Station, the TWDB Region H 
and Region C numbers but given the level of unknowns and the limited amount of 
information, that information was not used.    

Raw water storage costs were estimated based on a review of the regional planning data as 
well as some quantity takeoff calculations.  Raw water storage was assumed to take the form 
of an earthen ring dike of approximately 20 feet in height.  The cost of the land is a 
significant piece of the overall cost.   

The costs for the WTP were developed from professional experience with conventional 
treatment methods augmented with input from vendors of RO treatment equipment.  Costs 
were determined for single phase construction as well as a 20-MGD plant with expansions to 
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address the different alternatives. It is important to note that costs for expansions are not 
linear because factors related to membrane sizing and other treatment modularity affects 
pricing.  Costs associated with single phase and multi-phased construction are shown in 
Tables 7 and 8, respectively. 

Table 7 
Treatment Plant Capital Costs per Gallon of Capabity – Single Phase Construction 

Capacity (mgd) 
  10 20 30 40 50 60 70 80 90 
Conventional Treatment $3.52 $2.54 $2.16 $1.92 $1.77 $1.65 $1.57 $1.49 $1.44
Conventional Treatment +  
Reverse Osmosis $4.53 $3.47 $3.06 $2.79 $2.63 $2.49 $2.40 $2.31 $2.24
 

Table 8 
Treatment Plant Capital Costs per Gallon of Capacity - 20 MGD Plant + Phases 

Capacity (mgd) 
  20 30 60 70 80 90 

Conventional Treatment $2.54 $2.55 $2.19 $2.24 $2.28 $2.31Total Cost for 
Capacity Conventional Treatment +  

Reverse Osmosis $3.47 $3.51 $3.11 $3.18 $3.22 $3.26
Conventional Treatment $2.54 $2.59 $1.82 $2.59 $2.50 $2.59

Incremental 
Cost Conventional Treatment +  

Reverse Osmosis $3.47 $3.59 $2.72 $3.59 $3.51 $3.59
 

Costs for the booster pump stations were assembled from various sources including review of 
regional planning numbers and WHCRWA bid tabs.  Included in the capital costs is a 
provision for standby power, which may be a second electric power feed or backup 
generators, estimated at 13.5% of the ultimate construction cost for the facility.  Half of the 
standby power cost was assigned to the initial construction and the rest was spread 
throughout the expansion phasing.  Pressure at the repump stations was assumed to be 85 psi 
with a pump efficiency of 75% in order to estimate costs. 

Costs for ground storage tanks were determined by obtaining vendor quotes and review of 
recent bid tabs for the WHCRWA.  The concrete tanks were assumed to be built in 5 MG 
units. 

The estimated amount of land required was determined from a conceptual layout plan of 
facilities including buffer areas as well as a review of other planning references.  The results 
of the study are shown in Table 9 below.  Land costs were determined by an aerial photo 
review of available large parcels of land and then a similar review of property values from 
information obtained from the Fort Bend or Harris County Appraisal District. 
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Table 9  
Estimated Land Needs and Costs 

Alternative Facility Needs Acres Cost M$ 

1, 2 
Intake and Treatment 

Plant 200 2.00
4 Pump Station 15 0.15

5, 6, 7, 8 Plant & Pump Station 100 1.00
9 Two Pump Stations 30 0.30

 

8.2.2 Operation and Maintenance Costs 

O&M costs for the WTP facilities were calculated with a primary focus on costs associated 
with chemicals and consumables, power use, and labor.  Power costs were estimated at $0.12 
per kilowatt hour.  Sludge disposal costs were included for the conventional portions of the 
process and a cost was also included to manage waste disposal from the plant’s RO stream.  
As plant size increased the unit cost of treated water was reduced.  The costs assume that on 
average 50% of total demand is treated by the RO system.  These costs are itemized on a 
basis of expense and plant capacity in Table 10. 

Table 10 
Treatment Plan O&M costs in $M 

Capacity (mgd) 
  10 20 30 40 50 60 70 80 90 

Chemicals and 
Consumables $0.78 $1.57 $2.35 $3.14 $3.92 $4.70 $5.49 $6.27 $7.06
Power and Labor $0.80 $1.28 $1.83 $2.31 $2.80 $3.34 $3.83 $4.37 $4.86
RO System $1.64 $3.29 $4.93 $6.57 $8.21 $9.86 $11.50 $13.14 $14.78
Contingency $0.81 $1.53 $2.28 $3.00 $3.73 $4.48 $5.20 $5.95 $6.67
Total $4.03 $7.67 $11.38 $15.02 $18.66 $22.38 $26.02 $29.73 $33.37

 

Maintenance costs for the intake pump station and the booster pump stations were estimated 
at 2.5% of the total construction cost, while the raw water reservoir had an assumed annual 
O&M cost of 1.5% of the total construction cost. Ground storage tank maintenance and 
pipeline maintenance was assumed to be 1% of the construction cost. These percentages are 
consistent with the TWDB Regional Planning numbers. 

8.3 Transmission System Costs 

8.3.1 Capital Costs 

Aerial photography was used to determine the level of development along transmission main 
corridors.  Sections of pipe in heavily developed areas were considered to require urban 



NFB04-60 NFBWA Alternative Analysis  
October 2007 for Surface Water Conversion 

 
 
 

 38  

construction methods and pipelines in minimally developed areas were assumed to use less 
costly methods.  Pipeline costs were determined from a review of recent bid tab information 
for urban or rural construction.   The proper cost was applied to each pipe section 
recommended in the various alternatives.  Easement widths for these pipes varied from 20 
feet for pipelines up to 36 inches, 30 feet for pipes up to 72 inches and 40 feet for larger 
pipelines.  An easement cost of $1 per square foot was used for all pipe segments based on 
the experience of the WHCRWA.  A series of summary tables by alternative of the length of 
pipe at each diameter required for conversion is in the Appendix.  

In addition, a cost of $200,000 was included to cover costs associated with the connection of 
the Authority’s distribution system to each plant facility requiring connection during each 
phase.  These costs were included to facilitate the connection and meter of each plant to the 
Authority’s surface water supply.  This cost was based on the number of plants connected 
rather than the number of districts served to account for districts with multiple plants or those 
served by plant facilities in another district.  As plants are converted the connection cost was 
added to the economic analysis in the appropriate year. 

8.3.2 Consideration for Special Pipe Segments 

An effort was also made to identify special pipe segments that would result in added 
construction cost.  It was assumed that crossings of major state-maintained highway rights-
of-way, drainage features, and pipeline easements would require special construction 
methods such as extensive trenchless construction.  Locations where the line layout 
intersected a road, ditch or pipeline easement were identified using GIS as shown in Exhibit 
13.  Aerial photography was used to estimate the length of the pipe in each easement that 
would require special construction methods.  Once the lengths of the special pipe segments 
had been estimated for the entire transmission system, the cost was calculated using the 
average unit cost per linear foot in Table 11.  The costs in Table 12 were developed based on 
a review of recent bid tabs provided by the North Harris County Regional Water Authority 
and West Harris County Regional Water Authority’s for water transmission construction 
projects involving trenchless construction techniques.   
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Table 11  
Unit Cost Comparison for Special Pipe Segments 

Pipe 
Diameter

(in.) 

Weighted Average Unit 
Cost per Linear Foot 

($) 

12 237  

16 260  

20 448  

24  449  

30  846  

36  838  

42  997  

48  992  

54  1,053  

60  1,683  
 
 
 
8.3.3 Operation and Maintenance Costs 

Transmission mains were assumed to require an annual O&M expenditure of 1% of the total 
construction cost.  This is consistent with regional planning figures. 
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Section 9 
Economic Analysis 

9.1 Alternative Analysis 

A financial spreadsheet was developed to compare alternatives by estimating the costs for 
each alternative from 2008 through the planning period of 2055.  Costs include debt service 
payments due to capital costs, and annual operations and maintenance costs.  Water demand 
is estimated for each year based on the historic and projected population growth.  A factor of 
210 gallons per capita per day (gpcd) was used to estimate water demand for Authority cost 
calculations while a factor of 170 gpcd was used to estimate the Authority’s revenue which is 
a conservative approach to evaluating revenues required to recover projected costs.   

Pumpage fees are collected and held in an account that bears 2% interest until such time that 
the capital is required to fund debt service or operation and maintenance expenses.  In 
general the same fee structure will be utilized for all the parties in the NFBWA Groundwater 
Reduction Plan (GRP).  It was determined that the cost to pump and distribute groundwater is 
approximately $0.35 per thousand gallons.  Therefore, the pumpage fee on groundwater 
produced is less than the cost of surface water to offset the operation and maintenance costs 
of wells.  This difference prevents the surface water conversion process from negatively 
affecting entities that are converted in later phases or never converted. 

9.1.1 Global Variables 

Variables that are constant across all alternatives are classified as global variables.  A table of 
global inputs was developed to summarize this information which is available in the  
Appendix.  Examples of the types of assumptions made as part of this analysis follow: 

• Inflation was set at 3%, while interest earned on funds was set at 2%. 

• The bond interest rate was established at 5% for a 25 year bond period. 

• Bond preparation and issuance costs were estimated at 2.5%. 

• Soft costs including engineering, surveying, geotechnical, construction management, 
testing and contingencies were set at 35% for facilities and 30% for pipelines. 

• Environmental and archeological studies, permitting, and mitigation costs were set at 
1% of construction costs. 
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• Easement costs were assumed to be $1 per square foot and the easements were 
acquired 1 year prior to water main construction.  Administrative costs associated 
with the Authority are included in the analysis. 

• Bond sales occur as often as every 3 years, if necessary. 

9.1.2 Alternative Specific Variables 

Alternative specific variables are variables or factors that are unique to an individual 
alternative or group of alternatives.  Such variables include the point of supply of surface 
water, whether the water is treated or raw, the size and location of transmission lines, the 
capacity of facilities, and the number of converted entities. 

9.2 Results of Analysis 

Following the January 31, 2006, deadline for responses regarding participation in the 
Authority’s GRP, water demand projections were finalized to include Plantation MUD and 
The George Foundation.  A detailed re-evaluation of the infrastructure required to provide 
surface water was performed. 

All costs have been inflated by 3% annually based the historic inflation rate over the last 
50 years.  For each year, the inflated costs for capital, and operations and maintenance were 
summed and then discounted to a present worth cost using a current bond return rate of 5%.  
Those present worth costs for each year to the 2055 planning horizon are summed to 
calculate a total present worth cost for each alternative.  The results of that analysis are 
presented in Table 12, below. 

Table 12 
Present Worth of Alternatives 

  Present Worth (PW) 
  PW with Inflation ($ millions) 

Alternative Capital O&M Total Rank 
4 COH $549 $372 $922 (1) 
9 COH & WHCRWA $588 $440 $1,028 (2) 
7 Richmond Plant & WHCRWA $479 $557 $1,035 (3) 
8 Fulshear Plant & WHCRWA $489 $549 $1,037 (4) 
6 COH & Fulshear Plant $534 $596 $1,130 (5) 
5 COH & Richmond Plant $542 $603 $1,145 (6) 
2 Fulshear Plant $483 $929 $1,412 (7) 
1 Richmond Plant $486 $939 $1,425 (8) 

 

It is important to note that the two least expensive alternatives (4 & 9) involve obtaining 
water from the COH for the initial conversion period, 2013.  In addition, alternatives that 
require all the water to be obtained from the Brazos River Authority (BRA) are the most 
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expensive because of the amount of infrastructure that must be built.  In addition, the BRA 
does not have water available at this time to meet NFBWA’s needs.  BRA’s future water 
availability is contingent on approval of their Systems Operation Permit by TCEQ.  The least 
expensive alternative, based on the cost data available, is to buy all the Authority’s water 
from the COH, Alternative 4. 

For redundancy reasons, it is prudent for the NFBWA to have a second point of supply of 
water.  Also, there is the potential that additional costs associated with Alternative 4 may 
exist that the COH was not able to identify during the course of this study.  Any additional 
costs would narrow the range of present worth between Alternative 4 and other alternatives.  
Therefore, it is recommended that the NFBWA ensure a redundant supply of water and avoid 
potentially hidden costs by proceeding with Alternative 9.  Alternative 9, utilizes water 
available directly from the COH through 2024 and, beginning in 2025, utilizes COH water 
delivered through the WHCRWA to provide an important second water supply point. 

9.3 Preliminary Water Rate Analysis for Recommended Option 

The financial spreadsheet developed to compare alternatives was also used to estimate the 
groundwater pumpage and surface water rates necessary to support the construction, 
operation and maintenance of the infrastructure proposed in the Authority’s plan, see 
Appendix A.  As previously stated, a key attribute of the groundwater and surface water 
revenue streams is the $0.35 per thousand gallons difference between them based on the cost 
to pump and distribute groundwater.  This difference minimizes any economic advantage or 
disadvantage to entities that might be associated with use of either source of water. 

The estimated rates are developed based on simple accounting in which the cash balance for 
each year is calculated as the previous years balance (with interest) plus revenue minus costs.  
A groundwater rate (in multiples of $0.05) is input and the surface water rate is calculated 
automatically as the groundwater rate plus $0.35 per thousand gallons.  The groundwater rate 
is adjusted until the cash balance is positive and is equal to or greater than the previous year’s 
rate.  This process is repeated for all years through the 2055 planning horizon.  The practice 
of not setting a rate below the previous year’s rate produces a cash balance in some years that 
could be used to reduce the sale of bonds by funding construction directly.  However, in the 
analysis, available funds are always applied to debt service. 

The following table shows the preliminary estimate of future groundwater and surface water 
rates through 2030.  Beginning in about 2030, the rates can begin to decrease so that the cash 
balance doesn’t continue to increase, see Appendix A. 
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Table 13 
Estimated Water Rates for Alternative 9 

Alternative 9
Revenue, Cash Flow, and Cash Balance

Sources Revenue ($M)

Year

Cost of 
Surface 
Water

($ / 1000)

Cost of 
Ground 
Water

($ / 1000)
Surface 
Water

Ground 
Water

TOTAL 
ANNUAL 

REVENUE 
from Sale 
of Water

TOTAL 
ANNUAL 

COST

Revenue 
Less 

Expenses
Cash 

Balance

2007 $0.19 $1.45 $1.45 $1.00 $0.45 $0.45
2008 $0.30 $2.47 $2.47 $1.00 $1.47 $1.92
2009 $0.50 $4.42 $4.42 $6.31 ($1.89) $0.08
2010 $0.80 $7.57 $7.57 $6.81 $0.77 $0.84
2011 $1.10 $11.10 $11.10 $6.81 $4.29 $5.15
2012 $1.30 $13.92 $13.92 $17.68 ($3.76) $1.49
2013 $1.95 $1.60 $6.63 $12.69 $19.32 $20.74 ($1.42) $0.10
2014 $2.15 $1.80 $7.71 $15.06 $22.76 $20.85 $1.92 $2.02
2015 $2.30 $1.95 $8.67 $17.16 $25.83 $25.64 $0.20 $2.26
2016 $2.30 $1.95 $9.04 $17.88 $26.92 $26.89 $0.03 $2.33
2017 $2.30 $1.95 $9.40 $18.60 $28.00 $26.98 $1.02 $3.40
2018 $2.30 $1.95 $9.77 $19.32 $29.09 $28.49 $0.61 $4.07
2019 $2.30 $1.95 $10.13 $20.04 $30.18 $28.70 $1.47 $5.62
2020 $2.30 $1.95 $10.50 $20.77 $31.26 $29.24 $2.02 $7.76
2021 $2.60 $2.25 $12.85 $25.94 $38.79 $38.59 $0.20 $8.11
2022 $2.60 $2.25 $13.83 $27.93 $41.76 $38.81 $2.95 $11.22
2023 $2.60 $2.25 $14.81 $29.91 $44.72 $39.68 $5.05 $16.49
2024 $2.75 $2.40 $16.71 $34.02 $50.73 $54.71 ($3.98) $12.85
2025 $2.75 $2.40 $35.49 $20.65 $56.14 $60.47 ($4.33) $8.77
2026 $2.70 $2.35 $36.19 $21.00 $57.19 $60.83 ($3.63) $5.31
2027 $2.65 $2.30 $36.85 $21.32 $58.17 $61.19 ($3.02) $2.40
2028 $2.65 $2.30 $38.17 $22.09 $60.26 $61.54 ($1.29) $1.16
2029 $2.65 $2.30 $39.49 $22.85 $62.34 $61.90 $0.44 $1.63
2030 $2.65 $2.30 $40.82 $23.62 $64.43 $63.53 $0.91 $2.57  

 

9.4 Impact of Over-Conversion 

Over-conversion involves the acquisition of conversion credits from the FBSD through the 
conversion of water demand in excess of the required minimum conversion level.  In effect, 
these credits can be used in exchange for surface water conversion at a later time.  One gallon 
of over-conversion credit earned in one year can then be used in lieu of one gallon of surface 
water conversion in a subsequent year.  By acquiring significant over-conversion credits, it 
may be possible to delay the second phase of conversion in 2025 by some period of time.  
This analysis examines over-conversion strategies and estimates their impact on the cost of 
water. 
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The Alternative 9 system was used as the basis for the over-conversion analysis.  Two 
strategies were considered that require minimal additional infrastructure.   

Strategy 1 limits the amount of over-conversion by limiting the number of districts converted 
in the Alternative 9 plan and limiting the amount of water introduced to the system to the 
amount contracted from the COH.  This strategy uses excess capacity that already exists in 
the planned system to provide water to districts at a conversion rate greater than 90%.  
Therefore, the water demand that could be converted in any year is the smaller of 100% of 
the connected districts demands or the amount of water contracted from the COH.  This level 
of over-conversion will require the least adjustment to capital or operational plans and, 
therefore, represents a base case that could easily be implemented with no change except the 
cost of additional pumping. 

Strategy 2 considers the addition of more pipelines to serve additional districts.  In this 
strategy, districts were added to the conversion schedule until 90% of all district demands 
exceeded the 2013 water purchase.  It was found that the connection to the Cinco MUD 1 
East and West water plants in addition to the districts planned for connection in 2013 would 
provide more than sufficient capacity to carry out this strategy.  This scenario is only limited 
by the amount of water contracted from the COH.  This strategy has a higher capital cost 
because it requires the installation of nearly 28,000 feet of additional pipelines to connect to 
the Cinco MUD 1 water plants. 

The two over-conversion strategies were evaluated using the same demand projections used 
throughout this report to determine their impact on delaying the need for converting to 60% 
surface water in 2025.  Table 13 shows the results of this analysis and indicates the time in 
years that the year 2025 conversion could be delayed. 

Table 13 
Impact of Over-Conversion Strategies 

Strategy Description Years Delayed 
1 Currently planned districts 1 

2 Connection to Cinco MUD 1 
water plants 4 

 

These two strategies take advantage of minor changes that could be incorporated into the 
Authority’s GRP that may positively impact the conversion schedule.  Much of this potential 
exists because of excess capacity that exists in early phases of construction in anticipation of 
future demands. 

Another factor that may delay the need for conversion is the development schedule for the 
George Ranch property.  If development proceeds at a rate slower than that projected by The 
George Foundation, the additional capacity planned to meet the needs of this contract 
participant may instead be used to produce over-conversion credits.  The analysis for 
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Strategies 1 and 2 was repeated assuming that the George Ranch would not develop and the 
additional capacity would be used, where possible, to meet additional demands within the 
Authority. 

These Strategies were called Strategies 1A and 2A, which correspond to Strategies 1 and 2, 
respectively.  Table 14 shows the result of this analysis.  Based on this analysis, Strategy 2A 
would be capable of delaying the 2025 conversion beyond 2030.  However, the Subsidence 
District’s current Over-Conversion Credit Policy indicates that “over-conversion credits will 
not be honored or accepted by the District … on or after January 1, 2030,” meaning that 
Strategy 2A is only capable of delaying the second phase of conversion through the year 
2030. 

Table 14 
Impact of Over-Conversion Strategies Without the Development of George Ranch 

Strategy Description Years Delayed 
(Complete) 

1A Currently planned districts 2 

2A Connection to Cinco MUD 1 water 
plants and additional districts 5+ 
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Section 10 
Conclusions and Recommendations 

This report summarizes the approach to selecting a long-term water supply strategy for the 
Authority.  This process included the development of a GIS database for analysis, the 
calculation of population and demand projections for the Authority’s service area, and the 
consideration of nine potential alternatives for water supply. 

Population projections projected a growth rate that would lead to a total population within the 
Authority of approximately 481,000 by 2055.  This translates to total water demands of 
approximately 58 and 95 mgd by the years 2025 and 2055, respectively.  After taking into 
account contract participants, the Authority will be required to convert approximately 41 and 
66 mgd of average daily demand by the years 2025 and 2055, respectively. 

Nine alternatives were analyzed to determine the least costly, suitable solution for surface 
water supply.  Four of these alternatives considered the use of only one supply throughout the 
planning horizon, while five other strategies planned for an initial source of supply beginning 
in the year 2013 which was then augmented in the year 2025 with an additional supply point.   

The second least costly alternative that was considered, Alternative 9, was recommended for 
the long-term surface water supply strategy.  This alternative uses two source points to 
receive water from the COH and the WHCRWA beginning in the years 2013 and 2025, 
respectively.  This alternative was selected over the least costly option, Alternative 4, which 
received water entirely from the COH take-point to the east of the Authority.  Alternative 9 
was selected as the preferred solution due to the redundancy of the dual supply points 
inherent in the design as well as unknowns at the time of this study associated with costs of 
Alternative 4. 

The total present value for the selected Alternative 9 was estimated to be $1,028-million.  
Annualized, this cost was found to require a present value rate for surface water that reached 
$2.75 per 1,000 gallons at approximately the second conversion phase in 2025 but declined 
in following years. 

Over-conversion was considered as a strategy for delaying the need for constructing the 
second phase of water supply infrastructure.  Two strategies were considered for delaying the 
timing of the second phase of Alternative 9 and two more strategies considered the delay in 
the second phase of Alternative 9 if the demands of contract customer were not realized as 
expected.  These strategies were shown to delay the 2025 conversion to the year 2026 or as 
far out as the year 2030 when conversion credits currently expire.
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JOINT FACILITIES AGREEMENT BETWEEN THE WEST HARRIS COUNTY 
REGIONAL WATER AUTHORITY AND THE NORTH FORT BEND WATER 

AUTHORITY 
 

THIS WATER SUPPLY AGREEMENT  (“Agreement ”) is made by and between 
the WEST HARRIS COUNTY REGIONAL WATER AUTHORITY (the “West 
Authority”), a Texas conservation and reclamation district created pursuant to House 
Bill 1842 of the 77th Legislature, as amended, and Article XVI, Section 59, of the Texas 
Constitution, and the NORTH FORT BEND WATER AUTHORITY (the “Fort Bend 
Authority”), a Texas conservation and reclamation district organized and operated 
under the provisions of Senate Bill 1798 of the 79th Legislature, Regular Session (2005), 
as amended, and the Texas Water Code, as amended.  (The West Authority and the Fort 
Bend Authority are individually referred to herein as a “Party” and collectively referred 
to herein as the “Parties.”  The West Authority and the Fort Bend Authority also are 
individually referred to herein as an “Authority” and collectively referred to herein as 
the “Authorities.”) 
 

W I T N E S S E T H: 
 

Recitals 
 

WHEREAS, Houston and the West Authority entered into a Water Supply 
Contract effective as of April 8, 2003 (the “Contract”); and 

 
WHEREAS, the Fort Bend Authority desires to purchase Water from the City of 

Houston, Texas (“Houston”) in order to satisfy Fort Bend Subsidence District 
regulations; and 

 
WHEREAS, Houston and the Fort Bend Authority have entered or will enter into 

Water Supply Contract (the “Fort Bend Authority Contract”) to allow the Fort Bend 
Authority to purchase Water from Houston pursuant to the terms of the Contract (all 
references hereafter in this Agreement to the Contract shall mean the Contract and the 
Fort Bend Authority Contract); and 
 
 WHEREAS, the West Authority and the Fort Bend Authority expect that 
substantially all Water received by both Authorities from Houston will be through 
jointly owned transmission lines, pump stations, and related distribution facilities, 
whether now existing or constructed in the future; and  
 
WHEREAS, the West Authority and the Fort Bend Authority desire to set forth the 
terms and conditions upon which the West Authority and the Fort Bend Authority will 
jointly receive Water from Houston; and 
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 WHEREAS, the West Authority and the Fort Bend Authority desire to agree 
upon certain terms and conditions upon which they will design, construct, operate, and 
maintain any joint use water supply, water treatment, and water distribution facilities 
and all related appurtenances that the West Authority and the North Fort Bend 
Authority determine are necessary for delivery of Water from Houston to customers 
within the boundaries of the Authorities; and 
 
 WHEREAS, the Parties have heretofore determined and hereby declare and 
represent that they are authorized to enter into this Agreement; that the terms, 
conditions and provisions of this Agreement are mutually agreeable, fair and 
advantageous, and that they desire to enter into this Agreement for the purposes set 
forth herein and to provide specific terms and conditions upon which such 
improvements will be financed, designed, constructed, owned, operated and 
maintained; 
 
NOW, THEREFORE, for and in consideration of the premises and the mutual 
covenants and agreements herein contained, the West Authority and the Fort Bend 
Authority do agree as follows: 
 
 

Article I 
Approval and Incorporation of Recitals 

  
Section 1.01  Recitals.  The recitals set forth above are declared true and correct 

and are hereby incorporated as part of this Agreement. 
 

Article II 
Definitions 

 
Section 2.01.  Definitions. 
 
Capitalized terms used in this Agreement shall have the same meanings given to 

such terms in the Contract.  
 

“Joint Use Facilities” shall mean any and all water supply, water treatment, and 
water distribution facilities and all related appurtenances that the West Authority and 
the North Fort Bend Authority determine to jointly design, construct, and operate to 
enable them to receive Water from Houston for delivery to customers of the 
Authorities. 

 
“Pro-Rata Share of Capacity” shall mean the percentage derived by comparing 

the amount of capacity that an Authority has reserved in any facility to the total amount 
of capacity in such facility. 
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Article III 

Water Supply From Houston 
 
Section 3.01. Provision of Water From Houston.  Houston has agreed or will 

agree by the First Amendment to provide Water to the North Fort Bend Authority 
pursuant to the terms and conditions of the Contract.  The West Authority and the Fort 
Bend Authority agree to receive Water from Houston under the terms and conditions of 
the Contract, subject to any terms and conditions provided herein. 
 

Section 3.02 No Right to Capacity.  The Parties agree and acknowledge that 
neither Authority shall be entitled to use any of the other Authority’s Water Demand 
Allocation under the Contract unless agreed to in writing by the Authorities. 

 
Section 3.03.  Reservations.  Pursuant to the terms of the Contract, either 

Authority may submit Reservation(s) to Houston for the amount(s) of Water needed by 
such Authority.   

 
a. Notice of Intention of Reservation.  At least ninety (90) days prior to 

submitting a Reservation to the City under the Contract, an Authority shall notify the 
other Authority of its intent to make such reservation so that the other authority has the 
right to review and comment on such Reservation and determine if it would like to 
submit Reservation or participate in a Joint Use Facility. 
 

c. No right to prevent Reservation.  Neither Authority shall prohibit or 
prevent the other Authority from making a Reservation; provided, however, the 
Authorities agree and acknowledge that it is in the best interest of the Authorities to 
coordinate their Reservations and to share the cost of Joint Use Facilities where possible. 

 
d. Capital Payments Attributable to Reservation.  If Houston grants a 

Reservation made by an Authority under the Contract, each Authority shall make any 
payment of capital costs attributable to said Reservation directly to Houston to the 
extent and in the manner provided by for in the Contract. 
   

e. O&M Charges.  Each Authority shall be responsible for O&M charges due 
under the terms of the Contract for Water it receives from the Houston.  Recognizing 
that, in the future, Water will be received from Houston at multiple Points of Delivery 
and in various amounts to each Authority, the Parties agree and acknowledge that the 
Party that owns and operates the applicable Joint Use Facility (an “Operating 
Authority”) will be responsible for making payments to Houston for all O&M charges 
due under the terms of the Contract for all Water received from Houston at such Joint 
Use Facility.  To ensure that the amount of Water received by each Authority can be 
determined, the Authorities shall install water meters at locations mutually agreed 
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upon by the engineer for the West Authority and the engineer for the Fort Bend 
Authority.  The Operating Authority will provide the non-Operating Authority with all 
information from its meters so that the Operating Authority can properly determine the 
allocation of Water used by each Authority on a monthly basis.  Upon determining the 
allocation of Water used by each Authority, the Operating Authority will invoice the 
non-Operating Authority for its share of O&M charges in a reasonable manner 
mutually agreed upon by the parties.  The Non-Operating Authority shall pay the 
Operating Authority for its share of O&M charges within thirty (30) days of receipt of 
an invoice from the Operating Authority.  If the Non-Operating Authority fails to 
timely pay amounts due to the Operating Authority for its share of O&M charges, the 
delinquent amounts will bear interest at the rate applicable under Chapter 2251, Texas 
Government Code.  Upon receipt from the non-Operating Authority of any O&M 
charges due under the Contract, the Operating Authority shall promptly pay to 
Houston any O&M charges due under the Contract attributable to the non-Operating 
Authority’s water usage. 

 
The Operating Authority shall not charge any fees or mark-ups to non-Operating 

Authority for billing and processing any payments due under this Agreement or the 
Contract, nor for any water received by the non-Operating Authority, except for such 
actual and reasonable fees, charges, fines, penalties, administrative costs, or other costs 
incurred by the Operating Authority as a result of its responsibility to administer the 
O&M charges due under the Contract on behalf of the non-Operating Authority or 
because the non-Operating Authority fails to carry out timely any of its obligations 
under the Contract or this Agreement.  If the Operating Authority incurs such actual 
fees, charges, fines, penalties, administrative or other costs, the Operating Authority 
shall provide the non-Operating Authority with appropriate documentation of such 
items at such time as it bills those items to the non-Operating Authority. 

 
Article IV 

Joint Use Facilities 
 

Section 4.01.  Additional Agreement.  In the event that the West Authority and 
the Fort Bend Authority agree to jointly finance and construct any Joint Use Facilities, 
the Parties agree to negotiate, in good faith, a separate written agreement or an 
amendment to this Agreement to address terms and conditions for the design, 
construction, operation and maintenance of any such Joint Use Facilities (an 
“Additional Agreement”). 

 
Section 4.02.  Agreed Upon Facilities and Terms.  The Authorities agree and 

acknowledge that they intend to jointly finance and construct the following two Joint 
Use Facilities to receive and distribute Water received under the Contract from 
Houston: (i) a pump station and a portion of the transmission system related to 
Houston’s Bellaire-Braes Pump Station (the “Bellaire-Braes Facility”) and (ii) a pump 
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station and a portion of the transmission system that utilizes or incorporates the Katy 
Products Pipeline right of way acquired by the West Authority from Exxon-Mobil 
Corporation (the “Exxon Facility”).  The Authorities agree that the Fort Bend Authority 
will be responsible for designing, constructing, owning, and operating the Bellaire-
Braes Facility and the West Authority will be responsible for designing, constructing, 
owning, and operating the Exxon Facility.  To the extent that any Joint Use Facility 
utilizes or incorporates the Katy Products Pipeline right of way acquired by the West 
Authority from Exxon-Mobil Corporation, the historic cost acquiring such right of way 
(including all reasonable engineering and legal fees, administrative costs, and other 
reasonable costs and cost of funds) shall be included in determining the cost of the Joint 
Use Facility to be shared among the Authorities. 
 

Section 4.03  Terms of Additional Agreements.  Except to the extent already 
provided for in Section 4.02 above, the Parties further agree and acknowledge that any 
Additional Agreement for the design, construction, operation and maintenance of any 
Joint Use Facility shall: 

 
a. Specify each Authority’s ultimate reserved capacity in the Joint Use 

Facility. 
 
b. Provide that the design and construction phase engineering costs, 

permitting costs, realty interest costs, and construction costs attributable to any Joint 
Use Facility constructed by the Authorities shall be shared by the Authorities based on 
their Pro-Rata Share of Capacity reserved by each Authority in the Joint Use Facility. 

 
c. Provide the method, manner, and timing of all payments due by the 

Authorities for the design, permitting, right-of-way acquisition and construction of the 
Joint Use Facility. 

 
d. Designate which Authority will enter into the necessary contracts for the 

design and construction of the Joint Use Facility. 
 
e. Designate which Authority’s engineer is responsible for overseeing the 

design, permitting, right-of-way acquisition, and construction of the Joint Use Facility. 
 
f. Specify any alignment, right-of-way, design, construction, financial, 

timing, or other criteria necessary or related to the construction of the Joint Use Facility. 
  

g. Provide that each Authority shall have the right to review and approve 
the plans and specifications for any Joint Use Facilities. 

 
h. Require the responsible Authority to provide monthly reports regarding 

the construction of the Joint Use Facility, to grant the non-responsible Authority access 
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to the construction sites at all reasonable times and, upon request, to provide the non-
responsible Authority with copies of all plans, modifications, contracts and change 
orders, if any, related to the construction of the Joint Use Facility. 

 
i. Provide that the non-responsible Authority shall have the right to inspect 

and approve the Joint Facility prior to final acceptance of the Joint Facility by the 
responsible Authority. 
 
 j. Provide the manner, terms and conditions that all books, test data, 
charges, and other records relating to the rendering of and billing for the costs of 
designing and constructing the Joint Use Facility shall be preserved by the responsible 
Authority. 
 

k. Provide which Authority shall hold legal title to the Joint Use Facility, 
subject to the other Authority’s undivided equitable interest in, and the use and benefit 
of capacity in, the Joint Use Facility.  

 
l. Provide the manner in which purchase and reallocation of capacity in the 

Joint Use Facility may be accomplished. 
 
m. Provide which authority shall be responsible for the maintenance and 

operation of the Joint Use Facility. 
 
n. Provide that all operating and maintenance expenses for the Joint Use 

Facility shall be shared by the Authorities based on their Pro-Rata Share of Capacity 
reserved by each Authority in the Joint Use Facility. 

 
o. Provide the manner, terms, and conditions in which all operating and 

maintenance expenses will be budgeted and paid for. 
 
p. Provide the manner, terms and conditions that all books, test data, 

charges, and other records relating to the rendering of and billing for the costs of 
operating and maintaining the Joint Use Facility shall be preserved by the responsible 
Authority. 

 
q. Provide that the Authorities shall install water meters at locations 

mutually agreed upon by the engineer for West Authority and the engineer for the Fort 
Bend Authority in order to determine the amount of Water received by each Authority 
from Houston. 

Article V 
Water Supply Reductions 
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5.01 From City of Houston.  If Houston is unable to deliver Water to the 
Authorities at a Joint Use Facility in the capacities that have been reserved for the West 
Authority and the Fort Bend Authority in such Joint Use Facility, the reduction in Water 
received by the Authorities at any Joint Use Facility shall be shared by the Authorities 
in proportion to each Authority’s Pro Rata Share of capacity in such Joint Use Facility.  
For example, if each Authority owns 10MGD of the capacity in a facility (for a total of 
20MGD) and Houston reduces the amount of Water it can deliver to the Authorities at 
such facility to only 15 MGD, then each Authority will be entitled to 7.5 MGD of Water 
from such facility.  This provision shall not apply to water obtained via any non-Joint 
Use Facilities (e.g., Water delivered by Houston to the West Authority at its Jersey 
Village Pump Station). 

Section 5.02 Due to Joint Use Facility Malfunction or Failure.  If there is a 
reduction in Water delivered by the Authorities at any Joint Use Facility because of a 
failure or malfunction of the Joint Use Facility, such reduction shall be shared by the 
Authorities in proportion to each Authority’s Pro Rata Share of capacity in such Joint 
Use Facility.  For example, if each Authority owns 10MGD of the capacity in a facility 
(for a total of 20MGD) and the Joint Use Facility only produces 15 MGD because of 
failure or malfunction, then each Authority will be entitled to 7.5 MGD of Water from 
such facility.   

Article VI 
General Provisions 

Section 6.01  General Cooperation.  The Authorities will hold periodic meetings 
to discuss potential Reservations, potential Joint Use Facilities, the status of ongoing 
projects, construction and operational issues, general policies and procedures and any 
other matters that the Authorities deem necessary to ensure that each is informed of the 
other’s activities and to achieve efficiency and cooperation in the administration of this 
Agreement.  

Section 6.02  No Liability for General Obligations.  Nothing in this Agreement 
shall have the effect of causing either Authority to assume, guarantee, or become in any 
way liable upon any bond, warrant, indebtedness, or other obligation of the other 
Authority or to undertake any obligation of the other Authority to its inhabitants. 

Section 6.03 Payment for Expenses of Agreement.  Fort Bend Authority will 
pay all actual and reasonable engineering and legal fees incurred by the West Authority 
related to the negotiation and preparation of this Agreement and the First Amendment 
within 45 days from receipt of an invoice from the West Authority. 

Section 6.04  Force Majeure.  If any Party is rendered unable, wholly or in part, 
by force majeure to carry out any of its obligations under this Agreement, other than the 
payment of money, then the obligations of such Party, to the extent affected by such 
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force majeure and to the extent that due diligence is being used to resume performance 
at the earliest practicable time, shall be suspended during the continuance of any 
inability so caused to the extent provided but for no longer period.  Such cause, as far as 
possible, shall be remedied with reasonable diligence.  The term “force majeure”, as 
used herein, shall include, but not be limited to acts of God, strikes, lockouts, or other 
industrial disturbances, acts of the public enemy, orders of any kind of the Government 
of the United States or any agency, department or branch thereof, or the State of Texas 
or any agency, department, branch or political subdivision thereof, or any civil or 
military authority, insurrections, riots, epidemics, landslides, lightning, earthquakes, 
fires, hurricanes, storms, floods, washouts, droughts, arrests, restraints of government 
and people, which are not within the control of the Party claiming such inability, and 
which such Party could not have avoided by the exercise of due diligence and care.  

Section 6.05  Assignability.  This Agreement shall not be assignable, in whole or 
in part, without first obtaining the written consent of all other Parties, which consent 
shall not be unreasonably withheld. 

Section 6.06  Successors and Assigns.  This Agreement shall apply to all 
permitted successors and assigns of the Parties. 

Section 6.07  Regulatory Agencies.  This Agreement shall be subject to all 
present and future valid laws, orders, rules and regulations of the United States of 
America, the State of Texas, and of any regulatory body having jurisdiction. 

Section 6.08  No Additional Waiver Implied.  The failure of any Party hereto to 
insist, in any one or more instances, upon performance of any of the terms, covenants or 
conditions of this Agreement, shall not be construed as a waiver or relinquishment of 
the future performance of any such term, covenant, or condition by any other Party 
hereto, but the obligation of such other Party with respect to such future performance 
shall continue in full force and effect. 

Section 6.09  Modification.  Except as otherwise provided in this Agreement, 
this Agreement shall be subject to change or modification only with the written mutual 
consent of all Parties hereto. 

Section 6.10  Parties in Interest.  This Agreement shall be for the sole and 
exclusive benefit of the Parties and their permitted successors and assigns and shall not 
be construed to confer any rights upon any third party. 

Section 6.11  Severability.  The provisions of this Agreement are severable, and 
if any provision or part of this Agreement or the application thereof to any person or 
circumstance shall ever be held by any court of competent jurisdiction to be invalid or 
unconstitutional for any reason, the remainder of this Agreement and the application of 
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such provision or part of this Agreement to other persons or circumstances shall not be 
affected thereby. 

Section 6.12  Merger.  This Agreement embodies the entire understanding 
among the Parties with respect to the terms and conditions upon which they will 
design, construct, operate, and maintain any joint use water supply, water treatment, 
and water distribution facilities and all related appurtenances that the Parties determine 
are necessary for delivery of Water from Houston to customers within the boundaries of 
the Authorities, and there are no prior effective representations, warranties or 
agreements between or among the Parties with respect to the terms and conditions 
upon which the Parties will design, construct, operate, and maintain any joint use water 
supply, water treatment, and water distribution facilities and all related appurtenances 
that the Parties determine are necessary for delivery of Water from Houston to 
customers within the boundaries of the Authorities.  This Agreement shall supercede 
and replace all previous agreements pertaining to the design, construction, operation, 
and maintenance of any joint use water supply, water treatment, and water distribution 
facilities and all related appurtenances that the Parties determine are necessary for 
delivery of Water from Houston to customers within the boundaries of the Authorities 
between or among the Parties. 

Section 6.13  Construction of Agreement.  This Agreement shall not be 
construed in favor of or against any Party on the basis that the Party did or did not 
author this Agreement. 

Section 6.14  Consultation.   The Parties each hereby acknowledge, 
represent and warrant to each other:  (i) each has had the opportunity to consult with 
legal counsel of their own choice and has been afforded an opportunity to review and 
negotiate this Agreement with assistance of their legal counsel, (ii) each has reviewed 
this Agreement, and fully understands the effects hereof and all terms and provisions 
contained herein, and (iii) each has executed this Agreement of its own free will and 
volition.    

Section 6.15  Approval or Consent.  Whenever this Agreement requires or 
permits approval or consent to be hereafter given by any Party, the Parties agree that 
such approval or consent shall not be unreasonably withheld.   

Section 6.16  Applicable Law.  This Agreement shall be governed and construed 
in accordance with the laws of the State of Texas and venue shall be in Fort Bend 
County, Texas.   

Section 6.17  Counterparts.  This Agreement may be executed and delivered in 
any number of counterparts, each of which when so executed and delivered shall be 
deemed to be an original and all of which counterparts taken together shall constitute 
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one instrument and agreement.  A copy of an executed counterpart delivered by 
telecopy or PDF shall bind the Party executing that counterpart. 

Section 6.18  Notices.  Notices required or permitted to be given by any Party to 
the other hereunder, including bills, shall be deemed to have been received by the Party 
or entity to whom they are sent, within five (5) days after their deposit in the United 
States Mail, properly stamped and addressed.  The Parties shall have the right from 
time to time to change their respective address and each shall have the right to specify 
as its address any other address by at least fifteen (15) days written notice to all other 
Parties.  Notices shall be in writing and shall be mailed to the Parties at the following 
address: 

If to West Authority, to: 

West Harris County Regional Water Authority 
c/o Allen Boone Humphries Robinson LLP 
3200 Southwest Freeway, Suite 2600 
Houston, Texas  77027 

 
 

If to Fort Bend Authority, to: 

North Fort Bend Water Authority 
c/o Allen Boone Humphries Robinson LLP 
3200 Southwest Freeway, Suite 2600 
Houston, Texas  77027 

 
Section 6.19  Default.  In the event of default by any Party, any Party may 

employ attorneys to pursue its legal rights; and the prevailing Party shall be entitled to 
payment by the other Party(ies) of all reasonable attorneys’ fees incurred. 
 

Section 6.20: Term.  This Agreement shall commence on the date first written 
above and shall remain in effect for 60 years thereafter, unless terminated earlier 
pursuant to the provisions hereof or pursuant to the mutual written consent of the 
Authorities. 

 
Section 5.20:  Joint Legal Representation.  The West Authority and the Fort 

Bend Authority requested that Allen Boone Humphries Robinson LLP (“ABHR”) 
represent them in connection with the preparation and review of this Agreement and 
the First Amendment.  ABHR has discussed with the Authorities the advantages and 
disadvantages of the parties engaging independent counsel to represent them in 
connection with the preparation and review of this Agreement and the First 
Amendment because of the potential conflict of interest in ABHR’s representation of the 
Authorities in this matter.  With a full understanding of their option to retain 
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independent counsel or ABHR to represent them in the preparation and review of this 
Agreement and the First Amendment, and the advantages and disadvantages of either 
choice, the West Authority and the Fort Bend Authority requested that ABHR represent 
both parties in the preparation and review of this Agreement and the First Amendment. 
 
 

[SIGNATURE PAGE FOLLOWS] 
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IN WITNESS WHEREOF, the parties hereto have executed this Contract in multiple 
copies, each of which shall be deemed to be an original, effective on the date of 
countersignature indicated below. 
 
       
 

WEST HARRIS COUNTY  
REGIONAL WATER AUTHORITY 

 
By: _____________________________ 

President, Board of Directors 
 
 
ATTEST 
 
 
By: _____________________________ 
 Secretary, Board of Directors 
 
 
 
 

NORTH FORT BEND   
WATER AUTHORITY 

      
By: _____________________________ 

        President, Board of Directors 
 
 
ATTEST 
 
 
By: _____________________________        
 Secretary, Board of Directors 
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Section 1
Introduction 

 

The service area of the North Fort Bend Water Authority (the Authority) is located in the 
northern portion of Fort Bend County.  The Fort Bend Subsidence District (FBSD) divided 
Fort Bend County into three distinct areas in the 2003 District Regulatory Plan (DRP).  These 
areas have different conversion goals and requirements. The Authority is located in Area A.  

 
Figure 1 

FBSD Regulatory Areas 
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Entities within Regulatory Area A are required to submit a Groundwater Reduction Plan 
(GRP) beginning in 2008 in anticipation of regulations requiring the reduction of 
groundwater use starting in 2013.  Beginning in 2013, groundwater use will be limited to 
70% of the producer’s total water demand.  This amount will decrease to 40% by 2025.  
Regulation within the Richmond/Rosenberg Sub-Area will be delayed until 2015 but will 
follow the same patterns outlined for Area A.  There are currently no regulations on 
groundwater use in Area B except that this water cannot be transferred into Area A.  As 
shown in Figure 1, The Authority is contained within Area A, meaning that a water source 
other than groundwater will be required to meet 30% and 60% of the total water demand 
beginning in 2013 and 2025, respectively.  These restrictions are intended to decrease 
permittee’s dependence on groundwater in order to eliminate subsidence. 

The Authority territory is shown in Exhibit 1 NFBWA Service Area and Utility Districts. 
The Authority was created to enable compliance with the FBSD’s 2003 Regulatory Plan 
(Plan).  The Authority is bounded on the west by the Regulatory Area A boundary, the 
Richmond and Rosenberg extraterritorial jurisdiction (ETJ) and the Sugar Land ETJ to the 
south, the Fort Bend County Line and a portion of Houston to the east and the City of Katy to 
the north.  The Authority is approximately 147 square miles with an estimated population of 
107,000 residents in 2005. 

A significant milestone for the Authority involves the creation and submittal of a 
Groundwater Reduction Plan (GRP) describing the strategy to meet the FBSD’s groundwater 
reduction mandates.  The Authority has identified the City of Houston (COH) as its source of 
water for long-term surface water supply.  Included within the GRP is a Water Conservation 
Plan.  This document serves as that plan. 
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Section 2
Historic and Projected Water Use 

 

2.1 Water Use 

The first step to determine existing and future water demands is to accurately predict the 
population.  Houston-Galveston Area Council (H-GAC) and Municipal Information Services 
(MIS) data were used to determine existing population as well as to predict projected growth.  
Population within the Authority was projected to be approximately 205,000 in 2015: 289,000 
in 2025: and 365,000 in 2035 at the end of H-GAC’s current population forecast.  The 
growth rate in H-GAC’s forecast was used to project a future population of 429,000 in 2045 
and 481,000 in 2055.   

Residential use comprises the majority of groundwater consumption in the Authority.  By 
dividing groundwater pumpage by the estimated population, the average water demand in the 
Authority based on the existing water usage information was determined to be approximately 
170-gcpd and the water demand in a dry year is expected to be approximately 210-gcpd.  For 
the purpose of evaluating water conservation goals, an average value of 190 gpcd will be 
used as a baseline metric.  The demand estimated and identified spatially by grid cell was 
associated with the utility districts using GIS techniques.  Areas that are outside the limits of 
existing utility districts and regions that are primarily undeveloped were also accounted for 
and grouped together. 

Table 1 summarizes the total estimated demand for the Authority.  Total demands are subject 
to the addition of GRP participants from outside of the Authority. 

Table 1  
Total Estimated Water Demand for the Authority 

Projected Water Demand (mgd)  

2013 2015 2025 2035 2045 2055 

Projected NFBWA Population (Thousands) 174 205 289 365 429 481 

NFBWA Utility Districts 33.5 35.5 49.3 62.0 65.9 70.0 

NFBWA Undeveloped Areas 2.9 5.2 8.7 11.9 21.9 30.9 

George Ranch 0 0 10.0 15.0 15.0 15.0 

Water 
Demands 

 

Total 36.4 40.7 68.0 88.9 102.8 115.9 

 

2.2 Water System Overview 

To reduce groundwater consumption, the Authority has identified the City of Houston (COH) 
as its source of water for long-term surface water supply. 
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Until 2025, surface water will be received in the vicinity of Bellaire Boulevard and South 
Dairy Ashford Street near the western perimeter of the COH water system.  Starting in 2025, 
a pipeline with shared capacity between the Authority and the West Harris County Regional 
Water Authority (WHCRWA) will be utilized to supplement the water supply.  The pipeline 
will carry water from the COH across town to the Katy area, north of the Authority.  The 
Authority’s distribution system will undergo expansion from the 2013 service area to a larger 
system that will be capable of meeting the more stringent groundwater regulations imposed 
in 2025.  This larger system will be designed to maintain necessary water supply through 
2055. 

2.3 Water Accountability 

Water meter readings will be recorded at the point of delivery for wholesale supply to the 
Authority, as well as the Authority’s delivery points to its customers.  The Authority’s 
customers will also be reporting monthly groundwater pumpage amounts to ensure 
compliance with groundwater reduction requirements.  Consequently the Authority will be 
tracking all water use by customer.  This monitoring will enable early detection of 
unaccounted water use and promote necessary Authority system modifications.  Additionally, 
water audits and leak detection programs will be implemented to uphold water conservation 
efforts as appropriate.  The Authority will have an economic incentive to carefully monitor 
surface water usage and avoid FBSD disincentive fees, and extra COH charges for water use.  

It is anticipated that the Authority’s system will provide a high level of water accountability 
given the newness of the system.  However, the Authority will also cooperate with the 
districts participating in the GRP to promote leak detection as a way of improving 
accountability in the individual systems.  This is described in further detail in Section 4.1.1.2.  
The individual GRP participants will have an economic incentive to account for all their 
water use as a result of the increased water rates. 
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Section 3
Conservation Goals 

 

The goal of the Authority is to provide and maintain a safe potable water supply for its 
customers while meeting the regulations of the FBSD.  The goals of the Water Conservation 
Plan (WCP) are to: 

• Reduce water consumption from the levels that would prevail without 
conservation efforts. 

• Reduce the loss and waste of water. 

• Improve efficiency in the use of water. 

• Document the level of reuse, which is replacing potable water supply. 

Beginning in 2013, a minimum of 30 percent of the water demand in the Authority must be 
converted to surface water.  By 2025, surface water infrastructure will be expanded so that 60 
percent of the anticipated 2055 demand may be supplied from surface water.   

An effective method to achieve conservation is to reduce unaccounted water use.  
Unaccounted water use reflects the difference between the quantity of water that is 
withdrawn from a supply source and the amount that is delivered to the customer.  The 
Authority’s goal is to limit unaccounted water to less than 10 percent of total reported water 
usage.  This effort will begin with the delivery of surface water through the Authority 
system, which is anticipated to begin by 2013.  This plan also sets forth specific goals at five 
and ten year points. 

At five years (2018), the Authority aims to: 

• Reduce the level of unaccounted water losses to 10 percent of total production. 

At ten years (2023), the Authority aims to: 

• Reduce the level of unaccounted water losses to 8 percent of total production. 

Reuse has been identified by the Authority as an opportunity to reduce the demand for 
importing new surface water supplies to meet groundwater reduction goals.  The Authority 
has adopted a policy to promote the development of reuse projects.. 
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Section 4
Conservation Strategies 

 

The WCP serves as a plan to effectively reduce the amount of water used, minimize the 
amount of unaccounted water use, maintain or improve water use efficiency, and increase 
recycling and reuse strategies for water consumption.  

4.1 Operational Strategies 

The following operational strategies are considered for implementation: 

• Effective use of groundwater and surface water 

• Methods to Monitor Effectiveness and Efficiency 

• Wastewater Reclamation and Reuse 

4.1.1 Role of the Authority 

The Authority will take the lead in conservation strategies for their system; however it is 
important to note that the retail providers and the individual users may also play a role in 
conservation.  The Authority may evaluate requiring a water conservation and drought 
contingency plan from its retail participants. 

4.1.1.1 Universal Metering, Meter Repair and Replacement Programs 

The Authority will meter all of its surface water supply.  The retail water providers will 
deliver water to the end users through their existing systems.  The Authority’s increased 
water rates will provide economic incentive to the retail providers to meter most water.  The 
Authority will also encourage utilities to adopt appropriate meter repair and replacement 
programs. 

The Authority will implement a meter repair and replacement program to ensure accuracy in 
its monitoring program.  Routine testing and calibration of the Authority’s meters will ensure 
accurate measurement of water and reduce lost revenue.  The Authority will also implement 
a formal strategy for record management and testing of its water meters.  This accuracy is 
critical to providing income to the Authority and avoiding FBSD disincentive fees that may 
apply. 

4.1.1.2 Water Audits and Leak Detection Programs 

To identify leakage as effectively as possible, regular and frequent water meter readings will 
be taken at the point of delivery for wholesale supply to the Authority and at the Authority’s 
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delivery point to its customers.  Monitoring will detect unaccounted water use and enable its 
prevention, thus resulting in a reduction of cost to the Authority.   

Water audits and leak detection programs provide effective conservation strategies for water 
systems in addition to offering cost savings to both the retail supplier and the Authority.  An 
estimated daily loss of revenue given an assumed amount of 10% water leakage based on 
total projected water usage for years 2013, 2025 and 2055 is shown below in Table 2. 

Table 2  
Projected Average Daily Water Losses 

Description 2013 2015 2025 2035 2045 2055 

Total Yearly Demand (mgd) 1 36.4 40.7 68.0 88.9 102.8 115.9 

Estimated Water Loss (mgd) 2 3.7 4.2 6.9 9.0 10.4 11.7 

Estimated Revenue Loss (dollars) 3
$1,274  $1,425  $2,380  $3,112  $3,598  $4,057  

Total Estimated Daily Revenue 
Losses After Leak Detection and 
Repair (dollars) 4

$637 $712 $1,190 $1,556 $1,799 $2,028 

 
Source: AWWA Leak Detection Committee. 1999, pp 5-33.  Water Audits and Leak Detection. Manual of Water Supply 
Practice. (M36). American Water Works Association: Denver, CO.  
1 Total projected daily demands based on Table No. 1.  
2 Assumes 10% unaccountable water usage due to leaks, system losses, etc.  
3 Based on estimated $0.35 / 1000 gallons fee imposed by wholesale water provider.  
4 Estimated 50% recoverable leakage due to leak detection system and repairs. 
 

Using similar methodology to that of Table 2, an estimated annual loss of revenue due to 
water leakage is shown below in Table 3. 

Table 3  
Projected Average Annual Water Losses  

Description 2013 2015 2025 2035 2045 2055 

Total Yearly Demand (mgy) 13286.0 14855.5 24820.0 32448.5 37522.0 42303.5 
Estimated Water Loss (mgy) 1328.6 1485.55 2482 3244.8 3752.2 4230.3 
Estimated Revenue Loss (dollars) 3

$465,010 $519,943 $868,700 $1,135,698 $1,313,270 $1,480,623 
Total Estimated Daily Revenue 
Losses After Leak Detection and 
Repair (dollars) 4

$232,505 $259,971 $434,350 $567,849 $656,635 $740,311 

 
Source: AWWA Leak Detection Committee. 1999, pp 5-33.  Water Audits and Leak Detection. Manual of Water Supply 
Practice. (M36). American Water Works Association: Denver, CO.  
3 Based on estimated $0.35 / 1000 gallons fee imposed by wholesale water provider. 
4 Estimated 50% recoverable leakage due to leak detection system and repairs. 
 

The Authority does not anticipate unaccounted for water to be a problem given the newness 
of the infrastructure.  However, it may be a significant problem for the retail providers 
serving water through older established systems.  Through the Authority’s water monitoring 
program, information will be collected and provided back to the retailers on a monthly basis 
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to allow them to monitor their overall water usage and identify potential problems in their 
accountability.  

4.1.1.3 Drought Contingency Plan 

A Drought Contingency Plan (DCP) is designed to respond to temporary and/or recurring 
water supply shortages.  Drought conditions usually result from prolonged periods of 
minimal rainfall; but can also arise from equipment failure.  An effective DCP is able to 
maintain water supplies for the highest priority use during times of limited water supply and 
preserve water for human consumption.   

At this time, the Authority will not serve as the sole source of water for any of its GRP 
participants.  During a drought, the retail providers may be forced to utilize their groundwater 
wells more than usual.  The Authority will also encourage individual utilities to implement 
their respective drought contingency plans when needed. 

The Authority’s contract to receive water from the COH includes language regarding the 
expectations for the COH in the event of limited water supplies.  As written, the contract 
indicates that there is no guarantee of water supply or pressure to the Authority from the 
COH system when supply is limited or when facilities become inoperative.  However, the 
second supply source to the NFBWA will be available by 2025.  Two sources of supply from 
the COH will create a stronger system operationally.  Scheduled COH maintenance that will 
result in limited supply or pressure should be communicated to the Authority in writing at 
least 30 days prior to the event.  This information will in turn be passed on to the respective 
utility districts as appropriate.  

The Authority also has a joint use of facilities contract with the WHCRWA.  Under the terms 
of that contract, either Authority will provide emergency water use to the other if water is 
available.  The Authority may also look at a water transfer program by which one utility 
district shares excess water with another via the Authority system during times of drought or 
emergency. 

4.1.2 Role of Individual Utility Districts 

Just as several responsibilities for water conservation rest on the Authority, various duties for 
monitoring the efficient use of water will be conferred upon the individual districts.  

4.1.2.1 Individual Conservation Plans and Drought Plans 

The Authority may require permittees to submit both drought management and water 
conservation plans that include implementation measures to preserve and protect 
groundwater resources within the Authority’s boundaries.  Measures that can be implemented 
include, but are not limited to: 

• Irrigation schedules to limit water consumption in a particular area 
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• Pricing policies that penalize excessive or wasteful water use practices 

• Leak detection and water audits to improve system accountability 

• Installation of water efficient appliances such as washers, dishwashers, low-flow 
toilets, etc. 

• Use of retrofit kits which include low-flow shower heads, faucet aerators, shut-off 
valves, flow restrictors, and/or toilet leak detection dye tablets 

• Adoption of educational programs such as Water Wise 

4.1.2.2 Universal Metering, Meter Repair and Replacement Programs 

Individual utility districts are required to monitor the rate of well production by the FBSD 
and by the Authority.  Groundwater pumpage is currently reported monthly to the Authority 
and annually to the FBSD.  FBSD has guidelines regarding metering equipment that apply.  
In addition, utility districts may be required to submit to the Authority information to verify 
that metering systems in place within their jurisdiction are functioning properly.  Well meters 
that are not functioning properly will be identified and repaired or replaced as appropriate.  
Individual utilities will be encouraged to have a program of meter repair and replacement.  A 
significant economic incentive to ensure compliance with metering will be the higher water 
usage rates. 

4.1.2.3 Water Audits and Leak Detection Programs 

Individual utilities have different approaches and levels of success with water audits and leak 
detection programs.  Once surface water delivery commences a better understanding of the 
issues within each utility district’s system will be identified and addressed as needed.  To 
ensure ongoing compliance with conservation efforts, the Authority may require each retail 
supplier who purchases surface water to include in their WCP a water audit and leak 
detection program.  Potentially each supplier would be responsible for supplying the 
Authority with forms detailing how they conduct a comprehensive, all-inclusive audit of their 
internal distribution system.  Each form, sometimes referred to as an “audit worksheet,” 
should consist of the following: 

• Frequency of audit 

• Techniques to determine the required water supply 

• Means to quantify unauthorized metered use 

• Means to quantify authorized metered use 

• Summation of water losses 

• Examination of water audit results 

Additionally, each supplier may supply the Authority with a leak detection program, or “leak 
detection worksheet,” which includes the following: 
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• Description of area surveyed for leaks 

• List of procedures and equipment used during the leak detection process 

chedule 

The wa   program will determine whether 
the loss  a rized withdrawals.  Leaks should be located and 
promptly repaired and unauthorized withdrawal locations should be located and terminated. 

 
 at increasing public knowledge and involvement, 

ption.  Two such strategies are the Water 

ssity of conservation 
m ife Program.  The program was created to 
engage fifth grade students in water conservati t includes the Mobile Teaching 

 water 
c vatio  by the FBSD to allow entities that sponsor 
s ts in ater conservation credit certificate worth 

 
 

• Leak detection cost, budget and repair s

• Means to track daily surveys or log books 

• Means to monitor repair history of service lines 

• Leak detection summary 

ter audit details water losses, while the leak detection
es re due to leaks or unautho

4.2 Educational Strategies 

Educational strategies have been developed to facilitate the integration of water conservation
methods.  These strategies are aimed
specifically in limiting and reducing water consum
Wise Program established by the FBSD and the Water is Life Program. 

4.2.1 Support of the Water is Life Program 

In an effort to increase public awareness of water shortages and the nece
ethods, the Authority is sponsoring the Water is L

on initiatives.  I
Lab, the 5th and 6th grade student book Journey to Pansophigus, the Reader’s Guide, and the 
Teacher’s Resource Guide, and the 2nd and 3rd grade coloring/activity books.  NFBWA is a 
full sponsor of the program for Katy ISD in 2007 and has budgeted support for the program 
for 2008.   

The Authority is also considering budget allocations for educational programs on water 
conservation in coordination with other school districts located within the Authority 

4.2.2 Support of the Water Wise Program 

To encourage water conservation and generate support for the Water Wise program, a
onser n credit program has been established
tuden  the Water Wise program to receive a w

84,000 gallons per kit sponsored.  The award winning program utilizes a specialized water 
conservation resource action program including instructor curriculum and resource materials,
as well as a student kit which contains plumbing retrofit devices. The Authority has adopted
a reimbursement policy that pays utilities that sponsor students inside the boundaries of the 
Authority the face value of those credits.  The Authority budgeted money for reimbursement 
to entities for 1,300 kits in 2007 and has a budget for 1,500 kits in 2008.  
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4.2.3 Support of the Authority Website 

As a means of supplying the public with pertinent information, the Authority maintains a 
w e.  T formation on the NFBWA, water conservation, 
answers to frequently asked questions, financial and budgetary information, pictures and 

The Authority is also planning to provide an online pumpage reporting system to expedite 
and stream s been 
developed.  Training is scheduled for January of 2008, and online reporting should begin in 

Systems 

T ther 
can be found on the Authority website.  These brochures focus on water use in the home and 
yard, as well as offer insight into how children can assist with water conservation efforts.  A 

pe 

• ing grass too short, since longer blades will limit the amount of 

4.2.6 

A brochure the home is currently available for public 
v n the imited to: 

ebsit his website includes background in

maps of the region, as well as monthly meeting minutes.  In addition, the website enables 
those who are interested to subscribe to receive routine email updates regarding Authority 
activity, as well as provides contact information for questions.   

4.2.4 Development of the Pumpage Reporting Online System (PRO System) 

line groundwater tracking for well permittees.  The preliminary system ha

February. 

4.2.5 Provide Information Related to Water Conserving Landscaping and Irrigation 

o fur expand public involvement, brochures for distribution have been put together and 

brochure detailing conservation methods for yard and garden is currently available for public 
view on the Authority website.  Conservation ideas include, but are not limited to: 

• Regularly check timing devices on sprinkler and irrigation systems to ensure that 
they are working properly. 

• Use native plants and shrubs whenever possible to limit the water required for 
sustained growth. 

• Zone plants according to water consumption requirement when original landsca
planning is possible to enable prolonged watering in only those areas which 
require it. 

• Apply fertilizer sparingly to avoid excessive growth. 

Avoid cutt
evaporation and reduce root stress. 

Provide Information Related to Water Conserving Devices 

 detailing conservation methods for 
iew o  Authority website.  Conservation ideas include, but are not l

• Limit shower times. 

• Avoid running water while brushing teeth. 
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• Check toilets for leaks. 

Additio l nservation involving the use of retrofit kits are briefly 
discuss  i  within the Water Wise program.  The 
Authority of ers, including: 

ozzles 

ers 

Types o  and their estimated unit water savings are shown below 
in Table 4. 

Table 4 

Based on Selected Water Conservation Measures 

• Only run the dishwasher when full. 

na  suggestions for water co
ed n the brochure, and are also included

fers information for water saving devices to custom

• Low-flow shower heads 

• Low-flow faucet aerators 

• Automatic shutoff hose n

• Leak detection tablets 

• Toilet displacement bags 

• Five-minute shower tim

• Toilet tank fill diverters 

• Toilet flappers 

f water conservation devices

Estimated Unit Water Savings 

Measure Description Estimated 
Water Savings Unit 

Single Family Measures 
  Toilet Retrofit apita / day 10.5 gallons / c
  Showerhead Retrofit gallons / capita / day 5.5 
  High Efficie gallons / capitncy Clothes Washer 5.6 a / day 
  Irrigation Audits gallons / home / day 50.0 
  Rainwater Harvesting (1,000 gal. storage) 21.6 gallons / home / day 
  Rain Barrels (75 gal. storage) 2.3 gallons / home / day 
Mu s lti-Family Measure
  Toilet Retrofit 10.5 gallons / capita / day 
  Showerhead Retrofit 5.5 gallons / capita / day 
  High Efficiency Clothes Washer 30.0 gallons / unit / day 
  Irrigation Audits 12 mplex / day 5.0 gallons / apartment co
  Rainwater Harvesting (10,000 gal. storage) 205.7 gallons / apartment complex / day 
Co easures mmercial M
  Toilet Retrofit 26.0 gallons / toilet / day 
  High Efficiency Clothes Washer 24.0 gallons / washer / day 
  Irrigation Audits 125.0 gallons / business / day 
  Rainwater Harvesting (10,000 gal. storage) 205.7 gallons / business / day 

S
Te

ou g the Effectrce: Quantifyin
as Water Deve

iveness of Various Water Conservation T ues in T tes, Inc. for 
x

echniq exas by GDS Associa
lopment Board (2002) 
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4

Autho ential for using reclaimed water to meet non-potable 

00 

SD through the 
conversion of groundwater demand in excess of the required minimum conversion level.  

r.  

 

.3 Incentive Strategies 

The rity has studied the pot
demands, such as landscape irrigation.  The use of this water already has an intrinsic 
advantage to the reuser because of reduced costs associated with lower groundwater 
pumpage fees and reduced well operations and maintenance costs.  Additionally, the 
Authority has moved to further encourage reuse through an incentive of $0.39 per 1,0
gallons of metered reuse.  Any reclaimed water reuse program initiated by the Authority will 
generate over-conversion credits under the program sponsored by FBSD.   

Over-conversion involves the acquisition of conversion credits from the FB

One gallon of over-conversion credit earned in one year can then be used in lieu of one 
gallon (one and one-half gallons for reclaimed water) of surface water in a subsequent yea
These credits will be accumulated and used during years of unexpectedly high demand or to 
extend the conversion schedule as the second phase of conversion approaches.  More detailed
plans for these credits will be made as the surface water delivery system comes online and 
more is known about its operation and the growth trends within the Authority.  
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Section 5
Implementation Plans 

 

5.1 Adoption of the Plan 

Demonstration of the means for implementation and enforcement is required by the §288 
rules by providing a copy of the resolution by the Authority adopting the WCP.  This WCP 
will be formally adopted by the Authority once it is finalized.  A copy of this resolution will 
be provided when available.. 

5.2 Coordination with the Regional Planning Group 

The service area of the NFBWA is located within the Texas Water Development Board 
(TWBD) Region H planning area and the NFBWA will supply a copy of this water 
conservation plan to the Region H Water Planning Group.   

5.3 Coordination with the Utility Districts 

Individual districts are assumed to provide their own water throughout their service areas 
utilizing internal distribution systems.  All utility districts within the Authority will be 
provided a copy of this water conservation plan.  In turn, the participating districts will be 
encouraged to complete a WCP that includes the minimum specifications set forth in this 
WCP. 

Coordination with the utility districts will be instrumental in meeting the goals outlined by 
this WCP and gauging the ability of the WCP to reduce water demands.  Data provided by 
the individual utilities will be obtained and compiled in an ongoing effort to evaluate the 
reduction in water demands from both the reduction of per capita demands and the reduction 
in leakage prescribed in this plan. 
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Section 6 
Plan Review and Update 

 

6.1 Schedule 

The Authority shall review and update its water conservation plan, as appropriate, at least 
every five years from the date of its adoption by the Board.  Pursuant to §288, this five year 
schedule facilitates coordination with the Region H Water Planning Group. 

6.2 Assessment 

The Authority shall review their water conservation targets and adjust the targets as 
appropriate based on new information as part of each update cycle.  The assessment will 
include an accounting of the proposed conservation objectives and the review of the methods 
used to achieve the targets as stated in the plan.  If targets are not achieved, a revised 
implementation strategy should be proposed and considered for adoption.  The revised plan 
will be made available to the Region H Water Planning Group for their consideration and 
use. 
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