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Chapter 2 – Projected Population and Water 

Demands 

2.1 INTRODUCTION 

Statewide estimates indicate that the population of Texas will grow from over 29 million people in 
2020 to over 52 million in 2080, an increase of more than 75 percent.  Region H is anticipated to make 
up approximately 21 percent of this 2080 population, or roughly 10.8 million people.  In addition to 
municipal water supply for this growing population, the manufacturing sector accounts for a 
significant portion of water demand in Region H.  Although irrigated agriculture in the region has 
declined considerably over the past several decades, substantial water demands for irrigated 
agriculture are still projected within the region, particularly in Brazoria, Chambers, Fort Bend, Liberty, 
and Waller Counties. 

This chapter summarizes the long-term projections for Region H as well as the methodology employed 
to generate these estimates for development of the 2026 Region H Regional Water Plan (RWP).  In 
this effort, the Region H Water Planning Group (RHWPG) was assisted by the members of the Region 
H Population and Non-Population Water Demand Committees.  Members of these committees are 
listed below in Table 2-1.  The results of the analyses described in the following sections can be found 
in detail within the Texas Water Development Board’s (TWDB’s) State and Regional Water Planning 
Database (DB27) Reports.  Instructions for accessing these online reports can be found in the 
Executive Summary in Section ES.11. 

Table 2-1 – Region H Committee Members 

Non-Population Demands Committee 

Member Interest Category 

Carl Burch (Chair) Electric Generating Utilities 

Loyd Smith Counties 

Cynthia Wagener Industries 

Jason Garrard Industries 

Arthur Bredehoft Water Utilities 

Mark Evans* Counties 

Population Demands Committee 

Member Interest Category 

Marvin Marcell (Chair) Water Districts 

Ivan Langford Small Business 

Robert Istre Municipalities 

Byron Ryder Counties 

Michael Turco Water Districts 

Mark Evans* Counties 

  *Non-voting 
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2.2 NON-POPULATION WATER DEMANDS 

Non-population water demands include water use for Water User Groups (WUGs) that are not 
associated with domestic purposes.  These include Irrigation, Livestock, Manufacturing, Mining, and 
Steam Electric Power use and are delineated within each Regional Water Planning Area (RWPA) by 
county and river basin.   

 Methodology 

Information regarding non-population water use was compiled from a number of sources based on 
the type of demand considered.  Non-population water demand projections consider historical water 
use from all source types, including demands met through reuse.  In each category, projections were 
initially presented by TWDB and were reviewed and amended by the RHWPG as required.  The 
demands, as prepared by TWDB and revised by the RHWPG, were formally adopted by TWDB on 
November 9, 2023. 

2.2.1.1 Irrigation 

TWDB’s draft Irrigation demand projections were developed by averaging the annual irrigation water 
use from 2015 to 2019 for each county, with this amount projected to be held constant between years 
2030 and 2080.  TWDB developed the estimates of historical Irrigation water use by applying an 
evapotranspiration‐based estimated crop water need to irrigated acreage reported by the Farm 
Service Agency (FSA) to generate water need estimates by county, crop, and year; these estimates 
were further adjusted based on available surface water release data and availability of groundwater 
for the portion of irrigation demand estimated to originate from that source.  

The RHWPG conducted an assessment of available information and concluded that the second-
highest volume of irrigation use from 2010 to 2020 for each county should be used to develop the 
long-term projections in order to achieve a worst-case demand scenario while omitting a single outlier 
year in historical usage.  Demand projections were held constant from 2030 through 2080 due to the 
absence of any additional data representing long-term trends in agricultural production. 

2.2.1.2 Livestock 

Estimates of historical Livestock water use were developed by TWDB by applying a water use 
coefficient for each livestock category to county level estimates of livestock inventories from the U.S. 
Department of Agriculture National Agricultural Statistics Service.  TWDB used the average of the 2015 
through 2019 use for each county as the draft baseline projection.  Projected decadal growth rates 
for projections were retained from the 2021 RWP; in Region H, livestock water demands are projected 
to remain constant through 2080 in all counties.  

The RHWPG conducted a review of the draft projections and factors contributing to livestock water 
demand and concluded that the maximum historical use from 2015 through 2020 in each county 
should be used to better reflect dry-year demands in the long-term projections. 

2.2.1.3 Manufacturing 

TWDB developed draft Manufacturing water demand projections for the 2026 RWP cycle using the 
maximum 2015 through 2019 demand (plus unaccounted loss estimates) as the baseline demand for 
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each county.  Projections for 2030 were based on the recent statewide manufacturing demand trend, 
and projections beyond 2030 rely on trends in Census Bureau County Business Pattern facility count 
data from 2010 through 2019.  This methodology represents a substantial change from the approach 
utilized in the 2021 RWP and addresses concerns raised by several planning groups in the prior cycle 
regarding lack of projected demand growth after 2030.  

The RHWPG conducted a review of the draft Manufacturing water demand projections and 
recommended adjustments based on additional information received from industrial stakeholders, 
including planned expansions of facilities in Harris County.  These expansions were incorporated into 
revised demand projections. 

It was noted by the Planning Group that the potential future expansion of hydrogen production or 
other emerging technologies could potentially have significant impacts on future industrial water 
demand for the Region.  While uncertainty regarding the future of this production sector precludes 
incorporation of corresponding projection adjustments for the 2026 RWP, the RHWPG has engaged 
in preliminary studies of topics surrounding water demand for emerging technologies and will 
continue to monitor the issue for future planning cycles.  A preliminary summary of information on 
potential water demand for hydrogen production is included in Appendix 2-A. 

2.2.1.4 Mining 

Mining projections for the 2026 RWP were developed through a detailed study of current and 
potential future mining water use demands performed by the Bureau of Economic Geology in 
cooperation with TWDB and the United States Geological Survey (USGS).  Predecessor studies 
published in 2011 and 2012 had informed the 2016 and 2021 RWPs.  

During a review of the draft Mining water demand projections, the RHWPG recommended 
reclassification of certain water users as manufacturing entities instead of mining.  Manufacturing and 
mining projections were updated accordingly. 

2.2.1.5 Steam Electric Power 

TWDB developed draft Steam Electric Power water demand projections by using the highest single-
year water use from 2015 to 2019 on a county basis, held constant between 2030 and 2080, and 
adjusted for planned near-term facility additions and retirements.  The steam electric water use 
estimates were intended to be reflective of the consumptive portion of water use, with the portion 
of water that is returned to the source excluded from the estimate.  TWDB draft projections also 
included anticipated water use of future facilities listed in state and federal reports as well as 
deductions in use for facilities scheduled for retirement as reflected in state and federal reports.   

Upon review, the RHWPG determined that steam electric water demand projections should be based 
on the maximum historical use from year 2015 through 2019 for each facility and summing the 
maximum values by county.  The RHWPG was also able to identify a portion of demand from 
cogeneration facilities which represent a manufacturing rather than steam electric category and were 
removed by the RHWPG from its revised projections. 
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 Demand Projections 

The resulting projections demonstrate growth of non-population demands from approximately 1.17 
million acre-feet per year in 2030 to 1.31 million acre-feet per year of demand in 2080.  Increases in 
non-population demand are primarily attributed to the Manufacturing sector, with additional slight 
growth in the Mining Category.  Irrigation, Livestock, and Steam Electric demand projections remain 
static.  These patterns are demonstrated in Figure 2-1.  Detailed non-population demand information 
can be found within the DB27 reports (see Section ES.11 of the Executive Summary). 

Figure 2-1 – Projected Non-Population Demand Growth 

 

2.3 POPULATION WATER DEMANDS 

Population water demands are associated with municipal and domestic use.  In accordance with 
TWDB guidance intended to align projections with active retail service areas, population water 
demand projections have been estimated to align with utility-based WUGs for the sixth round of 
regional planning.  Defined WUGs are entities serving more than 100 acre-feet per year (ac-ft/yr) for 
municipal use and include: 

• Privately-owned utilities, 

• Water systems serving state or federal government-owned institutions or facilities, 

• Any other publicly owned retail utilities, and 
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• Collective Reporting Units (CRUs) consisting of grouped retail public utilities having a common 
association. 

All smaller service providers and rural/unincorporated areas of municipal and domestic water use, 
aggregated at the county level, are considered part of an additional WUG and are referred to as 
“County-Other” for each county. 

 Methodology 

For the sixth round of regional water planning, 2020 U.S. Census data was made available for use in 
assessing current population and forecasting long-term trends.  This information was used by the 
Texas Demographic Center (TDC) and TWDB to generate WUG-level projections for all Regional Water 
Planning Groups (RWPGs).  RWPGs were provided with data for multiple migration scenarios utilized 
in developing projections and provided feedback to TWDB on potential scenario selection by county 
for use in projection development. 

The RHWPG opted to request an exception from these state-generated projections for a portion of 
the Region and, instead, utilize information developed for a parallel project to evaluate groundwater 
use within the region for the Harris-Galveston Subsidence District (HGSD) and Fort Bend Subsidence 
District (FBSD).  This request builds upon similar efforts undertaken by the Region for prior RWP cycles 
and involved close coordination among the RHWPG, the Subsidence Districts, and TWDB staff.  This 
study was designed to fit with the regional planning process and coordination with TWDB was 
performed in order to ensure uniformity between the groundwater study and the projection 
development conducted by TWDB.  The result was a detailed depiction of population growth in Austin, 
Brazoria, Chambers, Fort Bend, Galveston, Harris, Liberty, Montgomery, and Waller Counties for use 
in both the groundwater study and Region H planning.  This request was evaluated and subsequently 
approved by TWDB.  A detailed description of the methodology utilized to develop these projections 
is provided in Appendix 2-B. 

Water demands were calculated for the WUG populations by TWDB using data from the water use 
survey to identify a baseline per capita demand level for dry year conditions.  For the majority of 
WUGS, the estimated year 2011 per capita demand for the WUG was utilized, corresponding to the 
extreme drought conditions at that time.  Demands for new municipal WUGs for the 2026 RWP were 
based primarily upon year 2018 per-capita demand estimates.  The effective per-capita demand for 
each decade was adjusted from this baseline according to anticipated conservation savings due to 
plumbing code enforcement and the proliferation of water-efficient appliances.  This reduction in 
overall demands resulted in a reduction of year 2080 water demands of 60,804 acre-feet annually, or 
approximately 3.3 percent from projected 2080 demands.  The decadal increase in conservation 
savings factored into the demand projections is shown in Figure 2-2. 
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Figure 2-2 – Demand Reduction through Baseline Conservation 

 

 Demand Projections 

The resulting projections demonstrate growth of population water demands from approximately 1.39 
million acre-feet per year in 2030 to 1.77 million ac-ft/yr of demand in 2080.  Overall increases in 
demand volume are greatest in Fort Bend, Harris, and Montgomery Counties (131,195 acre-feet, 
80,663 acre-feet, and 84,838 acre-feet, respectively); Chambers County demonstrates the greatest 
relative growth with a 177 percent increase in demand during the planning period.  These patterns 
are demonstrated below in Figure 2-3.  Detailed population water demand information can be found 
within the DB27 reports (see Section ES.11 of the Executive Summary). 
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Figure 2-3 – Projected Population Water Demand Growth 
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Table 2-2 – Major Water Providers in Region H 

MWP Name Primary RWPG 

Brazosport Water Authority H 

Brazos River Authority G 

Chambers-Liberty Counties Navigation District H 

Dow Inc. H 

Gulf Coast Water Authority H 

Houston H 

Huntsville H 

Lower Neches Valley Authority I 

Missouri City H 

North Fort Bend Water Authority H 

North Harris County Regional Water Authority H 

NRG H 

San Jacinto River Authority H 

Trinity River Authority C 

West Harris County Regional Water Authority H 
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Chapter 3 – Analysis of Current Water 

Supplies 

3.1 INTRODUCTION 

Region H occupies a location on the Texas Gulf Coast which provides a wealth of water resources, with 
many aquifer formations capable of rapid recharge and with a number of surface water catchments 
with generally large flows.  However, the region is also home to approximately a quarter of the State’s 
population and is projected to experience significant growth over the next 50 years.  This large 
population, and the region’s status as a major industrial area, generates extremely large water 
demands.   

A key component in addressing these growing demands is understanding the reliability and ownership 
of existing water supplies, which are those supplies both legally and physically available.  This chapter 
summarizes the results of Task 3, and describes the resources available to the region and their 
allocation to Water User Groups (WUGs) throughout Region H.  In this effort, the Region H Water 
Planning Group (RHWPG) was assisted by the members of the Region H Groundwater Supply 
Committee and Surface Water Supply Committee.  Members of these committees are listed below in 
Table 3-1.    

Table 3-1 – Region H Committee Members 

Groundwater Supply Committee 

Member Interest Category 

Mike Turco (Chair) Water Districts 

Gary Ashmore GMA 14 

David Bailey GMA 12 

Carl Burch Electric Generating Utilities 

Cynthia (Cyndi) Wagener Industries 

Mark Evans* Counties 

Surface Water Supply Committee 

Member Interest Category 

J. Kevin Ward (Chair) River Authorities 

Brad Brunett River Authorities 

Jun Chang Water Districts 

Greg Eyerly Municipalities 

Ivan Langford Small Business 

Aubrey Spear River Authorities 

Brandon Wade Water Utilities 

Mark Evans* Counties 

**The Region H chair is an ex-officio (non-voting) member of all committees. 

 

Also, to provide consistency and facilitate the compilation of the different regional plans, the Texas 
Water Development Board (TWDB) required the incorporation of this data into a standardized online 
database referred to as DB27.  The results of the analyses described below can be found in detail 
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within the DB27 Reports (see Section ES.11 of the Executive Summary).  The following sections 
describe water resources available to the region, procedures for estimating reliable availability, 
description of major water providers, and procedures for assigning available water supplies to users 
in the Plan. 

3.2 GROUNDWATER SOURCES 

3.2.1 Groundwater Aquifer Overview 

Groundwater resources in Region H consist of two major aquifers and four minor aquifers.  The two 
major aquifers are the Gulf Coast Aquifer and the Carrizo-Wilcox Aquifer (Figure 3-1).  The four minor 
aquifers present are the Sparta, Queen City, Yegua-Jackson, and Brazos River Alluvium (Figure 3-2).  
The Carrizo-Wilcox is used primarily in Leon and Madison Counties, the Sparta Aquifer system in 
Madison, Walker, and Trinity Counties, and the Gulf Coast Aquifer system in the central and southern 
sections of the region.  Smaller amounts of water are provided by the Queen City, Yegua-Jackson, and 
Brazos River Alluvium Aquifers.  Individual aquifers are described in greater detail in the following 
subsections. 

3.2.2 Major Aquifers 

3.2.2.1 Carrizo-Wilcox Aquifer 

The Carrizo-Wilcox is the main aquifer in the northern part of Region H in Leon County and the 
northern portion of Madison County.  The Carrizo-Wilcox Aquifer was deposited in a manner that 
resulted in a sequence of geologic formations of interbedded sand, silt, clay, and shale having a 
thickness of about 2,000 feet in the northern part of the region.  The Carrizo Sand is one of two 
principal water-producing units of the Carrizo-Wilcox Aquifer, and it is about 100 to 200 feet thick.  It 
is a generally uniform, well sorted sand that contains a few very thin beds of clay; the aquifer dips 
downward to the southeast at about 70 to 100 feet per mile.  The Wilcox Group is composed of 
alternating beds of sand, sandy clay, and clay with locally interbedded gravel, silt, clay, and lignite.  
The Simsboro Sand is the major water-producing unit in the Wilcox and is about 200 to 400 feet thick.  
The Carrizo and Wilcox formations are weakly connected hydraulically and are generally described as 
one major aquifer.  Water from the aquifer contains less than 1,000 milligrams per liter (mg/l) of total 
dissolved solids, but water from the Carrizo Sand can contain elevated levels of iron that require 
sequestering or treatment for removal for water used for most municipal and industrial purposes. 
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Figure 3-1 – Region H Major Groundwater Sources 
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Figure 3-2 – Region H Minor Groundwater Sources 
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3.2.2.2 Gulf Coast Aquifer 

The Gulf Coast Aquifer extends from the Gulf Coast to approximately 100 to 120 miles inland into 
Walker and Trinity Counties.  The Gulf Coast Aquifer consists of four general water-producing units.  
The geologically youngest unit is the Chicot Aquifer, followed by the Evangeline Aquifer, the Jasper 
Aquifer, and the Catahoula Formation.  The Chicot and Evangeline Aquifers are the more prolific 
water-producing units in the Gulf Coast Aquifer followed by the Jasper Aquifer and the Catahoula 
Formation.  The units are composed of alternating beds of sand, silt, and clay; shale can occur at 
deeper depths at and below the base of the Evangeline Aquifer.  The Gulf Coast Aquifer has sand 
thicknesses ranging from about 200 to 500 feet in the central and southern parts of the region with 
the sands containing freshwater decreasing in thickness as the aquifers approach within about 30 to 
40 miles of the Gulf Coast.  Formation beds vary in thickness and composition and the areal extent of 
individual beds normally cannot be traced over extended distances.  Total aquifer sand thickness 
varies and can be as great as several hundred feet.  The lower unit of the aquifer, the Catahoula 
Sandstone, is screened by wells for the City of Huntsville and other wells in Walker and Montgomery 
Counties.  To the south, in Galveston County, the Chicot unit is screened in wells used by the City of 
Galveston.  The aquifer is capable of yielding larger quantities of water in the central and southern 
parts of Region H and has been utilized over the past 100 years to provide part of the water supply, 
although heavy usage has also resulted in land surface subsidence and its use is now restricted in Fort 
Bend, Galveston, and Harris Counties for this reason.  

3.2.3 Minor Aquifers 

3.2.3.1 Queen City Formation 

The Queen City Formation is a minor aquifer that occurs in central and southeastern Leon County and 
in the northern part of Madison County.  The Queen City Formation is composed of sand and loosely 
cemented sandstone with interbedded shale layers occurring throughout.  The Queen City Formation 
ranges in thickness from 250 to 400 feet with approximately 60 to 70 percent of the total thickness 
being sand according to Texas Water Commission Bulletin 6513 (1965), Availability and Quality of 
Ground Water in Leon County, Texas.  Groundwater in small to moderate quantities is provided by the 
Queen City Formation for domestic, municipal, and agricultural uses in Leon and Madison Counties. 

3.2.3.2 Sparta Formation 

The Sparta Formation or Sparta Sand occurs in southeastern Leon County, all of Madison County, 
northwestern Walker County, and northeastern Trinity County.  The Sparta Formation consists of sand 
and interbedded clay, with the lower portion of the aquifer containing massive unconsolidated sands 
with a few layers of shale.  The Sparta Formation ranges in thickness from 150 to 300 feet in Leon 
County and Madison County (Texas Water Commission Bulletin 6513).  Groundwater from the aquifer 
is provided for domestic, municipal, and agricultural uses in Leon County and for domestic, municipal, 
manufacturing, and agricultural uses in Madison County.  The Sparta Formation is the groundwater 
source for the Town of Madisonville and for some water supply corporations in the area.   

3.2.3.3 Yegua-Jackson Aquifer 

The Yegua Formation and Jackson Group make up a minor aquifer, designated as the Yegua-Jackson 
Aquifer, which occurs within the region in parts of Madison, Walker, Trinity, and Polk Counties.  The 
Yegua Formation consists of sand, interbedded clay, and scattered lignite.  The Jackson Group includes 
all strata between the Yegua Formation and the Catahoula Sandstone and consists of sand, clay, 
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sandstone, and siltstone.  The Yegua Formation ranges in thickness from 1,000 to 1,500 feet; the 
Jackson Group is approximately 1,100 feet thick, according to Texas Board of Water Engineers Bulletin 
5003 (1950), Geology and Ground-Water Resources of Walker County, Texas.  Small to moderate 
quantities of groundwater are provided by the Yegua-Jackson Aquifer for domestic, municipal, 
industrial, and agricultural uses. 

3.2.3.4 Brazos River Alluvium 

The Brazos River Alluvium occurs in the floodplain and terrace deposits of the Brazos River in Austin, 
Fort Bend, and Waller Counties.  The Quaternary alluvial sediments consist of clay, silt, sand, and 
gravel according to TWDB Report 345 (1995), Aquifers of Texas, with the more permeable sand and 
gravel present in the lower part of the aquifer.  The saturated thickness of the sediments is as much 
as 85 feet and the width of the alluvium ranges from less than one mile to approximately seven miles, 
with the Brazos River located within the width of the alluvial deposits.  The Brazos River Alluvium 
supplies limited amounts of groundwater for domestic and agricultural purposes in Fort Bend and 
Waller Counties.  In Austin County, it supplies a limited amount of groundwater for domestic, 
manufacturing, and agricultural uses.  The aquifer may contain water with total dissolved solids that 
approach 1,000 mg/l and have a high total hardness due to the amounts of calcium, magnesium, and 
sulfate in the aquifer water.   

3.2.4 Groundwater Availability 

Region H relies on a significant portion of supply from groundwater-based sources.  Historically, the 
coastal counties within the region have been significant users of groundwater, such that initiatives to 
assess the reliable yield from groundwater supplies and offset excess groundwater demand to 
alternative sources began long before these initiatives began in other parts of the State because of 
recognized issues with subsidence.  For this reason, the issue of groundwater reliability is a mature 
topic within the study area and of vital importance to overall water supply planning. 

3.2.4.1 Groundwater Regulation in Region H 

Region H contains the entirety or portions of seven entities that have authority over groundwater 
resources.  Of these seven, two are subsidence districts with the remaining five being groundwater 
conservation districts (GCDs) governed under Chapter 36 of the Texas Water Code (TWC).  Of the 
seven entities of various types, two of these have engaged in regulatory plans that involve the 
restriction of groundwater pumpage for the sake of preserving groundwater resources or preventing 
undue harm to other natural resources as a result of excess groundwater withdrawal.  In effect, these 
plans and regulations represent the availability of groundwater in these counties for practical 
purposes. 

The Harris-Galveston Subsidence District (HGSD) was created in 1975 to “end subsidence” in those 
counties at the threat of impacts resulting from excess use of groundwater.  Prior to that time, it was 
observed that subsidence had increased the risk from coastal flooding in those counties and 
threatened to further increase the potential for inundation along the coast and in inland areas.  
Through a series of regulatory plans, HGSD has curtailed impacts from subsidence since its inception.  
In 2013, HGSD adopted a District Regulatory Plan that maintained existing limits on groundwater 
production in its three Regulatory Areas and set future reductions for Regulatory Area 3 located in 
north and west Harris County.  These reductions are applied to water users on a basis of a percentage 
of their total water demand.  These percentages are developed based on detailed study of long-range 
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population and water demand projections and groundwater modeling for the region.  In addition, 
entities are allowed to enter into Groundwater Reduction Plans (GRPs) that allow for aggregated 
compliance with groundwater regulation to maximize efficiency in goal attainment.  Limits to the 
maximum annual percentage of groundwater use must be achieved on an annual basis to prevent 
dewatering of clay layers which causes subsidence and the incurring of disincentive fees on the part 
of groundwater users. 

The Fort Bend Subsidence District (FBSD) was created in 1989 to address similar issues of subsidence 
that posed a risk to flood-prone areas within the county.  In 2013, FBSD approved a District Regulatory 
Plan that maintained groundwater reductions for areas in the more urbanized northern and eastern 
portions of the county.  Like the limitations placed on pumping by HGSD, these restrictions are applied 
as a percentage of total water demand and allow for compliance through GRPs.   

3.2.4.2 MAG and MAG Peak Factors 

Groundwater Management Areas (GMAs) were created by the 74th Texas Legislature to facilitate a 
number of groundwater management goals including conservation and protection of groundwater.  
The GMAs, which were delineated by the TWDB and represented by the GCDs within their boundaries, 
engage in a cyclical joint planning process for groundwater resources.  In 2021, the GMAs across Texas 
submitted their third round of Desired Future Conditions (DFCs) to the TWDB for the purpose of 
developing estimates of Modeled Available Groundwater (MAG) as described under Section 36.108 
of the TWC.  The GCDs adopting DFCs are required to develop management plans that include goals 
that are consistent with achieving the DFCs, per Section 36.1085 of the TWC.   

In recent cycles of regional water planning, TWDB has endeavored to bring the efforts of the Regional 
Water Planning Groups (RWPGs) and GMAs together through the language in the planning rules.  
Whereas early RWPs allowed for considerable discretion of the RWPGs in assigning groundwater 
availability, starting in the 2016 round of RWP development the TWDB took a different approach.  Per 
Section 16.053(e)(2-a) of the TWC, regional plans must be “consistent with the desired future 
conditions…” as developed by the GMAs.  Going a step further, Title 31 of the Texas Administrative 
Code (TAC) Section 357.32 (d) dictates that, for regional planning, RWPGs “shall use Modeled 
Available Groundwater volumes for groundwater availability” unless there is no MAG volume.   

During the development of the 2016 RWPs, it became apparent that strict adherence to the MAG as 
a limit on groundwater availability in the RWPs can present a number of issues to the RHWPG as well 
as other RWPGs in other regions of the State.  The perspectives of the GMA and RWP processes are 
inherently different, with the Regional Plans built around “dry-year” demand and minimum supply to 
represent worst-case conditions, while the GMA process is focused on the study of groundwater 
resources which must be evaluated over long-term averages and broad scales of time.  Further, the 
TWC, while listing the MAG as one of a number of considerations for GCDs, does not necessarily limit 
GCDs to strict adherence to the MAG.  Some GCDs have rules and regulatory structures which allow 
for short-term peak pumping while still complying with the DFC on a long-term basis.  In these cases, 
application of the MAG to the RWP process excludes this regulatory flexibility and may place 
unnecessary limitations upon supplies used for planning purposes, thus underrepresenting the water 
supply available to meet short-term peak demands. 

In order to address these challenges while maintaining the valuable technical dialog between different 
planning processes, TWDB integrated the concept of a MAG Peak Factor into subsequent RWPs to 
bridge the gap between groundwater joint planning and regional planning perspectives.  MAG Peak 
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Factors are multipliers greater than 100 percent applied to MAG values to estimate dry-year 
availability; they are not intended to adjust the long-term supply as derived from the DFCs developed 
through joint planning process for groundwater, but are instead intended to make the regional 
planning process consistent with regulations by local groundwater districts and patterns of permitted 
and exempt water use.  RWPGs are not required to use Peak Factors but are given the option to apply 
them where deemed appropriate on a county-aquifer basis, with proposed factors subject to a multi-
stage approval process involving the RWPG, applicable GCDs and GMAs, and TWDB.  Approved Peak 
Factors for Region H are shown in Table 3-2, with more detailed information of the Peak Factor 
process available in Appendix 3-A.  At the time of Initially Prepared Plan (IPP) development, the 
proposed MAG Peak Factor for Brazoria County was recently granted after TWDB review.  It is 
anticipated that the MAG Peak Factor will be incorporated into analyses for the final 2026 RWP. 

Table 3-2 – MAG Peak Factors 

County Aquifer GCD GMA 
MAG Peak 

Factor 

Brazoria Gulf Coast Brazoria County GCD 14 129.89% 

 

3.2.4.3 Groundwater Availability Development 

As described previously, annual volumes of groundwater available for supply in the 2026 Region H 
RWP are based on the MAG and any approved MAG Peak Factor for all geographic aquifer units for 
which a DFC has been adopted.  Groundwater formations that have been deemed by a GMA to be 
non-relevant for the purpose of joint planning may be assigned an annual yield based on the judgment 
of an individual RWPG.  The RHWPG has estimated the available groundwater in Fort Bend, Galveston, 
and Harris Counties based on projected demands in the 2026 RWP and allowable percentages of 
demand as specified in the FBSD and HGSD District Regulatory Plans.   

For all other counties, Region H has historically recognized existing studies of groundwater availability 
as the source of information for planning purposes.  At a public meeting on October 4, 2023, the 
RHWPG elected to investigate if more reliable estimates of availability for these sources had been 
developed since the 2022 SWP.  It was subsequently determined that the 2026 RWP would retain the 
yield values included in the 2022 State Water Plan as the available yield of all other non-MAG 
formations in the 2026 RWP.  These non-MAG formations and the references used as a basis for 
estimated availability are summarized in Table 3-3.  The magnitude of usage from these sources in the 
2026 RWP is relatively small within Region H, constituting approximately 0.5 percent of the total 
estimated existing groundwater supply and 0.08 percent of total existing supply considering all water 
source types.  Further, due to the limited use of these supplies under real-world conditions and 
uncertainty regarding long-term reliability estimates, the combined allocations from existing supply 
in the RWP are well below the recommended availability, and the corresponding sources are not 
associated with recommended future Water Management Strategies (WMS) for the Region. 

Availability of existing water supplies can be found within the DB27 reports (see Section ES.11 of the 
Executive Summary).  
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Table 3-3 – Non-MAG Groundwater Formations 

Aquifer County Basin Reference 

Brazos River Alluvium  Austin Brazos TWDB GTA Aquifer Assessment 10-30 MAG 

Brazos River Alluvium  Waller Brazos TWDB GTA Aquifer Assessment 10-30 MAG 

Carrizo-Wilcox  Walker Trinity TWDB GAM Run 10-052 MAG Version 2 

Catahoula Aquifer Montgomery San Jacinto 2021 RWP permitted production  

Gulf Coast Aquifer System Trinity Trinity TWDB GAM Run 16-024 MAG 

Queen City Trinity Trinity TWDB GAM Run 10-016 MAG Version 2 

Queen City Walker Trinity TWDB GAM Run 10-053 MAG Version 2 

San Bernard River Alluvium Austin Brazos-Colorado TWDB GTA Aquifer Assessment 10-30 MAG 

San Jacinto River Alluvium Walker San Jacinto TWDB GTA Aquifer Assessment 10-30 MAG 

Sparta Walker San Jacinto TWDB GAM Run 10-054 MAG Version 2 

Sparta Walker Trinity TWDB GAM Run 10-054 MAG Version 2 

Trinity River Alluvium  Walker Trinity TWDB GTA Aquifer Assessment 10-30 MAG 

Yegua-Jackson  Polk Trinity TWDB GAM Run 10-055 MAG Version 2 

Yegua-Jackson  Trinity Trinity TWDB GAM Run 10-016 MAG Version 2 

Yegua-Jackson  Walker San Jacinto TWDB GAM Run 10-055 MAG Version 2 

Yegua-Jackson  Walker Trinity TWDB GAM Run 10-055 MAG Version 2 

 

3.3 SURFACE WATER SOURCES 

3.3.1 Surface Water Overview 

Surface water in Texas is based on a prior appropriation water right system, wherein individuals or 
entities are granted rights to use surface water, with more senior rights having priority over junior 
rights.  Senior rights are allowed the opportunity to fully satisfy their allowable diversion volume 
before more junior rights can divert.  In practice these priorities are of limited concern in many basins 
for most years, due to an abundance of available surface water adequate to meet surface water 
demands.  However, in drier portions of the State or during times of drought, priorities play an 
important role in determining ownership of limited surface water supplies.  Water rights in the State 
are administered through a system of water right permits and Certificates of Adjudication issued by 
the Texas Commission on Environmental Quality (TCEQ).  These permits specify water right 
ownership, the allowable amounts of water which can be diverted, the locations of diversion, the 
allowable uses and basins of use, any special conditions or limitations on the permit, and a priority 
date establishing the right’s seniority.  Certain basins within the state, including the Brazos River Basin 
within Region H, are also under the jurisdiction of a Watermaster program which facilitates the prior 
appropriation system by monitoring streamflow, water use, and other parameters and coordinating 
surface water diversions. 

Surface water supply planning in Texas, and with limited exceptions the State’s surface water rights 
permitting system, is based on the concept of “firm yield”.  The firm yield of a particular surface water 
source is defined as the amount of water that can be provided each year including during drought-of-
record hydrologic conditions, assuming full utilization and consumption of existing water rights and 
assuming that any applicable environmental flow requirements are fully satisfied (e.g., instream flows, 
bay and estuary inflow).  The concept of firm yield, as applied in water supply planning and water 
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rights permitting, represents a very conservative approach to surface water availability and allocation 
that is intended to provide a high degree of water supply reliability. 

Region H encompasses parts of three major river basins, four adjoining coastal basins, and three major 
water supply reservoirs as shown in Figure 3-3.  The following sections discuss the surface water 
available to Region H from these sources, other surface water sources used in the region, and 
determination of supply reliability. 
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Figure 3-3 – Region H Surface Water  
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3.3.2 Major Region H Reservoir Supplies 

3.3.2.1 Lake Livingston / Wallisville Saltwater Barrier 

Lake Livingston, which was completed in 1971 by the Trinity River Authority (TRA) and the City of 
Houston (COH), is located on the Trinity River in Polk, San Jacinto, and Trinity Counties; the dam is 
located approximately seven miles southwest of the City of Livingston.  The reservoir is impounded 
by an earthen dam and concrete spillway and has a drainage area of over 16,500 square miles.  At the 
conservation pool elevation of 131 feet above mean sea level (MSL), the reservoir has a volume of 
1,603,504 acre-feet and a water surface area of 77,729 acres (approximately 121 square miles).  The 
reservoir and dam are owned and operated by the TRA.  The Wallisville Saltwater Barrier is located 
on the Trinity River downstream of Lake Livingston near the town of Wallisville. 

Storage and diversions from Lake Livingston/Wallisville system are authorized under Certificate of 
Adjudication (COA) 08-4248 and COA 08-4261.  Total permitted yield from the system is 1,344,000 
acre-feet per year (ac-ft/yr).  TRA is authorized to divert 403,200 ac-ft/yr for multiple uses.  It should 
be noted that physical diversions are not made from Lake Wallisville, but the combined yield of Lake 
Livingston is increased when operated in conjunction with the Wallisville Saltwater Barrier.  The 
remaining yield is owned by the COH.  A portion of this supply is currently conveyed westward to the 
COH service area. 

3.3.2.2 Lake Conroe 

Lake Conroe is located on the West Fork of the San Jacinto River in Montgomery County, 
approximately seven miles west of the City of Conroe.  The reservoir, which was completed in 1973 
by COH and the San Jacinto River Authority (SJRA), is impounded by an earthen dam and concrete 
spillway and has a drainage area of 450 square miles.  At the conservation pool elevation of 201 feet 
above MSL, the reservoir has a volume of 417,605 acre-feet and a water surface area of 19,894 acres 
(approximately 31.1 square miles).  Lake Conroe is operated by SJRA.  COA 10-4963 authorizes 
100,000 ac-ft/yr in permitted water rights from the Lake, with one third (33,333 ac-ft/yr) owned by 
SJRA and the remaining two thirds owned by the COH.  SJRA holds an option contract to purchase 
water from the COH’s portion of the yield of Lake Conroe.  The reservoir is permitted for municipal, 
industrial, irrigation, mining, and recreation uses.   

3.3.2.3 Lake Houston 

Lake Houston, which was completed in 1954 by COH, is located on the San Jacinto River in 
northeastern Harris County, approximately 15 miles from downtown Houston.  The lake, which is 
impounded by an earthen dam and concrete spillway, has a drainage area of 2,828 square miles and 
is operated by COH and the Coastal Water Authority (CWA).  At the conservation pool elevation of 
42.38 feet above MSL, the reservoir has a volume of 136,119 acre-feet and a water surface area of 
11,443 acres (approximately 17.9 square miles).   

COA 10-4965, held by the COH, authorizes storage in the lake as well as 168,000 ac-ft/year of 
permitted diversions.  Priority dates for the right are May 7, 1940 for the first 112,000 ac-ft/yr and 
February 26, 1944 for the remaining 56,000 ac-ft/yr.  Authorized uses include municipal, industrial, 
irrigation, and recreation purposes.  COA 10-4965 also authorizes storage of water diverted from the 
Trinity River Basin in Lake Houston for subsequent diversion and use.  Permit 10-5807 authorizes 
diversion of an additional 28,200 ac-ft/yr from Lake Houston for municipal and industrial purposes.  
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The permitted amount is divided evenly between the COH and SJRA.  Water diverted under Permit 
10-5807 may be used in Harris, Fort Bend, Galveston, and Montgomery Counties within the San 
Jacinto River Basin, and in portions of Brazoria and Chambers Counties within the Trinity-San Jacinto 
Coastal Basin, Trinity River Basin, and San Jacinto-Brazos Coastal Basin. 

3.3.3 Run-of-River and Contractual Surface Water Supplies 

3.3.3.1 Brazos-Colorado Coastal Basin 

Region H includes the Brazos-Colorado Coastal Basin in Brazoria and Fort Bend Counties, including 
Jones Creek and the lower reach of the San Bernard River.  Fifteen water rights are associated with 
the Region H portion of the basin, with total permitted run-of-river and off-channel reservoir 
diversions of 66,199 ac-ft/yr.  Permitted uses include irrigation, industry, mining, and habitat 
maintenance. 

3.3.3.2 Brazos River Basin 

The Brazos River Authority (BRA) stores water in 11 water supply and flood control reservoirs in the 
middle and upper portions of the Brazos River Basin.  BRA owns Possum Kingdom, Granbury, and 
Limestone Reservoirs, with the remainder owned by the U.S. Army Corps of Engineers.  While BRA 
does not currently own or operate any major reservoirs within Region H, these upstream reservoirs 
provide water to entities in Region H through multiple water supply contracts.  BRA currently has long 
term supply agreements with eight entities in Region H for supplies from these reservoirs, totaling 
241,726 ac-ft/yr.  BRA also holds Permits 12-5166 and 12-5167, which authorize the diversion of 
850,000 ac-ft/yr of interruptible excess flows in Fort Bend County.  Because these are non-priority 
water rights and are therefore not firm, their associated supplies are not included as reliable existing 
supplies in DB27.  In late 2016, BRA was also granted Permit 12-5851 authorizing diversion of 
additional supply made available through coordinated reservoir system operation and contracted, in 
part, to Region H entities.   

Several entities located in Region H hold large water rights in the basin.  Dow Inc. holds COA 12-5328, 
which authorizes 305,656 ac-ft/yr of diversions from the Brazos River, Oyster Creek, and Buffalo Camp 
Bayou for municipal, industrial, irrigation, and recreation purposes.  The permit also authorizes 
storage in Dow’s Harris Reservoir and Brazoria Reservoir.  Dow Inc. is also responsible for diverting 
water used by Brazosport Water Authority (BWA). 

Gulf Coast Water Authority (GCWA) holds multiple water rights in the basin.  COA 12-5168 authorizes 
99,932 ac-ft/yr in diversions from the Brazos River for municipal, industrial, and irrigation use, as well 
as 7,373 acre-feet of storage in two small reservoirs.  COA 12-5171 authorizes the diversion of 125,000 
ac-ft/yr from the Brazos River for municipal, industrial, irrigation, and mining purposes.  GCWA also 
holds COA 12-5322, which authorizes 864 acre-feet of storage and the diversion of 155,000 ac-ft/yr 
from the Brazos River for municipal, industrial, and irrigation use. 

COA 12-5325, held by NRG, authorizes storage in Smithers Lake and industrial use of 28,711 ac-ft/yr 
of flows from the Dry Creek tributary of Big Creek.  NRG is also granted 40,000 ac-ft/yr of water rights 
from the Brazos River by COA 12-5320 for industrial and irrigation use. 
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BWA holds COA 12-5366, which authorizes the diversion of 45,000 ac-ft/yr from the Brazos River in 
Brazoria County for municipal use.  As described above, these supplies are diverted from the Brazos 
River by Dow Inc. 

3.3.3.3 San Jacinto-Brazos Coastal Basin 

The San Jacinto-Brazos Coastal Basin includes a combination of dense urban development, irrigated 
agriculture, and industry in Brazoria, Fort Bend, Harris, and Galveston Counties.  Total run-of-river 
water rights in the basin total approximately 288,407 ac-ft/yr, excluding an authorization for Dow Inc. 
to divert 4,209,000 ac-ft/yr of saline water from the Freeport Harbor Channel.  There are several major 
run-of-river water rights within the basin.  The City of Sugar Land holds COA 11-5170, which authorizes 
diversion of 18,159 ac-ft/yr from Jones and Oyster Creeks for municipal, industrial, irrigation, and 
recreation uses.  GCWA holds COA 11-5169, which authorizes 12,000 ac-ft/yr of diversion and 
approximately 8,925 acre-feet of storage.  COA 11-5357, also held by GCWA, authorizes 57,500 acre-
feet of diversion from Chocolate, Mustang, and Halls Bayous in Brazoria County.  Both of these rights 
include provision for municipal, industrial, irrigation, and recreational uses.   

3.3.3.4 San Jacinto River Basin 

The San Jacinto River Basin includes a number of run-of-river water rights in addition to the rights 
associated with the storage and yield of Lakes Conroe and Houston.  While the majority of these rights 
authorize diversions of 1,000 ac-ft/yr or less, there are 17 rights for authorizations exceeding this 
amount.  The largest of these is COA 10-3994 held by OxyVinyls LP, which authorizes diversion of 
140,000 ac-ft/yr for industrial use.  The COH holds Permit 10-5826, (the Houston Bayous Permit), 
which authorizes the diversion of 130,000 ac-ft/yr of run-of-river supplies from Sims, Brays, Buffalo, 
and White Oak Bayous for municipal and industrial purposes.  The Excess Flows Permit (Permit 10-
5808) authorizes diversion of 80,000 ac-ft/yr of run-of-river flows at Lake Houston for municipal and 
industrial purposes; the permitted diversion amount is divided evenly between the COH and SJRA.  
COA 10-4964, also held by SJRA, authorizes diversion of 55,000 ac-ft/yr of run-of-river supply at Lake 
Houston for municipal, industrial, and irrigation use.  This water right serves as the primary supply for 
the SJRA Highlands Canal System, which serves industrial users in eastern Harris County. 

3.3.3.5 Trinity-San Jacinto Coastal Basin 

The Trinity-San Jacinto Coastal Basin includes run-of-river water rights totaling approximately 44,474 
ac-ft/yr for industrial and irrigation uses.  The largest of these authorizations, COA 09-3926, is for 
30,000 ac-ft/yr and is associated primarily with saline water at NRG’s Cedar Bayou power generation 
facility.  

3.3.3.6 Trinity River Basin 

In addition to the yield of Lake Livingston, several entities within the Region H portion of the basin 
hold large water rights.  COA 10-4261 grants the COH 45,000 ac-ft/yr of run-of-river rights from the 
Trinity River and the Old River tributary for municipal, industrial, and power generation use.  COH also 
holds COA 10-4277, authorizing 38,000 ac-ft/yr of diversions for municipal, industrial, irrigation, and 
mining use.  The Chambers-Liberty Counties Navigation District (CLCND) is authorized under COA 08-
4279 to divert up to 112,947 ac-ft/yr from Turtle Bayou (Lake Anahuac) for municipal, industrial, 
irrigation, and mining uses.  The right additionally authorizes 30,000 ac-ft/yr of diversion by SJRA.  
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SJRA also holds 56,000 ac-ft/yr in water rights through partial ownership of COA 08-5271.  The 
remaining 2,500 ac-ft/yr from COA 08-5271 is permitted to the Lower Neches Valley Authority (LNVA). 

3.3.3.7 Neches-Trinity Coastal Basin 

The portion of the Neches-Trinity Coastal Basin located within Region H includes run-of-river water 
right permits totaling 70,175 ac-ft/yr in permitted diversions.  The largest individual right included 
(COA 07-4296) is the U.S. Fish and Wildlife Service water right for the Anahuac National Wildlife 
Refuge, which has a right for 21,000 ac-ft/yr.  The remaining permits are authorized for irrigation, 
recreation, and wetland habitat uses. 

3.3.3.8 Neches River Basin 

Lake Sam Rayburn is located on the Neches River approximately 11 miles northwest of the City of 
Jasper in Region I.  The lake is owned by the U.S. Army Corps of Engineers and operated by LNVA.   
Several entities in Region H receive supplies from the lake through contracts with LNVA, including the 
Trinity Bay Conservation District, Bolivar Peninsula SUD, and irrigators in Chambers and Liberty 
Counties.  Region H receives run-of-river surface water from two small rights permitted for irrigation 
use in the Neches River Basin. 

3.3.4 Local Supplies 

Local supplies (stock ponds, small catchments, etc.) are currently used in Region H to meet a portion 
of livestock and mining demands.  The TCEQ allows a landowner to impound up to 200 acre-feet of 
water without obtaining a water right, and therefore these supplies cannot be tied to specific water 
rights.  Because these individual sources are generally undocumented and are typically unreliable 
under drought-of-record conditions, the Region H water plan does not include these local supplies in 
its analysis of existing surface water supplies. 

3.3.5 Surface Water Availability 

3.3.5.1 Surface Water Availability Modeling 

Surface water availability was estimated using the TCEQ Water Availability Models (WAMs) for the 
river basins within Region H.  The WAMs use the Water Rights Analysis Package (WRAP), developed 
at Texas A&M University, to simulate water right diversions using historical rainfall and evaporation 
data.  The WAMs are not intended to serve as predictive tools but rather simulate the behavior of 
included water rights under a repeat of a certain period of historical hydrology.  The model simulates 
a set of monthly diversion targets attempted annually against a historical inflow dataset, which is 
typically 50 years long and varies each year.  The drought of record (DOR) for most of Texas occurred 
in the 1950s and is reflected in the historic dataset for each basin.  Water diversions are modeled 
according to the parameters of each particular water right and are taken in priority order, such that 
the most senior water rights are satisfied before junior rights are allowed to divert water.  It is 
important to note that the TCEQ WAMs are based on historic hydrologic data to account for rainfall 
and evaporation losses.  While the model provides an approximation of water right availability during 
the DOR, the model does not predict water right availability in future droughts which may have 
different hydrologic conditions.  The models generally do not include return flows that often increase 
the reliability of downstream water rights.  The models also contain assumptions in the internal 
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modeling routines that affect the accuracy of results.  Currently, the models are also not able to 
simulate the interaction between groundwater and surface water supplies. 

For the RWP, the modeled reliability of water rights that rely on reservoir storage is also based on 
assumed sedimentation rates that are projected through the planning period.  While this assumption 
is reasonable for planning purposes, it may not reflect current near-term sedimentation rates.  The 
process of estimating future sedimentation for the 2026 Region H RWP was based primarily on 
available lake survey data, typically from TWDB’s Hydrographic Survey Program, which provided 
information on drainage area, long-term average sedimentation rates, and recent surface area, 
capacity, and elevation parameters.  Projected sedimentation for each RWP timestep was then 
calculated based on the drainage area, unit average annual sedimentation rate for the drainage area, 
and the number of years between the survey and the timestep.  Projected future area and capacity 
curves for use in modeling were then developed by applying the sediment loss to the surveyed area-
capacity-elevation data.  These calculations were made using both trapezoidal and conic section 
approximations of the impoundment at 0.1-foot intervals and selecting the method with the lowest 
root mean square error for each reservoir to estimate future reservoir shape parameters. 

There were originally eight WAM scenarios (referred to as model runs) simulated under the TCEQ 
program.  TWDB’s Second Amended General Guidelines for Regional Water Plan Development 
requires the use of WAM Run 3, reflecting full authorized diversion of current water rights with no 
return flows, when determining the supply available to the region.  Run 3 represents a conservative 
approach, since not all rightholders attempt to divert their full permit amount every year and 
diversions for municipal and manufacturing users typically return a portion of diverted water to 
streams as treated wastewater effluent.  However, the majority of water rights do not address return 
flows to source streams, implying a right to full consumptive use.  For this reason, and because the 
planning period extends 50 years into the future, use of a model reflecting full consumptive diversion 
by all rights is appropriate for long-term planning. 

Output files are compared by reviewing the statistical frequency of meeting diversion amounts or 
target instream flow levels.  For purposes of regional water planning, supply availability for a water 
right is limited to its firm yield, the amount of water that can be diverted every year of the WAM 
simulation period without shortage.  Regional planning groups may elect to constrain availability of a 
water right to a value lower than the firm yield based on stakeholder or rightholder input, to maintain 
an added margin of safety for reservoir supplies, or for other considerations relevant to the supply.   

While availability of surface water rights is determined on a right-by-right basis, the method of 
representing surface water supplies in DB27 is dependent on the nature of the right.  Multiple 
reservoirs operated as a system are treated as a single source in the database, with supplemental 
information showing the contribution of firm yield associated with each component reservoir.  Non-
system reservoirs are listed individually.  Run-of-river rights are typically aggregated into a single 
source for each county and river or coastal basin.  The availabilities of these rights are based on the 
sum of the monthly diversions in the year of least availability.  This approach reflects the way in which 
run-of-river rights in Region H are typically combined as part of an overall water portfolio that allows 
the use of these supplies with other more firm rights to provide a greater overall firm yield.  Many 
water rights are modeled in the TCEQ WAMs as run-of-river rights without storage although storage 
is in place for these supplies to guard against the risks of low-flow conditions on critical water supplies.  
Often, these rights are also backed up with firm contracts from upstream reservoirs. 
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Specific information on modeling procedures and availability results for each basin in Region H are 
described in greater detail in the following subsections.  Availability of existing water supplies can be 
found within the DB27 reports (see Section ES.11 of the Executive Summary).  Additional reference 
information regarding the models executed for surface water availability estimation, including 
documentation of hydrologic modeling variances, is available in Appendix 3-B.  A comprehensive list 
of water rights used as a basis for determining the availability of surface water in Region H is contained 
in Appendix 3-C. 

3.3.5.2 Brazos-Colorado Coastal Basin 

Surface water supplies for the Brazos-Colorado Coastal Basin were analyzed using a modified version 
of the TCEQ Run 3 WAM for the Colorado and Brazos-Colorado basins (October 1, 2023 TCEQ release).  
Region H identified several opportunities to adjust model code to facilitate determination of firm yield 
and reflect annual streamflow diversion limits as specified in water right permits.  These changes 
included modeling of complex multi-cell off-channel reservoir facilities as composite storage, 
application of streamside diversion limits where applicable to off-channel storage, and application of 
iterative firm yield analysis to a large off-channel impoundment.  A variance to apply these 
modifications to the Region H RWP analysis was requested by the RHWPG and approved by TWDB.  

A total of 11,730 ac-ft/yr within the Region H portion of the basin were determined to be firm for 
regional planning purposes.  An additional 136 acre-feet of firm yield held by the US Fish and Wildlife 
Service was not included, as the wetlands maintenance use specified for the permit is likely outside 
of the demand projected for Region H. 

3.3.5.3 Brazos River Basin 

Surface water supplies for the Brazos River Basin were analyzed using a modified version of the TCEQ 
Run 3 WAM for the Brazos and San Jacinto-Brazos Basins developed by the Brazos G Regional Water 
Planning Group (Region G).  Brazos G developed models for year 2030 and year 2080 conditions, which 
include modifications to extend the modeled period of record, reflect existing subordination 
agreements, and incorporate some return flows, as well as other changes.  Revision of the TCEQ WAM 
by Brazos G was approved by TWDB.  Due to the importance of maintaining consistency in availability 
analyses for the basin, the RHWPG requested and received from TWDB a variance to use the modified 
Brazos G model as a basis for evaluation of surface water in Region H.  Supplies were assessed for 
years 2030 and 2080 conditions, with results used to linearly interpolate availabilities for years 2040 
through 2070.  The firm portion of run-of-river diversions was found to be 446,244 ac-ft/yr for year 
2030 conditions and 434,108 ac-ft/yr for year 2080 conditions.  Additionally, eight entities in Region 
H receive supplies through non-interruptible water supply contracts with BRA, with a reliable year 
2080 yield of 209,461 ac-ft/yr.  

3.3.5.4 San Jacinto-Brazos Coastal Basin 

Surface water supplies for the San Jacinto-Brazos Coastal Basin were analyzed using a modified 
version of the TCEQ Run 3 WAM for the Brazos and San Jacinto Brazos Basins developed by Region G, 
as discussed in Section 3.3.5.3.  Supplies were assessed for years 2030 and 2080 conditions, with 
results used to linearly interpolate availabilities for years 2040 through 2070.  37,091 ac-ft/yr of run-
of-river supply was found to be firm for year 2030 through year 2080 conditions.  Of this yield, 21,568 
ac-ft/yr is associated with multi-use permits held by GCWA and the City of Sugar Land, with the rest 
of the firm yield coming from a number of irrigation water rights. 
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3.3.5.5 San Jacinto River Basin 

Surface water supplies for the San Jacinto River Basin were analyzed using the most recent version of 
the TCEQ Run 3 WAM for the basin (October 1, 2023 TCEQ release).  A total of 12,627 ac-ft/yr of run-
of-river supply was found to be firm.  The San Jacinto River Basin also includes major reservoir supplies 
associated with Lake Conroe and Lake Houston.  Reservoirs reduce the velocity of the streams they 
impound, causing suspended soil particles to settle; over time, storage volume is lost due to this 
accumulation.  Therefore, sedimentation rates were determined and applied to Lake Houston and 
Lake Conroe to calculate estimated year 2030 through year 2080 storage volumes at ten-year 
intervals.  For each sedimentation condition, the target diversion for each reservoir was iteratively 
reduced until a firm yield was determined, with the diversion target for the other reservoir modeled 
at its permitted amount.  The modeled available yield of Lake Houston was 182,500 ac-ft/yr for year 
2030 conditions, decreasing to 173,550 ac-ft/yr for year 2080 conditions due to sedimentation.  The 
modeled firm yield of Lake Conroe was 80,000 ac-ft/yr for year 2030 sedimentation, decreasing 
slightly to 76,850 ac-ft/yr for year 2080 conditions. 

3.3.5.6 Trinity-San Jacinto Coastal Basin 

Surface water supplies for the Trinity-San Jacinto Coastal Basin were analyzed using the TCEQ Run 3 
WAM for the basin (October 1, 2023 TCEQ release).  Of the 14,474 ac-ft/yr in permitted run-of-river 
rights included in the WAM, 5,539 ac-ft/yr were found to be firm under DOR conditions.  An additional 
30,000 ac-ft/yr permitted by COA 09-3926 is excluded from the WAM and from availability for regional 
planning purposes as the diversion point is subject to salinity impacts due to tidal influence.   

3.3.5.7 Trinity River Basin 

Surface water supplies for the Trinity River Basin were analyzed using a modified version of the TCEQ 
Run 3 WAM for the basin (October 1, 2023 TCEQ release) developed by the Region C Regional Water 
Planning Group (Region C) and subsequently adapted to Region H.  The models developed by Region 
C include code adjustments to reflect operation of groups of reservoirs as systems, adjustment of pool 
elevations where appropriate, adjustment of complex reservoir code to facilitate firm yield 
determination where applicable, as well as other changes.  Revision of the TCEQ WAM by Region C 
was approved by TWDB.  Due to the importance of maintaining consistency in availability analyses for 
the basin, the RHWPG requested and received from TWDB a variance to use the modified Region C 
model as a basis for evaluation of surface water in Region H.   

The RHWPG has adopted the use of a modified Run 3 model for determining firm yield in the lower 
Trinity River Basin in the 2001, 2006, 2011, 2016 and 2021 RWPs.  These models included a limited 
quantity of return flows in the upper basin expected to be available for future conditions as 
determined through correspondence with the Region C Planning Group.  The RHWPG therefore 
requested and received from TWDB variance to include a limited quantity of return flows in the Trinity 
River Basin for evaluation of firm reservoir diversions.  Return flows were not incorporated into the 
analysis of reliable run-of-river availability in the basin.   

A total of 137,025 ac-ft/yr in run-of-river water was determined to be firm under DOR conditions.  A 
small portion of this yield (1,111 ac-ft/yr) is held by irrigators and state agencies in Leon, Liberty, 
Madison, and Walker Counties.  The remainder is associated with large water rights owned by the 
COH, SJRA, and CLCND.  The modeled firm yield of Lake Livingston, which included estimated future 
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sedimentation, was 1,210,300 ac-ft/yr for year 2030 sedimentation, decreasing slightly to 1,142,900 
ac-ft/yr for year 2080 conditions. 

3.3.5.8 Neches-Trinity Coastal Basin 

Surface supplies in the Neches-Trinity Coastal River Basin were modeled using the TCEQ WAM Run 3 
model for the basin (October 1, 2023 TCEQ release).  Of the water right permits totaling 70,175 ac-
ft/yr from the Neches-Trinity Coastal Basin in Region H, 37,481 ac-ft/yr were reliable during the DOR.  
Approximately one-third of this firm total is the U.S. Fish and Wildlife Service water right for the 
Anahuac National Wildlife Refuge. 

3.3.5.9 Neches River Basin 

Surface supplies in the Neches River Basin were modeled using the TCEQ WAM Run 3 model for the 
basin (October 1, 2023 TCEQ release).  Of the water right permits totaling 1,604 ac-ft/yr from the 
Neches River Basin in Region H, 161 ac-ft/yr were reliable during the DOR.  Entities in Region H also 
utilize contractual supplies originating in the Neches River Basin outside of the Region H boundary, 
including water from the Lake Sam Rayburn / B.A. Steinhagen Reservoir System.  Surface water 
availability for the remaining Neches River Basin and the Lake Sam Rayburn / B.A. Steinhagen 
Reservoir System was determined by the East Texas Regional Water Planning Group (Region I).  
Applicable supplies utilized by entities in Region H are reflected in DB27 as the contract amounts 
between LNVA and individual WUGs. 

3.4 REUSE SOURCES 

3.4.1 Reuse Overview 

The reuse of existing water sources allows entities to increase their available supply portfolio and, in 
some cases, replace or defer more expensive projects to develop new supplies.  Reuse, or reclaimed 
supply, is typically classified as either direct or indirect.  Direct reuse infrastructure diverts return flows 
from a wastewater treatment facility at some point in the treatment train and conveys the water to 
points of use.  The required infrastructure and level of treatment are dependent upon the intended 
use.  Indirect reuse typically involves discharge of treated wastewater from one facility into a receiving 
body, with the receiving stream used to convey the treated water for subsequent diversion at a 
downstream point. 

The permitting process and regulatory requirements for reuse in the State are dependent on whether 
the water is for municipal or industrial purposes, the intended use, and if the supply is direct or 
indirect.  Permitting of reclaimed supplies is administered by TCEQ.  All types of reuse are subject to 
the requirements of 30 TAC §210.  If an indirect reuse supply is to be discharged into a State 
watercourse, it will also require a water right authorization similar to other surface water sources and 
will be subject to water rights restrictions and subject to the prior appropriation system. 

3.4.2 Reuse Availability 

Determination of the reliable availability of reclaimed supplies presents several challenges.  Permitted 
reuse amounts cannot be assumed to be fully reliable as existing supplies, as permitted volumes may 
exceed current return flow levels and permitted indirect reuse is subject to curtailment during times 
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of drought.  Even in communities or industries with longstanding direct reuse programs, the amount 
of reclaimed water utilized can vary considerably from year to year based on hydrologic conditions, 
patterns of indoor versus outdoor water use, or industrial facility production.  Reuse potential also 
changes over time with population.  Existing reuse water supplies were estimated for Region H based 
on data provided by TWDB, stakeholder input, and known infrastructure limitations.  In order to 
estimate appropriate reliable reuse supplies, the following procedure was applied as the primary 
method for identifying reuse availability: 

• Year 2010 through 2022 data was extracted from the TWDB Water Use Survey for entities in 
Region H with reclaimed supplies, and each entity was associated with the appropriate WUG.   

• For each WUG, volumes of self-supplied reuse were calculated by year for direct and indirect 
reuse sources. 

• For WUGs with no reported reuse in the last several years of the dataset, reuse supplies were 
assumed to not be firm. 

• For Manufacturing WUGs with reported reuse supplies in recent years, reuse availability was 
estimated as the maximum value from years 2010 through 2022.  Due to the dependence of 
recorded volumes on the number of entities reporting in a given year and the overall growth 
in manufacturing in the region, this is intended to provide a conservative estimate of 
manufacturing reuse availability. 

• For WUGS with recently developed reuse supplies or with longer-term utilization without 
frequent supply declines, reuse availability was estimated as the maximum value from years 
2010 through 2022.   

Consideration was also given to other data sources, as available, including records of reclaimed water 
sales and analyses from the 2021 Region H RWP.  Several municipal WUG reuse supplies were also 
identified from stakeholder responses to a Region H survey of municipal WUGs.   

3.5 TOTAL REGIONAL WATER AVAILABILITY 

Combined, the availability of water supplies within Region H is adequate to provide for a large number 
of existing demands.  However, it is noteworthy that the availability of supply at the source level does 
not necessarily translate to availability at the WUG level.  The applicability of these supplies to meeting 
specific demands based on contracts and existing infrastructure are considered in Section 3.6.  The 
total supply availability from sources originating in Region H is shown in Figure 3-4.  Availability of 
existing water supplies can be found within the DB27 reports (see Section ES.11 of the Executive 
Summary). 



March 2025 Chapter 3 – Analysis of Current Water Supplies 

Region H 2026 Regional Water Plan 3-21 

Figure 3-4 – Total Regional Water Availability by Source Type 

 

3.6 MAJOR WATER PROVIDERS AND MAJOR SUPPLY CONTRACTS 

Region H depends on a large number of supply contracts among entities ranging from small utility 
districts to large river authorities and other wholesale water providers (WWPs) to meet the demands 
of both municipal and non-municipal users.  As part of the evaluation process for the RWP and in 
accordance with TWDB requirements, the RHWPG developed a methodology to identify Major Water 
Providers (MWPs), entities which function as critical links in the regional supply chain.  Region H 
elected to utilize supply volume as the key metric in this designation, with consideration given to 
existing self-supply and contractual transfers as well as potential future supplies from recommended 
Water Management Strategies (WMS).  Entities with current or anticipated supply volumes of 25,000 
ac-ft/yr or greater, including 10,000 ac-ft/yr or more provided to others, were categorized as MWPs.  
Of the 15 entities categorized as MWPs through this methodology, 12 serve users from within the 
region, while the other three (BRA, LNVA, and TRA) provide supplies to Region H from their primary 
region.  Six of the MWPs in Region H are also WUGs, including cities and regional water authorities 
which serve their own needs as well as those of their contract customers.  It should be noted that, 
while certain entities have been formally categorized as MWPs, all water suppliers are recognized as 
playing a vital role in meeting the region’s complex and growing water demands.  The MWPs supplying 
Region H are discussed in greater detail in the following subsections.   

3.6.1 Brazos River Authority 

BRA operates multiple reservoirs and holds a substantial portion of the water rights in the Brazos River 
Basin.  BRA provides raw surface water to the following WUG and WWP entities: 
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• City of Manvel 

• City of Richmond 

• City of Rosenberg 

• City of Sugar Land 

• Dow Inc. 

• GCWA 

• Irrigation in Waller County (Brazos River Basin) 

• Manufacturing in Brazoria County (Brazos and San Jacinto-Brazos Basins) 

• Manufacturing in Galveston County (San Jacinto-Brazos Basin) 

• NRG 

• Pecan Grove MUD 1 

3.6.2 Brazosport Water Authority 

BWA’s service area includes treated water customers in the southern portion of Brazoria County 
including seven municipalities, Dow Inc., and two prison units.  It also serves demand in Fort Bend 
County.  BWA is supplied by its own water right through the Harris and Brazoria Reservoirs.  BWA 
provides raw surface water to the following WUG and WWP entities: 
 

• City of Angleton 

• City of Brazoria 

• City of Clute 

• City of Freeport 

• City of Lake Jackson 

• City of Oyster Creek 

• City of Richwood 

• City of Rosenberg (treats raw water for transmission to Rosenberg) 

• Dow Inc.   

• Texas Department of Criminal Justice Ramsey Area 

3.6.3 Chambers-Liberty Counties Navigation District 

The CLCND provides raw water through its canal system to the City of Anahuac, the Trinity Bay 
Conservation District, and irrigators in Chambers County.  CLCND is supplied through its own water 
rights from the Trinity River and Lake Anahuac. 

3.6.4 City of Houston 

The COH is the most populous WUG in Region H.  Major surface water supplies held by COH include 
majority ownership of the firm yield of Lakes Conroe, Houston, and Livingston.  COH also owns run-
of-river water rights.  In the Trinity River Basin, COH holds two major water rights permitted for 
industrial, irrigation, and other uses.  COH also holds water rights authorizing withdrawals from 
several bayous in the San Jacinto Basin and diversion of excess run-of-river flows at Lake Houston 
(through a shared permit with SJRA).  Additional permitted sources include both direct and indirect 
reuse.  COH also produces groundwater, which is primarily used to meet its own demands but also 
makes up a small portion of the supply to other customers through either direct supply of 
groundwater or blending with other supply sources.  COH’s WUG and WWP customers include: 
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• Baybrook MUD 1 

• Baytown Area Water Authority 

• City of Bellaire 

• City of Bunker Hill Village 

• City of Deer Park 

• City of Friendswood 

• City of Galena Park 

• City of Hilshire Village 

• City of Humble 

• City of Jacinto City 

• City of Jersey Village 

• City of League City 

• City of Pasadena 

• City of Pearland 

• City of South Houston 

• City of Southside Place 

• City of Spring Valley 

• City of Webster 

• City of West University Place 

• Central Harris County Regional Water Authority 

• Chimney Hill MUD 

• Clear Brook City MUD 

• Clear Lake City Water Authority 

• County-Other in Harris County (multiple utility districts) 

• Greenwood Utility District 

• Harris County MUDs 5, 6, 8, 23, 49, 55, 96, 148, 278, 321, 344, 372, 412, and 420 

• Harris County WCIDs 50, 89, 96, and Harris County WCID-Fondren Road 

• Irrigation in Chambers and Liberty Counties 

• La Porte Area Water Authority 

• Manufacturing in Chambers County (Trinity-San Jacinto Basin) and Harris County 

• Memorial Villages Water Authority 

• Montgomery County MUD 98 

• North Channel Water Authority 

• North Fort Bend Water Authority 

• North Harris County Regional Water Authority 

• NRG 

• Parkway MUD 

• Pine Village PUD 

• Rolling Fork PUD 

• Sagemeadow Utility District 

• SJRA 

• Southwest Harris County MUD 1 

• Steam-Electric Power in Chambers and Harris Counties 

• Sunbelt FWSD 

• West Harris County Regional Water Authority 
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3.6.5 City of Huntsville 

The City of Huntsville provides water to its own municipal service area as well as surrounding 
communities in the County-Other WUG in Walker County.  The city’s water demands are met partially 
with self-supplied groundwater.  Huntsville also receives surface water from a contract with TRA 
through the Huntsville Regional Water Supply System, of which a portion is conveyed to 
manufacturing demands outside of Region H.  The city also provides indirect reuse supplies to 
Montgomery County MUDs 8 and 9.   

3.6.6 City of Missouri City 

The City of Missouri City supplies water to customers within its own boundaries as well as to numerous 
other municipal water providers in Fort Bend County.  Missouri City utilizes self-supplied groundwater 
as well as water purchased from GCWA. 

3.6.7 Dow Inc. 

Dow Inc. is supplied primarily by its own water rights on the lower Brazos River, with the ability to 
receive a smaller amount of water through a contract with BRA.  Dow supplies manufacturing 
demands in Brazoria County, including its own facilities. 

3.6.8 Gulf Coast Water Authority 

GCWA is a major water provider to municipal, manufacturing, and irrigation users in the San Jacinto-
Brazos and lower Brazos Basins.  GCWA provides raw water to users in Fort Bend, Brazoria, and 
Galveston Counties through an extensive canal network.  Treated water is also supplied through a 
pipeline system to a number of users in Galveston County.  GCWA is primarily supplied by its own 
rights on the Brazos River, with additional supplies purchased through contracts with BRA.  WUGs 
with supply contracts from GCWA include: 

• Bacliff MUD 

• Bayview MUD 

• City of Galveston 

• City of Hitchcock 

• City of La Marque 

• City of League City 

• City of Missouri City (raw) 

• City of Pearland (raw) 

• City of Sugar Land (raw) 

• City of Texas City 

• Fort Bend County WCID 2 (raw) 

• Galveston County FWSD 6 

• Galveston County MUD 12 

• Galveston County WCIDs 1, 8, and 12 

• Irrigation in Brazoria, and Galveston Counties (raw) 

• Manufacturing in Brazoria, Fort Bend, and Galveston Counties (raw) 

• Pecan Grove MUD 1 (raw) 

• San Leon MUD 
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3.6.9 Lower Neches Valley Authority 

LNVA holds rights to both reservoir yield and run-of-river supplies in the Neches River Basin and serves 
customers through an extensive canal system in Jefferson, Chambers, and Liberty County.  LNVA also 
owns a portion of the water rights from the former Devers Canal Company.  LNVA customers in Region 
H include: 

• Bolivar Peninsula SUD 

• Irrigation in Chambers County (Neches-Trinity Basin) 

• Irrigation in Liberty County (Neches-Trinity Basin) 

• Trinity Bay Conservation District 

3.6.10 North Fort Bend Water Authority 

North Fort Bend Water Authority (NFBWA) provides water supply to communities in northern Fort 
Bend County and a small portion of western Harris County.  Member districts of NFBWA are partially 
supplied through their own groundwater production.  NFBWA also purchases water from the COH to 
meet demands within its service area. 

3.6.11 North Harris County Regional Water Authority 

North Harris County Regional Water Authority (NHCRWA) provides water supply to communities in 
northern and northwestern Harris County north of the COH.  Member districts of NHCRWA are 
partially supplied through their own groundwater production.  NHCRWA also purchases water from 
the COH to meet demands within its service area. 

3.6.12 NRG 

NRG operates several steam electric power generation facilities within Region H, as well as providing 
water supply to other power generation and irrigation water users.  In the eastern portion of the 
region, NRG is supplied largely by its own water right in the Trinity-San Jacinto Basin and by 
groundwater, as well as through contract with COH.  In Fort Bend County, NRG is supplied through a 
combination of its own Brazos River Basin rights, groundwater, and a contract with BRA.  WUGs served 
by NRG include: 

• Irrigation in Fort Bend County (Brazos Basin) 

• Steam-Electric Power in Chambers County (Trinity-San Jacinto Basin) 

• Steam-Electric Power in Fort Bend County (Brazos Basin) 

• Steam-Electric Power in Harris County (San Jacinto Basin) 

3.6.13 San Jacinto River Authority 

SJRA acts as a major water provider in Harris and Montgomery Counties.  SJRA holds partial ownership 
of the Lake Conroe water right, which it uses to serve irrigation and power generation customers as 
well as participants in the SJRA Joint GRP in Montgomery County.  SJRA serves as the water provider 
to The Woodlands, supplying the community’s demands through a combination of groundwater and 
surface water.  SJRA also holds run-of-river rights in the San Jacinto and Trinity Basins and a portion 
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of Lake Houston reservoir supply, which are used to meet municipal, manufacturing, and irrigation 
demands in Harris County through SJRA’s Highlands Canal system.  SJRA’s customers include: 

• City of Conroe 

• City of Oak Ridge North 

• Crosby MUD 

• Harris County MUD 50 

• Irrigation in Harris County (San Jacinto Basin) 

• Irrigation in Montgomery County (San Jacinto Basin) 

• Manufacturing in Harris County (Trinity-San Jacinto Basin) 

• Montgomery County MUD 99 

• Montgomery County WCID 1 

• MSEC Enterprises 

• Newport MUD 

• Rayford Road MUD 

• Southern Montgomery County MUD 

• Steam-Electric Power in Montgomery County 

• The Woodlands 

3.6.14 Trinity River Authority 

TRA holds a number of water rights in the Trinity River Basin and provides supply to several planning 
areas, including Region H.  Contracts from TRA to entities in Region H are associated exclusively with 
TRA’s share of the Lake Livingston permit.  Supplied entities in Region H include: 

• City of Groveton 

• City of Houston 

• City of Huntsville  

• City of Livingston 

• City of Trinity 

• County-Other in Polk County (Trinity Basin) 

• Glendale WSC 

• Irrigation in Chambers County (Neches-Trinity Basin) 

• Irrigation in Liberty County (Trinity and Neches-Trinity Basins) 

• Irrigation in San Jacinto County (Trinity Basin) 

• Lake Livingston WSC 

• Memorial Point UD 

• Mining in Polk County (Trinity Basin) 

• Riverside SUD 

• San Jacinto SUD 

• Trinity Rural WSC 

• Waterwood MUD 1 

• Westwood Shores MUD 
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3.6.15 West Harris County Regional Water Authority 

West Harris County Regional Water Authority (WHCRWA) provides water supply to communities in 
western and northwestern Harris County.  Member districts of WHCRWA are partially supplied 
through their own groundwater production.  WHCRWA also purchases water from the COH to meet 
demands within its service area. 

3.7 ASSIGNMENT OF SOURCES 

The assignment of existing available water supplies to WWPs and WUGs within Region H requires 
consideration of many potential sources of information and the application of multiple supply 
allocation processes to account for differences in physical, contractual, and regulatory constraints 
across the region.  The processes associated with allocation of reuse supplies and assignment of water 
right yield to owning entities can be applied in a simple and consistent manner across the region.  
Contractual supply arrangements vary in complexity from simple, single-source agreements with a 
defined volume to more complex arrangements with open-ended commitments, potential for source 
blending, indirect rearrangement of supplies, or contracts limited by source availability.  Assignment 
of groundwater resources is particularly complex as groundwater available to an individual WUG is 
not driven by a set of water rights, but rather can be influenced by local groundwater regulation, WUG 
pumping capacity, and overall availability of groundwater in an area relative to the demand for the 
resource.  The procedures applied in assigning existing water supplies, along with the information 
considered in each process, are discussed in greater detail in the following subsections.  Existing water 
supplies assigned to each WUG can be found within the TWDB DB27 reports (see Section ES.11 of the 
Executive Summary).  Water supplies provided by MWPs to each category of water use are 
summarized in Appendix 3-D. 

3.7.1 Groundwater 

Due to the complexity of groundwater supplies in Region H, including the use of several groundwater 
formations and the presence of multiple entities with regulatory authority, assignment of 
groundwater resources in the Regional Plan cannot follow a single rigid methodology for all counties.  
While some counties have the ability to meet much or all of their projected demand with 
groundwater, others are limited by hydrogeological conditions or regulatory factors.  As such, the 
process of assignment of existing groundwater supplies to individual WUGs was performed on a 
county-by-county basis and included consideration of a broad variety of factors, including TWDB-
supplied MAG values, historical water use, groundwater production capacity, projected water 
demand, regulatory requirements of GCDs or subsidence districts, and ongoing implementation of 
GRPs.  Groundwater allocation strategies are discussed in greater detail in the following subsections. 

3.7.1.1 Counties within Subsidence Districts 

As noted in the section on groundwater availability, allowable groundwater pumpage in Fort Bend, 
Harris, and Galveston Counties is determined by the regulatory requirements established by the FBSD 
and the HGSD.  These Districts have established several regulatory sub-areas, with allowable 
groundwater pumpage within these sub-areas limited to a certain percentage of an entity’s overall 
water use.  For certain sub-areas, these percentages also reduce over time.  Entities are allowed to 
enter into GRPs that allow for regional compliance with groundwater regulation to maximize 
efficiency in goal attainment.  Multiple entities may participate together in a joint GRP, with some 
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converting wholly or partially to alternative water sources and allowing others to continue growth on 
groundwater so long as the composite use by participating entities meets regulatory restrictions.  
These regulations served as the primary driver of the following groundwater allocation procedure: 

1. A geospatial analysis was performed to determine the sub-area(s) associated with each WUG.  
Each WUG county-basin split was assigned the sub-area in which it had the greatest coverage.  
The majority of WUGs were in a single regulatory sub-area. 

2. Certain large WUG county-basin splits were determined to be of such size that assignment of 
a single sub-area was inadequate to capture regulatory availability correctly.  In these cases, 
a further spatial analysis of the projected Census block level population within each regulatory 
sub-area was performed, with population used to develop ratios of demand for subsets of the 
WUG county-basin split.  This methodology was applied for the COH in Harris County, County-
Other in Harris County, and County-Other within the Brazos Basin for Fort Bend County. 

3. Projected water demands for each WUG county-basin split were multiplied by the percentage 
of allowable groundwater for the appropriate regulatory sub-area to calculate a preliminary 
value of allowable groundwater pumpage. 

4. For WUGs which do not produce their own groundwater but rather purchase groundwater 
supplies from another entity, allowable groundwater pumpage volumes were reassigned 
from the purchasing WUG to the supplying WUG. 

5. Allowable groundwater pumpage amounts were reassigned among joint GRP participants.  If 
specific volumes of conversion or allowed groundwater expansion for currently implemented 
GRP stages were known, these values were used.  Otherwise, for participants continuing 
growth on groundwater sources, the difference between projected demand and allowable 
pumpage was calculated and then deducted from allowable pumpage for entities converting 
to alternative water supplies. 

6. Allowable groundwater pumpage amounts were further constrained by existing groundwater 
production capacities.  Because of the historical reliance of the coastal counties in Region H 
on groundwater and a longer history of urbanization, this impacted a limited number of 
WUGs, primarily in Fort Bend and Galveston counties.  These WUGS tended to be either non-
municipal uses with limited historical use of groundwater and newer or smaller municipal 
developments anticipated to experience substantial growth in demand in the future. 

3.7.1.2 Other Counties 

In accordance with TWDB requirements, groundwater availability for other areas within the region 
were set equal to the MAG, or in the case of counties and formations for which a MAG Peak Factor 
was approved, to the peaked MAG.  Availabilities for aquifers deemed non-relevant for the GMA 
process were set by the RWPG as described in Section 3.2.4.  The following procedure was applied in 
the allocation process: 

1. WUGs with groundwater infrastructure were identified from TWDB’s Historical Groundwater 
Use records, the TCEQ Water Utility Database (WUD), responses to the Region H WUG Survey, 
or other information as available. 

2. Identification of the source groundwater formation or formations for each WUG within the 
county was determined using data from TWDB’s Historical Groundwater Use records.  In cases 
where source formation was listed as unknown or information on the WUG was unavailable, 
source formation was estimated from WUG location.  

3. Maximum existing groundwater production capacity for each WUG was estimated.  Available 
sources of information on production capacity varied by WUG, with the least restrictive 
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(highest estimated groundwater production capability) applied as the WUG limit.  Primary 
references included Region H WUG Survey responses, listed production capacities from 
TCEQ’s WUD and TCEQ Drinking Water Watch (DWW), or maximum historical pumpage for 
years 2000-2020 calculated from TWDB’s Historical Groundwater Use records.   

4. In the event that adequate data was not available from the preferred data sources, 
groundwater production capacity was assumed to be equal to estimated year 2030 demands 
under drought conditions.  This situation was most commonly associated with Irrigation, 
Livestock, and Mining WUGs for which records of reported pumpage are often unable to 
capture all users and hence the full extent of existing infrastructure capacity.  In a few cases 
with minimal projected demand growth after year 2030, existing groundwater production 
was assumed to fully meet WUG demand.   

5. For WUGs with both surface and groundwater supplies, available surface water was deducted 
from the portion of projected demand assigned to groundwater. 

6. Groundwater from the appropriate source formation was allocated to each WUG in an 
amount not to exceed the lesser of the projected demand for each decade and the estimated 
groundwater production capacity.  In the limited number of cases of a WUG selling 
groundwater to another, consideration was given to the demands of the customer WUG as 
well.   

7. In cases where the estimated demand or capacity as described in the preceding steps 
exceeded the MAG, available groundwater supplies were allocated to individual WUGS using 
a ratio of their limiting factor (discussed in step 6 above) to that for all WUGs in the County in 
aggregate.   

3.7.2 Surface Water 

Surface water sources included as existing supplies in the Regional Plan are associated with 
permanent water rights granted by the TCEQ.  As such, reliable (firm) supplies from both reservoir 
and run-of-river sources were allocated to specific right holders in accordance with the terms of each 
water right.  Large water rights in the region are typically held by WWPs or named WUGs; smaller 
rights are generally held by non-municipal entities (irrigation, manufacturing, etc.) and were allocated 
to the appropriate non-municipal WUG based on use type and location of demand.  For purposes of 
the Regional Planning process, run-of-river water rights are also grouped in the Plan by basin and 
county of origin.  Total run-of-river diversions assigned as existing supplies in the 2026 RWP are listed 
by county, basin, and use type in Appendix 3-E. 

3.7.3 Reuse 

The existing reliable yield of reuse sources in Region H were determined in accordance with the 
procedures previously described in the section regarding reuse availability.  The majority of existing 
reuse supplies in the region are direct reuse systems and were therefore allocated to their originating 
WUG.  Indirect reuse sources currently in place were also assumed to be used to meet demands within 
the originating WUGs or its customers. 

3.7.4 Contracts 

Contractual supplies were assigned in accordance with the most recent available information 
regarding contractual relationships, contract volume or maximum, limitations on existing conveyance 
infrastructure, and source.  Sources of information included the Region H WUG survey, stakeholder 
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correspondence, available information on service area boundaries, and the 2021 Region H RWP.  The 
majority of contracts reflected in the Plan consist of the transfers as discussed in Section 3.6 among 
major and wholesale providers and from these entities to WUGs.  While contractual supply 
agreements among utility districts and similar entities are common in Region H, only a relatively small 
number are reflected in the Plan as the majority of these transfers occur internal to either a regional 
water authority WUG or County-Other WUG and therefore do not need to be reflected separately in 
the plan. 
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Chapter 4 – Analysis of Needs 

4.1 INTRODUCTION 

Identification of entities with projected water needs (shortages) and quantification of those needs is 
a key component of the Regional Planning process, facilitating evaluation and recommendation of 
water management strategies of the appropriate location and magnitude.  Due to its geographic 
extent, large population, diverse economic base, and complex water supply portfolio, projected needs 
in Region H occur for a broad range of locations and water use categories.  Although some of these 
needs are associated with the development of new water supplies that produce new sources of raw 
water, many of the shortages identified require only the development of infrastructure to finish water 
to the required level of quality (water treatment) or transmission infrastructure to deliver it to the 
point of demand (conveyance).   

4.2 IDENTIFICATION OF NEEDS 

4.2.1 Methodology 

Projected water demands for all Water User Groups (WUGs) within Region H were assessed as part 
of Task 2 of the 2026 Regional Water Planning (RWP) process.  Identification and allocation of existing 
water supplies was performed under Task 3, with volumes reflecting source availability, legal and 
regulatory limits, and contractual arrangements.  Needs or surpluses were then determined by 
comparing existing supplies to projected demands on a WUG-by-WUG basis, with values for each 
WUG further characterized by county and river basin.  This process was executed by Texas Water 
Development Board (TWDB) based on data entered into the DB27 planning database.  Information 
from DB27 was also used to compile projected needs by Major Water Provider (MWP).  Projected 
shortages for a WUG or other provider may occur for a number of reasons.  Reliability of existing 
supplies is a significant factor in determining needs, as the RWP only considers the fully reliable (firm) 
availability of sources to enable appropriate planning for meeting demands under drought conditions.  
Additionally, access to the reliable portion of an existing source may be limited by water rights, 
regulatory constraints, contracts, or the existing infrastructure in place to extract, convey, or treat 
supplies.  For many WUGs, needs are also impacted by projected growth in demand which exceeds 
current supply availability.  In some cases, needs may also be influenced by declining availability of a 
supply over time due to regulation (for example, regulations limiting groundwater pumpage to a 
certain percentage of demand) or physical factors (declining quality, reservoir sedimentation, etc.).   

4.2.2 Summary of Needs 

Projected needs for MWPs are summarized in Appendix 4-A, and projected needs and surpluses for 
all WUGs in Region H can be found within the DB27 reports (see Section ES.11 of the Executive 
Summary).  Projected needs by water use type are summarized in Table 4-1 and Figure 4-1, with needs 
by river basin summarized in Table 4-2 and Figure 4-2.  Note that the values shown in these tables 
represent total needs, with any surpluses reflected as zero.  Also, please note that the values for Polk 
and Trinity Counties only reflect the portions of those counties within Region H.  The geographic 
location and magnitude of needs throughout the region are shown in Figure 4-3 through Figure 4-8.    
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Figure 4-1 – Projected Needs by Water Use Type 

 

Figure 4-2 – Projected Needs by Basin 
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Table 4-1 – Projected Needs by County and Water Use Type (acre-feet per year) 

 2030 2040 2050 2060 2070 2080 

Austin       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 0 0 0 0 0 0 

Mining 38 46 56 67 78 91 

Municipal 0 0 0 0 0 0 

Steam Electric Power 888 888 888 888 888 888 

Total 926 934 944 955 966 979 

       

Brazoria       

Irrigation 59,268 59,800 60,121 60,341 60,506 60,522 

Livestock 225 278 307 328 342 343 

Manufacturing 23,039 29,120 39,124 49,451 60,146 71,158 

Mining 332 396 459 526 598 675 

Municipal 6,357 8,896 11,046 12,265 13,349 14,234 

Total 89,221 98,490 111,057 122,911 134,941 146,932 

       

Chambers       

Irrigation 12,572 12,572 12,572 12,572 12,572 12,572 

Livestock 0 0 0 0 0 0 

Manufacturing 5,388 5,814 6,255 6,712 7,186 7,678 

Mining 0 0 0 0 0 0 

Municipal 1,080 2,735 4,076 6,718 10,173 14,197 

Steam Electric Power 0 0 0 0 0 0 

Total 19,040 21,121 22,903 26,002 29,931 34,447 

       

Fort Bend       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 1,504 1,576 1,650 1,726 1,807 1,890 

Mining 0 0 0 0 0 0 

Municipal 39,677 56,702 71,753 83,999 95,567 106,600 

Steam Electric Power 0 0 0 0 0 0 

Total 41,181 58,278 73,403 85,725 97,374 108,490 
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 2030 2040 2050 2060 2070 2080 

Galveston       

Irrigation 7,818 7,818 7,818 7,818 7,818 7,818 

Livestock 196 196 196 196 196 196 

Manufacturing 0 0 0 0 0 0 

Mining 0 0 0 0 0 0 

Municipal 2,728 3,085 3,415 3,984 4,473 4,958 

Total 10,742 11,099 11,429 11,998 12,487 12,972 

       

Harris       

Irrigation 0 0 0 0 0 0 

Livestock 683 849 849 849 849 849 

Manufacturing 26,942 32,895 40,749 46,214 51,845 57,677 

Mining 2,709 2,737 2,763 2,789 2,815 2,841 

Municipal 141,853 255,044 274,701 283,949 288,996 295,113 

Steam Electric Power 14,835 14,835 14,835 14,835 14,835 14,835 

Total 187,022 306,360 333,897 348,636 359,340 371,315 

       

Leon       

Irrigation 2 2 2 2 2 2 

Livestock 76 76 76 76 76 76 

Manufacturing 0 35 71 108 147 187 

Mining 0 0 0 0 0 0 

Municipal 8 11 13 15 18 21 

Total 86 124 162 201 243 286 

       

Liberty       

Irrigation 9,218 9,218 9,218 9,218 9,218 9,218 

Livestock 523 523 523 523 523 523 

Manufacturing 0 0 0 0 0 0 

Mining 79 97 115 133 149 165 

Municipal 27 249 556 900 1,446 2,017 

Total 9,847 10,087 10,412 10,774 11,336 11,923 

       

Madison       

Irrigation 115 115 115 115 115 115 

Livestock 971 971 971 971 971 971 

Mining 710 710 710 710 710 710 

Municipal 507 192 35 33 34 37 

Total 2,303 1,988 1,831 1,829 1,830 1,833 
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 2030 2040 2050 2060 2070 2080 

Montgomery       

Irrigation 167 943 1,485 1,820 2,019 2,200 

Livestock 17 96 151 185 205 223 

Manufacturing 924 1,199 1,418 1,586 1,724 1,861 

Mining 1 7 12 18 22 28 

Municipal 7,368 26,395 44,814 59,876 71,457 82,908 

Steam Electric Power 315 501 631 711 758 801 

Total 8,792 29,141 48,511 64,196 76,185 88,021 

       

Polk       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 0 0 0 0 0 0 

Mining 26 27 28 29 30 30 

Municipal 0 0 0 0 0 141 

Total 26 27 28 29 30 171 

       

San Jacinto       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 0 0 0 0 0 0 

Mining 25 25 25 25 25 25 

Municipal 0 0 0 0 0 4 

Total 25 25 25 25 25 29 

       

Trinity       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Mining 0 0 0 0 0 0 

Municipal 0 0 0 0 0 0 

Total 0 0 0 0 0 0 

       

Walker       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 0 0 0 0 0 0 

Mining 0 0 0 0 0 0 

Municipal 221 172 140 269 2,159 4,245 

Total 221 172 140 269 2,159 4,245 
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 2030 2040 2050 2060 2070 2080 

Waller       

Irrigation 0 0 0 0 0 0 

Livestock 0 0 0 0 0 0 

Manufacturing 0 0 0 0 0 0 

Mining 0 0 0 0 0 0 

Municipal 559 1,305 2,728 4,477 6,343 8,352 

Total 559 1,305 2,728 4,477 6,343 8,352 

       

Region H Total       

Irrigation 89,160 90,468 91,331 91,886 92,250 92,447 

Livestock 2,691 2,989 3,073 3,128 3,162 3,181 

Manufacturing 57,797 70,611 89,237 105,767 122,824 140,420 

Mining 3,920 4,045 4,168 4,297 4,427 4,565 

Municipal 200,385 354,786 413,277 456,485 494,015 532,827 

Steam Electric Power 16,038 16,224 16,354 16,434 16,481 16,524 

Total 369,991 539,151 617,470 678,027 733,190 789,995 

  



March 2025 Chapter 4 – Analysis of Needs 

Region H 2026 Regional Water Plan 4-7 

Table 4-2 – Projected Needs by County and River Basin (acre-feet per year) 

 2030 2040 2050 2060 2070 2080 

Austin       
Brazos 926 934 944 955 966 979 

Brazos-Colorado 0 0 0 0 0 0 

Colorado 0 0 0 0 0 0 

Total 926 934 944 955 966 979 

       

Brazoria       

San Jacinto-Brazos 63,924 66,687 68,732 69,878 70,831 71,686 

Brazos 1,679 6,433 15,051 23,934 33,130 42,593 

Brazos-Colorado 23,618 25,370 27,274 29,099 30,980 32,653 

Total 89,221 98,490 111,057 122,911 134,941 146,932 

       

Chambers       

Neches-Trinity 0 0 0 0 57 167 

Trinity 15,632 16,982 17,733 19,609 22,160 25,053 

Trinity-San Jacinto 3,408 4,139 5,170 6,393 7,714 9,227 

Total 19,040 21,121 22,903 26,002 29,931 34,447 

       

Fort Bend       

San Jacinto 17,557 26,321 29,910 32,808 35,078 37,378 

San Jacinto-Brazos 10,423 10,794 13,837 16,501 19,346 22,164 

Brazos 13,201 18,205 23,178 27,046 30,474 33,694 

Brazos-Colorado 0 2,958 6,478 9,370 12,476 15,254 

Total 41,181 58,278 73,403 85,725 97,374 108,490 

 
      

Galveston       

Neches-Trinity 12 12 12 12 12 12 

San Jacinto-Brazos 10,730 11,087 11,417 11,986 12,475 12,960 

Total 10,742 11,099 11,429 11,998 12,487 12,972 

       

Harris       

Trinity-San Jacinto 29,430 35,843 42,655 46,424 50,208 54,105 

San Jacinto 150,227 262,557 281,349 290,204 295,281 301,305 

San Jacinto-Brazos 7,365 7,960 9,893 12,008 13,851 15,905 

Total 187,022 306,360 333,897 348,636 359,340 371,315 

       

Leon       

Trinity 76 112 147 184 223 263 

Brazos 10 12 15 17 20 23 

Total 86 124 162 201 243 286 
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 2030 2040 2050 2060 2070 2080 

Liberty       

Neches 7,493 7,493 7,493 7,493 7,493 7,493 

Neches-Trinity 116 116 116 116 116 116 

Trinity 398 414 431 447 462 477 

Trinity-San Jacinto 56 56 56 56 56 56 

San Jacinto 1,784 2,008 2,316 2,662 3,209 3,781 

Total 9,847 10,087 10,412 10,774 11,336 11,923 

       

Madison       

Trinity 1,645 1,344 1,198 1,197 1,197 1,199 

Brazos 658 644 633 632 633 634 

Total 2,303 1,988 1,831 1,829 1,830 1,833 

       

Montgomery       

San Jacinto 8,792 29,141 48,511 64,196 76,185 88,021 

Total 8,792 29,141 48,511 64,196 76,185 88,021 

       

Polk       

Trinity 26 27 28 29 30 171 

Total 26 27 28 29 30 171 

       

San Jacinto       

Trinity 25 25 25 25 25 29 

San Jacinto 0 0 0 0 0 0 

Total 25 25 25 25 25 29 

       

Trinity       

Trinity 0 0 0 0 0 0 

Total 0 0 0 0 0 0 

       

Walker       

Trinity 184 132 83 82 429 824 

San Jacinto 37 40 57 187 1,730 3,421 

Total 221 172 140 269 2,159 4,245 

       

Waller       

San Jacinto 354 723 1,441 2,301 3,216 4,198 

Brazos 205 582 1,287 2,176 3,127 4,154 

Total 559 1,305 2,728 4,477 6,343 8,352 
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 2030 2040 2050 2060 2070 2080 

Region H Total       

Neches 7,493 7,493 7,493 7,493 7,493 7,493 

Neches-Trinity 128 128 128 128 185 295 

Trinity 17,986 19,036 19,645 21,573 24,526 28,016 

Trinity-San Jacinto 32,894 40,038 47,881 52,873 57,978 63,388 

San Jacinto 178,751 320,790 363,584 392,358 414,699 438,104 

San Jacinto-Brazos 92,442 96,528 103,879 110,373 116,503 122,715 

Brazos 16,679 26,810 41,108 54,760 68,350 82,077 

Brazos-Colorado 23,618 28,328 33,752 38,469 43,456 47,907 

Colorado 0 0 0 0 0 0 

Total 369,991 539,151 617,470 678,027 733,190 789,995 
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Figure 4-3 – Location of Identified 2030 WUG Needs 
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Figure 4-4 – Location of Identified 2040 WUG Needs 
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Figure 4-5 – Location of Identified 2050 WUG Needs 
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Figure 4-6 – Location of Identified 2060 WUG Needs 
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Figure 4-7 – Location of Identified 2070 WUG Needs 
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Figure 4-8 – Location of Identified 2080 WUG Needs 
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4.3 SECOND-TIER NEEDS 

In addition to quantifying projected first-tier water needs after application of existing supplies, the 
RWP process also examines second-tier water needs, defined as the projected need remaining after 
application of recommended conservation and direct reuse Water Management Strategies (WMS).  
Evaluations and recommendations of WMS, including first-tier conservation and direct reuse 
strategies, are discussed in Chapter 5 and Subchapter 5B.  Appendix 5-A includes a numerical 
summary of second-tier water needs after application of recommended first-tier WMS.
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Chapter 5B – Conservation 

Recommendations 

5B.1 INTRODUCTION 

Water conservation plays an important role in meeting future water needs across the State of Texas.  
The 2022 State Water Plan (SWP) identified approximately 977,000 acre-feet of water that could be 
conserved annually through municipal practices and another 1.2 million acre-feet associated with 
irrigation use.  These savings, along with over 44,000 acre-feet of savings in the industrial sector, were 
applied above approximately 889,000 acre-feet of baseline annual savings applied by the Texas Water 
Development Board (TWDB) in the initial development of demand projections.  These savings for all 
regions are shown below in Figure 5B-1.  

Figure 5B-1 – 2022 State Water Plan Year 2070 Conservation by Region 

 

 

Conservation has been a prime project choice for regions throughout Texas due to the low cost and 
scalability of the approach.  As Water Management Strategies (WMS) grow more expensive over time, 
the avoided cost of developing new infrastructure projects becomes more attractive.  This is made all 
the more attractive by the minimal environmental impacts brought about by conservation projects 
compared to other strategies.  Conservation can also be implemented at nearly any level because 
virtually all communities and demand centers have some potential for enhanced water use efficiency.  
It is important to note that water conservation in this context is distinctly different from demand 
curtailment as a part of drought response.  The objective of water conservation is to achieve lasting, 
long-term reductions in water use through improved water use efficiency, reduced waste, and 
through reuse and recycling.  By contrast, demand curtailment is focused on temporary reductions in 
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water use in response to temporary water supply shortages or other water supply emergencies, such 
as equipment failures caused by excessively high peak water demands.   

Senate Bill 1094, enacted by the Texas Legislature in 2003, created the Water Conservation 
Implementation Task Force to review, evaluate, and recommend optimum levels of water use 
efficiency and conservation for the state.  Members of the Task Force, which were appointed by the 
TWDB, were a volunteer group of persons with experience in and commitment to using water more 
efficiently.  The Task Force developed TWDB Report 362 – Water Conservation Best Management 
Practices Guide, which outlines specific water conservation best management practices (BMPs) for 
various water uses.  The Task Force was a temporary group, but it has been succeeded by the state 
Water Conservation Advisory Council, created by the Legislature in 2007.  Among its other 
responsibilities, the Council updates the BMP Guide as needed. 

5B.1.1 Challenges 

Various challenges exist for the implementation of water conservation practices.  Perhaps the most 
significant is the lack of information regarding the effectiveness of various practices.  Traditionally, 
per-capita demand levels have not been tracked closely, and even when demand levels have been 
recorded, these values can be difficult to make use of due to the number of variables that may affect 
per-capita demand.  For example, shifts in climate may dramatically influence outdoor water use.  The 
only way to mitigate this data gap is the routine annual collection of data to provide metrics on long-
term benefits from conservation practices.  This need for data carries over to the regional planning 
process as well.  It is difficult for a Regional Water Planning Group (RWPG) to identify and recommend 
conservation practices for various Water User Groups (WUGs) within its region without knowledge of 
incorporated practices and the observed, realized benefits from conservation.   

As interest in conservation has increased over time, driven in part by the challenge of procuring new 
water supplies and the experience of extreme drought, more information on conservation efficacy 
has become available.  Multiple state agencies, including TWDB and the Texas Commission on 
Environmental Quality (TCEQ), have engaged in extensive efforts to promote water conservation and 
have greatly expanded the knowledge base available to water systems through studies, development 
of BMPs, and distribution of educational materials.  Recognizing the difficulties involved in quantifying 
conservation, TWDB and the Water Conservation Advisory Council have prepared a guidance 
document, titled Guidance and Methodology for Reporting on Water Conservation and Water Use, to 
aid water suppliers in calculating and reporting water use over time.  TWDB has engaged in a number 
of other activities promoting conservation, including: 

• The Statewide Water Conservation Quantification Project to evaluate savings of conservation 
practices in relation to recommended conservation goals in the 2017 SWP.   

• Administration of a detailed annual water use survey of municipal and industrial entities 
within the state, with the data obtained further utilized to develop per-capita usage estimates 
for WUGs.   

• Development of a Municipal Water Conservation Planning Tool (MWCPT) to assist water 
systems in developing conservation plans. 

Other organizations have also enhanced the knowledge base regarding conservation within Texas.  
The Texas Living Waters Project has examined the outdoor water use characteristics of single-family 
residential development for the 16 Regional Water Planning Areas in its report Water Conservation 
by the Yard: A Statewide Analysis of Outdoor Water Savings Potential.  The Goldwater Project 
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coordinated closely with numerous water systems to quantify water conservation efforts in Region H 
and contributed substantial information to the assessment of recommended municipal conservation 
WMS in the 2016 Region H Regional Water Plan (RWP). 

There are also challenges associated with the implementation of water conservation at the regional 
level due to the fragmentation of the water supply system.  Regional planning groups are responsible 
for planning and have no power to enforce or incentivize the recommendations resulting from the 
planning process.  Therefore, producing meaningful results from water conservation requires buy-in 
at the WUG level from hundreds of entities.  When compared to traditional projects that can be 
sponsored by one or a handful of major stakeholders to produce significant results, conservation is 
often difficult to form partnerships around. 

A lack of buy-in at the lowest levels is often associated with the lack of incentives to conserve.  
Although the total cost of water delivery, such as treatment and pressure maintenance, is driven by 
the total volume of water delivered, in many cases the actual cost of water is independent of the 
volume consumed.  In Region H, take-or-pay contracts are typical, and although they are easy to 
implement, they tend to offer little benefit to customers who conserve water.  It is not until additional 
water must be purchased beyond the existing take-or-pay contract that a WUG would be financially 
compelled to conserve water to limit the need for contracting additional supply.  While municipal 
conservation should save the utility capital expenses on new or expanded water and/or wastewater 
projects, there might need to be short-term rate increases depending on how much those rate 
structures are reliant on base fees.   

5B.1.2 Importance of Conservation 

Despite the obstacles to implementing conservation projects for mitigating regional demands, the 
potential benefits make such programs incredibly valuable.  Routinely, water conservation programs 
show up in the regional planning process as some of the lowest-cost strategies available.  This 
avoidance of major infrastructure projects through reducing demands has the potential to delay or 
even eliminate much more costly programs in the regional plans.  For every unit of conservation 
achieved, there is need for one less unit of raw water, conveyance, treatment, storage, and 
distribution infrastructure required, causing the cost benefits to add up quickly.  Robust conservation 
efforts can also increase overall system resiliency to challenging conditions, and in some cases may 
reduce or delay the need for short-term drought contingency response measures during dry 
conditions.   

The benefits of conservation within Region H do not exist merely as hypothetical assumptions, and 
many water systems that have embraced conservation efforts have seen reductions in per-capita 
water usage.  The Woodlands township has reduced its single-family residential water use by nearly 
25 percent between 2009 and 2020, driven by aggressive conservation planning, a defined twice-per-
week watering schedule, and enthusiasm for conservation among residents.  Similarly, the City of 
Sugar Land, which has a strenuous conservation program and is embracing additional efficiency 
measures such as automated metering infrastructure, has reduced per-capita demands by 
approximately 15 percent between 2016 and 2021.  Regional Water Authorities, which encompass 
large areas in Harris and Fort Bend Counties, have developed robust conservation education and 
outreach resources which have helped many of their member districts to use water more efficiently.  
Through the use of advanced technology to assist in leak detection and repair, the City of League City 
has reduced water loss by over 9 percent.  A recent loss reduction initiative by Harris County Fresh 
Water Supply District 1A saved the system 3.5 million gallons of water in the first six months following 
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leak repairs.  These and many other local conservation success stories highlight the importance of 
conservation measures for the Region’s future. 

Conservation is a scalable approach that can be applied to WUGs of any size.  Typically, larger WUGs 
with larger water needs can also benefit the most from conservation programs.  However, 
conservation programs have the opportunity to mitigate the need for additional water for virtually all 
WUGs. 

The TWDB has placed a major emphasis on conservation through the implementation of its funding 
programs.  Under the State Water Implementation Fund for Texas (SWIFT), TWDB has set aside at 
least 20 percent of the program’s available funding for projects related to conservation and reuse.  
Furthermore, the rules adopted regarding the program provide consideration for “entities that have 
demonstrated water conservation or projects which will achieve water conservation, including 
preventing the loss of water” and provides opportunities for municipalities to demonstrate this 
through historical reduction in per-capita demand or water loss.  Agricultural projects may also 
demonstrate successful conservation through proposed projects. 

5B.1.3 Continuous Process 

Where most water development projects are discrete efforts that result in making a new water supply 
available, conservation is a continuous process.  Conservation benefits are recognized gradually over 
time and, while this does not allow for rapid implementation of these projects, the long-term impact 
yields great value for water supply management. 

This characteristic of conservation programs is ideally suited to the regional water planning process.  
As regional planning occurs on a cyclical basis, conservation programs can be continually examined, 
and projections adjusted to account for trends in past performance.  By design, each round of regional 
water planning examines trends in per-capita demands and therefore benefits from the conservation 
already implemented at the WUG level.  Successful implementation of conservation programs would 
mean that future rounds of planning could see needs diminishing without the implementation of 
projects simply due to the reduced demands. 

However, in order to achieve these goals, the process requires routine and robust data collection and 
analysis.  This information is required at the regional level to accurately ascertain the extent of 
conservation benefits and to responsibly guide future projections.  At the utility level, it is required to 
provide metrics of program performance and cost and to give an understanding of what works and 
what changes need to be made. 

5B.2 CONSERVATION IN REGION H 

Recognizing the obvious benefits of responsible water management, Region H assigns high priority to 
the application of water conservation projects.  Utilities within Region H are already taking advantage 
of a wide range of conservation practices, although the level of effort and the associated benefits vary 
throughout the region.  In the scope of regional planning process, conservation projects are applied 
before other strategies in the RWP and, where appropriate, for WUGs regardless of identified need. 

5B.2.1 Recommended Municipal Conservation 

In the 2026 RWP, municipal conservation is divided into Baseline Conservation, Water Loss Reduction, 
and Advanced Conservation.   
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5B.2.1.1 Baseline Conservation 

Baseline Conservation is developed and applied to total water demands by TWDB staff in the early 
stages of RWP development.  This conservation is described as conservation that is anticipated due 
to factors outside of the projects identified in regional planning.  For instance, there are water savings 
that are projected to occur due to implementation of plumbing code requirements that favor water-
efficient fittings and fixtures.  Future savings from replacing faucets and dishwashers were not 
considered necessary for this current planning cycle, where they had been included in past plans.  
Given the effective year of plumbing code standards and the lifespan of these items, water efficiency 
savings from replacements and new installations are expected to be fully realized by 2030.  Over time, 
the projected impacts of plumbing code savings will decline with the adoption of more efficient 
appliances and fixtures, with full adoption anticipated by 2040.   

As older communities age, the legacy fixtures are replaced with more water-efficient ones.  
Additionally, the availability of higher-efficiency appliances is another factor that may reduce net 
water demand in the future.  TWDB’s baseline conservation includes these efficiency enhancements 
over time by default.  Region H has adopted the TWDB recommendations, with limited approved 
changes, in every cycle of regional water planning.  Baseline Conservation savings for Region H are 
shown in Figure 5B-2.  It should be noted that Baseline Conservation is not included in WMS 
recommendations but rather is incorporated into the demand projections for the regional planning 
process. 

Figure 5B-2 – Region H 2026 RWP Baseline Conservation 

 

 

5B.2.1.2 Water Loss Reduction 

Estimates of potential savings as a result of water loss reduction were developed using data from the 
Water Loss Audit Reports prepared by TWDB for years 2018 through 2022.  These reports identified 
by utility the estimated losses of various types calculated from production and sales records, including 
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apparent losses due to unbilled or unmetered usage, metering accuracy limitations, and other causes 
as well as real losses from line breaks and leakage.  Figure 5B-3 details these various components of 
water use in Region H as reported in the 2022 Water Loss Audit Report, which includes data from 187 
submitted audits.  As demonstrated, real losses represent over 16 percent of the total water input to 
the region.  The 2020 Water Loss Audit Report included data from 590 submitted audits in Region H.  
The data represented in the 2020 report indicated a lower percentage of overall water loss in Region 
H than the 2022 report, with real losses accounting for more than 12 percent of water input to Region 
H. 

Figure 5B-3 – Region H Summary from 2022 Water Loss Audit Report  

 

 

For the 2026 RWP, the Region H Water Planning Group (RHWPG) identified utilities with real losses 
greater than 10 percent as potential targets for water loss reduction.  Utilities meeting this criterion 
were assumed to reduce the fraction of their demands attributable to real loss by one percent 
annually throughout the planning period or until they reached the threshold level of 10 percent real 
loss.  No additional water loss reduction was applied to utilities with water loss identified at or below 
10 percent.  For the utilities which were identified as potential targets, reductions in water loss from 
this methodology would reduce per-capita demands, expressed in gallons per-capita daily (GPCD), for 
individual WUGs as shown in Table 5B-1.  The total volume of potential savings from this methodology 
are shown below in Figure 5B-4, and a detailed summary of savings by individual WUGs can be found 
in Appendix 5B-A.   

It should be noted that the recommended water loss reduction values presented in the 2026 RWP are 
intended to reflect a conservative estimate of potential savings and are not intended to depict a 10 
percent real loss rate or one percent per year reduction in loss rate as ideal system performance.  
Systems may wish to consider more aggressive implementation of loss reduction programs than the 
conservative recommendation reflected in the RWP, including higher per-year reductions or 
implementation or continuation of reduction efforts below a 10 percent real loss rate.  More 
aggressive programs would facilitate greater overall water savings, with particularly notable 
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additional benefits in early decades.  It should also be noted that systems may structure water loss 
targets in many potential ways besides as a percentage-based goal, such as loss per connection; in 
recent years, TWDB’s water loss audit reporting has focused largely on total and per-connection 
losses, and this data is available to water systems to assist them in their planning.  The RHWPG 
recommends that all utilities perform regular system audits, aggressively strive to reduce the 
inefficient and costly leakage loss of water, and establish procedures to rapidly address line breaks.  
Additional resources on auditing and guidance on best practice can be found on TWDB’s website at 
https://www.twdb.texas.gov/conservation/municipal/waterloss/index.asp.   

 
Table 5B-1 – Impact of Water Loss Reduction on Per-Capita Demands for Individual WUGs 

Reduction in Per-Capita Demand (GPCD) 2030 2040 2050 2060 2070 2080 

Minimum WUG Savings  0    0.1   0.1   0.1   0.1   0.1  

Median WUG Savings  1.2   3.6   5.8   7.5   8.7   9.5  

Average WUG Savings  1.5   4.2   6.6   8.6   10.2   11.5  

Maximum WUG Savings  5.6   16.1   25.6   34.3   42.0   49.1  

 

Figure 5B-4 – Region H 2026 RWP Water Loss Reduction 

 

5B.2.1.3 Advanced Conservation 

In the 2026 RWP, Region H identifies Advanced Conservation as methods for municipal demand 
reduction beyond Baseline Conservation, excluding those applied as part of Water Loss Reduction.  
The estimated water savings from Advanced Conservation methods were developed using the Region 
H Municipal Regional Conservation Tool (MRCT), which is based largely on the methods, savings, and 
cost assumptions in the MWCPT, developed in 2018 by TWDB to assist utilities in water conservation 
planning and reporting.  The MRCT was adapted to account for local water use characteristics and 
additional information specific to Region H.  Because Baseline Conservation savings attributed to 
residential plumbing codes are already embedded in RWP water demand projections, the analysis for 
Advanced Conservation focused primarily on measures to reduce outdoor water use, which is a major 
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driver of overall local municipal demand.  Most of these measures are expected to reduce demand by 
single-family customers of water suppliers through measures such as rebate programs and 
distribution of home water reports, among others.  Consideration was also given to some advanced 
indoor measures for commercial facilities.  Additionally, mandatory outdoor watering restrictions 
were applied to municipal WUGs with the exception of the Woodlands, which already utilizes 
permanent outdoor watering restrictions.  A 2018 report by the Texas Living Waters Project estimates 
that restrictions on outdoor municipal watering could save two percent to 11 percent of total 
municipal water use, depending on the amount of education and enforcement implemented by a 
water utility.  Projected savings for the 2026 Region H RWP were based on the assumption that all 
connections would implement a twice-per-week watering restriction, resulting in overall savings of 
two percent of demand.  In order to account for the potential for different levels of implementation 
and water system customer compliance, particularly in the early stages of a watering restriction 
program, estimates for Region H apply the lower end of the savings spectrum identified by the Texas 
Living Waters Project; utilities that implement conservation programs early on with a significant 
amount of education and enforcement could see even greater savings of water.   

While mandatory outdoor watering restrictions were applied to all municipal WUGs in Region H, other 
measures were implemented at varying levels for different WUGs.  Because the financial resources 
and savings potential varies widely among WUGs, municipal WUGs were grouped into three 
categories (small, medium, and large) based upon population, with these further divided into 
categories of low, mid, and high savings potential based upon per-capita demand after the inclusion 
of baseline savings assumed by TWDB each decade.  This categorization acknowledges that larger 
WUGs would likely have greater resources available to implement a broader range of measures at a 
more aggressive rate, while smaller WUGs may be limited to more gradual programs.  Additionally, 
WUGs with higher per-capita demands offer the greatest potential for conservation savings, while 
those with low per-capita demands may have limited savings potential or, through existing proactive 
conservation programs, have already substantially reduced water use.  Population thresholds of 
10,000 and 100,000 persons served were used to categorize WUGs by size, and per-capita demand 
thresholds of 120 GPCD and 220 GPCD were used to indicate the WUG’s potential for conservation 
savings.  This methodology is discussed in more detail in the technical memorandum for Municipal 
Conservation found in Appendix 5-B.  

Table 5B-2 describes the impact on per-capita demands of individual WUGs by the advanced 
conservation measures recommended by Region H.  The resulting savings are shown below in Figure 
5B-5, and a detailed summary of savings by individual WUGs can be found in Appendix 5B-B. 

 

Table 5B-2 – Impact of Advanced Conservation on Per-Capita Demands for Individual WUGs 

Reduction (GPCD) 2030 2040 2050 2060 2070 2080 

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 

Median 4.2 6.5 7.0 7.9 8.4 9.5 

Average 4.6 7.2 7.9 8.8 9.2 10.3 

Maximum 18.9 26.9 31.8 34.9 34.8 39.1 
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Figure 5B-5 – Region H 2026 RWP Advanced Conservation 

 

 

5B.2.2 Recommended Non-Municipal Conservation 

In addition to being a major population center, Region H is also filled with competing, non-municipal 
water demands that may also benefit from water-efficient practices.  Irrigation users have limited 
opportunity to fund substantial infrastructure projects to develop new water supplies.  For these 
WUGs, conservation presents an affordable opportunity to maximize limited water supplies during 
drought of record conditions.  Irrigation conservation methods recommended in the 2026 RWP 
include off-farm techniques (lining canals) as well as the incorporation of on-farm BMPs (laser leveling, 
reduced levee intervals, etc.) in eight counties.  The potential savings from irrigation conservation are 
shown below in Figure 5B-6, for a total of 103,799 ac-ft/yr in all planning decades.  TWDB provides 
extensive information on agency resources for agriculture and associated agricultural conservation 
BMPs at https://www.twdb.texas.gov/conservation/BMPs/Ag/index.asp.   

Region H is also a major industrial nexus, not only within Texas, but on a global scale, and as a result 
exhibits a large water demand for multiple manufacturing sectors.  Industries within the Region 
already exercise water efficiency practices, including extensive process water recycling.  The detailed 
analysis of per-facility usage performed as part of the analysis of industrial conservation for Region H 
showed that ongoing water efficiency efforts by local industries have already had positive results.  As 
demands grow over time, identifying and implementing opportunities for additional industrial water 
efficiencies will be important.  The 2026 RWP recommends industrial conservation through changes 
in manufacturing processes, industrial audits, system submetering, loss reduction, efficient fixture 
upgrades, or other measures.  The associated water savings is estimated to be approximately an 
additional 43,892ac-ft/yr by 2080.  TWDB provides extensive information on agency resources for 
industrial conservation BMPs at https://www.twdb.texas.gov/conservation/BMPs/index.asp.   
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Figure 5B-6 – Region H 2026 RWP Non - Municipal Conservation 

 

 

5B.2.3 Total Impact of Recommended Conservation in Region H 

Collectively, conservation represents a major water management strategy for Region H.  The total 
amount of recommended conservation exceeds the level applied in the 2021 RWP.  In particular, more 
aggressive rates of implementation of advanced municipal conservation in early decades and inclusion 
of additional measures such as automated meter infrastructure are being recommended in the 2026 
RWP, as compared to the implementation approach in the previous plan.  Industrial conservation, 
which was not recommended in the 2021 RWP due to concerns regarding the manufacturing 
projections for that cycle, is included as a recommended strategy in the 2026 RWP.  Recommended 
conservation for the 2026 Region H RWP is summarized in Figure 5B-7. 
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Figure 5B-7 - Total Region H 2026 RWP Conservation  

 

 

As Baseline Conservation is applied to total water demand rather than the net water demands 
generally discussed in plan development, it is necessary to describe the impact of these demand 
reductions in terms of total demand.  Meanwhile, Water Loss Reduction and Advanced Conservation 
are applied to the net demand after Baseline Conservation is applied, meaning their impacts can be 
compared against the net demand.  The actual impacts of all municipal conservation methods are 
described below in Table 5B-3. 

 

Table 5B-3 – Summary of Municipal Conservation Impacts by Decade 

Conservation Metric Basis 2030 2040 2050 2060 2070 2080 

Baseline Conservation 
% of Total 
Demand 

2.9% 3.3% 3.3% 3.3% 3.3% 3.3% 

Water Loss Reduction 

% of RWP 
Net Demand 

0.6% 1.7% 2.8% 3.7% 4.4% 5.1% 

Advanced Conservation 3.0% 5.3% 5.9% 6.7% 6.9% 7.9% 

Total Additional Conservation 
(Water Loss + Advanced 

3.6% 7.0% 8.6% 10.3% 11.4% 12.9% 

Total Conservation Methods 
(Baseline + Water Loss + 
Advanced 

% of Total 
Demand 

6.4% 10.1% 11.6% 13.3% 14.3% 15.8% 

 

Based on the projected Baseline Conservation, net per-capita demands in the RWP decrease slightly 
with each decade for most municipal WUGs.  The RWPG anticipates that most WUGs will experience 
some reduction in average per-capita water use over the 50-year planning horizon, and per-capita 
demand goals reflect the expectation that WUGs will, at a minimum, achieve the reduction in water 
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use projected by TWDB as part of Baseline Conservation.  Additionally, the RWPG strongly encourages 
water providers to actively pursue methods to reduce per-capita water demand, such as Water Loss 
Reduction and the measures recommended in the Advanced Conservation strategies.  The projected 
per-capita demand after implementation of such strategies may be considered as the target gallons 
per-capita daily goal for municipal WUGs in Region H.  However, the ability of individual utilities to 
implement recommended strategies may vary, and the RHWPG recognizes that actual conservation 
may result in future per-capita demands that are smaller or larger than these goals.  Additionally, the 
per-capita demand targets recommended in Region H are specifically related to the drought-of-record 
conditions assessed throughout the RWP.  Demands in an average year may be greater or less than 
dry-year demands, depending on the specific nature of water use within each utility’s service area.  
As a result, these recommendations are not intended to be compared to the demand goals set by 
many entities in their water conservation plans, as discussed in the following sections.  Actual per-
capita demands will also vary among individual utilities represented by County-Other municipal 
WUGs.  The per-capita demand goals for each municipal WUG in Region H can be found in Appendix 
5B-C. 

5B.2.4 Current Conservation Efforts in Region H 

Conservation efforts vary across Region H.  It is noted that different utilities take various levels of 
interest in effectively developing, deploying, and measuring their conservation programs.  The 
variation between utilities is demonstrated in the numerous approaches to water conservation plans 
(WCPs) prepared by Region H water suppliers.  In current conservation efforts, Region H water 
suppliers commonly adopted variations of BMPs recommended by TWDB within their WCPs.  BMPs 
are measures that water users can choose to implement in order to achieve water conservation goals 
and benchmarks.  BMPs are voluntary measures intended to save a quantifiable amount of water, 
either directly or indirectly, and can be implemented within a specific time frame.  The TWDB has 
extensive resources describing water conservation BMPs applicable to various water use sectors 
(agricultural, commercial/institutional, industrial, municipal, and wholesale) that entities can choose 
to apply in their water conservation efforts.   

In order to quantify current conservation efforts within Region H, WCPs adopted by 145 water systems 
in Region H during the period 2020 to 2024 (inclusive) and provided to the RWPG were reviewed to 
assess water conservation practices and water savings goals.  Based on this review, 15 common water 
conservation practices were identified, of which 12 were recommended by at least five percent of 
water systems.  These practices primarily correspond to the TWDB water conservation BMPs; 
however, they have been adapted to fit the specific needs of entities within Region H.  Table 5B-4 
includes a list and description of these practices.  
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Table 5B-4 – Common Conservation Practices in Water Conservation Plans Within Region H 

Conservation Practice Description 

Metering and Record 
Management 

Master metering to measure and account for the amount of water 
produced or received from the source(s) of supply, universal metering of 
customers and public use, and maintenance of a detailed record 
management system of water deliveries. 

System Water Audit and 
Water Loss Control 

Programs to determine unaccounted for uses of water, including periodic 
visual inspections along distribution lines, annual or monthly audits of the 
water system to determine illegal connections, investigation of abandoned 
services, and continuous programs of leak detection, repair, and water 
loss. 

Conservation-Oriented 
Rate Structure 

Adoption of conservation-oriented water rate structures that encourage 
water conservation and discourage excessive use and waste of water, such 
as an increasing block rate. 

Conservation Incentive 
Programs 

Incentivized programs offered to customers that promote water 
conservation, including funding opportunities for upgrading infrastructure 
or irrigation systems, as well as rebates for irrigation system upgrades and 
evaluations. 

Indoor Audits 
Programs to identify areas of water use inefficiency and loss within the 
home that could be mitigated through repair or adjustment. 

Residential Landscape 
Conservation and 
Evaluation 

Use of water conserving landscape techniques (e.g., "Water Wise" 
landscape design), irrigation system updates, or residential landscape 
evaluations offered by licensed irrigators.  

School Education 
Informational programs conducted at local schools to educate students 
about water conservation. 

Public Outreach and 
Education 

Educational programs implemented to promote water conservation to the 
general public, including publication of water conservation literature, 
distribution of educational materials to water customers on-line or 
through mail, and education programs for users at a public place. 

Plumbing Regulations 
and Water Saving 
Fixtures 

Adoption of plumbing codes and ordinances; implementation of plumbing 
retrofit programs, water-conserving plumbing fixtures installed in new 
construction and in the replacement of plumbing in existing structures. 

Prohibition on Wasting 
Water 

Enforcement of ordinances prohibiting water theft and wasteful water use 
activities.  

Water Reuse 
Direct or indirect water reuse efforts are implemented in the current 
system or reuse adoption is encouraged and/or supported by the utility. 

Outdoor Watering 
Schedule 

Voluntary or mandatory outdoor watering restrictions in effect on 
designated days and times during a week. 

System Pressure Control 
Programs for pressure control and/or reduction in the distribution system, 
adequate operational pressure determined for the system. 

Wholesale WCP 
Requirement 

Wholesale water provider requires and/or supports that customers 
develop and submit a water conservation plan with all applicable rules of 
the TCEQ. 

Reservoir System 
Operation Plan 

Use of reservoir operation plan to conserve water support conservation by 
related customer entities. 
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Based on the analysis of WCP documents submitted to the RHWPG, the adoption rates of various 
practices in WCPs within Region H are summarized in Figure 5B-8.  Popular approaches to 
conservation (those with an adoption rate of greater than 80 percent) include metering and record 
management, system auditing and water loss control, conservation-oriented rate structures, 
application of wholesaler WCP requirements, public outreach and education, and school education.  
Prohibitions on wasting water are also included in more than 50 percent of WCPs.  Water reuse, 
outdoor watering schedules, implementation of plumbing regulations and water saving fixtures, and 
residential landscape conservation and evaluation have also been adopted, although at a less 
consistent rate (10 to 50 percent of WCPs).  Water system control, indoor audits, reservoir system 
operation plans, and conservation incentive programs are rarely prescribed (less than 10 percent of 
WCPs).  Furthermore, in the majority of WCPs, wholesale water providers (WWPs) require their 
customers to develop and submit a WCP in accordance with the rules of TCEQ and TWDB.  The RWPG 
encourages WWPs to coordinate with their customers on developing and implementing their WCP 
and water conservation measures.  

Figure 5B-8 – Percentage of Common Practices in Region H Water Conservation Plans 

 

 

Over 90 percent of the 145 water systems that submitted WCPs established five and ten-year goals 
for water savings.  Table 5B-5 shows a statistical summary of the five- and ten-year water savings 
goals from the submitted WCPs.  Common water savings goals include targets for GPCD, total GPCD 
reduction, residential GPCD, and water loss (GPCD and / or percentage).  Many entities developed 
these goals based on the historic water use and non-revenue water (water losses) within their 
individual systems, which differ in scale and demand type.  As a result, the water savings goals set by 
the different water systems vary significantly.  
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Table 5B-5 – Summary of Water Conservation Goals in Region H Water Conservation Plans 

Water Savings Goal Type 
Number of 

WCPs that Set 
Goal Type 

5-Year 10-Year 

Min Average Max Min Average Max 

Target GPCD (GPCD) 103 39 134 780 38 133 750 

Target Reduction (GPCD) 24 1 4 10 1 10 40 

Water Loss Goal (%) 126 0% 6% 29% 0% 6% 23% 

 

5B.2.5 Water Conservation Planning 

The RHWPG recognizes the benefits of conservation as part of a diverse water management portfolio.  
For this reason, the RHWPG recommends water providers take special care in preparation of 
conservation programs which include the development of useful, comprehensive water conservation 
plans.   

The RHWPG recommends the conservation plan development process begin with the templates 
developed by the TCEQ.  These templates have been developed for specific types of water providers 
and users and form a strong basis for development of conservation plans.  The templates and other 
resources related to conservation planning may be found at the following location:  

https://www.tceq.texas.gov/permitting/water_rights/wr_technical-resources/conserve.html. 

The RHWPG also recognizes and would like to stress that conservation efforts do not end at the 
development of conservation plans.  It is imperative that conservation planning go beyond the 
statutory requirements to develop plans and perform required reporting.  It is essential that utilities 
seek to identify and apply effective, meaningful conservation practices that are suited to their specific 
needs and customer base.  In addition, regular review of conservation progress and performance is 
required in order to accurately adjust plans and practices in order to achieve meaningful goals.  The 
RHWPG encourages water providers to consider specific end uses of water, as well as land use, within 
their systems both in the development of conservation programs and in monitoring the efficacy of 
those programs.  Conservation plans should be regularly reviewed even between required submittal 
deadlines and adjusted, as necessary, to optimize programs on a cost-benefit basis.   

One factor that should be considered when examining a water conservation strategy is the cost of 
water.  Developing an effective, meaningful water rate structure can not only encourage responsible 
water use but can also aid in the funding of future projects.  There are many resources available to 
assist in this process.  One resource has been developed by the Sierra Club in conjunction with the 
University of North Carolina and can be found online: 

http://texaslivingwaters.org/wp-content/uploads/2014/03/Texas-Rate-Report-2014-Final-1.pdf. 

The Alliance for Water Efficiency has also developed a handbook on designing water rate structures, 
which can be accessed online as well: 

https://www.financingsustainablewater.org/tools/building-better-water-rates-uncertain-world. 

Finally, it is absolutely essential to distinguish the purposes of water conservation plans and drought 
contingency plans.  Each of these documents serves an important purpose in managing water 
resources but they are often confused and improperly associated in planning efforts.  Utilities should 
remember to consider water conservation practices that encourage long-term reductions in water 
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use that can be continued on a sustainable basis.  Effective conservation plans should promote gradual 
and consistent reduction in water use over the life of the plan.  Short-term measures that curtail water 
use to meet emergency drought conditions are discussed in greater detail in Chapter 7. 
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Chapter 6 – Impacts of the Regional Water 

Plan 

6.1 IMPACTS OF WATER MANAGEMENT STRATEGIES AND PROJECTS ON KEY 

WATER QUALITY PARAMETERS IN THE STATE AND IMPACTS OF MOVING 

WATER FROM AGRICULTURAL AND RURAL AREAS 

The development of the Region H Regional Water Plan (RWP) is part of a consensus-based planning 
effort to include local concerns in the statewide water supply planning process.  This chapter 
addresses: 

• Impacts of Water Management Strategies (WMS) and Projects on Key Parameters of Water 
Quality, 

• Impacts of Moving Water from Rural and Agricultural Areas, 

• Descriptions of How Regional Water Plans Are Consistent With The Long-Term Protection of 
The State’s Water, Agricultural, and Natural Resources, and 

• Socio-Economic Impacts of Not Meeting Identified Needs 
 

As defined by the rules and guidance for regional water plan development, the concept of a “project” 
refers to specific infrastructure that is used to increase or manage water supplies.  Projects may be 
associated with one or more WMS and, similarly, a WMS may consist of one or more projects.  
References in the discussion below to WMS should be considered inclusive of the associated concept 
of projects. 

6.1.1 Impacts of Water Management Strategies and Projects on Key Parameters of 

Water Quality 

The potential impacts that WMS and associated projects may have on water quality are discussed in 
this section, including the identified water quality parameters which are deemed important to the use 
of the water resources within the region.  Under the Clean Water Act, Texas must define designated 
uses for all major water bodies and, consequently, the water quality standards that are appropriate 
for that designated water body use.  The water quality parameters which are listed for Region H below 
were selected based on the TCEQ Water Quality Inventory for Designated Water Body Uses as well as 
the water quality parameters identified in the Texas Commission on Environmental Quality (TCEQ) 
303d list of impaired water bodies.  For reference purposes, Appendix 6-A contains the TCEQ 303d 
list of impaired waters within the region.  Throughout this process, plan development was guided by 
the principle that the designated water quality parameters and related water uses as shown in the 
state water quality management plan shall be improved or maintained. 
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Key surface water parameters identified within Region H fall into two broad categories: 

Nutrients and non-conservative substances: 

• Bacteria 

• pH 

• Dissolved Oxygen 

• Total Suspended Solids (TSS) 

• Temperature 

• Nutrients (Nitrogen, Phosphorus) 

Minerals and conservative substances: 

• Total Dissolved Solids (TDS) 

• Chlorides 

• Mercury 

• Salinity 

• Sediment Contaminants 

Non-conservative substances are those parameters that undergo rapid degradation or change as the 
substance flows downstream, such as nutrients which are consumed by plant life.  Nutrient and non-
conservative loading to surface water originates from a variety of natural and man-made sources.  
One significant source of these loads is wastewater treatment facilities.  As population increases, the 
number and size of these wastewater discharges will likely increase as well.  Stormwater runoff from 
certain land use types constitutes another significant source of nutrient loading to the region’s 
watercourses, including agricultural areas, golf courses, residential development, and other 
landscaped areas where fertilizers are applied.  Nutrient loads in Region H are typically within the 
limits deemed acceptable for conventional water treatment facilities and are therefore not 
considered a major concern as related to source of supply. 

Conservative substances are those that do not undergo rapid degradation or do not change in water 
as the substance flows downstream, such as metals.  Mineral and other conservative substance 
loading to surface water generally originates from three sources: (1) non-point source runoff or 
groundwater seepage from mineralized areas, either natural or man-made, (2) wastewater 
discharges, and (3) sea water migration above estuaries.  Region H is fortunate in that the first 
category is not typical of this area except for the Brazos River, which has several natural salt-
contributing areas; fortunately, flows in the lower basin generally are sufficient to dilute these sources 
to easily manageable concentrations.  Wastewater discharges, and industrial discharges in particular, 
have improved over historical levels due to enforcement and the implementation of projects 
compliant with appropriate standards.  If local concentrations of conservative contaminants beyond 
an acceptable standard are identified, they are remediated by the appropriate agency.  Salinity 
migration above estuaries is controlled in the Trinity River by the Wallisville Saltwater Barrier and in 
the San Jacinto River by the Lake Houston Dam.  The 2026 Regional Water Plan recommends a 
saltwater barrier be added above the Brazos estuary to protect water quality in that reach of the 
Brazos River as well.  Additionally, sediment contaminants can provide particulate matter that can 
encourage the growth of blue-green algae (cyanobacteria).  Sand mining in particular has led to 
increased nutrient loads in the San Jacinto River which can result in an increase in cyanobacteria 
levels. 
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Groundwater in Region H is generally of good quality with no usage limitations.  Quality parameters 
of interest include Total Dissolved Solids (TDS), metals, and hardness.  Portions of the Carrizo-Wilcox 
Aquifer can contain levels of iron that require sequestering or removal through treatment facilities.  
The Brazos River Alluvium is directly recharged from the base flow in the Brazos River and has the 
potential to reflect any contaminant loading of the Brazos River.  Portions of the aquifer currently 
experience elevated TDS and hardness. 

Water quality of the Gulf Coast Aquifer is generally good throughout the region.  The Chicot and 
Evangeline formations are capable of yielding moderate to large amounts of fresh water in most of 
the region.  Fresh water is overlain and underlain by saline water in coastal areas, and the coastal 
deposits are not capable of yielding fresh water.  Deeper formations throughout the region are able 
to supply limited freshwater and slightly saline water in updip areas. 

Some localized sites within the region have the potential to cause contamination of the aquifer under 
adverse conditions.  These sites formerly generated surface water pollution which, if not properly 
handled, could cause contamination of local soils or shallow groundwater supplies.  Except for the 
northern areas of the region, the thickness of the near-surface clay soils located over much of the 
region provide an effective barrier to deeper aquifer contamination due to normal infiltration.  As a 
consequence, the primary risk for groundwater contamination in the Gulf Coast Aquifer occurs if there 
are improperly designed or inadequately sealed wells which are exposed to this surface 
contamination.  Localized shallow alluvial aquifers primarily located along the major streams such as 
the Brazos River are at greater risk for contamination from these sites as a result of the more direct 
travel paths for potential contaminated water to reach these areas, especially if they are being 
pumped by small household or livestock wells.  At this time, there are no recorded incidents of 
contaminated groundwater in the region as a result of these sites. 

The WMS and projects selected by the Region H Water Planning Group (RHWPG) were evaluated to 
determine their impacts on water quality.  This evaluation used the data available to compare current 
conditions to future conditions with Region H management strategies in place.  The key recommended 
management strategies, as described in Chapter 5 of this report and used in this evaluation, are listed 
below in Table 6-1. 

Table 6-1 – Key Recommended Water Management Strategies and Projects 

Conservation 

Advanced Municipal Conservation 

Industrial Conservation 

Irrigation Conservation 

Water Loss Reduction 

Conveyance 

BWA Transmission and Storage Expansion 

CHCRWA Transmission and Internal Distribution 

City of Houston GRP Transmission 

City of Houston Transmission Expansion 

CWA Transmission Expansion 

East Texas Transfer 

LNVA Neches-Trinity Basin Interconnect 
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Manvel Supply Expansion 

NFBWA Phase 2 Distribution Segments 

NHCRWA Distribution Expansion 

NHCRWA Transmission Lines 

Southeast Transmission Line Improvements 

WHCRWA Distribution Expansion 

WHCRWA/NFBWA Transmission Line 

Groundwater Development 

Brackish Groundwater Development and Groundwater Blending 

BWA Brackish Groundwater Development 

City of Houston Area 2 Groundwater Infrastructure 

City of Houston Repump and Groundwater Plant Improvements 

Expanded Use of Groundwater 

Fairchilds Supply Infrastructure 

GCWA Groundwater Well Development 

SJRA Catahoula Aquifer Supplies 

Groundwater Reduction Plans 

CHCRWA GRP 

City of Houston GRP 

City of Missouri City GRP 

City of Richmond GRP 

City of Rosenberg GRP 

City of Sugar Land IWRP 

Fort Bend County MUD 25 GRP 

Fort Bend County WCID 2 GRP 

Montgomery County MUDs 8 and 9 Supply Expansion 

Montgomery County Supply Expansion 

NFBWA GRP 

NHCRWA GRP 

WHCRWA GRP 

Reuse 

City of Houston Reuse 

City of Pearland Reuse 

League City Effluent Reuse 

NFBWA Member District Reuse 

NHCRWA Member District Reuse 

River Plantation Reuse 

San Jacinto Basin Regional Return Flows 

Texas City Industrial Complex Reuse 

Wastewater Reclamation for Municipal Irrigation 

Westwood Shores MUD Reuse 
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Surface Water Development 

Allens Creek Reservoir 

BWSC Reservoir and Pump Station Expansion 

GCWA Coastal Desalination 

Treatment 

BAWA East SWTP Expansion 

BWA Conventional Treatment Expansion 

City of Houston EWPP Enhancement 

Harris County MUD 50 Surface Water Treatment Plant 

Northeast Water Purification Plant Expansion 

Pearland Surface Water Treatment Plant 

SEWPP Expansion 

Other 

Brazos Saltwater Barrier 

GCWA Canal Lining and Loss Mitigation 

GCWA Shannon Pump Station Expansion 

LNVA Devers Pump Station Relocation 

 
The following paragraphs discuss the impacts of each key project on the chosen water quality 
parameters. 

Water Conservation, including municipal, industrial, and agricultural conservation, can have both 
positive and negative impacts on water quality.  Water that is being processed through a wastewater 
treatment plant typically has acquired additional dissolved solids prior to discharge to the waters of 
the state.  Conventional wastewater treatment reduces suspended solids but does not reduce 
dissolved solids in the effluent.  Water conservation measures will reduce the volume of water passing 
through the wastewater plants without reducing the mass loading rates (a 1.6-gallon flush carries the 
same waste mass to the plant that a 6-gallon flush once carried).  This may result in slightly increased 
conservative contaminant loads in the stream.  However, it should be noted that, during low flow 
conditions, the wastewater effluent in a stream may represent water that helps to augment and 
maintain the minimum stream flows.  Tail water is the term used to describe that water returned to 
the stream after application to irrigated cropland.  Tail water carries nutrients, sediments, salts, and 
other pollutants from the farmland.  This return flow can have a negative impact on water quality, 
and by implementing conservation measures which reduce tail water losses, the nutrient and 
sediment loading can be reduced.  It should be noted that this return flow tends to be introduced into 
the receiving stream during normally dry periods so it may have a net beneficial effect in terms of 
maintaining minimum stream flow conditions.  Furthermore, the loss of the return flows could be 
offset by a reduction in irrigation diversions resulting in no net effect on the stream flow. 

Interbasin Transfer projects have the potential to alter the water chemistry and instream flows in both 
source and receiving basins, creating potential impacts to habitat, biological function, and recreational 
uses.  Additionally, water transfers could act as potential routes by which exotic or invasive species 
such as zebra mussels, giant salvinia, or water hyacinth are introduced into another basin.  The 
introduction of exotic or invasive species could negatively impact aquatic habitat and the native or 
established species in the receiving basin, as well as impacting recreational use of lakes and streams.  
Some non-native species, particularly zebra mussels, are also capable of encrusting or obstructing 
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water supply intakes and other infrastructure and necessitating increased maintenance.  
Environmental challenges presented by water transfer projects in the Region H RWP would be 
examined for opportunities to avoid or mitigate potential impacts during the detailed project 
development process.  Specific environmental issues associated with conveyance infrastructure 
would be considered during routing studies of proposed alignments.  Development of interbasin 
water transfers also requires extensive permitting and coordination with state and federal agencies 
to address and mitigate potential project impacts. 

The East Texas Transfer has the potential to introduce Neches and Sabine River water into the Trinity, 
San Jacinto, San Jacinto-Brazos, and Brazos Basins.  This strategy therefore has the potential to result 
in changes in water chemistry, temperature, nutrients, organic particulates, and sediment in the 
Neches and Trinity Basins and possibly in receiving basins, depending on how the water is received 
and utilized.  Instream flows in the lower Sabine River will also be reduced by the additional diversion 
of water from the Sabine River Basin.  Instream flows in portions of the Neches, Trinity, and San Jacinto 
Rivers will increase slightly.  Water transferred from the Sabine to the San Jacinto Basin will be used 
to meet demands primarily in the San Jacinto, Brazos, and San Jacinto-Brazos Basins.  This may be 
accomplished by using the imported water in lieu of Trinity water from Lake Livingston to meet 
demands in Harris County.  Additional infrastructure would be required to convey water from the San 
Jacinto Basin to meet demands in the Brazos and San Jacinto-Brazos Basins.  Because zebra mussels 
have been identified as established in Lake Livingston in the Trinity River Basin, project studies and 
development may need to consider mitigation opportunities to prevent the transfer of zebra mussels 
and other invasive or exotic species. 

The LNVA Neches-Trinity Basin Interconnect would allow the movement of Neches River water 
westward toward the upper reaches of the Devers Canal system and potentially back into the Trinity 
River, with some potential for changes in water chemistry and other parameters.  Non-consumptive 
use of a portion of the water by agriculture could also result in an increase in return flows in the 
receiving basin.   

Other Conveyance and Treatment projects, including those related to Groundwater Reduction Plans 
(GRPs), Southeast Transmission Line Improvements, and the GCWA Shannon Pump Station Expansion 
are not expected to have any direct impact on key water quality parameters.  However, they do 
facilitate the implementation of other projects that may have impacts.  The LNVA Devers Pump Station 
Relocation will increase the capacity of an existing transfer to an agricultural canal system and is not 
expected to have a direct impact on key water quality parameters.  The BAWA East SWTP Expansion 
will increase the usable quantity of an existing contractual transfer through canal infrastructure and 
is not expected to have a direct impact on key source water quality parameters.  The City of Houston 
EWPP Enhancement will develop increased treatment infrastructure capacity to facilitate use of 
supply from existing water rights and contracts and does not develop new surface water sources. 

Projects such as BWA Brackish Groundwater Development and the general Brackish Groundwater 
Development sometimes utilize dilution and discharge to deal with brine concentrated during 
treatment processes.  This can result in an elevated level of TDS in streams used as receiving waters 
as well as other water quality impacts depending upon the characteristics of the groundwater 
formation.  Alternative brine disposal methods, such as deep well injection, may also be considered 
for some projects as an alternative to surface water discharge to avoid or reduce impacts to water 
quality and habitats.  The SJRA Catahoula Aquifer Supplies project is conceptualized as utilizing the 
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bed and banks of Lake Conroe to convey raw groundwater and this may, similarly, impact water 
quality. 

Groundwater projects, including GCWA Groundwater Well Development, Fairchilds Supply 
Infrastructure, and general Expanded Use of Groundwater projects are not expected to have 
significant environmental effects.  Groundwater within the region is generally of good quality and 
available at the point of use.  Increases in well pumping will also contribute to return flows in all river 
basins in Region H.  The return flows will increase in proportion to increased groundwater use and 
significantly contribute to flows into Galveston Bay.  Increased groundwater pumping in the region 
will continue to be monitored by groundwater regulatory agencies since excessive pumping can lead 
to land subsidence and exacerbate flooding and drainage problems.   

Wastewater Reuse projects will potentially reduce instream flows, thus concentrating any instream 
contaminants.  However, the reuse process should remove a portion of the waste load discharged 
from these facilities, either through the secondary treatment process or simply by the rerouting of 
effluent.  Much of this reuse is not projected to occur until a time when the overall water use of the 
region has increased.  Wastewater return flows will increase proportionally, so that the reuse of this 
portion will not constitute a significant reduction below current return flows. 

Allens Creek Reservoir and the BWSC Reservoir and Pump Station Expansion will modify downstream 
flow regimes but potentially have positive impacts on water quality.  These off-channel reservoirs will 
be operated as “scalping reservoirs”.  During times of high flow, water quality in the Brazos River is 
often poor in terms of suspended solids due to increased sediment loads, but lower levels of dissolved 
solids due to dilution.  The water that is diverted and stored in reservoirs would allow sediments to 
settle and accordingly water released from the reservoir would potentially have less sediment 
concentration.  However, reduced sediment loads may have negative impacts on habitats relying on 
sediments downstream of the proposed reservoirs.  Nutrients such as nitrogen and phosphorous are 
often attached to fine sediment particles that settle in reservoirs, reducing nutrient loads to 
downstream aquatic species.  Water that is released from the reservoirs during low flow conditions 
would have a beneficial effect by diluting the low flow salt concentration in the river.  GCWA Coastal 
Desalination does not affect other WMSs and impacts only the salinity levels in the area of discharge.  
The discharge water will be blended with and diluted by other water before discharge. 

The Brazos Saltwater Barrier project would help maintain water quality in the lower Brazos Basin 
during low flow periods.  Currently, during low flow periods the Dow Inc. and Brazosport Water 
Authority lower intakes are compromised due to saltwater intrusion.  Increased use of Brazos River 
supplies will extend this seasonal condition upstream unless a barrier or other control measure is 
implemented. 

6.1.2 Impacts of Moving Water from Rural and Agricultural Areas 

Currently, the water used in rural and agricultural areas represents approximately 12 percent of the 
total water used in Region H.  From the year 2000 to 2021, agricultural water use declined 
approximately 15.7 percent, and this trend is projected to continue as overall production is reduced.  
For the purposes of this plan, irrigation and livestock sector demands were held constant throughout 
the planning period as a conservative measure.  Water management strategies, along with current 
sources of reliable and interruptible supplies, are available to agricultural users throughout the 
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planning period.  However, these projects often come at a price that cannot be supported by 
agriculture. 

The potential impacts of moving water from rural and agricultural areas are mainly associated with 
socio-economic impacts to third parties.  The potential impetus for moving water is expected to occur 
from two possible drivers: (1) the cost of raw water may become too great for the local irrigator to 
afford, and the irrigator may elect to voluntarily leave the industry for economic reasons; or (2) the 
value of the raw water for municipal or industrial purposes may create a market for the wholesale 
owner to redirect the sale of the water making it unavailable to the irrigator.  In some cases, it may 
be feasible for a third-party, such as a water wholesaler, to pay for conservation measures and then 
utilize the saved water for their own needs (through recontracting or other agreements) and allow 
the irrigator to remain in business.  However, there are few contractual and institutional measures in 
effect to allow this trade-off to occur at this time.  The intent of this plan is to provide water or the 
conservation means to meet all projected water demands throughout the planning period. 

In many cases, drought-of-record climate conditions bring about economic conditions where 
agriculture is left without a reasonable water supply.  Throughout the region, irrigation usage is 
already met almost entirely through interruptible water supplies that do not have the benefit of 
storage and drought protection as a result of the overall cost of water.  Livestock supplies are often 
sourced from local supplies and stock ponds that do not have reliable supplies under drought 
conditions.  In both of these cases, agricultural users often turn to additional groundwater pumpage 
to close the gap in need.  Often these supplies are outside of the Modeled Available Groundwater 
(MAG) used for planning and, therefore, are outside of this planning process. 

6.2 DESCRIPTIONS OF HOW REGIONAL WATER PLANS ARE CONSISTENT WITH 

THE LONG-TERM PROTECTION OF THE STATE’S WATER, AGRICULTURAL, AND 

NATURAL RESOURCES 

The Region H Water Planning Group balanced meeting water needs with good stewardship of the 
water, agricultural, and natural resources within the region to promote a balance of economic, social, 
aesthetic, and ecological viability.  The RHWPG recommended water conservation as the first strategy 
applied to meet projected shortages where appropriate.  During the WMS selection process, the yield 
and environmental impact of projects were given greater consideration than the unit cost of water.  
The Region H strategy selection and evaluation process, described in Chapter 5, included application 
of rating criteria for impacts to environmental land and habitat, instream flows, and bay and estuary 
inflow.  The results of this process are summarized in Appendix 5-A.  Detailed information for each 
key WMS and project is included in Appendix 5-B.  Additional quantitative reporting of impacts to 
agricultural and natural resources is included in Appendix 6-B.   

The RHWPG believes that local groundwater conservation districts are best suited to manage 
groundwater resources in the areas which the individual districts have the responsibility to regulate.  
This plan recommends using groundwater up to the local sustainable yield or to the restrictive limit 
established under subsidence district regulations to meet local demands.  This plan does not 
recommend the exportation of groundwater from its county of origin.  The effects of the 
recommended WMS on specific resources are discussed in further detail within this chapter. 
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6.2.1 Water Resources within Region H 

Water resources available within Region H are detailed below by respective basin. 

6.2.1.1 Neches-Trinity Coastal Basin 

The Neches-Trinity Coastal Basin has numerous creeks and bayous that flow into East Bay.  Many of 
these creeks and bayous provide water for irrigation and it is expected that this irrigation use will 
continue.  Additional supplies are transferred into the Neches-Trinity Basin by the Lower Neches 
Valley Authority from the Sam Rayburn Reservoir and B.A. Steinhagen Lake System and by the 
Chambers-Liberty Counties Navigation District (CLCND) from the Trinity River.  This plan recommends 
increased use from existing sources.  Additional supplies from the Trinity River are not recommended, 
which would affect the discharge location of return flows within Galveston Bay.  No other impacts by 
these strategies are foreseen. 

Groundwater supplies within the Neches-Trinity Basin originate from the Gulf Coast Aquifer.  The plan 
reflects using but not exceeding the sustainable yield of the aquifer in this basin. 

6.2.1.2 Trinity River Basin 

The Trinity River serves both Regions C and H.  Within Region H, the Lake Livingston and Wallisville 
Saltwater Barrier System represents approximately one half of the available regional surface water 
supply.  This plan recommends allocating additional firm yield from this system in addition to the use 
of water rights downstream of Lake Livingston.  Achieving the full yield of Lake Livingston is dependent 
upon return flows from the upper basin.  Region C is recommending wastewater reuse as a WMS in 
the upper basin, which will limit these flows, but is also recommending the import of new supplies 
into the upper basin.  In combination, both strategies are predicted to have a long-term neutral effect 
on the Lake Livingston supply. 

This plan recommends transferring much of the lower Trinity River supply west into the adjacent 
coastal basin and the San Jacinto Basin.  This will result in decreased flows in the lower Trinity Basin 
during drought periods.  Senior water rights below Lake Livingston are protected by the lake’s 
operating rules.  Return flows from these transfers will still reach Galveston Bay but will return via the 
San Jacinto Basin. 

Groundwater in the lower Trinity Basin is largely sourced from the Gulf Coast Aquifer as well as from 
the Carrizo-Wilcox, the Sparta, the Queen City, and the Yegua-Jackson Aquifers.  The plan reflects 
using but not exceeding the sustainable yield of the Gulf Coast Aquifer in this area.  In addition, the 
other aquifers are only used to meet local demands.  The export of groundwater from its source 
county is not recommended in this plan. 

6.2.1.3 Trinity-San Jacinto Coastal Basin 

The Trinity-San Jacinto Coastal Basin is relatively small, with Cedar Creek being the most significant 
stream within the basin.  There are several surface water rights for irrigation within the basin along 
with a substantial saline water right for cooling water from Galveston Bay.  Both of these uses are 
expected to continue throughout the planning period.  This plan recommends expanded use of 
existing supply sources, including increasing the transfer of water from the Trinity River to meet the 



Chapter 6 – Impacts of the Regional Water Plan March 2025 

6-10 Region H 2026 Regional Water Plan 

projected demands, which will affect the discharge location of return flow within Galveston Bay.  No 
other impacts from the transfers are foreseen. 

The groundwater supply source within this basin is the Gulf Coast Aquifer.  The plan reflects using but 
not exceeding the sustainable yield of the aquifer in this basin.  In Harris County, the Harris-Galveston 
Subsidence District regulations further restrict the use of groundwater to address land subsidence.  
These groundwater pumpage restrictions are reflected in the plan. 

6.2.1.4 San Jacinto River Basin 

The San Jacinto River Basin contains Lakes Houston and Conroe.  These reservoirs make up 
approximately one tenth of the total surface water available in the region.  This plan recommends 
utilizing the yield of these reservoirs and other surface water rights within the San Jacinto Basin.  In 
addition, the plan calls for the movement of supply from the Trinity River to meet projected demands.  
Full use of the existing water rights will reduce stream flows during drought conditions.  However, this 
will be mitigated by increased return flows, including those from imported supply. 

Wastewater reuse is a recommended WMS in the basin.  This includes major indirect reuse projects 
such as San Jacinto Basin Regional Return Flows and City of Houston Reuse.  Other, smaller direct 
reuse projects are also included.  Overall, these projects have the impact of reducing instream flows.  
However, provisions have been put into place in existing permits to protect flows necessary for stream 
and bay health. 

The groundwater supply source in the San Jacinto Basin is the Gulf Coast Aquifer.  The current regional 
water plan reflects using but not exceeding the sustainable yield of the aquifer in this basin.  In Harris 
and Fort Bend Counties, the Harris-Galveston and Fort Bend Subsidence District regulations further 
restrict the use of groundwater to address land subsidence.  These groundwater pumpage restrictions 
as well as the MAG estimates derived from joint groundwater planning performed by Groundwater 
Management Areas (GMAs) are reflected in the plan. 

6.2.1.5 San Jacinto-Brazos Coastal Basin 

The San Jacinto-Brazos Coastal Basin encompasses most of Galveston and Brazoria Counties, as well 
as portions of Harris and Fort Bend Counties.  The coastal basin contains numerous streams and 
bayous which flow into Galveston Bay and West Bay.  Major bayous contributing to Galveston Bay 
include Clear Creek, Dickinson Bayou, and Chocolate Bayou.  Bastrop Bayou, located at the western 
edge of the basin, flows into Christmas Bay.  There are numerous surface water rights for irrigation, 
mining, and manufacturing within the basin, and these uses are expected to continue throughout the 
planning period.  Water from the Brazos River is transferred into the coastal basin to meet current 
demands.  The Gulf Coast Water Authority (GCWA) maintains and operates canals and off-channel 
reservoirs within the coastal basin.  

This plan recommends increasing the transfer of water from the Brazos River to meet the projected 
growth in demands of Brazoria and Galveston Counties, which will increase the return flows to 
Galveston Bay.  This transfer would be further facilitated by a number of infrastructure enhancement 
projects which would allow increased utilization of existing sources as well as future supplies. 

Finally, seawater desalination is included as a recommended strategy to meet demands in Galveston 
County.  This strategy will meet a portion of the demands and will potentially increase stream flows, 
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since the return flows from desalination are not associated with a diversion from the source streams.  
No other surface water impacts are foreseen. 

The groundwater supply source in the San Jacinto-Brazos Basin is the Gulf Coast Aquifer.  The plan 
reflects utilizing but not exceeding the sustainable yield of the aquifer in this basin.  In Fort Bend, 
Galveston, and Harris Counties, regulations enacted by the Fort Bend Subsidence District and the 
Harris-Galveston Subsidence District further restrict the use of groundwater to address land 
subsidence.  These groundwater pumpage regulations are reflected in the plan. 

6.2.1.6 Brazos River Basin 

The Brazos River Basin is the second largest basin in the state (after the Rio Grande), primarily serving 
Regions O, G, and H.  The Brazos River Authority (BRA) operates a system of reservoirs within the 
middle and upper portions of the basin which provide a portion of the lower basin supply.  There are 
also numerous water rights on the Brazos River and its tributaries which provide water for various 
uses.  This plan recommends increased use of the existing water rights in the lower basin in addition 
to developing new sources of supply.  BRA also holds a permit for additional yield that can be realized 
by operating its reservoirs as a system.  This allows the Brazos River Authority to divert flows to meet 
customer needs when these flows are available in lieu of releasing water from reservoir storage.  
During drought periods, more stored water would then be available, thus increasing the total yield of 
the BRA system.  These supplies have been committed to various entities, including a number of water 
providers in Region H.  Use of this additional reliable availability is associated in the Regional Plan with 
existing supply as well as a number of recommended strategies and projects.  Utilization of this supply 
would reduce the peak flows in the lower Brazos River due to the increase in diversions.  However, 
when base flows are below the median value, the BRA would release flows to meet customer 
demands.  This would result in increased flows in the river segments above the customer diversion 
points and should have no effect below those diversions. 

The recommended Allens Creek Reservoir is located in Austin County and will generate firm yield 
through the diversion and storage of interruptible peak flows.  In addition, an expansion to the Harris 
Reservoir will store water diverted using existing water rights and will be used to meet manufacturing 
and municipal demands in Brazoria County.  This will reduce the net flow within the basin, but the 
impacts during drought or seasonal low flow periods would be limited. 

The construction of a saltwater barrier is recommended to protect water quality in the lower Brazos 
River Basin, particularly at the diversion points serving the southwestern portion of Brazoria County.  
Protection from the seasonal tidal influence of saltwater is currently provided by a temporary 
saltwater barrier structure.  Basin salinity modeling performed by the TWDB has shown that the 
saltwater influence will move farther upstream under full use of water rights.  This project would 
mitigate that effect and still allow flows to pass into the small Brazos River estuary. 

Groundwater within this basin is predominantly sourced from the Gulf Coast Aquifer as well as the 
Carrizo-Wilcox, Brazos Alluvium, Sparta, and Queen City Aquifers.  The plan reflects using but not 
exceeding the sustainable yield of the Gulf Coast Aquifer in this area.  The Carrizo-Wilcox, Sparta, and 
Queen City Aquifers are only used to meet local demands.  The export of groundwater from its source 
county is not recommended in this plan.  In Fort Bend County, regulations enacted by the Fort Bend 
Subsidence District further restrict the use of groundwater from the Gulf Coast Aquifer to address 
land subsidence.  These regulations are reflected in the plan. 
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6.2.1.7 Brazos-Colorado Coastal Basin 

The Brazos-Colorado Coastal Basin contains the San Bernard River and its tributary streams.  There 
are several surface water rights along the San Bernard River for manufacturing and irrigation uses.   
Both of these uses are expected to continue.  Needs for other sources of water appear early in the 
planning horizon.  It is recommended that the large manufacturing demands in this basin utilize 
imported supplies from the neighboring Brazos River Basin to meet needs during extreme droughts. 

Groundwater supply in the Brazos-Colorado Basin is predominantly sourced from the Gulf Coast 
Aquifer, with limited supplies also available from the San Bernard Alluvium.  The plan reflects using 
but not exceeding the sustainable yield of the Gulf Coast Aquifer in this basin. 

6.2.2 Agricultural Resources within Region H 

Region H has approximately three million acres of land in farms, with about one quarter of that land 
in production during any given year.  Total farm acreage has declined in recent years and, over time, 
the crops and water usage within those farms that remain have changed.  Data from the USDA Census 
of Agriculture is provided in Appendix 6-C.  The data shows that, since 1997, irrigated acreage within 
Region H has declined by six percent.  This decline is driven by a number of economic factors, among 
which is the cost of water supply.  Rural land information obtained from the Texas Agri-Life Extension 
at Texas A&M University and summarized in Appendix 6-C indicates that rural land use is decreasing 
across the region, including large reductions in cropland acreage due to urbanization in the southern 
and central parts of the Region.  While total rural land and cropland have decreased, the coverage of 
grazing land has increased in Brazoria, Chambers, Leon, and Liberty Counties due to repurposing of 
former row crop acreage and conversion of native rangeland to improved, non-irrigated pasture.  Use 
of rural land for wildlife management has also increased across the Region. 

This plan holds the projected irrigation demand constant over the planning period at 346,104 acre-
feet per year.  Region H is able to meet a portion of those demands from a combination of existing 
supplies and conservation.  The need for financial assistance to realize the conservation goal is 
addressed in Chapter 8 under legislative recommendations.  Access to an affordable water supply is 
necessary to mitigate economic threats to agriculture.  Providing interruptible water is expected to 
preserve local agricultural resources by providing irrigators with water at a more affordable rate when 
surface water supplies are available.  Many irrigators in Region H contract water on a year-to-year 
basis.  The water provided under these contracts is generally less expensive than contracts for firm 
water supplies.  However, guidance for the development of regional water plans precludes the 
incorporation of such projects.  Therefore, many agricultural needs go unmet in the plan as there are 
years of drought when agriculture does not have access to reliable water supplies and must limit 
production. 

6.2.3 Natural Resources within Region H 

Region H contains many natural resources, and the WMS recommended in this plan are intended to 
protect those resources while still meeting the projected water needs of the region.  Potential project 
impacts are expected to be evaluated and mitigated during planning, design, and construction of each 
recommended WMS.  Project sponsors may need to coordinate with the TPWD, TCEQ, and other state 
or federal agencies as appropriate during project development to identify opportunities to avoid 
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impacts to resources.  The impacts of recommended strategies on specific resources are discussed 
below, as well as in Appendix 6-B. 

6.2.3.1 Threatened and Endangered Species 

Region H has abundant habitat areas within the Sam Houston National Forest, the Big Thicket Nature 
Preserve, several National Wildlife Refuges, and significant undeveloped areas.  Numerous native and 
migratory species live within these habitats, including over ten threatened and endangered aquatic 
species (listed in Appendix 6-D). 

The WMS recommended in this water plan will have some impacts upon wetlands habitats.  In the 
2026 Region H Water Plan, one new reservoir project is recommended.  Allens Creek Reservoir has 
the potential to impact wetlands habitat.  However, the potential impacts at this proposed site are 
less than on the main stem of a river.  At the Allens Creek site in Austin County, habitats for the White-
faced Ibis, Wood Stork, and Houston Toad may be inundated and require mitigation.  It should be 
noted that the Allens Creek project was modified by the project sponsor to avoid impacting Alligator 
Hole, a wetland segment adjacent to the project site.  The current plan includes the Allens Creek 
Reservoir as a recommended WMS.  Remaining reservoir projects recommended in the 2026 Region 
H Water Plan consist of enhancements to existing impoundments. 

The transfer of supply to the San Jacinto Basin from Lake Livingston and beyond is recommended in 
this plan.  While the recommended amount is less than the full yield of the source reservoirs, it will 
still impact lake levels during dry periods as well as wetlands along the periphery of the source 
reservoirs.  Habitats for the Wood Stork and Alligator Snapping Turtle may be affected during drought 
periods, but no permanent impacts to these habitats are foreseen.  Conveyance from the Trinity to 
the San Jacinto Basin is anticipated to occur primarily through existing canal infrastructure including 
the CWA Canal and the Luce Bayou Interbasin Transfer, thereby reducing potential future impacts to 
wetlands. 

The conveyance of water from Toledo Bend in the East Texas Transfer is expected to have similar 
impacts in some locations.  However, significant portions of this route are already developed to the 
point that capacity either already exists or may be made possible through expansion within or 
adjoining to an existing right-of-way. 

6.2.3.2 Parks and Public Lands 

As described in Chapter 1, Region H contains over 350,000 acres of state and national forests, over 
100,000 acres of coastal wildlife refuges, and over 15,000 acres of Texas wildlife management areas.  
The transfer of supply from Lake Livingston into the San Jacinto Basin has the potential to reduce flows 
through the Trinity River National Wildlife Refuge during drought periods. 

6.2.3.3 Water Transfers 

The Region H RWP recommends a number of water transfers, including contractual supply transfers 
from wholesale providers to customers through existing and future conveyance infrastructure, as well 
as larger scale interbasin transfers.  In addition to these direct transfers, water may be indirectly 
transferred from one surface water source to another or from groundwater to surface water through 
return flows from points of use.  This movement of water has the potential to alter water chemistry 
in both the source and receiving basins.  In addition, there is the potential for transfers of surface 
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water from one stream or impoundment to another to introduce exotic or invasive species into the 
receiving area. 

Environmental challenges presented by water transfer projects in the Region H RWP are expected to 
be evaluated and mitigated during detailed project planning, design, and construction.  Project 
development should consider water quality and chemistry, wildlife habitat, and other environmental 
conditions present in both the source basin and receiving basins.  Coordination with local, state, and 
federal agencies, such as TPWD and the U.S. Fish and Wildlife Service (USFWS), may be required to 
mitigate potential environmental impacts.  It is anticipated that, where applicable, existing 
infrastructure corridors will be used to prevent or limit impacts including the disturbance of habitat 
or the introduction of exotic or invasive species.  Any specific environmental obstacles of a water 
transfer project will be identified during routing studies of proposed alignments. 

6.2.3.4 Impacts of Water Management Strategies on Unique Stream Segments 

Region H recommended retaining eight previously designated unique stream segments in the 2026 
RWP.  These streams are: 

• Armand Bayou in Harris County, 

• Austin Bayou in Brazoria County, 

• Bastrop Bayou in Brazoria County, 

• Big Creek in Fort Bend County, 

• Big Creek in San Jacinto County, 

• Cedar Lake Creek in Brazoria County, 

• Menard Creek in Polk and Liberty Counties, and 

• Oyster Bayou in Chambers County. 

All of these segments occur within riparian conservation areas, and there are no WMSs that divert 
additional water from or above these streams.  Additionally, terrestrial strategies such as brush 
control or salt cedar removal are not recommended within Region H, so the riparian habitats should 
not be affected.  Finally, there is some concern that overuse of groundwater would impact spring 
flows within the Sam Houston National Forest.  Region H does not recommend the export of 
groundwater from any county, and the RHWPG encourages the formation of groundwater 
conservation districts to actively manage these resources.  The western portion of the National Forest 
lies in Walker and Montgomery Counties, which both have active groundwater conservation districts.  
The southern portion of the National Forest is in San Jacinto and Liberty Counties, the latter of which 
does not currently have a groundwater-managing district in place. 

The current unique stream segments and an analysis of all proposed stream segments are provided 
in Chapter 8. 

6.2.3.5 Protection of Galveston Bay 

The Galveston Bay estuary is arguably the most significant natural resource within Region H, providing 
habitat for a rich diversity of permanent and migratory species, recreational and tourism use, 
employment for fishermen and the tourism industry, and serving as the gateway to the second busiest 
port in the nation. 
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Galveston Bay is affected by the water plans for both Region C (in the Upper Trinity River Basin) and 
for Region H (in the Lower Trinity and San Jacinto River Basins).  The Galveston Bay Freshwater Inflows 
Group has defined target frequencies for inflows to the estuary, based upon salinity and harvest 
models developed by the TCEQ and TPWD.  These investigations provided a platform for the efforts 
of the Trinity and San Jacinto Rivers and Galveston Bay Basin and Bay Area Stakeholder Committee 
(BBASC) and Basin and Bay Expert Science Team (BBEST).  The results of the BBASC review of the initial 
study of the BBEST were transmitted to TCEQ in two recommendations in May 2010.  TCEQ used these 
reports when developing the final, adopted standards for instream flows and bay and estuary inflows 
for the Trinity and San Jacinto Rivers and Galveston Bay.  These standards are illustrated in Table 6-2 
below. 

Table 6-2 – Bay and Estuary Freshwater Inflow Standards for Galveston Bay 
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The standards for bay and estuary inflow demonstrated in Table 6-2 implies the importance of not 
only the overall magnitude of inflows but also the basin of origin.  Over time, the transfer of water 
from the Trinity River Basin into the San Jacinto River Basin will relocate return flows from Trinity Bay 
to Upper Galveston Bay.  This may have some impact on the oyster beds located within Trinity Bay.  
The increase of flows into Upper Galveston Bay should be less of a concern because that flow will 
occur in the Houston Ship Channel (a dredged channel that is significantly deeper than the rest of the 
estuary).   

6.2.3.6 Energy Reserves 

Oil, gas, and other energy reserves are considered natural resources of the state.  While Region H is 
home to a large portion of the nation’s petrochemical industry, the amount of actual oil and gas 
mining within Region H is small compared to other portions of the state.  In this plan, Region H was 
able to identify reliable supplies to meet most projected mining and all projected manufacturing 
demands throughout the planning period.  No adverse effect on this resource is foreseen. 

6.2.4 Navigation within Region H 

Navigation within Region H is generally limited to the lower reaches of the main stems of the Brazos, 
San Jacinto, and Trinity Rivers including the Houston Ship Channel and Turning Basin, as well as the 
Gulf Intracoastal Waterway.  No navigation water permits exist within Region H.  It is not anticipated 
that the strategies recommended in the 2026 Region H RWP will impact navigation, nor the use of 
waters by recreational boaters and fishermen. 

6.3 IMPACTS OF NOT MEETING IDENTIFIED NEEDS 

6.3.1 Socioeconomic Impacts of Not Meeting Identified Needs 

One alternative for addressing needs identified in the RWP is the choice to not meet the shortages.  
However, this alternative is associated with costs due to losses in economic revenue, population 
growth, and tax base.  An analysis of these factors will be conducted by TWDB following the Initially 
Prepared Plan (IPP) and will be included in the final 2026 Region H RWP.  It is currently anticipated 
that the TWDB analysis will examine: 

• Regional Economic Impacts 
o Income Losses 
o Job Losses 

• Financial Transfer Impacts 
o Tax Losses on Production and Imports 
o Water Trucking Costs 
o Utility Revenue Losses 
o Utility Tax Revenue Losses 

• Social Impacts 
o Consumer Surplus Losses 
o Population Losses 
o School Enrollment Losses 
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6.3.2 Remaining Unmet Needs 

Following the development of WMS for the 2026 RWP, certain needs identified in Chapter 4 of the 
RWP remain unmet.  That is, either no WMS was found suitable to apply to these needs, or the 
application of actual supplies is not allowable under the guidance for RWP development.  After the 
application of WMS recommended by the RHWPG, the needs identified for Irrigation, Livestock, and 
a limited amount of Mining in a small number of counties in Region H are the only needs which remain 
unmet.  It was recognized in the planning process that the nature of some projects, particularly related 
to cost, make them unlikely solutions to the needs of some WUGs.  Agriculture operates on a very 
narrow margin in terms of cost.  Rather than invest in firm water supplies, the characteristics of 
agricultural production require investment in lower-cost, short-term sources of water.  As a result, 
many of these supplies may be interrupted during times of drought.  Therefore, it is not reasonable 
to assign a WMS for agricultural use that will deviate from this existing cost model. 

The RHWPG recognized irrigation conservation as an affordable strategy that could limit the needs 
experienced by agriculture.  However, during times of exceptional drought, conservation measures 
alone are not enough to alleviate potential needs as no reduction in water demand is capable of 
providing the baseline supply of water in absence of a reliable water source from either groundwater 
or surface water. 

In addition to conservation, the RHWPG recognizes the following potential solutions during drought 
that are not compatible with the guidance for inclusion in the RWP: 

• Use of interruptible supplies: The predominant source of surface water for use in irrigation in 
Region H comes from regional providers who provide water for a number of uses in addition 
to agriculture.  During drought when supplies are limited, firm water supplies are first set 
aside for municipal and industrial uses.  This practice is common and provides a cost-effective 
interruptible supply for agriculture in most years.  Similarly, water supplies for livestock are 
often supplied by on-site ponds that receive water from runoff and are supplemented with 
shallow groundwater production.  During drought, these supplies may be cut off, but they 
remain vital supplies during most climate conditions.  The guidance pertaining to RWP 
development prevents the application of any of these supplies to meet identified needs due 
to their lack of firm yield availability. 

• Refraining from production during DOR: Often, when interruptible supplies are depended 
upon for agricultural production, it is essential to limit demands in order to eliminate water 
needs that cannot be met through the production cycle.  The RHWPG encourages the efforts 
of local WWPs to work with irrigators to responsibly project the availability of water supplies 
during the growing season in order to provide reliable outlooks regarding the long-term 
availability of water for agriculture and to prevent the unnecessary investment in crops that 
may ultimately fail due to limited resources.  This option is more difficult to implement for 
livestock, which requires water for maintenance of herds.  In these situations, herd reduction 
may be the only viable option when water supplies are not available and may occur as part of 
seasonal agricultural operation management in response to water or hay availability. 

• Conjunctive use: Finally, the RHWPG recommends that agricultural water users seek options 
for conjunctive use of resources to meet needs.  Increasingly, users have access to both 
surface and groundwater supplies, and this presents an opportunity for conjunctive use.  
Although surface water supplies are less expensive to use, the security of groundwater 
availability has promoted the development of wells in many areas.  Furthermore, many 
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groundwater-regulating entities do not limit the production of water for agricultural 
purposes.  There is potential to produce groundwater and surface water in order to capitalize 
on the drought-resistant nature of groundwater while extending the sustainability of this 
resource through surface water use.  Although the guidance for RWP development does not 
provide for the inclusion of this sort of conjunctive use in the RWPs, it remains a viable, real-
world solution to the issue of agricultural water availability.  It should be noted that the 
RHWPG respects the opportunity for water users to use groundwater and surface water 
resources in a responsible manner; it does not support the use of groundwater in a way that 
would exceed regulatory plans or the long-term sustainability of the aquifer. 

Remaining unmet needs in the 2026 RWP following application of identified WMS and projects are 
shown below in Table 6-3. 

 

Table 6-3 – Remaining Unmet Needs 

WUG Name County Basin 
Unmet Needs (ac-ft) 

2030 2040 2050 2060 2070 2080 

Irrigation 

Brazoria SJ-B 31,996 32,310 32,402 32,480 32,508 32,526 

Chambers 
T 2,904 2,904 2,904 2,904 2,904 2,904 

T-SJ 1,016 1,016 1,016 1,016 1,016 1,016 

Galveston SJ-B 5,376 5,376 5,376 5,376 5,376 5,376 

Madison 
B 45 45 45 45 45 45 

T 70 70 70 70 70 70 

Livestock 

Brazoria 

B 135 140 145 149 152 152 

B-C 21 33 47 55 63 62 

SJ-B 69 105 115 124 127 129 

Galveston 
N-T 12 12 12 12 12 12 

SJ-B 184 184 184 184 184 184 

Harris 

SJ 499 665 665 665 665 665 

SJ-B 51 51 51 51 51 51 

T-SJ 133 133 133 133 133 133 

Madison 
B 111 111 111 111 111 111 

T 860 860 860 860 860 860 

Mining Madison 
B 443 443 443 443 443 443 

T 267 267 267 267 267 267 

N-T = Neches-Trinity, T = Trinity, T-SJ = Trinity-San Jacinto, SJ = San Jacinto, SJ-B = San Jacinto-Brazos, B-C = Brazos-Colorado 
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