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Abstract

Since the development of the coastal areas near present-day Houston, Texas, USA, subsidence has
been a significant public policy concern. Subsidence in this area is caused by the extraction of
groundwater from the Coastal Lowlands aquifer system, locally referred to as the Gulf Coast Aquifer.
Concerns associated with subsidence in the Houston area include coastal inundation from storm
surge, inland flooding, and critical infrastructure damage. The Houston area receives about 126 cm of
precipitation each year, making flooding a critical issue in the region. The Houston area is the 4th
largest city in the United States with a population of about 6.89 million (2017) and has a total water
demand of about 4 Mm3 per day (2017). In the 1950s the City of Houston began the development of
several reservoirs to provide water for the rapidly growing city. In 1975, following decades of
subsidence totaling over 3 m, the Harris-Galveston Subsidence District (District) began regulating the
use of groundwater and shifting the primary water supply for the region from groundwater to treated
surface water to cease on-going and prevent future subsidence. Leveraging the alternative resources
developed by the City of Houston in the 1950s, the District’s regulatory framework focuses on spatial
prioritization and the systematic conversion to alternative source waters. The District’s regulatory plan
includes three planning areas. Currently, the regional water authorities and the City of Houston are
developing nearly five billion dollars (SUS) in infrastructure to produce and deliver an additional 1.2
Mm3 per day of treated surface water to Houston and the surrounding communities. Resource
development, public engagement, and political foresight have resulted in a reasonable approach to
shift source waters and implement a plan to dramatically reduce and stop subsidence in the region.
Figure 2 presents subsidence rates (2017) by regulatory area. Results show that the implementation
of the regulatory program has substantially slowed subsidence in Areas 1 and 2, where full conversion
has taken place. Planning the future water needs of the Houston area resulted in a robust and effective
collaboration between the regulated community and the District. Analysis of historical source water
use, aquifer response, and subsidence in the Houston area shows that the reasonable management
of groundwater use in the Houston region is vital for the long-term prevention of subsidence and
increases the resilience of the entire region.



Introduction

The Houston Region has relied on groundwater as a primary source of water since the early 1900s.
During and following the economic boom of the 1940s, rapid population expansion and increased
water demand resulted in potentiometric water-level declines in the Chicot and Evangeline aquifer of
76- and 91-meters respectively from 1943-1977 (Gabrysch, 1982).

The reliance on groundwater and subsequent subsidence that was caused by its regional development
resulted in the creation of the Harris-Galveston Subsidence District in 1975 and the Fort Bend
Subsidence District in 1989.

The Harris-Galveston Subsidence District’s mission is to regulate the use of groundwater in the
Houston Region (Harris and Galveston counties) to cease ongoing and prevent future subsidence that
can lead to infrastructure damage and contribute to flooding.

The Harris-Galveston Subsidence District (“District”) regulates groundwater use by subdividing Harris
and Galveston county into three regulatory areas: Area 1 includes the Houston Ship Channel,
Industrial Corridor, and coastal areas; Area 2 is primarily an urban intermediate area that includes the
Texas Medical Center; and Area 3 includes the remaining areas of the District in northern and western
Harris County. In 2021, Area 3 used nearly 6.4 x 105 m3 of groundwater each day, nearly five times
the other two areas combined (Greuter, 2022). Overall, the total water demand in the District in 2021,
including all sources of water, was about 3.73 x 106 m3 per day (Greuter, 2022).
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Figure 1 Hydrogeologic cross-section of the Gulf Coast aquifer system in the Houston Region, Texas, USA (modified from
Kasmarek, 2014)



Groundwater

Groundwater is derived from the Coastal Lowland Aquifer, locally referred to as the Gulf Coast Aquifer
System, and includes three primary water bearing units, the Chicot, Evangeline, and Jasper aquifers
(Figure 1). The aquifers are comprised of inter-bedded lenticular lenses of sand, silt, and clay which
are not regionally extensive and have a highly variable thickness (Chowdhury and Turco, 2006) in the
Houston Area.

The Evangeline aquifer is the most widely utilized aquifer in the Houston area accounting for more
than half of all the groundwater used. The Chicot aquifer is used appreciably in the areas closer to the
coast, although it can be used for domestic supply north of the District. The Jasper aquifer is used
primarily in the northern areas of the District where the unit is closer to the surface and better quality.

Compaction and subsidence

Subsidence has been occurring in the Houston Region since the early 1900s. Located along the Gulf of
Mexico, the topography of the region is a flat coastal plain with little relief that generally slopes about
0.2 meters/kilometer.

The first documented case study in the Houston Region linking shallow fluid withdrawal and land
surface subsidence occurred at the Goose Creek Qilfield near Baytown, TX (Pratt and Johnson, 1926).
Oil and water production at this site occurred at depths up to about 1,500 meters in as old as Miocene-
age sediments. This area experienced nearly a meter of subsidence over about a three-year period,
and dramatic surficial fissures.

As the Houston area developed, experiencing dramatic growth in the 1940s during Word War Il and
sustaining the regional growth through the present, groundwater resources were the primary source
water for the region and subsidence in the region reached magnitudes of concern.

Historically, subsidence has occurred over a broad region that encompasses most of the City of
Houston with specific areas of increased magnitude. The Houston ship channel, a large industrial and
commerce area in Houston that is part of the second largest port (by tonnage) in the United States, is
located near the center of an area where over 3 meters of subsidence as occurred since 1906.

Regulatory controls in Harris, Galveston and Fort Bend County are implemented based on a specific
portion of an entities total water demand sourced from groundwater, with the remaining portion
sourced from an alternative source that does not contribute to subsidence (treated surface water,
reclaimed water, etc.) In 2019, regulatory requirements in Areas 1 and 2 allow groundwater to be
utilized for 10% and 20% respectively of the water users total water demand. In Area 3, water users
without a groundwater reduction plan are regulated to the same requirements as Area 2. However, if
a water user has an approved groundwater reduction plan, then groundwater may provide up to 70%
of their total water demand, with future reductions in the allowed percentage of groundwater to 40%
and 20% in 2025 and 2035, respectively in Harris and Galveston counties. This regulatory approach
has been greatly successful in reducing subsidence rates while accounting for the time needed to
develop infrastructure to treat and convey water throughout the Houston region (Figure 2 and 3).



®
i e ® a@ee® The

\ A - : > 4
Woodlands ¥ i 5’
w/‘/.\n?\ \

far ‘l\f...

1 ° oaRgleton oy, S TR &
Raf
t“'“ Datum: NAD 1983 HARN
I ' o Lake Jackso Layer Credits Sources: Ess HERE. Garmin, Inie'map, ncroment P Com
2 | o GEBCO, USGS, FAQ, NPS, NRCAN, GeoBase, IGN, Kacastsr NL, Ordnance
5 BL;‘?R& ‘\'f E o Survey, Esri Japan, METI, Euri Chira (Hong Keng), (2) OpeaStres!
E- ooy Cily contrbulors. and the GIS User Corremunity
EXPLANATION o s 10 20 Miles
Annual Subsidence Rate (cm/yr) from 2017 to 2021 0 10 20 40 Kilometers
. Greater than 2.0
@ <20-15
® <15-10
® <10-05
© Less than 0.5 or period of record less than 3 years

Figure 2 Annual rate of ellipsoid height estimated from available GPS data measured monitoring location withon the
Houston Region, 2017-2021 (Greuter, 2022).
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Figure 3 Measured and estimated annual rate of change in ellipsoid height at Harris-Galveston Subsidence District
monitoring site PO01 located near Jersey Village, TX, 1994-2021 (Greuter, 2022).

Alternative water supplies

In the 1950s the City of Houston began the development of several reservoirs to provide water for the
rapidly growing region within the San Jacinto and Trinity River Basins. Other entities in the region have
also developed surface water supply from the Trinity, San Jacinto, and Brazos Rivers. The treatment
plants served by these surface water sources are operated by the City of Houston, City of Sugar Land,
City of Richmond, the Gulf Coast Water Authority, the Brazosport Water Authority, and others.

To meet the Harris-Galveston and Fort Bend Subsidence Districts’ regulatory requirements to convert
from groundwater to surface water, the City of Houston and four regional water authorities—Central
Harris County Regional Water Authority, North Fort Bend Water Authority, North Harris County
Regional Water Authority, and West Harris County Regional Water Authority (collectively, the “Water
Authorities”) are working together to plan, design, construct, and finance several major infrastructure
projects. These projects are regional in scale and are interrelated. All the projects must be constructed
on the same timeline to ensure that surface water will be available to northern and western Harris
County and northeast Fort Bend County to comply with the Subsidence District’s regulatory
conversion schedule.

The first project is called the Luce Bayou Interbasin Transfer Project (“Luce Bayou”). Luce Bayou is
currently under construction and will pump untreated surface water from the Trinity River through a
series of canals and water pipelines to Lake Houston (northeast of the City of Houston). Luce Bayou
is being constructed by the Coastal Water Authority, but the project is being funded by the entities



that will be purchasing the transferred water, which includes the City of Houston and the Water
Authorities.

The second project is called the Northeast Water Purification Plant (“NEWPP”) Expansion Project. The
NEWPP expansion is a design-build project under construction on the banks of Lake Houston. The
project will expand the existing plant’s capacity from 3.03 x 105 m3 per day up to 1.51 x 106 m3 per
day, in order to treat the raw surface water conveyed by Luce Bayou into Lake Houston (Figure 4). The
City of Houston is the owner of this project, but the Water Authorities have purchased 84% of the
capacity of the NEWPP and are each paying their respective shares of the costs.

The third project is a transmission line called the Northeast Transmission Line (“NETL”), which will
convey treated water from the NEWPP into central and northern Harris County. The NETL is expected
to be primarily a 2.74-meter diameter steel water line that is approximately 43.5 kilometers in length.
The City of Houston is the owner of this project, but the North Harris County Regional Water Authority
and the Central Harris County Regional Water Authority have purchased capacity in the line and are
each paying their respective shares of the costs (the West Harris County Regional Water Authority and
the North Fort Bend Water Authority are also participating in the initial segment of the NETL).

The fourth project is a transmission line (and two pump stations) called the Surface Water Supply
Project (“SWSP”), which will convey treated water from the NEWPP into western Harris County and
north-eastern Fort Bend County. The SWSP is expected to be primarily a 2.4-meter diameter steel
water line that is approximately 64 kilometers in length. The West Harris County Regional Water
Authority is the owner of this project, but the North Fort Bend Water Authority has purchased capacity
in the line and is paying its share of the costs.

In addition to the four projects described above, the City of Houston and the Water Authorities are
each designing and constructing their own distribution systems to convey the treated surface water
to their customers.

Both the NETL and the SWSP are massive transmission lines running through densely populated and
congested areas. The transmission lines must be installed in narrow easement corridors, which adds
to the complexity and ultimately the cost of the projects. Currently (2019), both the NETL and the
SWSP are under design and are expected to commence construction soon.

Due to the technical and financial challenges associated with these projects, it is critical for the City of
Houston and the Water Authorities to have regulatory certainty from the Harris-Galveston and Fort
Bend Subsidence Districts. The transmission and treatment capacity have been sized to meet the
current District’s conversion requirements in 2025, 2027, and 2035.

These interrelated regional projects are planned to be completed by 2025, when the next conversion
requirement of the Harris-Galveston Subsidence District go into effect. While these projects are time
consuming and costly (the costs are likely to total close to $5 Billion (USD)), the City of Houston, Coastal
Water Authority, and the Regional Water Authorities have been able to work together to create
economies of scale and maximize efficiencies. This regional effort could serve as a model for other
locations seeking to address large scale water supply needs.



Figure 4 (main) Photo of construction of dual 2.74-meter raw water lines from Lake Houston to the Northeast Water
Purification Plant (courtesy Steve Berckenhoff); (inset) Subsidence District officials near raw water pipeline (courtesy Harris-
Galveston Subsidence District).

Conclusions

The Gulf Coast Aquifer System in the State of Texas, USA has been a primary source of water for the
Houston region since development began early in the 1900’s Since that time extensive data collection
and research has been conducted to better understand the impact of anthropogenic stress on the
aquifer’s water levels, compaction, and subsidence. The State of Texas created a unique regulatory
agency to address the issue by regulating the amount of ground water use in Harris, Galveston, and
Fort Bend counties. Since the creation of the Subsidence Districts, areas nearest the coast have been
converted to alternative source waters and subsidence rates of declined significantly.

Currently, in more inland areas of the District’s, extensive water infrastructure development is
ongoing. These efforts require the coordination of multiple regional water authorities and the City of
Houston to ensure the compliance with planned future conversion requirements to further reduce
the amount of groundwater use. This effort is planned to be completed before the next regulatory
conversion deadline in 2025. This regional effort that includes coordination and collaboration amongst
the regulated community as well as the coordination between the regulator and regulated community
serves as a good model for similar infrastructure development.
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