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Abstract

As the future of water security in the City of Austin becomes a growing concern, the city’s water
utility Austin Water is developing a 100-year Water Plan named Water Forward to secure future
water supply. The plan includes several strategies on how to diversity Austin’s water resource
portfolio. One chapter of the plan recommends building a pipeline to Bastrop County to store
treated drinking water in the Carrizo-Wilcox aquifer for later use during a drought. This report
describes the geological makeup of the aquifer in Bastrop County along with the region’s
topography. The aquifer is primarily made-up of the Wilcox Group sandstone and mudstone and
Carrizo Sand. The most accessible recharge zone to the aquifer is through the Carrizo Sand,
however this recharge zone is located approximately 150 feet lower than the Wilcox Group
recharge zone. An energy analysis was done to estimate the energy to lift 6 months worth of
stored water from the Wilcox Group recharge zone and the Carrizo Sand recharge zone in
Bastrop County to Austin’s closest water treatment plant. It was found this would require at
minimum 54,609 MWh to move water from the Wilcox Group recharge zone and 72,310 MWh to
move water from the Carrizo Sand recharge zone. Aquifer storage and recovery (ASR) is an
excellent way to avoid loss of water due to evaporation. However the elevation difference
between the City of Austin and the recharge zones for the Carrizo-Wilcox aquifer in Bastrop
County makes this option very energy intensive. Other technologies exist, such has potable
reuse, that should be explored for more economical options for the City of Austin’s future water
supply.
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Introduction
Water security is a growing concern in many parts of the world, particularly in Austin,
Texas. With our growing population and climate change, the City of Austin has taken the
initiative to write a 100-year water plan to ensure water security for Austin’s future. This plan,
named Water Forward, has been an ongoing project by the city’s water utility Austin Water since
2016. The utility is currently in the process of drafting the final version of the plan to be
presented to City Council for a vote on whether or not to adopt the plan as is, or if further
changes need to be made.
The City of Austin’s current water supply source is the Colorado River. One of the issues
with using an open body of water as a reservoir is significant loss of water storage due to
evaporation. In 2009 (a non-drought year) the Lower Colorado River Authority estimated
154,044 acre-feet of water was lost to evaporation in the Highland Lakes (LCRA 2009). The
Water Forward plan suggests a potential solution for this is to store excess drinking water in a
nearby aquifer during periods of heavy rains, and then to draw from this aquifer during periods
of drought (Austin Water 2018). In section Seven of the most recent draft of the plan, Austin
Water suggests storing water in the Carrizo-Wilcox Aquifer. The plan discusses how other cities
in Texas, specifically San Antonio, Kerrville and El Paso, have had success with similar aquifer
storage and recovery projects.

The closest aquifers to the City of Austin are the Edwards and Trinity Aquifers. However
current regulatory restrictions prevent the city from injecting or transecting water from these
aquifers, ultimately ruling out the possibility of utilizing them for storage. The next closest aquifer

2

Heather Rose
GEO 386
Fall 2018
to the City of Austin with favorable regulations is the Carrizo-Wilcox Aquifer, hence the inclusion
of utilizing this aquifer in the Water Forward Plan.
Austin’s closest water treatment plant to the Carrizo-Wilcox Aquifer is the Ullrich Water
Treatment Plant, located approximately 38 miles away. This paper discusses the energy
requirements to move stored water from the Carrizo-Wilcox Aquifer in Bastrop County to the
Ullrich Water Treatment Plant in Austin.
When it comes to aquifer storage and recovery (ASR), the geological makeup of the
aquifer is critical for assessing if using the aquifer for storage is economically feasible. The
formation of the aquifer will determine the permeability and recharge rate for both natural and
artificial recharge. It will also determine the feasibility of storage and withdraw. When it comes to
energy requirements, the topography of the landscape is critical to determine the required
energy to pump treated drinking water from the closest recharge zones of the Carrizo-Wilcox
aquifer to the Ullrich Water Treatment Plant. For these reasons, I will discuss the geological
makeup of the aquifer and the topography of the surrounding terrain.

Geology of the Aquifer
The Carrizo-Wilcox aquifer is primarily made up of the Carrizo Formation and the Wilcox Group.
Both formations are from the Mid-Cenozoic Era.
The Wilcox Group is made up of three subdivisions: the Hooper, Simsboro and Calvert
Bluff Formations. The Hooper formation from the Paleocene is comprised mostly of mudstone
with various amounts of sandstone, minor lignite, ironstone concretions and glauconite. The
Simsboro Formation, also from the Paleocene, is made up of mostly sand, with some mudstone,
clay, and mudstone conglomerate. Its thickness is a maximum of 300 feet. The Calvert Bluff
Formation, ranging from the Paleocene to the Eocene, is made up of mostly mudstone with
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various amounts of sandstone, lignite, and ironstone (USGS). These sedimentary rocks are
believed to be formed by an extensive river and delta depositional complex which enlarged
towards the southeast and transported sediment into the ancestral Gulf Coast basin (see Figure
1 in Figures). The influx of these materials caused the basin to subside, allowing the materials
to accumulate and form the sedimentary rocks which now make-up the Wilcox Group (TWDB
1991).
The Carrizo Sand lies unconformably above the Wilcox Group. It is debated amongst
geologists how the Carrizo Formation was formed. The Carrizo Formation consists of mostly
sand and some thin beds of sandstone and clay (TWDB 1991). See Figure 1 in Figures.

Carrizo-Wilcox Aquifer in Bastrop County
The dominant portions of the Carrizo-Wilcox Aquifer for recharge and storage in Bastrop
County are the Carrizo Sand and Wilcox Group. In Bastrop County, the Carrizo Sand has a
maximum thickness of 375 feet and is primarily composed of fine to coarse cross-bedded sand
with some thin beds of sandstone and clay. The Wilcox Group in this region has a maximum
thickness of 2,600 feet, and is primarily composed of fine to coarse sand and sandstone, sandy
clay, clay, and shale with some lenses of limestone and lignite (TWDB 1970). There is a fault
line just south of the City of Bastrop about 6 miles wide, and two fault lines closer to the Travis
County border both around 8 miles wide and almost parallel to each other. The region also has
the Colorado River running through along with several streams such as Cedar Creek, Walnut
Creek and Pin Oak Creek. See Figure 2 in Figures for a Geological Map of Bastrop County.
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A cross-sectional geological map of the northern section of Bastrop County shows the
majority of the region is made up of the Wilcox Group. The Carrizo Sand zone is relatively small,
about 4 miles wide compared to about 10 miles wide for the Wilcox Group. The attitude of the
Carrizo Sand outcrop appears to dip at approximately 0.03o gulfward from the outcrop belt. The
elevation difference in the region varies about 150 feet, from a maximum height of 600 feet
above sea level in the West to about 450 feet above sea level in the East. See Figure 3 in
Figures a Cross-Section Map of Bastrop county.

Groundwater Hydrology in Bastrop County
The Carrizo-Wilcox aquifer naturally recharges through precipitation at a rate of 2.7% of
the mean annual rainfall over the outcrop area. The hydraulic conductivity in the Wilcox Group is
highly variable due to complex lithologic makeup. The conductivity rates of the Wilcox Group
vary greatly from 3 to 60 feet per day. In comparison, the Carrizo Formation has a uniform
lithologic makeup and shows conductivity rates of 20-60 feet per day. In Bastrop County, the
sandy outcrop areas groundwater is unconfined and is under water-table conditions.
Groundwater discharges naturally through springs in the outcrop area and by transpiration and
evapotranspiration in areas of the outcrop with heavy vegetation (TWDB 1970).

Topography of Travis and Bastrop County Border

The closest Austin drinking water treatment plant to the Carrizo-Wilcox aquifer is the
Ullrich Water Treatment plant located in West Austin. There are two wastewater treatment
plants in East Austin that are closer in altitude to the Carrizo-Wilcox aquifer, however the current
draft of the Water Forward Plan specifies it will pump treated drinking water to the
Carrizo-Wilcox Aquifer for storage, not wastewater. From the Perry-Castañeda Library Map
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Collection, I was able to find a topographic map of the Travis and Bastrop County from 1974,
five years after the Ullrich Water Treatment plant was built. With this information, I was able to
estimate the total lift required to move water from the recharge zones of the Carrizo-Wilcox
Aquifer to the Ullrich Water Treatment Plant. The closest recharge zone to the Ullrich Water
Treatment plant is the Wilcox Group. However, because the Carrizo Formation has a more
favorable geological makeup for recharging the aquifer, it could be less expensive to recharge in
the Carrizo Sand, despite being further away. Figure 4 shows the topographic map of the
region and Figure 5 shows a subsection highlighting the Travis and Bastrop County border.
Energy Calculation
Estimating the energy required to transport water is very difficult as it depends on many
factors. For simplicity, I estimated that the energy required to move water was equal to the
weight of the water times the total lift, a model used by the University of California Tulare
County, Cooperative Extension (Peacock). This can be represented by:
E nergy = W eight × T otal Lif t

(1)

The goal of this model was to provide an order of magnitude estimate on the energy required to
move water from the Carrizo-Wilcox aquifer to the City of Austin. This model does not
specifically account for losses due to fixtures, changes in direction, gains and losses from
change in topography, or losses due to friction. To simplify accounting for efficiency losses, I
divided the energy by a range of efficiency constants to estimate these energy losses. Or:
Energy i = (W eight × T otal Lif t) ÷ η i , f or i ef f iciency ratings

(2)

This provided a range of energy requirements from low-end to high-end efficiency scenarios.
According to the City of Austin’s Performance Report on Pumpage per Capita per Day,
the city provided 122 gallons of water per person per day in 2015 (City of Austin 2015). The
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current population of the City of Austin as of 2017 is around 950,000 and is projected to
increase to 1.7 million by 2040 (Robinson 2017). To store 6 months worth of water for the city
population in 2040 would require moving 37.33 billion gallons, or 311.7 billion pounds of water.
Using information from the topographic map of Travis/Bastrop county in Figure 5, the
elevation difference between the closest recharge zone at the Wilcox Group to the Ullrich Water
Treatment Plant is approximately 250 feet. The elevation difference between the closet
recharge zone at the Carrizo Sand to the Ullrich Water Treatment plant is approximately 400
feet.
To estimate the pumping energy for the depth of the well, I used State Well Number 5862208 as
an example which is located 216 feet below the land surface (Water Data for Texas 2018).
Using this total elevation difference for lift, I calculated the energy requirements to move
6 months worth of water from the Wilcox Group recharge zone and the Carrizo Sand recharge
zone to the Ullrich Water Treatment plant, at a theoretical pump efficiency of 100%. This came
out to 1.45E14 and 1.92E14 foot-pounds respectively. Or in SI units 54,609 MWh to pump from
the Wilcox Group and 72,310 MWh to pump from the Carrizo Sand.
To account for efficiency loss, I divided these numbers by a range of efficiencies from
10% to 100% to find a low-end and high-end energy requirements to move water. The results
can be seen in Table 1 below.
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Table 1: Estimated Energy Requirements to pump water from Wilcox Group Recharge Zone
and Carrizo Sand Recharge zone to Ullrich Water Treatment plant by pump efficiency.
Pump
Efficiency

Pump from Wilcox Group
Recharge Zone

Pump from Carrizo Sand
Recharge Zone

10%

546,090 MWh

723,100 MWh

20%

273,045 MWh

361,550 MWh

30%

182,030 MWh

241,033 MWh

40%

136,523 MWh

180,775 MWh

50%

109,218 MWh

144,620 MWh

60%

91,015 MWh

120,517 MWh

70%

78,013 MWh

103,300 MWh

80%

68,261 MWh

90,388 MWh

90%

60,677 MWh

80,344 MWh

100%

54,609 MWh

72,310 MWh

For reference, an average onshore wind turbine has a capacity of 3 MWatts
(WindEurope 2018). To generate enough electricity to move 6 months worth of water from the
Wilcox Group recharge zone to the Ullrich Water treatment plant would require 25 wind turbines
operating for 24 hours a day for one month at 100% pump efficiency. To move the same
amount of water from the Carrizo Sand recharge zone would require 33 wind turbines operating
for 24 hours a day for one month at 100% pump efficiency.
These energy calculations are merely an estimate. They do not account for differences
in well depth between recharge zones as this data was not available. These calculations do not
account for additional energy loss due to friction, fixtures, or changes in direction such as
moving around obstacles in the terrain.
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Benefits of Storing Austin Water in Carrizo-Wilcox Aquifer
As mentioned before, Austin’s current water reservoirs lose a nontrivial amount of water
every year due to evaporation. With climate change, rising temperatures and increased
frequency of drought, these affects could worsen and threaten the city’s water supply. ASR
could be an option for water storage, preventing water loss due to evaporation and high winds.
ASR has worked well for cities such as San Antonio, Kerrville and El Paso.
Although ASR could be a solution to avoid water loss due to evaporation, there are several
other factors that need to be considered before moving forward.

Concerns with Mixing of Native Water
The Water Forward Plan states the ASR option is “in no way intended to be a strategy to
develop native groundwater” (Austin Water 2018). Austin Water intends to leave the water that
is currently in the aquifer for Bastrop County residents. However, once new water is pumped
into the aquifer, there will be no way to distinguish between native and new water as the two will
mix. It is possible to instead allot a historic volume of water in the aquifer to Bastrop County
residents. However other wells in the region pumping from the same aquifer will affect the
drawdown of the future Austin Water well, effectively losing potential storage for future use.
Lastly, Austin Water plans to store treated drinking water in the aquifer. Treated drinking water
contains chlorine, fluoride and other treatment agents. These chemicals are usually added as a
last treatment step to the drinking water before it is sent out to the distribution system for
immediate use. It is unknown what the long-term effects of these chemicals will have on the
aquifer if they are stored for long periods of time.
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Security Concerns
Pumping water to the City of Austin from long distances raises concerns for security of the
pipeline. Extra care would need to be taken to ensure the pipeline is safe from malicious
persons. A city’s water supply must be safe from all obstructions including those with ill
intentions.

Policy Changes in Bastrop County Regarding the Aquifer
One of the reasons the Carrizo-Wilcox aquifer was chosen for potential storage and
recovery was due to its conservation district’s favorable regulations. However, the groundwater
conservation district that controls this region, Lost Pines Groundwater Conservation District,
could very well decide to limit, or outright reject a pumping permit for the City of Austin. It is true
that Austin Water owns land in Bastrop County, and currently has the right to pump water from
their property. However the Lost Pines Groundwater Conservation District, or even the state
authorities could potentially step in and limit this pumping and moving water to Austin if they
saw it necessary. For many Bastrop County residents, the Carrizo-Wilcox aquifer is their only
source of water. If they feel their water supply is threatened they could influence their local and
state authorities to stop this water from leaving Bastrop County, despite the City of Austin
having injected water in the aquifer for storage earlier.

Logistics of Building the Pipeline
As Austin’s suburban sprawl grows, more and more land between the Ulrich Treatment
Plant and the aquifer recharge zones is becoming urbanized. As population density in these
areas increases, the feasibility of building a large scale pipeline on or between private property
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becomes very complicated and expensive. Because of this, the city will likely have to build a
route for the pipeline that may not make sense geographically, adding to further energy costs.

Costs May Not Be Worth It
The capital costs to build this pipeline would be non-trivial. Moving water long distances
is energy intensive and drilling wells can be very expensive. Although moving water to the
Carrizo Sand recharge zone is approximately 30% more energy intensive than moving water to
the Wilcox-Group recharge zone, drilling through several hundred feet and sandstone and
mudstone could prove to be more expensive than Austinites are willing to pay for. As discussed
earlier, the energy required to move 6 months worth of water would require a designated power
plant, wind or solar farm, significantly adding to the cost.

At the same time, several other technologies could compete with ASR to supply Austin’s
future water needs. Direct Non-potable reuse is already proving to be a realistic option to meet
Austin’s irrigation and other non-potable needs (Toohey 2013). Indirect Potable Reuse, or
storing treated sewage water in Lady Bird Lake as a water source for the drinking water
treatment plants, could be a much less expensive option for water storage in times of drought.
Reverse Osmosis (RO) technology has advanced significantly in the past several years and is
used for desalination water plants around the world. It is possible that applying RO treatment
and other technologies to treated sewage water stored in Lady Bird Lake would be more energy
efficient, and possibly cheaper, than moving water from the Carrizo-Wilcox aquifer.
Direct Potable Reuse is already being used in several cities across the US, including Big
Spring and Wichita Texas for their main water supply (EPA 2017). Potable reuse is one of the
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only truly drought-proof solutions to water security and many cities are seriously considering it
for their future water supply.

Conclusion
The City of Austin’s water utility Austin Water is writing a 100-year water plan to secure
future water supply for the city. Austin Water is considering storing treated drinking water in the
Carrizo-Wilcox Aquifer in Bastrop County for future use during times of drought. The aquifer is
located approximately 38 miles from the city’s closest drinking water plant and its two recharge
zones have an elevation difference of approximately 250 and 400 feet for the Wilcox-Group
zone and Carrizo Sand zone respectively. With an estimated well depth of 216 feet, it was
estimated that moving stored water from these recharge zones to the City of Austin would
require a minimum of 54,609 MWh to pump from the Wilcox Group recharge zone and 72,310
MWh to pump from the Carrizo Sand recharge zone. The Carrizo Sand recharge zone would be
favorable for well drilling as the Wilcox Group is primarily composed of sandstone and
mudstone. However the elevation difference could prove locating the well in the Carrizo Sand
recharge zone to be non-economical. These energy calculations do not account for efficiency
losses, and would likely be much higher if energy loss due to lower efficiency were accounted
for.
There is concern for the security of importing water for the city from long distances. In
particular, the City of Austin does not have jurisdiction over the area where they plan to pump
water from. For this reason, regulatory restrictions in the future could apply. The long-term
effects of injecting treated drinking water and pumping from the Carrizo-Wilcox aquifer are
unknown and could negatively impact the aquifer and Bastrop County residents who depend on
it.
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While aquifer storage and recovery can resolve the issue of loss of water storage due to
evaporation, there are other possibly less energy intensive technologies that should be
explored. The City of Austin currently has a direct non-potable reuse program in place and the
Water Forward Plan discusses indirect potable reuse by storing treated wastewater in Lady Bird
Lake. Other cities in Texas and across the US have had success with direct potable reuse to
supply their city’s water needs. Based on the findings of this report, I would recommend that
Austin Water conduct energy studies of other options such as potable reuse for the city’s future
water needs before proceeding with ASR in the Carrizo-Wilcox aquifer.
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Figures

Figure 1: Major Structural Features in East and Central Texas. Shaded area represents the
Carrizo-Wilcox Aquifer. Image taken from Texas Water Development Board Report 332, 1991.
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Figure 2: Geologic Map of Bastrop County. Image taken from Texas Water Development Board
Report 109, 1970.
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Figure 3: Cross-section Geological Map of Bastrop County, Region B. Image taken from Texas
Water Development Board Report 109, 1970.
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Figure 4: Topographic Map of Austin and Surrounding Area, 1974. Retrieved from
Perry-Castañeda Library Map Collection, University of Texas at Austin
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Figure 5: Subsection of Topographic Map of Austin and Surrounding Area, 1974. the blue box
shows the topography of the Ullrich Water Treatment plant. The orange line shows the
approximate Travis/Bastrop County Line border. The purple circle shows the topography of the
closest section of the Wilcox Group to Austin. The blue circle shows the topography of the
closest section of the Carrizo Sand to Austin.
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