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ASR defined in TWC
Texas Water Code § 27.151

“…a project involving the injection of water into a geologic formation for 
the purpose of subsequent recovery and beneficial use by the project 
operator.”

1) ASR injection well - Class V injection well…

2) ASR recovery well - well used for the recovery of water...

3) Native groundwater - groundwater naturally occurring…

4) Project operator - person holding an authorization…to undertake an ASR project.
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Presenter
Presentation Notes
ASR (Texas Water Code § 27.151)
“…a project involving the injection of water into a geologic formation for the purpose of subsequent recovery and beneficial use by the project operator.”
"ASR injection well" means a Class V injection well used for the injection of water into a geologic formation as part of an aquifer storage and recovery project.
"ASR recovery well" means a well used for the recovery of water from a geologic formation as part of an aquifer storage and recovery project.
"Native groundwater" means the groundwater naturally occurring in a geologic formation.
"Project operator" means a person holding an authorization under this subchapter to undertake an aquifer storage and recovery project.




AR defined in TWC
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Texas Water Code § 27.201*
“…a project involving the intentional recharge of an aquifer by means of an 
injection well authorized under Chapter 27 or other means of infiltration, 
including actions designed to:

a) reduce declines in the water level…;

b) supplement the quantity of groundwater available; 

c) improve water quality…;

d) improve spring flows and other interactions between groundwater and surface 
water; or 

e) mitigate subsidence.”

Presenter
Presentation Notes
AR (Texas Water Code § 27.201)
*also defined in TWC § 11.155
“…a project involving the intentional recharge of an aquifer by means of an injection well authorized under Chapter 27 or other means of infiltration, including actions designed to:
reduce declines in the water level of the aquifer;
supplement the quantity of groundwater available; 
improve water quality in an aquifer;
improve spring flows and other interactions between groundwater and surface water; or 
mitigate subsidence.”



State Water Plan 2017
• https://2017.texasstatewaterplan.org/statewide
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Presenter
Presentation Notes
Interactive State Water Plan website
This is showing ASR WMS online by decade 2070
View data for “WMS Type” Select WMS Type = Aquifer Storage & Recover

https://2017.texasstatewaterplan.org/statewide


Recommended ASR and AR WMS

• 25 ASR and 1 AR recommended water 
management strategies (WMS) 

but…
• 20 ASR and 1 AR projects

and…
• additional 11 ASR and 1 AR alternative WMS

Confused yet?
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Presenter
Presentation Notes
Strategies can be as simple as a transmission line
one project may be associated with multiple water management strategies. 
For example, one project may support multiple water user groups that use a new supply. 
Recommended water strategies have been assigned to a water user group (WUG)
Alternative WMS either:
don’t have a project sponsor, 
Are being considered but haven’t been prioritized,
Are less feasible or have not been as well thought out as recommended strategies.
So in total there are 38 aquifer storage and recovery water management strategies from the 2017 State Water Plan.
2017 SWP does not include ‘aquifer recharge’ as a water management strategy type. 
A keyword search of the state water plan database resulted in two strategy projects. 
A recommended conjunctive use water management strategy project for El Paso Water Utilities (Region E) would recharge the Hueco Aquifer using treated surface water. 
An alternative conjunctive use water management strategy project in Region K, where the Lower Colorado River Authority would recharge the Gulf Coast Aquifer in Wharton County.
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Presenter
Presentation Notes
Give a tour of the map
7 RWPG with recommended ASR or AR projects
Regions E, F, G, J, K, L, and O
The number of recommended water management strategies has changed since the original adoption of the 2017 State Water Plan due to an amendment to change the recommended strategies in Region L. 
No #15 or #17 because these projects were replaced with #22
Locations in this presentation are approximate since we are talking about proposed future facilities
Details are Based on RWP 2016 and SWP 2017
I suspect the details I’m about to show you will change as projects mature
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2 - ASR-CRMWA
• Online decade: 2030
• Source water: SW
• Target Aquifer: Ogallala Aquifer
• Volume estimate: 16,400 AF/year
• Cost: $67,649,300
• Other: 11 member cities

Presenter
Presentation Notes
Give tour of Regional ASR slides
Since it is a ground up process and we’re looking up to 50 years into the future, the level of detail varies greatly by Regional and project
For example, volumes and costs are hard to compare project to project due to different units and considerations of capacity and water rights limits
Describe and AF = acre-foot
Named by project sponsor
Only 1 project in Region A
2 - Canadian River Municipal Water Authority 
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20 - Lower Valley Water District
• Online Decade: 2020
• Source: mixed, SW-R
• Target Aquifer: Hueco Bolson Aquifer
• Volume estimate: 3,808 AF/year
• Cost: $18,108,000
• Other: also considering Rio Grande Alluvium

21 - El Paso Water Utilities 
• Online decade: 2020
• Source water: SW
• Target Aquifer: Hueco Bolson Aquifer
• Volume estimate: 6,500 AF/year
• Cost: $1,806,000
• Other: 6 new spreader basins

Presenter
Presentation Notes
Region E has 2 projects, both are targeting the Hueco Bolson Aquifer
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16 - Colorado River Municipal 
Water District 
• Online decade: 2030
• Source water: mixed, SW-GW
• Target Aquifer:  Pecos Valley Aquifer
• Volume estimate: 5,000 AF/year
• Cost: $10,184,000
• Other notes: recharge likely done during the winter 

months

Presenter
Presentation Notes
Region F has 1 project
Colorado River Municipal Water District (CRMWD)



1 - Brazos River Authority 
• Online decade: 2020
• Source water: SW
• Target Aquifer: lower Trinity Aquifer
• Volume estimate: 9,677 AF/year
• Cost: $99,820,000
• Other:  5 ASR wells & 10 recovery only wells

14 – City of Waco 
• Online decade: 2020, 2030, 2050
• Source water: SW
• Target Aquifer: Trinity Aquifer
• Volume estimate: 8,000 AF/year
• Cost: $56,542,000
• Other: 4 WMS, central injection with dispersed recovery

5 – City of Bryan
• Online decade: 2020
• Source water: GW
• Target Aquifer: Carrizo-Wilcox Aquifer (115 deg F)
• Volume estimate: 19,839 AF/year
• Cost: $57,328,000
• Other: recovered water will require cooling

8 - City of College Station
• Online decade: 2020
• Source water: R
• Target Aquifer: Queen City - Sparta Aquifer
• Volume estimate: 2,800 AF/year
• Cost: $63,850,000
• Other notes: one of two solely reclaimed water projects

Presenter
Presentation Notes
Region G has 4 projects
1 -  Brazos River Authority
SW = Lake Granger
Operate the recharge cycle of ASR system when the reservoir is at greater than 70% capacity. 

14 - Waco
(Lake Waco)
Recovery of the water would be by participant's existing or new water wells at locations other than the ASR wells

5 – City of Bryan
Source is Sparta and Simsboro aquifers
Target is brackish Simsboro 

8 – City of College Station
Source is Carters Creek and Lick Creek WWTPs
Great geology section in RWP
Chose QcSp over YJ and CzWX b/c storage depth, productive sands, and cooler temp native GW
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2016 Brazos G Regional Water Plan, Volume II
Aquifer Storage and Recovery (ASR) 
Lake Granger ASR

Figure 10.4-1. Project Location
Figure 10.4-2. Operational Schematic of Lake 
Granger and ASR Project

Presenter
Presentation Notes
2016 Brazos G Regional Water Plan I Volume II
Aquifer Storage and Recovery (ASR) I Lake Granger ASR
Figure 10.4-1. Project Location
Figure 10.4-2. Operational Schematic of Lake Granger and ASR Project
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2016 Brazos G Regional Water Plan, Volume II
Aquifer Storage and Recovery (ASR) 
Waco and McLennan County ASR

Figure 10.5-1. Location of Waco and McLennan County ASR Project
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2016 Brazos G Regional Water Plan, Volume II
Aquifer Storage and Recovery (ASR) 
City of Bryan ASR

Figure 10.1-1. Bryan's Existing Well Field and Proposed ASR Well Field
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2016 Brazos G Regional Water Plan, Volume II
Aquifer Storage and Recovery (ASR) 
City of College Station ASR

Figure 10.2-1. Location of College Station's ASR Project



4 - City of Bandera
• Online decade: 2040
• Source water: SW
• Target Aquifer: lower Trinity Aquifer
• Volume estimate: 500-1,500 AF/year
• Cost: $29,450,000
• Other: 2 ASR wells

9 – City of Kerrville
• Online decade: 2020
• Source water: SW
• Target Aquifer: lower Trinity Aquifer
• Volume estimate: 3,360 AF/year
• Cost: $11,543,000 
• Other: expansion +2 ASR wells for a total of 4

18 – Kerr County
• Online decade: 2020
• Source water: SW
• Target Aquifer: lower Trinity Aquifer
• Volume estimate: 1,124 AF/year
• Cost: $1,258,000
• Other notes: 2 WMS, paired with a new WTP 

(+$25,581,000)

Presenter
Presentation Notes
Region J has 3 projects
4 – City of Bandera
 (Medina River)
WMS alternative but the project is recommended

9 – Kerrville
 (Guadalupe River), Reuse too?
An existing facility, The City is also evaluating the possibility of treating wastewater

18 – Eastern Kerr County
 (Guadalupe River)



3 – City of Austin
• Online decade: 2020
• Source water: SW
• Target Aquifer: Carrizo-Wilcox Aquifer
• Volume estimate: 5,048 AF/year
• Cost: $312,316,000
• Other: River diversion and 9 ASR wells in Bastrop County

6 – Buda-Hays Co.-Mountain City-Sunset Valley
• Online decade: 2030
• Source water: GW
• Target Aquifer: middle Trinity Aquifer
• Volume estimate: 1,144 AF/year
• Cost: $13,000,000
• Other: excess water only draw during non-drought years

7 – Buda-Hays Co-Creedmoor-Maha WSC
• Online decade: 2030
• Source water: GW
• Target Aquifer: Saline Edwards BFZ
• Volume estimate: 1,000 AF/year
• Cost: $15,000,000
• Other: recovered water might need desalination

Presenter
Presentation Notes
3 projects in Region K
An example of approx. location, the dot is on Austin but the plan is for the diversion, treatment, and injection to be downstream, possibly in Bastrop County

3 – City of Austin
(Colorado River)

An example of the project name being more descriptive than the sponsor names

6 – Buda and other, middle Trinity
 (Edwards Balcones Fault Zone Aquifer)
proposed aquifer by the Barton Springs/Edwards Aquifer Conservation District (BS/EACD) is the Middle Trinity aquifer. 
This aquifer overlaps with the Edwards aquifer and is located deeper. The proposed source of water for this strategy is the Edwards (Balcones Fault Zone, or BFZ) aquifer. Water would be drawn only during non-drought years.

7 – Buda and others, saline EBFZ (“BS/EACD Saline Edwards ASR”)
 (fresh Edwards BFZ Aquifer)
proposed aquifer by the Barton Springs/Edwards Aquifer Conservation District (BS/EACD) is the saline portion of the Edwards (BFZ) aquifer. 
Depending on the length of storage time, when extracted, the water may need to be treated through desalination. 
multiple potential sources for the water for this strategy, including freshwater Edwards aquifer wells, desalinated water, or municipal supply. For the purposes of this report, the water source is assumed to be groundwater from the freshwater Edwards aquifer.
source is assumed to be in the vicinity of northeast Buda, near the boundary of the freshwater and saline zones of the Edwards aquifer. 
The pipeline between the source and injection location is assumed to be 5 miles long.
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11 - City of New Braunfels
• Online decade: 2020
• Source water: probably SW, but could add GW
• Target Aquifer: lower Trinity Aquifer
• Volume estimate: 8,300 AF/year
• Cost: $26,269,000
• Other: pilot study done

12 – City of Uvalde
• Online decade: 2020
• Source water: GW
• Target Aquifer: Carrizo Aquifer (Zavala County)
• Volume estimate:  758 to 4,000 AF/year
• Cost: $ 32,405,000
• Other: envisioned planned v. MAG-limited plan

13 – City of Victoria
“Victoria ASR”
• Online decade: 2030
• Source water: SW
• Target Aquifer: Gulf Coast Aquifer
• Volume estimate:  7,900 AF/year
• Cost: $ 21,100,000
• Other: 10 new ASR wells and 6 retrofits

Presenter
Presentation Notes
Region L is a little more complicated and gets more than one slide.
It used to be the Region with the most projects at 5 but now 4!

12 – City of Uvalde
 (Austin Chalk & Buda Limestone)
The plan includes additional water for the towns of Knippa and Sabinal.
Edwards Aquifer is not a viable supply for ASR in Zavala County because the Edwards Aquifer Authority’s (EAA) does not allow the export of Edwards water outside their jurisdictional boundary
Very descriptive RWP with figures

13 – City of Victoria
Guadalupe River
(upper Goliad formation, Evangeline aquifer)
pilot study done

11 – City of New Braunfels
the Lower Glen Rose and the Hosston-Silago formation are suitable for storage and recovery of treated water, brackish Edwards Aquifer
New Braunfels Utilities (NBU) has several sources of water, including: 
(1) run-of-the-river water rights from the Guadalupe River, 
(2) stored water in Canyon Reservoir via a contract with Guadalupe-Blanco River Authority (GBRA), and 
(3) groundwater from the Edwards Aquifer through permits with the Edwards Aquifer Authority (EAA). 
NBU is currently (2014) adding groundwater from the Trinity Aquifer to these sources.
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22 - Guadalupe-Blanco River 
Authority Conjunctive Use
• Online decade: 2020
• Source water: SW
• Target Aquifer: Carrizo Aquifer
• Volume estimate: 42,000 AF/year
• Cost: $700,897,000
• Other: added via a SWP amendment to replace #15 & 

#17

15 – Guadalupe Blanco River 
Authority Surface Water
• Online decade: 2020
• Source water: SW
• Target Aquifer: Carrizo Aquifer
• Volume estimate: 50,000 AF/year
• Cost: $736,381,000 
• Other: replaced by #22

17 – Wimberley and others
• Online decade: 2020
• Source water: SW
• Target Aquifer: Carrizo Aquifer
• Volume estimate: 15,314 AF/year
• Cost: $37,432,000
• Other: replaced by #22

Presenter
Presentation Notes
The proposed amendment will substitute two Recommended strategies with one Alternative. So no more 15 or 17 and now just 22.

22 – GBRA, Gonzales-Caldwell counties
 (Guadalupe River)
The strategy is configured to include an ASR well field that is co-located with the Carrizo well field on Texas Water Alliance (TWA) leased property in northern Gonzales County and eastern Caldwell County.
Including Wimberly since they were going to purchase water from TWA which is replaced by this project?

15 – GBRA Mid-Basin Water Supply Project – Surface Water with ASR
Combined with 17 (formerly Hays County Facilities Expansion, $37,432,000, 2020, Wimberley; Wimberley WSC; County-Other (Hays))
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2016 South Central Texas Regional Water Plan, Volume II
ASR for New Braunfels Utilities
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2016 South Central Texas Regional 
Water Plan, Volume II
Aquifer Storage and Recovery (ASR) for 
Uvalde
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2016 South Central Texas Regional Water Plan, Volume II
GBRA Mid-Basin Water Supply Project – Conjunctive Use with ASR



10 – City of Lubbock
• Online decade: 2030
• Source water: mixed, SW-GW
• Target Aquifer: Ogallala Aquifer
• Volume estimate: 6,090 AF/year
• Cost: $62,345,000
• Other: 45 ASR wells, assuming 20% loss to nearby wells

Presenter
Presentation Notes
Region O has 1 project

10 – Lubbock (Canadian River Municipal Water Authority)
Roberts County Ogallala Aquifer wells, CRMWA reservoirs)
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Presenter
Presentation Notes
Region O’s 2016 SWP



19 - Lavaca Navidad River Authority
• Online decade: 2020
• Source water: SW
• Target Aquifer: Gulf Coast Aquifer
• Volume estimate: 14,163 AF/year
• Project Cost: $130,169,000
• Other notes: feasibility study done, same one as Victoria

Presenter
Presentation Notes
Region P has 1 project

19 – Lavaca Navidad River Authority
Source is (Lavaca River)
The source of water for the ASR project is assumed to be the Lavaca River, downstream of Lake Texana. specifically near Carancahua Bay.
Lissie and Willis formation of the Chicot aquifer and the Upper Goliad formation of the Evangeline aquifer.
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Presenter
Presentation Notes
Urban Corridors
I-35
I-10
Cities
Rivers
Lakes



Conjunctive Use

• Flexibility
• Max water rights
• Capture excess water for later use
• Use surface water when it is high, switch 

to groundwater when it is dry
• Improve water quality
• Improving economic  costs
• Irrigation
• Flexible infrastructure can be more 

expense
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• Coordinated use of ground- and surface water 
to maximize or sustain yields

• ASR adds agility

Presenter
Presentation Notes
ASR is really a form of infrastructure for storage so it pairs well with conjunctive use as an evaporation loss free storage solution
Some of the aquifer storage and recovery strategies previously categorized as aquifer storage and recovery are now categorized as conjunctive use (combination of sources including aquifer storage and recovery).
https://www.watereducation.org/aquapedia/conjunctive-use
MAR in California is the poster child
http://www.groundwatergovernance.org/fileadmin/user_upload/groundwatergovernance/docs/Thematic_papers/GWG_Thematic_Paper_2.pdf
https://www.arcgis.com/apps/MapJournal/index.html?appid=6729093f792543eeb80d767c8bae181e




Pairing with WTP or WWTP

• Meet water quality requirements for injection
• Utilize reclaimed water
• Prepare recovered water for distribution
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Presenter
Presentation Notes
Cityof Austin Water Forward
https://austintexas.gov/waterforward

Aerial photo of water treatment and wells, Wichita Kansas Equus Beds
https://dbia.org/project/the-wichita-equus-beds-aquifer-storage-and-recovery-program-design-build-surface-water-treatment-plant-and-river-intake/



2017 SWP ASR in a nut shell
• Online decades:

– 2020 (12), 2030 (6), 2040 (1), multi (1)

• Source water types
– Groundwater (4-8), surface water (9-13), reclaim (2-3), mix (3-5)

• Target aquifers
– Carrizo-Wilcox (4), Edwards BFZ (1), Gulf Coast (2), Hueco Bolson (2), Ogallala 

(2), Pecos Valley (1), Queen City-Sparta (1), Trinity (7)

• Estimated Volume
– ~500 (#7) to 42,000 (#22) AF, average 7,883 AF

• Estimated $/AF (2070)
– $93 to $3,069, average ~$1,000

• Estimated Project cost
– $1,258,000 to $700,897,000, average ~$86 million

• If implemented = 123,000 AF/year by 2070 
– 1.5% of all recommended WMS 28

Presenter
Presentation Notes
Keep in mind, that each project has unique characteristics which makes it a challenge to compare with other projects
However we know brains crave these numbers so hear we go…
For example I can also come up with 157,653 AF/year by 2070
$1,731,039,300 project cost total




1. Literature Review
2. Hydrogeological 

Parameter
3. Excess Water
4. Water Supply Needs
5. Final Suitability Rating
6. Public Data Display
7. Final Report to Legislature 

by 12/15/2020
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Presenter
Presentation Notes
Awarded December 2019
Final draft report due July 2020
Currently wrapping up RWP 2021 but will be available for 2026 RWPs
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Andrea Croskrey, M.S., P.G.
andrea.croskrey@twdb.texas.gov
(512) 463-2865

Innovative Water Technologies
http://www.twdb.texas.gov/innovativewater/index.asp

2017 Water Plan 
http://www.twdb.texas.gov/waterplanning/swp/2017/index.asp

Presenter
Presentation Notes
Handing our business cards

mailto:andrea.croskrey@twdb.texas.gov
http://www.twdb.texas.gov/innovativewater/index.asp
http://www.twdb.texas.gov/waterplanning/swp/2017/index.asp
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