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Application Summary and Staff Review 

(Board Meeting September 10, 2020) 

 

DESCRIPTION OF APPLICATION 

Applicant:  Ruby Ranch Water Supply Corporation 

 

Type of Application: Storage and Recovery Permit Application 

 

Request: RRWSC is requesting a Class D Conditional Permit to withdraw up to 

15,000,000 gallons/year from the Edwards Aquifer for the purposes of 

injection, storage, and recovery from an ASR recovery well.   

 

Summary 

Ruby Ranch Water Supply Corporation (RRWSC) filed an application for an Aquifer Storage and 

Recovery (ASR) permit on January 3, 2020.  This permit would authorize the production of Class D 

Conditional Edwards Aquifer water during times of non-drought periods for the purposes of 

injection, storage, and recovery from an ASR recovery well completed in the Middle Trinity 

Aquifer (Cow Creek limestone).  The RRWSC ASR project involves the production of Edwards 

Aquifer water for injection into the Middle Trinity Aquifer for subsequent recovery and use as 

public water supply (Figure 1). Technical information and pilot studies have been conducted 

(Smith et al., 2017; Rauschuber and Vickers, 2019). This is the 4th ASR system approved and 

permitted by the TCEQ for the state of Texas.  

RRWSC has an existing Edwards Aquifer well (#4) and Middle Trinity well (#5) pair that are 

currently being used for public water supply.  Due to higher mineral constituents (e.g. total 

dissolved solids [TDS], sulfate, etc.) in the Middle Trinity, RRWSC must blend its Edwards and 

Trinity water to satisfy water-quality standards. By injecting fresh Edwards water that can be 

permitted by the District when there is not a District-declared drought, RRWSC can have a 

greater quantity of water available during peak demand (summertime) for their customers and 

reduce the undesired TDS and sulfate constituents. RRWSC plans to produce, inject, and store 

Class D Conditional Edwards water during the low domestic water use period between 

November and April and recover and distribute the stored Edwards water during the usually 

high domestic water use period between May and October of each calendar year, and to have 

water available for long periods of drought.   



 2 

  
 

Figure 2. Schematic diagram of the RRWSC ASR system. Figure from Smith et al., 2017. 

 

 



 3 

Requested Edwards (Class D) Permit 

RRWSC is requesting a Class D Conditional Permit to withdraw up to 15,000,000 gallons/year 

from the Edwards Aquifer.  The Edwards well #4 has a production rate of 95 gpm. At 6 months a 

year, at an operational 60% runtime, that equates to approximately 15,000,000 gallons/year.  

Class D requires 100% curtailment upon the declaration of Stage II Alarm Drought, but more 

importantly, it is only available for groundwater production from wells associated with ASR 

projects where stored water is recovered and used to supplement or substitute freshwater 

Edwards Aquifer supplies during District-declared drought (District Rule 3-1.24.F). 

 

The total storage volume (TSV) is the sum of the stored water plus the buffer zone 

volume(Figure 2).  The estimated TSV for the ASR project is approximately 50 to 60 million 

gallons with an annual recovery volume of 15 million/gallons and a target buffer zone volume 

of 30 to 45 million/gallons (see Appendix A).  The buffer zone will continue to be built up and is 

estimated to be established within the next 3 to 5 yrs.  

 

 
Figure 2. ASR Schematic Diagram  
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Well Location and Receiving Area 

The existing wells and ASR project is located at 2053 Ruby Ranch Road, Buda, TX 78610 on a 

0.76-acre lot (water-well easement) within the Ruby Ranch subdivision (Appendix B).  The 

recovered water from well #5 is delivered to the ground storage tank where it is blended with 

50% Edwards water from well #4 before it is distributed to the Ruby Ranch service area and 

subdivision for public-water supply (Appendix C). 

The existing Trinity well #5 will be used for injection and recovery and will be considered the 

ASR well.  ASR well #5 is completed in the Cow Creek unit of the Middle Trinity Aquifer at a total 

depth of 1,140 ft and is about 120 feet from the Edwards source water well (#4).  The Edwards 

well #4 was drilled in 2001 to a depth of 405 feet and is completed within the Edwards Group 

and Upper Glen Rose.   

Hydrogeologic Report and ASR Pilot Test 

In accordance with District rules, applicants for permits seeking more than 2 MGY shall conduct 

an aquifer test and submit a hydrogeologic report addressing the potential impacts associated 

with the project.  The Aquifer Science staff reviewed the hydrogeologic reports and aquifer test 

for the RRWSC (Geos, 2011; Smith et al., 2017; and Rauschuber and Vickers, 2019). In their 

professional opinion, these reports satisfy the District’s aquifer test and hydrogeologic report 

requirements for the permit applications. Impacts to water levels in the Edwards and Middle 

Trinity Aquifers from the permitted pumping will be minor. Water-quality issues (regulated by 

the TCEQ) will be addressed by the operation of the ASR buffer zone and public water supply 

(PWS) operational procedures. A summary of these findings includes: 

• Middle Trinity Aquifer testing for the original production well (Geos, 2011) provided good 
aquifer characterization data. A historic permit was granted to the RRWSC for the Middle 
Trinity production (20.3 MGY) and the well has been in operation for over 8 years.

• Additional pumping from the Edwards well requires a Class D conditional permit, 

which allows pumping only during non-severe drought conditions. Furthermore, RRWSC 

already holds an Historic Edwards permit for 24.2 million gallons/year and a Class A 

Conditional for 7.8 million gallons/year.  The operation of the ASR system will result in 

net zero extraction from the Middle Trinity Aquifer. There are no existing Middle Trinity 

wells in the vicinity. Therefore, the impact to water levels and springflow will not 

produce an unreasonable impact. 
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• Concerns of water quality have been addressed by the aquifer testing and reporting and 

the TCEQ has approved the ASR system for public water-supply use. 

Aquifer Science staff consider that the previous reports satisfy the District’s requirements for 

hydrogeologic testing prior to issuance of a Class D permit. 

ASR Pilot Test Summary 

In 2017, RRWSC and the District started cooperating on a project to test the Middle Trinity 

Aquifer as a reservoir for storage and recovery of fresh Edwards Aquifer groundwater (Smith et 

al., 2017). The pilot project consisted of multi-step tests with increasing volumes of injected 

water in each successive step predicated upon successful results at each step. Major objectives 

of the first two phases of the project were to characterize the suitability of the two aquifers, to 

determine any impact to water chemistry and to the formation, and to clarifying the physical 

parameters governing the injected water “bubble”.  In the last two phases, an additional 

objective to assess how much of the water that is injected can be recovered “recoverability” 

was considered.  The pilot testing consisted of four phases or cycles that occurred between 

April 2017 and August 2019.  The District drafted a report for the project at the completion of 

two phases (Smith et al., 2017; Appendix D) and RRWSC’s consultant, Don Rauschuber, 

completed a final report at the end of phase 4 (Rauschuber and Vickers, 2019; Appendix E). 

Pilot Testing Injection and Recovery Volumes 

Phases 

Volume Injected 

(gallons) 

Volume Recovered 

(gallons) 

Volume in storage at end 

of phase (gallons) 

Phase 1  50,000 84,000 -34,000 

Phase 2 280,000 380,000 -100,000 

Phase 3 9,000,000       4,500,000  4,500,000 

Phase 4 11,000,000 2,600,000 12,900,000 

    

Total 20,330,000 7,564,000 12,900,000 

Injection/Extraction Water Levels, Pressure, and Bubble Radius 

During the testing, Edwards Aquifer water was injected into the ASR well #5 a rate of about 40 

to 100 gallons per minute (gpm). The water level in the well rose between 6 and 18 ft during 

the testing.  Once injection stopped, the water level in the well quickly returned to pre-injection 

levels. The injected water was pumped from the ASR well #5 at a rate of approximately 90 to 

100 gpm during the extraction period and water levels dropped in the well between 4 and 14 ft 
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during the testing.  At the max injection rate of approximately 100 gpm the water level 

increased 18 ft. No water-level response could be attributed to the testing project in the 

nearest Middle Trinity monitor well (5764613). This well is a multiport monitor well located 

about 1.5 miles to the west of the Ruby Ranch subdivision. 

The estimated radial distance of the TSV bubble (45 to 60 million/gallons) is 420 ft and the 

velocity is 0.3 ft per day with flow to the southeast. The bubble is expected to become 

elongated to the southeast over time.   The ASR project is located on a 0.76-acre triangle shape 

property owned by the RRWSC and dedicated as a water-well easement.  A circle with a 420 ft 

radius has an area of 12.7 acres, therefore the TSV radius is expected to extend off the 

property.  However, the applicant has initialed a declaration indicating they understand a 

landowner owning surface property over the TSV radius owns the water unless ownership has 

been severed.   

Water Quality/Geochemical 

The pilot test was designed to carefully assess any water-quality changes, geochemical 

reactions and the mixing characteristics of the native and stored water.  Baseline samples were 

taken prior to testing and water-quality samples and field parameters were taken during 

extraction for each phase of the testing.  Because of concerns about mobilization of arsenic 

from host rocks, additional analyses for arsenic were made during the extraction phases of the 

tests.  

Water-quality results indicate that: 

• The source Edwards water and the native Trinity water are mixing, indicating that a 

buffer is not fully formed or is currently of insufficient volume; 

• The level of iron and manganese is elevated in the recovered water; the source of 

the iron is likely the well casing and not the aquifer; 

• Dissolved oxygen concentrations in the Edwards water are relatively high (as 

expected) due to the unconfined recharge zone setting, and ranges from 

approximately 6 to 8 mg/L while dissolved oxygen is relatively low (about 0.2 mg/L) 

in the Middle Trinity due to its deeply confined setting; and 

• A small amount of arsenic was mobilized during each testing phase and 

concentrations in the recovered water ranged from approximately 2 μg/L during the 

first phase to 5 μg/L during the fourth phase; all values are below the maximum 

contaminant level (MCL) of 10.0 μg/L regulated by the EPA and TCEQ; this illustrates 

that arsenic is available and mobile in the formation.   
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The sources of arsenic from the Cow Creek are not well understood at this time. Geochemical 

analysis show that arsenic is present within the predominantly dolomite matrix, but the 

analyses do not show the specific mineral or minerals with which arsenic occurs. Under 

conditions observed, the primary factor accounting for the occurrence of arsenic in the 

recovered water is oxidative dissolution of ferrous iron due to the oxygenated Edwards water 

injected.  

The U.S. Environmental Protection Agency lists the MCL of arsenic as 10.0 μg/L.  It is important 

to note that the arsenic concentrations in the recovered water have not exceeded the MCL and 

are reduced even further when blended with 50% Edwards water in the storage tank before 

going to the distribution system.  For example, sampling results from phase 4, submitted to 

TCEQ Drinking Water Section, show arsenic concentrations in the recovery water of 5.15 μg/L 

and 2.78 μg/L in the blended water.  It will be necessary to monitor arsenic concentrations on a 

regular basis, especially with increasing storage time in the Cow Creek.  

Iron and manganese concentrations are elevated and exceed TCEQ’s secondary contaminant 

level (SCL) in the recovered water and iron remains above SCL when blended.  RRWSC is 

working with the TCEQ Drinking Water Division on methods to reduce the iron concentration.  

Regarding elevated iron concentrations, RRWSC has had issues with elevated iron in well #5 

prior to ASR testing and it is anticipated that this related to the well casing.  District well 

construction standards require non-corrosive casing for new wells, but these wells were 

existing before standards were in place.  District consultant and geochemist, Dr. Bruce Darling, 

ran mixing models during the first two phases which revealed that phase 1 consisted of a 

mixture of 20% Edwards and 80% Trinity water and phase 2 consist of 35% Edwards and 65% 

Trinity water.  While the mixing model was not run during phase 3 and 4, the recoverability 

analysis indicates that the native and source waters are still mixing.   

Hydrogeology  

The hydrogeology at the site is described in detail in Smith et al., 2017. The Cow Creek 

limestone is the target hydrogeologic unit of the ASR testing.  The Cow Creek is very porous and 

permeable and is the primary water-bearing unit within the Middle Trinity Aquifer. The 

thickness of the Cow Creek in the study area averages about 75 ft.  From the results of the pilot 

testing and four phases of injection and extraction, it was clear that the Middle Trinity Aquifer is 

capable of receiving the injected Edwards water at the planned flow rates and of storing the 

injected Edwards water. The Middle Trinity Aquifer within the study area is hydrologically 

isolated from the overlying Edwards Aquifer due to the presence of aquitard units.  
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Recoverability 

One of the biggest questions regarding ASR projects is “how much of the water that I inject will 

I get back?”  ASR applicants must assess the volume of water (recoverable volume) that can be 

recovered compared to the volume of water injected.  ASR operators must not withdraw a 

volume of water that exceeds the recoverable volume without a permit for the native water.   

Recoverability or recovery efficiency can be assessed based on aquifer and operational 

parameters and movement, as well as water-quality criteria.  TCEQ worked with the University 

of Texas (UT) to develop a recoverability model (appendix F) based on operational parameters 

such as injection and pumping rate, and aquifer parameters such a hydraulic conductivity and 

gradient, porosity, and thickness.  However, the District defines recovery efficiency as the 

percentage of stored water volume that is subsequently recovered based on satisfying, and not 

exceeding, a set of water-quality criteria for the recovered water. 

The estimated recovery efficiency for the Ruby Ranch ASR project is different for the two 

assessment methods.  TCEQ estimated, based on the UT model, a recovery efficiency of 82%.  

The recovery efficiency based on water-quality criteria (conductivity of 1200 to 1500 uS/cm or 

TDS of 100 mg/l) is estimated to be between 30 -to 50% for the pilot project.  For example, in 

phase 3, of the 9 million gallons injected, only 4.5 gallons could be recovered before the water 

quality criteria was exceeded.  As mentioned above, this is due to mixing between the source 

water and native water and indicates the buffer zone is not fully formed or of sufficient size.  

Mixing of the waters is not a problem as long as the degree of mixing is within the limitations of 

the water-quality criteria.  Recovery efficiency tends to improve with successive cycles when 

water is stored in each phase or cycle; this is because water not recovered becomes a transition 

or buffer zone of marginal quality surrounding the stored water (Pyne, 1995).  At most ASR 

sites, up to 100% recovery efficiency is attainable after an adequate buffer has been 

established.  Once the buffer zone has been formed, a common strategy is to avoid recovering 

the groundwater buffer zone because of water-quality concerns.  However, that is not always 

the case and in fact, Ruby Ranch has a Trinity permit for the native groundwater.   

The District expects Ruby Ranch’s recovery efficiency to improve significantly once the buffer 

zone is established by the end of FY 2022.  Therefore, for permitting purposes the District 

recommends a recovery efficiency goal of 100% until which time there is enough actual data 

and an operational report to reassess the recoverability efficiency.   RRWSC plans to operate 

the ASR project seasonally and inject 15 million gallons/year and recover between 10 million 

gallons to 15 million gallons each fiscal year.  However, if RRWSC decides to bank water for 

multiple years and operates the system for drought purposes as opposed to seasonal purposes, 
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the volume recovered in a fiscal year could be substantially higher and would be based on the 

cumulative volume injected minus the buffer volume.   

ASR Systems LLC – David Pyne 

 

The District consulted with David Pyne of ASR System LLC on the RRWSC ASR project in July 

2020.  Mr. Pyne has written multiple books on ASR and worked on many ASR projects in Florida, 

and around the world.  Mr. Pyne reviewed the application material and pilot project reports 

and indicated that the RRWSC ASR project is the smallest seen to date and was impressed with 

the pilot testing reports and results.    

 

Ultimately, Mr. Pyne recommended the formation of an adequate buffer zone as it is essential 

to increasing recoverability and reducing the mobilization of arsenic and other constituents.  

Establishment of a buffer zone, which is achieved by leaving some recharge water in the 

aquifer, ensures that no reaction products are allowed close to the well during recovery and 

minimizes the mixing.   Based on Florida ASR experience, Mr. Pyne recommended that an 

adequate buffer zone would be at least the volume associated with recovery at the design 

capacity of the well for 70 days, ie: 0.32 MGD (220 GPM) x 70 days = 22 million gallons.  RRWSC 

is expected to have 22 million gallons stored by the end of FY 2022.   

 

Mr. Pyne went on to indicate that Florida ASR projects that met at least this minimum buffer 

zone volume criteria did not have an arsenic problem and high levels of recoverability.  Forming 

and maintaining a buffer zone is a proven and inexpensive “rule of thumb” that works in 

Florida, avoiding the need for deoxygenation of the recharge water, which is complex, 

expensive, and impractical for larger ASR operations.   

 

Mr. Pyne also indicated that if the recovery efficiency after buffer zone formation is any less 

than 100%, it would likely be due to lateral movement of the stored water.  He indicated that 

the estimated lateral velocity of 0.3 ft/day for the Cow Creek limestone is moderately high (110 

ft/year). 

 

TCEQ Authorizations 

The District and TCEQ (UIC) share authority over ASR projects, with the District having authority 

over the recovery side of the system.  Therefore, RRWSC was required to obtain authorizations 

from TCEQ UIC Division for pilot testing and the ASR project.  In addition, since the recovered 

water is used for public drinking-water supply, the TCEQ’s Drinking Water Division also 
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reviewed the project and water-quality data and will be reviewing periodic water quality 

samples. 

- In March 2017, the TCEQ granted permission to conduct an ASR pilot project (Ruby 

Ranch’s Class V UIC authorization no. 5X2500126).  

o Extension granted in March 2019. 

- In December 2019, the TCEQ Water Supply Division granted authorization to use ASR 

water recovered from Well No. 5 as a public water supply (appendix G) 

- In February 2020, the TCEQ granted authorization to RRWSC to own and operate a Class 

V Aquifer Storage and Recovery Well (appendix H). 

o Include special provisions for sampling arsenic. 

 

Application Review  

• Staff has reviewed the above referenced application and has determined that the 

application has satisfied all the requirements pursuant to District Rule 3-1.4.A and that 

the required documentation and payment of fees have been satisfied.  

 

• The permit request does not exceed the Fresh Edwards All-Conditions MAG of 16 cfs 

(11,600 ac-ft/yr). 

 

• Staff has confirmed that the applicant filed proper notice and the required 20-day public 

comment period has expired in accordance with District Rule 3-1.4.B.  (Attachment ). The 

noticed was published in the Austin American Statesman on July 21st, 2020 and in The 

Hays Free Press on July 29, 2020.  The 20-day comment expired on August 10, 2020 and 

the District received one question regarding ASR from a Ruby Ranch resident.  Staff spoke 

with the resident on the phone and provided information on ASR.   

 

• The District filed public hearing notice pursuant to District Rule 3-1.4.C. 

 

BASIS FOR APPLICATION REVIEW 

The following items were considered in the review of the application: 

1. Application submitted on January 3, 2020 

2. Supplemental information submitted on July 7, 2020 

3. District Rules and ByLaws. 

4. District Aquifer Test Guidelines. 
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Staff Recommendation 

The District’s staff recommends approval of the ASR Source and Recovery Permit which 

authorizes 1) the annual production of 15,000,000 gallons per year under an Edwards Class D 

Conditional Production Permit and 2) the recovery of 100% of total stored volume.  District staff 

recommends approval of the above-referenced ASR Source and Recovery Permit with the 

following special provisions: 

1. Ruby Ranch WSC shall submit a revised recoverability analysis along with the submittal 

of the required operations report within five years of permit issuance (September 2025).  

The analysis should be conducted once the target buffer volume is established and 

should be based on any data collected from the previous five years.   

2. Ruby Ranch WSC shall comply with and submit to the District in a timely manner, copies 

of any and all water-quality sampling requirements or reports as identified in 

authorization letters from TCEQ’s Water Supply Division (dated December 11, 2019) and 

Underground Injection Control Division (dated February 18, 2020).   

3. Additional samples shall be collected from ASR well #5 upon commencement of 

recovery and at the conclusion of each three-month recovery cycle or any recovery cycle 

that is less than three months in duration.  The samples should be analyzed for water 

quality parameters that include arsenic, conductivity, total dissolved solids, dissolved 

oxygen, iron, and manganese.  

4. Additional samples shall be collected from Edwards well #4 prior to injection at the 

conclusion of each three-month injection cycle or any injection cycle that is less than three 

months in duration. The samples should be analyzed for water quality parameter dissolved 

oxygen.  

5. All applicable results and reports (identified in provisions 2- 4 above) shall be compiled 

and submitted to the District within 30 days of collection and no later July 1st of each 

year.  TCEQ sampling parameters or requirements do not need to be duplicated.   

6. Ruby Ranch shall take all necessary steps to ensure water quality of the native aquifer 

(Cow Creek Formation) is protected due to operations of an ASR project.  If arsenic 

concentrations in the recovered water from ASR well #5 exceed 8.0 μg/L for two 

consecutive sampling periods or exceeds the MCL of 10 μg/L in any single sampling 

period Ruby Ranch WSC shall: 

i. Notify District staff in writing within 10 business days of lab results if the 

arsenic concentrations exceeds the above thresholds; 

ii. Collect arsenic samples from the ASR well #5 every month during 

recovery; 
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iii. Schedule meeting(s) with TCEQ and the District to discuss and specify 

what operational controls or treatment would be adequate to reduce the 

mobilization of arsenic and reduce any risk to the aquifer; and 

7. Following implementation of operational controls or treatment identified by TCEQ and 

the District (provision 6 iii & iv above) and in the event that arsenic concentrations 

exceed 10 μg/L in the recovered water for 3 consecutive sampling months, Ruby Ranch 

WSC will submit plans to the District for implementing additional controls, treatment, 

and monitoring to reduce the arsenic concentrations and to assess movement of arsenic 

within the aquifer. 

8. Ruby Ranch WSC shall coordinate with the District to obtain groundwater monitoring 

data for District scientific multiport monitoring well 58-57-513.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 13 

References 

 

Geos, 2011, Hydrogeologic Report in Support of an Application for a Pumpage Permit Volume 

Amendment, Report prepared for the Ruby ranch Water Supply Corporation, Buda, Texas. Submitted to 

the Barton Springs/Edwards Aquifer Conservation District. Geos Project No. 09-04, February 24, 2011. 44 

p. 

 

Rauschuber, D.G. and J. Vickers, 2019, Ruby Ranch Water Supply Corporation Aquifer Storage and 

Recovery Pilot Project Hays County, Texas. Report for TCEQ UIC Class V Injection Authorization No. 

5X2500126. September 2019. 29 p. 

Smith, B.A., B.B. Hunt, J. Camp, and B.K. Darling, 2017, Status Report for Aquifer Storage and Recovery 

Pilot Project: Ruby Ranch Water Supply Corporation, Hays County, Central Texas. BSEACD Technical Note 

2017-0930. September 2017. 28 p. https://bseacd.org/uploads/RubyRanchASR_Status-

Report_FINAL.pdf 

 

Pyne, R. David G, 1995, Groundwater Recharge and Wells: A Guide to Aquifer Storage and Recovery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://bseacd.org/uploads/RubyRanchASR_Status-Report_FINAL.pdf
https://bseacd.org/uploads/RubyRanchASR_Status-Report_FINAL.pdf


 14 

 

Appendix A 

RRWSC TSV Table and 10-yr Plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PHASE 
NO./YEAR YEAR 

Volume of Edwards 
Aquifer Injected into 
Well No. 5 (Gallons) 

Volume of Water 
Extracted from 

Well No. 5 
(Gallons) 

Volume of Water in 
Storage Inclusive of 

Recoverable Water and 
Buffer Zone Water 

(Gallons) 
Pilot Phase 1 17-Apr 50,000 0 50,000 

Pilot Phase 1 27-Apr 0 65,000 0 

Pilot Phase 2 17-May 280,000 0 280,000 

Pilot Phase 2 17-Jun 0 300,000 0 

Pilot Phase 3 Oct. 11, 2017 to 
May 16, 2018 9,000,015 0 9,000,015 

Pilot Phase 3 July 27, 2018 to 
Nov. 8, 2018 0 4,613,100 4,386,915 

Pilot Phase 4 Dec. 12, 2018 to 
May 12, 2019 11,000,000 0 15,386,915 

Pilot Phase 4 July 1, 2019 to 
Nov. 11, 2019 0 5,371,500 10,015,415 

ASR Year 2020 Jan. 1 2020 to 
April 30, 2020 9,000,000 0 19,015,415 

ASR Year 2020 July 1, 2020 to 
Aug. 31, 2020 0 4,700,000 14,315,415 

ASR Year 2021 Oct. 1, 2020 to 
Mar. 31, 2021 15,000,000 0 29,315,415 

ASR Year 2021 April 1, 2021 to 
Sept. 2021 0 10,000,000 19,315,415 

ASR Year 2022 Oct. 1, 2022 to 
Mar. 31, 2022 15,000,000 0 34,315,415 

ASR Year 2022 April 1, 2022 to 
Sept. 30, 2022 0 10,000,000 24,315,415 

ASR Year 2023 Oct. 1, 2023 to 
Mar. 31, 2023 15,000,000 0 39,315,415 

ASR Year 2023 April 1, 2023 to 
Sept. 30, 2023 0 10,000,000 29,315,415 

ASR Year 2024 Oct. 1, 2024 to 
Mar. 31, 2024 15,000,000 0 44,315,415 

ASR Year 2024 April 1, 2024 to 
Sept. 30, 2024 0 10,000,000 34,315,415 

ASR Year 2025 Oct. 1, 2025 to 
Mar. 31, 2025 15,000,000 0 49,315,415 

ASR Year 2025 April 1, 2025 to 
Sept. 30, 2025 0 10,000,000 39,315,415 

ASR Year 2026 Oct. 1, 2026 to 
Mar. 31, 2026 15,000,000 0 54,315,415 



ASR Year 2026 April 1, 2026 to 
Sept. 30, 2026 0 10,000,000 44,315,415 

ASR Year 2027 Oct. 1, 2027 to 
Mar. 31, 2027 15,000,000 0 59,315,415 

ASR Year 2027 April 1, 2027 to 
Sept. 30, 2027 0 15,000,000 44,315,415 

ASR Year 2028 Oct. 1, 2028 to 
Mar. 31, 2028 15,000,000 0 59,315,415 

ASR Year 2028 April 1, 2028 to 
Sept. 30, 2028 0 15,000,000 44,315,415 

ASR Year 2029 Oct. 1, 2029 to 
Mar. 31, 2029 15,000,000 0 59,315,415 

ASR Year 2029 April 1, 2029 to 
Sept. 30, 2029 0 15,000,000 44,315,415 
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Appendix B 

Site Location 
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Appendix C 

Site Plan and Flow Schematic 
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Appendix D 

District Pilot Project Report (Phases 1&2) 
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Appendix E 

RRWSC Pilot Project Report (Phases 3&4) 
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Appendix F 

UT Recoverability Analysis 
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More info

How to use

The TxASR app provides a simple way to assess the feasibility of water recharge, storage, and recovery.

See the More info and How to use tabs to get started.

Download the ASR Application Guide

click and drag slider-handles to select desired parameter values (toggle keyboard arrows for fine adjustment)

Operational Parameters:

Injection Rate (Qi), ft3/day

You have selected an injection rate of 10000 ft3/day

Pumping Rate (Qp), ft3/day

You have selected a pumping rate of 10000 ft3/day

Injection Time (ti), days

You have selected an injection time of 133 days

Delay Time (td), days

You have selected a delay time of 0 days

Pumping Time (tp), days

You have selected a pumping time of 133 days

Physical Parameters:

Hydraulic Conductivity (Kd), ft/day

You have selected a hydraulic conductivity of 8.18 ft/day

Hydraulic Gradient (dh/dx), ft/ft

You have selected a hydraulic gradient of 0.008 ft/ft

Porosity (n)

You have selected a porosity of 0.2

Aquifer Thickness (B), ft

You have selected an aquifer thickness of 80 ft

TxASR https://txasr.herokuapp.com/

1 of 3 11/5/2019, 7:41 AM



More Options:
 Single time point entries

 Ranged pumping time entry

 Ranged injection & pumping time entries

 Ranged delay & pumping time entries

SUBMIT
click button to generate graphs below

click data points to generate corresponding "Front Positions for a Single Well" graph

DOWNLOAD CSV

download data for "Recovery Efficiency vs Pumping Time" graph

DOWNLOAD CSV

download data for selected "Front Positions for a Single Well" graph
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Recovery Efficiency = 77.61%                        
Native Groundwater Recovery = 22.39%                        
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regional groundwater flow
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Appendix G 

TCEQ Drinking Water Division Authorization Letter 
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Appendix H 

TCEQ Underground Injection Control Authorization Letter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 










