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Welcome


State and regional water planning

Recommended Water Management

Strategies include:

WATER FOR TEXAS 2012 STATE WATER PLAN

Aquifer Storage and Recovery

= Develop 80,869 acre-feet/year by
2060

2012

Water for Texas

TEXAS WATER DEVELOPMENT BOARD

= 6 regions recommended strategy
(E,G,H,J, K, L)
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2012 State Water Plan

6 of the 16 regional water planning areas (E, G, H, J, K, and L)recommended aquifer storage and recovery as a strategy for water supplies (goal 80,869 acre-feet per year by 2060).  This accounts for .9 % (of the anticipated 9 million acre-feet per year.  See table 7.2, page 189 of the 2012 SWP.

Projects included in Appendix C of the 2012 SWP include:

Region E.  Integrated water management strategy – recharge of groundwater with treated surface water

Region G.  Brazos River Authority to Seymour Aquifer

Region H.  City of Missouri City Groundwater Reduction Plan – Aquifer Storage and Recovery

Region J.  Surface water acquisition, treatment, and aquifer storage and recovery

Region K.  Aquifer storage and recovery

Region L.  Storage above Canyon Reservoir (aquifer storage and recovery)
                Aquifer storage and recovery project and phased expansion
                Medina Lake firm-up (aquifer storage and recovery)


What is ASR?

= Aquifer Storage and Recovery (ASR) is the storage of water in a
suitable aquifer through a well during times when water is
available, and the recovery of water from the same well during
times when it is needed —

= Other frequently used broader terms are Managed Aquifer
Recharge (MAR) and Managed Underground Storage of
Recoverable Water (MUS) —

= |n Texas statute, an ASR project is a project:
« with two phases (Phase | and Phase 1)
« that anticipates the use of a Class V aquifer storage well

« with injection into a geologic formation capable of underground storage
for subsequent retrieval and beneficial use —
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Presentation Notes
Classic definition of ASR from David Pyne and of similar but not equivalent practices (MAR and MUS) from a more recent National Research Council committee study.

While an ASR system requires water to be injected into and recovered from an aquifer using the same well, MAR and MUS are more general terms used for systems that use a variety of recharge methods including surface infiltration and percolation through the vadose zone to a saturated aquifer.

In Texas, ASR is not explicitly defined in statute. However, statute does define an Aquifer Storage and Retrieval project as one that is conducted in two phases. Phase I of the project requires TCEQ authorization by a temporary or term permit to determine the feasibility for ultimate storage and retrieval for beneficial use. Phase II of the project also requires TCEQ authorization by permit or permit amendment after they have determined
that Phase I of the project has been successful.

There are only two real ASR systems in Texas: Kerrville and the Twin Oaks system in San Antonio. The El Paso system is not a strict ASR system but can be classified as a MUS or a hybrid ASR.


= N

“History of Early ASR Studies at TWD

= Upper Guadalupe River Authority, Kerrville
= Brownsville Public Utility Board
= San Antonio Water System

= City of Laredo


Presenter
Presentation Notes
The earliest ASR projects in Texas can be traced back to the 1950s when artificial recharge into the Ogallala Aquifer was conducted at the McDonald well in Amarillo.

One of the first ASR studies funded by TWDB was the UGRA project in Kerrville in the 1980s. The first phase of the study was completed in 1988 and the system became operational in 1998. The system uses treated river water and stores the treated water in the Lower Trinity Aquifer using two injection wells. Kerrville plans to add one more well to the system. The largest volume stored so far has been approximately 700 million gallons or about 2,100 acre-feet of water.

TWDB also funded a study by the San Antonio Water System in 1996 (completed in 1998) that resulted in the Twin Oaks system. The system became operational in 2004. Water from the Edwards Aquifer is stored in the Carrizo-Wilcox Aquifer and as of December 2010 the system had about 87,000 acre-feet in storage.

TWDB funded two other studies in the 1990s (Brownsville PUB and City of Laredo). Although both studies indicated that geological conditions at the sites were favorable for implementing ASR, the entities did not pursue the recommendations. 


An Assessment of Aquifer Storage and
Recovery in Texas (report, 2011)

Goal: Ascertain the reasons for ASR not being used more widely in
Texas and make recommendations

Conclusion:

= Technical factors not major impediments to implementation of ASR
Main challenge is perceived lack of ability to protect stored water
Recommendations:

TWDB/TCEQ joint demonstration program and interagency coordination
Legal and regulatory modifications

Develop incentives for utilities to gather and keep accurate cost data
Fund statewide data gathering program

Research

Additional focused education
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In 2009, TWDB funded a study to determine why ASR was not being used more widely in Texas even as its use elsewhere in the country was growing rapidly. The study was conducted by Malcolm Pirnie, Inc. and completed in February 2011.

The study used surveys and personal visits to utilities to gather information. It concluded that while technical factors were not impediments to implementing ASR, issues such as the lack or perceived lack of an entity’s ability to protect their stored water was a principal challenge.

The study recommended that the state’s two main agencies responsible for ASR (TCEQ and TWDB) take steps to educate the public about and create a more favorable regulatory environment for ASR. 


—

————

Statutory Authority for TWDB in ASR Studies
= TWDB shall participate in pilot projects

= Pilot projects are eligible for grants from the
water loan assistance fund

= TWDB may authorize use of money from the
research and planning fund for pilot projects

= TWDB shall make other studies, investigations,
and surveys of the aquifers in the state as it
considers necessary
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Presentation Notes
Statutory authority for TWDB to participate in ASR studies is provided in Texas Water Code Sections 11.153 through 11.155.  The statute also requires that at the conclusion of a pilot project, the TCEQ and TWDB prepare a joint report evaluating the success of the project. The report is submitted to the governor, lieutenant governor, and speaker of the house of representatives.


Corpus Christi Aquifer Storage and Recovery Conservation District

Created in 2005 by the 79t Texas Legislature
(enactment SB 1831, Section 1, Subtitle H, Title 6)

*Prepared a groundwater management plan (2008)
District is committed to maintaining a sustainable, adequate,
reliable, cost-effective and high quality source of groundwater to

promote the vitality, economy, and environment of the district.

*Prepared a five-year plan for district operation and evaluation of
ASR (2009)



Corpus Christi Aquifer Storage and Recovery Conservation District (CCASRCD)

Project objective is to:

0060

Collect well data

Append data to relational database

oo

Characterize geology within ASR District :

sand and clay sequences
water chemistry
aquifer parameters
potential problems:
hydrocarbons
high gamma ray spikes

oon

Project focus is on the Evangeline Aquifer in the area of
the Stevens Water Treatment Plant at the west end of
the district

ool

Provide database, GIS datasets, raw well data, and
summary report

Project Completion Date: February 29, 2012
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Source: Young and others, 2010

District Geology

Will use hydrostratigraphy of the
Gulf Coast Aquifer developed for
the TWDB groundwater
availability model program
(Young and others, 2010)

Collect and interpret water well
and geophysical well logs within
San Patricio and Nueces counties

Extrapolate water chemistry and

aquifer test information to
CCASRCD region



TWDB Relational Database Primary Tables

TWDB Groundwater Database

Well Data

Remarks

Water Levels

Water Chemistry (2 tables)
Casing

New
Tables

TWDB BRACS* Database

Well Data (location, depth, owner, ...)

Water Levels
Water Chemistry (2 tables)
Casing

Foreign Keys (well ids)

Well Geology (lithology/stratigraphy)
Net Sand and Sand Percent

Interpreted TDS from Geophysical W.L.
Aquifer Determination Analysis

Digital Water Well Reports

Digital Geophysical Well Logs
Geophysical Well Log Suites

Aquifer Test Information

* BRACS: Brackish Resources Aquifer Characterization System
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Presentation Notes
Most everyone familiar with the TWDB groundwater database.

BRACS database was developed to handle new information obtained for the project


RRC

_——

Oil \ Gas Wells

Oil \ Gas Wells

Oil \, Gas Wells
Class Il Inj. Wells

Brine Mining Wells

Oil \, Gas Wells

GWDB Water Wells
GAM Project Wells

BRACS

Foreign Keys
used to
link
databases

e S R R

PWS Water Wells
Surface Casing Logs

Water Wells

USG5

Water Wells
Geophysical Well Logs

New Mexico Agencies

Oil \ Gas Wells
Water Wells




Refugio

Live Oak

4

Triangle = Water Well Diamond = Geophysical Well Log }
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State Name [fexas %] source of Well Data [RRC Digital Geophysical Logs ]
contyvane NGB
Depth Total Latitude | 319347679725 Elevation [[ 3887  (RRC, ULUTS, NMEMN, TOLR, TCEQ, TWDE, NMOSE)
Depth Wel Langitude | -103.23 1063926
Drill Date Ferizental Datum B v vertal Datum ETTv]
Kely Bushing Height Location Method - [EEEIRINNGD) Bevaton Method - (NG
WeiType  DISCEILY) Agency Bl AeTEy
oo [EEES e [amem
sodca  [EEET
MO grieTyme 6L folder Remarks =
File Name |4248532997 |
JEM: GL Hyperlink |G:\BRACS\GeophysicalWielLogs'42 4951424353 MRW: GL Hyperlink |F:'BRACS\GeophysicalWellLogs\42 4951424953
Geophysical Log GL Code Top Depth  Bottom Depth Remarks
] o [ om0 [ R \
Log Name
B b ] [ wescseepveen | 500 [ 7 \
Log Name
GAMMARAYORGAMMA — v|fR ] [LozdGeophysical | [ 180] [ 7750] [180-400"appears attenuated \
Log Name
[ R = . o e |3
Log Name
ERSEN T N 9] [ LeadGeophyseal | [ 0] [ 7750] [uia \
Log Name
N S (tosicemvas | [ 0[  opR j
Log Name
s
Record: M« 1of2 | » M b | i b | [search |
[ [ T - Wit e
JEM: WV Hyperiink | MRW: WW Hyperlink |

Record; M <[1ofl | » M+ | W NoFilier | [Search

Load WW Hyperlink.

Close Form

s B ]

MNJA

Owner ‘Hen'iage Standard Corporation

ID Name
10 Agency

P |[INT_RUSTLER_PRO)

Foreign Key Id (Text)
Foreign Key Id {(Mumeric)

~||1561

[wo Mani)
e
C—

[wo Mani]
I T —
[wo 8ani]

Record: W {[10f12233  » M

| i Unfiltered | Search |

ue 10,

to each well with a
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All attributes are loaded into the database.  If a well record exists in another agency database table, those attributes can be loaded with code.

Each tool in a geophysical well log is recorded with tool type, start and bottom depths

Hyperlinks to these digital geophysical well logs facilitate log analysis.

Over 5,200 digital geophysical well logs have been collected across Texas so far to support this and future projects.


TWDB staff are using a NeuraScanner to scan paper geophysical well logs.

The TWDB has hundreds of paper logs in its files and the Railroad Commission of
Texas has over 300,000 paper geophysical well logs in the Groundwater Advisory Unit
collection.
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Upper Goliad Sands (yellow; SP response)
in the upper Evangeline Aquifer

The lithology of geophysical well logs was
interpreted from base of surface casing to
several hundred feet below the Oakville
Formation (base of Jasper Aquifer).

Lithology from each water well was loaded
into the database and a simplified
lithology was applied to the driller ‘s
descriptions.

Lithology top/bottom depths and
thickness were loaded into the database
and net sand and sand percent maps can
be made for any formation or combination
of formations.

The upper and lower formation boundaries
were obtained from the Gulf Coast
Hydrostratigraphy report by Young and
others (2010) and applied to each well in
the two-county project area.



Geology Table

“=| frmWell_Lithology_DE

£ 4506 Owner Mobil Cil Corp Drill Date 05/18/1978 Remarks |
Source of Well Data (Intera Guif Coast Aquifer Study s Depth well -99999
Depth Total 15021
- - - L. epth To - = - L.
Lithologic Description Stratigraphic Description
KB Height 17| Hevation 22
Record Geologic Pick Top Depth Lithologic Description Record Geologic Pick Top Depth Stratigraphic Description
Number Bottom Depth Source of Data Number Bottom Depth Source of Data
Thickness Initials Last Change Thickness Initials Last Change
> 10/ Lithologic LT 0 ) > 1| |Stratigraphic w Beaumont Formation | -
[ 325 [No Record 3 H e 19 PUBLISHED REPORT v
325/ |GEOPHYSICAL WELL LOG w | (JEM v L () A
10/5/2011 2| |Stratigraphic ' 196 |Lissie Formation b
§ 410 PUBLISHED REPORT w
11| [Lithalogic 3 325 Unit = Well Depth ?
214 INT  + || 9/12/2011
360 |Sand
] == b4 3| |Stratigraphic w 410 |Willis Formation L
35| [GEOPHYSICAL WELL LOG R e PUBLISHED REPORT
Uinit > Well Depth ? v = e
10/s/2011 230 INT || 9/12/2011
17| Lithologic w 360 4| |Stratigraphic w &40 |Upper Goliad Formation -
210 [Clay 7 R 5| 17 PUBLISHED REPORT vl |2
50| [GECPHYSICAL WELL LOG v | BN v = - A o
10/5/2011 5| |Stratigraphic " 1770 |Lower Goliad Formation w
§ 2350 PUBLISHED REPORT W
13| [Lithologic ~|[ 10 Unit > Well Depth 2
530 INT || 9/12/2011
487 |sand with Cl
and wi = hd 6/ |Stratigraphic R 2350 |Upper Lagarto Formation b
77| [GEOPHYSICAL WELL LOG v | [JEM [ =77 PUBLISHED REPORT
Unit > Well Depth 7 v had
10/5/2011 627 INT || 9/12/2011
14 Lithologic w 487 7| |Stratigraphic - 2977 |Middle Lagarto Formation -
3504 PUBLISHED REPORT
540 [Clay v Uit > Well Depth ? v = e
53| |GEOPHYSICAL WELL LOG w | [JEM v 52y L ) S —
10/5/2011 8| |Stratigraphic L 3604 |Lower Lagarto Formation b
. 4133 PUBLISHED REPORT W
15| [Lithalagic v 540 Unit = Well Depth ? w
529 INT  ~ || 9/12/2011
564 |Sand
o) hd 9| |Stratigraphic " 4133 |Oakville Formation “w
24| [GEOPHYSICAL WELL LOG v | JEM it > el Depth 2 [ om PUBLISHED REPORT 3
10/5/2011 245 INT v |[ 921 v
itheln s 2 ' ]
" —Litenee — “ 2 » Add First Add Mext Complete Add BLAME.
Record Record Last Recond Fiecord
Add First Add Mest Complete
Record Record Last Record Geophysical Well | EM  [G:\BRACS\GeophysicalWellogs\42 3554235531270, tif s
Log H}-fperﬁnkﬁ MRW |F:\BRACS\GeophysicalWellogs'42 3554235531270, tif |j|
Log File Type TIF IMAGE w | GLfolder |42_355
Record: M 1of2 LI 1 i Search
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Geophysical well logs provide stratigraphic picks and are interpreted for a simplified lithologic description (green-colored field in table on left)

The water well reports provide driller lithology (yellow-colored field in table on left; this log does not have a driller report)

The water well driller lithology is converted to a simplified lithologic description.

Stratigraphic picks are loaded from log interpretation; if a pick cannot be made it can be left blank.  In this example, the contact between the Dockum and Dewey Lake was not interpreted; the two units are grouped together in this study.


Wells with net sand evaluations performed.

Bee AN ans ransas
Refugio
Live Oak <
. San Patricio
i <
Jim Wells -

Nueces

Kleberg




Wells with complete Upper Goliad Formation net sand evaluation performed.

Bee & ans ransas
Refugio

Live Oak

W, \a

.
400

San Patricio . 504 469 438 Aransas

_—

Jim Wells

Kleberg




Chicot Aquifer wells showing TDS, well yield, and transmissivity data

Refugio

Live Oak

Aransa

Jim Wells

Nueces

Well Yield

Transmissivity

TDS: 0-999 mg/L
TDS: 1000 - 3000 mg/L

Kleberg TDS: 3000 - 10000 mg/L



Chicot - Evangeline Aquifer wells showing TDS, well yield, and transmissivity data

Aransas

Bee =

Refugio

Live Oak

121@00 gpd/ft . ™ "6'_23000 gpd/ft

¢ 24200 gpd/ft

San Patricio

Jim Wells

Nueces
L]
Well Yield
3700 gpd / @ - (> Transmissivity
5000 gpd/ft o TDS: 0-999 mg/L
Kleberg TDS: 1000 - 3000 mg/L

° TDS: 3000 - 10000 mg/L



Evangeline Aquifer wells showing TDS, well yield, and transmissivity data

Aransas
Bee - Aransas
Refugio
)
Live Oak . 20600 gpd/f
. A
@ ..
11ooo gpd/ft ¢ =9
e
Aransa
San Patricio
Jim Wells
L)
Nueces

Well Yield

o 4590 gpd/ft

Transmissivity

TDS: 0 -999 mg/L
TDS: 1000 - 3000 mg/L
TDS: 3000 - 10000 mg/L

®
4410 gpd/ft * 5936 gpd/fi

Kleberg
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Determining resistivity values for calculating TDS
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The few shallow geophysical logs containing resistivity tools in the project area has precluded the ability to map the brackish water resource using this technique.

When these logs are obtained, generally from water wells, they will be analyzed and compared with known water-quality data.  This will server as a valuable reference for brackish waters containing high levels of sulfate.  The sulfate correction factor needs to be evaluated more fully.

A pilot study in another aquifer should be undertaken to evaluate this technique for study of brackish water resources.



Calculation of TDS from geophysical well logs

Staff load method-specific log values and correction factors
and the analysis is performed by the software

ES TWDB| Water Science and|Conservation  Innovative Water, Technologies Brackish Resources Aquifer, Characterization System

b\ weld 1376 BRACS Geophysical Log Analysis for TDS Caleulations White Field: filin [ tood TheNewData |

Blue Field: Auto Loaded

Gray Field: Calculated by CPU

tetlpe i R [ SP Method l [ Mean Ro ]

Initials:  |JEM v

Thickness Lithalogic Unit: a0 [ Alger - Harrison l [ Rwa Method ]
T 63 Dt 1015 Est
TDS Interprated 3428 s [ SEaR |
TF 69,2660 Rmf 1.7
Consensus TDS Method  |SP Method W m Remarks: High sulfate water in the Pecos Yalley Aquifer, Reeves County, Tx
Tbh 75| Rmf TF | 1.546213
TS Method: =0 Method 3 Rwe [2.010062) Rw [2.211068) Rwrs|2042024) cw [4897.001] TDS [ 3428 Initials;  [JEM s
Geophysical Log Used:  |SPOMTANECUS POTEMTIAL £
Correction Factors
P t5]
70.21238 K (Temperature): SP Method
Rxo 0 1.1 % | Rwe Rw: Sp, Alger Harrison, and Rwa Minimurm Methods
Ro 0 - Chart  [B/a
1 Rmf: 5P and Alger Harrision Methods
Rxo f R 0.7 % | ct: Many Methods Remarks: nyal
m 0w 99 s | Invasion Zone: Alger Harrison Method

Source m [N/A 1 » | mcorrection Factor: Estepp Method high anion waters

1 % | Ro: Mean Ro Mathad Mean Ro Momograph
Porosity: .0

Source Parosity: [NJA

Record: [E] 1 [E] of 1
Record: [E] 1 [E] of 1
E— E—
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John Estepp, P.G., TCEQ Surface Casing Program, prepared a book and training class on interpreting geophysical well logs for TDS.

John’s formulas for analysis have been compiled and converted to Visual Basic code.  There are currently 5 TDS methods that can be used.

Automating the analysis will save staff time and offer better quality data.

By saving all information in the database, new information (for example:  better correction factors) can be incorporated and re-processed quickly.

Staff can select a method and analyze the data.  Staff can review the results before deciding if they want to save or discard the analysis.


ot

BRACS digital geophysical well logs

Color represents non-BEG derived

datasets




Recent ASR Reports available on the TWDB Website:
*ASR Feasibility in Bandera County (2009)
*Water Rights Analysis and ASR Feasibility in Kerr County (2009)"

*An Assessment of Aquifer Storage and Recovery in Texas (2011)2

1 www.twdb.texas.gov /wrpi/rwp/rwp_study.asp

2 www.twdb.texas.gov/innovativewater



Summary

= The project was structured to collect as much data as possible in the region, and
evaluate the entire Gulf Coast Aquifer sequence to offer CCASRCD flexibility
on site and target depth selection.

= Additional data can be loaded into the database should CCASRCD decide to move
to an area other than the Stevens WTP site.

= Database and analysis techniques developed for the BRACS program are well
suited to characterize region geology for other ASR projects.

= The variability of geophysical log quality, age, and completeness precluded
automated analysis of net sand using LAS files.

= Each aquifer is different and techniques of analysis will need to fit data available.

= The methods to characterize the geology are only a preliminary step before the
site-specific development drilling and evaluation is performed.

= Future well drilling information can be loaded into the database, and GIS maps
can be updated with site-specific test results.



Texas Water Sustabe, sordal. gt
DEVEIopment Board and our environment.

Home Financial Assistance Water Planning Groundwater Surface Water  Conservation Innovative Water Publications

Introduction ASR BRACS Desalination Rainwater Harvesting Water Reuse

e Questions?

Seawater An Assessment W Aquifer Storage and Recovery
Desalination of Aquifer Storage % BRACS
Biennial and Recovery W Desalination

Texas Innovative Water

in Texas

# Rainwater Harvesting

February 2011 TWDB : (512) 463_7847

Innovative Water Technologies httD://WWW.thb.tean.QOV

The mission of the Innovative Water Technologies is to educate the water community on the use of
nontraditional water supplies. This mission is accomplished by participating in research needed to advance
technology demonstration projects; developing publications and educational materials; making presentations
to the public; and, actively participating in key water organizations.

To promote and advance the use of non-traditional water supply development and management technologies
such as desalination; rainwater and stormwater harvesting; water reuse; and aguifer storage and recovery in
Texas, Innovative Water Technologies:

+ funds and participates in research and demonstration projects; and,

+ disseminates information through outreach activities.

Innovative Water Technologies (IWT) is primarily involved in the areas of nontraditional water supply and
management activities including: desalination, rainwater and stormwater harvesting, water reuse, and aquifer
storage recovery.

Through our desalination program, we administer grants for brackish groundwater desalination projects and
seawater desalination pilot studies. To date, TWDB has funded eight brackish groundwater desalination
demonstration projects worth a total of about $2.2 million, and two seawater desalination pilot plant studies worth
approximately $3.13 million.

We promote rainwater and stormwater harvesting and water reuse through grants for research and
demonstration projects and outreach activities.

john.meyer@twdb.texas.gov

Texas Water Development Board, 1700 Marth Congress Avenue, Austin, TX 78711 | TEL: 512-463-7847

sanjeev.kalaswad @twdb.texas.gov
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