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Presentation Notes
This project was so much work!
I am just one of 5 co-authors.
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Presentation Notes
This presentation is a glimpse at all the work we have intermittently put in since 2012.

It often seemed to be placed on the back burner for other projects.
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Presentation Notes
The worst drought on record in Texas happened in the1950s
7-year dry spell 30 to 50 percent less rain than average.
Thousands of ranches and farms lost.
TWDB was created as a legislative response in 1957 with a $200M grant
Tasked with administering funds for the state and creating a state water plan
8 offices and over 300 employees in the agency to:
Develop statewide water plan
Administering water funds
Collect water resource data
Outreach for conservation and responsible development of water


“Our mission is to educate the water
community on the use of nontraditional
water supplies.”
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Presenter
Presentation Notes
I work for IWT Department.
It consists of 4 main programs and 12 staff
1 manager that also convers desal and reuse
3 ASR
8 BRACS



Brackish Resources Aquifer Characterization System
(BRACS)

Brackish Groundwater Manual
for Texas Regional Water
Planning Groups

Map brackish groundwater!

Stratigraphy
2. Lithology
3. Water Quality
4. Volumes
http://www.twdb.texas.gov/innovativewater/bracs/studies.asp ez )
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We’ve been mapping brackish groundwater since 2009.
A 2003 contract report launch interest in the resource, “2.5 billion acre-feet”
The basic outline to our studies
What was a ~4 page description in 2003 to entire report
We add the detail to the resource instead just knowing it exists

http://www.twdb.texas.gov/innovativewater/bracs/studies.asp

“saltier than fresh water, less salty than seawater”

What is brackish groundwater? o

1,000-10,000 mg/L Total Dissolved Solids

Groundwater Salinity Salinity Zone Total Dissolved Solids
Classification Code (milligrams per liter)

0 to 1,000
PWS =>
Slightly Saline 1,000 to 3,000 Most Texas

Major/Minor

BUQ => I~ Aqdife/r

Moderately Saline 3,000 to 10,000 Mapped Limit
USDW =>
Very Saline 10,000 to 35,000

Seawater

Greater than 35,000

PWS: Public Water System threshold for fresh water, TX Commission on Environmental Quality
BUQ: Base Useable Quality water, TX Railroad Commission

USDW: Underground Source Drinking Water, US Environmental Protection Agency 6 modified from Winslow and Kister (1956) USGS WSP 1365
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Presentation Notes
PWS: Public Water System threshold for fresh water, TX Commission on Environmental Quality (1,000 mg/L TDS)
BUQW: Base Useable Quality water, TX Railroad Commission (3,000 mg/L TDS)
USDW: Underground Source Drinking Water, US Environmental Protection Agency (10,000 mg/L TDS)
Most Tx Major and Minor aquifers are mapped to 3,000 mg/L TDS
Seawater averages 35,000 mg/L TDS
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il W= Study Overview
A ******* b | e Parts of 14 counties in central
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P PP : f“‘ Caldwell %’”

* 8 Eocene stratigraphic units
mapped

— (Yegua, Cook Mountain, Sparta,

Weches, Queen City, Reklaw,
Carrizo, Wilcox)

e 5 aquifers

\ — (Yegua, Sparta, Queen City, Carrizo,
. Wilcox)

Projection: Albers |
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Study summary


Regional Geologic

Structures

* Yoakum Canyon, based on our
mapping and Dingus and
Galloway (1990).

* Faults, digital Geologic Atlas of
Texas (TWDB, 2007)

 More faults, volcanic centers,
and Louann Salt pinch out,
Tectonic Map of Texas (Breton,
2013; Ewing, 1991).

277" Study area outline

Yoakum Canyon

Geologic Atlas of Texas Faults
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Normal

Unspecified
Tectonic Map of Texas Features

*  Volcanic center
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Presentation Notes
Not every well can be used for every formations
Not every well can be used for strat, lith, and salinity



Lithology
Stratigraphy

L Area (Extent)
‘ X

Saturated Thickness (Net Sand)
X

Porosity (Specific Yield)

' Volume (acre-feet)

Volume and Quality of
Brackish Groundwater

www.twdb.texas.gov

Texas Water
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Presentation Notes
The concluding step of the study is the volume but all the pieces to get there are very valuable and useful on their on


Group Formation USGS nomenclature Texas Hydrogeologic unit

Caddell
Jackson Moodys Branch

Vicksburg-Jackson
confining unit

Yegua-Jackson Aquifer

Upper Claiborne Aquifer
Middle Claiborne
Confining unit

Confining unit

Sparta Aquifer
Confining unit

Middle Claiborne Aquifer

Claiborne
Queen City Queen City Aquifer

Reklaw

Lower Claiborne confining unit Confining unit

Eocene

Lower Claiborne — upper Wilcox

Sabinetown Aquifer
Carrizo-Wilcox Aquifer

Rockdale

Middle Wilcox Aquifer

Paleocene

Wills Point Midway confining unit Confining unit

Stratigraphic column showing relationship between the epochs, formations, and hydrogeologic
units. The United States Geological Survey (USGS) nomenclature is based on Ryder (1996).
Texas hydrogeologic units are based on TWDB (2007a) and George and others (2011). This table
does not reflect the entire Jackson or Midway group stratigraphy. This table is not scaled

vertically in uniform units of time.

e  BRACS well point
A GWDB well point
/\/ Cross-section line
+»2" " Study area outline
Gulf Coast Units (Miocene and younger)
Frio Formation (Oligocene)
Jackson Group (Eocene)
Yegua Formation (Eocene)
“ Cook Mountain Formation (Eocene)
Sparta Sand (Eocene)
“ Weches Formation (Eocene)

Queen City Sand (Eocene)

Guadalupe &
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Projection: Albers
Datum: North American 1983
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Outcrops from Geologic Atlas of Texas “GAT” (TWDB, 2007). 
Formations dip to the Gulf of Mexico (SE) so they strike SW to NE
TWDB (Texas Water Development Board), 2007, The geologic atlas of Texas: U.S. Geological Survey, contract geodatabase to the Texas Water Development Board, Version 3, one geodatabase.



Stratigraphy

e Studied cross-
sections

* Picks from
geophysical we
logs

e Stored in BRAC

Database (MS
Access)

* Interpolated to

surfaces in
ArcGlIS
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Presentation Notes
We did strat for all 8 formations.


XS2 XS2'
NW Wilson County Karnes County SE
2 _ 5 & " - © . o
41936 ) 41938 209;2 42042 20921 47;6 ‘_4‘1603 43:1 962'] 21720
, 500
N \! =
i—-soo
—— 1000
—— -1500
_ i—-zooo
. —— -2500
A —— -3000
|
- E-«mo
—— -4500
BRACS Stratigraphy Dodge and Posey X515 = 5000
. Casing or Unknown |:| Not Analyzed 7:7_5500
[ ] Younger Sediments |:| Lower Claiborne =
D Yegua Formation |:| Upper Wilcox E—-sooo
7] Cook Mountain Formation I:l Middle and Lower Wilcox ;_'6500
| | Sparta Formation =700
. Weches Formation —— -7500
[ ] Queen City Formation = 8000
[ ] Reklaw Formation = 500
D Carrizo Formation Cross-section comparing the stratigraphic =
] Wilcox Group Vertical Exaggeration = 15x nomenclature and picks between this study and UE 00
3 Dodge and Posey (1981) = -9500
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Presentation Notes
Several folks might be familiar with the Dodge and Posey (1981) study from
Co-author John Meyer pointed out that dozens of folks have done strat in these formations. 
Also we have limited time, so this is it for talking strat
Dodge, M.M., and Posey, J.S., 1981, Structural cross sections, Tertiary Formations, Texas Gulf Coast: The University of Texas at Austin, Bureau of Economic Geology, 6 p. and 26 plates.



Net Sands S W

!!..
Only done on aquifers Im mmmmm@@m ithology simplified
: : ﬂ! DESCRIPTION & COLOR OF FORMATION MATERIAL Lithology
Litholo gy interprete d mﬂuﬂﬂﬁ HE“W&H“ Far s rpm) Gowmn) Descrition
. e 0 4 EROWN CLAY
from geophysical well [ZE5EE= = o  REDCLAY
. ’ mmmmm‘mmmmmummmmm-m i 2 B A 0 WHITE-YELLOW CLAY/IRON
Iogs a n d fro m d rl I | e r S MHHW“WWNHHWNHMWNMWW "_I “ S TR ROCK
e - W] T 46 g‘;’éﬂY GRAY SHALE/RON Sandy clay (35%)

| b '—g-" i" aRRiT

reports from the TDLR | "“"!!i fridi 4 Ll BLACK-GRAY SAND/IRON Sand (100%)
d GWDB Sl o

an

! .“““I i.'I 95 SWAMPY GREEN-GRAY

SHALE
A BRI EIEE SANDY BROWN %
Categorized as sand, |& SHALERAND Sandy clay (35%)
sand with clay, cla :3': S
with sand, or clay _;, SaNDIROCKS Sand (100%)
q . . 3{ CRUMBLY GRAY-BROWN
Data distribution = e SHME
Va ried by Sou rce o i i m ‘ BROWN SHALE
ﬁﬂmmmmm:mmmummmmmwm ROCK Unknown (0%)
0 -;."_’ﬁﬁﬂ"‘ﬂm‘_,
Interpolated to Eﬁﬂﬁ"“il AR I BRacs well 1D 14271
e l https://www?2.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=
surfaces in ArcGIS A D)

BRACS Well ID 14385 14


Presenter
Presentation Notes
Examples from two different wells
Submitter Driller’s Report downloaded from TWDB WDI
Add simplified lithology equivalents to drillers description

https://www2.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=42017&Type=SDR-Well

Sparta Aquifer Net Sands

- 4159 * Netsand well control

- 140 Net sand contour, 40 foot interval

| ::gg == Ricoy and Brown (1977) sand input
, 80 —— Ewing (1990) faults

Sparta Formation outcrop

-
=
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=
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@
w
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* 0to>140 feet +=~ Study area outine
* 335 wells
 Well types
* 155 water wells
175 oil and gas
* 5 “other” wells
* Data Sources
197 geophysical logs interpreted
138 drillers’ descriptions simplified

e Sand inputs outside the study area

Projection: Albers
Datum: North American 1983
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Presentation Notes
My apologies to the Yegua and Queen City aquifers
To keep the presentation at 45 minutes, I’ll be focusing on the Sparta, Carrizo, and Wilcox aquifers
Ricoy, U.R., and Brown, L.F., Jr., 1977, Depositional systems in the Sparta Formation (Eocene) Gulf Coast Basin of Texas: The University of Texas at Austin, Bureau of Economic Geology Geological Circular 77-7, 16 p.



Carrizo Aquifer Net Sands

e 0to>1,000 feet

e 526 wells
 Well types
e 202 water wells
* 302 oil and gas
e 22 “other” wells

* Data Sources
e 327 geophysical logs interpreted
199 drillers’ descriptions simplified

* Sand input south of San Marcos Arch

* Yoakum Canyon thickening?

Net sand thickness (ft)

i

Net sand well control

Net sand contour, 200 foot interval

== Hamlin (1988) sand input
—— Ewing (1990) faults

i3i%. Carrizo Formation outcrop

+~" 7 Study area outline

LY

== 30°0'0"N

Projection: Albers
Datum: North American 1983
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Hamlin, H.S., 1988, Depositional and ground-water flow systems of the Carrizo-Upper Wilcox, South Texas: The University of Texas at Austin, Bureau of Economic Geology Report of Investigations 175, 61 p.



Wilcox Aquifer Net Sands

0 to >2,000 feet

499 wells

 Well Types
* 136 water wells
* 356 oil and gas
e 7 “other” wells

* Data source
* 366 geophysical logs interpreted
133 drillers’ descriptions simplified

Sand input north of San Marcos Arch

Bifurcated by Yoakum Canyon

- 2168 Net sand well control

2000 .
1800 — Net sand contour, 400 foot interval

; 1600 ™= Fisher and McGowan (1967) sand input
1400 —— Ewing (1990) faults

- 1200

- 1000
- 800

)

Wilcox Group outcrop

»~" 7 Study area outline

Net sand thickness (ft

600 I_'__I Texas counties

- - 400

1

Projection: Albers
Datum: North American 1983
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Presentation Notes
Fisher, W.L., and McGowan, J.H., 1967, Depositional systems in the Wilcox Group of Texas and their relationship to occurrence of oil and gas: Gulf Coast Association of Geological Societies Transactions Volume 17, p. 105-125. 
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Groundwater Database — / EALN
Water Data Interactive Viewer i Queen Clty Fommation outerop i\

C?) Queen City Formation extent /./ Bastrop }?-i.{.o .
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Data distribution biased by where % e T 7
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Presentation Notes
Measured water quality samples only exist where people drilled wells
Spatial biased to the shallow portion of the aquifer near the outcrop
WQ biased to lower TDS values

https://www2.twdb.texas.gov/apps/waterdatainteractive/groundwaterdataviewer

Water Quality, calculated (TDS

calc)

* 911 oil & gas wells with 5,139 TDS__,. values

* The R,, Minimum Method (Resistivity Water Apparent) is based on the relationship
between water salinity and resistivity.

calc

* A simplified version of Archie’s equation (1942) assumes 100% water saturation and
Winsauer factor =1 :
Rw = Ry ¢"

where: = resistivity of the formation (units: ohm-meter)

resistivity of water (units: ohm-meter)

RO
RW
[0) porosity (units: percent)

m = cementation exponent (units: dimensionless)

* Resistivity - specific conductance - total dissolved solids

* Presentation with all the math and parameters:
http://www.twdb.texas.gov/innovativewater/bracs/doc/PowerPoints/4-
1 Croskrey Utilizing Resistivity Logs QC Fm TDS 20190325.pdf

19



http://www.twdb.texas.gov/innovativewater/bracs/doc/PowerPoints/4-1_Croskrey_Utilizing_Resistivity_Logs_QC_Fm_TDS_20190325.pdf

Measured TDS

® Fresh
o Slightly saline
©  Moderately saline

Salinity zone

g Fresh

g Fresh and slightly saline mixed zone

g Slightly saline

Slightly saline and moderately saline mixed
zone

Slightly saline, moderately saline, and very
saline mixed zone

Well used in the study with a geophysical well
log

. Queen City Formation outcrop

Queen City Formation extent

| Texas counties

Projection: Albers
Datum: North American 1983
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Map just showing salinity zone mapping in the example area
TDS calc example on BRACS well ID 42170
Moderately saline portion of Queen City Aquifer in Wilson County


s Moderately saline well 42170

500
T el ATERL0G. 8 Value Parameter Units

0 50
AMP. AVE. LATEROLOG — 8 Top of the Queen City Formation Depth formation, Df Feet below Kelly Bushing
at 903 feet below Kelly Bushing Temperature surface, Ts Degrees Fahrenheit

Depth total (bottom of borehole), Dt Feet below Kelly Bushing

Temperature bottom hole, Tbh Degrees Fahrenheit

Deep resistivity, Ro Ohm-meter

1
UL SR U\E

Porosity, @ Percent

NI M SR

L WIRT Y

ct conversion factor, ct Dimensionless

mll P

Cementation exponent, m Dimensionless

Water quality correction factor, Rz,  Dimensionless

1

10,000
I'DS = ct * TDh —Ts

m * Ro . (T*Df-I_TS) + 6.77
77 + 6.77

AN N AT YR

iy SN
L]
| Il'l|=F

i
AT

WCRwW

IEITIEY M T
A

AR RN /1) IR T
rhviviv e

8,889 mg/L = 3,478 mg/L

rat e mmesmstnn. B Wil Y

ANNEE| (N NN EERER Bottom of the Queen City Formation
at 1,702 feet below Kelly Bushing 21

M
B
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Moderately saline calculation example, Ro is base 5


Spa rta AqUifer Salinity Classes Measured TDS Salinity class

e Fresh Fresh
o Slightly saline Slightly saline
Calculated TDS Moderately saline
4  Fresh Very saline
1 Slightly Saline .77 Sparta Formation outcrop
e water quality samples ik, Sparta )
Moderately Saline Geologic Atlas of Texas faults 'a‘
° 3 1 I I . intersecting outcrop
We S . Very Saline .~ Study area outline

e 21 fresh,
* 9slightly saline, and
* 1 moderately saline
* Estimated salinity geophysical well logs
e 427 wells with 427 calculations
o 427 wells with 427 salinity class intervals:
* 4 fresh,
* 136 5slightly saline,
112 moderately saline,
e 174 very saline, and
1 brine

Projection: Albers
Datum: North American 1983
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Presentation Notes
Once again, apologies to the Y & QC aquifers since we are only going to look at the SP, CZ, and WX aquifers
Distribution of measured v. calculated TDS
Classic gradation of shallow fresh to deeper saline
No mixed or stacked salinity classes
Well connected sands
Thinnest aquifer we mapped, net sands are less than 200 ft


Carrizo Aquifer Salinity Classes

* Water quality samples
* 250 wells:
e 229 fresh,
e 16 slightly saline,
e 1verysaline,
 and 1 brine
* Estimated salinity geophysical well logs
590 wells with 1,283 calculations
587 wells with 870 salinity class intervals:
* 306 fresh,
e 297 slightly saline,
170 moderately saline,
e 72verysaline, and
e 25 brine

23

Measured TDS A

® Fresh A

Slightly saline

Very Saline
Very Saline and Brine

Brine

® \ery Saline Salinity class

Brine
Calculated TDS

4 Fresh
Fresh and Slightly Saline
Fresh, Slightly, and Moderately Saline
Slightly Saline
Slightly and Moderately Saline
Slightly, Moderately, and Very Saline
Moderately Saline

Moderately and Very Saline

Carrizo Formation outcrop

Fresh

Fresh and Slightly Saline
Slightly Saline

Slightly and Moderately Saline
Moderately Saline

Moderately and Very Saline

Very Saline

~

(g
Very Saline and Brine ,‘{

Brine

Geologic Atlas of Texas faults intersecting outcrop

+= "~ Study area outline

r
f'

Projection: Albers
Datum: North American 1983
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Classic gradation of shallow fresh to deeper saline but more complex than the Sparta Aquifer
Distribution of measured v. calculated TDS, deep measured!
Mixed or stacked salinity classes
Well connected sands
net sands are >1,000 feet
Shallowest moderately saline, Gonzales County
Between the San Marcos Arch and Yoakum Canyon
Downdip of faults?
Greatest mixing in greatest net sand area



alinity class i VVilcoX sroup outcrop

Q C o J Fresh and Slightly Saline Geologic Atlas of Texas faults intersecting
Ilcox Aquiter Salinity Classes |
¢ Slightly saline FIEh, Sty -~~~ Study area outline

Moderately Saline

@ Moderately saline Slightly Saline

Calculated TDS

Fresh

Slightly and Moderately Saline

Slightly, Moderately, and Very

Fresh and Slightly Saline Saline

Fresh, Slightly, and Moderately Saline

* Water quality samples
. ] Moderately Saline
* 3 84 We I IS * Fresh and Moderately Saline Moderately, Very Saline,
° 2 8 6 fres h , Slightly Saline and Brne

Moderately and Very Saline

s
92 slightly saline, anc e T 4

* 6 moderately saline s
 Estimated salinity geophysical well logs e
e 618 wells with 1,867 calculations i 4

* 612 wells with 952 salinity class intervals:
« 36 fresh, -
e 302 slightly saline,
* 345 moderately saline,
e 222 very saline, and
* 47 brine

Projection: Albers
Datum: North American 1983
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Classic gradation of shallow fresh to deeper saline but even more complex
Distribution of measured v. calculated TDS, measured only relatively shallow
Mixed or stacked salinity classes
Well connected sands
net sands are >2,000 feet (2x the CZ)
Isolated sands
Great thickness
Shallowest moderately saline
northern Gonzales County = Yoakum Canyon
Mostly clays, very low net sands
Downdip of faults?
Greatest mixing in greatest net sand area?


A

BRACS well point Reklaw Formation (Eocene)

GWDB well point Carrizo Sand (Eocene)

/\/ Cross-section line Wilcox Sand (Eocene)

L

L4

Study area outline ﬂ Texas counties

Gulf Coast Units (Miocene and younger)
Frio Formation (Oligocene)
Jackson Group (Eocene)

Yegua Formation (Eocene)

“ Cook Mountain Formation (Eocene) Caldwell /!

Sparta Sand (Eocene) ‘l‘
*_

“ Weches Formation (Eocene)

£
i

Guadalupe &

Queen City Sand (Eocene)

Bexar e

L4
f15335,#7 DeWitt

4

L4

37325

Projection: Albers
Datum: North American 1983
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Now we will look at Dip Cross-section Y



an sea level

Structural Cross-section of Dip Line Y

TexasWater
Development Board it s

Salinity class and lithology interpretations for the Yegua, Sparta, Queen City, Carrizo, and Wilcox aquifers, Central Texas
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Presenter
Presentation Notes
Orient Audience
Formations, salinity classes, lithology
Log example and well pairing (purple arrows)
Wx is so thick! (red arrow and bracket)
Classic salinity transition in the CZ (blue arrow in outcrop)
Fresh under MS in different aquifers (pink circle)
Mixed/stacked zones within 1 aquifer (also pink circle)
Partial penetration water well (orange arrow and bracket)
Cased oil and gas well (green arrow and bracket)



Volumes

Aquifer Pure brackish Total groundwater
(1,000-10,000 mg/L TDS)

Yegua
Sparta

Queen City

Carrizo

Wilcox
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Units are millions of acre-feet

In-place water, all this water is NOT
recoverable

Brackish groundwater volume doesn’t
include areas were brackish groundwater is
mixed or stacked with fresh, very saline, or
brine groundwater



Presenter
Presentation Notes
Volumes help us understand state resources for developing water supplies



Product Deliverables

Brackish Groundwater in the Gulf Coast
Aquifer, Lower Rio Grande Valley, Texa

by John E. Meyesr, BG. - Andrea Croskrey - Matthew R. Wise, PG, »
Sanjeev Kalaswad, PhID, PG.

* Metsand well control

Net sand contour, 400 foot interval
== Fisher and McGowan (1987) sand input

Repart 383
September 2014
— Ewing (1890) faults

Wileox Graup outcrap

y area outline

Relational database

Brackish Resources Aquifer
Characterization System Database
Data Dictiona

File
September 2014

Joha E. Meyer, BG.

Peer-reviewed report

Araa Enlarged

rojection: All

Datum: North American 1

GIS files with metadata

Well data



Presenter
Presentation Notes
You can see all the data behind a dot on a map
We map outcrop to downdip, 0 – 35,000+ mg/L TDS in some cases
Geological formation framework (top, bottom, thickness, lithology) in relational database (well control) and GIS files
Provide logs
Provide salinity zone mapping and volumes
Cool GIS files!



Future improvements

TDS calculations Brackish Groundwater Research

Acquire higher salinity water quality Productivity

samples to support calibrating log analysis Impact of development

Evaluate correction factors for mixed ion

Jwat Sustainability
groundwater

= e =

Site specific drilling and monitoring will be

Determine cementation factors :
required

Evaluate the effect and presence of grain-
coating (pore-filling) clay, and

Develop techniques for carbonate rocks
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Study conclusions

* Resistivity logs can be used to estimate water quality
* Quality of the calculations depends on:

— Correlations, parameters, water quality type, complete log headers
» 4 of the 5 aquifers have mixed/stacked water quality regions

e All 5 aquifers in the study area have millions of acre-feet of
brackish groundwater

* Provides regional understanding of sand and salinity
distribution
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