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Disclaimer

The statements contained in this presentation are my
current views and opinions and are not intended to
reflect the positions of, or information from, the
Texas Water Development Board, nor is it an

indication of any official policy position of the Board
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Major Aquifers

OUTCROP
Partion of a water-bearing rock unit exposed at the land surface

SUBCROP
Portion of a water-bearing rock unit existing below other rock units

Legend 4
Pecos Valley
- Seymour
Gulf Coast
- Carrizo - Wilcox (outcrop)
Carrizo - Wilcox (subcrop)
I Hueco - Mesilla Bolson
Ogallala
Edwards - Trinity Plateau (outcrop)
Edwards - Trinity Plateau (subcrop)
- Edwards BFZ (outcrop)
Edwards BFZ (subcrop)
Trinity (outcrop)
Trinity (subcrop)
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Minor Aquifers
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What is Groundwater Availability ?

Polic Science — Groundwater
y o* - Availability

I 1 1

Desired GAM Modeled
Future + orother = Available
Conditions tool Groundwater

Goal: informed decision-making
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Regional Water Planning Process

Existing Projected Surplus (+) or
water o Water = Need (-) for

Supplies Demand Water
GAM Water Use Water

& other survey Management
tools & Estimation Strategies
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GAM Program

*» Purpose: develop tools that can be used to help Groundwater
Conservation Districts, Regional Water Planning Groups and
others understand and manage their groundwater resources

¢ Public process: you get to see how the model is put together

¢ Freely available. standardized, thoroughly documented , with
the reports available over the internet

s Living tools: periodically updated
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Groundwater Model
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Major Aquifers- GAMs

Ogallala
(northern part

Ogallala
(southern part

Hueco
Bolson
Pecos Valley

Mesilla
Bolson

Edwards-Trinity
(Plateau)

Trinity
(Hill Country)

Note:

Seymour

Edwards

(San Antonio segment)

The Edwards-Trinity (Plateau) and
Pecos Valley aquifers are included

in the same model.

These boundaries are approximate

and do not show overlaps between

models.

¢

Trinity
(northern part)

Carrizo-Wilcox
(northern part)

Carrizo-Wilcox
(central part)

Gulf Coast
(northern part)

Edwards
(northern segment)

Edwards
(Barton Springs segment)

Gulf Coast

Carrizo-Wilcox
(southern part)

(central part)

Gulf Coast
(southern part)
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Minor Aquifers- GAMs
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How we use Groundwater Models

Texas Water Code, § 36.1071 (h)

Inform groundwater districts about historical conditions in
the aquifer

Management Plan Aquifer or confining unit Results
requirement

Edwards-Trinity (Plateau) Aquifer 140,509

Estimated annual amount of
recharge from precipitation Pecos Valley Aquifer 14115
to the district

Dockum Aquifer 0
Estimated annual volume of - -
Edwards-T 7 (Plateau) Aquifi 31,222
water that discharges from wards-Trnity (Platean) Aquifer
the aquifer to springs and . ) .
any surface water body Pecos Valley Aquifer 09.804
mcluding lakes, streams, and ] _
fivers Dockum Aquifer 0

Edwards-Trnity (Platean) Aquifer 32.993

Estimated annual volume of
flow into the district within Pecos Valley Aquifer 3.441
each aquifer in the district

Dockum Aquifer 554
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How we use Groundwater Models

Texas Water Code, § 36.108 (d)

Assist districts and management areas in determining
desired future conditions
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How we use Groundwater Models

Texas Water Code, § 36.1084 (b)

Develop modeled available groundwater based on desired
future conditions

Count Regional Water Basin Year
y Planning Area 2010 | 2020 | 2030 | 2040 | 2050 | 2060
Hudspeth E Rio Grande| 101,429] 101,429{101,429{ 101,429| 101,429| 101,429

Hudspeth County UWCD No. 1 and B sty
the Bone Spring - Victorio Peak Aquifer | =~ 1
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How we use Groundwater Models

Texas Water Code, § 36.108 (d) (3
Estimating total recoverable storage for explanatory reports

Confined Water Level

Unconfined Water Level

Vconﬁned
Top

\ drained

Bottom
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Stakeholder Advisory Forums (SAF)

< Input, data, feedback during model development
< Updates on progress of the model

< Improve understanding on use of the model

SAF presentations and associated minutes posted at
http.//www twdb.state.texas.us/groundwater/models/gam/gmal5_16/gmal5 16.asp

TWDB Home > Groundwater > Models > Groundwater Availability
Models > Gulf Coast Aquifer System GAM for GMAs 15 and 16

Texas Water
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Groundwater Availability Modeling
Gulf Coast Aquifer

Rohit R. Goswami, Ph.D.
Groundwater Hydrologist
Gulf Coast Aquifer System Groundwater Availability Model (GAM)

Stakeholder Advisory Forum (SAF) #1

S Corpus Christi, Texas
é‘—IL _;Dwelolﬁgﬁtw% : June 17thp 2014
I Groundwater®
N | . Availability &
\fﬁ Modeling &/
S g mempoeg
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Gulf Coast Aquifer System Boundaries
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Counties In and Bordering GMA 15 & 16

Y.

Webb

# Duval
. .
f
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Groundwater Conservation Districts (GCDs)

, Kenedy County GCD

 Brush Country GCD 3 B 13, Live Oak UWCD
, Calhoun County GCD (Unconfirmed) [l 14, McMullen GCD
, Coastal Bend GCD [ 15, Pecan Valley GCD
, Coastal Plains GCD I 16, Red Sands GCD
, Colorado County GCD I 17, Refugio GCD
. Corpus Christi ASRCD I 18, san Patricio County GCD
, Duval County GCD - 19, Starr County GCD
, Evergreen UWCD - 20, Texana GCD
- 10, Fayette County GCD - 21, Victoria County GCD Texas water (é_\\

Bl 1. Goliad County GCD Development Board



River Basins and Major Streams

COLORADO

NUECES

a RIO GR
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Regional Water Planning Groups (RWPGs)
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Groundwater Flow - Definitions

¢ Aquifer — Water saturated permeable geologic unit
that can transmit significant quantities of water

*» Water table — The level at which water stands in a
shallow screened well in an unconfined aquifer

¢ Hydraulic head - The water level in a well expressed
as an elevation

¢ Hydraulic conductivity — A physical property of the
geologic media representing its ability to transmit
water

Texas Water
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Groundwater Flow — Definitions (cont’d)

s Storativity — The volume of water that a confined
aquifer releases from storage per unit surface area of
aquifer per unit decline in head

¢ Specific yield — The volume of water that an
unconfined aquifer releases from storage per unit
surface area of aquifer per unit decline in water
table elevation

Texas Water
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Groundwater Flow — Definitions (cont’d)

¢ Recharge — The entry of water to the saturated zone
at the water table. Recharge equals water inputs at
ground surface (precipitation + irrigation) minus
water losses (evapotranspiration+runoff)

¢ Stream losses or gains — The water that is either lost
or gained through the base of the stream

Texas Water
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Schematic Cross Section of Groundwater Flow

Topography

Water Table

Hydraulic
Potential
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Basic Principles of Groundwater Flow

¢ The primary observable quantity describing
groundwater flow is the water level as measured
in a well

*»» The water level expressed as elevation is termed
the hydraulic head

¢ Groundwater flows from high hydraulic heads to
low heads

¢ The water table is typically a subdued replica of
the topography

Texas Water
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Basic Principles of GW Flow (cont’d)

¢ The difference in hydraulic head between adjacent
wells describes the direction of GW flow.

¢ The thickness and hydraulic conductivity of the
aquifer material define volumetric flow rates (e.g.,

pumping).

Texas Water

Development Board



Numerical Groundwater Model -
Model Grid Cells & Their Interactions

Water In =5 -

(Precipitation & @SS C )

[rrigation) / p / P

/ / Water Out
(Evapotranspiration)

Groundwater
Volume Removed
from Storage

(Water Table Drop)

Groundwater Volume
Remaining in Storage
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GAM Specifications (Tentative)

“*Three dimensional (MODFLOW-NWT/USG)
“*Regional scale (Thousands of square miles)
% Grid spacing (to be decided - 1 square mile ?)
» Implement

ssrecharge

s eroundwater/surface water interaction

o Pumping

»*Subsidence ?
«»»Calibration to observed water levels, surface

water flow, other data where possible or
applicable

Texas Water
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Modeling Protocol

Model Update

Texas Water ~—~
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Model Inputs

»Top & bottom elevation surfaces for each
layer

s Aquifer Properties:

s»thickness

“*hydraulic conductivity (K)

s»storage parameters
s Initial water table elevations
‘*Recharge
»Surface water characteristics
“»Pumping

Texas Water
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Model Limitations

“* The Gulf Coast aquifer is heterogeneous vertically (clay,
silt, sand, gravel) and will be represented by multiple
layers.

%+ Data available (e.g., geology, wells, pumping) is limited
In some regions.

¢ The GAM is a tool for making groundwater availability
assessments on a regional basis only.

¢ The GAM is not capable of predicting aquifer responses
at small scales (e.g., individual wells). Such evaluations
would require refined model development.

Texas Water
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Gulf Coast Aquifer

¢ Composed of clay, silt, sand, and gravel. Sands &
gravels occur primarily at base.

¢ Thickness of the aquifer layers is up to 1000 feet or
more

Texas Water
Development Board



Geologic Map of Texas Coastal Plain
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Stratigraphic and Hydrogeologic Chart of Texas Coastal Plain

Age Dominant
ERA Period Epoch (AMLY.) Stratigraphic Unit Lithology Hyvdrogeologic Unit
Haolocens 0.0z Al gamd -‘lemmm Beanmont
Quaternary Pleistocens Beanmont sand Aquifer
1.8 Lissie Alia Loma zand Chicot Aguifer
Pligcens . Willis sand : Gulf Coast
Neogene o Goliad gamd Evanesline A quifer Aguifer
Miocene Fleming Lagarto roud Burkevilla Aquitand
230 Fleming Oakville sand Jasper Aguifer
: Catahoula Frio/ Anzbmac sand and mwd aguitard
Cligocene Vicksburz mnd aquitard
Cengznic 130 * : : aqui
. Jackson sand and mud Yegua-Tackson Agquifar
Tertiary FEEE sand and mmd
Paleozens Eocens ;ﬂii City :i: and nmad Quesn City-Spana Aquifer
Beklaw romd siquitard
ss g Upper Wilcox/Carrizao gamid
Middle Wilcox mud Carrizo-Wilcox Agquifer
Paleocens Lower Wilcox/Simshoro sand and muwd

Taken from Young and others (2010); After Galloway and others(1991) and Sharp and others(1991)
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Taken from Young and others (2010)

Logs Used to Characterize Stratigraphy and
Lithology of Gulf Coast Aquifer
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Cross-sections for Stratigraphic Surfaces

———— [hp - Criented Cross Section
= Strike - Crignted Cross Section
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Cross-sections for Stratigraphic Surfaces
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Cross-sections for Stratigraphic Surfaces

00,0 Aransas
' Karnes | Zoliad | Refugio | | | Aransas |
Refugio
+—— wiest . eas —*
. - 5 B 7 Eoa o qy 12 13 1

L

0,00

Zhioo
Aguifer
-2000.00

=

E Evangeling

E Anuifer

e A000.00

i

T \ Burkevillz

b

Confining Lnit

-B000.00 ~
\\ -
“"“"--. JaspEr
Aquifer
-B000.00
g
W [ gcation of logs (approximate dagih and location] near dip section 16 in Figure 2-1 |

-10000.00

5 25 45 ES a5 105 125
Down-dip Distance |miles)

Vertical cross-section near dip section 16. Taken from Young and others (2010)

Texas Water ~—~
Development Board



Cross-sections for Stratigraphic Surfaces
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Cross-sections for Stratigraphic Surfaces

‘ﬁ“ ) o
. g &
wwy o p S 8l g P A
N B I I I I
i
¢ south ¥ north  — &
1043121 qpgg TH 5 43210 95 7 g 543 2 1 1897 48 151443 12441099 7 EB5 4 3 Ao
] Chical
Agquer
-1000.00 1
Evangeling
Aguifer
E 2000 00
= Eurkewilz
g “I\- ’ Carfining
' ' -~ Unit
E-SDDD.III T : - A 1:1” _____ HHTH
/1 HTY4 1\ ~1 a-‘-"'-—«- “‘uq\
= I| - -
e

H/
/ /)

-4000.00 'J.’A/J "‘\\f&; \Jll y R

Wlacation nflugsﬁappmximat?hﬁh i5 shown] near srike s2ction E-E- E"“TS\_qu y.

-5000 00 =
/ Geologic it 1 - Beaumarnt 2 - Liszie 3 - Willis ‘)/
4 - Upper Goliad 5 - Lower Goliad B-UpperLagata 7 - Middle Lagaro \\J
3 - Lowear Lagarta 9 - Ozkxills 10- Catahoula

-R000.00

0 Al 100 150 200 240 ana 350
Do wn-dip Distance {miles)

Vertical cross-section near strike section E-E’-E”-E’”. Taken from Young and others (2010)

Texas Water ~—~
Development Board



Water Levels
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Key Data Sources

<+ TWDB data at the website.
http.//www twdb.state.tx.us/groundwater/data/index.asp

+ TWDB reports

*»» Contract reports submitted to TWDB
% U.S. Geological Survey reports

¢ Bureau of Economic Geology reports

¢ Texas Commission on Environmental Quality drillers logs

Texas Water
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Key Data Sources (cont’d)

¢ Websites:

»U.S. Geological Survey
sstopography
s»stream flows
ssstream gain/loss studies

<+ U.S. EPA
s»stream characteristics
s»land use / land cover
s»soil type

¢ National Climatic Data Center - precipitation

Texas Water

Development Board



Data Request

¢ Gulf Coast
¢ gcologic logs
<+ water levels (elevations)
¢ aquifer properties
¢ Burkeville confining unit, Jasper Aquifer
s Possibly, also for underlying units such as and

Carrizo-Wilcox, Queen City and Sparta Aquifers,
and Yegua-Jackson Aquifer

¢ Data provided must be documented and publicly
available.

¢ Data to be submitted to the GAM section by
December 18, 2014

Texas Water

Development Board



Contact Information

Cindy Ridgeway
(512) 936-2386
cindy.ridgeway@twdb.texas.gov

Rohit Raj Goswami
(512) 463-0495
rohit.goswami@twdb.texas.gov

Mailing Address.

Texas Water Development Board
P.O. Box 13231

Austin, TX 78711
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Tentative GAM Schedule

*** Project start — April 2014

+»» Stakeholder data submission — December 2014
¢ Draft conceptual model report —June 2015

** Numerical model draft report — August 2016

*** Final Model Report — December 2016

Texas Water
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Meeting Wrap-Up

¢ Discussion / comments / questions

Texas Water
Development Board



Questions & Answers

Gulf Coast Aquifer System
Groundwater Availability Modeling (GAM)
Groundwater Management Areas 15 & 16
1* Stakeholder Advisory Forum
June 17, 2014
Harte Research Institute, Corpus Christi, TX

Question 1: How far into Groundwater Management Area (GMA 14) would the model boundaries extend for
the proposed model?

Answer 1: Model extent into GMA 14 has not been decided yet and will be ascertained at the numerical
modeling stage after conceptual model update is complete. The focus of model extent would be to minimize
boundary issues and not to explicitly model GMA 14.

Question 2: How many layers would the proposed model have?

Answer 2: Model layers have not been decided yet and will be ascertained after the conceptual model update
depending on hydrogeology and data availability. Number of explicit layers would also depend on the
MODFLOW version that is used to develop the model. In case of MODFLOW-USG, number of layers may vary
depending on hydrogeology and data availability.

Question 3: Is the entire Nueces Basin being modeled as part of the proposed study?

Answer 3: Focus of the modeling project is Gulf Coast Aquifer System in Groundwater Management Areas 15
and 16. Boundaries of surface water basins such as Nueces are not being considered as primary concerns in
setting the model boundaries and extent.

Question 4: How would observed water levels be used during model construction? Would the monthly or annual
pumping estimates be modified to match the stress period of the model?

Answer 4: We understand the limitations in temporal discretization of the model. Time stepping and stress
period details would be decided after the conceptual model update and during the numerical modeling exercise.
Observed water levels would be used as calibration targets during model construction and would be weighted
depending on confidence in data collection methods and also other data types available in the local vicinity of the
water level measurements.

In general, pumping is a calibration parameter during the modeling process due to uncertainty in pumping
estimates and gathered data. More details on inclusion of pumping data in the model would be available after
the conceptual model update.

Question 5: How would groundwater surface water interactions be modeled in the proposed study?

Answer 5: It has not been decided on which process would be used to simulate groundwater surface water
interactions in the proposed model. More details would be available after conceptual model update and would
also depend on the MODFLOW version that is used to develop the model.

Question 6: Will evapotranspiration be modeled explicitly during model construction or would it be lumped
with recharge?



Answer 6: More details on process modules included in the model would be available after conceptual model
update based on data availability. However, at this time, evapotranspiration is intended to be included as a
separate process than recharge in the proposed model.

Question 7: Will the model be calibrated manually or through automated software such as PEST?

Answer 7: Based on model extent and data complexity, PEST would most likely be used during model
calibration. However, details would be available during numerical modeling exercise, such as selecting between
zonation, pilot points, or hybrid methods for different parameter types for calibration.

Question 8: Would water quality be explicitly delineated within the model or would it be modeled directly in any
way perhaps using a variable-density code?

Answer 8: At this time, the proposed model is intended to be a constant-density groundwater model and water
quality modeling is not the focus of this study. Variable-density modeling is not being considered at the present
time.

Question 9: How will subsidence be considered in the model?
Answer 9: Depending on data availability on subsidence both spatially and temporally, a decision on including
subsidence as a process in the model would be taken after the conceptual model update.

Question 10: Would the previous Groundwater Availability Models (GAMs) continue to be used for the next
round of [Desired Future Condition] process in 2016 or will the proposed model supersede them before the
[Desired Future Condition] process?

Answer 10: At this time, we can state that the proposed model is not intended to replace existing GAMs for the
current round of [Desired Future Conditions].
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