
PEC OS

W EBB

BR EWSTER

H U D SPET H

PR ESIDIO

R EEVES

C U LBER SON

VAL  VER D E

D U VAL

TERR ELL

C R OC KETT

KEN ED Y

FR IO

HAR R IS

HI L L

BELL

BEE

C L AY

POL K

ED WAR D S

JEFF D AVIS

KERR

GAIN ES

LEON

U VALD E

H ALE

D ALL AM

IRION

D IMMIT

L AMB

KIN G

BEXAR
KIN N EY

STAR R

H AL L

WISEJ AC K

UPTON

H ID AL GO

S U TTON

C ASS

OLD H AM

EL LIS

MED IN A

KIMBLE

Z AVAL A

KENT

R USK

LEE

LYN N

GR AY

C OKE

L A SALLE

MIL AM

ER ATH

H AR TL EY

H U N T

BR AZO R IA

SMITH

KN OX

FLOYD

L LAN O

A N D R EWS

TYL ER

TRAVIS
LIBER TY

J ONES

N U EC ES

R EA GAN

BOW IE

W AR D

ZAPATA

L AMAR

R EAL

N OLAN

TER R Y GAR ZA

MIL LS

C OL EMAN

EC TOR

TOM GR EEN

MASON

YOU N G

FALLS

CAMER ON

MAT AGOR D A

H AY S

BR OW N

C OOKE

JASP
ER

D EAF SMITH

BU R N ET

M AVER IC K

H OU STON

L AVAC A

FISH ER

C OLLIN

MOOR E

FAN N IN

M OTLEY

MAR TIN

L IVE OAK

D AL LAS

EL PASO

BAILEY

B OSQU E

H ARD IN

KLEBERG

J IM HOGG

TAYLOR

C OT TL E

POTTER

D ON LEY

GOLIAD

SAN  SABA

ATASC OSA

D EN TON

C ORYEL LC R ANE

C ONC H O

BAYL OR

D E WITT

BR OOKS

PAR KER

R U N N ELS

N AVAR R O

AR C H ER

C ARSON

C ASTR O

WOOD

SC U R R Y

C R OSBY

FAYETTE

McMU L L EN

W H AR TON

BOR D EN

C AL H OUN

SH EL BY

MEN AR D

GIL LESPIE

PAR MER

WILSON

D IC KEN S

SC H LEIC H ER

GR IMES

F OAR D

PA N OLA

H ASKELL

BR ISC OE

R AN D AL L

D AW SON

MID L AN D

HOW AR D

Mc LEN N AN

GON ZA L ES

GR AYSON R ED  R IVER

SW ISH ER

R OBERTS

H OC KL EY

A N DER SON

TAR R ANT

WALKER

L UBBOC K

VIC TOR IA

BASTROP
J EFFER SON

SHER MAN

WH EELER

MITC H ELL

YOAKU M

STER LIN G
W IN KL ER

TRIN ITY

HEMPH ILL

W IL BA R-
GER

C OMAN -
C HE

W
A

LL E
R

KAR N ES

LIPSC OMB

JAC KSON

W IL LIAMSON

R EFU G IO

WILLAC Y

LOVIN G

AU STIN

EASTLAN D

H OPKIN S

Mc C U LL OC H

BL AN C O

H AR R ISON
STEPH EN S

AN GELIN A

CALL AH AN

C OLOR AD O

H AN SFOR D

K AU FMAN

BAN D ER A

PALO PIN TO

MON TAGU E

H AMILTO N

OC H IL TR EE

C OM AL

LIMEST ON E
SABIN E

C OC H R AN

FORT BEN D

C H AMBE R S

VAN  ZAN D T

WIC HITA

JOH N SON

STON EWAL L

H EN D ER SON

TITU S

FR EESTON E

MON TG OMER Y

H OOD

KEN D AL L

BR AZ OS

GAL VESTON

U P SH U R

H U TC H IN SON

L AMPAS AS

BU RL ESON

H AR D EMAN

GU AD ALU PE

CH IL D-
RE SS

AR M-
STR ON G

GL AS S-
C OCK

N AC OG-
D OC H ES

MAR ION

C ALD WELL

MAD ISON

OR AN GE

D ELTA

R AIN S

GRE GG

CAMP

M
O

R
R

IS

F
R

AN
KLIN

ROCK -
W ALL

C OLLI NGS-
W ORTH

THR OC K-
MOR TON

SOME R-
VE L

S AN
A UGUS-

TI N E

S AN
JAC IN TO

J IM
WELL S

S HACK EL -
FORD

C HE RO-
KEE

N
EW

TO
N

R OBE RT-
S ON

WA SH ING-
TON

AR A N-
SA SS AN

P ATRIC I O

80

79

67

78

85

82

6876

69

81

75

77

87

71

72

73

74

8 4

86

83

46

47

66

53

45

54

56

50

65

38

64

41

51

16

59

42

49

39

63

48

40

61 57

44

37 55

58

62

43

60

52

36

70

29

6

14

17

35

15

9

25

33
28

8

7

12

3

34
5

26

32

30

23

21 10

11

27

20

18

22

19

24

13

2

31

4

1

PECOS

WEBB

BREWSTER

HUDSPETH

PRESIDIO

REEVES

CULBERSON

VAL VERDE

DUVAL

TERRELL

CROC KETT

FRI O

HARRIS

HILL

BELL

BEE

KEN EDY

CLAY

POLK

EDWARDS

JEFF DAVIS

GAINES

LEON

KERR

UVALDE

HALE

DALLAM

KI NG

IRIO N

LAMB

DIMMI T

BEXAR
KI NNEY

STARR

HALL

JACK

CASS

WISE

SUTTON

OLD HAM

HIDALGO

ELLIS

UPTO N

ZAVALA

MEDI NA

KI MBLE

RUSK

LEE

LYNN KENT

GRAY

LA SALLE

COKE

MILAM

ER ATH

HARTLEY

HUNT

SMITH

KNOX

FLOYD

LLANO

TYLER

BRAZORIA

ANDREWS

TRAVIS LIBERTY

REAGAN

JONES

ZAPATA

LAMAR

BO WIE

NUECES

WARD

REAL

NOLAN

TERRY GARZA

COLEMAN

MILLS

ECTOR

YOUNG

TOM GREEN

MASON

FALLS

MAVERIC K

BURNET

HAYS

DEAF SMITH

JASPER

LAVACA

HOUSTON

COO KE

FISHER

BROW N

COLLIN

MOORE

MOTLEY

FANNIN

MARTIN

EL PASO

BAI LEY

DALLAS

LIVE OAK

BO SQU E

HARDIN

JIM HOGG

TAYLOR

CAMERON

POTTER

GOLIAD

CRANE

COTTLE

DONLEY

ATASCO SA

SAN SABA

DENTON

CORYELL

BAYLOR

CONCHO

BROOKS

RUNNELS

PARKER

NAVARRO

ARCHER

DE WITT

CARSON

SC URRY

MATAGORDA

CROSBY

KLEBERG

FAYETTE

SHELBY

WOOD

CASTR O

BORDEN

MENARD

WHARTON

NEWTON

PARMER

GILLESPIE

MCMULLEN

DICKENS

SCHLEICHER

FOARD

HASKELL

PAN OLA

GRIMES

MIDLAND

WILSON

RANDALL

BRISCOESW ISHER

DAWSON

GRAYSON

GONZALES

HOW ARD

RED RI VER

ROBERTS

HOCKLEY

TARRANT

AN DERSON

MCLENNAN

LUBBOCK

CALHOUN

CHEROKEE

VICTORIA

BASTROP

WALKER

SHERMAN

YOAKUM

MITCHELL

STERLING

HEMPHILL

WHEELER

KARNES

TRINITY

WINKLER

JACKSON

LIPSCO MB

LOVING

WILLIAMSON

AUSTIN

EASTLAND

REFU GIO

HOPKINS

HARRISON

BLANCO

CALLAHAN

COLORADO

ANGELINA

MCCULLOCH

STEPHENS

WILLACY

JEFFERSON

KAUFMAN

BANDERA

HANSFORD

COMANCHE

MO NTAGUE

PALO PINTO

JIM WELLS

LIMESTONE

COM AL

HAMILTON

OCHI LTREE

WILBARGER

SABI NE

COCH RAN

CHAMBERS

FO RT BEND

VAN  ZANDT

HENDERSON

STONEWALL

JOHNSON

FREESTONE

MONTGOMERY

GLASSCOCK

KEN DALL

TITUS

BRAZOS

HOOD

WICHITA

AR MSTRONG

UPSHUR

ROBERTSON

HUTCHINSON

LAMPASAS

CHILDRESS

W
AL LER

NACOGDOCHES

SHACKELFOR D

BURLESO N

HARDEMAN

GUADALUPE

GALVESTON

MARI ON

THR OCKM OR TON

COLLIN GSWORTH

MADI SON

CALDWELL

SAN PATRICIO

SAN JACI NTO

ARANSAS

WASHINGTON ORANGE

DELTA

RAINS

GREGG

SAN A UGU
ST IN

E

CAMP

MO
RRIS

FR
AN

KLIN

SOMER-
VELL

ROCK-
WALL

Region F Brazos G

Panhandle

Far West 
Texas

Region C

East Texas

Region H

Llano Estacado

Plateau

Rio Grande

South Central 
Texas

Region B

Coastal 
Bend

Lower Colorado

North East 
Texas

Lavaca

P

D

K

N

B

M

L

J

O

H

I

C

E

A

G
F

Groundwater
Availability Modeling (GAM)

Northern-Trinity and Woodbine Aquifer

Contract Manager
 Ali Chowdhury, Ph.D.
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• Purpose: to develop the best possible
groundwater availability model with the
available time and money.

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

• Freely available: standardized, thoroughly
documented, and available over the internet.

• Living tools: periodically updated.

GAM







• …the amount of groundwater available for use.
• The State does not decide how much

groundwater is available for use: GCDs and
RWPGs decide.

• A GAM is a tool that can be used to assess
groundwater availability once GCDs and
RWPGs decide how to define groundwater
availability.

What is
groundwater
availability?



• Water Code & TWDB rules require that GCDs
use GAM information. Other information can be
used in conjunction with GAM information.

• TWDB rules require that RWPGs use GAM
information unless there is better site specific
information available

Do we have
to use GAM?



• The model
– predict water levels and flows in response to

pumping and drought
– effects of well fields

• Data in the model
– water in storage
– recharge estimates
– hydraulic properties

• GCDs and RWPGs can request runs

How do we
use GAM?



• GCDs, RWPGs, TWDB, and others collect new
information on aquifer.

• This information can enhance the current
GAMs.

• TWDB plans to update GAMs every five years
with new information.

• Please share information and ideas with TWDB
on aquifers and GAMs.

Living
tools



• SAF meetings
– hear about progress on the model
– comment on model assumptions
– offer information (timing is important!)

• Report review
– at end of project

• Contact TWDB
– Dr. Robert Mace
– contract manager

Participating in
the GAM process



Comments:
Contract Manager

Ali.Chowdhury@twdb.state.tx.us
(512)936-0834

www.twdb.state.tx.us/gam



Northern Trinity / Woodbine 
Groundwater Availability Model

Stakeholder Advisory Forum (SAF)

March 19, 2003



SAF Meeting Outline

GAM Program Overview

General Geology/Hydrology

Historical Use Perspective

Groundwater Flow Model

Open Discussion



Northern Trinity / Woodbine 
Groundwater Availability Model

GAM Program Overview



Goals of the GAM Program

Include substantial stakeholder input

Provide reliable groundwater availability 
information 

Predict groundwater conditions over a 50-
year planning period

Produce publicly available groundwater 
models and supporting data



GAM Project Team

R.W. Harden & Associates, Inc.
Project lead, geology, hydrology, modeling, and reporting

LBG-Guyton Associates
Aquifer characteristics and water levels

HDR, Inc.
Groundwater – surface water interaction

Freese & Nichols, Inc.
Climatic data and stakeholder/RWPG interfacing



Project Team – (continued)

United States Geological Survey
Aquifer data and modeling expertise

Dr. Joe Yelderman, Jr.
Conceptualization of aquifer

TWDB Staff
Technical oversight and assistance

Stakeholders
Real world experience and Project needs/Interests



Why is a Groundwater
Flow Model Needed?

Numerical model allows for more complex 
analysis than is possible with analytical methods

Can be used to assess and interpret certain types 
of groundwater availability issues and/or 
concepts

Allows for comparative analysis and testing and 
understanding of ‘what-if’ scenarios



Stakeholder Advisory Forum
Stakeholder participation is important

SAF Meetings
Held about once every four months

Contact with Project Team encouraged

SAF presentation materials and GAM 
information to be posted on TWDB website: 
http://www.twdb.state.tx.us/gam/trnt_n/trnt_n.htm



SAF Input

Your Experiences
Historical use
Pumping tests
Water levels

Your Interests
Identify needs of the model
Recognize uses of the model



Project Work Steps

Aquifer characterization
Data components of hydrologic cycle
Aquifer geometry and hydraulic characteristics
Historical pumpage and water levels 

Computer model development, calibration, 
and prediction

Report and data presentation



Northern Trinity / Woodbine 
Groundwater Availability Model

General Aquifer Geology / Hydrology



Location Map

DallasFort Worth

Waco

Austin

Trinity

Outcrop

Downdip Zone

Woodbine

Outcrop

Downdip Zone

Source: TWDB 1990



Surface Geology
Tertiary and Quaternary 
Formations

Navarro and Taylor 
Groups

Austin and Eagle Ford 
Groups

Major Fault

Woodbine Group

Washita  and 
Fredericksburg Groups

Trinity Group

Paleozoic Formations

DallasFort Worth

Waco

Austin

Texas

Oklahoma

Source: USGS 1974



Hydrostratigraphic Column
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Generalized Cross Section
A A’Younger Formations
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Generalized Cross Section
B B
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Hydrologic Cycle
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Historical Aquifer Perspective



Early Water Use

“The water supply in Dallas was in large part not 
considered clean enough to do laundry, and many of 
the well-to-do families sent their laundry to Shreveport 
for washing.”

Circa 1890 when the water supply was spring water (from 
Bowder Springs) and river water from the Trinity River 
watershed.

Bolding and Bolding, 1981, 
Origin and Growth of the Dallas Water Utilities



Seagoville Like Dallas

“Seagoville is like Dallas in one respect and that 
is we need artesian wells”

Dallas Daily Times Herald, June 26, 1891



Eureka!
"Ring the bells and sound the tom-tom.  Waco leads the rest of the state 

in artesian wells--a well that will supply the city with pure freestone 
water."

"At two o'clock, in the afternoon, while the auger, which has been drilling 
for two months on Bell's Hill, in J. D. Bell's artesian well struck a white 
sand strata and a great subterranean ocean of water at the same 
time."

"From a 5 and 5/8 in. pipe this morning a river is running over Bell's Hill, 
with an estimated flow of four hundred thousand gallons daily.  The 
contractors estimated that the force of water is sufficient to raise the 
water in a stand pipe to a height [sic] of  one hundred, and perhaps, 
one hundred and twenty-five feet."

Waco Evening News, March 12, 1889



Pure and Infinite Water!

"boundless flow“

"a value inestimable“

"immense body of water“

"incalculable“

"inexhaustible quantities"

Waco Evening News, March 12, 1889



Free Water!
"What shall we do with it?“

"Make it as free as the air we breathe.“

"Flush our streets daily and make Waco the healthiest city in the 
world.“

"Make Waco the great sanitarium of the Southwest.“

"Erect stand-pipes and give water power to every manufacturing 
concern that wants it."

Waco Evening News, March 16, 1889



Mineral Water

103 degrees F
1,000 ppm [mg/l]

"Mr. Bill Harris says that the artesian water from Captain Bell's well 
has valuable curative powers.  He has bathed his lame foot, .....and 
says he has experienced great relief...."

"It is thought by eminent judges that the new artesian water is a 
sovereign anti-fat remedy.“

Waco Evening News, March 19, 1889



Artesian Wells

Men drinking from 
hot artesian spring 
in Marlin 

circa 1920 
Old postcard



Example Public Water Supplies

City of Morgan
First well drilled in 1902 – flowed when drilled
Static water level was reported to be 70 feet deep 
in 1943

City of Rogers
Well drilled in 1940
Flowed 835 gallons per minute in 1940
Static water level of 166 feet above land surface



Geyser City

...Waco advertised itself as a 
"Geyser City" and built 
several natatoriums urging 
visitors to drink and bathe in 
its 104 degree [F] water in 
order to cure "dyspepsia, 
rheumatism, syphilis, 
eczema, many other chronic 
problems.”

[Walker, 1983]
Scenes in and near Waco - 1890



OOPS!

"The people of Waco thought the supply of artesian 
water was certainly inexhaustible, but in 1894 the 
wells began to produce less water and even go dry*." 

Walker [1983]

*(cease to flow at the surface)



Era of Development

From 1910 – 1950:

Rural Supply and Fire Protection

90 % of Communities on ground water

2/3 of total water used was groundwater



City of Penelope

“The City of Penelope tried several times to drill a deep 
artesian well and while a well was being drilled in 
1916 the local hotel burned to the ground.  Two 
other large fires destroyed much of the town, 
discouraging the people.

Penelope did not complete a successful well until 1959.”

Bruegger, 1990, 5D, in Sharpless and Yelderman, 1993



Historical Water Levels

Outcrop Well in Parker County Confined Aquifer Well in Dallas County



Previous TWDB Aquifer Studies

Central Texas - TWDB Report 195
Klempt, Perkins & Alvarez (1975)

North Texas - TWDB Report 269
Nordstrom (1982) 

North Central Texas – TWDB Report 349 
Langley (1999)

Central Texas - TWDB Report  350
Ridgeway & Petrini (1999)



Modern Time

Aquifer data

Aquifer analysis including modeling
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Groundwater Flow Model



Model Domain



Model Input Data

Aquifer Geohydrology
Structure
Hydraulic properties
Water levels

Surface Water Interaction
Recharge
Discharge

Historical Aquifer Use
Location and amount through time



Modeling Process

Define Purpose 
of Model

Develop 
Conceptual Model

Model Design

Calibration*

Verification

Prediction*

Results

Compare with 
field data

Field data

Field data

*includes sensitivity analysis

Post Audit Field data



Model Strengths & Limitations

Regional Model
Should allow for reasonable regional evaluations
May be inapplicable at a local scale

Calibration/Prediction
Calibration/Verification periods – 10 years
Prediction period – up to 50 years
Available calibration data and detail



What a Regional GAM 
Can and Can’t Do

CAN DO
Provide estimates of regional water level changes under 
different use scenarios (amounts and distributions)
Provide estimates of the relative importance of different 
aquifer flow components (recharge, leakage, etc.) under 
different aquifer stages
Provide estimates of the aquifer’s response to different 
groundwater management scenarios

CAN’T DO
Determine the amount of water that should be produced 
Determine policy or an appropriate management strategy



Project Schedule Milestones

Project Initiation - January 2003

Draft Conceptual Model Complete – August 2003

Model Development Begins – Sept. 2003

Study Completion Date – March 2004

Final Report - August 2004



Northern Trinity / Woodbine 
Groundwater Availability Model

SAF Open Discussion



Trinity and Woodbine aquifers GAM
Stakeholder Attendance List

March 19, 2003

Name Representing

Steven McKay City of Howe

David Woreham City of Howe

Eric Strom USGS

Ali Chowdhury TWDB

Lou Fleischhauer Trinity Engineering

Dean Conner City of Woodway

Warren Williams Luella USC

Paul Phillips City of Weatherford

Tim Jahn Brazos River
Authority

Sue Thompson City of Highland
Village

Alice James BW2 Engineers

H.C. Clark Enviornmental

V. Ratliff Historical

Kevin Spencer R.W. Harden &
Associates, Inc.

Stephanie Griffin Freese & Nichols, Inc.

Bob Harden R.W. Harden &
Associates, Inc.

Joe Yelderman Dept of Geology,
Baylor University

Tracy Relinski R.W. Harden &
Associates, Inc.



Summary of Questions/Answers
SAF No. 1 Trinity (north) and Woodbine aquifers GAM

Harris Education Center
Hillsboro, Texas
March 19th, 2003

1. Q:  Will the model show water quality on a regional basis?
A:  The final report will address water quality conditions that exist in the Northern
Trinity/Woodbine aquifer.  The model will not have water quality input.  If
desired, in the future the flow model developed for this program could be used in
conjunction with a water quality transport model to simulate water quality.

2. Q:  Will the model indicate deep circulation on fault zones?
A:  Yes, the model will include appropriate input to simulate the regional effects
of faulting.

3. Q:  Are you going to include water temperature as one of the constraints on the
model?
A:  The model will not include water temperature as a specific input.  The effects
of temperature are relatively small compare to other model input parameters.
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