
GroundwaterGroundwater Availability Availability 
Model (GAM)Model (GAM)

for the Nacatoch Aquiferfor the Nacatoch Aquifer

Online presentation of Online presentation of 

22ndnd Stakeholder Advisory ForumStakeholder Advisory Forum

June 2007June 2007





PEC OS

W EBB

BR EW STER

H UD SPET H

PRESID IO

REEVES

CU LBER SON

VAL VERD E

DU VAL

TER R ELL

C R OC K ETT

KEN ED Y

FRIO

H ARR IS

H I LL

BELL

BEE

C LAY

POLK

ED W ARD S

J EFF D AVIS

KER R

GAIN ES

LEON

U VALD E

H ALE

D ALLAM

IR ION

D IMMIT

LAMB

KIN G

BEXAR
KIN N EY

STAR R

H ALL

W ISEJ AC K

U PTON

HID ALGO

S U TTON

C ASS

OLD H AM

ELLIS

MEDIN A

KIMBLE

Z AVALA

KEN T

R U SK

LEE

LYNN

GR AY

COKE

L A SALLE

MILAM

ER ATH

HAR TLEY

HU N T

BR AZO R IA

SMITH

KN OX

FLOYD

LLAN O

A N DR EW S

TYLER

TR AVIS
LIBERTY

JON ES

N U ECES

R EA GAN

BOW IE

W AR D

ZAPATA

LAMAR

R EAL

N OLAN

TER R Y GA R ZA

MILLS

C OLEMAN

EC TOR

TOM GR EEN

MASON

YOU N G

FALLS

C AMER ON

MAT AGOR DA

H AYS

BR OW N

C OOKE

JASP
ER

D EAF SMITH

BUR N ET

M AVERIC K

H OU STON

LAVACA

FISH ER

C OLLIN

MOOR E

FANN IN

M OTLEY

MAR TIN

L IVE OAK

D ALLAS

EL PASO

BAILEY

B OSQU E

H AR D IN

KLEBER G

JIM H OGG

TAYLOR

C OT TLE

POTTER

D ON LEY

GOLIAD

SAN  SABA

ATASC OSA

D EN TON

COR YELLCR AN E

CON C HO

BAYLOR

DE W ITT

BR OOKS

PAR KER

R U NN ELS

N AVAR R O

ARC H ER

CAR SON

CASTR O

W OOD

SC U RR Y

C R OSBY

FAYETTE

Mc MULL EN

W HAR TON

BORD EN

C ALHOU N

SH ELBY

MEN ARD

GILLESPIE

PAR MER

W ILSON

D IC KEN S

SC H LEIC H ER

GR IMES

F OARD

PAN OLA

H ASKELL

BR ISC OE

R AN D ALL

DAW SON

MID LAN D

H OWAR D

Mc LEN NAN

GON ZALES

GR AYSON RED  R IVER

SWISH ER

R OBER TS

H OCKLE Y

AN D ER SON

TARR AN T

W ALKER

L U BBOC K

VIC TORIA

BASTR OP J EFFER SON

SH ER MAN

W H EELER

MITC HELL

YOAKU M

STER LIN G
WIN KL ER

TR IN ITY

H EMPH ILL

W ILBA R-
GER

COMAN -
CHE

W
A

LLE
R

KAR N ES

LIPSC OMB

J AC KSON

W ILLIAMSON

R EFUG IO

W ILLAC Y

LOVING

AU STIN

EASTLAN D

H OPKIN S

Mc CU LL OCH

BLAN C O

H AR RISON
STEPHEN S

ANGELIN A

C ALLAH AN

C OLOR AD O

HAN SFOR D

KAU FMAN

BAN D ER A

PALO PINTO

MON T AGU E

H AMILTO N

OCH ILTR EE

C OM AL

LIMEST ON E
SABIN E

COC H RAN

FOR T BEN D

CH AMBER S

VAN  ZAN D T

WIC H ITA

J OH N SON

STONEW ALL

H EN DER SON

TITUS

FR EESTON E

MON TG OMER Y

HOOD

KEN D ALL

BR AZ OS

GALVESTON

U P SH U R

H UTC H INSON

LAMPAS AS

BU R LESON

H AR D EMAN

GU ADALU PE

CH ILD -
RE SS

AR M-
STRON G

GLAS S-
COCK

N AC OG-
D OC HES

MARION

C ALD W ELL

MAD ISON

ORAN GE

D ELTA

R AIN S

GRE GG

C AMP

M
O

R
R

IS

F
R

AN
KLIN

ROCK -
WA LL

C OLLI NGS -
W ORTH

THR OCK-
MOR TON

S OM E R-
V E L

SAN
AUGUS -

TI NE

S AN
J AC IN TO

J IM
W ELLS

S HA CKEL-
FOR D

C HE RO-
KE E

N
EW

TO
N

ROBE RT-
SON

WA SH IN G-
TON

ARA N-
SASSAN

PATR IC I O

80

79

67

78

85

82

6876

69

81

75

77

87

71

72

73

74

84

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

PR ESIDIO

REEVES

CULBERSON

VAL VERDE

DUVAL

TERR ELL

CROCKETT

FRI O

HARRIS

HILL

BELL

BEE

KENEDY

CLAY

POLK

ED WARDS

JEFF DAVI S

GAINES

LEON

KERR

UVALDE

HALE

DALLAM

KI NG

IRION

LAMB

DIMMI T

BEXAR
KI NNEY

STARR

HALL

JACK

CASS

WISE

SU TTON

OLDHAM

HIDALGO

ELLI S

UPTON

ZAVALA

MEDI NA

KI MBLE

RUSK

LEE

LYNN KEN T

GRAY

LA SALLE

COKE

MILAM

ERATH

HARTLEY

HUNT

SMITH

KN OX

FLOYD

LLANO

TYLER

BR AZORIA

AN DREWS

TRAVI S LIBERTY

REAGAN

JONES

ZAPATA

LAMAR

BOWI E

NUECES

WARD

REAL

NOLAN

TERR Y GARZA

COLEMAN

MILLS

EC TOR

YO UNG

TOM GREEN

MASON

FALLS

MAVERICK

BU RNET

HAYS

DEAF SMITH

JASPER

LAVACA

HOUSTON

COOKE

FISHER

BROW N

COLLIN

MOORE

MOTLEY

FANN IN

MARTIN

EL PASO

BAI LEY

DALLAS

LIVE O AK

BOSQUE

HARDIN

JIM HO GG

TAYLOR

CAMERON

PO TTER

GOLIAD

CRANE

COTTLE

DONLEY

ATASCOSA

SAN SABA

DENTON

CORYELL

BAYLOR

CONC HO

BROOKS

RUNNELS

PARKER

NAVARRO

ARCHER

DE WI TT

CARSON

SCURRY

MATAGO RDA

CROSBY

KLEBERG

FAYETTE

SH ELBY

WOOD

CASTRO

BORDEN

MENARD

WHARTON

NEWTON

PAR MER

GILLESPIE

MCMULLEN

DICKENS

SCHLEI CHER

FO ARD

HASKELL

PANOLA

GRIMES

MIDLAND

WILSON

RANDALL

BR ISCOESWISHER

DAWSON

GRAYSON

GONZALES

HOW ARD

RED RI VER

ROBERTS

HOCKLEY

TARR ANT

ANDERSON

MCLENNAN

LUBBO CK

CALHO UN

CHEROKEE

VI CTORI A

BASTRO P

WALKER

SHERMAN

YO AKUM

MITCH ELL

STERLING

HEMPHI LL

WHEELER

KARNES

TRI NITY

WINKLER

JACKSON

LIPSCOMB

LOVI NG

WILLIAMSON

AUSTI N

EASTLAND

REFUGIO

HOPKIN S

HARRISON

BLANCO

CALLAHAN

COLORADO

AN GELINA

MCCULLOCH

STEPHENS

WILLACY

JEFFERSO N

KAU FMAN

BAN DERA

HANSFORD

COMANCHE

MONTAGUE

PALO PINTO

JIM WELLS

LIMESTONE

COMAL

HAMI LTON

OCHI LTREE

WILBARGER

SABI NE

COCHRAN

CHAMBERS

FORT BEND

VAN ZANDT

HENDERSON

STO NEWALL

JOHNSON

FREESTON E

MONTGOMERY

GLASSCO CK

KENDALL

TITUS

BRAZO S

HOO D

WICHITA

ARMSTRO NG

UPSHUR

ROBERTSON

HUTCHINSO N

LAMPASAS

CHILDRESS

W
A

LL
ER

NACOG DOC HES

SH ACKELFORD

BURLESON

HARDEMAN

GUADALUPE

GALVESTON

MARI ON

THROCKMORTO N

COLLINGSWO RTH

MADI SON

CALDW ELL

SAN  PATR ICIO

SAN JACI NTO

AR ANSAS

WASHINGTON ORANGE

DELTA

RAINS

GREGG

S
A

N
 A

U
G

U
S

T IN
E

CAMP

M
O

R
R

IS

FR
AN

K
LIN

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 Groundwater 
Availability ModelingAvailability Modeling

Contract ManagerContract Manager
Andrew DonnellyAndrew Donnelly

Texas Water Development BoardTexas Water Development Board



• Purpose: to develop tools that can be used to 
help GCDs, RWPGs, and others assess 
groundwater availability. 

• 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.

GAMGAM







• Managed available groundwater (MAG)…the 
amount of groundwater available for use.

• The State does not directly decide how much 
groundwater is available for use: GCDs will 
through GMA process 

• A GAM is a tool that can be used to assess 
groundwater availability once GCDs and GMAs 
decide on the desired future condition of the 
aquifer.

What isWhat is
groundwatergroundwater

availability or MAG?availability or MAG?



Groundwater Management Groundwater Management 
AreasAreas



• Water Code & TWDB rules require that GCDs 
use GAM information, if available, for their 
management plans.

• TWDB rules require that RWPGs use managed 
available groundwater estimates, if developed 
in time for the planning cycle

Do we haveDo we have
to use GAM?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 weHow do we
use GAM?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.

LivingLiving
toolstools



• 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
– contract manager

Participating inParticipating in
the GAM processthe GAM process



Comments:Comments:
Andrew DonnellyAndrew Donnelly

Andy.Donnelly@twdb.state.tx.usAndy.Donnelly@twdb.state.tx.us
(512) 463(512) 463--31323132

www.twdb.state.tx.us/gamwww.twdb.state.tx.us/gam
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Precipitation Time SeriesPrecipitation Time Series
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Pan Evaporation
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Facies
Distribution

Nacatoch 
Formation

From McGowen and Lopez, 1983
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AA--AA’’, A, A’’--AA’’’’ and Aand A’’’’--AA”’”’



BB--BB’’ and Cand C--CC’’



DD--DD’’ and Eand E--EE’’



FF--FF’’ and Gand G--GG’’



Geologic Geologic 
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Fault GraubensFault Graubens
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Thickness Thickness 
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Midway Midway 
FormationFormation



Head AnalysisHead Analysis

• Collected and organized head database for 
Texas and Arkansas
– TWDB database and county reports
– USGS reports
– Ashworth 1988 (Table 5)

• Developed and analyzed control for 
Predevelopment, 1980, 1990, 1997 head 
surfaces

• Developed a regression for head in unconfined 
section (outcrop) to guide surface development

• Selected wells with adequate time series to be 
calibration hydrographs 



Nacatoch Head ObservationsNacatoch Head Observations
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Predevelopment Head Surface Predevelopment Head Surface 
ApproachApproach

• Used a combination of maximum, earliest 
measured, and hydrograph extrapolated heads 
to develop adequate control

• Developed a regression between ground surface 
elevation and head in outcrop areas
– Best regression eliminated Hunt and Hopkins Co. 

wells
• Then contour and iteratively

– ID inconsistent wells
– Consider transient head trends
– Choose predevelopment targets



HeadHead--Land Surface RegressionLand Surface Regression
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RegressionRegression
SurfaceSurface
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Pre-development 
Head Surface

and 
Flow Direction
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Transient Head SurfacesTransient Head Surfaces

• To have adequate coverage, we used multi-year 
window around the year of interest (1980, 1990, 
1997) 
– Used Ashworth 1988 as a guide on 1980 surface 

(reported 1982 surface)
• Significant head change has not been observed 

except in isolated regions
– Especially since 1980

• We used the regression for guidance in outcrop 
areas where minimal drawdown was expected



Transient Target Change 1980-1997
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1980 Head 
Surface

(1978-1982)
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1989 Head 
Surface

(1988-1991)
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1997 Head 
Surface
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Conceptual Water BalanceConceptual Water Balance

Vadose Zone
S

aturated Zone

Shallow Aquifer System

Deep Aquifer System

Precipitation 
45 in/yr

Runoff
10.6 in/yr (23.5%)

Evapotranspiration
33.7 in/yr (74.9%)

Shallow Recharge
0.7 in/yr (1.5%)

Local Discharge
0.5 in/yr (1.1%)

Regional Discharge
0.2 in/yr (0.4%)

Deep Recharge
0.2 in/yr (0.4%)



Deep RechargeDeep Recharge

• Muller and Price (1979) estimated 1,500 
AFY

• Ashworth (1988) estimated 3,000 AFY 
based on Darcy’s law

• 3,000 AFY equates to approximately 0.5% 
of precipitation, or 0.2 in/yr recharge



Shallow RechargeShallow Recharge

• Performed baseflow separation for several 
gages in the region

• Area weighted baseflow discharge is 
approximately 0.5 in/yr in the area

• This would be considered a lower bound 
for shallow recharge, since we have not 
accounted for groundwater ET 



Variation with PrecipitationVariation with Precipitation
• Compared annual baseflow response (log transformed) 

with annual precipitation in the gage catchment area
• Performed linear regressions including a time lag from 

zero to ten months
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Variation with PrecipitationVariation with Precipitation
• Derived single equation from series of regression results 

using the following constraints
– Should contain coefficients that are bounded by the regression 

coefficients
– Should produce average recharge (0.7 in/yr) given average 

precipitation (45 in/yr)

Recharge = 10^(0.033*precipitation-1.8)+0.2

DeepSlope Intercept



Distribution Distribution 
of Rechargeof Recharge

• Based on along-
term average 
precipitation and 
derived equation
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Discharging

Influence of Influence of 
TopographyTopography

• More recharge in 
uplands, less in 
lowlands

• The magnitude of 
the effect will be 
calibrated



Hydraulic propertiesHydraulic properties

• 9 wells with Sc and T
• 56 other wells with Sc

• 0 wells with storage properties



Hydraulic PropertiesHydraulic Properties



Hydraulic Conductivity



Hydraulic Hydraulic 
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Deep RechargeDeep Recharge

• Muller and Price (1979) estimated 1,500 
AFY

• Ashworth (1988) estimated 3,000 AFY 
based on Darcy’s law

• 3,000 AFY equates to approximately 0.5% 
of precipitation, or 0.2 in/yr recharge



Shallow RechargeShallow Recharge

• Performed baseflow separation for several 
gages in the region

• Area weighted baseflow discharge is 
approximately 0.5 in/yr in the area

• This would be considered a lower bound 
for shallow recharge, since we have not 
accounted for groundwater ET 



Variation with PrecipitationVariation with Precipitation
• Compared annual baseflow response (log transformed) 

with annual precipitation in the gage catchment area
• Performed linear regressions including a time lag from 

zero to ten months
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Variation with PrecipitationVariation with Precipitation
• Derived single equation from series of regression results 

using the following constraints
– Should contain coefficients that are bounded by the regression 

coefficients
– Should produce average recharge (0.7 in/yr) given average 

precipitation (45 in/yr)

Recharge = 10^(0.033*precipitation-1.8)+0.2

DeepSlope Intercept



Distribution Distribution 
of Rechargeof Recharge

• Based on along-
term average 
precipitation and 
derived equation
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Discharging

Influence of Influence of 
TopographyTopography

• More recharge in 
uplands, less in 
lowlands

• The magnitude of 
the effect will be 
calibrated



Discharge ProcessesDischarge Processes

• Natural aquifer discharge
–Baseflow
–Groundwater Evapotranspiration
–Springs

• Pumping



Stream Stream 
Gage Gage 

CoverageCoverage
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Daily StreamDaily Stream
Flow Gauging Flow Gauging 
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BaseflowBaseflow
• No low-flow studies available in the area
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Baseflow
Runoff

Performed hydrograph 
separation analyses using 
the BFI code to estimate 
baseflow
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Gages and catchment 
areas for hydrograph 
separation analysis



BaseflowBaseflow
• Hydrograph separation results
• Area-weighted average of 0.5 in/yr

6.40.699631940-1961Chambers Ck nr Corsicana, 
TX8064500

8.10.457341940-1963Richland Ck nr Richland, TX8063500

8.60.242331964-1972Kings Ck nr Kaufman, TX8062900

17.10.1878.71960-PresentS Fk Sabine Rv nr Quinlan, 
TX8017300

12.80.5814051957-1992Sulphur Rv nr Talco, TX7343200

10.60.295271943-1992S Sulphur Rv nr Cooper, TX7342500

11.10.271891980-1991S Sulphur Rv nr Commerce, 
TX7342470

13.70.281501992-PresentS Sulphur Rv at Commerce, 
TX7342465

Runof
f 

(in/yr)

Baseflo
w 

(in/yr)

Drainage 
Area 
(mi2)

Unregulated 
YearsStation NameGage



Groundwater ETGroundwater ET

• No measurements available in the area
• Objectives

– Estimate potential ET
– Estimate vegetation coefficients
– Estimate rooting depths



PETPET
(long term average)(long term average)

•More correctly called 
reference ET, and based 
on the Penmann-Monteith
equation
•Does not vary 
significantly across the 
model area
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PETPET
(temporal variation)(temporal variation)

•Based on the 
Hargreaves method, 
uses Tmin and Tmax
•Again, not much 
annual variation in ET
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Vegetation Vegetation 
CoverageCoverage

•Based on Texas GAP 
analysis program
•Resolution of 
approximately 300 ft
•Does not show 
significant vegetation 
change in riparian 
areas
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Land Cover Type
Water
Bare Soil
Cropland
Urban Area
Evergreen
Lowland Mixed Evergreen - Drought Deciduous Shrubland
Temporarily Flooded Cold Deciduous Woodland
Short Sod Temperate or Subpolar Grassland
Cold-Deciduous Woodland 
Round-Crowned Temperate or Subpolar Needle-Leaved Evergreen Woodland
Temperate Broad-Leaved Evergreen Woodland
Sand Flats



Vegetation Vegetation 
CoverageCoverage
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Vegetation Coefficients and Vegetation Coefficients and 
Rooting DepthsRooting Depths

• Based on Scanlon (2005)

1.0.6*Cropland

5.*0.5*Post Oak

5.*0.5*Live Oak

7.0.53Pine

2.0.70Grassland

10.0.37Cottonwood

Rooting Depth (ft)KcVegetation Type



SpringsSprings
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Source of Spring Locations
!( Brune (1981)
") USGS (1993)
D TWDB well database

•A few springs (about 35)
documented in the 
outcrop region
•No time series data 
available
•Many springs are 
ephemeral
•Ashworth (1988) notes 
that springflow has 
declined in areas of 
significant drawdown



Pumping DataPumping Data

• GAM Calibration Period (1980-1997)
– TWDB master pumping tables in the pumpage 

geodatabase
• Historical Period (1963-1980)

– Ashworth (1988)
– County Reports and River Basin Reports

• Arkansas (1965-2000)
– USGS(2004);five year estimates



Total Pumping for NacatochTotal Pumping for Nacatoch
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Pumping by CategoryPumping by Category
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Total Pumping by County (AFY)Total Pumping by County (AFY)
Year 1963 1965 1970 1975 1980 1985 1990 1995 1997

Texas Counties
Bowie          396        483       708       530    1,372     2,709     2,353       643       581 
Delta          466        406       563       490       480        497        540       273       268 
Franklin              1            1           1           1           1            1            1           1           1 
Henderson              5            5           6           8           9          11          13         15         14 
Hopkins          189        243       308       360       367        260        303       411       361 
Hunt       1,086        963    1,296    1,172    1,041     1,317     1,125    1,045       909 
Kaufman            77          77         78         80         82          61          66         75         59 
Lamar            -             -            -            -             2            2            1           1           1 
Navarro            25          24         28         29         15          15          15         14         11 
Rains              3            3           3           4           4            2            4           5           5 
Red River          922        924       954       996       750        556        632       549       507 
Titus            -             -            -            -           68          80           -            -             1 
Texas Total       3,170     3,131    3,945    3,670    4,192     5,511     5,054    3,031    2,716 

Arkansas Counties
Little River          300        224         34         45         69           -             -            -            -   
Miller          211        160         34         45         69           -             -            -           13 
Arkansas Total          511        384         67         90       139           -             -            -           13 

Texas and Arkansas 
Total       3,681      3,516     4,013     3,759     4,331      5,511      5,054     3,031     2,730 



Bowie CountyBowie County

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1963 1968 1973 1978 1983 1988 1993

Year

Pu
m

pa
ge

 (a
fy

)

IRR
MFG
MIN
MUN
PWR
RD
STK
Total



Hunt CountyHunt County
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Hopkins CountyHopkins County
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TDS in the TDS in the 
Nacatoch Nacatoch 
AquiferAquifer



HydrochemicalHydrochemical
FaciesFacies



Sodium Hazard Sodium Hazard 
in thein the

Nacatoch AquiferNacatoch Aquifer
(Sodium Adsorption Ratio)(Sodium Adsorption Ratio)



Tabulated Water Tabulated Water 
Quality ofQuality of

Nacatoch AquiferNacatoch Aquifer



Layer Model SchematicLayer Model Schematic
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