Final Report

Nacatoch Aquifer
Groundwater Availability Model

Prepared by:

James A. Beach, P.G.
Yun Huang

Leigh Symank

John B. Ashworth, P.G.
Tyler Davidson, P.E.
Astrid M. Vreugdenhil
Neil E. Deeds, Ph.D., P.E.

Prepared for the

Texas Water Development Board

P.O. Box 1321, Capitol Station
Austin, Texas 78711-3231

January 2009



Texas Water Development Board

Final Report

Nacatoch Aquifer Groundwater
Availability Model

Prepared by:

James A. Beach, P.G.
Yun Huang

Leigh Symank

John B. Ashworth, P.G.
Tyler Davidson, P.E.
LBG-Guyton Associates

Astrid M. Vreugdenhil
Neil E. Deeds, Ph.D., P.E.
INTERA, Inc.

January 2009



GEOSCIENTIST AND ENGINEERING SEAL

This report documents the work of the following Licensed Texas Geoscientist or Licensed
Texas Professional Engineer:

James A. Beach, P.G.
Mr. Beach was the Project Manager and was responsible for
overseeing the development of the conceptual model, and for
development and calibration of the numerical model.

John B. Ashworth, P.G.
Mr. Ashworth was responsible for development of the
geologic structure in the conceptual model.

Tyler Davidson, P.E.
Mr. Davidson was responsible for the evaluation of hydraulic
properties and water quality in the conceptual model.

Neil E. Deeds, Ph.D., P.E.
Dr. Deeds was responsible for the evaluation and
development of recharge and natural discharge of water in the
conceptual model, and for development of this data for use in

the numerical model. i}
Vel l






Table of Contents

1.0 INTRODUCTION ...ttt ettt sa e e et estesresnenraenaeneens 1-1
2.0 STUDY AREA ..ottt bbbt reene e 2-1
0 A o o7 X o ] o SRS 2-1
2.2 Physiography and CHIMALe...........cccooiiiiiiiiiiiieee e 2-10
0 B € 1:To ] (o]0 ST URTR TR 2-23
2.3.1 Pre-Nacatoch Structure and Tectonic HiStory ..........cccceveveeiiivc i 2-23
2.3.2 Depositional Environment and Stratigraphy...........cccocveveiieeriieienieese e 2-24
2.3.3 Post-Nacatoch Erosion, Deposition of Younger Sediments, and Structural
FAUITING oot et e et e s te et et enaeereeneers 2-40
3.0  PREVIOUS INVESTIGATIONS......ooot ittt st 3-1
3.1 HydrologiC INVESTIGATIONS .....c.couiiiiieiiiierii et 3-1
3.2 Modeling INVESTIGALIONS ......cciuiiiiiiiieiiieie et et es 3-4
40 HYDROLOGIC SETTING .....coiiiiiiect sttt sttt 4-1
4.1 HydroStratigrapiy .......cccoieiieie ettt e e e e re e 4-1
A2 SHUCKUIE ...t e e st e e n st e e n s e e e r e s e e e neennneene e 4-1
4.2.1 Development OF STIUCIUIE .........ooiiiiiiieieee s 4-1
4.2.2  Construction of the Structural SUIMaceS ..........cccoviiiieiiie e 4-3
4.3  Water Levels and Groundwater FIOW...........ccccooiiiiiiieiiiininieeese s 4-10
4.3.1 Data Sources and Data SUMMANY ........ccccoovrieereeresieeseeie e e eeeseesee e seeeee e 4-10
4.3.2 Regional GroundWater FIOW............ccooiiiiiiiiieieiese e 4-11
4.3.3 Predevelopment Conditions for the Nacatoch AQUITEr...........ccceveveneniieiiinenns 4-12
4.3.4 Water-Level Elevations for the Historical Period.............ccccovviiiiiiniiinieen 4-14
4.3.5 Transient Water LEVEIS .......cvoiiiieieiicesee e 4-16
O - Tol - 1= OSSR 4-34
4.4.1 CONCEPLUAL BASICS .......ueiiiiiiiiieiieieie ittt 4-34
4.4.2  AVErage RECNAITE ..ot 4-35
G B o - Yol | o] 1 -1 [0 SRS 4-36
4.4.4  1rrigation RELUIN FIOW .......cviiiiiicc e 4-39
O o] o To o | -] VSRS 4-40
A.4.6 SUMACE SOIIS ..ot 4-40
4.5 Rivers, Streams, SPrings and LaKeS ........ccccoiiiiiiiiiiiecee e 4-50
4.6 HYArauliC PrOPEITIES ......ccvieiiicie ettt sttt ae e e sra e reenaesnaenne s 4-56
4.7  AQUITEr DISCRAIGE ..o.veivieciiei ettt re e e e e ee s 4-63
4.7.1 Natural AQUITEr DISCRAIGE.....cceeiiiiiiiiici e 4-63
4.7.2 Aquifer Discharge Through PUMPING.......cccooiiiiiiiiinieecieeee e 4-82
4.8 Water QUAITLY .....ooueiiieieiie ettt b et 4-100
50 CONCEPTUAL MODEL OF GROUNDWATER FLOW IN THE
NACATOCH AQUIFER ..ottt 5-1
5.1 Purpose of a Conceptual MOdel ...........cooiiiiiiiiii s 5-1



5.2 Nacatoch Aquifer Conceptual MOdel...........coouiiiiiiiii e 5-1

6.0  MODEL DESIGN.....ciiiiieieese sttt sre e raenaaneens 6-1
6.1  COUE AN PrOCESSON ....veviieitieiieiieie ettt sttt bbbttt sttt e eneenes 6-1
6.2 Model Layers, Grid and Simulation Time Periods.........cccccvevvrieenviiesinere e 6-2
6.3  Boundary Condition Implementation ...........ccocoeiiiniiiiiieee s 6-7

6.3.1  VertiCal BOUNUAIIES .......cooiiiiiiieiiieie ettt 6-7
6.3.2  Streams and SPFINQS......coviieeiieiieie e se e se et e e eesre e s e e te st e sreenteeneesraenres 6-7
LT G T o (=T 1 - o - SRRSO 6-8
6.3.4  PUMPING DISCNAIGE .....couiiiiiiiieee et 6-8
6.4 HydrauliC PrOPEITIES ..ot 6-8
6.4.1 Hydraulic CONUCTIVITY ......cooiiiiieiieii e e 6-9
OIS (0] £- £ V71 PSP 6-10

7.0  MODELING APPROACH ...ttt et 7-1

% S O 1] o] - U1 o] TSP 7-1
0 S Y ] o (0= Vol o H TSRS 7-1
7.1.2 Calibration Targets and MEASUIES ..........cccvevueiieieerieiieseesie e seesre e sreesae e sraenaes 7-3
7.1.3 Calibration Target UNCErtainty .........ccccceviveriiiieiierie e esie e se e sie e 7-4

7.2 SENSITIVIEY ANAIYSES ....veevieiiieieeiesie sttt te e te et e e sraeseeaneesneeeeeneenres 7-5

8.0  STEADY-STATE MODEL .....cceoctiiiiiiiieieiee et 8-1

T8 A O 1] o] - U1 o] [T STPRT 8-1
8.1.1  Calibration TarQeLS......c.ciueieeiieiieite ettt st et esreesne e raenne s 8-1
8.1.2 Horizontal and Vertical Hydraulic ConductiVities ...........ccccevvviveriviieriiene e 8-3
8.1.3  RECNAITE ..ot 8-6
8.1.4 Groundwater EVapOotranSpiration ............cccceeeriereenieniee et see e e see e see e see e 8-8
8.1.5 General Head BOUNTAIIES ........ccviiiiiiiiiiesie e 8-12
B.1.0  SIIBAIMS ... .ottt ettt h e bRt r e r e nne e 8-12

8.2 RESUILS .ttt bbb 8-14
8.2.1  Calibration STAISTICS .....ccvveieiierieeie ettt nns 8-14
8.2.2  HydrauliC HEAUS.........ceeiieeieiieeee e e 8-15
ST B VAV - (-] g =0T o[- PSS 8-19

8.3 SENSILIVILY ANAIYSIS ...cvieeiiiiieiieeiecie sttt et e e ae e e sraesteeneesnaeee s 8-21

9.0  TRANSIENT MODEL. ..ottt et ene e 9-1

TN A O 1] o] - U1 o] SRS 9-1
0.1.1  CaliDration TarQgeLS.....ccueieeiieeieiieesieeie ettt ettt sre et e e be e b 9-1
0.1.2  STOrage PrOPEITIES .....ecviivieiie ettt ettt a e te e sreenne e e raenne s 9-3
9.1.3 Recharge and PUMPAGE.........ccceiieiieieiie st ese s se et ste e te e esae e sreenne s 9-3

0.2 RESUILS ..ttt n et e n e r et n e neeeenneenren 9-6
0.2.1  Calibration STALISTICS ......c.eeiiieieiieiieeie ettt ne s 9-6
0.2.2  HydrauliC HEAUS..........ccoieeieiie et 9-10
0.2.3  WaALEr BUAQEL .....cveeiiciic ettt teeae e nns 9-18

0.3 SENSITIVILY ANAIYSIS ...cuveeriiieieiieeieee ettt esaeesae e e sraenteeneesnaeee s 9-21



10.0
11.0
12.0
13.0
14.0

LIMITATIONS OF THE MODEL ......cccoiiiiiiii 10-1
FUTURE IMPROVEMENTS ...t 11-1
CONCLUSIONS ... n e 12-1
ACKNOWLEDGMENTS ... .ot 13-1
REFERENCES ... 14-1



Table 2.3.1
Table 4.3.1

Table 4.3.2

Table 4.4.1
Table 4.5.1
Table 4.6.1
Table 4.6.2
Table 4.7.1
Table 4.7.2
Table 4.7.3

Table 4.7.4
Table 4.7.5
Table 4.8.1

Table 4.8.2
Table 4.8.3

Table 6.2.1.

Table 8.1.1
Table 8.2.1
Table 8.2.2
Table 9.2.1
Table 9.2.2

List of Tables

Stratigraphic units and aqUITErS ...........cceiveii i 2-25
Summary of aquifer codes for wells in the formations comprising the

Nacatoch Aquifer and the hydraulically connected alluvium..........c...cccccocueeee. 4-11
Target values for calibration of the steady-state model to predevelopment

(070] 1o [ 0] 4 PSSR 4-18
Summary of baseflow regression analyses ...........ccccvcveveeveeiesicse e 4-38
Reservoirs in the active model QUICIOP........ccooiiiiiririeieee e 4-51
Summary of Nacatoch Aquifer hydraulic properties..........cccccevvevveveveeieennenn, 4-56
Summary of alluvium hydraulic properties ...........cccoovvrieiiienenc e 4-61
Summary of hydrograph separation analysis...........cccccveerieereiiennsre e 4-65
Documented springs within the model boundary ... 4-70
Estimates of vegetation coefficient and rooting depth for several

vegetation types in the FeGION ........cui i 4-74
Estimated rate of total groundwater withdrawal (acre-feet/year) from the
Nacatoch AqUIfer DY COUNY ........cooveiieie e 4-88
Rate of groundwater withdrawal (acre-feet/year) by category from the

Nacatoch Aquifer for TeXas COUNLIES .........ccccveveeieiieieee e 4-89
Summary of Nacatoch Aquifer water quality .........ccocoovviiiiieneniinee 4-104
Summary of Navarro-Taylor water quality.............cccocveveiiieiiiiie i 4-105
Summary of Alluvium water QUAIILY ........ccooeiiiiiiie e 4-108
Simulation time Period SEL UP ......oivveieiiereee e 6-3
Summary of hydraulic properties used in model ............ccooevieiiiiiiieniieiee 8-3
Summary of steady-state head calibration statistiCS ...........ccccceveviviveviieieennnn, 8-15
Summary of steady-state water budget components...........cccccevevirieiinniennnnne 8-19
Head calibration statistics for the calibration period .............cccceoviiiiniiennnnnn 9-7
Water budget for 1990 and 1997 calibration periods.............ccccoveviveveiiieiiennns 9-20



Figure 2.1.1
Figure 2.1.2
Figure 2.1.3
Figure 2.1.4
Figure 2.1.5
Figure 2.1.6
Figure 2.1.7
Figure 2.2.1
Figure 2.2.2
Figure 2.2.3
Figure 2.2.4
Figure 2.2.5
Figure 2.2.6
Figure 2.2.7
Figure 2.2.8
Figure 2.2.9
Figure 2.3.1
Figure 2.3.2
Figure 2.3.3
Figure 2.3.4
Figure 2.3.5
Figure 2.3.6
Figure 2.3.7
Figure 2.3.8
Figure 2.3.9

Figure 2.3.10
Figure 2.3.11

Figure 4.2.1
Figure 4.2.2
Figure 4.2.3
Figure 4.2.4
Figure 4.3.1
Figure 4.3.2
Figure 4.3.3

Figure 4.3.4

Figure 4.3.5

List of Figures

Location of the Nacatoch Aquifer GAM study area...........cccceeveveeiveieseeseennn, 2-3
Location of river basins, rivers, significant streams, and reservoirs.................... 2-4
Areal extent of the Nacatoch and major aquifers in the study area...................... 2-5
Areal extent of the minor aquifers in the study area.........cccoceeveveerinieneenennenn 2-6
Location of Regional Water Planning GroupsS.........ccceveveereeiesieeseenieseeseenens 2-7
Location of Groundwater Conservation DIStrCES.........cccooeverieieniinieiee e 2-8
Location of Groundwater Management Ar€as..........cc.ovvevereervesieereeseeseesnsneenns 2-9
PhySiographiC PrOVINCES ......cc.vcviiieiie et 2-14
ECOIOQICAl FEOIONS. ...t 2-15
TOPOGraPhIC MAP ...eeveeieeiecie et re et e e reebe e staeneeas 2-16
Average annual air tEMPEIatUIE ..........coveieiieieiere e 2-17
Location of precipitation gageS........c.civeiueeiieiieie e e 2-18
Average annual precipitation (1961-1990) in inches per year..........c..cceeevvenee. 2-19
Representative monthly precipitation time SeriesS........ccccovvvvevieeresiieseere s 2-20
Average annual net pan evaporation rate in inches per year ............cccccvevvvenee. 2-21
Long term monthly pan evaporation...........ccccceeeeriereeneereseeseee e e 2-22
Major tectonic and structural fEAtUIES...........cccuererieiieriie e 2-29
Mexia-Talco Fault Zone with Major Grabens ............cccocevereneneneneneseeens 2-30
{0 1= TN o T=To] [T |V 2SSOSR 2-31
NacatoCh AQUITEN OULCIOP .....couiiiriieieieierie et 2-32
Nacatoch Aquifer facies distribution ............ccccooceeieiiii e, 2-33
Net sand thickness (adapted from McGowen and Lopez, 1983)..........ccccceeveeee. 2-34
Location of 1iNeS OF CroSS-SECHION ......ccevviiviriiiiiiririee e 2-35
GeO0l0gIC CrOSS SECLION A-A” e ettt ettt 2-36
Geologic cross section B-B” and C-C’........cccoooviieiiiie e 2-37
Geologic cross section D-D” and E-E’........cccooiiieiiiiinieeeseeeee e 2-38
Geologic cross section F-F” and G-G’ ........cccoveiieiieiie e 2-39
Base of Nacatoch Aquifer structure (developed using existing contours

from ASNWOITH, 1988).......cciiiiiiieiiee e s 4-6
Estimated thickness of Nacatoch Aquifer structure..........c.cccceveieeir e, 4-7
Estimated top of Nacatoch AQUIter StTUCTUIE...........c.ccoeiiiirieieee e 4-8
Estimated thickness of Midway and AHuvium............cccooeiiiii i, 4-9
Water-level measurement locations for the Nacatoch Aquifer...........cccccoeenie. 4-22
Temporal distribution of water-level measurements in the Nacatoch

AGUITEE <ottt sttt et e e e re e be e beene s 4-23
Regression between land surface elevation and water level elevation in the
outcrop of the NacatoCh AQUITET..........ccoiiiiiiiie e 4-24

Estimated water-level elevation contours for the Nacatoch Aquifer during
predevelopment conditions based on relationship between land surface

elevation and water level elevation...........c.ccovieii e 4-25
Estimated water-level elevation contours for predevelopment conditions in
the NaCatOCh AQUITEN ........ooiiiiiee e 4-26



Figure 4.3.6

Figure 4.3.7

Figure 4.3.8
Figure 4.3.9

Figure 4.3.10
Figure 4.3.11

Figure 4.3.12

Figure4.4.1

Figure 4.4.2
Figure 4.4.3
Figure 4.4.4
Figure 4.4.5

Figure 4.4.6
Figure 4.4.7
Figure 4.4.8
Figure 45.1
Figure 4.5.2
Figure 4.5.3
Figure 4.5.4
Figure 4.6.1
Figure 4.6.2

Figure 4.6.3
Figure 4.6.4
Figure 4.6.5
Figure 4.7.1
Figure 4.7.2
Figure 4.7.3
Figure 4.7.4
Figure 4.7.5

Figure 4.7.6
Figure 4.7.7

Figure 4.7.8

Water-level elevation contours for the Nacatoch Aquifer at the start of

model calibration (1980).........cccceiiieiiiieiie e
Estimated water level changes from predevelopment based upon the
estimated 1980 Nacatoch Aquifer head surface (1980 heads minus
predevelopment heads)
Water-level elevations for the Nacatoch Aquifer in 1990 ..........ccccocvvvrviiennnn.
Water-level elevations for the Nacatoch Aquifer at the end of model
CAlIBratioN (L997) ....cuiiiieieieeeee e
Locations with transient water-level data in the Nacatoch Aquifer and
NUMDEr OF 0DSEIVALIONS. ......coiiie s
Example hydrographs for wells completed in the Nacatoch Aquifer in

Bowie, Delta, Hunt and Red River COUNLIES .........ccooveiieieiieieee e
Example hydrographs for wells completed in the Nacatoch Aquifer in

Hunt, Kaufman, and Navarro COUNLIES. .........c.ccveiirerininiee e
Block diagram of precipitation partitioning into various components of the
hydrologic system. Flux rates are examples of what might occur in the
00 o] Tt SRS
Histograms of annually averaged precipitation and baseflow ...........................
Plots of precipitation versus baseflow with regression lines.............ccccccoeeuei.e.
Plots of precipitation versus baseflow with regression lines...........cccccceevevenne.
Relationship between annual recharge and annual precipitation used to
estimate recharge in the model area..........ccccveeieeiieie s
Average recharge for the model area...........ccccevveieiiiiinie s
Recharge trends with topography .........cccooeieiiiiiinineeee e
Estimate of surface soil saturated conductiVvity ...........ccccceevievieeieiiieiecce e,
Selected stream hydrographs in the model area...........ccccoveveveiceniein e,
DOCUMENTEA SPIINGS....eeveerieiieiteeite et ste et te e e sre e ra e reeeesneenns
Significant reservoirs and lakes in the model area............ccccoocvvvevviiiiieneennene,
Hydrographs for select reservoirs in the model area ............ccccoveevivevvececnenne.
Nacatoch Aquifer hydraulic conductivity estimates...........cccccoevveeviieiiecveeenne.
Relationship between Nacatoch Aquifer transmissivity and specific

(07T 0 (o1 YOS ORI
Histogram of Nacatoch Aquifer hydraulic conductivity estimates....................
Relationship between transmissivity and net sand thickness...........ccc.ccccveuenne.
Alluvium hydraulic conductivity eStimates ...........ccocervriirieieienenseeeseens
Stream gages inthe model area ............cccoveveeie i
Example of hydrograph separation for gage 7342465 in Hunt County .............
Location of subwatersheds and gages for baseflow separation analysis ...........
Potential ET in the region based on Penman-Monteith approach
Variation of annual average ET in Hunt County, estimated from
Hargreaves method
Example of vegetation coverage for subregion of model area ............cccooe.....
Frequency of vegetation types in the model outcrop region based on GAP
vegetation coverage
Mexia-Talco Fault Zone with location of approximate 3000 ppm TDS

limit (Nacatoch Aquifer downdip extent of freshwater)...........cccccoovvviiiinnenns

Vi



Figure 4.7.9
Figure 4.7.10
Figure 4.7.11

Figure 4.7.12

Figure 4.7.13
Figure 4.7.14
Figure 4.7.15
Figure 4.7.16
Figure 4.7.17
Figure 4.7.18

Figure 4.8.1
Figure 4.8.2
Figure 4.8.3
Figure 4.8.4
Figure 5.2.1
Figure 6.2.1
Figure 6.2.2
Figure 6.2.3
Figure 8.1.1
Figure 8.1.2
Figure 8.1.3
Figure 8.1.4
Figure 8.1.5
Figure 8.1.6
Figure 8.1.7
Figure 8.1.8
Figure 8.2.1
Figure 8.2.2
Figure 8.2.3
Figure 8.2.4
Figure 8.3.1
Figure 9.1.1
Figure 9.1.2
Figure 9.1.3
Figure 9.2.1
Figure 9.2.2

Pumping distribution for 1997 ..........cooviiiii 4-83

U.S Census Population Data for the Model Area..........cccccocovvvveiviieiiece e, 4-91
Total groundwater withdrawals for the Nacatoch Aquifer for 1963 through
1997 (Includes Texas and Arkansas PUMPING) .......ccoveveeerierieneneneseseseseens 4-92

Total groundwater withdrawals for the Nacatoch Aquifer in Texas by
category and total groundwater withdrawals for the Nacatoch Aquifer in

ATKANSAS. ..ottt b bbbt e bbb reane s 4-93
Total groundwater withdrawals for Bowie (top) and Delta (bottom)

counties by category for 1963 through 1997 .........ccceieviieiiiie i 4-94
Total groundwater withdrawals for Franklin (top) and Henderson (bottom)
counties by category for 1963 through 1997 .........ccceveviieiieeie i 4-95
Total groundwater withdrawals for Hopkins (top) and Hunt (bottom)

counties by category for 1963 through 1997 ........ccceveiiievieie s 4-96
Total groundwater withdrawals for Kaufman (top) and Lamar (bottom)

counties by category for 1963 through 1997 .........ccooviiiiiieiiieien e 4-97
Total groundwater withdrawals for Navarro (top) and Rains (bottom)

counties by category for 1963 through 1997 .........ccooiiiiiniiienen e 4-98
Total groundwater withdrawals for Red River (top) and Titus (bottom)

counties by category for 1963 through 1997 .........cccoiiiiiiiiiiiee e 4-99
Map of Nacatoch Aquifer total dissolved solids...........cccooveveiieiieie i, 4-102
Map of Nacatoch Aquifer hydrochemical facies ..........cccccoveniiiiiiiiniinnn 4-103
Map of Nacatoch Aquifer sodium adsorption ratio (SAR)......cccccevvvvvvrvenenn. 4-106
Map of alluvium total dissolved SOlIAS .........cccoveriiiiiiiieee e 4-107
Conceptual flow model for the Nacatoch AQUITET............ceovviiierininiieicee 5-3
o0 (=] o o OSSPSR 6-4
Active cells and boundary conditions in layer 1..........ccccoooiieiinenennenesnn 6-5
Active cells and boundary conditions in layer 2...........ccccoevviveiieii e, 6-6
Location of wells used for steady-state calibration targets............c.ccocovvvrnennnn. 8-2
Final distribution of hydraulic conductivity inlayer 1 .........ccccovvviviiviiernennenn, 8-4
Final distribution of hydraulic conductivity in layer 2 .........ccccvveiiiiiiinnennenn 8-5
Final distribution of recharge rate in the steady-state model..............c..ccceeueneen. 8-7
Final distribution of evapotranspiration rate............ccccoeeveenenienieeneeie e 8-9
Final distribution of evapotranspiration extinction depth.........ccccccooevivevvenenne. 8-10
Simulated evapotranspiration rates in the steady-state model ..............c..c......... 8-11
General head boundary water level (ft above mean sea level) in layer 1.......... 8-13
Simulated versus observed heads in the steady-state model.................cceveeneen. 8-16
Simulated steady-state hydraulic heads in layer 1..........cccocovviieiiiiiniinneennnnn, 8-17
Simulated steady-state hydraulic heads and residuals in layer 2........................ 8-18
Water budget components in the steady-state model in layers 1 and 2.............. 8-20
Steady-state SENSITIVILY FESUILS .........ccuviieiieie e 8-22
Location of wells used for transient calibration targets...........ccccccoveviviiiniennnne 9-2
Final distribution of storage properties in layer L.........cccocvvvivenienineieciieneen, 9-4
Final distribution of storage properties in layer 2.........ccccccovvvveiniiiie e 9-5
Simulated versus observed heads during the transient calibration period........... 9-7
Residuals versus observed heads during the transient calibration period............ 9-8

vii



Figure 9.2.3

Figure 9.2.4
Figure 9.2.5
Figure 9.2.6
Figure 9.2.7
Figure 9.2.8
Figure 9.2.9

Figure 9.2.10
Figure 9.2.11
Figure 9.2.12

Figure 9.3.1
Figure 9.3.2
Figure 9.3.3

Figure 9.3.4
Figure 9.3.5

Average residuals for the calibrated transient simulation (1980-1997) in

layer 1 and JQYEr 2.......ooov et 9-9
Simulated hydraulic heads in layer 1 in 1990 and 1997 ........cccccceiviiniinniennnene 9-11
Simulated hydraulic heads and residuals in layer 2 in 1990 and 1997 .............. 9-12
Simulated and observed hydrographs between 1980 to 1997 (area 1) .............. 9-13
Simulated and observed hydrographs between 1980 to 1997 (area 2) .............. 9-14
Simulated and observed hydrographs between 1980 to 1997 (area 3) .............. 9-15
Change in water levels between 1980 and 1997 in layer 1........cccccceecvvierivennene 9-16
Change in water levels between 1980 and 1997 in layer 2..........ccccooceviereennene. 9-17
Water budget components between 1980 and 1997 for layer 1..........cccceevvneen. 9-19
Water budget components between 1980 and 1997 for layer 2.............ccceeuvee. 9-19
Transient sensitivity results for layer ... 9-23
Transient sensitivity results for layer 2. 9-23
Transient sensitivity results by layer where horizontal hydraulic

CONAUCTIVILY 1S VA ......eiiiieieee e 9-24
Transient sensitivity by layer where recharge is varied...........ccccccoeveviveieiiennns 9-24
Transient sensitivity hydrographs where horizontal hydraulic conductivity

IS VAITEA ..ttt bbbttt ettt bbb 9-25

LIST OF APPENDICES
Appendix  Description
A Water Budgets by County
B Response to TWDB comments

viil



EXECUTIVE SUMMARY

The Nacatoch aquifer occurs along a narrow band in northeast and north-central Texas.
It is source of water for municipal, domestic and other users within its extent. The Nacatoch
Groundwater Availability Model was developed as a tool to better understand the flow system

within the aquifer and to support planning efforts.

The conceptual model divides the aquifer system into two layers. The top layer
represents the Midway confining unit except in areas where river alluvium and terrace deposits
overlay the Nacatoch sands. The bottom layer represents the Nacatoch sands. In areas where the
alluvium and terrace deposits are present, they are generally interconnected with the Nacatoch.
Underlying the Nacatoch is the Neylandville or Marlbrook unit, which is treated as no flow
boundary in the model. The Nacatoch and alluvium deposits receive recharge from precipitation
and groundwater discharges to local streams and rivers and is lost to evapotranspiration.

The groundwater flow model was developed with the MODFLOW-2000 groundwater
flow code. The model is regional in scale and was calibrated for a predevelopment period and a
transient period from 1980 through 1997. The interaction between surface water features and
groundwater is simulated in the model using the MODFLOW stream package. Recharge into the
Nacatoch aquifer was estimated through baseflow regression analysis and varies with annual
precipitation. Evapotranspiration was simulated in the riparian area and a vegetation coefficient
was used to adjust potential evapotranspiration for different types of vegetation. Initial estimates
of aquifer hydraulic properties were estimated from existing aquifer test data, but the data were

limited. Therefore, initial hydraulic property distributions were adjusted during calibration.

The mean absolute error (MAE) of the steady-state calibration targets for the Nacatoch
(layer 2) was 22 feet over a range of 337 feet, resulting in a MAE/range ratio of 6.5%. The
transient calibration was somewhat limited because most of the transient responses in the aquifer
were due to local pumping. Calibration for some individual wells was not as good as calibration
of the region. These limitations may be related to limited number of estimates or limited

accuracy in the estimates of hydraulic conductivity, storage properties, or historical pumping



estimates. For the transient calibration in layer 2, MAE was 30 feet over a range of 386 feet for
(aratio of 7.8%). These statistics indicate that the model provides a reasonable historical match.



1.0 INTRODUCTION

The Nacatoch Aquifer of northeast Texas occurs in a narrow band of sandstone and clay
beds that extend from central Texas north and eastward to and beyond the border with Arkansas
and Louisiana. Limited in aerial extent and supply capacity, The Texas Water Development
Board (TWDB) classifies the Nacatoch Aquifer as a “Minor Aquifer” (Ashworth and Hopkins,
1995a; Ashworth and Hopkins, 1995b; Texas Water Development Board, 2007b). However, to
local citizens, the aquifer provides the primary source of groundwater for private domestic and
livestock use, and is an important back-up supply for the community of Commerce to meet peak
and drought demand. The Region D-North East Texas Water Planning Group recommends new
and supplemental Nacatoch Aquifer groundwater wells as a water management strategy to meet
future water needs. This report describes the hydrologic flow characteristics of the Nacatoch
Aquifer that were evaluated to establish a conceptual model of the groundwater flow system that
is the basis for a groundwater availability model (GAM).

The goal of the TWDB GAM program is to provide reliable information on groundwater
availability to the citizens of Texas to ensure adequate supplies or recognize inadequate supplies
over a 50-year planning period. The Nacatoch Aquifer GAM conceptual model was developed
by assimilating and assessing available scientific information about the aquifers in the study area.
The Nacatoch Aquifer model boundary encompasses the Nacatoch Aquifer formation outcrop
and downdip subcrop extent north and west of the Mexia-Talco Fault Zone containing less than
3,000 mg/L total dissolved solids (TDS). For the current study, existing data was assimilated in

the model area to define:

e Physiography, climate, vegetation, and land use
e Geology, hydrostratigraphy and structure

e Groundwater quality

e Hydraulic properties

e Surface water and groundwater interaction

e Recharge rates

e Water levels

e Pumping rates

1-1



The Nacatoch Aquifer GAM numerical computer model (constructed using the
MODFLOW code) of the aquifer provides a scientific, quantitative tool to evaluate aquifer
responses to current and projected pumping and to assist in regional water planning efforts and
aquifer management decisions. The TWDB GAM program allowed stakeholders the opportunity
to provide input and comments during the conceptual model development. The result is a
standardized, thoroughly documented, and publicly available numerical groundwater flow model

and support information.

The Nacatoch Aquifer GAM can be used as a water management evaluation tool by
regional water planning groups, groundwater management areas, and groundwater conservation

districts.



2.0 STUDY AREA

2.1 Location

The Nacatoch Aquifer of northeast Texas occurs in a narrow band that extends from near
the Navarro-Limestone County line northward through the communities of Kaufman and
Commerce, and then eastward through Bowie County and beyond into Arkansas (Figure 2.1.1)
(Ashworth and Hopkins, 1995b). Shown in this figure, a boundary labeled “Study Area” was
constructed encompassing the generalized area of interest in the model area. Geologic mapping
of the Nacatoch Aquifer extends further southward through Limestone and Falls Counties;
however, the Nacatoch Aquifer in this area is recognized as non-water bearing and is therefore
not included in the aquifer delineation. The project area includes the Nacatoch Aquifer outcrop,
local alluvium and terrace deposits, and its downdip / subsurface extent for a distance from zero
to approximately 15 miles. Due to faulting, very little outcrop occurs in the central portion of the
aquifer extent in the general area of the City of Commerce. The project area also extends a short

distance across the State line into Arkansas.

Significant areas of the lateral outcrop are covered by silt and sand floodplain deposits
shown in Figure 2.1.1 as alluvium and terrace deposits. These deposits are associated from east
to west with the Red, Sulphur, Sabine, and Trinity Rivers; and in its southernmost extent in
Navarro County, by Chambers and Richland Creeks. Figure 2.1.2 shows the river basins, major
rivers and streams, and major reservoirs in the study area. The study area largely impacts five
river authorities: (1) the Trinity River Authority, (2) the Angelina-Neches River Authority, (3)
the Sabine River Authority, (4) the Sulphur River Basin Authority, and (5) the Red River
Authority. A more detailed discussion of rivers, streams, and reservoirs is provided in Section

4.5 of this report.

The Nacatoch Aquifer occurs between other major and minor aquifers. Older aquifer
formations in the area include the Woodbine and Blossom minor aquifers, which underlie the
Nacatoch Aquifer. Separated primarily by the Midway formation, the Carrizo-Wilcox major

aquifer overlies the Nacatoch Aquifer further downdip. These aquifer boundaries as established
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by the TWDB are available as ArcGIS shapefiles on the Texas Natural Resources Information
System (TNRIS) website (http://www.tnris.state.tx.us/) and as PDF files on the TWDB website

(http://www.twdb.state.tx.us/). Figure 2.1.3 shows a portion of two major aquifers, the Trinity

and the Carrizo-Wilcox; while Figure 2.1.4 shows a portion of five minor aquifers including the

Nacatoch, Woodbine, Blossom, Queen City, and Sparta.

The study area is contained within two water planning regions, Region C in the
southwestern half and Regions D (North East Texas) in the northern half (Figure 2.1.5). Only
the western Henderson County portion of the Neches and Trinity Valleys Groundwater
Conservation District is impacted significantly by the study area, although Freestone County of
the Mid-East Texas Groundwater Conservation District lies only slightly outside the area (Figure
2.1.6). The downdip limit of the Nacatoch Aquifer generally occurs at the eastern border of
Groundwater Management Area 8, while Groundwater Management Area 11 lies immediately to
the east (Figure 2.1.7).

Groundwater model boundaries are typically defined on the basis of surface or
groundwater hydrologic boundaries. The study area encompassing the Nacatoch Aquifer GAM
is laterally bounded by the aquifer extent in Nacatoch Aquifer outcrop and overlying units in the
southwest and in southwestern Arkansas. Towards southeast and northeast, the model is
bounded by Mexia-Talco Fault Zone containing less than 3,000 mg/L total dissolved solids
(TDS). The lower vertical model boundary is the base of the lowest most sand unit in the
Nacatoch Aquifer formation.



bika Pushmataha

McCurtain

b N
-_—
0 10 20

Miles

Online: TWDB, March 2007

{

Miller

afayettd

Bossier Fdrishy

Caddo Parish
d
q

r4
L

Explanation
[ ] Counties

=== State Line

Study Area
~—— Major Roads
B Nacatoch Sand
[ ] Alluvium

[ Terrace Deposits
| Cities and Towns

Figure 2.1.1 Location of the Nacatoch Aquifer GAM study area



Pughmataha

Pike

Sevier Howard
McCurtain

Cooper-Chapman
Lake
Grayson Fanin. -
= —_//_ﬂ__ —~ [ Sup,

Lavon Lake ' Miller

Collin i ( " 2\ ..'x\_‘ Ceciing /1 Lafayette
Y ) J = ® e q T
; S Lake Wright Patman

5 AP ( Hun "0‘954\ —_'_‘\.._/-{ P 'v-:-;‘q
':, oY “ Sulphur Springs

ﬂé& ‘\ y Marion Bossier Parnst
L = 5
: "e B ocin | e Lake Fork V .

oatsy [ 2 Weed| Reservoir | Usshur ¢
Lake Ray '-5;‘% Kaulm: \ + : \; Caddo Parish
Hubbard "'-'é ' PR

AN i'} New Terrell )g o ﬁL
City Lake ﬁ =3

ity

i, =]
Panola
Lake
L Halbert
Richland-Chambers
Reservoir
3 Explanation
N [ ] counties River Basins in Study Area
A 777 Lakes and Reservoirs | Brazos
=== State Line | Cypress
[ — ——— Study Area || Neches
0 10 20 Rivers [ |Red
Miles Streams I: Sabine
| Sulphur
Trinity
Online: TWDB, March 2007

Figure 2.1.2 Location of river basins, rivers, significant streams, and reservoirs



bka Pushmataha
Pike
Choctaw Sevier
McCurtain Howard
ol
A AN
£ \'t*-\_n.___._f\ una
J ~ % <
e N\ 0 L
Sy
- ittle River
>4 o, |
: oy Lt
=] T ‘II‘F'C 2"
‘b\ ‘ !’.hft..l(..a» b =
s
N\ :
.
P g Q
1
>SS \ 3~
ill
i

A

; 'k

Explanation

—— Study Area
= State Line
Nacatoch, Outcrop
||| Nacatoch, Downdip
\ Major Aquifers
A I Carrizo, Outcrop
s i o Carrizo, Downdip
MRS Trinity, Downdip

Figure 2.1.3 Areal extent of the Nacatoch and major aquifers in the study area

2-5



joka l Pushmataha
Pike
Choctaw Sivhar o [y
MeCurtain
Little River
Deita Miller
Titus.
Franklin Lafayette
Hopkins
Hi
Ci
% Rockwall Rains Bossier Parish)
%% Caddo Parish
7/
%
en Panola
Rusk
N
Hil An
Freestone A
L
Limestone 0 1 0 20
Miles

Minor Aquifers
Sparta Nacatoch Blossom Queen City Woodbine

Outcrop m Outcrop OUTCFOP %Outcmp .Outcmp
NN Downdip Downdip [=—=] Downdip Downdip /| Downdip

Online: TWDB, March 2007

Figure 2.1.4 Areal extent of the minor aquifers in the study area

2-6



fitoka

Pushmataha

Choctaw

e
.
i
Grayson Fannin
Region C
Penton Collin ” ’
Ff
{ Rockwall ;\;{t—&. Rains '
Dallas I ‘

Van Zargit

Online: TWDB, March 2007

enderson

Anderson

MecCurtain

Cherokee

W. =
it

|

\

=)

Panola

R
[ —
0 10 20
Miles

Explanation

:] Counties

e State Line

Study Area

Regional Water Planning Areas
:’ Nacatoch Outcrop |

' Brazos G
East Texas
North East Texas
Region C

Figure 2.1.5 Location of Regional Water Planning Groups



¥

Grayson Fannin

Roeckwall

Dallag

Collin i
Hunt o
Jig

Rains

McCurtain

Miller

Lafayette

Bo: Parusl'1

Marion

Caddo Parish

Harrison

Limestone

Online: TWDB, March 2007

Mid-East Texas ]

enderson

Anderson Co.
UWCD

Pancla

Cherokee
A
[ —
0 10 20
Miles

Explanation
:] Counties Groundwater Conservation Districts
777 Nacatoch Outcrop [ ] Anderson County UWCD
- State Line [ ] Mid-East Texas GCD
—— Study Area [ | Neches & Trinity Valleys GCD
[ | Rusk County GCD

Figure 2.1.6 Location of Groundwater Conservation Districts

2-8



bka Pushmataha

Choctaw
MecCurtain

Grayson

Collin

Fannin

GMAS8 |~

Miller

Dallas

Rockwall

EossieLParish

Manon

Kaufman

Caddo Parish

Limestone

Online: TWDB, March 2007

Harrison |
Van Zangt :
enderson Pancla

Cherokee

Anderson

Freestone

GMA 12

Explanation

A I:] Counties
Nacatoch Outcrop

[
0 10 20 State Line

Miles
—— Study Area

Figure 2.1.7 Location of Groundwater Management Areas

2-9



2.2 Physiography and Climate

The study area is located in the Blackland Prairies and the Interior Coastal Plains
subprovinces of the Gulf Coastal Plains physiographic province (Figure 2.2.1) (Wermund, 1996).
The Nacatoch Aquifer outcrop and most of the potable subcrop occur in the Blackland Prairie.
The topography of the Blackland Prairie is generally described as low rolling terrain with soils
derived from underlying chalks and marls. These soils can be characterized as black marine clays
with high shrink-swell potential. The Interior Coastal Plains are comprised of alternating
sequences of unconsolidated sands and clays. The sands tend to be more resistant to erosion than
the clay rich soils and, as a result, the province is characterized as having sand ridges paralleling

the coast.

The Dallas Morning News (Dallas Morning News, 1981), as reported in Ashworth
(Ashworth, 1988), further subdivides the Nacatoch Aquifer outcrop into three physiographic
subdivisions based on soil type and vegetation. The easternmost portion of the study region in
the eastern portion of Bowie County falls within the East Texas Timberlands or “Piney Woods”
Belt. The primary vegetation in this region is pine forest. From mid-Bowie to mid-Red River
County the study area is typified by gently rolling woodlands and this region coincides with the
Claypan-Post Oak Belt. The remainder of the Nacatoch Aquifer outcrop falls within the
Blackland Prairies that is characterized as a treeless rolling prairie dissected by wooded stream

valleys.

The United States Environmental Protection Agency (2004) divides the state into
ecological regions according to areas of general similarity in ecosystems and in the type, quality,
and quantity of environmental resources. Figure 2.2.2 shows the ecological regions that fall
within the study area, which from west to east includes the Texas Blackland Prairies, the East
Central Texas Plains, and the South Central Plains (data available through Texas Parks and
Wildlife at http://www.tpwd.state.tx us/).

Figure 2.2.3 provides a topographic map of the study area. Generally, the area is
characterized as having low relief with ground surface elevations highest in the center of the

study region between the Trinity and Sulphur River Basins. Ground surface elevation varies
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from over 600 feet above sea level in portions of Hunt and Hopkins Counties in the central
portion of the study area to less than 300 feet above sea level in the Sulphur and Red River
valleys in the Northeast region of the study area. River valleys are broadly incised with terraced

valleys that are hundreds of feet lower than the surface basin divide elevations.

Northeast Texas resides in the cool portion of the Temperate Zone of the Northern
hemisphere. The study area intersects only one climatic zone in Texas, the Subtropical Humid
division (Larkin and Bomar, 1983) and for this reason a figure showing climatic zones is not
included. Most of the study area has a modified marine climate termed Subtropical which is
dominated by the onshore flow of humid tropical air from the Gulf of Mexico. The Subtropical
Humid climate zone extends from the Texas/Louisiana border in the northeastern part of the
study area to the southwest end in Navarro County and is characterized as having warm
summers. In the northern portion of the study area, the average annual temperature ranges from
64°F to 66°F and in the southwestern part the average annual temperature ranges from 68°F to
70°. Figure 2.2.4 plots the average annual air temperature for the study area. Average
temperature varies seasonally throughout each year. In the northeast part of the study area,
average monthly temperature varies from a low of 33°F in January to a high of 94°F in July and
August. In the southwestern part of the study area, the average monthly temperature varies from
a low of 34°F in January to a high of 96°F in August (Larkin and Bomar, 1983).

Within the outcrop area of the active model region, historical daily precipitation data are
available at five stations from 1900 through 2000 (Figure 2.2.5) from the National Climatic Data
Center. The spatial distribution is relatively dense in the model domain across the period of
record given the small footprint of the study region. However, the number of available gages in
any given year is quite variable with a general chronological increase in the number of gages

available. Most gages began measuring precipitation in the 1930s or 1940s.

Figure 2.2.6 shows that historical average annual precipitation varies from a low of
38.7 inches in Navarro County to a high of 53.5 in Bowie County (Figure 2.2.6). The PRISM
(Parameter-elevation Regressions on Independent Slopes Model) precipitation data set developed
and presented online by the Oregon Climate Service at Oregon State University provides a good

distribution of average annual precipitation across the model area based upon the period of
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record from 1961 to 1990. Figure 2.2.6 provides a raster data post plot of average annual
precipitation across the model study area. Generally, the average annual precipitation decreases
from the east to the west. Figure 2.2.7 shows average monthly precipitation recorded at three
precipitation gages with long periods of record located in Hunt, Navarro, and Bowie Counties.
The long-term (period of record) average-annual precipitation depth is included for each gage.
The three locations show similar seasonal patterns, with the highest precipitation occurring in

months in spring and fall, while the lowest precipitation occurs in months in summer and winter.

Evapotranspiration (ET), including evaporation from bare soil and transpiration from
plants, generally constitutes the second largest component of the water budget for the entire
hydrologic cycle, after precipitation. The average annual net pan evaporation in the study area
ranges from a low of 38.34 inches per year over the exposed portion of the aquifer in the far
northeast portion of the study area to a high of 58.15 inches per year in the southwest corner of
the study area (Figure 2.2.8) (Texas Water Development Board, 2007a). In the southwest part of
the study area (Navarro County) the pan evaporation exceeds precipitation by as much as 20
inches. However in the northernmost potions of the study area (Bowie and Red River Counties),
the annual rainfall generally exceeds pan evaporation rate by a couple of inches on average.
Therefore, the greatest rainfall deficit with regards to the net evaporation rate occurs in the far
southwestern portion of the study area and equals approximately 20 inches per year. ET would
only reach levels approaching the pan evaporation rate on open water bodies and potentially in
areas where the water table is basically at the surface. Figure 2.2.9 shows long-term monthly
pan evaporation of three selected regions in the study area (Texas Water Development Board,
2007a). All three regions show seasonal fluctuation with low pan evaporation in the winter

months and higher pan evaporation in the summer months.

ET directly from groundwater is caused primarily by deep-rooted phreatophytes and
occurs primarily in riparian buffer strips adjacent to streams (Scanlon and others., 2005).
Riparian zones are not specifically mapped in Texas. Groundwater ET can be a significant
component of groundwater discharge for many aquifers and is expected to be a significant
component for the Nacatoch Aquifer given that the aquifer is constrained to the outcrop over
most of its extent. Scanlon and others (2005) summarizes the conceptual approach to
groundwater ET. In general, if water tables are very near the surface, ET will be close to the
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potential evapotranspiration (PET), assuming there is some type of vegetative cover. In Section
4.7 of this report we used guidance developed for the GAM program to estimate groundwater ET
rates and extinction depths (rooting depths) representative of the regions climate and vegetative

cover.
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2.3 Geology

The geologic history of Texas includes numerous episodes of sea-level fluctuations, with
the last of these sea-level rises occurring during the Cretaceous. The Nacatoch Aquifer is the
middle of the last three formations (Navarro Group) deposited in the East Texas embayment of
the ancestral Gulf as the sea retreated in the waning period of the Cretaceous.

2.3.1 Pre-Nacatoch Structure and Tectonic History

The latter part of the Jurassic was a time of significant land surface erosion in Texas as
the lowering of the ancestral Gulf of Mexico shifted drainage patterns to the east and southeast.
As a result of this widespread erosion, the basal contact of the Cretaceous is everywhere in Texas
marked by a major unconformity, as the Cretaceous rests upon a diverse patchwork of
formations ranging in age from pre-Cambrian to Jurassic (Sellards and others., 1932). Hill
(1901) referred to this relatively level erosional surface as the “Wichita Paleoplain”.
Contemporaneously, a thick layer of evaporite sediments, the Louann Salt, was deposited in the

Gulf Basin, and would later impact structural elements in the East Texas Basin.

Upon this land surface Cretaceous seas advanced inland from the south and east, and by
Eagle Ford and Austin time, the Gulf (or Coloradian) Sea had transgressed northward to an area
now occupied by Colorado, merged with the southern extent of the Artic Sea, and reached its
maximum advancement over the Western Interior (Sellards and others., 1932). At the close of
the Cretaceous, the Coloradian Sea had retreated gulfward marking the end of the last great

epicontinental marine invasion.

During the latter part of the Cretaceous, Gulf waters were deepest and the sea remained
the longest in the East Texas and Mississippi geosynclines (Sellards and others., 1932). The
Mississippi geosyncline formed the most northerly extension of the sea and is referred to as the
Mississippi Embayment. The deepest regions of these geosynclines represent the East Texas and
North Louisiana Basins (Figure 2.3.1). The East Texas Basin axis generally plunges south-
southwest with strata dipping into the basin from the Mexia-Talco fault zone on the north and

west and the Sabine Uplift on the east.
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A structurally high feature, the Sabine Uplift located along the Texas-Louisiana border, separates
the two basins (Figure 2.3.1). The Pittsburg syncline, a relatively narrow passageway between
the Sabine Uplift to the south and the highlands formed by the Ouachita belt to the north,
provided a waterway connecting the East Texas and North Louisiana Basins (Granata, 1963;
Murray, 1961)

Figure 2.3.2 shows in more detail the major tectonic features and grabens of the Mexia-Talco
Fault Zone. This extensive zone of faulting just downdip of the Nacatoch Aquifer outcrop has
significant impact on the movement of groundwater within this aquifer system, as will be
described in more detail later in this section. For this reason, the Mexia-Talco fault zone

contributes to the placement of the downdip boundary of this GAM (Figure 2.3.2).

2.3.2 Depositional Environment and Stratigraphy

Overlying the Marlbrook Marl of the Taylor Group and underlying the Tertiary-age
Midway Group, the Navarro is the uppermost group of Cretaceous formations that, in northeast
Texas, include in descending order the Kemp Clay, Nacatoch Aquifer, and Neylandville
Formation (Table 2.3.1 and Figure 2.3.3). In the subsurface (beyond the extent of this project),
the Navarro Group is informally subdivided by Guevara and Giles (1979) into the Upper
Navarro Clay, Upper Navarro Marl, Nacatoch Sand, and Lower Navarro Clay. Where it exists
within the project area, Ashworth (1988) included the Upper Navarro Marl in subsurface
mapping of the Nacatoch Aquifer because of its similar traits displayed on geophysical logs.
Across the state line in Arkansas and Louisiana, equivalent stratigraphic units of the Navarro are
the Arkadelphia Marl, Nacatoch Aquifer, and Saratoga Chalk. For modeling purposes, the
Nacatoch Aquifer is considered the Nacatoch Aquifer outcrop downdip to the first major offset
in the Mexia-Talco fault zone or to a downdip point where water quality becomes a significant

factor in terms of use.

The four units of the Navarro Group are mapped separately on the Geologic Atlas of
Texas from approximately the City of Greenville in Hunt County southward. Although the
southern terminus of the mapped extent of the Nacatoch Aquifer occurs approximately at the
Falls-Milam county line, the southern end of the designated water-bearing Nacatoch Aquifer

occurs at approximately the Navarro-Limestone county line. Model layer each formation is
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included in is also listed in Table 2.3.1. More on the development of model layer is included in
Section 4.1.

Table 2.3.1  Stratigraphic units and aquifers

Stratigraphic Units Model
System Group
Texas Arkansas Layer
Quaternary Alluvium and fluviatile terrace deposits
Willis Point Formation i
Tertiary Midway !\/Ildway, Midway
Kincaid Formation undifferentiated 1"

*Upper Navarro Clay

Kemp Clay Arkadelphia Marl
*Upper Navarro Marl

Cretaceous Navarro Nacatoch Sand 2

*Lower Navarro Clay NFeg/rlgqr;c:i\glrlle Saratoga Chalk

Taylor Marlbrook Marl

- Water-bearing units

*Subsurface stratigraphic Nomenclature from Guervara and Giles (1979); Wood and Guervara
(1981); and McGowen and Lopez (1983)

" Alluvium and terrace deposits included in Layer 2 along Nacatoch outcrop

East of Greenville where the density of vegetation and the overlying alluvial soils with
similar mineralogical characteristics have made it difficult to differentiate the Nacatoch Aquifer
on the land surface, the geologic units are mapped collectively as the Navarro Group
“undivided” on the Geologic Atlas of Texas sheets (not shown). For the purpose of this
modeling project, the approximate location of Nacatoch Aquifer outcrop in this eastern
“undivided” segment is estimated (Figure 2.3.4) by projecting updip the approximate thickness
of the Nacatoch Aquifer as viewed in geophysical logs of wells located slightly downdip of the
anticipated outcrop. Based on this estimation, the underlying Neylandville Formation in this

segment is non-existent and the Nacatoch Aquifer rests directly on the Marlbrook formation.

From their outcrop in Texas, Nacatoch Aquifer dip south and southeast in the subsurface
toward the central axis of the East Texas Basin; while in Arkansas, Nacatoch Aquifer dip east to

southeast toward the axis of the Mississippi Embayment. In the southern part of the East Texas



Basin and over the Sabine Uplift Nacatoch Aquifer grade laterally into mudstones and thin,

discontinuous sandstones.

McGowen and Lopez (1983) characterize the Nacatoch Aquifer as consisting of laterally
discontinuous, coarsening upward, marine sandstones alternating with marine mudstones, and

describe its origin as follows:

Nacatoch deposition followed an extended period of deposition of shelf mud,
marls, and chalks during Taylor and early Navarro time and reflects a minor
uplift in the landmass bordering the basin to the north. Terrigenous clastics
supplied to the basin from the north and northeast accumulated on a relatively
stable, shallow shelf. The rate of sediment influx was apparently slow enough to

be significantly influenced by marine processes, such as tides and waves.

Within the East Texas Basin, McGowen and Lopez (1983) divide the Nacatoch Aquifer
into nearshore and shelf deposits (Figure 2.3.5). Nearshore environments along the northern
basin boundary consist of thick net-sand deltaic units and interdeltaic areas of higher mudstone
consistency. Some deltaic progradation is evident; however, basinward growth of the deltas was
probably limited by slow sediment input and the lateral (southwestward) transport of sediment
by the prevailing longshore current. McGowen and Lopez (1983) describe shelf sands in the
southern outcrop extent and downdip of the northern nearshore facies as upper continuous sheet
sands and lower discrete sand bodies interpreted to be inner shelf sand bars. Based on outcrop
characteristics, lithology, and fossil content, Knight (1984) identified five depositional facies that
correlate closely with the McGowen and Lopez’s descriptions and include shoreface, delta-

abandonment, reworked delta front, channel fill, and shelf environments.

Using sand grain analyses and core descriptions from five TWDB test holes (also
described in Ashworth, 1988), along with geophysical log correlations, Knight (1984) describes
up to five coarsening upward stratigraphic sequences in the Nacatoch Aquifer. Intervening
mudstone units gradationally coarsen upward into overlying sand units, which likewise coarsen
upward and generally terminate in a sharp contact (erosional surface) with the next overlying

mudstone unit. The thickness of individual sand units vary from over 100 feet in deltaic areas to
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less than 20 feet in shelf deposits in the southern extent (Ashworth 1988). Thickness of

intervening mudstone units similarly ranges from over 100 feet to only a few feet.

Net sand thickness is greatest (over 200 feet) within the Pittsburg syncline where it
straddles the state line in eastern Bowie County in Texas and Miller County in Arkansas (Figure
2.3.6). McGowen and Lopez (1983) speculate that “this area underwent more rapid subsidence
than did surrounding areas, thereby creating a sand sink that accumulated and preserved a thicker
section of sand”. However, much of the sand unit in this area contains groundwater of poor
quality and is beyond the modeling limits of this project. Elsewhere, increased sand thickness in
the range of 120 feet occur in southern Red River and northern Titus Counties, eastern Hunt and
western Delta Counties, and in southern Hunt County. These areas of greater thickness indicate
focal points of original sediment input into the East Texas Basin. Net sand thickness decreases
to 100 feet or less between these sediment input areas, and from central Kaufman County
southward, net sand thickness is reduced to approximately 20 feet. Figure 2.3.7 shows the
location of lines of geologic cross sections. Net sand distribution parallel to the strike direction
is illustrated in Figure 2.3.8, while total Nacatoch Aquifer thickness distribution in the downdip
direction is shown in Figure 2.3.9, Figure 2.3.10, and Figure 2.3.11. Total thickness of the

Nacatoch Aquifer is assumed to be the base of the lower-most sand package.

The Nacatoch Aquifer in Arkansas is described by Dane (1929) as “a complex unit made
up of cross-bedded yellowish and gray fine-grained unconsolidated quartz sand; hard crystalline
fossiliferous sandy limestone; coarse richly glauconitic sand; fine-grained, argillaceous blue-
black sand; and pure light-gray clay and marl”. Knight (1984) and Ashworth (1988) describe the

mineralogical and textural characteristics of the Nacatoch Aquifer in Texas as follows:

Sandstone layers consist predominantly of rounded, moderately sorted to well-
sorted, fine-grained sand and silt, which is moderately consolidated to
unconsolidated with occasional thin, calcite-cemented layers. Original
sedimentary structures are rare as a result of post depositional disturbance by
burrowing marine fauna. The sands are various shades of gray in the subsurface
but, when exposed at the surface, are commonly light-brown to yellow and often
streaked with purple and orange. The mineralogical composition of cores taken
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from test holes drilled by the Department (TWDB) showed mostly quartz grains
with lesser amounts of feldspar, chert particles, and glauconite. Mudstone layers
separating the sand intervals are generally dark gray, fossiliferous, and very

bioturbated with thicknesses often in excess of 100 feet.
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2.3.3 Post-Nacatoch Erosion, Deposition of Younger Sediments, and Structural Faulting

Late Cretaceous time was marked by elevation of the land and retreat of the sea in central
Texas, and early Tertiary by a new, but less intense, transgression of the sea (Sellards and
others., 1932). Thus the interval between Cretaceous and Tertiary, as indicated on the outcrop, is
an unconformity, the magnitude of which has not been well documented. Marine sediments and
fossils of the Midway that overlie the Navarro formations mark the initial transgression of the
sea during Tertiary time. Today the Nacatoch Aquifer outcrop has been incised by a number of

surface streams and is overlain in many areas by river alluvium and flood plain deposits.

The paleoshoreline of the ancestral Gulf at the close of the Cretaceous from Hunt County
eastward into southwestern Arkansas is documented by the stratigraphic occurrence of Nacatoch
Sand near-shore sedimentary facies such as shoreface, tidal-flat, and deltaic deposits (McGowen
and Lopez, 1983). From Kaufman County southward, the Nacatoch Sand outcrop is
characteristic of a marine shelf environment, suggesting that the existing shoreline at the time

was further inland to the west.

Basinward movement of the Jurassic-age Louann Salt occurred intermittently during the
Mesozoic and more significantly during early Tertiary (Hager and Burnett, 1960) and had basin-
wide structural implications. More than 35 salt structures (salt domes or diapers) have been
identified in the central region of the East Texas Basin that often penetrate through the entire
thickness of Cretaceous formations (Kreitler and others., 1981). Although these salt structures
do not directly influence the updip fresh water extent of the Nacatoch Sand, they do create the
potential for oil and gas reservoirs in Nacatoch Sand where fault closures occur along the flanks

of the domes.

A secondary effect of the downdip migration of the Louann Salt was the development of the
Mexia-Talco fault zone along the northern and western perimeter of the East Texas Basin (Figure
2.3.2). Basinward creep of overlying strata as the underlying salt was being displaced created
strike-oriented normal faults that often formed grabens (Jackson, 1982). Cross sections BB’

through GG’ (Figure 2.3.9 through Figure 2.3.11) display this fault orientation. The faulting
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generally causes the normal downdip flow of groundwater to be halted or diverted, thus limiting
the downdip extent of fresh water in the aquifer (Ashworth, 1988).
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3.0 PREVIOUS INVESTIGATIONS

3.1 Hydrologic Investigations

Cretaceous strata in Texas are divisible into two distinguishable series, the lower
Comanche Series and the upper Gulf Series (Sellards and others., 1932). Ferdinand Roemer
(1849) and Benjamin Franklin Shumard (1863a; 1863b) provided early recognition of
stratigraphic units that comprise the “Upper Cretaceous”. However, Robert T. Hill (1887) is
credited with first using the name “Gulf Series” to include strata from the base of the Woodbine
to the base of the Midway. The Navarro Group, which includes the Nacatoch Sand, occurs at the

top of this Gulf Series.

In the mid-1800s, Shumard’s attempts at subdividing Cretaceous formations in Texas
were based primarily on fossil observations. He introduced the name “Navarro beds” in 1861 for
fossiliferous beds observed in Navarro County. Later, R.T. Hill (1901) used the name *“Corsicana
beds” for the basal, sandier portion of Shumard’s “Navarro beds” in Navarro County, which now
likely correlates to the Nacatoch Sand and the underlying Neylandville Formation. Hill also
introduced the name Kemp Clay for the upper Navarro clay unit overlying his “Corsicana beds”.
W.L. Stephenson (Dane and Stephenson, 1928) originally identified the lower Navarro Clay
below the Nacatoch Sand as the “Exogyra cancellata marls”. Sellards and others (1932)
proposed Navarro as a Group name and, at Stephenson’s recommendation, revised the name of

the lower Navarro unit to “Neylandville”.

Contemporaneously in southern Arkansas and northern Louisiana, workers were equally
employed in developing Cretaceous stratigraphic subdivisions based on both lithologic and
fossiliferous evidence. As in Texas, R.T. Hill was one of the prominent scientists in the field in
Arkansas. In 1888, Hill made the first detailed investigation of the geology of southern Arkansas
where he described a sandy rock unit that he called the “Washington Greensands”. Hill (1888;
1894; 1901) continued to revise his Upper Cretaceous nomenclature in subsequent papers. Taff
(1891) followed with a more detailed map and cross sections depicting the extent of

“Washington Greensands”.
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A.C. Veatch (1906) is credited with introducing the name “Nacatoch Sand” in
replacement of “Washington Greensands”. In this report, Veatch provides the following
narrative in describing this unit that included both the mid-Navarro sands and underlying
Saratoga Chalk:

Above the Marlbrook Marl is a series of sandy beds (stratigraphic

definition), which are of vast economic importance to the strip of country
along the Iron Mountain Railway between Arkadelphia and Texarkana,
since they are the main water supply source of that region. - - - The

outcrop at Nacatoch Bluff, on the Little Missouri River, in Clark County

(Arkansas) (type locality), is one of the most complete exposures
occurring along this belt and shows the calcareous and quartzitic rocks

which, when encountered in wells, are called “water rocks”.

C.H. Dane (1929) modified Veatch’s previous nomenclature and developed the current
formation names comprising the Navarro Group in Arkansas that are in use today; Arkadelphia
Marl, Nacatoch Sand, and Saratoga Chalk. A number of researchers during this time, such as
Adams (1901), attempted to correlate the upper Cretaceous formations of northeast Texas with
the Arkansas section. In doing so nearly all are agreed that the Nacatoch Sand is not typically
developed in Texas (Howe, 1924).

The “East Texas Basin” is the structural feature that most influenced the depositional
environment within which the sands and clays of the Nacatoch were deposited. Numerous
reports are listed in the reference section that pertain to the origin, development, and geometry of
the East Texas Basin; bordering fault zones and their impacts on oil and gas production; and the
Basin’s internal salt tectonics. Wood and Guevara (1981) produced regional cross sections
across the entire East Texas Basin, followed by McGowen and Lopez (McGowen and Lopez,

1983) who described the depositional systems of the Nacatoch Sand.

Surface geologic mapping of the Nacatoch Sand and its adjacent stratigraphic units is

presented on the Dallas, Sherman, Texarkana, and Waco Geologic Atlas Sheets constructed and



published by the University of Texas, Bureau of Economic Geology. However, the Nacatoch
Sand is not shown individually but rather is included in the Navarro Group undivided on the

Texarkana and a portion of the Sherman sheets.

Reports that discuss the hydrologic characterization of the Nacatoch Aquifer at specified

locations include the following:

Baker (1971) - City of Commerce

Baker and others (1963a) — Sabine River Basin

Baker and others (1963b) — Red River, Sulphur River, and Cypress Creek Basins
Broadhurst (1944) — City of Commerce

Counts and others (1955) — Southwestern Arkansas

LBG-Guyton Associates (2003)- Brackish groundwater resources
Peckham and others (1963) — Trinity River Basin

Rettman (1987) — Limestone County

Rose (1945) — City of Greenville

Schrader and Scheiderer (2004) — Arkansas

Thompson (1972) — Navarro County

White (1973) — Rains and Van Zandt Counties

In 1988, John Ashworth developed the first regional comprehensive assessment of the
groundwater availability of the Nacatoch Aquifer in Texas (Ashworth, 1988). Five cored test
holes drilled for this project provided depositional stratigraphic information that assisted in
understanding the lateral connectivity of individual sand beds, as well as yield and water quality
characteristics of each sand bed. Ashworth also demonstrated the downdip groundwater flow
restriction created by the offset faults of the Mexia-Talco Fault Zone. Working with Ashworth
on the Nacatoch Aquifer project, Knight (1984) described the mineral content of the core and
cutting samples, and developed his interpretation of Nacatoch Sand deltaic facies. Subsequent
water-supply availability estimates have been developed for the regional water planning process
and can be viewed in the 2007 Region C Water Plan and the 2007 North East Texas Regional
Water Plan.
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3.2 Modeling Investigations

No documentation was found regarding previous regional scale models of the Nacatoch

Aquifer system.
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4.0 HYDROLOGIC SETTING

Groundwater of variable quantity and quality occurs in the Nacatoch Aquifer. This section
details the major hydrogeologic components of this area and their significance to the GAM
model. Included is discussion of the hydrostratigraphy of the major water-bearing formations as
well as the structure that defines them. The occurrence and flow of groundwater, recharge and

discharge, and groundwater/surface water interaction are also described in this section.

4.1 Hydrostratigraphy

The Nacatoch Aquifer system lies within the Navarro Group, which is the uppermost
group of Cretaceous formations that, in northeast Texas, include in descending order the Kemp
Clay, Nacatoch Aquifer, and Neylandville Formation (Table 2.3.1 and Figure 2.3.3). As
discussed in Section 2.3.2, the Nacatoch Aquifer is considered the Nacatoch Aquifer outcrop
downdip to the first major offset in the Mexia-Talco fault zone or to a downdip point where

water quality becomes a significant factor in terms of use.

Hydrostratigraphy in this area plays a major role in the development of the conceptual
model and model layers. Table 2.3.1 also shows the units included in each model layer for the
Nacatoch Aquifer GAM.

4.2 Structure

4.2.1 Development of Structure

The structural framework of the Nacatoch Aquifer can base its configuration on three
principal components: deposition into the East Texas Basin, deltaic sedimentation processes, and
stratigraphic off sets resulting from the Mexia-Talco Fault Zone. These depositional components
were discussed earlier in Section 2.3. For modeling purposes, an understanding of these three
components is critical to the establishment of elevation maps depicting the base and top of the

Nacatoch Aquifer, and to addressing how groundwater flows through the aquifer system.



The Nacatoch Aquifer formation is not a single sand layer, but rather a sequence of sand
layers separated by layers of mudstone that dip south and southeast in the subsurface toward the
central axis of the East Texas Basin. The number of sand layers varies throughout the Nacatoch
Aquifer extent, and the thickness of individual sand units varies from over 100 feet in deltaic
areas to less than 20 feet in shelf deposits in the southern extent (Ashworth, 1988). Thickness of

intervening mudstone units similarly ranges from over 100 feet to only a few feet.

Net sand thickness is greatest (over 200 feet) within the Pittsburg syncline where it
straddles the state line in eastern Bowie and Cass Counties (Figure 2.3.6). Elsewhere, increased
sand thickness in the range of 120 feet occur in southern Red River and northern Titus Counties,
eastern Hunt and western Delta Counties, and in southern Hunt County. These areas of greater
thickness indicate focal points of original sediment input into the East Texas Basin. Net sand
thickness decreases to 100 feet or less between these sediment input areas, and from central
Kaufman County southward, net sand thickness is reduced to approximately 20 feet. Net sand
distribution parallel to the strike direction is illustrated in Figure 2.3.8, while total Nacatoch
Aquifer thickness distribution in the downdip direction is shown in Figure 2.3.9, Figure 2.3.10,
and Figure 2.3.11.

The Mexia-Talco fault zone consisting primarily of strike-oriented normal faults that
often formed grabens disrupts the basinward dip of the Nacatoch Aquifer layers. The faulting
generally causes the normal downdip flow of groundwater to be halted or diverted, thus limiting
the downdip extent of fresh water in the aquifer (Ashworth, 1988).

For modeling purposes, the base of the Nacatoch Aquifer layer is the base of the lowest
Nacatoch Aquifer interval (Ashworth, 1988). Figure 4.2.1, which illustrates this base, was
constructed based on existing base contours shown in Figure 6 of Ashworth (1988). Figure 6 has
contour gaps in areas where complex faulting occurs. Contours were added in these areas based
on the existing data control provided in Figure 6 of Ashworth (1988). Although not all faults are
honored by the added contours, a concerted effort was made to characterize the major faults that
form the updip and downdip boundaries of the major grabens. The updip fault of the grabens

generally represents the most pronounced offset of individual sand beds.



4.2.2 Construction of the Structural Surfaces

To develop a raster dataset for the structural surfaces and contours that were hand drawn,
the following steps were completed.

1. Hand drawn contour lines of the base of the Nacatoch Aquifer were digitized from Figure 6
of Ashworth (1988) and georeferenced.

2. Each contour line was assigned the appropriate attribute (elevation, thickness, or percent
sand).

3. Using the ESRI Spatial Analyst topo_to_raster algorithm, the contour lines were used to

create a raster dataset with ¥s-mile grid spacing.

4. Raster data were used to reproduce contour lines for comparison to digitized contour lines

developed in step 3.

5. If regenerated contour lines did not match the digitized contour lines, additional contour lines
and/or point data coverages were developed to help constrain the algorithm and thus
reproduce the digitized contour lines. Additional points and/or lines were added to the

constraining shapefile until digitized contour lines were reasonably reproduced.

The first surface developed was the base elevation of the Nacatoch Aquifer. The five-
step process described above was used to recreate the base elevation that had been contoured by
hand. To ensure that proper elevations were adhered to at the outcrop, two additional point
shapefiles were also used in the interpolation. The first contained land surface elevation at the
north and western outcrop extent (where the base of the Nacatoch Aquifer intersects the land
surface) and was used as constrain the topo_to_raster algorithm to the correct topographic
estimates along the outcrop. Points containing average land surface elevations (averaged over
Ya-mile square grid blocks) were spaced at 500 feet to along the outcrop as data points for the
topo_to_raster algorithm. These points were used all along the outcrop except where Nacatoch
Aquifer does not outcrop in the graben in Hunt and Hopkins counties. The second set of data
was the estimate of the Nacatoch Aquifer base elevation at the south and eastern outcrop extent
(where the top of the Nacatoch Aquifer intersects the land surface). These estimates of the
Nacatoch Aquifer base elevation were estimated by subtracting the estimated thickness of the

Nacatoch Aquifer from the land surface elevation along the outcrop where the top of the



Nacatoch Aquifer intersects the land surface. The estimate of the Nacatoch Aquifer thickness is
discussed in the next paragraph. After several iterations, the process yielded contours that
compared relatively well to the original digitized contour lines and honored the land surface
elevations as well. The topo_to_raster algorithm does not have a method for including the
location of offsetting faults or for calculating the associated base elevation offset in a direct way.
However, the base elevation transition from one side of the fault to the other is reproduced in a
continuous but relatively abrupt fashion, which is probably more practical for model
implementation than a 200-300 foot offset across the fault. Little to no data was found for the
base of the Nacatoch Aquifer in the southwesternmost portion of the aquifer, therefore base is

estimated in this area. Figure 4.2.1 illustrates the base of the Nacatoch Aquifer structure.

The second surface developed was the thickness Nacatoch Aquifer. Relatively little data
exists to characterize the variation in Nacatoch Aquifer thickness over the model area.
Therefore, using existing geologic cross-sections and our understanding of the depositional
system, total thickness was estimated for downdip sections of the aquifer. In the outcrop, the
thickness was adjusted to account for land surface elevation. Figure 4.2.2 shows the thickness of
Nacatoch Aquifer over the model area, and highlights portion of the area in Bowie and Red

River counties to show the thinning of the Nacatoch Aquifer units in the outcrop area.

To obtain the top elevation of the Nacatoch Aquifer, the thickness estimates were added
to the base surface. In outcrop areas, the land surface elevation was used for the Nacatoch
Aquifer top elevation. The land surface elevation in the outcrop areas was estimated by
averaging all of the 90-meter NED data in each quarter-mile gridblock in the outcrop. Figure

4.2.3 shows the top of Nacatoch Aquifer unit.

Net sand thickness contours developed by McGowen and Lopez (1983) were digitized
from the original maps. The net sand thickness contours on these original maps did not extend to
the outcrop zone in many areas. Figure 2.3.6 illustrates the distribution of the net sand thickness

in the study area.

The thickness of the overlying Midway and alluvium units was estimated by subtracting
the top elevation of the Nacatoch Aquifer from land surface elevation or the base of the Wilcox

formation (the top of the Midway). The base elevation of the Wilcox was taken from the
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northern Queen City and Sparta GAM (Kelley and others., 2004). Figure 4.2.4 shows the
thickness of Midway and alluvium overlying the Nacatoch Aquifer.
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Figure 4.2.1 Base of Nacatoch Aquifer structure (developed using existing contours from

Ashworth, 1988)
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Figure 4.2.2 Estimated thickness of Nacatoch Aquifer structure
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Figure 4.2.3 Estimated top of Nacatoch Aquifer structure
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4.3 \Water Levels and Groundwater Flow

A literature review was conducted to develop a conceptual understanding of regional
groundwater flow in the Nacatoch Aquifer and the history of groundwater usage from the
aquifer. The literature review included a review of available reports by the various past and
present Texas state agencies responsible for water resources, the University of Texas-Bureau of
Economic Geology, the U.S. Geological Survey (USGS), and reports by River Authorities.
Water level data collected from these sources were used to develop water-level elevation
contours for the steady-state period, considered representative of predevelopment conditions. In
addition, three historical head surfaces were developed consistent with the GAM specifications.
These include a head surface representative of 1980, 1990, and the end of the transient
simulation time period (December 1997). Calibration head targets were developed for
predevelopment, 1980, 1990, and 1997 time periods and transient hydrographs were develop to
investigate transient water-level changes regionally and to be used in calibration. The analysis of

water levels will be discussed in the remainder of this section.

4.3.1 Data Sources and Data Summary

The sources for the water-level data used for the Nacatoch Aquifer are the TWDB
website:
(http://www.twdb.state.tx.us/publications/reports/Ground\WaterReports/GWDatabaseReports/G
Wdatabaserpt.htm), available TWDB county reports, and Ashworth (1988). Arkansas head data
was obtained from the USGS website (http://waterdata.usgs.gov/nwis/). The Nacatoch Aquifer

is commonly referred to as undifferenti