REGIONAL GEOHYDROLOGY OF THE GULF COAST AQUIFER IN MATAGORDA
AND WHARTON COUNTIES, TEXAS: DEVELOPMENT OF A NUMERICAL MODEL
TO ESTIMATE THE IMPACT OF WATER-MANAGEMENT STRATEGIES

Alan R. Dutton
Bernd C. Richter

Prepared for

Lower Colorado River Authority _
under Interagency Contract Number IAC (88-89)0910

Bureau of Economic Geology
W. L. Fisher, Director
The University of Texas at Austin
Austin, Texas 78713

April 1990






METHODS AND DATA........... eeeeeeaaraaeanaas eeeeeernaeens BT UPPOPUPPRIRE .
Geologic Data . covvaisssessvinisoss L ARDR Akl 5 R RS 5§ ARASERIE b § 5 HSSARERALS o o S ST Rmiee § b pmmra veern 8
GeohydrologicData ................... everieiariaann ceeenes e teerececeaeieraiaaann Ceereieearianens 11

DEFINITION OF THE CONCEPTUAL MODEL.....c..ccoiviiiiieieninanenennnns S |
Stratigraphic Framework............ccccoeevueeeneeerennn. Logrpme smippense sy ys Cr e 14
Geohydrologic Framework..........cc......... feeetetere et eareetieraenans SR SRS § 4 EASRY § D

NUMERICAL MODEL ..........c........... ettt res e ee e seer e B3
Model Design............ eeerenens e eeaaen OO PP UPPPPPPE 43
CBIIDTATON ...+ eve e e e eeess e eeseeeeseeseeseseeeeseeeseeseseesseeseeeeereenene 53

RESULTS....... wyaden s ameaemmmmrTay sy awe SO SO 62
Steady-State Flow System.............. P — G § ST § BREGERE ¢ § 3 — 62
Historical Flow System........ e ke i Sihonsed § b oo aiE i 80 i & ....... 67
Prediction of Future Ground-Water Levels........co.ocoveninent 81
‘Regional Water Budget........... S AT 35 SRR S EAHS A IR R e A S
Subsidence Potential............... eeans SO OPUTPPOPTPIPUPPPRPRN * &

DISCUSSION.................. e et essesseeeens 100
Application to Evaluating Water-Resources Projects .......ovveeevviiiinciiiiieiniiininnannn.. woss JOU

Well-field project ......ocoevvviiennnnnne. N iy b ek SRR e 100
ATHFICIAL  TECRATEE.vvvvevvreereereeeeeeerres v seeessessesessesassesesesesesesssenesesssennens 103

Recommendations for Further Study............. £ 5 BB § b 3G 545 R BBARES R 2w B @ memien 105

SUMMARY. ..... VEEFREE A 5§ LA AR CARAAE § 1 SSNSORCT SRS LER RS v e B sosesasssece 106



REFERBNICES. . .66 oo i & it i b ibigommasnd § s oo & i bk 4 kit o ot e 109
APPENDIX: HYDROLOGIC PROPERTIES COMPILED FROM PUMPING TESTS ......... 113
Figures
1. Location of the study area along the Colorado River within the Texas Coastal Piain ...... e 3
2 Oeologicmap-of this SN AIEH . amesss s sonummms s i oammeass s § SEaEaas®s 44 55 S48 § § 5 SERBERHKS 555 7

3. Fence diagram illustrating the stratigraphic relationship between the Chicot and
Evangeline aquifers and an aquifer unit in the Beaumont Formation ..........c.ccovevviunann.. 9
4. Relationships between sand percent and logarithm of transmissivity and logarithm of
hydranle CONAUCTVITY . s comaiss 5 mmeniiniss o mio sumim s 6asoiiinds 555 450G LEE § 0n b SERES ok wasbdiESEne 13
5. North-south dip Cross SECHON A=A’ it e eaeereenaaeranseeeernaassssesaaes 15
6. North-south dip cross section B-Bi......ccccoieeiiiiiiiiiiiiiniieniiieeenieeeeeeeneeeenaas 16
7. North-south dip cross section C-C......coooiiiiiiiiiiiiiiieee e ee e 17
8. West-east strike cross seCtion D-D’ . ... .oiiinie it 18
9. West-east stn‘ke Cross seCtion B-E’ ... v oo 19
10. West-east strike cross section F;F’ ettt et et eatareeententaat e e aaaaeaeetaaantaranaeteneann 20
11. West-east SIke CTOSS SECHON GG .....vvveeeerereeereeeereeeeeaesseeeesesteeseeeneeereeeeeens 21
12. West-cast strike cross se_:ction HH ...coovee. B PP RRRRS 22
13. West-east strike cross section I-I'.......ooviieiieniiiiiiiiiiiiininenennn. e 23
14. Distribution of flow paths at the interface between seawater and fresh water .................. 24
15. Sand-percent map of the lower Chicot and Evangeline hydrologic units.........cecccveeeucee 26
16. Sand-percent map of the upper Chicot hydrologic unit........cccuieiveeiiiniinecocnncrnnnen. 27
17. Sand-percent map of the Beaumont FOrmation............cncinninnion. 28
18. Composite hydraulic-head surface for the Gulf Coast aquifer from measurements

made during the 193075600 19808 oo vinsisioi sssaninas s ssmvmnisssss boninsnis sosnoaias bibeis 29

iv



19,

20.

21.
22.

23.
24.

25.

26.

27.

28.
29.
30.
31.
32.
33.
34,
35.

36.

Composite hydraulic-head surface for the Guif Coast aquifer in study area for
TIOFIOR ... . sciiimmmeiiis cmem i e abiimmmii e 53 5o § IS SRR 55 5 SSAPUEEES S SATHAR § 554054

Composite hydraulic-head surface for the Gulf Coast aquifer in study area for
L U ——

Cross section of hydraulic head along dip lines A-A”, B-B", and C-C’.........occeevnvnnannnn.
Cross section of hydraulic head along strike lines D-D’, E-E’, and F-F'........c.ccceeueeu...

Cross section of hydraulic head along strike lines G-G’, H-H', and I-I" ...........cccooeeen..

Fence diagram showing the distribution of hydraulic head in the Beaumont, Chicot,
and Evangeline hydrologic Units ..........cocvuiviviiiiiiiiiiiiiiiiiii e

Distribution of estimated transmissivity in the Chicot and Evangeline aquifers and
calibrated transmissivity values in layers of the numerical model...............c.ooiiiiinnn,

'4

Cross section of hydrochemical facies and TDS along dip lines A-A’, B-B’, and C-C'.......

Cross section of hydrochemical facies and TDS along strike lines D-D’, E-E/, and
FB e e g « s bam ey go aii@tage s i i Bmenceiiiig « o aabhEmend SEEwe

Fence diagram showing TDS distribution in the Beaumont, Chicot, and Evangeline
DYATOLOZIC ML~ ve.eipmpnnons ppopeeinsens sbimmonss bopestibnnss b3besinhss s inebssiines s shsbnesnnssins

Fence diagram showing distribution of hydrochemical facies in the Beaumont,
Chicot, and Evanpeline hydrologio ity . ccccusess svoussuns sssmsmanmns yusomssnsns s s semmanss os 425

Schematic block diagram and cross section illustrating layers and boundary conditions
included in the conceptual model of the ground-water flow system..........coeeviniieinann.n,

Plan-view location of the 1974 nodes of active blocks in layer 3 of the

finite-difference grid ....cc.vvieiiiiniiii e e

Plan-view location of the 1892 nodes of active blocks in layer 2 of the
Boioe-GifTerencs @8 ... ..coii. - oo 55 omkinide b 5 E il § 5T b BRI ol § RS § o

Plan-view location of the 1588 nodes of active blocks in layer 1 of the
Binite-JHerenne Qi . oommmmsis s omassumnn s ssnmoommmes sswmssmmmns s ssemen s PRSRRESHERTS | EHRASTTS b5

Active blocks with wells in layers 2 and 3 of the finite-difference grid with
ground-water produciion, T900 through 1945 ...comes s sermsmons vonmmman s remomsmmsnsn s vumemmers o

Active blocks with wells in layers 2 and 3 of the finite-difference grid with
ground-water production, 1946 through 1960 ..........cooiiiiiiiiiiiiiii



37.
38.
3%,
40.

41.

42.

43.
44,

45.

46.
47.
48.

49.
50.
51.

52.
33.

54.
55.

56.

Active blocks with wells in layers 2 and 3 of the finite-difference grid with
ground-water production, 1961 through 1969 ... s sssssusns sossasummenss sssmumomss ss s swsswnsms 57

Active blocks with wells in layers 2 and 3 of the finite-difference grid with
ground-water production, 1970 through 1975 ...t 58

Comparison of simulated and observed values of hydraulic head in the
Beaumont Formation (layer 1) at the initial prepumping or steady-state condition............. 63

Corriparison of simulated and observed values of hydraulic head in the upper Chicot
aquifer unit (layer 2) at the initial prepumping or steady-state condition ............cc.coeeueee. 64

* Comparison of simulated and observed values of hydraulic head in the lower Chicot

and Evangeline aquifer units (layer 3) at the initial prepumping or steady-state

COMAITION ¢ 11ttt ettteneeniitaenetttarenaeneenaaeanrnaseesansonesasoncessonsensaanecossssenasansseenrnnenns 65
Distribution of recharge and discharge calculated for prepumping or steady-state

CONAition ....oeviiiiniiiiiniiiiiineniaaes eeenenes e ettt e e et tee it heteeetararanentas 66
Pumping rates used in transient simulations.........cccevveeens S 68
Location of selected wells with historical hydrographs used to calibrate values of

storativity used in the model sImMulations........cccccciiimiiviiiiiiiiiirceieneieeninnnieeecenn. 69
Comparison of observed (solid line) and simulated hydrographs for 1900 through

1985 and prediction of future water-level decline through 2030 .......ccoviiviiiiiiiininnnen. 70
Simulated hydraulic-head surface for layer 2 representing 1965 conditions.................... 73
Simulated hydraulic-head surface for layer 3 representing 1965 conditions.................... 74
Simulated hydraulic-head surface for layer 1 representing 1985 conditions in the

BEAOnt FOMBIN ... isoaceitiins issbasiss o s tammos s o susbii § 5A43a0tahi s ghbnnsibibe o s soiye 75
Simulated hydraulic-head surface for layer 2 representing 1985 conditions.................... 76
Simulated hydraulic-head surface for layer 3 representing 1985 conditions.................... 77
Drawdown in hydraulic head for laycr 1 representing 1985 conditions in the

Beamont POITOBEONL «.csss 6 ss0mmes s basimihainns 55 5o iaaies § 3aRREH L5ASSSRRE S 5408 biadibat § 5abie 78
Drawdown in hydraulic head for layer 2 representing 1985 conditions in the Chicot......... 79
Drawdown in hydraulic head for layer 3 representing 1985 conditions in the

BVENEEHIG | 1 iiician siimpneis inraneiing nbiopmesbiine s botpaomndih s onidiiih ans b basabidihia b Anpansiad oo s saviy 80
Distribution of recharge and discharge calculated for 1985 conditions............ccoeevienenen. 83

Simulated hydraulic-head surface for layer 1 representing 2030 conditions in the
I T LS e Tl O ———— 85

Simulated hydraulic-head surface for layer 2 representing 2030 conditions in the
(01511010 A OO PP OO 86



37,
58.

59.
60.

61.
62.

63.
64.
65.

66.

L S

Simulated hydraulic-head surface for layer 3 representing 2030 conditions in the

EIIEEHNG . vnsmnsmon s soswmnans sonmensaisns s s supsosussns s SEsssmasn v s Somexansy SEOasaames o usvssees 87
Drawdown in hydraulic head for layer 1 representing 2030 conditions in the
Beaumont Formation...........cceevuen. T S RRTEPS 88
Drawdown in hydraulic head for layer 2 representing 2030 conditions in the Chicot......... 89
Drawdown in hydraulic head for layer 3 representing 2030 conditions in the -
EVaNEIINe . ..ottt ie e s ee e eneneea e et e et et ana e et aana e neaas 90
Distribution of recharge and discharge calculated for 2030 conditions.........cocevvviivinennn, 91
Profiles of potentiometric surfaces simulated for 1900 (steady state), 1985, and 2030
forlayers 1, 2, and 3. .o iiiir it ie e et e et e ettt et a et raanaeanaas 93
Distribution of estimated and simulated land surface subsidence for 1985 ..................... 97
Distribution of predicted land-surface subsidence accrued by the year 2030............ s 99
Drawdown of hydraulic head in a well field in layer 2 superposed on future predicted
drawdown by the year 2030 after 40 years of pumping............cicvvviceiiinaninnnninnn 101
Simulated change in hydraulic head at node 1979 in well-field project......c.cccveeveeennens 102
Tables
Comparison of hydrostratxgraphlc nomenclature applied to aquifers and
CONFINITE UIMILS .ot ittatietiinseereneersenesataeaeesernsaeasessesussescnsanaesosaesessosssanesassssnsns 6
Hydrologic parameters used in the numerical model .......ccocviriiiiiiiiiiiiiiiiiiiieiinnn., 37
Average total pumping rates in modeled area of each county.........cooceveiniiiiiiiniin 59
Rates of change in hydraulic head in transient simulations .........cccoevveiiiiinininaniininnnn. 82
94

Simulated water budget of the Gulf Coast aquifer system............ e i g 1 mriggen 1 srdmas



EXECUTIVE SUMMARY

A ground-water flow model that represents the complex interrelations among aquifer
stratigraphy, hydrologic properties, and ground-water availability in the Gulf Coast aquifer system
in Matagorda and Wharton Counties and adjacent areas of Texas can be used for evaluating
surface- and ground~Water‘ management strategies. The hydrological model developed in this study
is based on results of detailed mapping of sand-bed distribution, hydraulic head, and
hydrochemical facies in horizontal and vertical planes. It differs from previous regional models of
the Gulf Coast aquifer by treating the Beaumont Formation in the study area as a hydrostratigraphic
unit distinct frorh the Chicot aquifer unit and by using a smaller grid to represent the study area in
greater detail.

The quasi-three-dimensional numerical model is implemented using the U.S. Geological
Suﬁey corhputer code MODFLOW. Transmissivity and storativity are assigned to model blocks as
functions of sand percentage mapped for each aquifer unit. The model uses head-dependent source
terms, options in the MODFLOW computer code, to simulate interaction between rivers and
aquifers as well as regional recharge and discharge. The model includes cross-formational leakage
bctWéen hydrostratigraphic units. “No-flow” lateral boundaries reflect original ground-water-basin
divides. The model excludes interbasin loss of water such as drainage of water to the northeast into
the cone of depression underlying much of Hams County. The seaward edges of the model layers
represehting the Chicot and Evangeline aquifer units also are treated as “no-flow” boundaries
where the base of fresh water rises above the top of the aquifer units. Transmissivity, vertical
conductance, river leakage rates, and recharge and discharge rates were adjusted to attain a
satisfactory match between simulated and estimated prepumping hydraulic heads, which were
assumed to represent steady-state hydrologic conditions.

To estimate future water-level changes, the numerical model was calibrated by trial-and-error

adjustment of storativities to match simulated hydraulic heads against historic head values. Model



results indicate that future ground-water withdrawals of between 605,000 and 639,000 acre-ft/yr
through 2030 locally will result in another 110 to 240 ft of hydraulic-head decline; maximum
drawdown is predicted for the Wharton—Jackson-Lavaca—~Colorado four-corners area. Calculated
average rates of hydraulic-head decline in the Chicot and Evangeline aquifer units were 0.3 to

1.3 fy/yr from 1900 through 1965. Assuming future pumping rates will be controlled by high
demand for water, average drawdown rates will reach 1.2 to 2 ft/yr between 1985 and 2000 but
will decrease to about 0.5 to 0.6 ft/yr by 2020. The cumulative increase in drawdown of hydraulic
head will increase the potential for seawater intrusion and also will increase land-surface
subsidence to as much as 2.5 ft by 2030 in western Matagorda and eastern Jackson Counties. The
model indicates that clay-bed compaction, which results in subsidence, accounts for 11 and 18
percent of the decreases in stored water by 1985 and 2030, respectively.

The model was used to simulate a well field yielding 22,800 ac-ft/yr from the Chicot aquifer
to supplement Colorado River water for irrigation; simulation results indicate that drawdown due to
ground-water withdrawal continuing from 1990 to 2030 will be as much as 83 ft, which locally
could increase subsidence by approximately 1.5 ft. An artificial recharge project using surface-

‘water spreading basins could recharge more than 1,000 acre-ft/yr per acre of spreading basin,

depending partly on the number of recovery welis included in the design.
INTRODUCTION

This study was designed to develop a ground-water flow model and procedures for
evaluating surface- and ground-water management strategies affecting the Gulf Coast aquifer
system in the area between the Lavaca and Brazos Rivers in the Texas Coastal Plain (fig. 1). The
study focused on Matagorda and Wharton Counties, Texas, where most of the surface water
diverted from the Colorado River for irrigation is applied. Planning for and management of
ground-water development from beneath the lower Colorado and adjacent river basins are needed

because of projected growth in demand for water. Artificial recharge and conjunctive use of surface
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Figure 1. Location of the study area along the Colorado River within the Texas Coastal Plain,
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and ground water, for example, are water-resource-management strategies that have possible
application in this part of the coastal plain. A ground-water model that represents the complex
interrelation among aquifer stratigraphy, hydrologic properties, and ground-water availability
provides a useful tool for evaluating the impacts of management strategies. Ground-water model
development, therefore, is part of the overall planning process.
Carr and others (1985) and Ryder (1988) developed regional models of ground-water flow in

the Gulf Coast aquifer that include the present study area. Jorgensen (1981) summarized a
succession of models used to study flow in the Gulf Coast aquifer near Houston, northeast of the
study area. Groschen (1985) simulated flow in the lower part of the Gulf Coast aquifer in the
Corpus Christi area to the soutﬁwcst. A detailed model of flow in the Gulf Coast aquifer beneath
the lower Colorado and adjacent river basins, however, has not been developed previously.

| The objectives of this study were to develop a predictive model that represents as accurately
as possible the historical and expected future patterns of ground-water withdrawal and hydraulic-
head change and to demonstrate how such a model can be used to evaluate additional water-
TeSOUICes proj ecfs. Study of simulation results contained in this report as well as results to be
obtained in future simulations can lead to improved understanding of the hydrodynamics of the
Gulf Coast aquifer, including insights into the regional water budget, distribution of hydrologic
parameters, and amounts of predicted subsidence. This improved understanding in turn should
lead to revision of the conceptual and numerical models as this tool continues to be used for
evaluating water-management strategies. In the long term, a future validation study should be
conducted, perhaps in the years 2000 and 2010, to compare model predictions to actual experience.
This comparison also will result in revision and improvement in the conceptual and numerical
models. ,

Local geology and hydrology of the Gulf Coast aquifer system largely determine the impacts

of water-management strategies. To determine these impacts and to prdvide a tool for evaluating
water-resource-management strategies, we developed a quantitative geohydrologic model of the

Gulif Coast aquifer in Matagorda and Wharton Counties and adjacent parts of Brazoria, Calhoun,



Colorado, Fort Bend, Jackson, and Lavaca Counties. This report describes the geohydrologic
setting of the study area, a conceptual model of the ground-water flow system, a numerical model
for calculating hydraulic heads and flow rates, calibration results, and results of steady-state and
transient flow simulations. Finally, the model was applied to simulated hypothetical projects to

demonstrate its use in evaluating well-field and artificial-recharge projects. -
GEOHYDROLOGIC SETTING

The central part of the Texas Coastal Plain is relatively flat, having slight local relief
bordering broad river valleys. The climate is subtropical humid, and average annual precipitation is
approximately 40 to 44 inches (Hammond, 1969; Larkin and Bomar, 1983). Monthly precipitation
is higher than average from June to September, which is also the period of maximum potential
evapotranspiration. Northeast of the study area there is a net annual excess of precipitation over
evapotranspiration, whereas to the southwest there is a net annual dcﬁcit’(McGowen and others,
1976).

Geologic units that make up the Gulf Coast aquifer are a coastward-thickening wedge of
Pliocene and Pleistocene formations (table 1) that crop out in wide bands parallel to the coastline
(fig. 2). Alluvium floors the main river valleys. Pliocene and Pleistocene sands were deposited
primarily in fluvial meanderbelt, fluvio-deltaic, and wave-dominated delta systems (Guevara-
Sanchez, 1974; Solis, 1981). Sand deposits typically have a dip-elongate orientation and are highly
lenticular and discontinuous.

In previous hydrologic reports, the Pliocene and Pleistocene formations have been assigned
to various hydrostratigraphic units (table 1). The Chicot and Evangeline aquifers are common
names for the main hydrostratigraphic units. Permeable parts of the Wiilis and Lissic Formations
make up the Chicot aquifer unit, whereas permeable parts of the Goliad and upper Fleming

Formations make up the Evangeline.



Table 1. Comparison of hydrostratigraphic nomenclature applied to aquifers and confining units.
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Figure 2. Geologic map of study area. Modified from Proctor and others (1974), Aronow and
others (1982), and Brown and others (1987).



The Quaternary Beaumont Formation crops out across most of Matagorda and Wharton
Counties (fig. 2) and represents the last major depositional progradation. Itis commonly
considered to be an aquitard, a unit of low permeability, that overlies and isolates the Gulf Coast
aquifer, the main water source throughout much of the Guif Coast (Carr and others, 1985). The
formation locally is a ground-water source, however, and contains considerably more aquifer-type
material-sands and silty sands—than generally is recognized. Guevara-Sanchez (1974) and Kreitler
and others (1977) identified trends where Beaumont sand is relatively thick in Harris, Fort Bend,
and Brazoria Counties. Figure 3 is a fence diagram in which the Beaumont Formation is separated
from the Chicot aquifer unit. Geohydrologic justification for this separation is discussed later in

this report.

METHODS AND DATA
Geologic Data

Guevara-Sanchez (1974) and Solis (1981) mapped thicknesses of Pliocene and Pleistocene
sand deposits in two different areas of the Texas Coastal Plain separated by the Colorado River.
They defined different operational mapping units and used different conceptual models of the
influence of faults on sand distribution; thus, their results are largely incompatible. Therefore,
subsurface geologic information on thé area was recompiled aﬁd reevalﬁated as part of this project.

Subsurface geologic information was collected from 587 geophysical and water-well drillers’
logs. Geophysical Jogs were selected that generally start within 500 to 1,000 ft of the land surface.
Drillers’ logs were used to supplement geophysical logs at shallow depths, although the quality of
this information is variable. From the vgeophysical and drillers’ logs, sand beds as thin as 5 ft were

identified and tabulated. The mean values of sand percentage in 500-ft-thick intervals estimated

from geophysical logs and drillers’ logs are not statistically different; therefore, all data were
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pooled to construct maps and cross sections. Data on sand-bed distribution are archived in open-
file form at the Bureau of Economic Geology.

Drillers’ logs provide information on the distribution of sand and clay beds above the depths
where geophysical logs are run in oil and gas wells. The 285 drillers’ logs used in this study are
less precise than geophysical logs in locating individual sand beds. Also, 112 drillers’ logs refer to
“sand and clay” beds. We reduced the calculated thickness of discrete sand beds in such intervals
to 33 percent of the reported thickness. |

Sand-bed intervals identified from geophysical and drillers’ logs were tabulated using RS/1
computer software (BBN Software Products Corporation, 1987), which provided a flexible and
rapid method for constructing maps of subsurface sand distribution. Our RS/1 program generated a
list of sand-percent values for particular slices of the subsurface. Sand-percent maps generated in
this study are based on log data covering at least 80 percent of the selected interval and sand beds ‘
~ more than 20 ft thick. To make reliable estimates of sand percent, at leést 80 percent of the interval
should be covered, but the requirement that more than 90 percent of the interval be covered reduces
the amount of usable data. Beds thinner than 10 to 20 ft are not effectively interconnected in a
regional flow system (Fogg and others, 1983).

Nine stratigraphic cross section—three dip and six strike sections—were constructed at -
approximately 10-mi intervals across Matagorda and Wharton Counties (fig. 1). Well locations
were orthogonally projected onto the sections, and individual sand beds were displayed using RS/1

algorithms. | '
| Structure-contour maps 6f the bases of the Chicot and Evangeline aquifers were taken from
Carr and others (1985). The structure-contour map of the base of the Beaumont Formation was
based on data reported by Guevara-Sanchez (1974) and Solis (1981). The base of fresh water was
determined from data contained in various county reports, including Baker (1965), Wilson (1967),
Hammond (1969), Wesselman (1972), and Sandeen and Wesselman (1973).
Maps of sand-percentage distribution, aquifer and formation structure, base of fresh water,

and land-surface elevation were digitized and converted to computer files. CPS-1, a graphics

10



computer package (Radian Corporation, 1979), was used extensively to map and interpolate spatial
data. Structure values for the 587 well log locations and for nodes of the numerical model were

interpolated using CPS-1.
Geohydrologic Data

Historical data on ground-water levels and chemical composition in Matagorda, Wharton,
and adjacent counties were compiled from computerized files in the Texas Natural Resources
Information System (TNRIS). Some wells have been monitored for as long as 50 yr, providing
ample data for history-matching calibration of a ground-water flow model. Latitude and longitude
coordinates for approximately half the wells were specified in TNRIS records; locations of the
remainder were determined from drillers’ log reports. Map locations were then digitized.

Vertical patterns of hydraulic-head variation were projected and mapped on the same cross
sections defined for sand bed distributions. The bottom of the wells was posted on the cross
sections for contouring hydraulic head. This results in shifting the apparent location of hydraulic-
head decline downward relative to the center of ground-water production zone. An alternative
plotting approach, locating the contour point at the midpoint of the well screen interval, was not
followed because many tops and bottoms of screen intervals were unknown.

Hydréulic-head data were sorted into time periods for constructing plan-view maps of
potentiometric surfaces. All 1930°s and 1940°s data were pooled because relatively little ground-
water production had occurred that would have affected hydraulic-head values, and the greater
number of wells allows a composite potentiometric-surface map to be defined. Maps of hydraulic
head based on consecutive yearly records, 1965/66 and 1985/86, also were prepared. Regional
estimates of original or prepumping hydraulic heads were taken from Ryder (1988) for calibrating
the steady-state flow model.

Information on transmissivity and storativity was compiled from reports on ground-water

resources of the counties in the study area (appendix). A map of reported values of transmissivity
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was superposed on maps of sénd percentage in the upper and lower units of the Chicot aquifer and
the Evangeline aquifer, and sand percentage was interpolated at wells with aquifer test results.
Transmissivity varies significantly with sand percentage, regardless of whether sand percentage
was based on all sand beds or only on beds of thickness greater than 20 ft (fig. 4a and b). The
linear regression depicted in figure 4b was used to estimate transmissivity for the numerical model.
No correlation between hydraulic conductivity and sand percentage was found. Transmissivities
assigned to finite-difference blocks of the numerical model were calculated from the regression

equation:

Log (T) =3.67 + 4.57 x 103 SP + ¢ 5, ' (1)

where

T is transmissivity in ft*/day,

SP is sand percentage,

€ is a random variable with a standard normal distribution (mean of 0 and standard déviation

of 1),

and s, is the standard error of estimate from the regression (0.37).

The third term on the right-hand side of equation 1 was used to reproduce the scatter of
transmissivity values depicted in figure 4.

Chemical analyses were used along with hydraulic-head data to formulate an understanding
of the ground-water flow system in the Gulf Coast aquifer. Data were obtained for counties in the
study area from TNRIS computer listings. Reported chemical analyses of ground water vary in
completeness and in conditions of sample treatment. For example, temperature, pH, and alkalinity
are not always measured on site and therefore are unreliable measurements of in situ values, and
pH commonly is not reported. The charge balance of anions and cations is almost always exact,
indicating that sodium and potassium were determined together by difference. Chemical analyses

were culled to retain the most complete and most valid data, including 975 records.
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- DEFINITION OF THE CONCEPTUAL MODEL
Stratigraphic Framework

For this study, maps and cross sections of sand distribution throughout the study area were
constructed, building on previous work by Guevara-Sanchez (1974) and Solis (1981). Cross
sections A-A’, B-B’, and C-C’ (figs. 5 through 7, respectively) are so-called dip sections that are
approximately parallel to the modern and ancient river systems crossing the coastal plain. Sections
D-D’ through I-I (figs. 8 through 13, respectively) are so-called strike sections, approximately
parallel to the strike of the formations.

Several features are common to these sections. First, sands in the Willis and Lissie
Formations that make up the Chicot aquifer appear generally thicker than sands of the Fleming and
Goliad Formations that comprise the Evangeline aquifer. The boundary between the Evangeline
and Chicot aquifer units is close to the transition from thin Evangeline sands to thick Chicot sands.
To an extent, this is exaggerated by the dominance of drillers’ log data in the top 400 ft of the |
section; drillers’ logs do not resolve thin beds as well as geophysical logs. Note that the lack of
sand beds between the upper Chicot and Evangeline in some parts of the nine sections is an artifact
of the gap betweeﬁ the general base of drillers’ log data and the top of most geophysical logs.
Second, sand thickness decreases toward the coast. The vertical and lateral variations in sand-bed
thickness reflect the sedimentary record of progradation and retreat of fiuvial and deltaic systems
discussed by Guevara-Sanchez (1974) and Solis (1981). The third common feature is that the base
of fresh water rises irregularly in the stratigraphic section toward the coast, as expected from a
general model of seawater intrusion (fig. 14).

Sand-percentage maps initially were made for four layers: (1) the Beaumont; (2) all of the
Chicot aquifer unit (table 1) as defined by Jorgensen (1975), Baker (1979), and Carr and others
(1985); (3) the Chicot aquifer unit minus the Beaumont Formation; and (4) the Evangeline aquifer
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unit, The stratigraphic interval represented by the third map, the Chicot minus the Beaumont, was
split into halves, and sand percentage was mapped in the upper and lower units. Sand distribution
had a more \')vell-deﬁned dip orientation in both units, each With overall higher sand percentage
values, compared w1th the original unsplit version. This suggested that the sand distribution pattern
of the Willis Formation, which makes up the lower part of the Chicot, is different from the sand
distribution of the Lissie Formation, which makes up the upper part of the Chicot aquifer. Cross
sections of the depositional systems made by Solis (1981) suggest that a change in depositional
patterns coincided with the formation contacts and further justifies the separation of mapping units
used in this report. Grouping both units results in an interference in averaged sand percentage
values. In the final map version (fig. 15), the lower Chicot was grouped with the Evangeline
because geohydrologic data on the Evangeline in the subsurface in Matagorda and Wharton
Counties are so sparse that simulation results cannot be well constrained. Data are lacking because
there is little ground-water production from the greater depths where salinities are higher.
Sand-distribution patterns of the composite lower Chicot and Evangeline (fig. 15), upper
Chicot (fig. 16), and Beaumont Formation (fig. 17) each show dip-elongate trends of high sand
percentage differing somewhat in magnitude. Areas with greater than 40 percent sand are shaded
in the composite map of the lower Chicot-Evangeline (fig. 15), whereas areas with more than
60 percent sand are shaded in the maps of the upper Chicot and Beaumont (figs. 16 and 17).
Sand percentage is generally greater inland, decreasing toward the coast. Toward the southwest
boundary of the study area, where there was little data control, the sand-distribution pattern for the

Beaumont was extrapolated for use in the numerical model.
Geohydrologic Framework

Hydraulic head measured during the 1930’s and 1940’s decreases from more than 300 ft in
the northern parts of Austin and Colorado Counties, in the outcrop of the Evangeline aquifer unit,

to approximately O ft at the coast line (fig. 18). Regional maps of the potentiometric surface shown
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Figure 15. Sand-percent map of the lower Chicot and Evangeline hydrologic units, as defined in
table 1. Contour interval is 20 percent. Only sand beds greater than 20 ft thick are included.
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by Ryder (1988) indicate the existence of broad valleys in the potentiometric surface underlying the
topographic valleys of the Lavaca and Navidad Rivers to the southwest and the Brazos River to the
northeast. (fomparison of potentiometric-surface maps for the 1930’s and 1940’s (fig. 18),
1965/66 (fig. 19), and 1985/86 (fig. 20) indicates how water levels responded to increases in
pumping in the region. The position of the 150-, 100-, and 50-ft contours are relatively constant
over the 20-yr period. With increasing use of ground water for agricultural, domestic, municipal,
and industrial uses since the 1940’s, hydraulic head has decreased throughout the study area. The
most significant decline in the area occurred in Brazoria and Matagorda Counties. The position of
the 0-ft elevation contour in Matagorda and Jackson Counties moved inland between the 1930’s
and 1940°s (fig. 18) and 1960°s (fig. 19). The inland retreat of the 0-ft hydraulic-head contour
indicates that the landward-directed gradient for advective flow of seawater has increased, which
will eventually and increasingly influence ground-water salinity in the coastal part of the aquifer.
Carr and others (1985) estimated that water-level declines of as much as 80 to 100 ft have accrued
from 1900 through 1975 in western Wharton and eastern Jackson Counties. The drop of hydraulic
head in Matagorda and Wharton Counties, however, has not been nearly as great as the 300- to
420-ft decline experienced in the Harris County area to the northeast.

Vertical sections show how hydraulic head varies with depth in the different aquifer units
(figs. 21-23). Lines of section are the same as those depicting sand-bed distribution. Contours are
based not only on well locations given on each section but also on intersections where the dip and
strike sections cross. Hydraulic head values included in the cross sections were not culled on the
basis of year of measurement; therefore, the sections include original (steady-state) as well as
declining (transient) hydraulic heads. Figure 24 is a fence diagram illustrating the hydraulic-head
variation in three dimensions. The gradients in hydraulic head indicate the presence of vertical
components of ground-water flow within the coastal aquifer setting.

Hydrologic properties vary within each aquifer unit (table 2). Measured transmissivity values
calculated from pumping tests in the Chicot and Evangeline aquifers (appendix) nearly follow a

logarithmic-normal distribution (solid-line histogram, fig. 25); therefore, mean and standard
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LE

Parameter

Mean transmissivity (ft2/day)
Maximum transmissivity (ft2/day)
Minimum transmissivity (ft2/day)
Mean hydraulic conductivity (ft/d)
Maximum hydraulic conductivity (ft/d)
Minimum hydraulic conductivity (ft/d)
Mean storativity

Maximum storativity

Minimum storativity

Mean vertical hydraulic conductivity (ft/d)

. Maximum vertical hydraulic conductivity (ft/d)

Minimum vertical hydraulic conductivity (ft/d)

* see Appendix

Table 2. Hydrologic parameters used in the numerical model.

Observed Initial Calibrated

Beaumont  Chicot and

Formation Evangeline* Layer 1 Layer 2 Layer 3 Layer 1 Layer2 = Layer3

. 7,400 141 1,698 832 933 7,413 4,074

- 53,345 3,315 37,120 23,306 28,835 75,766 48,526

- 267 7 52 0.3 9 358 0.4

13 50 1 5 1 7 23 5

22 2,125 40 337 28 22 440 358

5.70 5 0.04 0.25 0.04 0.13 0.79 0.15

- 4.00E-4 1.32E-1 5.986-3  1.28E-3 1.30E-1 5.90E-3 1.50E-3

- - 2.39E-1 3.95E-1  2.96E-1 2.39E-1 8.89E-1 6.66E-1

- 1.80E-5 3.11E-2 251E-4  1.06E-4 3.11E-2  6.28E-6  7.20E-6

. - 1.50E-5  1.06E-4  3.80E-6 475E-3  2.38E-3  5.58E-4

- - 7.99E-4  6.07E-3  1.07E-4 6.76E-1 2.30E-1 2.63E-1

- - 6.05E-8 5.54E-6 6.91E-8 1.05E-4 7.94E-5 2.27E-5
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deviations were calculated using the logarithms of values. The mean observed transmissivity is
approximately 7,400 ft%/day (log(T) = 3.87); the standard deviation of the logarithm of
transmissivities is 0.39. The mean value of hydraulic conductivity is approximately 50 ft/day
(log(K) = 1.69); the standard deviation of the logarithm of hydraulic conductivity is 0.40. Fewer
data are available for the Beaumont Formation. Bentley (1980) tested hydraulic conductivity of
Beaumont sand deposits in Brazoria County. Hydraulic conductivity ranged from 5.7 to 22 ft/day,
and the average value of 7 measurements was 13 ft/day. Carr and others (1985) estimated that
transmissivity in the Gulf Coast aquifer in the study area ranges from 12,000 to 18,000 ft¥day in
the Chicot and from 6,000 to 9,000 ft*/day in the Evangeline. Carr and others (1985) estirhated
storativity to range from 0.05 to 0.1 in the outcrops of the Chicot and Evangeline aquifers,
respectively, and to decrease gradually with increasing confinement in the subsurface to values of
0.0004 to 0.0005. Ryder (1988) used constant values of hydraulic conductivity in each of his
model layers, assigning a value of 170 ft/day to the layer representing the Holocene—upper
Pleistocene permeable, 20 ft/day to the lower Pleistbceneaupper Pliocene permeable zone, and 60
ft/day to the lower Pliocene-upper Miocene permeable zone. Ryder (1988) estimated vertical
conductivities of the three layers to be 1072, 10‘3; and 10 ft/day.

Ca-HCO3, Na-HCO;, and mixed-cation-HCO; hydrochemical facies are most common in
this part of the Gulf Coast aquifer (figs. 26-28). Hydrochemical facies are named for the ions that
account for at least 50 percent of total equivalent concentration as depicted in Piper diagrams
(Piper, 1944; Back, 1966); mixed-cation and mixed-anion hydrochemical facies are waters in
which no one cation or anion is dominant. As indicated by Kreitler and others (1977) for the
Houston—Galveston area, a Ca-HCO; facies occurs mainly inland near the recharge area, whereas a
Na-HCO; facies occurs downdip in the aquifer system; a mixed—éation-HCO:, facies generally lies
intermediate between the other two facies. Foster (1950) and Kreitler and others (1977) interpreted
the hydrochemical gradation to be due to ionic exchange of dissolved calcium for sodium adsorbed
on clays as ground water flows downdip in the Gulf Coast aquifer. The position of the boundary

between the hydrochemical facies is a function of flow rate, supply of calcium (mainly from calcite
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Figure 26. Cross section of hydrochemical facies and TDS along dip lines A-A’, B-B’, and C-C".
See figure 1 for location. Salinity contour interval is 250 mg/L.
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and calcium-rich silicates in the outcrop), and amount of exchangeable sodium. In addition, Na-Cl
and Ca-Cl facies are also significant in the study area. Na-Cl hydrochemical facies most likely
reflect the ir;ﬂucnce of seawater on ground-water quality, whether as a result of presence of
connate seawater in the upper Cenozoic sediments, recharge of sodium and chloride ions borne
inland as aerosols, or subsurface intrusion of seawater owing to density gradients in ground water.
The origin of Ca-Cl facies with salinity less than 3,000 mg/L, mapped with Na-Cl facies, is less.
well understood. Mixed-anion facies probably reflect mixing of continental ground water and
seawater. Figures 29 and 30 are fence diagrams illustrating the variations of salinity and

hydrochemical facies in three dimensions.

NUMERICAL MODEL

Model Design

The computer code MODFLOW (McDonald and Harbaugh, 1984) was used to simulate
hydraulic heads and calculate water flow rates. MODFLOW uses a block-centered, finite-difference

approximation to solve the ground-water flow equation
/%Ko W/AX) + Y (K, , 0/y) + (K., Ifdz) = S, /ot + W @)

where
X, ¥, and z are cartesian coordinates aligned with major axes of the flow system,
Kn, Kyy, and K, are hydraulic conductivities in the x, y, and z directions, respectively,
h is hydraulic head,
S, is specific storage, and
W is volumetric flux per unit volume, a general term used to represent sources or sinks of

water.
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In the simulations, the volumetric flux term represented recharge and discharge at the upper surface
of the model as well as interaction between surface and ground waters owing to river leakage.

Deﬁnfng the numerical model included specifying (1) the effective hydrologic units to be
modeled, (2) the finite-difference grid of blocks, (3) the properties of the units, and (4) the location
and type of model boundaries, including source térms such as rivers, recharge and discharge, and
wells. Boundary conditions, structural elevations of layers, vertical and horizontal hydraulic
conductivities, and storativities were assigned to each block. Latitude and longitude of block
centers were specified in universal transverse mercator (UTM) projection coordinates.
Geohydrologic and structural data were digitally interpolated from regional maps for each block
center position using algorithms included in the CPS-1 graphics package.

Three model layers were used to simulate flow in the Gulf Coast aquifer system. Layer 1
represents flow in the Beaumont Formation, layer 2 represents flow in the upper Chicot aquifer
unit, and layer 3 represents flow in the combined lower Chicot—Evangeline aquifer unit (table 1).
Figure 31 summarizes the components of the conceptual hydrologic model upon which the
numerical model is based.

Boundary configurations constrain flow paths in the aquifer units to be downdip from the
northwesternmost outcrop limits and directed toward the coast. Vertical flow of ground water
between formations is controlled by the vertical gradient in hydraulic head and vertical hydraulic
'conductivity_ (expressed as vertical conductance in the numerical model). Figures 5 through 13
indicate that there is no distinct or continuous confining layer separating aquifer units. The layers
are differentiated more by trends in the thicknesses of sand beds and by net distribution of sand.
The model developed in this study, therefore, does not specify separate confining layers. In
comparison, Carr and others (1985) defined confining layers between the Chicot and Evangeline
and above the Chicot. Thicknesses of their confining layers represented the net thickness of clay
beds between the center planes of each formation. Carr and others (1985) assigned different values

of storativity and compressibility to the aquifer and confining layers. In this study, storativity
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values were assigned to aquifer units in the model as a weighted average of storage in sands and
clays at each block.

The finite-difference numerical model was constructed with a 56-row by 50-column by
3-layer grid of blocks. Figures 32 through 34 show the active nodes used in the model. Rows are
aligned parallel to the coast line (x direction) and extend approximately from the valleys of the
Lavaca and Navidad Rivers in the southwest to the Brazos River valley in the northeast. Columns
extend inland, perpendicular to the coast (y direction), to the updip limit of the Evangeline aquifer
outcrop in the Fleming Formation. Block size is a compromise between amount of computer
memory required to run the model, amount of geohydrologic data available for'assigning properties
to each block, and interest in accurately predicting responses of ground water to stresses in areas as
small as possible. Block faces range from 1.5 mi wide in Matagorda and Wharton Counties to |
2.5 mi wide in adjacent countiés; block areas range from 2.25 to 6.25 mi?. In comparison, Carr
and others (1985) used block widths that ranged from 2.5 to 24 mi, and Ryder (1988) used a
5-mi-wide block size.

Not all of the 2,800 blocks in each layer are active in the grid, as shown in figures 32
through 34. The area included in the model was selected to place lateral boundaries along naturally
occurring hydrologic features where effects of boundaries on simulation results for Matagorda and
- Wharton Counties would be minimal. Lateral hydrologic boundaries were selected where
potentiometric contours are approximately perpendicular to natural boundaries, such as river
basins. A “no-flow” boundary or hydrologic divide is suggested where hydraulic-head contours
cross the Lavaca and Navidad Rivers at right angles along the west side of the study area and
across the Brazos River valley along the east side (fig. 18, see Ryder, 1988). Interbasin flow of
water, that is, discharge of water from the vicinity of the Colorado River into the area of influence
of the ground-water cone of depression beneath the Houston area in Harris County, is not allowed
in this model. Most blocks east of the Brazos River in Fort Bend, Waller, and Harris Counties are

inactive. The “no-flow™ lateral boundaries were kept fixed in both steady-state and transient
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simulations. Effects of this boundary condition on calculated hydraulic-head drawdown is
discussed later in this report.

The nérﬂlwestem limits of the aquifer outcrops are treated as “no-flow” (Newmann-type)
boundaries (fig. .31a). The lower boundary of the model also is a “no-flow” boundary. Assuming
that flow paths of fresh continental water and of seawater are fixed and the interface between fresh
and saline waters is constant (fig. 14), the base of fresh water can be treated as an impermeable
hydrologic boundary. The seaward edges of layers 2 and 3 (see figs. 32 and 33) have “no-flow”
boundaries where the base of fresh water is higher than the top of the layer (fig. 31b). The seaward
limit of layer 1 has a prescribed head of zero (figs. 31a and 34), which represents base level of the
Gulf of Mexico.

To simulate recharge and discharge, a head-dependent flux boundary is assigned to the
uppermost active Blocks in the model, representing the outcrop of each aquifer layer. Direction of
flow (recharge is downward and has a positive value in the water budget) is determined by the
gradient between the calculated hydraulic head in the aquifer block and the hydraulic head in an
imaginary bounding block that represents a near-surface water table. The rate of recharge or
discharge is controiled by the value of boundary conductance or leakance assigned to the block.
For this report, hydraulic heads of the imaginéry blocks were taken from Ryder (1988) who
calculated them as a function of land-surface elevation using the method of Williams and
Williamson (1989). The constant hydraulic heads at the nodes of imaginary bounding blocks in
this model were set equal to the heads at the nearest nodes in Ryder’s (1988) grid.

Interaction between ground water and surface water in the Colorado, Brazos, Lavaca, and
Navidad Rivers is represented in the model by specifying “river nodes” where the direction of flow
is determined by the gradient in hydraulic head between the calculated hydraulic head in the aquifer
block and the hydraulic head in the river reach. The rate of leakage between the river and the
aquifer is controlled by the value of conductance assigned to river-bed sediments. Hydraulic heads

of the river reaches were estimated from topographic maps.
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Table 2 summarizes initial estimates and final “calibrated” values of hydrologic properties
used in the model. Distribution of transmissivities calculated from sand-percentage values using
equation 1 are shown in figure 25. Variance in transmissivity and storativity is influenced by the
sand-percent distribution in each layer. Initial estimates of storativity were based on regional
patterns given in Carr and others (1985) and were multiplied by the complement of sand percent.
Some values in the outcrop zone were automatically assigned values of specific storage that are too
high (0.5 to 0.8); these block values were not corrected in the simulations contained in this report.
Storativities were further adjusted to develop a good match between simulation results and
historical water-level hydrographs from selected wells in Matagorda and Wharton Counties.
MODFLOW incorporates an option to adjust values of parameters in rectangular groups of blocks.
This option was used to further adjust storativity values in the vicinity of wells with known
hydrographs used for calibration. Vertical hydraulic conductivity, used to calculate vertical
conductance between layers in the McDonald-Harbaugh computer code, also was weighted on a
block-by-block basis by sand-percent values. Within each model block, horizontal transmissivities

are assumed to be isotropic, that is, equal in both strike and dip (x and y) directions.
Calibration

Because only a composite, multi-aquifer, hydraulic-head surface could be supported by data
collected during this study, hydraulic-head surfaces estimated by Ryder (1988) for permeable
zones in Holocene and upper Pleistocene rocks, lower Pleistocene and upper Pliocene rocks, and
lower Pliocene and upper Miocene rocks (table 1) were used in the so-called state-state calibration.
Transmissivity, river-bed conductance, and recharge conductance were iteratively adjusted by
comparing simulated hydraulic heads to the mapped contours of “prepumping” hydraulic head
defined by Ryder (1988).

Hydraulic heads calculated by the calibrated, steady-state model were used as initial

conditions for simulation of transient-flow conditions in the aquifer. Pumping rates estimated by
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Carr and others (1985) for their central subregion model were used to simulate historic ground-
water declines. Carr and others (1985) included four pumping or stress periods during which
average pumping rates were constant: 1900-1945, 1946-1960, 1961-1970, and 1971-1975. Carr
and others (1985) based their estimates on the proportion of well screens in each aquifer and on
total production estimated by county. Ground-water production rates for each of the 2,132 blocks
of the Carr and others (1985) central-subregion model (subsequently referred to as the Carr model)
were divided by block area to yield an average pumping rate per unit area. Block centers in the Carr
model were given a UTM longitude and latitude coordinate. Then, block centers of each of the
2,800 active and inactive blocks in layers 2 and 3 of the model developed in this study (referred to
as the LCRA model) were assigned the unit pumping rate of the closest corresponding block center
in the Carr model. Block centers in the LCRA model to which pumping rates greater than
0.001 ft*/s were assigned for the period 1900-1945 are shown in figure 35, 1946-1960 in
figure 36, 19611970 in figure 37, and 1971-1975 in figure 38. Unit rates were multiplied by the
area of the LCRA-model blocks. Pumping rates for the period from 1976 through 1985 were based
on county estimates made by the Texas Water Development Board. Pumping rates for the period
from 1986 through 2030 were based on predictions of total water demand in each county made by
the Lower Colorado River Authority (Q. Martin, written communication, 1988) and by the Texas
Water Development Board (B. Molz, written communication, 1987). Pumping rates for stress
periods later than 1975 were based on the same proportional distribution of pumping in blocks in
layers 2 and 3 as was specified for the period of 1971 through 1975 (fig. 38). Pumping rates are
listed in table 3. All production that was allocated to the lower Chicot in the Carr model was
assigned to the upper Chicot in this model (that is, the hydrologically equivalent layer 2 [table 1]).
No active pumping wells in layer 3 were assigned to Calhoun County (figs. 35-38).

Simulations were run with a time-step acceleration parameter of 1.2. Stress periods were
divided into 12 time steps. Water levels in 1965, for example, were represented by the hydraulic
heads calculated at the ninth time step of the third stress period (1961-1970), and water levels in

1985 were represented by the twelfth time step of the fifth stress period (1976-1985). Calculated
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Years

1900-1945
1946—-1960
1961-1970
1971-1975
1976-1985

1986~1990
1991-2000
2001-2010
2011-2020
20212030

1986-1990
1991-2000
2001-2010
2011-2020
2021-2030

Matagorda

4,059
16,367
22,656
32,048

33,125

42,003
42,003
42,003
42,003
42,003

42,003
42,003
42,003
42,003
42,003

Wharton Colorado
26,701 8,970
93,915 28,569

147,166 45,880
186,299 68,329
121,330 32,875
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659
199,973 48,659

Table 3a. Average total pumping rates (acre-ft/yr) in modeled area of each county.

Calhoun

287
524
476
532
5,223

5,223
5,223
5,223
5,223
5,223

5,223
5,223
5,223
5,223
5,223

Jackson

Historic

7,532
70,389
95,797

127,319
66,560

Projected High
96,753
83,333
81,490
79,713
77,901

Projected Low

77,813
65,925
62,615
59,345
56,142

Lavaca

713
13,622
29,228
30,370
15,096

26,179
23,815
23,950
29,276
29,276

23,306
20,783
20,210
19,536
24,727

Brazoria

1,155
7,865
15,509
17,486
20,179

90,017
85,142
85,684
86,261
86,567

80,836
76,074
75,219
74,413
73,754

Fort Bend

1,678
20,331
42,425
44,405
29,736

96,098
101,007
111,356
120,837
130,841

81,985
82,233
86,133
89,545
93,298

Austin

203
6,654
11,156
14,005
6,400

16,889
16,730
17,594
18,485
19,180

13,831
13,403
13,445
13,514
13,509

Total

51,387
258,237
410,292
520,774
330,524

621,796
605,885
615,933
630,431
639,634

573,629
554,278
553,480
552,212
557,289
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Years

1900-1945
19461960
1961-1970
1971-1975
1976-1985

1986-1990
1991-2000
2001-2010
2011-2020
2021-2030

1986-1990
1991-2000
2001-2010
2011-2020
2021-2030

Matagorda

4,059
13,645
19,455
28,586
29,548

37,484
37,464
37,464
37,464
37,464

37,464
37,464
37,464
37,464
37,464

Wharto

26,690
91,242
142,579
181,162
117,987

194,449
194,449
194,449
194,449
194,449

194,449
194,449
194,449
194,449
194,449

Table 3b. Average pumping rates (acre-it/yr) in each county for layer 2 of the model.

n Colorado

7,915
18,456
25,468
37,516
18,048

26,715
26,715
26,715
26,715
26,715

26,715
26,715
26,715
26,715
26,715

Calhoun

287
524
478
532
5,223

5,223
5,223
5,223
5,223
5,223

5,223
5,223
5,223
5,223
5,223

Jackson

Historic

6,798
61,345
81,027

105,396
55,100

Projected High

80,097
68,083
67,458
65,988
64,484

Projected Low

64,418
54,572
51,828
49,126
46,469

Lavaca

417
6,229
12,162
13,797
6,858

11,896

10,818
10,880
13,300
13,300

10,587
9,443
9,181
8,876

11,233

Brazoria

1,122
7,777
15,420
17,300
19,989

89,166
84,334
84,867
85,441
85,745

80,068
75,348
74,510
73,708
73,053

Fort Bend

1,542
18,007
36,578
32,864
22,014

71,135
74,776
82,429
89,448
96,857

60,685
60,872
63,764
66,285
69,057

Austin

193
2,636
4,388
5,833
2,666

7,035
6,966
7,327
7,699
7,994

5,760
5,583
5,601
5,629
5,625

Total

48,024
219,761
337,553
422,987
277,433

523,181
509,728
516,813
525,727
532,232

485,369
469,669
468,735
467,476
469,288
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Years

19001945
1946-1960
1961-1970
1971-1975
1976-1985

1986-1990
19912000

' 2001~2010

2011-2020
2021-2030

1986~-1990
1991-2000
20012010
2011-2020
20212030

Matagorda

2,722
3,201
3,462
3,577

4,539
4,539
4,539
4,539
4,539

4,539
4,539
4,539
4,539
4,539

Table 3c. Average pumping rates (acre—ft/yr) in each county for layer 3 of the model.

Wharton

11
2,673
4,587
5,137
3,343

5,525
5,525
5,625
5,625
5,525

5,525
5,625
5,625
5,625
5,525

Colorado

1,055
10,113
20,412
30,814
14,827

21,944
21,944
21,944
21,944
21,044

21,944
21,944
21,944
21,944
21,944

Calhoun

o O O O O o O O o O

o O O o o

Jackson

Historic

733

9,044
14,770
21,922
11,460

Projected High

16,657
14,350
14,031
13,725
13,417

Projected Low

13,395
11,353
10,787
10,219

9,672

lLavaca

206
7,393
17,067
16,573
8,238

14,283
12,997
13,070
15,976
15,976

12,719

11,340

11,028
10,660
13,495

Brazoria

33
88

88

166
191

851
808
817
820
822

768
727
709
705
701

Fort Bend

135
2,325
5,846

11,541
7,722

24,963
26,231
28,928
31,390
33,984

21,299
21,362
22,369
23,260
24,242

Austin

101
4,119
6,768
8,172
3,734

9,854
8,764
10,266
10,787
11,196

8,071
7,820
7,844
7,885
7,884

Total

2,363
38,476
72,738
97,787
53,091

98,615
96,156
99,120
104,704
107,402

88,260
84,609
84,745
84,736
88,001



hydraulic-head distribution representing 1985 conditions was used as the initial condition for
simulating water-level changes for the “future” period from 1986 through 2030. Simulations of
future conditions were run using 5- and 10-yr stress periods. Water levels in 2030, for example,
were represented by the twelfth time step of the fifth stress period (2021-2030). Simulations of
artificial recharge were run with stress periods varying in length from 1 to 10 yr to provide

additional resolution of changes in flux and hydraulic head during the early part of the project.
RESULTS
Steady-State Flow System

Figures 39 through 41 show simulated and observed hydraulic-head surfaces representing
the prepumping or steady-state condition in the Beaumont (layer 1), upper Chicot (layer 2), and
lower Chicot and Evangeline (layer 3), respectively. Table 2 lists the values of adjusted parameters
after completion of model calibration. The adjusted horizontal and vertical hydraulic conductivities
generally gave an excellent match between simulated and observed values. The final distributions
of transmissivities in layers 2 and 3 are similar to the estimated transmissivity distribution in the
Chicot and Evangeline aquifers (figs. 25b and 25¢). The mean transmissivity of the Beaumont
Formation is lower than the mean transmissivity of the deeper formation (fig. 25a).

Interaction of ground water in layer 1 and surface water in the several coastal rivers proved to
be a crucial part of the model. Without the river interaction, the simulated hydraulic-head contours
strike across the study area in a relatively straight line and do not match the observed inland bend
of the contours across the Lavaca, Navidad, and Brazos River valleys.

Figure 42 shows the distribution of simulated recharge and discharge for the prepumping or
“steady-state” condition across the study area, calculated using the general-head boundary option
of MODFLOW (McDonald and Harbaugh, 1984). Discharge areas occur where the calculated

heads in the uppermost aquifer unit are at higher elevations than the heads at the imaginary

62



“1

EXPLANATION
25— Simulated hydraulic head
WALLER ~--25--— Hydraulic head estimated
WASHINGTON S \ from regional dota
——A_ .:‘;e {Ryder, [988)
Base of Fleming \ -
Formation /\ AUSTIN E \
o
L0

3
<
1% Layer | model
{3 - b boundary
FORT BEND
(’;'

LAVACA

N

DE wnr\

JACKSON\{
yd N
VICTORIA \‘

W

-

z

20 mi
o]

30 km

R
Contour interval 25 ft; variable where doshed }3///
!

QA 13164
Figure 39. Comparison of simulated (solid line) and observed (dashed line) values of hydraulic
head in the Beaumont Formation (layer 1) at the initial prepumping or steady-state condition.
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Figure 40. Comparison of simulated (solid line) and observed (dashed line) values of hydraulic
head in the upper Chicot aquifer unit (layer 2) at the initial prepumping or steady-state condition.
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state condition.
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bounding node. Note that the calculated recharge is as much as 0.4 inch/yr across the upland areas
east and west of the Colorado River. Ryder (1988) estimated that recharge rates in these areas were
less than 2 iﬁches/yr. The prediction that the center of the study area is a discharge area is based on
the hydraulic head in the aquifer node being higher than the water-table elevation in the imaginary
bounding node. Leakage of water between the Colorado River and layer 1 also influences the value

of head in layer 1.
Historical Flow System

Ground-water production from Iaycrs‘2 and 3 of the model is summarized in figure 43 and
table 3; simulations reported here focus on the high-demand estimates for the 1986-2030 period.
Most ground water comes from the Chicot aquifer unit; production is negligible from the
Evangeline aquifer unit in Matagorda County (figs. 35-38; see also figs. 19-21) and from the
Beaumont Formation throughout the study area.

Figure 44 shows the locations of wells with hydrographs that were ﬁsed in trial-and-error
adjustment of storativity values to obtain a good match between simulated and historic rates of
water-level decline in the Gulf Coast aquifer. An acceptable match between simulated drawdowns
and hydrographs from some wells with substantial water-level decline was obtained after
storativity distributions were slightly adjusted (fig. 45a—f, j, k, and 1). Hydrographs for other welis
with appreciable declines were not matched as closely but remain acceptable (fig. 45, 1, m, and p).
Hydrographs that did not exhibit any long-term decline were poorly replicated by simulation results
(fig. 45g, h, n, and 0). Possible explanations of the discrepancies are that (1) production rates
were overestimated in some blocks of the model, (2) estimates of storativity are grossly in error for
local sets of blocks, and (3) some observation wells are completed in layers that are poorly
connected to the regional ground-water flow system.

Simulated hydraulic-head surfaces representing 1965 conditions for layers 2 and 3 in the

model are shown in figures 46 and 47, respectively. The simulated results can be compared to
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Figure 43. Pumping rates used in transient simulations. The difference between total and layer 2
pumping rates gives the pumping rate for layer 3 used in the model. Solid lines represent historical
data; dashed lines represent predicted rates.
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parts of the composite hydraulic head surface for 1965 shown in figure 19. The simulation
overestimates drawdown in western Matagorda and eastern Jackson Counties. The 50- and 100-ft
potentiometﬁc contours of layer 2 and 3 also appear to have shifted too far inland in Wharton
County in the simulation, compared with their position in figure 19. Simulated 1985 conditions are
depicted in figures 48 through 50 for layers 1, 2, and 3, respectively. The match between
simulated and observed 1985 hydraulic head patterns (fig. 20) overall is better than the match for
1965 patterns.

Note that significant drawdown was calculated in layer 1, representing the Beaumont
Formation (fig. 51), although no ground-water production from layer 1 was included in te
simulation. The decline in water level was due to drainage to the underlying model layer as the
hydraulic head in layer 2 declined (fig. 52). As will be seen in results of simulations for -1986—
2030, hydraulic-head' decline in layer 1 is projected to continue with further decline in hydraulic
head in layer 2. Figures 21 through 24 show that some decline has occurred that might be due
either to ground-water production from the Beaumont or to leakage to the underlying Chicot
aquifer unit. The amount of simulated drawdown in layer 1 probably is most sensitive to the
conductance parameter assigned to the general-head (recharge) boundary; more recharge to the
Beaumont would result in less head decline.

Hydraulic-head declines in layers 2 and 3 in the study area are as much as 75 and 175 ft,
respectively (figs. 52 and 53). It is important to recall that the “no-flow” boundary along the
northeastern side of the modeled area prevents recharge to, or discharge from, the model and
isolates the study area from ground-water flow into the Houston area of ground-water production.
Simulations of 1985 conditions show that areas of drawdown contact the “impermeable” no-flow
model boundary. The impact of this error on simulation results probably is insignificant to
predictions about Matagorda and Wharton Counties, but it probably is significant to counties
adjacent to the southwestern and northeastern boundaries of the model.

Maximum rates of drawdown calculated at nodes in the model range from 0.7 ft/yr in layer 1

between 1900 and 1965 to 3.7 ft/yr in layer 3 between 1966 and 1985 (table 4a). At some model
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Figure 48. Simulated hydraulic-head surface for layer 1 representing 1985 conditions in the
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Figure 49. Simulated hydraulic-head surface for layer 2 representing 1985 conditions, comparable
to that part of figure 20 representing the Chicot.

76



EXPLANATION

™
'\é- — 75— Simuloted hydraulic head
WALLER
WASHINGTON e N
5
-—-—”“‘\_q.\ji R \
~ O
[
Base of Fleming \ \
i >
Formation — ] \
x
o

Layer 3 model
boundary
FORT BEND

DE WITT

N\

VICTORIA

z

Contour interval 25 ft !
QA13i79

Figure 50. Simulated hydréulic-head surface for layer 3 representing 1985 conditions, comparable
to that part of figure 20 representing the Evangeline.

77



"

EXPLANATION
¢
,\é' _ ~~—40-_ Simuloted hydraulic - head
- drowdown
WALLER
WASHINGTON § \‘\
,__/"\_. b

Base of Fleming \

Formation

/\AUSTIN

Layer | model
boundary

0

20 mi
T = T .
¢]

T
30 km
Contour interval 20f1; 10 f1 where doshed

Formation.

QA (3166
Figure 51. Drawdown in hydraulic head for layer 1 representing 1985 conditions in the Beaumont

78



EXPLANATION

P ~——40=—"  Simulated hydraulic-head

N drawdown

WALLER

WASHINGTON E N
il
—A‘.&r‘é \

\U‘\

Base of Fieming 3 3 \

. ey
Formation )\AUSTIN éi § \
<

Layer 2 model
boundary

LAVACA

N,
DE wrn\
\

s

VICTORiA

2z

CALHOUN

(o] 20 mi
i . |

F T T +
4] 30 km
Contour interval 20 {t; 10 ft where dashed §’

QAIZT73

Figure 52. Drawdown in hydraulic head for layer 2 representing 1985 conditions in the Chicot.
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nodes, simulated water levels recovered when pumping rates were decreased between stress
periods (table 4b; also compare figs. 47 and 50). Average historic drawdown rates in layer 2 were
03t00.5 ft]yr (table 4c¢). Average simulated drawdown rates in layer 1 were 0.1 to 0.4 ft/yr
between 1900 and 1985.

Figure 54 shows the distribution of simulated recharge and discharge for 1985 across the
study area, calculated using the general-head boundary option of MODFLOW (McDonald and
Harbaugh, 1984). Discharge areas occur where the calculated heads in the uppermost aquifer unit
are at higher elevations than the heads at the imaginary bounding node. Maximum calculated
recharge is the same as simulated for the steady-state system (fig. 42). The predicted discharge area
has shifted coastward, however, owing to the decline in hydraulic head in layer 1 relative to the
constant heads at the imaginary bounding node.

Variation of river sediment conductances by a factor of 2 to 5 did not greatly change the
volume of flow between the rivers and the aquifers. Vertical conductance values for the “recharge
boundary,” treated using the general-head boundary option in MODFLOW, are constrained within
two orders of magnitude. Increasing conductance by a factor of 10 drives more water into the
system than can be easily discharged, resulting in high estimates of head in the outcrop areas. In
contrast, decreasing the conductance by a factor of 10 eliminates too much recharge, resulting in

blocks dewatering in the outcrop areas.
Prediction of Future Ground-Water Levels

The open circles and pluses shown in figure 45 indicate the projected future decline in
ground-water levels at selected points in the study area given projected high and low demands for
ground water, respectively. The calibrated model predicts that average rates of future water-level
decline will be approximately 1.2 to 2.1 ft/yr by 2000 and decrease to approximately 0.5 to
0.6 ft/yr by 2030 (table 4c). Maximum predicted rates of decline, given assumed high rates of
pumping, range from 2.3 to 11.8 ft/yr (table 4a). Accuracy of these predictions is limited by the
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Table 4. Rates of change in hydraulic head (fifyr) in transient simulations.
Positive values signify drawdown; negative values signify recovery.

a. Maximum rates of drawdown

1900-1965 1966-1985 19852000 2001-2010 2011-2020 2021-2030

Layer 1 0.7 1.5 4.1 4.1 1.9 1.3
Layer 2 1.2 1.7 5.7 2.3 10.5 8.8
Layer3 4.1 3.7 11.8 3.4 2.7 2.6

b. Maximum rates of recovery

Layer 1 0.0 0.0 0.0 0.0 0.0 0.0
Layer 2 0.0 -0.4 0.0 0.0 0.0 0.0
Layer 3 -0.3 -13.3 0.0 0.0 0.0 0.0

c. Rates of change averaged over active nodes

Layer 1 0.1 0.4 0.5 0.5 0.4 0.4
Layer 2 0.3 0.5 1.2 0.6 0.6 0.5
Layer 3 1.3 -2.2 2.1 0.9 0.8 0.6
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degree of uncertainty in each component of the model. These results are sensitive to the imposition
of a “no-flow” boundary between the study area and pumping areas in Harris and Brazoria
Counties.

Figures 55 through 57 show predicted hydraulic-head surfaces in layers 1, 2, and 3,
respectively, for the year 2020. Figures 58 through 60 show complementary maps of hydraulic-
head drawdown relative to the original prepumping water levels. The 170-ft cone of depression in
the hydraulic-head surface for layer 2 in western Wharton County (fig. 59) is calculated to reach an
elevation of more than 75 ft below sea level (fig. 56). The 140-ft cone of depression for layer 2 in
northwestern Brazoria County (fig. 59) is calculated to reach an elevation of more than 100 ft
below sea level (fig. 56). The 340-ft cone of depression for layer 3 in southern Fort Bend County
(fig. 60) is simulated to reach an elevation of more than 250 ft below sea level (fig. 57). The 140-ft
cone of depression for layer 3 near the borders of Wharton, Jackson, Lavaca, and Colorado
Counties (fig. 60) is simulated to reach an elevation of approximately 25 ft below sea level (fig.
57). Accuracy of the predicted drawdowns in Fort Bend and Brazoria Counties can be seﬁously
questioned because of the proximity of the cones of depression to the model boundary. It is likely
that simulated drawdown would be less extreme if the eastern and southern (coastal) boundaries of
the model were constant-flux boundaries. The steep gradient in hydraulic head will, however,
markedly increase the potential for seawater intrusion and deterioratiopdf ground-water quality.
The hydraulic-head gradient already had become directed inland from thé”coastline by 1965
because of extensive production of ground water. The influence of seawater intrusion on water
quality is apparent in cross sections of salinity and hydrochemical facies shown in figures 32
through 35. In light of the potential for seawater intrusion, it is likely that the simulated pumping
rates at nodes in this part of the model would not be actually conducted.

Figure 61 shows the distribution of simulated recharge and discharge for 2030 across the
study area, calculated using the general-head boundary option of MODFLOW (McDonald and
Harbaugh, 1984). Maximum calculated recharge remains the same as simulated for the steady-state

system (fig. 42). The predicted discharge area has shifted farther coastward than shown in figure
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Figure 56. Simulated hydraulic-head surface for layer 2 representing 2030 conditions in the
Chicot.

86



EXPLANATION
3
Aé_ _ —— 75— Simulated hydroulic head

Base of Fleming
Formation

ORT BEND

' 5 Layer 3 modei
i" boundary
Fi

3
3
2

; o
el \

DE WITT
\

VICTORIA
N
—
CALHOUN
o] 20 mi
+ 1 3
F T T T
o] 30 km

Contour interval 25 ft

QAL318i

Figure 57. Simulated hydraulic-head surface for layer 3 representing 2030 conditions in the
Evangeline.

87



S

EXPLANATION
WALLER
WASHINGTON

Base of Fleming

i
\\
_—‘,A\—~ "V’
Formation

~—~——40—_Simulated hydraulic - heod

drowdown
AAUSTIN

Loyer | model
boundary

VICTORIA

=z

0
=

T

20 mi
- —

30 km
Contour interval 20 f1; 10 #1 where dashed

Formation.

QA 13167
Figure 58. Drawdown in hydrautic head for layer 1 representing 2030 conditions in the Beaumont

88



EXPLANATION

O ~—<40—"  Simulated hydraulic~head
ol drawdown
WALLER

WASHINGTON e ‘\\
—— 53 !

@

Base of Fleming X P

4 e}
Formation )\AUST!N §‘ § \

<

Layer 2 model

FAYETTE boundary

<

t COLORADO

4

VICTORIA

z

CALHOUN

0 20 mi

T T

0 30 km

Contour intervol 40 ft; 10 ft where dashed g/
f

Figure 59. Drawdown in hydraulic head for layer 2 representing 2030 conditions in the Chicot.

QAI3174

89



EXPLANATION

’\e___.__ 80— Simuloted hydroulic-head
- drawdown

Base of Fleming
Formation

Layer 3 model
boundary

FAYETTE

LAVACA

VICTORLIA

z

° 20 mi i waTh
e Ly .

T
4] 30 km //
Contour interval 40 ft; 10 ft where doshed g/

QAI13183

Figure 60. Drawdown in hydraulic head for layer 3 representing 2030 conditions in the
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54 for the 1985 flow system, owing to the continued simulated decline in hydraulic head in layer 1
relative to the constant heads at the imaginary bounding node.

Figuré 62 summarizes the potential for drawdown in hydraulic head in the Gulf Coast aquifer
system. The profiles show positions of the water table or potentiometric surface across the model
layers representing aquifer units, assuming no variation in hydraulic head with depth. The
predicted 20- to 40-ft drawdown in the water table in layer 1 that is estimated for 1985 only locally
increases by 2030 (fig. 62a). Drawdown in the potentiometric surface of layer 2 expands the area
of the Chicot aquifer unit that is under water table conditions (fig. 62b). The profile clearly shows
that drawdown in layer 2 is more significant than that in layer 3. The numerical model asstimed that
ground water was produced from finite-difference blocks that represent the entire thickness of a
model layer. The water level in wells actually completed in the upper part of the Chicot aquifer may

drop below the base of the wells between 1985 and 2030.
Regional Water Budget

Table 5 shows a water budget calculated in the simulation of steady-state flow system. Note
that the difference of 32 acre-ft between inflow and outflow is an insignificant error. For steady-
state conditions, total inflow to aquifer blocks from influent (losing) river reaches nearly equals
total outflow from aquifer blocks to effluent (gaining) reaches. Recharge simulated using the
general-head boundary option in MODFLOW appears to be balanced partly by discharge from
other blocks to the imaginary bounding node and partly by discharge of water from the continental
flow system to the “constant-head” blocks along the coastal strip of of layer 1 (see fig. 33). This is
a reasonable approximation of the natural system.

During simulation of transient conditions, the main added stresses were water-well pumping
of approximately 330,000 acre-ft of water in 19835, for example, and of 640,000 acre-ft of water in
2030. For the 85-year historical period that ended in 1985, water losses from rivers quadrupled

relative to steady-state fluxes owing to decline in hydraulic heads in the aquifers, and the size of
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Table 5. Simulated water budget of the Gulf Coast aquifer system in the model area.

Average annual values are in acre-ft.

Inflow
Constant-head nodes
Rivers
Head-dependent boundaries
Wells
Subtotal

Outflow
Constant-head nodes
Rivers
Head-dependent boundaries
Wells
Subtotal

Difference (Inflow-Outflow)
Storage Decrease
Storage Increase

Storage Net Change

Percent Error

Steady

state

0
22,513
12,551

0

" 35,064

9,467
21,099
4,466
0
35,032

32

0

(o]

0

0.

09

94

1985

3,630
85,501
26,954

0
116,084

2,341
4,573
1,826
330,529
339,268

-223,184
223,692
563
223,129

-0.02

2030

10,031
167,684
50,058
0
227,773

645
2,452
1,202

639,635
643,934

-416,161
416,095
0
416,095

-0.01

2030 with
well field

10,233
176,146
50,725
0
237,104

580
2,471
1,194

661,536
665,781

-428,678
428,781
0
428,781

0.02



discharge areas decreased (compare figs. 42 and 54). There appears to be a greater potential for
recharge with lower water-table elevations. The large ground-water withdrawals result in an
average annual decrease in storage of more than 220,000 acre-ft in 1985 and of more than
416,000 acre-ft in 2030. The decrease in fluid pressure accompanying the storage decrease results
in land-surface subsidence, discussed in the following section. Note that in addition to calculating
increased losses from rivers, the water budget also shows significant increases in inflow to the
constant head nodes in layer 1. This flux, required to keep the head equal to zero at those coastal
nodes, is interpreted to represent the landward flux of seawater induced by the regionally lower
hydraulic heads in layer 1. Because the model uses “no-flow” boundaries at the seaward edges of
layers 2 and 3 (see fig. 30), that is, because the base of fresh water is fixed, a comparable estimate

of the seawater intrusion rate is not made for those layers.
Subsidence Potential

Land subsidence owing to decline in hydraulic head or fluid pressure with ground-water
production is a natural hazard of the Texas Coastal Zone (Brown and others, 1974). The potential
for subsidence varies regionally and depends on amount of ground-water withdrawal (AV),
amount of hydraulic-head or fluid-pressure decline (Ah or Ap, respectively), compressibility of

clay beds (), total thickness of clay beds (b"), and degree of compaction of clay. One equation for

estimating potential for compaction of clay is
o AG =-AV/V = -Ab'/t, 3)

where Ac is change in effective stress (de Marsily, 1986). Effective stress is equal to specific

weight of water times its hydraulic head

AG = Ap = -y Ah. 4

95



Compaction of clay beds, therefore, can be calculated by substituting equation 3 into equation 2

and rearranging to give
Ab’; = b'; ¥, 05 Ah;, &)

where the subscript (i) refers to each layer of the ground-water flow model.

In the Gulf Coast aquifer clay beds are discontinuous and are complexly intercalated with
sand deposits that compose the aquifer units (see figs. 5-13). To apply this one-dimensional model
to estimate subsidence potential in the study area, total thickness of clay beds within aquifer units
was determined by multiplying layer thickness by the complement of sand percentage. Values for
hydraulic-head drawdown were previously discussed (figs. 52-54 for 1985 conditions and figs.
58-60 for 2030 conditions). Total compaction potential was determined by applying equation 4 to
each layer (i) of the model and summing the calculated compaction (Ab’;) for each vertical column
of finite-difference blocks. Resulting spatial estimates of subsidence were compared to measured
values reported by Ratzlaff (1982) and Loskot and others (1982). Compressibility estimates (o)
then were repeatedly adjusted and results recompared to obtain a reasonable match between
observed subsidence and subsidence predicted from 1985 drawdown estimates (fig. 63). Final
adjusted values of aquifer compressibility were 10753 psi~! (1092 m?/N) for layer 1,

107386 psi~! (10777 m?%N) for layer 2, and 10526 psi! (10°! m?/N) for layer 3. In comparison,
Freeze and Cherry (1979, p. 55) estimated values of o for sand to be 107516 to 107316 psi-! (10~
to 10”7 m?/N) and for clay to be 1016 to 107216 psi~! (108 to 10~ m?*/N). The difference in
célibrated values of compressibility between layers 2 and 3 is required to reproduce the observed
subsidence pattern (fig. 63). Maximum observed subsidence more closely coincides with the areas
of maximum drawdown in layer 2 (fig. 52) than in layer 3 (fig. 53). The higher compressibility
values for layer 2 compared to layer 3 are consistent with the shallower Chicot clays being iess
compacted than the more deeply buried lower Chicot and Evangeline clays. Carr and others (1985)

indicated that subsidence of as much as 0.25 ft has occurred throughout Matagorda and Wharton
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Counties, maximum subsidence being more than 1.5 ft near the junction of Matagorda, Wharton,
and Jackson Counties.

Error in estimated compressibility values derives from errors in other numerical-model
parameters. In addition, use of equation 4 assumes that clay-bed compaction and land-surface
subsidence are simultaneous, whereas subsidence may lag significantly behind compaction (Brown
and others, 1974), so that estimated compressibility may underestimate ultimate land-surface
subsidence. Results are not sensitive to compressibility values for layer 1 because of the relatively
small amount of drawdown in that layer and because layer 1 drawdown is correlated with layer 2
drawdown.

The adjusted estimates of aquifer compressibility were used to predict clay-bed compaction
and land-surface subsidence in 2030 (fig. 64) based on simulated drawdown in hydraulic head
(figs. 58—60). Simulated 2030 drawdown increases the potential for subsidence by 0.5 ft in
northwestern Matagorda County and by approximately 1 ft in eastern Matagorda, northern
Brazoria, and southern Fort Bend Counties, compared with 1985 subsidence. Accuracy of
subsidence potential calculations depends largely on accuracy of hydraulic-head drawdown
predictions. As previously mentioned, drawdowns estimated for southern Fort Bend and northern
Brazoria Counties probably are overestimated owing to proximity to model boundaries.
Subsidence potential in that area, therefore, is probably overestimated also.

The difference between original and subsided land-surface elevations calculated for each
block in the model is 1.53 million acre-ft by 1985 and 3.24 million acre-ft by 2030. These volumes
represent 12 to 18 percent, respectively, of the cumulative amount of water removed from storage

due to ground-water withdrawal by 1985 and 2030.
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DISCUSSION
Application to Evaluating Water-Resources Projects
Well-Field Project

To demonstraie the applicability of the numerical model for evaluating water-management
strategies, a well field to supplement surface water supplies with ground water produced from the
upper Chicot aquifer (layer 2 of the model) was simulated. Fifteen finite-difference blocks in
columns 28 and 29 of the model were assigned to the well field, as shown in figure 65. Pumping
rates from the blocks were increased by -2;1 ft3/s. Pumping rates at these blocks without the
simulated well-field project range from -0.008 to -0.825 ft*/s; four blocks otherwise have no
simulated pumping without tﬁe project. The 12-month project total of 22,820 acre-ft of water from
the 15 blocks is equivalent to 30,427 acre-ft produced during a 9- month irrigation season. Initial
distribution of hydraulic head for the well-field simulation was the simulated 1990 condition, taken
as the twelfth time step of a 5-yr stress period following 1985 conditions previously discussed.
Pumping at the well field was continued at -2.1 ft3/s for 40 yr, in addition to the background
projected pumping. Figure 65 shows the drawdown in hydraulic head in 2030 after 40 yr of
pumping. These drawdown estimates would be superposed on the drawdown calculated with a
projected high demand for ground water (see fig. 59). Node 1979 in the well field has the greatest
arﬁ0unt of predicted drawdown, reaching 83 ft by 2030 (fig. 66). Figure 66 also shows that when
the well-field operation is discontinued, for example, in 2010 after 20 yr of pumping, water levels
recover relatively rapidly but after another 20 yr will not return to the background water level
predicted to occur without the well-field project. The added drawdown owing to the well field
would increase the potential for seawater intrusion and land-surface subsidence. The additional

component of land-surface subsidence locally at the well field could be as great as 1.6 ft.

100



EXPLANATION

.

y

,5‘_,__ ——20—  Simulated hydraulic-head
- drawdown
WALLER )
N Well field
WASHINGTON o \
o
—"‘/\‘L\ :‘é \
. Rm
Base of Fleming \ 3 \
Formation )\ é’ 2
™
]
Layer 2 model
boundary

OE WITT

s

VICTORI&

—m—-z
\
A

CALKOUN

[¢] 20 mi
et

[¢] 30 km
Contour interval 10 ft

QAI3TS
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Artificial Recharge

Artificial recharge from ponds is conceptually identical to leakage from a river reach, except
that the former is an isolated reach. Artificial recharge from ponds, therefore, can be treated in the
model using the River Package option of MODFLOW. Artificial recharge through a specially
constructed well can be included using the Well Package. The following discussion focuses on
recharge through ponds and conjunctive use of surface and ground waters.

As described by McDonald and Harbaugh (1984) the river reach (or recharge pond) is
defined as a rectangle with width “W,” length “L,” and a base layer of sediment of thickness “M.”

Water is simulated as moving from the recharge pond into the underlying aquifer as long as

hydraulic head in the pond (H,) is higher than that in the aquifer (Haq). The rate of recharge (Q,) is

Q;=- COND x (H,q - Hp, ©)
where conductance (COND) is
COND=KLW/M, Q)

where K is hydraulic conductivity of the media lining the base of the recharge pond. The recharge
flux, Q,, is added to the right-hand side of the ground-water flow equation; it is subsumed by the
term “W” in equation 2.

Recharge projects reported in various studies vary in size, from a 1-acre experimental
recharge pond (Wood and Signor, 1975) to a 4-pond project covering 74 acres (Idelovitch and
Michail, 1985). To demonstrate the applicability of using this model for evaluating artificial
recharge, a pond of 2.5-acre extent was arbitrarily defined. Simulation runs were first made
without a recovery well and then with a recovery well. The pond was assigned a stage height 5 ft
above land surface and a 2-ft-thick base layer that ranges in vertical hydraulic conductivity from

13.6 to 136 ft/day. The hypothetical pond was located at grid node 1978 (row 40, column 28) near
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the Colorado River and overlying the well-field project previously described. Artificial recharge
operations were simulated as beginning in 1990 and continuing uninterrupted for 40 yr.

Simulation results without a recovery well indicate that infiltration rates would be 6 to 20
ft/day during the first 33 days of operation but would decrease to approximately 2 ft/day. Initially,
recharge water is taken into storage in layer 1, which raises the water table under the recharge
pond. As the water table rises, the gradient in hydraulic head and the infiltration rate beneath the
pond decrease. Influence of the pond on the water table is local and limited to the grid blocks
adjacent to the block containing the simulated recharge pond. The total volume of water recharged
during the first year of operations would be approximately 2,500 to 8,200 acre-ft, depending on
the conductance of the base material. Average annual recharge decreases to approximately 2,000 to
2,300 acre-ft. The recharge mound produced in layer 1 has a relatively small impact on movement
of water downward to Ia)'rer 2.

Adding a recovery well to the operation, of course, significantly increases the recharge
potential of the pond. Recharge water is only temporarily taken into storage before being removed
by the recovery well. The ground-water withdrawal at the recovery well causes a local drawdown
in the water table to be superposed on the infiltration process, which effectively increases the
hydraulic-head gradient beneath the pond. Careful balancing of recovery-well production rate and
recharge infiltration rate can yield a stable management system for water storage.

Brown and others (1978) and Huisman and Olsthorn (1983) discussed conceptual designs
for artificial recharge projects. Key controls on the success of recharge operations include (1)
maintaining continuity of infiltration so that the subsurface remains saturated beneath the pond,
(2) keeping the permeability of the base material high through removal of suspended sediment from
surface water before it reaches the recharge pond and through periodic draining and tilling of the
pond’s base, (3) selecting an area underlain by highly permeable material, and (4) keeping the
water level in the pond as high as possible.

As with all parts of the numerical model, accuracy of simulation results depends on the

validity of model parameters. Important variables in simulating artificial recharge include pond
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size, stage above the water table, and thickness and permeability of the base material. In practice,
the permeability of the base material decreases with time owing to plugging of pores with fine-
grained sedﬁnent, growth of algae and bacteria in pores, and development of vegetation across the
base of the pond. Another variable that influences short-term performance is the duration of dry
periods owing to cutoff of surface-water supplies or during pond maintenance when infiliration is
not continuous. Wells can continue to recover ground water from storage while a recharge pond is
shut down (Huisman and Olsthorn, 1983).

Simulating a recovery well in the same block as an existing river reach is conceptually the
same as simulating a separate artificial recharge pond. Such well production systems are often used
to remove suspended material and bacteria out of the surface water using the natural filtering

capacity of the aquifer.
'Recommendations for Further Study

'Further study is warranted to document the sensitivity of model simulations to components of
the conceptual model and to imposed boundary conditions. As stated in the introduction,
refinement of the conceptual and numerical models is éxpcctcd after future validation studies.

There are few data to constrain hydraulic conductivity values in the Beaumont; however, the
Beaumont is generally perceived to be less transmissive than the deeper aquifers. Additional field
tests to measure hydraulic head and hydraulic coriductivity in the Beaumont Formation in
Matagorda and Wharton Counties would provide useful data for refining this model. Ground-water
production from layers 2 and 3 resulted in drawdown of hydraulic head in layer 1 in excess of
what probably occurs, most likely because of the lack of adequate recharge allowed by the general-
head-boundary conductance. Further study to test the sensitivity of model results to the
conductance parameter is needed.

The “no-flow” boundary at the eastern side of the study area also affects simulation results,

as previously mentioned. Historically, major ground-water withdrawals in the Houston area and in
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eastern Brazoria County created significant cones of depression that by the 1970’s and 1980’s
expanded to the edge of the study area (Carr and others, 1985). It is probable that some ground
water leaves the study area and is drawn into the Harris-Brazoria County pumping area; this is not
fcproduced in the conceptual model with a “no-flow” boundary. A further error arises in simulating
drawdowns from sustained high rates of ground-water production within the study area from 1985
through 2030. Regional cones of depression that form near the lateral no-flow boundaries expand
during that period. Upon encountering the “no-flow” boundary, apparent rates of water-level-
decline increase. To some extent, this possibly compensates in the simulations for the amount of
water that would be withdrawn from the basin into the Houston—Brazoria pumping area. Replacing
the “no-flow” boundary along the northeastern side of the model with a specified flux boundary is
the appropriate course to test the significance of this modeling error. The specified flux distribution
could be taken from resulis of other regional models or calculated from local hydraulic-head
gradients.

The influence of clay deposits is deemphasized in this conceptual model. Clay deposits are
distributed throughout the aquifer units, as suggested by figures 5 through 13. Storativity of clay
deposits generally is much lower than that of sand deposits, and clays in the Gulf Coast section are
unconsolidated. Significant ground-water withdrawals, therefore, can effect great declines in fluid
pressure in clay-rich sections, which in turn can lead to compaction of the clay beds and land-
surface subsidence. To evaluate this phenomenon, other models of the Gulf Coast aquifers have
incorporated distinct clay layers between aquifer units to represent all of the clay beds lying

between the centers of adjacent aquifer units.
SUMMARY
The Gulf Coast aquifer in Matagorda and Wharton Counties comprises complex and

heterogeneous packages of sand and clay. On the basis of detailed mapping of sand-bed

distribution, hydraulic head, and hydrochemical facies in horizontal and vertical planes, it appears
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that the Beaumont hydrologic unit in the study area should be treated as distinct from the Chicot
aquifer unit.

A conceptual hydrologic model of the Guif Coast aquifer includes recharge and discharge in
the outcrop of the aquifer units, downdip flow of ground water, cross-formational flow directed
upward beneath river valleys and in the vicinity of the coastline, and interflow between rivers and
near-surface aquifers. Chemical composition and salinity of ground water are controlled by both
mineralogic reactions and mixing with seawater. Seawater enters the system both by downward
leakage through the Beaumont, which it enters as sea spray and during hurricane-driven floods,
and by intrusion beneath the coastline driven by differences in fluid density between fresh'and salt
water. Hydrologic properties of the aquifers are highly variable but can be correlated to patterns in
the distribution of sand deposits. Lateral boundaries to the ground-water basins originally were
ixﬂposcd by the valleys of the Lavaca and Navidad Rivers to the southwest and of the Brazos River
to the northeast, but enlargement of the cone of depression of the hydraulic-head surface of the
Gulf Coast aquifer system in Harris and Brazoria Counties has essentially breached the
northeastern ground-water basin divide, draining some ground water from the study area off to the
northeast.

A numerical model based on this conceptual model and calibrated by matching simulated
hydraulic heads against historic head values was used to estimate future water-level declines in the
Chicot and Evangeline aquifer units. Assuming that pumping rates are controlled by high projected
demands for water, maximum calculated rates of water-level decline in the Chicot aquifer unit
(layer 2) are predicted to be 5.7 ft/yr and in the lower Chicot-Evangeline (layer 3) to be 11.8 ft/yr
between 1985 and 2030. The cumulative increase in drawdown of hydraulic head will increase the
amount of seawater intrusion and will also effect further slight land-surface subsidence throughout
the region.

The model can be used to evaluate water-resources projects such as well-field development
and artificial recharge operations within the regional hydrologic setting. A well field producing

22,820 acre-ft of water per year from a hypothetical location east of the Colorado River in Texas
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22,820 acre-ft of water per year from a hypothetical location east of the Colorado River in Texas
would result in long-term decreases in water levels locally by as much as 83 ft. An artificial
recharge proﬁect using surface-water spreading basins could recharge a fairly small amount of
water, approximately 1,000 acre-ft/yr per acre of spreading basin. The low recharge rate is partly
limited by the proximity of the water table to the land surface. Recharge rates could be somewhat

increased through the use of additional recovery wells.
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EXL

County

Austin

Brazoria

n

TWDB
Number

66-22-301
66-23-402
65-50-101
65-50-102
65-51-902
65-58-607
65-58-803
65-59-410
65-59-411
65-59-417
65-60-201
65-61-507
81-05-301
81-05-304
81-05-305
81-05-306
81-05-315
81-05-317
81-05-602
81-06-102
81-06-2089
81-06-421
81-06-5083
81-06-506
81-06-506
81-06-514
81-06-517
66-20-903
66-21-601
86-28-901
66-30-101
66-30-102

- 66-30-203

66-37-204
66-20-505
66-20-602
66-21-301
66-28-303
66-35-304
65-25-202
65-25-203
65-26-602
65-26-603

Lengitude
UM

4753651
476916.8 .
516059.7
515973.2
534611.6
524253.4
519913.3
524540.7
525374.6
525349.8
544192.5
5545221
559434.5
560392.2
5§569597.0
558849.0
559334.3
560042.3
561030.6
563814.5
567282.5
562211.6
567351.0
567040.3
565814.7
566564.9
566663.6
447669.2
4620985.2
448081.2
467398.3
467505.4
469739.0
456057.3
445643.5
447989.3
459035.2
450761.0
439262.6
506792.0
507156.7
521252.0
523311.7

Latitude -
U™

3288254.0
3284711.8
32319425
3232328.3
3222504.3
3215472.8
3200657.5
3215808.0
3215246.5
3215284.0
3220732.0
3213063.5
3207619.0
3206634.5
3207879.8
3207781.8
3207370.5
3206113.0
3201668.5
3203966.5
3205651.0
3200064.3
3202392.5
3202878.0
3200729.0
3201958.8
3201399.0
3277967.5
3284772.5
3265545.5
3273335.0
3273171.3
3275776.5
3262450.5
3285209.3
3285815.0
3287172.0
3273877.0
3259785.3
3274376.0
3274202.0
3269471.3
3272210.5

Appendix - Transmissivity and hydraulic conductivity data.

Elevation

at top of
screen (ft)
126
1,185
-263
-42
-488
-48
-60
-99
1,034
-67
1,029
1,021
-1,017
-191
-193
-182
-970
-921
-222
-206
-282
-162
-971
-207
-196
-984
-1,003
128
55
110
-189
-171
-170
-178
43
6
-150
-61
-435
- -45
-36
-45
-292

Net screen
length

()

268
447
501
722
58
88
101
15
55
50
49
35
102
20
20
40
150
133
20
37
16
50
157
20
20
136
119
180
300
250
110
1156
220
370
65
79
400
291

1186
110
250
130

Number of Transmissivity Hydraulic

Screened
Intervals

i e = SR e T S B N ¢ £ I i i ~ T LS T 2 T 1S T T e o T L e e S A A e

(ft2/d)

5,120
8,356
12,300
9,359
936
5,883
53,345
4,813
5,081
4,947
3,209
2,273
35,430
5,081
8,824
5,749
36,767
33,157
1,738
4,011
267
1,203
4,546
2,406
2,540
13,102
12,701
1,000
7,380
3,050
3,084
6,380
9,860
3,780
670
780
3,400
3,130
1,400
14,707
10,428
13,905
11,297

Conductlivity
(ft/d)

19
19
25
13
17
67
528
321
93
99
65
65
347
254
441
143
245
249
87
108
17
24
29
120
127
96
107

25
12
36
55
45
to
10

11

127
95
56
87

Coefficient
of Storage

Sand Percent
Minimum Minimum
bed=0 ft bed=20 ft

45 45
45 45
55 50
55 50
55 45
57 48
48 40
57 48
57 48
57 48
45 25
35 18
39 15
39 48
38 15
38 15
39 15
40 10
40 10
35 185
30 i0
40 18
40 12
40 12
40 12
40 12
40 12
30 42
30 31
45 30
38 55
38 55
37 65
45 40
30 30
30 30
30 30
35 35
52 52
65 75
65 75
45 22
65 22

Aquifer Source

Unit

CobmmmmmGbEE6666666666666666666666665666566mm

)
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Appendix - Transmissivity and hydraulic conductivity data.

County TWDB Longitude Latitude Elevation Net screen Number of Transmissivity Hydrautic Coefficient Sand Percent Aguifer Source
Number U™ Um at top of length Screened (f12/d) Conductivity of Sterage Minimum Minimum Unit
screen (ft) {ft) Intervals {it/d) bed=0 ft  bed=20 ft

Fort Bend 65-33-802 507032.4 3249465.3 . =232 36 2 1,765 49 1.0E-4 85 65 |IC 5
* 65-33-803 507107.1 3249827.8 -228 38 1 1,872 49 - 85 65 LC 5
" 65-34-901 523801.8 3253793.0 -12 320 1 16,044 50 - 75 68 IC 5
" 65-35-303 535320.8 3261209.5 -385 72 1 14,707 204 1.0E-3 64 53 LC 5
" 65-35-304 535568.2 3261541.5 -383 193 2 15,242 79 - 64 53 LC 5
» 85-42-303 524180.0 3249047.3 -159 420 1 16,712 40 - 65 35 LC 5
" 65-43-201 531125.7 3248247.0 -226 555 1 20,857 38 - 60 35 LC 5
" 65-44-101 537243.4 3246719.5 -189 658 1 11,859 18 . - 55 49 |C 5
“ 65-26-812 517808.8 3267310.0 -700 185 1 8,784 47 - 30 30 E 5

Jackson 66-61-803 458456.8 3209826.3 -4 139 1 11,364 82 - 45 50 WC 1
" 80-05-301 462051.0 3206446.5 21 252 1 31,018 123 6.9E-4 5% 40 W 1
u 80-05-310 461913.5 3205871.5 -54 83 1 9,265 112 - 55 40 C 1
" 80-06-101 464640.8 3207604.5 -20 260 1 25,270 87 - 55 42 Wc 1
" 80-06-102 4644931 3204668.3 -48 156 1 16,579 106 - 55 22 \C 1
" 80-06-104 464779.7 3204339.0 6 160 1 15,910 99 1.4E-3 55 22 C 1
" 80-06-703 467378.5 3194206.8 -118 220 1 10,562 48 - 50 52 W 1
" 80-06-704 463526.9 3195068.3 -110 171 1 14,012 82 - 50 52 WC 1
" 80-13-901 461785.0 3184606.8 -118 262 1 5,776 22 - 18 65 LC 1
" 80-14-103 464546.6 3189600.3 -169 239 1 9,814 41 - 50 50 W 1
" 80-21-601 461896.3 3173758.3 -305 190 1 8,156 43 - 20 30 W 1
" 80-22-501 468195.5 3175207.5 -272 57 1 2,754 48 - 20 24 C 1
" 66-50-801 422671.4 3222348.5 101 401 1 6,016 15 - 38 29 |C 1
» 66-51-305 438229.1 3231984.8 -105 404 5 3,235 8 - 32 70 IC 1
" 66-51-505 433299.4 3228476.0 -172 208 1 5,615 27 - 35 44 |C 1
" 66-51-509 432880.6 3228401.5 -148 312 1 8,744 28 - 35 44 IC 1
" 66-51-604 438603.6 3229247.0 -130 309 1 4,639 15 - 32 70 IC 1
" 66-51-004 437546.7 3223404.5 -5 242 1 7,754 32 - 30 62 LC 1
" 66-52-407 440294.3 3225942.8 -175 341 1 7,848 23 - 30 70 LC 1
" 66-52-704 4414101 3221261.3 -118 400 1 8,009 20 - 30 75 LC 1
. 66-52-705 441684.4 3221165.5 -200 512 1 9,038 18 2.6E-3 30 75 IC 1
" 66-52-706 441662.3 3221391.8 -80 306 1 9,172 30 - 30 75 1C 1
" 66-52-007 4477151 3222623.8 -70 258 1 6,190 24 - 80 80 1LC 1
" . 66-58-801 420613.0 3209643.0 -43 391 1 6,257 16 - 40 28 IC 1
. 66-58-903 ~423276.3 3209460.0 -114 392 1 6,284 16 - 40 42 1C 1
" 66-59-303 437219.5 3218403.8 - 30 349 1 18,850 54 - 30 60 IC 1
“ 66-59-308 437298.6 3220498.5 -116 238 1 7,153 30 - 30 60 |C 1
* 66-59-501 432342.9 3214510.0 -43 285 1 4,840 17 - 35 50 IC 1
" 66-59-601 438321.3 3215640.3 -150 320 1 6,391 20~ - 30 65 LC 1
" 66-59-901 435319.7 3200629.8 -106 327 1 7,848 24 - 35 70 LC 1
N 66-60-106 440287.9 3218649.3 -120 207 1 7,460 36 - 30 70 LC 1
" 66-60-201 446352.4 3220361.0 -89 339 1 10,856 32 - 79 80 IC 1
! 66-60-205 446807.5 3219720.0 -14 128 1 12,554 98 - 80 80 IC 1
" 66-60-603 4512324 3214554.5 7 161 1 8,717 54 - 85 85 IC 1
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County

Jackson

Lavaca

Matagorda

TWDB
Number

66-60-608
66-60-609
66-60-703
66-61-702
80-02-601
80-03-202
80-03-301
80-04-403
80-05-507
80-05-701
80-11-201
80-12-502
80-13-404
80-21-201
66-60-902
66-35-902
66-50-401
65-49-901
65-57-702
65-57-801
65-58-107
65-58-108
66-63-802
66-63-902
66-64-401
66-64-702
80-07-501
80-08-302
80-08-701
80-14-401
80-15-102
80-15-201
80-15-301
80-15-401
80-15-502
80-16-301
80-23-101
80-23-402
80-23-403
81-01-101
81-01-102
81-01-601
81-01-802

Longitude
Ut

451171.9
451076.3
443081.8
452630.1
424807.8
431438.0
437096.4
441447.7
456211.1
452239.0
434512.6
446361.5
464328.2
456947.2
449675.7
437543.0
418699.3
510864.4
5§00201.8
506258.0
514969.3
514481.7
482056.7
485663.7
488728.6
491796.9
480261.5
498693.9
4895908.3
464595.6
478409.3
481016.7
486024.3
476177.8
483734.7
498343.4
477442.7
478870.1
479231.4
502364.9
503626.6
508865.7
505206.4

Latitude
UM

3215601.8
3215210.5
3209393.8
3208659.3
3202284.5
3205108.3

3206056.5 .

3202157.3
3201655.5
3197369.3
3194304.0
3187205.0
3188961.5
3178328.0
3211749.8
3250420.0
3227764.0
3223608.5
3209472.0
3211736.0
3218045.5
3217528.0
3207939.3
3208977.0
3213939.3
3210540.0
3202746.3
3205250.8
3195309.5
3188923.8
3193266.3
3192388.3
3191418.8
3188120.0
3187266.5
3192277.5
3179913.8
3174696.5
3174725.0
3205562.8
3205699.3
3202488.8
3193987.5

Appendix - Transmissivity and hydraulic conductivity data.

Elevation
at top of
screen (ft)

-39

30

-66

-66

-93
-123
-890
-162
-126

-70
-60
-54
-112
-392
-1,128
20
-44
-242
-277
-98
-29
-103
-184
-166
-246
-600
-170
-480
-2863
-122
-466
-319
-529
-192
-218
-583
-169
-533
-531
-514
-726
-182
-119

Net screen
length

(1)

113
138
320
151
278
475
167
267
282
140
295
146
284

42

83
173
280

40

50
196
137
124
264
110
416
289
297
100

94
282
100
255
165
351
299

81
240

42

36
141
138
112
130

Number of Transmissivity Hydraulic

Screened
Intervals
1

) = ot et N) A (D = ed 2 b ad R R —b ek ek b oh —d el ok ek b ok wh eh A DD =

—_ -
—_
pory (=}

= WO~ =)W=

(ft2/d)

7,100
18,718
7,688
17,822
8,610
18,050
3,610
5,081
13,798
5,870
7,086
9,225
9,666
2,554
1,163
2,040
4,970
3,516
3,423
21,392
23,530
11,578
20,603
11,070
21,660
8,637
16,045
4,746
2,634
17,515
6,123
14,306
9,050
8,423
4,185
5,400
11,030
5,990
5,682
9,158
4,011
5,722
4,680

Conductivity
(ft/d)

63
135
24
118
31
38
23
19
49
42
24
63
34
61
14
17
18
88
68
109
171
93
78
101
52
30
54
47
28
62
61
56
55
24

Coetficient
of Storage

4.2E-3

Sand Percent
Minimum Minimum
bed=0 ft bed=20 ft

85 85
85 85
30 82
45 61
35 38
45 55
30° 75
30 90
45 50
35 60
10 45
10 45
15 52
15 38
45 45
43 60
40 20
50 55
45 38
10 19
50 35
50 35
55 48
40 37
50 49
5 5
26 156
35 22
10 6
50 50
28 4
28 5
15 5
42 35
20 12
22 15
42 35
42 20
42 20
50 41
50 41
12 10
40 27

Aquifer Source

Unit
LCc
c
Lc
LC
Lc
LC
LC

Lc
LC

()
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Appendix - Transmissivity and hydraulic conductivity data.

County TWDB Longitude Latitude Elevation Net screen Number of Transmissivity Hydraulic Coefficient Sand Percent Aquifer Source
Number U™ U™ at top of length Screened (ft2/d) Conductivity of Storage Minimum Minimum Unit
screen (ft) (ft) Intervals {ft/d) bed=0 ft bed=20 ft -
Matagorda 81-09-401 501173.9 3185749.8 -331 180 1 5,823 33 - 34 27 WC 2
" 81-09-504 505236.1 3185790.0 -122 173 1 7,086 41 - 35 21 W 2
" 81-09-904 509780.1 3181300.5 -344 60 3 5,749 96 1.3E-3 25 5 W 2
Wharton 66-62-709 465781.7 3208885.5 -133 251 1 16,070 64 - 55 45 WC 3
“ 66-62-713 467494.0 3211506.5 -132 211 1 19,080 90 - 70 50 W 3
" 66-62-904 4754505 3209993.0 -95 278 4 13,400 48 - 60 60 C 3
" 66-31-901 486049.2 3267721.0 30 65 1 13,800 212 - 58 48 IC 3
“ 66-31-902 485378.3 3267423.5 95 12 2 46,400 2,125 - 57 48 LC 3
" 66-31-903 485470.8 3267099.5 95 300 2 9,040 30 - 55 48 |C 3
" 66-38-303 472669.7 3262542.3 -63 225 1 45,630 203 - 40 48 |C 3
" 86-45-201 457563.2 3246658.0 152 235 1 27,000 115 - 40 38 LC 3
" 66-45-804 455690.3 3237963.0 13 278 1 16,440 59 - 65 40 IC 3
" 66-46-402 499665.2 3235934.0 35 250 1 32,100 128 - 80 60 LC 3
" 66-48-904 473088.2 3230718.8 -5 204 1 17,800 88 - 25 60 LC 3
E 66-54-801 473851.2 3229340.5 -587 171 6 4,800 28 - 37 37 C 3
" 66-55-103 478028.9 3234010.5 -154 180 1 10,600 59 - 57 62 LC 3
! 66-61-302 460328.9 3219800.0 -421 75 2 8,640 52 1.8E-3 55 40 LC 3
® 66-61-305 460690.2 3219347.0 -52 230 1 15,100 66 - 55 40 LC 3
" 66-61-309 460661.5 3219793.8 -i8 120. 5 7,420 62 - 55 40 |C 3
" 66-63-201 482646.5 3221252.0 -36 361 1 19,100 55 - 85 85 IC 3
" 66-31-906 486226.4 3266651.3 -729 100 3 1,130 12 - 67 67 E 3
£ 66-54-603 473876.0 3229352.5 -687 297 1 2,860 14 - 37 37 E 3

Aquifer unit: LC - lower Chicot; UC - upper Chicot; E - Evangeline

Source: 1 - Baker (1965); 2 - Hammond (1969); 3 - Loskot and others (1982);
4 - Sandeen and Wesselman (1973); 5 - Wesselman (1972); 6 - Wilson (1967)
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