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1 Executive Summary

This report documents the construction and calibration of an update to the groundwater
availability model for theentral portion of the Carriz@/ilcox, Queen City, and Sparta aquifers.
The numeri cal model was developed as part
Groundwater Availability Modelingrogram.Themo d e | 6 s is {@ provigeastaol for
groundwater planing and management in teiateof Texas. The project work included updates
to both the conceptual and numerical medel

of

The update to the conceptual model included revisions to fault locations and characteristics in the

Milano Fault Zone, historical paping, recharge, and modeling surface wgreundwater
interaction.The update to the numerical model included converting the previous groundwater
availability model into MODFLOWUSG, adding model layers, refining the grid mesh in select
locations, calibating the model to steagstate conditions, and extending the transient model
calibration period from 1930 to 2010.

Using previously mapped fault traces as a guide, we interpreted geophysical logs to characterize

and map the Milano Fault Zone as a sesiesonnected grabenshe conductance associated
with each fault was based on the vertical offset assigned to theTta@limportance of the faults
to groundwater flow was validated by analyzing 113 aquifer pumping tests in and near the
Milano Fault ZoneOur analyseglentifiedlines of evidence that indicated faults were acting as
zones of low transmissivityVe validated our findings by reproducing the observed effects in
drawdown data from the aquifer pumping tests using analytical models.

We developd the historical pumping dataset to cover aty&& period from 1930 to 2018s
part of this effort, we developed a well database and associated well owners with pumping
entities to help assign historical pumpiAgsigning pumping to the model grid Iselvas a twe
part process. First, a dataset of annual pumping by water user dgaupsafmple cities, water

supply companies, industries, irrigation, livestock) and for rural domestic pumping was created.

Second, a well dataset was created to guideepiaat of the pumping spatially as well as
temporally.

Our update of the conceptual model for recharge is similar to previous work that used
hydrograph separation methstd calculatebase flowvalues from river gageRecharge rates

were then estimated tviding thebase flowalueby the drainage area associated with the

river gageHowever, a distinguishing aspect of our approach was that the recharges rates were
adjusted to account for two effectde first effect was the impact of surface geologyrmn

spatial distribution of recharge. Teecondeffect was the impact of bank flow on base flow.

Bank flow is groundwater from bank storage that leaves the alluvium adjacent to a stream to
become streamflowror steadystate conditions, the revised appio@enerates an average
recharge rate of 2 inches per yam precipitatiorfor the entire model domain.

To improve the groundwater availability moded  a tb sinhulate surface watgroundwater
interaction, we incorporated two additional model lay®&rselayeris located near ground
surface to represent a shallow groundwater systéms.model layer extends across the entire
outcrop area associated with gimulated hydrogeologic unit$he secondayer was
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constructed on top of the shallow groundwater flow system layer to represent the Colorado and
Brazos rivers alluvium.

In the vicinity of the Colorado River and its major tributaries, the grid cellseipdated model
were reduced from thile by 1 mile to 0.25mile by 0.25mile. In the vicinity of the Brazos River
and its major tributaries, the grid cells were reduced franmld.by 1 mile to 0.5mile by 0.5

mile. Refinement of the grid cells improvéemo d e | 6 do repiesent ihd lgcation of the
pumping wells and streams. In addition, the increased refinement provides for improved
resolution for representing horizontal hydraulic gradients between streams aydrbgeologic
units.

The code usetb implement the update to the groundwater availability model for the central
portion of the CarrizdWVilcox, Queen City, and Sparta aquifers is MODFLSG.
MODFLOW-USG supports an unstructured grid, which allows users to refine the grid locally
without adjustingthe grid size away from the area of inter@siis optionwas used along select
rivers and streams in the modBéecause the updated model was developed using MODFLOW
USG, the grid cells are no longer referred to by row and column but ratheigog node
numbers Each model layer represents a different hydrogeologic unit and different areal
coverages.

The revised model has 10 layevkodel layer 1 represents the Colorado and Brazos rivers
alluvium. Model layer 2 represents the outcrop areaénntiodel and is comprised the

hydrogeologic units which make up model layers 3 througfi@.purpose of model layer 2 is

to represent the shallow groundwater flow system in the outcrop area. From youngest to oldest
sediments, theemainingmodel layersepresent the Sparta Aquifer, the Weches Formation, the
Queen City Aquifer, the Reklaw Formatidghe Carrizo Aquiferthe Calvert Bluff Formation,

the Simsboro Formation, and the Hooper Formation. These latter three formations comprise the
Wilcox Aquifer.

A total of 5220bservedhydraulic heads with a range ofGieet were used for steadyate
calibration targetsThe steadystate calibratioproduced a mean error, mean absolute error, and
a rootmean square error ofd, 18.9, and 24.&eet, respectivg. Out of the 522 values, 190 of
theobservedhydraulic heads are from wells in the Groundwater Management Aréarte
1900bservedhydraulic head values in Groundwater Management Arewli2h have a range
of 348 feetthe statestate calibratioproduced a mean error, mean absolute error, and-a root
mean square error of 6.3, 19.3, and 24.1 feet, respecthaliyhe entire model domain, 118
observed hydraulic heads from4ells wereused to calibrate theansientmodel over the time
period from 1930 to 201@For the 11,38 observed hydraulic heads, which have a range of
845feet, the transient calibration producesh@an error, mean absolute error, and anoean
square error 0f4.6, 14.7, and22.6feet, respectivelyOut of the 11,378 values, 4,767 observed
hydraulic heads are from wells in the Groundwater Management Aréailtheset, 767
observed hydraulic heads, which have a range of 473 feétatiséent calibration proded a
mean error, mean absolute error, and a-no@an square error e4.6, 12.1, and17.4feet,
respectively
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Twenty-four parameters were varied for the steathte sensitivity analysis a2 were varied

for the transient sensitivity analysis. Sendiyiwf the steadystate model was assessed for the
metrics average hydraulic head in each hydrogeologic unit, hydraulic boundary fluxes, number
of additionalflooded cells, and model calibration statistics. Sensitivity of the transient model was
assessedf the metrics drawdown in the Sparta, Queen City, and Carrizo aquifers and the
Simsboro Formation, river and drain boundary fluxes, and model calibration statistics. To distill
the results into a meaningful understanding of model sensitivity, a systensedtiodology was
developed based on ranking the impact on the metrics as a result of the change in parameter
value. For the steaestate model, all metrics are masinsitiveto changes in recharge and are
alsosensitiveto the horizontal hydraulic conductivity of the Queen City Aquifer. For the
transient model, all metrics asensitiveto thepumping andorizontal hydraulic conductivity of

the Carrizo Aquifer
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2 Introduction

The Groundwater Availability Modeling Program of the Texas Water Development Board
(TWDB) provides tools for assessing groundwater availability for the major and minor aquifers
in Texas(Figures 2.0a and2.0b). Groundwater availability models are fundamentals for

helping to managgroundwater resources. House Bill 1763{T@gislature) developed a joint
planning process whereby groundwater management areas, with input from local groundwater
conservation districts, determine desired future conditionadgoifers. The&roundwater

Avalilability Modeling Progranuses the groundwater availability models to determine the
modeled available groundwater in the aquifer, which guides management-téiong
groundwater production to achieve the desired future donslit
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Figure 2.0a. Major Texas aquifers (TWDB, 2006).

Note: BFZ = Balcones Fault Zone
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2.1 Background

Under the TWDBO6s Groundwater Availability Mod

models of thenorthern, central, and southern portions of the CakNdoox Aquifer were

completed in 2003The northerrand southern models (Fryar and others, 2003; Deeds and others,
2003, respectively) anthe central modgDutton and others, 2008)ere developed biyvo

different contractors

In 2004,Kelly and others (2004) develop#dee groundwater availability models for the Queen
City and Sparta aquifers (northern, central, and southern), which included the underlying
CarrizoWilcox Aquifer. TheKelly and othes (2004) modeladdressed several inconsistences
between the three Carrixvilcox Aquifer groundwater availability modetieveloped in 2003

The 2004 modelare now the TWDBaccepted water planning tools for evaluating groundwater
resources in the Carria/ilcox Aquifer as well as the Queen City and Sparta aquifers.

In 2009, the 8% Legislature directed the Texas Commission on Environmental Quality to
conduct a study of the characteristics and impdagsaundwater planning in the Carrizo

Wilcox Aquifer. That study, whiclalso evaluatethe three groundwater availability models for
the CarrizeWilcox, Queen City, and Sparta aquifers, identified two critical issues: (1) whether
the central portion of the aquifer should include faults as barriers to fld\2athe evaluation

of the location of those faults. Although the degree to which faults in the central model are
sealing has a minor effect on the model calibration, it has a major impact on predicted future
drawdowns because future pumping is anticigpatethe vicinity of the faults. Therefore,
appropriate representation of fault locations and hydraulic properties in the central model is
important for future water planning purposes.

This reportprovides an update to the groundwater availability modedhi® central portion of
the CarrizeWilcox, Queen City and Sparta aquifdfsinding sourcefr themodelupdate
includethe T WD B Grsundwater Availability Modeling PrograemdEnvironmental Flow
Programthe Lower Colorado River Authorifyhe Brazos River Authorifyandthe groundwater
conservation districts in Groundwater Management A&avithin which isthe boundary for
thecentralCarrizoWilcox, Queen City, and Sparta aquifers groundwater avaiiabiodel.

Themajor reasons for updating tgeoundwater availability model for the central portion of the
CarrizoWilcox, Queen City and Sparta aquifevereto (1) investigae the faults in the central
CarrizoWilcox Aquifer, specifically those in thililano Fault Zone, angdrovide arappropriate
method for representing those faults in the mo@lupdae the model with historical pumping
through 2010 and extend the calibration period to 2(B)@pgrade the model structure from
MODFLOW-96 (Harbaughand McDonald, 19960 MODFLOW-USG (Panday and others,
2015)andprovide local refinement of the numerical mesh around the Colaradi®razos rivers
and their tributariesand (4)conducta comparison of the framework of the existing model to the
resultsof a TWDB geophysical studttp://www.twdb.texas.gov/ innovativewater/
bracs/studies/UCP/index.gssmd updatéhe model as applicable.
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2.2 Study Area

The active model area for the central portion of the CalMdoox, Queen City, and Sparta
aquifers groundwater availability model, as well as the location of Groundwater Management
Area 12 and its comprising countiesshown inFigure2.2a The activemodel boundary

extends from the updip limit of the Carri¥ilcox Aquifer outcropto the northwesthe updip

limit of the Wilcox grovth fault zone, which is located past the extent of fresh water in the
CarrizoWilcox, Queen City, and Sparta aquifersttie southeastapproximately the San

Antonio River to the southwestndCherokee antlacogdochesountiesto the northeasiThe
model area includes all or part4® counties, of which 14 are in Groundwater Management
Area 12.

Major cultural features (cities, towns, and major roads) and streams, lakes and river basins in the
study area are shown lfgures 2.2band?2.2c, respectivelyThe active model area encompasses

all or part of five groundwater management areas and eigjonia water planning areas

(Figure2.2d) and 19 groundwater conservation distriétig(re2.26).
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Figure 2.2a.

Location of the active model area for the groundwater availability model for the central

portion of the Carrizo-Wilcox, Queen City, and Spartaaquifers (Kelley and others, 204)

and Groundwater Management Area (GMA) 12 (TWDB, 2014a).
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Figure 2.2b. Cities, towns and major roads in theactive model area(Texas Natural Resources
Information System, 2016, 201).

Note: GMA = GroundwateManagement Area
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Figure 2.2c. Rivers, lakes, reservoirsand river basins in the active model aregTWDB, 2009; TWDB,

2014b, c)

Note: GMA = Groundwater Management Area
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Figure 2.2d. Groundwater management areagGMA s) and regional water planning areas in the active

model area(TWDB, 2014a)
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Note: GMA = Groundwater Management ArddyWVCD = Underground WateConservation District
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2.3 Topography and Climate

Figure2.3aprovides a topographic map of the study area. Ground surface elevation varies from
about 45 feet above sea level in river valleys to about 800 feet above saa fbgedouthwest.

The gentle gulvard decrease in ground surface elevation is interrupted by resistant Tertiary
sandstone outcrops. River valleys are broadly incised with terraced valleys that are hundreds of
feet lower than the surface basin divide elevations.

Most of the study area hassubtropical humictlimate dominated by the onshore flow of humid
tropical air fom the Gulf of Mexico. The amount of moisture decreases as it flows from the east
to the west and as continental air masses intnate the north. Historical average annual
precipitation in the study area for the-@€ar period from 1981 to 2010 ranges from a low of
about 27 inches per year in Wils@ounty to the southwest to a highsfinches per year in
JaspelCounty tothe northeastHigure2.3b). Lake pan evaporatioravies from about 46 to
59inches per yealHgure?2.3c).
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Figure 2.3a. Topographic map of the active model aregUnited States Geological Survey, 2014)

Note: GMA = Groundwater Management Arétaams| = feet above mean sea level
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Figure 2.3b.

Average annual precipitation (1981 to 2010) in the study area in inches per ye@&@RISM
Climate Group, 2015).

Note: GMA = Groundwater Management Area
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Figure 2.3c.
(TWDB, 2018).

Note: GMA = Groundwater Management Area
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2.4 Geology

The structural setting for the active model area is showingure2.4a Except forthe Milano
Fault Zone, the fault tracegeremodified from Ewingand otherg1990) other structural
features were modified from Guevara and Garcia (1932)oway (1982), and Galloway and
others (2000)A map of the surface geology in the model area is showigure2.4b. The
surface geology shows that the general outcrop pattéaonissouthwest to northeasbincident
with depositional strike and the Balcones Fault Zone and normal to basin subsidence.

There are several regional fault zones within and adjacent to the active model area, including the
Wilcox Fault Zone at the downdlpnit of the model, the Milano Fault Zone in the model area,

and the Balcones Fault Zone at the updip limit of the in@tigure2.48). The Wilcox Fault

Zone is a series of growth faults caused by sediment progradation into marine clays and resulting
in basinward slippage and subsidence, and the Balcones Fault Zone is a series of normal faults
formed at the perimeter of the Gulf Coast Basin.

The sediments that form tingdrogeologic unitén the model area are part of a gwird

thickening wedge of Cenozoic sediments deposited in the Houston Embayment of the northwest
Gulf Coast Basin. Deposition has been influenced by regional crust subsidence, episodes of
sediment inflow from areas oude the Gulf Coastal Plain, and eustatic-lsel change (Grubb,
1997).The primary depositional sequences in ascending stratigraphic order are the Wilcox
Group the Carrizo, Queen City, Spartagga, and Cook Mountaifiormations of theClaiborne
Group and the Jackson Groipable2.4q. Each of these depositional sequences is bounded by
marine shales arfther-grained sediments representing transgressions (Reklaw ectte8/
formations of the Claiborne Grouf@hick marine clays of the Mway Group represent the

bottom of the stratigraphic column of interéBalle2.4g). The sequences explicitly modeled in
the updated groundwater availability model include the Wilcox Group and the Carrizo
Formation, which constitute the Carri¥dilcox Aquifer, and theQueen City and Sparta
formations which constitute the Queen City and Sparta aquifers, respectively

Table 2.4a Generalized stratigraphic section for he model area and corresponding aquifes.
Series Group Formation Aquifer
Jackson . YeguaJackson
Yegua
Cook Mountain
Sparta Sparta
Eocene Claiborne Weches
Queen City Queen City
Reklaw
Carrizo
CalvertBIuff . i
Wilcox Simsboro CarrizoWilcox
Hooper
Paleocene Midway .
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Figure 2.4a. Map of major faults and structural features in the vicinity of the model area. Wilcox and

Balcones Fault Zones modified from Ewingand others(1990) Milano Fault Zone
developed by this study and structural axes modified from Guevara and Garcia (1972),
Galloway (1982) and Galloway and others (2000).

Note: GMA = Groundwater Management Area

Vol.1-17



Final Report: Groundwater Availability Model for the Central Portion
of the CarrizeWilcox, Queen City, and Sparta Aquifers

Surface Geology [_] Model Domain
Younger Quaternary Deposits D GMAT2
Bl willis Formation E.E
B Goliad Formation ] State Boundary
[ Fleming Formation [_| County Boundary
Oakville Sandstone

Catahoula Formation
B Jacksen Group
B ve=gua Formation
I Cook Mountain & Stone City Formations
[ sparta Sand
Weches Formation
I cueen City Sand
I Reklaw Formation
I carrizo Sand
B catvert Bluff Formation
Simsboro Formation
Hooper Formation
0 wilcox Group, undifferentiated
Midway Group
[ | Upper Cretace ous Rocks Undivided

B water

I

0 12525 50
’ I
Al & = Mile s
Figure 2.4b. Surface geology of the model areiom the Geologic Atlas of Texas (Barnes, 1972979

1981, Stoeser and others, 2007)

Note: GMA = Groundwater Management Area
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2.5 Report Organization

This report is provided in two volumes, with Sections 1 through 11 in Voluamel Sections 12
through 3l in Volume?2. Updates to the conceptual model are described in Section 3. An
overview of the model and the model packages areegben Section 4. Steadyate and
transient calibration of the model and calibration results are discussed in Section 5. Section 6
presents the sensitivity analyses for the stesddte and transient models. Limitations to the
model are given in Sectioh Section 8 provides a summary and conclusions. Future model
implementation improvements are provided in Seclioicknowledgments and references are

in Sections 10 and 11, respectively.

The appendices for the report are contained in Volindgpendices A through C and E

(Sections 12 through 14 and 16) provide supporting data for the analyses of aquifer pumping
tests discussed in Section 3.1. Appendix D (Section 15) contains bar chanspihg

developed for the counties located outside of Groundwater Management Area 12. Tabulated and
graphical summaries of pumping in the model can be found in Appendices F and G §3&ction
and 18). Descriptions of the attributes for electronic filedaiaing information on the drain,
generalhead boundary, river, and evapotranspiration cells in the model can be found in
Appendices H through K (Sections 19 through 22). Appendix L (Section 23) cohistiograms

of residuals for the transient modahd Appendix M (Section 24) contains hydrograph plots of
observed and model results for all transient calibration targets. Tables of water budgets for the
steadystate model are provided in Appendices N through Q (Se@ithrough 28) and
AppendiceR through U (Sections 29 through 32) contain figures of water budgets for the
transient model. Responses to comments on the draft fault report provided to the TWDB in 2017
can be found in Appendix V (Section 3Responses tcommentonthe draft version of this

report can be found in Appendix W (Section 34).
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3 Updates to the Conceptual Model

Theconceptual groundwater availddly model for the central portion of the Carri¥dlcox,
Queen City, and Sparta aquifessbased on the conceptual models provideHdliey and

others (2004and Dutton and others (2003hese two reports describe the hydrologic setting,
the water levels and regional groundwater flow, estimates of rechaegactiin of surface
water and groundwater, and aquifer hydraulic properties fareheal portion of the Carrizo
Wilcox, Queen City, and Sparta aquifers.

The following subsections provide updatesheconceptual modslpresented by Kelley and
others 2004) and Dutton and others (2003) with respect to the following:

1 TheMilano Fault Zone

1 Historical pumping

1 Recharge

1 Surface water and groundwater interaction

3.1 The Milano Fault Zone

3.1.1 Previous Studies of the Milano Fault Zone

Work characterizing the geometry of peripheral fault grabens in the Gulf Coast of Texas is
primarily represented by the repoRault Tectonics of the East Texas BaSiackson, 1982)
Tectonic Map of Texag&wing and others1990), andsaltRelated FaulFamilies and Fault

Welds in the Northern Gulf of Mexi€dackson and others, 2003). Other contributors to the
location and stratigraphic/structural impacts of these faults on the Wilcox Group are Ayers and
Lewis (1985), who drew faults at the top of thenSlboro Formation when creating contour maps
of structure and thickness of the Wilcox Group and its member, aniisBarnes (1970979

1981), whose surface mapping shdhat these peripheral fault grabens are still active in some
areas.

Figure3.1.1lashows faults digitized from georeferenced portable document format copies of
Ayers and Lewis (1985) in their study of lignite in the Wilcox Group. The locations of these
faults were generally drawn on the base of the Wilcox Gtopmf the Midway Group.
Figure3.1.1bshows faults taken from the digitized Geographic Information System version of
the Tectonic Map of Texa&wing and others1990). The fault locations were based on
GEOMAP, a commercial mapping serviemddrawn on the top of the Austin Chakfairly
recognizable pick on geophysical logsgure3.1.1cshows faultat surfacdrom theGeographic
Information Systenversion of theGeologic Atlas of Texg&toeser and others, 2007).
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—— Ayers and Lewis (1985) Faults

N

{ ﬁ ‘f‘

[ | County Boundary

Figure 3.1.1a Faults identified by Ayers and Lewis(1985) located in the model domain for the

groundwater availability model for the central portion of the Carrizo-Wilcox, Queen City,
and Sparta aquifers.
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Tectonic Map of Texas Faults (Ewing and others, 1990) “'

[ Model Domain

[ | County Boundary

Figure 3.1.1h Faults identified by Ewing and others(1990) located in the model domain for the

groundwater availability model for the central portion of the Carrizo-Wilcox, Queen City,
and Sparta aquifers.
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—— Geologic Atlas of Texas Faults (Stoeser and others, 2007)

N
{

[ | County Boundary

Figure 3.1.1c Faults identified from the Geologic Atlas of Texas (Stoeser and others, 2007) logdtin the
model domain for the groundwater availability model for the central portion of the
Carrizo-Wilcox, Queen City, and Sparta aquifers.

3.1.2 Characterization ofthe Milano Fault Zone

Faults in the Milano Fault Zone were initially mapped using locatimm Ayers and Lewis
(1985), theTectonic Map of Texg&wing and others1990), and th&eologic Atlaof Texas
sheets (Barnes, 1970, 1979, 1984 xhe Milano Fault Zonegvidence of faulting was primarily
based on picks for the top of the Nava@mwup which isapproximately 2,000 feet below the
top of the Simsboro Aquifer.

The Navarro Group pick offers several advantages over picks for the formations in the-Carrizo
Wilcox Aquifer. One advantage is that the Navarro Group is a marine clay véthedded

sands that produces a distinct geophysical signature on both spontaneous potential and resistivity
logs when compared to the unconformably overlyimgMidway Group Figure3.1.23. Picks

from theCarrizo Formation and Wilcox Group are much manablematic because the Milano

Fault Zone is in the updip extent, where flooding surfaces pinch out/transition into their

terrestrial equivalent and erosional processes are most prevalent. Thus, the picks within the
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Wilcox Group (such as for the SimsborwdaHooper formations) can be inconsistent and
irregular on any but the most lodadsis showing as much as 200 to 400 feet of variability over
several miles. These picks are traditionally made on the top and base ofrelsaedtion that
contains freshvater (characteristically high resistivity valugsiit there are frestvater sands in
both the overlying Calvert Bluff Formation and the underlying Hooper Formation that
amalgamate and can potentially be recognizeétieSimsboroFormation In addition,log
coverage in the Navarro Group is much bdttanin theupdipextent of the Wilcox Group

Picks on top of the Navarro Group were maddHlegeophysical logshown inFigure3.1.2b
and used tareate a generalized fatiitee map of the top of thea\tarro Group. Comparison of
the Navarro Group picks with the faditee surface, analysis of logs that intersect a fanlf
faults identified on th&eologic Atlaof Texasheets (Barnes, 1970979 1981) were used to
locate and estimate fault offsets.

In Figure3.1.2hsever al A faeewisikte A Gaulttcud octurs gieen a log intersects a

fault, and the geophysical log is a combination of the upthrown and downthrown side of the

fault. These scenarios are termed fault cuts because a section of formation has been shifted and,
therefore, not represented in the geophysicalfare3.1.2cshows aschematic of a faultut

log. Figure3.1.2dshowsdigitized logs for six of the 16 fault cut wells identified

Figure3.1.2b

Once the geometry and displacement of faults on the top of the Navarro Group were determined,
the fault segments were projectgalto the top of the Simsboro horizdtcks for the Simsboro
Formation were made a@fv0logsin the vicinity of the projected faulte check the fault

location and offset-igure3.1.2eshows the locatiasof faultsin the Navarro Group and

Simsboro Forration. Because of the fuzzy and inconsistent nature of the picks for the top of the
Simsboro Formatiodue to sand on sansome difference in the fault displacements relative to

the top of the Simsboro Formation ameonsistent with known displacementtla¢ top of the

Navarro Group.

Our picks for theSimsboroFormationandthe Simsboro Formationpicks from the TWDB
geophysical databastéudy fttp://www.twdb.texas.gov/innovativewater/bracs/studies/
UCP/index.aspwerecompared to theurfaces for th&imsboraFormationin the groundwater
availability model of Kelley and others (200&pr our picks and the TWDB pickthe majority
werewithin 100 feet of the elevation the 2004 modeimilar comparisoswere performed for
the TWDB geophysical datakapicks for theSparta Aquifer, Queen City AquifeCarrizo
Aquifer, Calvert Bluff FormationandHooper FormationFor all five of thesehydrogeological
units, the majority othe TWDBpicks were within 100 feetdf the surfacelewations in the 2004
modd. The comparisons were limited to an area seasiof Lee Countybecause the TWDB
study did not cover any countiaertheasbf Lee County

As a check on the final placement of the faults in the Simsboro Formaigome3.1.2fshows

the faults fromhis study plotted with faults mapped by Ayers and Lewis (1985) and the
Geologic Atlasof Texasheets (Barne497Q 1979 1981) as digitally provided in Stoeser and
others, 2007). The comparisons show good agreement between the faults identifiedfdlipart o
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study and those mapped by Barnes (1970, 1979, 1981) and moderate to good agreement with the
faults mapped by Ayers and Lewis (1985).

For this study, the Milano Fault Zone was divided ioie complex and four grabens

(Figure3.1.29. These areaare hamed, from south to north, the Kovar Complex, the Paige
Graben, the Tanglewood Graben, the Calvert Graben, and the South Kosse Graben. For each of
these areas, a comment regarding the results of the geophysical analysis is jatovidedth a
crosssectiorfs) through the area.

Log Log
Depth(f) 42021008230000 Depth(ft)
35

00 - - 3500
TOP
HOOPER .

4000 -
TOP
MIDWAY

4500 - - 4500
Major
Marine
v

First sands of
— the Wilcox Group
- 4000

S
/ Marine

/ Regression
[

Transgression

TOP
NAVARRO )
«—Cretaceous/Tertiary

Unconformity

5000 - = 5000

' Mainly calcareous marls
with interbedded sands

5500 - - 5500

6000 - - 6000

6500 - - 6500

7000 - = 7000

Figure 3.1.2a Geophysical signature of the Navarro Group on both the spontaneous potential and
resistivity logs.
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Figure 3.1.2h Faults mapped onto the top of the Navarro Group determined primaity from the top of

the Navarro Group picks from 656 geophysical logs with fault traces mapped oGeologic
Atlas of Texas sheet(Barnes, 197Q 1979 1981). Fault arrows point to the dowrthrown
side of the fault. Numerical values indicate fault offset in feet.
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Log #1 Log #2 Log #3

Missing Section

in Log #2
Missing Section
in Log #2
Figure 3.1.2c. Schematic representation of how faulicut logs are identified. Log #1 intersects all three

portions of Sections A, B and C. Log #2 intersects all of Section A, the top part of Section
B on the downthrown side and the bottom part of Section B on the wthrown side, and

all of Section C. Log #3 intersects all three portions of Sections A, B, and C. Using all three
of these logs together, geologists can piece together missing sections witholaggc units.

The amount of missing section is referred to as a fault cut and can be used as a
quantitative way to characterize the offset associated with faults.
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This Study Faults
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I
CALDWELL
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Figure 3.1.2e Navarro Group and Simsboro Formation faults mapped by this study. Arrows on fault

lines point to the downthrown side of the fault.
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Simsboro Fault (this study)
Geologic Atlas of Texas Fault FALLS
Ayers and Lewis (1985) Fault
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Figure 3.1.2f. Simshoro Formation faults from this study mapped with faults from Ayers and Lewis

(1985) and from theGeologic Atlasof Texas sheets of Barnes (1970979 1981) as
presented by Stoeseand others(2007).
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Figure 3.1.2g Plan view map ofthe Milano Fault Zone showing the five named major areas of faulting

locations of crosssections that transect the fault zongand locations of fault cut wells
shown in Figure 3.1.2d
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3.1.2.1 Kovar Complex

In southern Bastrop and western Fayette counties, themeai®a containing mainly southeast

down faults, which rabeen called the Kovar Complekigure3.1.29, named after the

settlement of Kovar. The area is about 10 miles long and 5 milesavidehe top of the

Navarro Group lies at about 4,0f#et below sea level. The log control is insufficient to reliably

map the faults, but they appear to stmioeth 50 degrees eafdne fault appears to be northwest
down and bounding a graben. Faulptheements range from 100 to 500 feet. The faulting dies

out to the northeast, where wells show no apparent offsets of strata. Similar faults are reported to
the south into Gonzales County, as part of an en echelon segment of the peripheral graben
systemAdditional faults exist in western Bastrop County but are part of the Luling Fault Zone
andfor the most partdo not affect théormationsin the Wilcox Group.

Figure3.1.2.1ashows the location afrosssectionA-Agthrough the Kovar Complex.
Figure3.12.1bshows formation tops and the relative locagiohfaults that were determined
from the interpretation of logs in and neansssectionA-Aq Two main faults are represented in
this sectionwith throw being to the south (normal).

Two wells appear to have intersected the same antithetic fault within the Kovar Complex:

1 Well 4202100823 has 330 feet of missing section at a structural elevatmd ifeet
below sea level in thRavarro Formaon.

1 Well 4202100824 has 230 feet of missing section at a structural elevatibi@ thfeet
belowsea leveln the Calvert Bluff Formation.
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Figure 3.1.2.1a

Simsboro Formation faults and estimated fault offset (in feet) in the Kovar Complex in
Bastrop and Fayette counties. Fault arrows point to the dowsthrown side of the fault. The
wells are labeled with their American Petroleum Institute number.
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Figure 3.1.21b.  Crosssection AANhrough the Kovar Complex showingthe top surface of selecte
formations and mapped fault locations based on interpretation of geophysical logs in and
near crosssectionA-ANj

Note: ft = feet
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3.1.2.2 Paige Graben

In northeastern Bastrop and western Lee counties, the Paige Goatbelex Figure3.1.29,

named after the settlement of Paige, is well defined by the data and is also evident on surface
geologic maps. The graben is 24 miles long and 3.7 miles wide, tremutitig20 degrees east

The top of Cretaceotege sediments lies about 3,500 feet Wwedea level in this graben. The
northwestern, southeadbwn fault is well marked and very continuous, showing 690 to 700 feet
of displacement at the top of the Navarro Group. The eastern, nottlogasfaults are less
continuous but generally show 450700 feet of displacement. The details of fault relationships
here are not well determined from well control. It appears that there are internal faults within the
graben and some that cross from one side to another. The faults toward the northeakieend of t
graben become more easterly trendimgrih 37 degrees easthe northwest fault appears to
feather out into a series of smaller faults, and the displacement steps northwest into the western
boundary fault of the next graben to the north; however,soellrol is not adequate to map this
fully.

Figure3.1.2.2ashows the location afrosssectiors B-BNgnd GCNhrough the Paige Graben.
Figure3.1.2.2bshows the formation tops and the location of faults that were determined from the
interpretation of log near and ierosssectionB-BNjThissection shows the northwestern
(southeastlown) fault within the Graben and clearly shows more than 700 feet of throw. Further
downdip on therosssection between wells 4202131558 and 4202131041, the southwestern
extent of the graben system is intersected.

Figure3.1.2.2cshows the top surfaces of formations and the location of faults that were
determined from the interpretation of logs near antrasssectionC-CNjThis section transects
both bounding graben faalbetween wells 4228700098 and 4228700101 in the updip (throw to
the southeast) anglells 4228700048 and 4228731157 in the downdip, where throw is up away
from the Gulf of Mexico. Two localities within the Paige Graben have designateafawells:

EastBounding Fault in Bastrop County Locality

1 Well 4202130581 has 650 feet of missing section at an elevatiérBab feet below sea
level in the Austin Chalk.

1 Well 4202100143 has 550 feet of missing section at an elevatidn/60 feet below sea
level in the Taylor Marl and shows an apparent dip of 41 degrees.

1 Well 4202100144 has 700 feet of missing section at an elevati@630 feet below sea
level, faulting out the Midway and Navarro groups. The fault has an apparent dip of
42 degrees.

Lee CountyPart of the Graben

1 Well 4228731293 has 750 feet of missing section at a structural elevatm2oifeet
below sea level in the Austin Chalk.

1 Well 4228700048 has 850 feet of missing section at a structural elevatibb@dfeet
below sea level ithe Navarro Group.

1 Well 4228700050 has 400 feet of missing section at a structural elevat@0@dfeet
below sea level in the Simsboro Formation, giving an apparent fault dip of 36 degrees.
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Figure 3.1.2.2a  SimsboroFormation faults and estimated &ult offset (in feet) in the Paige Graben in
Bastrop and Lee counties. Fault arrows point to the dowathrown side of the fault. The
wells are labeled with their American Petroleum Institute number.
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