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Executive Summary

During thesummerof 2014, pproximatelytwenty exemptwell ownersliving near theown of Lissie
(see Figure-l) contacted the Coastal Bend Groundwater Conservation District (CBGCD) regarding
problemswith dediningwater levelsand associated pumping problerimstheir wells The wells were all
considered shallow and had total deptb&100 feet or lesBecause of the poor performance of many
of these wells, several of the well owners abandoned their shallovswaelll drillechew deeper,
replacementwells. The reported problems witthe low water table conditions in shallow wells are
primarily attributed tothe contributing factors discussed below.

1. Significant Increases in Irrigation Pumping in the Vicinity of the Lakeside Irrigation Qistrict
Since 2011, the reported pumping in theirity of the town of Lissie has increased significantly.
Within a circular area contained by a figgle radius around the town of Lissie, the reported
pumping has steadily increased (see TabB) during the last few years. In 2013, the average
production rate per arce is about 0.37 AFY/acre substantially higher the average production
rate per acre of 0.24 AFY/acre for Wharton County.

2. Absence of Beaumont Formatimearthe town of Lissie Across most of Wharton County,
shallow wells are screened in tlB@2aumont Formation. The Beaumont Formation is the most
clayey of the three formation that comprise the Chicot Aquifer and is the least pumped. As a
result, the water levels in the shallow wells in the Beaumont Formation are somewhat protected
from drawdowrs caused by pumping in the two other formations in the Chicot Aquifer: the
Lissie and the Willis Formations. In Wharton County, approximately 85% of the total pumping
occurs in the Lissie and Willis Formations. Because the Beaumont Formation is abisent in t
area around the town of Lissie, the shallow wells near the town of Lissie are screened in
deposits that in good hydraulic communication with the formations being pumped by irrigation
wells. As a result, the shallow wells near the town of Lissie are mbnerable and at a higher
risk of experiencing drawdown impacts from irrigation pumping than most of the shallow wells
in Wharton County.

3. Relatively Low Historical Drawdowns for Shallow WeBased on simulations using the LCRB
model to estimate histacal drawdowns that occurred from 1900 to 2000, the wells with depths
of less than 250 feet near the town of Lissie are among the group of wells in Wharton County
with the lowest historical declines in water table elevation. Whereas the majority of the
shallower wells in western Wharton County (see Figui Bave historical drawdowns between
40 and 90 feet, the majority of wells in eastern Wharton County have historical drawdowns that
are less than 40 feet. Furthermore in the town of Lissie, wells vagtit less than 250 feet
typically have historical drawdowns less than 20 feet. The relatively low historical drawdowns in
the area around the town of Lissie has likely contributed to theZ@¥&4 practice of installing
domestic wells with depths of abod00 feet below ground surface. As a result of similar well
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designs and depths, the opportunity exists for a relatively high percentage of the shallow wells
to have pumping problems during a period of high irrigation pumping like 2013.

4. Reduction of SurfacWater Diversion in the Lakeside Irrigation Distriét primary cause for the
sudden and rapid increase in pumping near the town of Lissie is the forced reduction in the
surface water diversion across the Lakeside Irrigation District by the LCRA. Bn20A213, the
LCRA reported the annual surface water diversions for the Lakeside Irrigation District were 649
acrefeet and 0 acrdeet, respectively. Between 1989 and 2012, the least amount of surface
water diversion was 95,390 acfeet which occurredn 1997. For comparison, the surface water
diversion for the Garwood Irrigation District for 2012 and 2013 was 85,478 eer@and 90,474
acrefeet, respectively. The average of these two values is greater than the surface water
diversion that occurred ovehe nine years between 1989 and 2012. As a result of the very large
reduction of surface water diversion across the Lakeside Irrigation District, the greatest
increases in pumping occurred near the town of Lissie.

A potentially important question is vélt depth should replacement wells be drilled based on the
desired to operate the well at least thifgears so that problems with pumping will not occur. A
very conservative approach to replace a shallow well by drilling the deepest well possible that
would meet the desired water quality and quantityNear the town of Lissie there are productive
sand units containing fresh water to a depths below 600 fe®@ased on our analysis of the data,
there is no need to drill such a deep well. After a reviéthe LCRB model results and the field
data, we recommend that new wells be drilled to a depth of 250 feet. Locations where this depth
may not be acceptable are where several permitted well are pumping large amounts of
groundwater from the Lissie Forri@an and/or the upper Willis Formation. The recommended
depth of 250 feet is based on analygeevided Section 7.A key assumption of this analysis is the
production permitted by CCGCD and CBGCD is fully implemieriteel vicinity of the town of Ligsi
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1. 0Ontroducti on

During thesummer of 2014, pproximatelytwenty owners of shallow wells (with total deptf about
100 feet or lessliving near the town of Liss{gsee Figure -1) contacted the Coastal Bend Groundwater
Conservation District (CBGCD) regarding probleittspumping because afeclininggroundwater
levels in their wellsBecause of the poor performance of many of these widtduding under producing
and nonproducingwells,several of the well owners abandoned their shallow gvalhd drillechew,
replacementwells. To better understand the cause of tdeclining water levels and associated well
problems and to help manage and mitigate the problsnthe CBGCD contactédTERAo perform an
investigationand those results are provided herein

1. 10bj ecti ves

Theinvestigation hadwo main project objectiveshe first objective wat identify probable causes
and conditions that are responsible for tdeclining water levels and associated pumpangblemsin
the area The second objectivwas to develop guidelines for installisgallowexemptwells near the
town of Lissie tdelpavoidthe pumping issues

1. 2Rep®uutt | i ne

Thisreport discusses the Hiorical pumping, measured watégvels in monitoring wells, and the
hydrogeology of Wharton Countyhis informatiorwasevaluated with the purpose of identifying the
factors responsible fathe declining water levels in trghallow wellsear the town ofLissieand the
resulting lack of production in the welBased on the evaluation of these factarsgommendations are
madehereinto help improve and expanan the findings presented hereand to helpmanage and
mitigate the problem

Thisreportis organized intosevensectionsincluded as follows:

9  Section lintroduces the objectives of theeport

9 Section 2 provides a summary of the geology of Wharton County widmghasis on the
northeast portionof the countynear the town of Lissie

9 Section Jrovidesa summary of théocations of the approximately 4,8@xempt wells
registered with the CBGCD

1 Sectiod presents maps and tables describing the spatial and temporal distribution of pumping
in Wharton County

9 Section 5 discusses measured water Is\wld simulabns included in theLower Colorado River
Basin (LCRB)odelduringits calibration period from 1900 to 2006

9 Section 6 provides a sensitivity analysis of water leéwndalse subject well$o changes in

localized pumping based on LCRB mouelktions

Section7 provides a summary of the data analysis
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2. GGeol ogy

In order foranexempt well located in the shallow subsurface to be protected from adverse impacts
from pumping pemitted wells, the shallow well shoulite hydraulically isolated fromeologicalinits
experiencing significaqtumping.Factors promotindpydraulic isolation betweeshallowexempt wells

and permitted wells include large vertical and horizontistances between the wells, thick clay beds
between the wells, and the absence of interconnected sandy deposits between the edisection
describes the geologic formations in Wharton County with respect to properties and characteristics that
influence how the wder levels and groundwater dischargespond to pumping from wells.

2. 1Geol ogi cal For matGud s Ctolastt @amp Hiege S

The aquifers that underli&/harton Countyare part of theGulf Coast Aquifer Systeithe Gulf Coast
sediment are comprised of sequences of interbedded sandstones and shaldstl@been grouped
into geological formationand aquifers based on regiorstale correlations of the lithologic units and
the depositional environmemtresponsible for the spatial vatility in the patterns and thickness of
these lithologic ung. Among the factors that caugbe depositional environmentand lithology
variabilityare changes in sedimentary processes, sediment supply, climate, tectonics (earth
movements), sea level chges, biological activity, water chemistry, and volcanic actikityure2-1

shows the geological formations and the hydrogeological units that comprise the Gulf Coast Aquifer
System The Gulf Coast Aquifer System encompasses all geological unitstbdieksburg Formation
(George and others, 2011, Young and others 2010).

The most recent studies funded by tliexas Water Development BoaWDB that delineate the

structure and stratigraphy of the Gulf Coast Aquifer are by Young and others (2020, TtHse studies

subdivided the aquifer units into geological formations based on chronostratigrapirielations.Figure

2-2is a vertical crossection through the Gulf Coast Aquifeystenthat crosses througthe middle of
WhartonCounty Allofthe5 A & 4 NA O Qa NBIAAGSNBR ¢Stfta FNB 20108
Evangeline AquifeAs shown in Figur2-2, these two aquifers comprise the majority of the upper

2,000feet of the Gulf Coast Aquif&ystemin Wharton Countyand are described élow.

Chicot Aguife; The Chicot Aquifer includes, from the shallowest to deepest, the Beaumont and Lissie
Formations of Pleistocergge and the Pliocenage Willis FormationThe Beaumont outcrop covers a
large part of the lower coastal plain exceplere cut by modern river valleys or covered by Holocene
wind-blown sand in south TexaBhe BeaumonEFormationis often composed of clagch sediments
transected by sandy fluvial and deltalistributary channelsAt outcrop the Lissig=ormationis

composed of finegrained sand and sandy clay and unconformably overlies and onlaps the Willis
Formation(Morton and Galloway, 1991The Lissi&ormationis dominated by nonmarine depositional
systems in the onshore part across most of the Texas Gulf Cabhsygth some shorgone facies occur

in Matagorda County as well as other coastal coun#égutcrop, the Willis=ormationis composed of
gravelly coarse sand in several upwd#irdng successions that are interpreted as incised valley fills
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overlain by tansgressive deposits (Morton and Galloway, 198&par the modern shoreline and

offshore, WillidFormationdeltaic and marine systems record four cyclic depositional episodes bounded
by transgressive shales (Galloway and others, 2080js Formationfluvial systems include dip

oriented sanerich channefill facies and sangoor interchannel areas, which grade toward the coast
into shoreparallel deltaic and shoreone sands and interdeltaic muddy bay depogsitdividual Willis
Formationsands vary widg in thickness from about 20 to 200 feet and are separated by muds of
similar thickness (Knox and others, 2006).

Evangeline Aquifer The Evangeline Aquifer includes the upper Goliad Formation of earliest Pliocene
and late Miocene age, the lower Golikdrmation of middle Miocene age, and the upper unit of the
Lagarto Formation (a member of the Fleming Group) of middle MiocenélageGoliad Formation in
Matagorda County was formed as part of the Eagle Lake Extrabasinal fluvial dpstieisisystem th
GoliadFormationfluvial depositional systems consist of chanfiéland interchannel deposits (Young
and others, 2012)Channel belts typically are 10 3@ miles wide and consist of about 50% sands while
the interchannel depositg/pically areless tran 20percent sandThe Upper LagartBormationis
comprised of deposits from the Fleming Grolihe Fleming Group comprises several large fluvial
systems that grade downdip into equally large delta and sfzamee systems (Rainwater, 1964; Doyle,
1979; Spadlin, 1980; DuBar, 1983; Galloway and others, 1982, 1898)atagordaCounty the Fleming
sands tend talign parallel to the shoreline and to have sand contents between 10 andrd8rge
(Young and others, 2012).

Burkeville¢ The Burkeville Confiningnid is represented by the middle unit of the Lagarto Formation of
middle and early Miocene age, which is the chronostratigraphic layer with the most widespread clayey
interval between the Evangeline and Jasper Aquifers.

Jasper Aquifeg TheJasper Aquifeincludes the lower Lagtr unit of early Mioceneage, the early
Miocene Oakville sandstone member of the Fleming Group, and the sandy intervals of the Oligocene
age Catahoula Formation.

2. 25urface Geol ogy

Figure 23 shows the surface geology for WhartGounty and nearby countieshe surface geology
consists of outcrops of the geologic formatioistdd in Figure A and alluviabediments thatompose

the Gulf Coast Aquifer Systefigure 23 shows that for the majority of Wharton County, the shallowest
deposits are compsed of the Beaumontdfmation with exceptions occurring near the Colorado River
andin an area near Colorado Countyear the Colorado River, the surface deposits consist of alluvium,
which is typically less than fifty feet thick and enl&in by the Beaumont FormatioNear Colorado
County, the Beaumont Formation pinches out and the shallow deposits are comprised of the Lissie
Formation whichoutcrops h the area around the town of Lissie.
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2.35and and Clay CGeplbsgitcain BO6r madtei ons

Figure2-4 shows a distribution of the sand and clay bed thicknesses for the geological forgthtibn
comyrise the Chicot and Evangelinguifers.The values are based on an analysiapgroximately
350geophysical logs over aBunty areathat is centered on Wharton Caty and included in the
spatial extenof the LCRB model.

Figure2-4 shows that the Lissi@Fmation hasthe most sand and the thickest sand beds as well as the
formation with the leastclay and the thinnest cldyeds.Numerous studies within the geologic literature

(Folk, 1980; Carmen, 1939; Lame, 1969; Masch and Denny, 1966) show that lithology can be a useful and
reliable estimator of hydraulic conductivity and other aquifer hydraulic propertéth other facors

being equal in a mixture of sands and clays, the hydraulic conductivity of the deposit will increase with
increases in the percentage of sand, in the average size of the sand grains, and in the sorting of the
deposits.In addition, with all other factis being equal, a formation with a few thick sand beds will have

a higher effective hydraulic conductivity than a formation witbre numerous but thinner sand beds.

Based on the information in FiguBe4 and proven relationships between physical and laydic

properties of the aquifer, the most permeable fortimn in WhartonCountyis the Lissiedfmation.

Because of the similar percentages for total sands and sand bed with thicknesses greater than 80 feet,
the WillisFormationis expected to be nearly @grmeable as the Lissie Formatidkcross most of the
domain of the LCRB model, the lower portion of the Chicot Aquienposed of the Lissie and Willis
Formations should besignificantly more permeablhan the deposits tht comprise the upper Chicot
Aquifer and the Evangeline Aquifer.

2.4Sand and Thickness Maps

Among the important hydrogeological factors that affect how water levels redpmpumping from a
well is the thickness and sand content of the geological formation at the location of thelwdielp
establish a hydrogeological framework fasassing the impact of pumping from permitted wells on
shallow wells, maps of sand fraati@and formation thickness were developbdsed on the information
provided byYoung and others (A0, 2012).

The Beaumont Formation playgatentially importantrole in protecting shallow wells from changes in
water levels in the lower formation&einga different formation and one witkess sand and

considerably thinner sand beds, the Beaumont Formation provides a measureable amount of protection
to water level change wheih serves tohelp hydraulically isolatehallow wells from the underlying Lissie
Formation, which is heavily pumped in Wharton Couifityus, the thickness and sand distribution of the
BeaumontFormationis important to understanding the hydraulic connection between change in water
levels in shallow wells and water levels in the peredtirrigation wells screened below the Beaumont
Formation.

Figure 25 presentsthe sand fraction and thicknessaps for the Beaumont FormationAs is shown on
the figure, the Beaumontormationthe thickest in southern Wharton County and in Matagordair@yp.
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

Because of its variable thickness and sand contentBgeumont Formation providesrying amounts

of protectionto water levels in shallow wells from pumping occurring in the geological units that are
older and underlie the Beaumont Formatio®long most of the northern county line for Wharton
County and atthe town ofLissiethe Lissie Formation is the uppermost formatimd the Beaumont
does not exist Along most of the southern county line fd¢tharton County, th&eaumont is the
uppermest formation and overlies the Lissie Formation. In the southern region of Wharton County
where theBeaumont Formatiofis greater than 200 feet thick, the Beaumont Formatieould serveas

an effectivehydraulic barriethat would help protect the watelevels in the shallow wells from the
effects of pumpng in the underlying Lissie Formation. However, in the northern region of Wharton
County where the Beaumont is absence or less than 100 fee thick, the Beaumont Formation would not
help protect the watetevels in the shallow wells from the effects of pumping in the underlying Lissie
Formation.

Figure 26 shows the sand fraction and thickness maps for the Lissie Formataarthe town ofLissie,
the Lissie Formation is about 200 feet thick. Thusafb®Gfoot deep welllocated near the town of
Lissie there is about 100 feet of Lissie deposits between the bottom of the well and the Willis
Formation, which is the geological unit that underlies the Lissie Formation.

Figure 27 shows the sand fraicin and thickness maps for the Willis Formatigoross Wharton County,
the thickness of the Willis Formation varies between 200 and 400 Kesstr the town of Lissie, the Willis
Formation is more than 80% sand. This high sand fraction vieljidacilitate agoodhydraulic
connection in the vertical direction beten the Willis and the Lissiedmations.

Figure 28 shows the sand fraction and thigkss maps for the Upper Goli&drmation.The figure

shows that theformation is betweerl00 and200 fed thick beneath the town of Lissie and that the
formation thins toward Colorado County and thickens toward Matagorda Cotlihtysand fraction in
beneath thetown of Lissie is between 0.2 and 0.6, which is very similar to the rest of Wharton County.
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Est. .. |Hydrogeologic
ERA Epoch Age Geologic Unit Unit
(M.Y)
. 0.7 Beaumont
leistocene
AQUIFER
IR 3.8 Willis
11.2 UpperGoliad | EVANGELINE
: AQUIFER
it Late 145 Lower Goliad
v Upper Lagarto .
e —
o Middle 178 | Middlelagarto | BURKEVILLE
|1 Pt
Lowerlagarto | = Tt
Early JASPER
242 Qakville AQUIFER
32 fio |
Oligocene CATAHOULA
34 Vicksburg

Figure2-1 Geologic and Hyargedogic Units of the Gulf Coastqliifer Systemin Matagorda
County, Modified from (Young and others (2010; 2012) and LGB Guyton and INTERA
(2012)).
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Figure 22 CrossSection along a Dip through the Gulf Coast Aquifer System showing the Aquifers and Geological Formatayegiie,
Colorado, Wharton, and Matagorda Counties.
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Figure2-3 SurfaceGeology for WhartonCounty (from Barnes, 1974)
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas
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Figure 24 Thicknesses of th&and(a) and Clay(b) Bedsthat Comprise the Geological Formations
of the Chicot and Evangeline Aquifeirs the the 10-County Area Centered on Wharton
County from Young and Kelley, 2006)
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Figure2-5 Sand Fraction and THioess for the Beamont Formation

11



Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas
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Figure2-6 Sand Fraction and Tekness for the Lissie Formation
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Figure2-7 Sand Fraction and Tékness for thewillis Formation

13



Investigation of Declining Water Leve

Is in Shallow Wells located near Lissie, Texas

%  Town of Lissie
Colorado River
™ City
B Major Roads
Upper Goliad

Sand Fraction

[ |02
| Jo2-04
[ Jo4-0s

. 11 Miles™

Figure2-8

¥ Town of Lissie
s Colorado River
City
\Upper Goliad Thickness (ft)
25-50
50-100
100 - 200

200 - 400

400 - 800

L‘
0 25 5 10 Miles

Sand Fraction and Thickness for the Upper Goliad Formation
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

3. Exempt Well s

At the time of the writing of this report, the CBGCD well databas®/harton Countycontains 4,756
exempt wellsFigure 31 shows approximately,B50of these wells that have @tal depth equal to or
less than 150 feetOf these wells, approximately,200 of them have a total depth equal to or less than
100 feet.As showrin Figure 3l there are relatively few shallow wells shown in the vicinity of the town
of Lissie.Based on information provided to INTERA by CBGCIndfweity of well ownerghat

expressed concerns to the CBGCD about the performance of their shallow wellstdegsaghimer of
2014 did not have their well registeredhus the readershould be aware thathe true distribution of
exemptwells shown in Figure-Bis different from thedistribution of registered exempt welghown in
Figure 31.

Figure 31 shows five caleswith radiithat are approximately 5 milesOnecircle circumscribethe town

of Lissie andhe four other ciclescoverareas wherahe density of shallow wells iglatively highTable
3-1 shows the numér of shallow wells containelly thefive circlesOn average, there are
approximately ten times morshallowwells in the four circles numbered 1 througlihan in the circle
surroundingthe town ofLissie.Table 32 shows the distribution of geological formations in which the
shallow wek terminate.The table shows that the farther north the circtbe lower the percentage of
shallow wells that terminate in Beaumont Formation and the greater the percentage of shallow wells
that terminate in the Lissie Formation.

Table 31 Number ofExempt Wells withShallow TotaDepthsin Five Areas of Interest.
Circular Area of Maximum Depth of Exempt Well
Interest <100 ft <150 ft*
Lissie 20 45
1 297 368
2 273 396
3 418 582
4 224 384
Table 32 Placement of Exempt Wells with Depths ledgman 150 feetAmong the Geological
Formatiors.
Circular Area of Geological Formation
Interest Beaumont Lissie
Lissie 0 45
1 368 0
2 396 0
3 558 24
4 228 156
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%  Town of Lissie
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E Circular Areas
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Figure3-1 Location of Shallow WellRegistered with the Coast Bend G&@DWharton County and
of Five Circular Areas of Interest
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

4. Recent Pumping

The primary cause fateclining water levels an aquifer ipumping.As such, an importaraspectto
understanding the causdor the water level declines in shallow wells is thelerstanding ofemporal
and spatial variability in pumping.

4. IReporPtuenpifmg 2011, 2012, and 2013

Figure 41 shows thdocation ofwells in the CBGCD database that are permitted to pump gnoatet.

In addition, Figure4 shows the permitted wells from the CCGCD well database thdbveatednear

the town of Lissie. The wells are cotmded to show the formation from which the well pumps most of
its groundwater. Across most of Wharton theajority of the pumping occurs from the Lissie Formation.
Near the town of Lissie, however, most of the pumping is occurring from the Willis Formaitipme &

2 showshe same well locations in Figureldout the well locations are colaroded based orthe

reported production ratefor 2013.The figures shows that some of the wells with the highest production
rates are near the town of Lissie.

Table 41 shows the reported pumping, in aefeet/year (AFY), from permitted wells for years 2011,
2012, and2013 by geological formation in Wharton Coungpor all three years, more than 60% of the
total pumping is from the Lissie Formation. Less than 5% of the total pumping is from thredga
Formation. Most of the pumping is from the Lissie Formatiecaise it is the geological formation with
the highest transmissivity, thickest sand beds, and the highest percentage ofsaumay(and Kelley,
2006, Young and others, 2009lso in Wharton County, approximately 95% of the permitted pumping
is for irrication.

In order to helpguantify thespatial and temporal variaticin pumpingamong the five circular areas
identified in Figure 4, Tables 4, through 4-6 were created. Table 42 shows the reported pumping in
the five circular areas for 2012012, and 2013The variation in the pumping is caused primarily
because of varying climate conditions and the additionsesfirrigation wellsin response to the LCRA
reduction in surface water diversions for irrigatiofables 43 and 44 distribute he pumping in 2011
and 2013 bywvell depth interval and geological formatiprespectivelyTables 46 and 46 show the
change irreported production for the five circular areas from 2011 to 2a#3vell depth interval and

by geological formation.

The praluction amounts in these tables are based on reported production extracted from the CBGCD
well database for 2011, 2012, and 2013 and production estimates provided to INTERA by CCGCD.
CCGCD provided INTERA reported production for the wells in Coloradty Gbown in Figure-3 for

2012 and 2103 and anticipated production for 2014 and 2015. Fo€M®&Cwells inshown in Figure

3-1, the productions estimates provided by CCGCD are 56028# AF 12500 AF, and 6100AF for

2012, 2013, 2014, and25, respectivelyBased oravailable data, the estimate for the 2011 production

was 4000 AF, which includes 3700 AF of production in the portion of the Lissie Circle in Colorado County.
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

Table4-1 Reported Production in Whartot€County by Geologicdtormationin AFY
Number of Year Average
Formation Wellsin
2013 2011 2012 2013 Total Percent
Shallow 12 869 29 703 534 0.3%
Beaumont 167 10,268 5,479 7,233 7,660 4.7%
Lissie 608 118,986 92,880 102,553 104,806 63.8%
Willis 132 31,589 35,890 43,358 36,946 22.5%
Upper Goliad 35 14,596 12,620 15,929 14,382 8.8%
Total 954 176,308 146,898 169,777 164,328 100%
Table 42 Reported Production for the Five Circular Areas of Interéste Figure 4).

Circular Area of Interest Num_ber of Reported Production (AFY)
Wellsin 2013 2011 2012 2013
Lissie 55 12025 14,533 16,542
1 80 10,075 6,661 7,922
2 105 13,552 10,586 11,293
3 110 9,412 6,369 7,546
4 100 13,360 7,158 10,218

*2011 data not available for CCG@Btjmatedto approximately3,700 AF based on the
CBGCD and CCGCD production estimates discussed in text

Table4-3 Reported Productior{AFY¥or the Five Circular Areas in 2011 and 20130spth
Interval.
Year Circular Area Depth Interval (ft)
of Interest 0-200 200400 400600 | 600800 | 800-1000 Total
Lissie 1,737 211* 39* 4111* 5,927 12,025
1 1,336 4,175 1,654 0 2,910 10,075
2011 2 170 2,723 4,297 3,296 3,066 13,552
3 88 5,361 1,178 281 2,504 9,412
4 2,132 8,497 2,732 0 0 13,360
Lissie 1,146 551 2,849 5,049 6,947 16,542
1 1,187 2,876 1,536 0 2,324 7,922
2013 2 204 1,962 4,233 3,648 1,247 11,293
3 96 3,942 962 553 1,993 7,546
4 1,932 5,846 2,441 0 0 10,218

*17% of CCGCD is assumed for-800 feet and 83% is assumed from 80O feet for 2011
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

Table4-4 Reported ProductiofAFY ¥or the Five Circular Areas of Interest 2011 and 201dy
Geological Formation

. Geological Formation
Year Circular Area — — T
of Interest Beaumont Lissie Willis . Total
Goliad
Lissie* 0 1,987 4490 5047 12,025
1 2,133 4,438 2,493 1,011 10,075
2011 2 451 10,057 3,045 0 13,552
3 49 6,859 2,504 0 9,412
4 67 13,293 0 0 13,360
Lissie 0 1,186 7,382 7,975 16,542
1 1,706 3,632 1,627 1,058 7,922
2013 2 574 7,513 3,206 0 11,293
3 81 5,472 1,993 0 7,546
4 45 10,173 0 0 10,218

*83% of CCGCD assumed to be from Willis and 17% from Upper Goliad in 2011

Table4-5 Changes in Reported Productidrom 2011 to 2013or the Five Circular Areas of
Interest by Depth

Circular Area of Depth Interval (ft)
Interest 0-200 200400 400-600 600-800 800-1000 Total
Lissie -592 340 2810 938 1020 4,517
1 -149 -1299 -118 0 -586 -2153
2 33 -761 -64 352 -1820 -2259
3 8 -1419 -215 272 -512 -1866
4 -200 -2651 -291 0 0 -3142

note: negative values indicate less pumping in 2013 than in 2011

Table4-6 Changes in Reported Production from 2011 to 2013 for the Five Circular Areas of
Interest by Geological Formation
Circular Area Geological Formation

of Interest Beaumont Lissie Willis Upper Goliad Total
Lissie 0 -801 2892 2928 4517

1 -427 -906 -866 46 -2153

2 123 -2544 162 0 -2259

3 33 -1387 -512 0 -1866

4 -22 -3120 0 0 -3142

note: negative values indicate less pumping in 2013 than in 2011
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

4. 2Not eabl e ObseRevpadtohismMpginogg seWhart on
Counftor Five Selected Areas of I ntere

Among the notable results in Tabled 4hrough 46 and Figures-4 and 42 are the following:
9 The highest amount of pumping in 20aBong the five circular areas for the Lissie circle.

1 The Lissie circle has theghest average pumping rate per permitted well in 2@b3ong the five
circles. This rate is 300 AFY/well and is calculated from information in Fabla4.a 16,542
AFYdivided by 55 wells)

1 In 2013, the production per acre w&s37 AF/acre and 0.24 AF/acre for the Lissie Circle (which
has an area of 44,414 acres) and for Wharton County (which has an area of 697,600 acres).
Thus, the production rate per acre near ladgsiabout 50% greater than the average production
rate per acre for Wharton County

1 Using the average permitted pumping per year, the permitted pumping per acre per year in acre
feet for the Lissie Circle and Wharton county is approximately 40,397 ARi@aad 326,305
AF/(acreyr). Based the same areas cite in paragraph above the maximum production that
could occur based on current permits is 0.91 AF/(ae)eand 0.46 AF/(acrgr) for the area near
the town of Lissie and for the Wharton Counfiyhus, the permitted production rate per acre
near Lissie is about doultlee average permitted production rate per acre for Wharton County

9 Out of the five circles shown Figurel3only the Lissie circle shows an increasproduction
from 2011 to 2012 ash from 2012 to 2013. This trend would hold even if the pumping reported
by the CCGCD for the Lissie circle, whidd6i38 AF, is used instead of our best estimate of
3700 AF.

1 From 2011 to 2013Table 41 indicates thaof the total average pumping, ghLissie Formation
representsapproximately 64% of the reported productiéor Wharton County In the Lissie
Circle, all of the shallow wells are scrediin the Lissie Formation. The majority of the shallow
wells in Wharton County are screened in theaBmont, which contributes less than 4% of the
total production
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Figure4-1 Location of2013Permitted Wells in the Coastal Bend GCD and the Colorado County
GCDWell Databases for Wharton County andhe Lissie Aea.(Permitted wells are
assigned toGeological Formation based on the Model Layers in the Lower Colorado
River Basin Model (Young and Kelley, 2006)
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Figure4-2 Location of2013Permitted Wells in the Coastal Bend GCD and Colorado County GCD
Well Databases for Wharton County and the Lissi&rea (Production Rates are based
on reported values from the CBGCD and the CCGCD well dzggba
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5. OWat er Levels

This section discussasimerically simulateédind measuredialues foristoricalwater levels for
Wharton County.

5 1Si mul ated Water Levels

Simulated water levels produced by the LCRB model calibration (Young and othersy@@i®ed to
estimate the changes in water levels that have occurred at well locations in Wharton CohetyCB
modelconsists of six model layers representing siallow groundwater system, the Beaumont
Formation, the Lissie Formation, the Willis Formation, the Upper Goliad Formation, and the Lower
Goliad FormationBecausef manner in which the model is divided into layers, there are limitations to
how shallow well can be defined. For the LCRB model runs, the shallow wetkpagsented bywells
with depthsbetween 50 and 250 feet.

In order toevaluate the vulnerability of shallow wells to drawdowtvgo sets of simulated drawdoven
are presentedOne set ofdrawdowns is referred to as historical drawdowsBown in Figure 8, and
represent drawdowns thatvould have occurred at the shallow well locatsdrom 1900to 200Q The
other set ofdrawdowns is referred tasseasonal drawdownd.hese drawdowns ardewn in Figure 5
2 andrepresent the difference in the water levels in the winter and summer months as a oésult
seasonal pumping associated with irrigatitm\Wharton County, approximately 95% of the total
pumping is associated with irrigation and ocsover a énonth period.In general, fields are cyclically
flooded, often in March or April, to prepare for the growing seagnSeptember or October the
growing season is complete and irrigation ceafrging the norrrigation period (a.k.a. winter onths)
the water levels are much higher and continue to rise until irrigation occurs for the subsequent growing
seasonAs a result, the averageater level in the aquifers imuch higher during the noirrigation
period (a.k.awinter months) than the irrigatio period (a.k.asummer months).

A potentially important characteristic of the groundwater systenWharton County is that the

pumping during irrigation time periodgoduces seasonal fluctuations in the water levbbt are
typicallymuch greater than the annual net change in water levels. The potential importance of seasonal
fluctuationsis illustratedby the simulated water levels in Figure89n Figure 83, hydrographs are

shown for select wellgith an abundant nurber of water level measurementsr comparison tahe
simulated water level value®rior to 1950, onlpnewinter water level is simulatedifter 1950, winter,
spring, and fallvater leves were simulated.For many of the hydrographs, the seasonal wageel
fluctuations are greater than 30 feetlthough the net change in water level over a year is less than a
foot.

Visual comparison of Figuresl&nd5-2 show that the areasf greatest and least drawdowsccur in

the west and east quadrants of Whart@ounty, respectivelyFor the discussion of drawdown, it is
useful to divide Wharton County into quadrants based on the intersection of the 100 ft thickness
contour of the Beaumont Formation that trends southwest to northeast and the Colorado River that
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trends northwest to southeast as shown in Figue &d 52. The primary factor affectinthe amount
of historical andseasonal simulated drawdownstige spatial distribution of the pumping for irrigation
purposes in the countyConsistent with that, @rimary reason for the low seasonal and historical
drawdowns near the town of Lissie is the relatively low amoutistoricalirrigation pumpingthat
occurred from 1900 to 2006, which is the simulation period for the LCRB model.

In Figure &L, the majorityof shallow wells in the north quadrant and near the town of Lissie have
historical drawdowns less than 20 feet and no shallow wells have simulated drawdowns greater than 40
feet. These drawdowns are considerably lower than the historical drawdofigseater than 60 feet

that are associated with the majority of the shallow wells in the west quadtarkiigure 8, the

majority of shallow wells in the north quadrant and near the town of Lissie have seasonal drawdowns
less tharlO feet and no shallow wells have simulated drawdowns greater #0afieet. These

drawdowns are considerablgdsthan theseasonatrawdownsof greater than50 feet that are

associated with the majority of the shallow weltsthe west quadrant.

The resuls in Figures-4 and5-2 indicate that the locatioswhere drawdowns in shallow wells have
historically keen the lowest in Wharton County arear the town of Lissiélhis has occurred despite the
fact that the Beaumont Formation does not underlie the towfrLissiebecauserrigation pumping has
been considerably lower in this area compared to the rest of Whattounty Among the contributing
factors to the low historical pumpirig the Lissie are the preseneof the Lakesiddrrigation District,
which up until 2011 hahistorically provided surface water for irrigatiom much of the rice fields in the
eastquadrant of WhartorCounty

5. 2Measur ed Watreorm LMovneiltsor i ng Wel | s

Figures5-4, 55, and5-6 showhydrographs ofvater levels measid by the CCGCD and the CBGCD.
Each hdrograph contains a Well ID atite depth of the welshownin parenthesesunless the well
RSLIIK A& dzyy 2 Kyvasenfered.RoAwalis witkte & tothl defith is less than 150 feet,
It 0SSt §£2 iFcladed K thé HydragraphAt some of the wells, the seasonal water level
fluctuations evident in the numerical simulations are evident in the measured well hydrographs. For
instance, aWellW12 in Figure 8 andWellW16 in Figure 5, there aredifferences betweensummer
and winter water levels¢hat are greater than 40 feet in a given year.

The only shallow well in the Lissie circle is Well C6 that is shown in F§uréte three shallow wells
in Wharton Countyvith monitoring data areshown on Figure %. All three of these wellsire located
in the region of the county where the Beaumont Formation is greater fl@hfeetthick. At these
three shallow wells, the measulavater levels show thatess thantwo feet ofnet drawdown has
occurredsince 206.

Figure 56 shows thabut of the nonshallow wells presentedhe three CBGCD wells withe largest
periods ofmeasured drawdowribased on winter water levels)nce 2011lincluding W4, W14, and
W16, are closdo the town of LissieFrom 2012 to 2013, W16 showsat drawdown of aboub0 feet
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between Winter of 201 and Summer of 2@. For that same time perigdVell W14 shows drawdowns
of about10 feet and W4 showsa drawdown of abou35 feet.

The shallow wellhat isclosest to thetown of Lissie is CCG®II CG whichhasa total depth of

116feet. From 2012 to 2014 thdrawdown pased on winter water levels) wabout 5 feet.However,

the well is showing a steady ina®e in seasonal drawdowRrom2011 to 2014, the seasonal

drawdown has increased from approximately 15 feet to about 38 féet.can be readily gleaned from

the hydrograph in Figure-B, the water level in Well C6 was approximatehfeet lowerin the summer

of 2014 than iwas during thesummerof 2011. This rateof decline can be expressed as about 8 ft/year
over the three year periodThe water level fowell G6 showstwo important trends. The first trend is

that each year the water level measured around March is approximately one foot lower than it was the
previous March. The second trend is that each year during the irrigation season, the drawdown in the
well as a result of irrigation pumping is increasing by about 4 to 6 feet a year. The combined impact of
these two trendsare what causes the approximatel$ feet decline in water levels between from the
summer of 2011 to the summer of 2014

The quick seasonal response in Well C6 is attributed talisencenf the Beaumont Formation in the
north quadrant of Wharton Countytheabsenceof the Beaumont Formations means thatshallow
near the town of Lissie acreened in thenore sandier and more heavily pumped formatiathan the
Beaumont Formatiosuch as the Lissie and Wifismations.As a result obeing screened in the Lissie
and Willisformations, shallow wells near the town of Lissie are more vulnerable to drawdoparcts
caused bypermitted pumping than are the shallow wells in the sbeatn regions of Wharton County
where the BeaumonEormationcan serve has a hydrauliatier between the bottom of the well and
the zone of high pumping.

52.1 Installation of Pressure Transducers

Pressure transduceeme device than can be useddontinuously recordemporalchangesin water
levelsin a wellOn August 14 2014NTERstalled pressure transducerat the three wells listed in
Table 51. Two of the wells are located approximately 30 feet from each oiféine town of Lissie and
the remaining well is located approximately two miles away along County Line Road (se&8)gure

In the summer of 2014, the Dale Road Well #1 was drilled as a replacement well for Dale Road Well #2.
During late spring/summer 2014, Dale Road Well #2 experienced problems with consistently pumping
groundwater because the water level would occasibndrop below the elevation of the pump. To
overcome this problem Well #1 was drilled approximately 50 feet deeper.

On September 22 2014, INTERA visited the three wells to download the data from the transducers and
to replace the transducers. Data wascsassfully downloaded from two of the transducers and these

data are plotted in Figure-9. No transducer data were obtained from Well #1, because the transducer
cable became caught with the piping and wiring associated with the pump and could not bee@mo

from the well. However, manual water level measurements were made in Well #1 so the water levels
could be check with Well #2, which is adjacent to Well #1 and approximately fifty feet deeper than Well
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Table5-1 Wells Selected for using Pressufeanglucers to Monitor Water Levels.

Estimated Depth | MeasuredDepth (ft)

Well (ft), Below Ground| of Water LeveBelow
County Surface Ground Surface
: Aug 14 Sept22,
Name Location Well | Transducer 2014 2014
Kelley Well Coggg dL'”e Colorado| 116 | 110.3 76.2 74.6
Guthmanc ShallowWell #2) | - o o of | wharton | 105 100 83.3 82.9
¢ Dale Road Well #2
Guthmang Deep(Well #1)g Dale Street
G Deep and Kansas| Wharton | 150 130 83.12 83.3

Dale Road Well #1

#1. The manuallymeasured water levelecordedin August and September 2014 indicate that the
water level elevation at these two wellBale Road Well#and Dale Road WelRywere within about 1
foot of each otherThis indicates that despite having well screens that are offset by fifty feetywbe
wells screens intersect sandy deposits in thesie Formation anbave nearly identical hydraulic heads
because of good hydraulic communication among the sand beds in the Lissie Formation.

Figure 59 shows the measured water levels fine Kelley Wel{County Line Road Welhd Well C6 in
Figures 5 and 56 ) and Dale Road Well #&hat terminate at depths of approximatelyl® and 105

feet below ground surfageespectivelyAs previouly discussedboth wells were not pumped during
the monitoring period but the Dale Road Well #2 is approximdi@lfeetfrom Dale Road Well #1,
which ispumped for domestic usd=rom August 14 to September 8, the two sets of measiegntshave
very similar changesOnSeptember 8, there is a 2 feet drop in the water level at Dale Road Well #2
which does not occur in the County Line Roaldthe differences that occupetween the two set of
water level measurementsn September 8 wasaused by pumping &ale RoadVell #1 then the data
suggess that the major sand deposiis the upper Lissie Formationay behydraulically canected over
several milebetween Dale Road Well #2 and the County Line Road Well.
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Y  Town of Lissie
Colorado River

=mmmmm Begumont 100ft Thickness Line

City
Drawdown (ft) 1900-2000
° <20
o 20 -40

10 Miles

Figure5-1 EstimatedHistorical Drawdown from 1900 to D00 forWells with Depths Between 50
and 50 Feet Based on LCRBlodel RunsPerformed by Young an®thers (2009).
(Northwest of the purple line, the Beaumont Brmation is absemor less than 100 fee
thick).
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Y&  Town of Lissie
Colorado River
City
mmmmmm Beagumont 100ft Thickness Line

Drawdown (ft) 2005s to 2005w

[} <5
6] 5-10

o 10-20

10 Miles

Figure5-2 Simulatedseasonaldradown that occurred in wells with depths between 50 and 250
feet during 2005 basd on LCRB model runs performed by Young and others (2009).
(North of the blue line, the Beaumont@rmation is absehor less than 100 feet thick)
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Figure5-4 FourCCGCMonitoring Locationswhere water levels indicate smaltledines in the winter water level during the last several years
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Figure5-7 Water Monitoring Data fromCCGCD Well&near the County Line Road in Colorado
County.
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Figure5-8 Location of theCCGCD Monitoring Well near the County Line Road in ColoGualmty
(Well C6 in Figure-b) and of Wells #1 and¢2 at Dale Road in Wharton County.
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Figure5-9 Comparison of Measured Water Levels in CCGCD Monitoring Well near the County
Line Road in Colorado County and Well #2 at Dale Road in Wharton County.
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6. Model Si mul ati ons

A groundwater model was used to investigate the sensitivity of water levglartping near the town
of LissieThe objective of the model simulations is to evaluate riblative importarce of
hydrogeological factors thatavecontributed to the recent decline in the water levéisthe shallow
wellswith total depths less than 15@ét.

6. 1AApplication of Groundwater Model

The LCRB model (Young and Kelley, 2009) was used to simulate the impacts of pumping on water levels
in the Lissie Circldhe LCRB model was calibrated to 2006, which is the last year fortivbictodel
containsgroundwater pumping.Table 61 lists the pumpingssociated with the three stress periods

used in the LCRB mod# simulate pumping inhte LissieCicle for 2006. The model simulations began

in 2007 andasted eithers-year or 20year period. Our anaysis between the twentyear and fiveyear

runs did not produce annotable changes in conclusi®yso only results from the fivgear runs are

discussed.

Table6-1 Pumping Rates in 2006 hyayer in the LCRB Modiéor the LissieFiveMile Circle

Pumping Rate (AFY)

Formation Jan.- Apr .- Oct

Mar. Sept Dec.
Shallow 5 5 5

Lissie 728 728 728

Willis 1086 2471 1086

Upper Goliad 595 311 595
Lower Goliad 0 0 0

Total Amount 2414 3515 2414

During the modeling period, the recharge rate and pumping rate were constant. The constant recharge
rate was set to either the 2006 recharge rate or to zero. Zero recharge represents the case of extreme
drought. Twelve model simulations plus a baselineutation were performed with different pumping

rates for the assumption of recharge or no recharge. Talddi€s the pumping assumptions for the
thirteen pumping simulation. For simulation purposes, the pumping period was modeled as 153 days
and was on} added to the irrigation season. Therefore, the constant pumping used for the baseline
consists of the spatial and temporal pumping distributions provided in TableForPumping Scenario

1 ,the pumping rates of 2414 AFY, 8515 AFY, and 2414k&kKked forstress periods associated with
0KS LISNAZ2RA GWI ydza NBE GKNRBJdAK al NOKT ! LINAThe G KNP dz3 K
pumping rates for Scenario 1 different from the Baseline Scenario 0 by the additis@®AEY

pumping for the time pedd of April through September.
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N -

Table6-2 PumpingRatesi KI i ¢ SNB | RRSRIi & 2 t dz¢ S20668 Cindtef121zS &
Pumping Scenarios with Constant Pumping from 2007 to 2012 forltissie Circle

Additional Pumping (AFY) Included in LCRB Model Simulation
Formation | Base- Single-Formations Runs Dual-Formations Runs| Tri-Formations Runs
line 1 2 3 4 5 6 7 8 9 10 11 12
Lissie 0 |3500f O 0 |7000| O 0 |(3500| 0O |7000f O 3500 7000
Willis 0 0 |(3500| O 0 |7000{ 0 |3500{3500|7000|7000| 3500 7000
Upper Goliad 0 0 0 (3500 O 0 (7000 O (3500| O |7000| 3500 7000

6. 2Di scussion of t h ePr&@rdo uwcn d wantse r Mo d e |

The model predictions are expressed as average drawdown across the area of thertiesfepositive
drawdown values represents a decline in the hydraulic heAd®gative drawdown values represents a
rise in the hydraulic head$he averge drawdown is calculated for each model layer by averaging the
simulated drawdown in the 1040 grid cells contained in the L{3giée.

Tables 63 and 64 provide the average drawdown for the thirteen model scenarios for the recharge and
no recharge asumptions, respectivelfrigures 61, 62, and 63 provide the simulated drawdowns in

the Lissie, Willis, and Upper Goliad, respectivaiythe tables and the figures, three drawdown values
are provided for each yearhe drawdown for March representsdtdrawdown prior to irrigation
seasonThe drawdown for Septembeepresents the drawdown at the end of the irrigation seas®he
drawdown for December represents the drawdown at the end of the calendar year.

Prior to presenting the model resulti$ should be understood thathe application of the LCRB model to
estimate future drawdowns in shallow wells near the town o$ieiss limited for twomajor reasons.

First,the LCRBAodel was not designetb accurately predictwater level changes for a smaliea such

as the town of Lissid-or a model like the LCRB model to accurately predict water levels near the town

of Lissie, the groundwater model would need to be developed and calibrated using significantly more
site-specifichydrological data for theawn of Lissie than used to develop and calibrate the LCRB model.
For instance, the LCRB model predictions of water level change to pumping for the Lissie Circle would be
improved if the results from several aquifer pumping tests with multiple observatveiils were used to
calibrate the model. Without such site specific data, the biases and errors in the model cannot be
identified nor quantified¢ KS &SO02y R NBlFaz2y Aa GKS [/w. Y2RSft Qa
and over the last eight yearthe spatial distribution of pumpinigas substantidy changed in northern

Wharton County and Southern Colorado Couridespite thesewo caveatsthe LCRB modaetill

provide useful informationbecause ihas simulates thenajor hydrogeoloit factors cantrolling

groundwater flowand it has proven to be a relatively reliable predictor of changes in water levels to
pumping at a regional scaléloreover, the LCRB model has been demonstrated (Young and others,

2009) to be a significalytbetter predictor of groundwater flow than previous regional groundwater
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models for Wharton Countyfhe potentially importanfindings from the model resulisicludethe
following:

1 For thebaseline rurwhere ro additional pumpings occurring, te predcted water level is rising
in allthree formationsover time.The hydraulic head levelsebetween 1 and 4.5 feet for the
three formations after five year3.he rise in water levels indicates that for the baseline the
aquifer isrecovering as a rediuof future pumping being less #m historical pumping.

9 Figures 61, 62, and 63 show that the difference between recharging conditions and zero
rechargeis relatively smallOver a fiveyear periodthe total lack ofrecharge increase
drawdownonly by about a foot.As a result, the reduion of rechargedue to drought conditions
or reduced irrigation neathe town of Lissie is not a credible reason for significant declines in
shallow wellwater levels in the Lissie formation.

1 The vast majority of theumping simulations indicate that the aquifer is not fully rebounding
during the nonirrigation seasonso there is a small component of drawdown from irrigation
pumping that is carriedorward every year

1 The relationship between pumping rate and drawdowviihe Lissie, Willis, and Upper Goliad
Formationds nearly a linear relationship meaning that if the pumping rate is dalbteen the
drawdown will nearly be double.

1 Pumping in the Willis Formatiamausesdrawdown in the Lissie FormatioBased on theesults
presentedin Table 63, for every foot of drawdown that occurs in the Wiligrmationas a
result of pumpingn the WillisFormationabout 0.5 feet of drawdown occurs in the Lissie
Formation

9 Pumping in the Upper Goliad Formaticausesdrawdown in the Lissie Formation when the
pumping rate exceeds a value of about 3,000 Afa¥ed on resultresentedin Table 63, for
every foot of drawdown that occurs in thépper Goliad-ormationas a result of pumpinip the
Upper Goliad-ormation,about 03 feet of drawdown occurs in the Lisstermation.

9 The difference in the predicted drawdown in the Lissie Circle for teabrun and 20yearrun
is relatively smalffor the Lissie FormatoinFor Scenario 12, for example, the maximum
seasonal drawdown is 21 feet a@é feetin the Lissie Formatiofor the 5yearrun and 2Gyear
run, respectively; and the average seasonal low drawdown at the is 18 feet and 21 feet for the
5-yearrun and 20yearrun, respectively.However, forboth the Willis and the Upper Gald
Formationdifference between the fyearand 2Qyear runis sigiificant Themportance oftime
period for these simulations is evident from a review of Figurdsafd 63.
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Table6-3 Simulated Average Drawdown for thEivemile Lissie Circle for 1lodel Scenarios
with Recharge

Simulated Average Drawdown In Lissie

LCRB Model Runs YR 1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 |-1.14 0.06-0.62 -1.58 -0.22-0.84 -1.66 -0.3 -0.91 -1.7| -0.37-0.98 -1.81 -0.42 -1.02
L |3500 1 |-1.1§ 6.39 0.83 -1.26 6.22 0.68 -1.15 6.2| 0.64 -1.2 6.15 0.6 -1.2§ 6.11] 0.57
° W |35000 2 |-1.16 1.95 0.38 -1.19 1.83 0.26 -1.12 1.81 0.23 -1.2 1.77] 0.19 -1.21 1.73 0.15
° UG [3500 3 | -1.1§ 0.39-0.27 -1.3 0.29-0.3§ -1.28 0.29-0.37 -1.3 0.26-0.39 -1.34 0.23-0.42
(%] L |7000 4 |-1.1§ 12.7 2.28 -0.95 12.7 2.2/ -0.64 12.7 2.19 -0.7| 12.7 2.17| -0.69 12.7] 2.16
W |70000 5 |-1.16 3.77 1.35 -0.81 3.85 1.35 -0.58 3.92 1.37] -0.6f 3.9 1.35 -0.62 3.88 1.33
UG [7000] 6 | -1.1§ 0.66 0| -1.09 0.73 0.06 -0.96 0.82 0.12 -0.9 0.85 0.14 -0.92 0.8 0.15
LW |35000 7 |-1.14 8.27 1.83 -0.87 8.26 1.78 -0.6 8.31 1.78 -0.6 8.29 1.76 -0.66 8.27 1.74
g W,UG [35000 8 | -1.16 2.27] 0.72 -0.92 2.33 0.74 -0.74 2.4 0.77 -0.7 2.4 0.76 -0.75 2.38 0.76
= LW |70000 9 |-1.14 16.3 4.2l -0.2 16.7 4.36 0.44 16.9 4.46 0.5 16.9 4.49 0.49 17| 4.51
W,UG [7000, 10 | -1.16 4.29 1.91] -0.3§ 4.73 2.18 0.09 4.98 2.35 0.2| 5.07 2.43 0.24 5.12 2.48
@ LW,UG@3500 11 | -1.1§ 8.6 2.17 -0.6 8.77 2.25 -0.23 8.89 2.32 -0.2 8.91] 2.34 -0.2 8.92 2.34
= LW,Ug@7000 12 | -1.1§ 16.8 4.75 0.24 17.6 5.18 1.09 17.9 5.43 1.27 18.1] 556 1.34 18.2] 5.64

Simulated Average Drawdown In Willis

LCRB Model Runs YR1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 |-245 1.72-1.24 -3.38 1.06-1.75 -3.63 0.81-1.99 -3.9 0.62-2.17 -4.03 0.4 -2.3
L |35000 1 |-2.45 3.6-0.24 -2.99 3.1/-0.65 -3.08 2.93-0.84 -3.3 2.75 -1] -3.43 2.61-1.13
° W |35000 2 | -2.45 11.6 1.24 -2.65 11.3 0.92 -2.53 11.2 0.78 -2.7| 11| 0.64 -2.84 10.9 0.52
° UG [3500] 3 | -2.45 3.4 0.01 -2.6 3.23-0.1§ -2.53 3.2/-0.22 -2.6 3.11{-0.31 -2.72 3.01j-0.39
0 L |7000 4 | -2.45 5.49 0.77] -2.6 5.15 0.44 -2.53 5.04 0.3 -2.7] 4.89 0.16 -2.84 4.76 0.05
W |7000] 5 | -2.45 21.1 3.64 -1.94 21.4 3.58 -1.44 215 3.53 -1.5 21.4 3.43 -1.66 21.3 3.34
UG |7000f 6 | -2.45 4.74 0.98 -1.99 5.1 1.21 -1.6 5.35 1.3 -1.5 5.43 1.41 -1.52 5.45 1.42
LW |35000 7 |-2.45 13.5 2.25 -2.26 13.3 2.02 -1.9§ 13.3 1.92 -2.1] 13.1] 1.8 -2.25 13 1.7
g W,UG [35000 8 | -2.45 13.3 2.47| -1.88 13.4 2.5 -1.44 13.5 2.53 -1.5 13.5 2.48 -1.55 13.4 2.42
= LW |[70000 9 | -2.45 24.3 5.51] -1.19 25.3 5.72 -0.3§ 25.6 5.79 -0.4 25.§ 5.75 -0.47 25.6f 5.7
W,UG |7000] 10 | -2.45 23.6 5.65 -0.65 25/ 6.33 0.47] 25.7 6.71 0.7/ 26| 6.8 0.76 26.1 6.98
@ LW,UG3500 11 | -2.45 15.1 3.46 -1.49 15.4 3.59 -0.9 15.6 3.66 -0.9 15.6 3.64 -0.96 15.6 3.6
= LW,UG7000 12 | -2.45 15.1 3.46 -1.49 15.4 3.59 -0.9 15.6 3.66 -0.9 15.6 3.64 -0.9 15.6 3.6

Simulated Average Drawdown In Upper Goliad

LCRB Model Runs YR1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 |-2.88 1.3 -2| -4.6 0.11-3.02 -5.34 -0.51 -3.58 -5.9 -0.97-3.99 -6.26 -1.32 -4.31
L |35000 1 |-2.88 1.7|-1.64 -4.32 0.63 -2.53 -4.9 0.08 -3.03 -5.4 -0.33 -3.4{ -5.79 -0.66 -3.7
° W |35000 2 | -2.8§ 3.08-0.72 -3.8 2.31 -1.4{ -4.23 1.89 -1.8/ -4.6 1.54/-2.12 -4.94 1.24 -2.39
° UG [3500] 3 | -2.88 14.1] 2.79 -2.51] 14.3 2.68 -2.23 14.3 2.56 -2.4 14.21 2.38 -2.64 14| 2.19
0 L |7000] 4 | -2.88 2.04-1.29 -4.04 1.15-2.04 -4.57 0.68-2.47] -5 0.3/-2.82 -5.32 0[-3.09
W |7000] 5 | -2.88 4.75 0.52 -3.02 4.48 0.21] -3.12 4.28 -0.02 -3.4 4.03-0.26 -3.64 3.79-0.48
UG |[7000] 6 | -2.88 23.6 6.43 -0.89 26| 7.43 0.37] 27.4 7.98 0.64 28.1 8.25 0.69 28.5 8.36
LW |35000 7 | -2.88 3.42-0.36 -3.51 2.82-0.91 -3.84 2.48-1.24 -4.2| 2.17-1.54 -4.48 1.9-1.79
g W,UG [35000 8 | -2.8§ 15.6 3.97| -1.74 16.3 4.21] -1.17 16.6 4.27 -1.2| 16.6 4.2 -1.35 16.5 4.08
= LW |70000 9 | -2.88 5.3 1.19 -2.48 5.47) 1.15 -2.37 5.44 1.06 -2.5 5.28 0.9 -2.71 5.1 0.73
W,UG [7000, 10 | -2.88 25.6 8.42 0.46 28.9 10.1] 2.29 31| 11.1 2.85 32.3 11.6 3.0§ 33| 11.9
@ LW,UG@3500 11 | -2.88 15.8 4.31 -1.47 16.7 4.67 -0.79 17.1] 4.8 -0.8 17.21 477 -0.9 17.1] 4.68
= LW,UG7000 12 | -2.88 26| 8.98 0.95 29.5 10.9 2.96 31.8 12| 3.63 33.3 12.6 3.94 34.1 13
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

Table6-4 Simulated Average Drawdown for theivemile Lissie Circle for 12 Model Scenarios
with No Recharge
Simulated Average Drawdown In Lissie

LCRB Model Runs YR 1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 -1.1 0.06 -0.62 -1.58 -0.22-0.84 -1.66 -0.3/-0.91f -1.7| -0.37-0.9§ -1.81 -0.42 -1.02
L 3500 1 -1.1 6.39 0.83 -1.26 6.22 0.68 -1.15 6.2| 0.64 -1.2 6.15 0.6/ -1.25 6.11] 0.57
° W |3500 2 -1.16 1.95 0.3§8 -1.19 1.83 0.26 -1.12 1.81 0.23 -1.2 1.77] 0.19 -1.21 1.73 0.15
° UG 35000 3 | -1.16 0.39-0.27 -1.3 0.29-0.35 -1.28 0.29-0.37 -1.3 0.26-0.39 -1.34 0.23 -0.42
(%] L 7000, 4 -1.16 12.7) 2.28 -0.95 12.7] 2.2| -0.64 12.7| 2.19 -0.7| 12.7| 2.17| -0.69 12.7| 2.16
W |70000 5 |-1.14 3.77 1.35 -0.81 3.85 1.35 -0.58 3.92 1.37 -0.6] 3.9 1.35 -0.62 3.88 1.33
UG |7000 6 | -1.16 0.66 0| -1.09 0.73 0.06 -0.96 0.82 0.12 -0.9 0.85 0.14 -0.92 0.86 0.15
LW |3500] 7 -1.1 8.27 1.83 -0.87 8.26 1.7 -0.6 8.31 1.78 -0.6 8.29 1.76 -0.66 8.27| 1.74
g W,UG |3500 8 -1.16 2.27 0.72] -0.92 2.33 0.74 -0.74 2.4/ 0.77, -0.7) 2.4/ 0.76 -0.75 2.38 0.76
= LW |[7000 9 -1.16 16.3 4.2 -0.2 16.7 4.3 0.44 16.9 4.46 0.5 16.9 4.49 0.49 17| 4.5]
W,UG |7000[ 10 | -1.16 4.29 1.91 -0.36 4.73 2.1 0.09 4.98 2.35 0.2 5.07] 2.43 0.24 5.12| 2.48
@ LW,UG3500 11 | -1.1§ 8.6 2.17] -0.6 8.77 2.25 -0.23 8.89 2.32 -0.2] 8.91 2.34 -0.2] 8.92 2.34
IE LW,UG7000 12 | -1.1§ 16.8 4.75 0.24 17.6 5.1 1.09 17.9 5.43 1.27| 18.1 5.56 1.34 18.2 5.64

Simulated Average Drawdown In Willis

LCRB Model Runs YR 1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 -2.45 1.72-1.24 -3.38 1.06-1.79 -3.63 0.81j-1.99 -3.9 0.62/-2.17 -4.03 0.46 -2.3
L |35000 1 |-2.45 3.6-0.24 -2.99 3.1/-0.65 -3.08 2.93-0.84 -3.3 2.75 -1] -3.43 2.61-1.13
° W [3500 2 -2.45 11.6 1.24 -2.65 11.3 0.92] -2.53 11.2] 0.78 -2.7| 11| 0.64 -2.84 10.9 0.52
° UG 35000 3 | -2.45 3.4 0.01 -2.6 3.23-0.15 -2.53 3.2/-0.22 -2.6 3.11-0.31 -2.72 3.01{-0.39
(%) L 7000 4 -2.45 5.49 0.77, -2.6 5.15 0.44 -2.53 5.04 0.3 -2.7/ 4.89 0.16 -2.84 4.76 0.05
W |7000] 5 -2.45 21.1 3.64 -1.94 21.4 3.58 -1.44 21.5 3.53 -1.5 21.4 3.43 -1.66 21.3 3.34
UG |7000 6 -2.45 4.74 0.98 -1.99 5.1 1.21] -1.6 5.35 1.36 -1.5 5.43 1.41] -1.52 5.45 1.42
LW |3500] 7 -2.45 13.5 2.25 -2.26 13.3 2.02 -1.98 13.3 1.92 -2.1) 13.1] 1.8 -2.25 13| 1.7
g W,UG |3500 8 -2.45 13.3 2.47| -1.88 13.4 2.5 -1.44 13.5 2.53 -1.5 13.5 2.48 -1.55 13.4 2.42
= LW |7000 9 -2.45 24.3 5.51] -1.19 25.3 5.72 -0.3§ 25.6 5.79 -0.4 25.6 5.75 -0.47 25.6 5.7
W,UG [7000, 10 | -2.45 23.6 5.65 -0.65 25 6.33 0.47] 25.7 6.71 0.7 26| 6.88 0.76 26.1 6.98
@ LW,UG3500 11 | -2.45 15.1] 3.46 -1.49 15.4 3.59 -0.9 15.6 3.66 -0.9 15.6 3.64 -0.9 15.6 3.6
IE LW,UG7000 12 | -2.45 26.7) 7.48 0.08 28.7 8.42 1.51] 29.7) 8.92 1.82 30.2 9.1 1.92 30.4 9.29

Simulated Average Drawdown In Upper Goliad

LCRB Model Runs YR1 YR 2 YR3 YR4 YRS
Formations AFY|Run # Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec. | Mar. | Sept.| Dec.
NA NA 0 0 -2.88 1.3 -2| -4.6 0.11-3.02 -5.34 -0.51f -3.5§ -5.9 -0.97/-3.99 -6.26 -1.32 -4.3]
L |35000 1 |-2.88 1.7|-1.64 -4.32 0.63 -2.53 -4.9 0.08 -3.03 -5.4 -0.33 -3.4{ -5.79 -0.66 -3.7
° W |3500 2 -2.88 3.08-0.72 -3.8 231 -1.4 -4.23 1.89 -1.8 -4.6 1.54-2.12 -4.94 1.24 -2.39
° UG 35000 3 | -2.88 14.1 2.79 -2.51 14.3 2.68 -2.23 14.3 2.56 -2.4 14.2 2.38 -2.64 14| 2.19
(7] L 7000, 4 -2.88 2.04/-1.29 -4.04 1.15-2.04 -4.57 0.68-2.47] -5 0.3/-2.82 -5.32 0| -3.09
W |7000] 5 | -2.88 4.75 0.52 -3.02 4.48 0.21 -3.12 4.28-0.02 -3.4 4.03-0.26 -3.64 3.79-0.48
UG |7000] 6 | -2.88 23.6 6.43 -0.89 26| 7.43 0.37] 27.4 7.98 0.64 28.1 8.25 0.69 28.5 8.36
LW |3500] 7 -2.89 3.42-0.3§ -3.51] 2.82-0.91] -3.84 2.48-1.24 -4.2 2.17/-1.54 -4.48 1.9/-1.79
g W,UG |3500 8 -2.88 15.6 3.97| -1.74 16.3 4.21] -1.17 16.6 4.27| -1.2) 16. 4.2| -1.35 16.5 4.08
= LW |7000 9 -2.88 5.36 1.19 -2.48 5.47| 1.15 -2.37 5.44 1.0 -2.5 5.28 0.9 -2.71] 5.1 0.73
W,UG [7000, 10 | -2.88 25.6 8.42 0.46 28.9 10.1] 2.29 31| 11.1 2.85 32.3 11.6 3.0§ 33| 11.9
@ LW,UG3500 11 | -2.8§ 15.8 4.31] -1.47 16.7 4.67| -0.79 17.1 4.8 -0.8 17.2 4.77) -0.9 17.1] 4.68
IE LW,UG7000 12 | -2.8§ 26| 8.9 0.95 29.5 10.9 2.9 31.8 12| 3.63 33.3 12.6 3.94 34.1 13
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Investigation of Declining Water Levels in Shallow Wells located near Lissie, Texas

Simulated Average Drawdown in Lissie Formation
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Figure6-1 SimulatedWater Level Changesin the Lissig-ormationfor Twenty-9x Modeling
Senarios
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