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Appendix B
Blaine Aquifer

Location

The Blaine Aquifer, a minor aquifehas recetly been redelineated by TWDB and
occurs in the extreme western part of BrazosT@e previous detieation showed the aquifer to
occur only in the extreme western part of Knox CouNtyw, thedelineation shows the aquifer

to also occur ifFisher Nolan, and Stonewalounties(FigureB-1).

Geohydrology

The Blaine Formation of the Pease River GrougPefmian Age consists of beds of
gypsum, anhydrite, halite, dolomite, sandstone, and shale. Not all beds are found throughout the
formation, however the individual beds of gypsum and dolomite are laterally continuous.
Recharge primarily occurs from precgtibn on the outcrgpwhich is along the eastern edge of

the formation Discharge is to thevells, seepage to streanw leakage to other formations.

Development and Use

While the upper part of the Blaine provides irrigation supplies from solutioning of
gypsum and dolomite beds in adjacent planning areas, Ogilbee (1962) reports that similar
conditions are not present in Knox Coungnd probably do not exist in Fisher, Nolan and
Stonewall CountiesThe TWDB data base showaslg a fewlivestockand househd wells inthe
Blaine Aquifer in thefour counties. Tiesedata show inventoried Blaine wells to be less than 200
ft deep.Water quality is highly variabléNo withdrawalsrom the Blaine Aquifeare included in
the TWDB 2000groundwater pumpage tabulat®ihe aquifer is under ater table conditions
in the eastern part of the aquifer and under confined conditions to the west.

Availability

The Blaine Aquifer in BGRWPA is in GM&. As of February 2009, they have not
established the desired future condio(DFC). Thus, there is no preliminagstimate of
managed available groundwat®AG). For purposes of the 20Brazos G fan, groundwater
availability of the Blainas assumed to be equal to the amount of net rechartie aquifer and

is calculated bynultiplying the rate of net recharge times #rea of theoutcrop as mapped by
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the TWDB. Netrechargewas estimated during the developmentre Seymour GAM Ewing,
J.D., Jones, T.L., Pickens, J.F. and others, 2@Bd$ed on their research and modalibration, the
estimated longerm rechargeateto the Blaine Aquifer is 0.38 inches per ye&he estimated

annualgroundwategvailability, by countyjs presented in the following table

Blaine Aquifer

Groundwater Availability
Estimates
County (acftlyr)
Fisher 3,600
Knox 700
Nolan 100
Stonewall 8,700
Total 13,100

Well Yields and Water Quality

Any extensive development of this aquifer is unlikely because of the frequent occurrence

of poor quality water and low well yields.

Resource Considerations

Counties in groundwater districts includdnox (Rolling Plains Groundater
Conservation District GCD), FisheClear Fork GCD, andNolan(WesTex GCD.

References

Duffin, G.L., and Beynon, B.E., 1992, Evaluation of water resources in parts &adlling Prairies
region of NorthCentral Texas: TWDB Report 337.

Muller, Daniel A., and Price, Robert D., 1979, Growwater availability in Texas: TDWR Report 238.

Ogilbee, William and Osborne, F.L., 1962, Grownater resources of Haskell and Knox Coesfi
Texas: TWC Bulletin 6209.

Ewing, J.D., Jones, T.L., Pickens, J.F. and others, 2004, Groundwater Availability for the Seymour

Aquifer: Texas Water Development Board Contract Report.

http://www.twdb.state.tx.us/gam/symr/symr.htm
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Figure B-1. Location of Blaine Aquifer in BGRWPA

2011BrazosG Regional Water Plan
Septembep010

B-3

BXR



HDR-00044-100499-10 Appendix B

(This page intentionally left blank.)

2011BrazosG Regional Water Plan B-4 m
Septembe010 B A



HDR-00044-100499-10 Appendix B

Brazos River Alluvium Aquifer

Location

The Brazos River Alluvium Aquifer is a minor aquifer aadcurs along the floodplain
and terrace deposits of the Brazos River downstream of HilBasdue CountiesThe width of
the aquifer ranges frorone to almostsevenmiles The Brazos River Alluvium Aquifer in
BGRWPA occurs in parts of Hill, Bosque, McLennan, Falls, Milam, Robertson, Burleson,
Brazos, Washington and Grimes Countless limited to the valley area along the Brazos River
(FigureB-2).

Geohydrology

The river alluvium formsa floodplain and a series of terracéhe floodplain is of
primary significance as a source of groundwater locally, however, groundwater also may occur
in the errace deposits that are outside the floodplHi alluvium consists of layers of clay, silt,
sand and various mixtureBhe coarsest and best wabsaring zones are in the lower part of the
aquifer Water in the floodplain alluvium usually exists undeater table conditions, although
leaky artesian conditions may occur locally where there are extensive lenses .ofhday
maximum saturated thickness of the alluvium is about 85 Téet primary source of recharge is
precipitation on the floodplainLesser amounts of recharge are losses of runoff in streams
crossing the floodplain, groundwater discharge from adjacent aquifers and return flow from
irrigation water Discharge is mostly by seepagethe Brazos River, evapotranspiratiand

wells.

Development and Use

The year 2@0 BGRWPA groundwater use for the Brazos River Alluvium Aquifer was
estimated to be3070 acft with approximately @percent for irrigation0.5percent for mining

and0.5percent for livestock watering.

Availability

Estimated groutwater availability from the Brazos River Alluvium Aquiferas
determinedseparately for two segmentk the GMAS8 areawhich includes the counties of

Bosque Hill, McLennan,Falls andwesternMilam Counties the MAG has been determined by
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the TWDB. In he GMA-12 and 14 which includesBrazos,Burleson, Grimes, Robertson and
Washington Counties, the estimates of groundwater availability have noti&eemined by the
DFC and MAG process. Based on discussions with the chairmen of-GM#nd GMA14
represatatives they suggested retainirthe 2006Brazos Gestimates. These estimategre
equal to theamount ofeffective recharge that was presented by the TWDB in the 1997 Water
Plan

The approach used for the GMBcountiesto determine the MAGhcludes:

(1) Establishing &FC that is based on maintaining a saturated thicknE82 percent in
McLennan County, 90 percent in Bosque and Hill Counéied 100 percent in Falls
County,

(2) Calculatingthe volume of water in storage by county,

(3) Calculating the annualnet recharge from annual precipitation (7.5 percent of
precipitation),

(4) Calculating the average saturated thickness,

(5) Prorating the allowable depletion saturated thickness/er 50 years, and

(6) Summing the allowableannualdepleton andannualnet rechargeDetails of the
approach, par ameters and a s s WGP Aquifer n s
Assessment 605magdocument.

Thegroundwatervailability estimates, by county, follow:

Brazos River Alluvium Aquifer

Groundwater Availability
Estimates
County (acftlyr)
Bosque 830
Brazos 12,500
Burleson 9,400
Falls 16,684
Grimes 1,700
Hill 632
McLennan 15,023
Milam 475
Robertson 6,300
Washington 3,100
Total 66,644
2011BrazosG Regional Water Plan B-6 H_)‘
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Well Yields

Yields from large supply wells are typically betwme250 and 500 gallons per minute
(gpm). Well yields are considerably less at the edges of the alluvium, and thileeedsminimal

sand thickness or a considerable amount of siltoawthy is present.

Water Quality

Water quality from the Brazos River Allium Aquifer varies widely, even within short
distancesConcentrations of dissolved solids exceed 1,000 milligrams per titgiL] in many
areas but, water is sufficiently fresh to meet drinking water standards in some. &atashow
the aquifer gemally having 500 to 3,00@ng/L dissolved solids contenfreas with dissolved
solids concentrations less than 5Q@/L or greater than 3,000 g/L are of limited extentLocal

groundwater contamination from agriculture chemicals is likely in intensivéjaied areas.

Resource Considerations

Any extensive development of this aquifer is likely to cause sewhgctions of flow in
the Brazos and Little Brazos Rivers.

Counties with groundwater conservation districts in the BGRWPA incl@tanes
(BluebonnetGCD), Robertson and BrazoBiazos ValleyGCD), McLennan McLennan County
GCD) andMilam and BurlesonFost Oak Savannah GCD).

References

Cronin, J.G., and Wilson, C.A., 1967, Groundwater in the fjolath alluvium of the Brazos River,
Whitney Dam to vianity of Richmond, Texas: TWDB Report 41.

Ward, J.K, 2008, Managed available groundwater estimates for the Brazos River Alluvium Aquifer in
Groundwater Management Area 8: TWDB letlated Nov 7, 200&ith GTA Aquifer
Assessment 605magattachment.
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Figure B-2. Location of Brazos River Alluvium Aquifer in BGRWPA

2011BrazosG Regional Water Plan

Septembe010 B-8

bBXR



HDR-00044-100499-10 Appendix B

Carrizo-Wilcox Aquifer

Location

The CarrizeWilcox, a major aquifer within the BGRWPA, is of major significance in
water planning due ta relativelylargesupply of undeveloped watdt traverses a southeastern
part of the BGRWPA in a northeasputhwestrending band and extends into adjoining
planning areas (Figure-B). It occurs within the BGRWPA primarily in parts of Brazos,
Burleson, Lee, Limestone, Milam, and Robertson Counties

Geohydrology

The Carrizo Formation and the underlying Wilcox Group, which is divided into the
Calvert Bluff, Simsboro, and Hooper units, form the Carkitibcox Aquifer. The Simsboro is a
major watetbearing unit across the BGRWPA and also in neighboring plannéag.aBetween
the Colorado and Trinity River the Simsboro sands are uniquely productive and are largely
separated from overlying and underlying geologic units by clays of low permeability. The sands
in the Simsboro and Carrizo are overwhelmingly the mwast significant watebearing zones in
the CarrizeWilcox. The Calvert Bluff and Hooper are generally tapped only by shallow wells.

The CarrizeWilcox consists of a thick sequence of ancient river and delta deposits,
consisting mostly of sand, silt, amthy. Total thickness is typically between 2,000 and 3,000
feet, and net sand thickness can exceed 50 percent of the total thiSomessimportant coal
(lignite) deposits occur primarily within the Calvert Blufrom surface outcrops (recharge
areas) te CarrizeWilcox zones dip coastward beneath younger stiéater table conditions
occur in recharge areas, and artesian conditions occur in downdipRresagitation is the main
source of rechargeA substantial, but unknown, amount of recharge igected by
evapotranspiration in the outcrdpreshwater sands occur up to 30 miles south of recharge areas
and to depths up to about 3,000 feet in the most permeable Sligtifly saline water occurs
just to the southeast (coastward) of the fresh wktarlting within the Mexial'alco Fault Zone
occurs in about a-biile wide belt across parts of Lee, Burleson, Milam, and Robertson
Counties The faults affect position, continuity, an@gsibly water quality within the Carrizo

Wilcox zones in variable andostly unknown ways.
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Development and Use

The year 2@0 groundwater use within the BGRWPA totals B acft, according to
Texas Water Development Board datgphoximately 8 percent of the total pumpedaterwas
used for municipal purposes, 33 percentrf@nufacturing6 percent for stearslectric power
generation, @& percent for irrigation, 1 percent for livestock watering, and 1 percent for mining
The Simsboro is the most productive zomelatively large amounts of water use is for
municipal pumping ¥ Bryan, College Station, Texas A&M, Hearne and Rockdale, industrial

(mining)in Milam County and irrigation in Roberts@ounty.

Availability

Estimates ofyroundwater availability from th€arrizoWilcox Aquifer range from small
amounts by some local imsts to great amounts by water marketéhee selected process in
resolving this issue for water planning, managermamd regulatory purposes is outlined by the
TWDB on the basis of HB763. GMASs for the CarrizeWilcox in Brazos G includes GMA?2
and GMA-14. Counties in GMAL2 include: Brazos, Burleson, Falls, Lee, Limestdviilam and
Robertson. Counties in GMA4 include Grimes and Washington.

Currently, the groundwater availability, or MAGias not been determined in either
GMA. However, therepresetativesfor GMA-12 have reached, or ngareached, a consensus
with a simulation of specified pumpage ihe Queen CitSpartaGroundwater Availability
Model (GAM), which includes the Carriz@Vilcox. This simulation is called GMAL2 Runr3B.

For purposesfdBrazos G, thegrear 2B0 pumpages for the Carrizo, Calvert Bluff, Simsboro, and
Hooper are beingecommendeds reasonable estimatdésr a potentialMAG for the Carrize
Wilcox Aquifer. These values are not official MA®alues but are considered to be reor
suitable for planning purposes than values iR2@6Brazos G plan.

GMA-14 representativeare in the early stages of determining their DFC and do not have
preliminary estimates of their MAG. Based on a conversation with the chairman ofX@8\Mtde
2011 plan shouldise estimates from tt#06Brazos G plan.

The adopted groundwater availability estimates by county follow:
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Carrizo-Wilcox Aquifer

Groundwater
Availability
Estimates
County (acft/yr)
Brazos 57,171
Burleson 35,369
Falls 923
Grimes 5,000
Lee 6,042
Limestone 12,178
Milam 22,988
Robertson 44,852
Total 184,523

In comparison, the estimates in the TWDB 1997 Water Ritaded 278,840 acft/yr;
estimates in th@001 Brazos G regional ater plantotaled280936 acft/yr, and estimates ihe

2006 Brazos G platotaled251,000 acft/yr.

The modeledwater levelsin year 2®0 for the Simsboro layer of th@arrizoWilcox
Aquifer are shown irFigure B4 for pumpage in GMA12 Runr3B. The calculated drawdown
for the Simsboro from year 20to 2060for this simulation ishown inFigure B5.

Well Yields

Wide variations occur in individual well yielddor the four CarrizeWilcox
hydrogeologic unitsmostly depending on well depéind local sand thicknedSstimated ranges
for maximum individual wellields arefrom 500 to 2,000 gpm for the Carriziopm 100 to 300
gpm for the Calvert Blufffrom 500 to 3,000 gpm for the Simsboro, d@naim 100 to 300 gpm

for the Hooper
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Lampasas
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Source: Texas Water Development Board
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Figure B-3. Location of Carrizo-Wilcox Aquifer in BGRWPA
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Figure B-4. Calculated Water Levels in the Simsboro Layer of the Carrizo-Wilcox Aquifer
with Pumping in GMA-12 Run-3B, 2060
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Figure B-5. Calculated Water Level Drawdowns in the Simsboro Layer of the Carrizo-
Wilcox Aquifer with Pumping in GMA-12 Run-3B, 20101 2060
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Water Quality

Water generally meets drinking water standards, but local exceptions Bgcessive
iron concentrations are the most common water quality problem, and some water supplies must
be treatedHydrogen sulfide and methane occurrencesoacasionallyreported Water obtained
near the outcrops of the wateearing zones generalig higher in hardness and lower in total
dissolved solids contenin downdip areas the water is commonly a sodhicarbonateype
water, with total dissolved solids contenhgang from about 300 to 80@ig/L and averaging 400
to 500mg/L. The dissolved solid concentratiotend to be greateat the downdip limit of the

aquifer.

Resource Considerations

Few development problems have occurred to date, and-lgatdrdeclines havéeen
relatively small or restricted to pumping centers near larger developnig¢atsmportant
pollution problems are eviderfbne potential impact of a very significant drawdown is causing
some wellswvould fail because they are either too shallow or thgirgy is too small to lower the
pump as deep as needed.

There arefour groundwater conservation districts that oversee the development and
management of the Carrialilcox Aquifer within the BGRWPA The counties witha
groundwater conservation district lnde: Bastrop and LeelLpst PinesGCD), Robertson and
Brazos Brazos ValleyGCD), Milam and Burleson Rost Oak Savannah GCDand Grimes
(BluebonneGCD).

References

Dutton, A.R., 1999, Assessment of groundwater availability in the CaNifmox Aquifer in Central
Texas-Results of numerical simulations of six groundwatéhdrawal projections (2002050),
The University of Texas at Austin, Bureau of Economic Geology.

Dutton, A.R. and Others, 2002, Groundwater Availability Model for the Central PaheoCarrize
Wilcox Aquifer in Texas: TWDB Contract Report.

Follett, C.R., 1970, Groundiater resources of Bastrop County, Texas: TWDB Report 109.

Follett, C.R., 1974, Groundater resources of Brazos and Burleson Counties, Texas: TWDB Report 185.

HardenR.W. & Associates, Inc., 1986, The most suitable areas for management of the Carrizo/Wilcox

aquifer in Central Texas.
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Dockum Aquifer

Location

The Dockum, a minor aquifer, occurs only alanghe western parts dfiolan, Fisher,
and Kent Counties within the BGRWPA (FigiBes). | & inportant to note that there is a
discrepancy in theccurrence of th®ockum as shown in Figui-6 andin the Shamburger,
1967 report. The Shamburger report shows the Dockum extenahto the midpart of Nolan
County, while the TWDB delineation istited to the extreme western edge of the county.

Geohydrology

Wateris derived largely from sands and gravels in the Santa Rosa ForrobB@nmian
ageor from the Santa Rosa and the overlying Trinity SandswesternNolan County Water

table conditims mostly prevail

Development and Use

Theyear 2@0 groundwater use within the BGRWPA totaled 4,88f2, with 85percent
for irrigation and 14ercent for municipal us&he Dockum provides water over wide areas in
adjacent planning areas, but it is diseery sparingly within the BGRWPA, except in Nolan
County. In Nolan County, the Dockum supplies irrigation, municipal and domestic and stock

supplies

Availability

The Dockum Aquifer in BGRWPA is in GMA& and 7. As of February 2009, they have
not establised the DFC. Thus, there is no preliminary estimate of the MAG. A TWDB GAM
has been completed for Dockum. However, its grid was too coardbe®e relatively small
areamand for analysis of Sweetwateroés Champion W
The groundwater availabilityegdimate in Nolan County habeen updated with the
development of &8razos G (Study 2§5AM for western Nolan and eastern Mitchell Counties
The model 6s f-teonugsoundunater supplidel Gintgy of Sweet water o
Well Field. Basedon modelsimulations from 2008 to 2060 when the predictive pumping was
about 3,500 acft/yr in the Champion Well Field and about 2,250 acft/yr in other theeaster

level declines tended to stabilize, the magnitude of water level drawdown and the saturated

2011BrazosG Regional Water Plan
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thickness seems acceptableThese analyses and findings sugge#itat the estimate of
groundwater availability is 5,750 acft/yn Nolan County The 20072060 drawdown for
Scenario C, which spreadut the wells in the Champion Well Field, is shown in Figuré. B

The saturated thickness for 2060 is shown in Figu& Groundwater availabilityn Kent and

Fisher Counties is very limited and is set to 100 acft/yr for each of the two counties. This is the
amount estimated in 2006 Brazoglan

The groundwater aviability estimates by county follow:

Dockum Aquifer

Groundwater
Availability
Estimates
County (acft/yr)

Fisher 100

Kent 100
Nolan 5,750
Total 5,950

Well Yields and Water Quality

Well yields vary widely, ranging from less than dfim to 400gpm and e@eraging
200gpm.

Water from the aquifer typically meets drinking water standards and contains 500 to 600
mg/L dissolved solids contenHowever, in heavily irrigated areas, elevated concentrations of
nitrates have been reporteew undeveloped suppliep@ear available, but it appears that

recent levels of use witlontinue to bavailable in the future

Resource Considerations

There are three groundwater conservation districts in BGRWPA counties where the
Dockum Aquifer is presenGroundwater managemeim Nolan County is byVesTex GCD
There is little pumpage from the Dockum in tent County(Salt Fork UWCD)and Fisher
County (Clear Fork GCp
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Figure B-6. Location of Dockum Aquifer in BGRWPA
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Edwards (Balcones Fault Zone) Aquifer

Location

The northern segment of the Edwards (Balcones Fault Zone (BFZ)) Acaifegjor
aquifer, occurs in part of central BGRWPFhis segment of the aquifer also extends into the
adjacent planning area to the south (northern Travis Countygribytto the Colorado River)
The northern segment of the Edwards (BFZ) is hydraulicafparsee from the Edwards (BFZ)
occurring south of the Colorado River (the Barton Springs segment) and the Edwards (BFZ)
even further south (San Antonio segmemt)e northern segment of the Edwards (BBgpears
to be overdeveloped except during average avet times, and some supplies are subject to
shortages in larger droughts.

The Edward¢BFZ) in the BGRWPAoccurs in a narrow nortbouthtrending belt across
parts of Williamson and Bell Counties (FigBe9), essentially extending from Round Rock to
Sahdo.

Geohydrology

The Edwards (BFZ) Aquifer consists of the Edwards and associated limestone, including
the Comanche Peak, Kiamichi and Georgetolowever, significant watebearing zones are
normally restricted to the Edwards (BFZ), with associated liomescommonly yielding little to
no water according to test drilling records (Harden, 1988¢ source of the water is infiltration
of rainfall and seepage from stream$ie water moves primarily in honeycombed, solution
enlarged voidsand other enlargedecondary porosity zones along joints and faulise
formationdips to the east beneath younger stréttater table conditions occur in recharge areas
(mostly west of IH35), and artesian conditions occur further easthe eastern boundary of the
aquifer the water quality becomes more mineralized erehtuallyunusablefor most purposes
The water moves from recharge areas to natural spring discharge points and.tdheelisee
largest springs (and theapproximate high and low flowshclude San @briel Springs at
Georgetown (zero t@5 cubic feet per second (cfsBerry Springs north of Georgetown (zero to
48 cf9 and Salado Springs at Salafoto 59 cfg. The Edwards (BFZ) responds more quickly
than most other aquifers to drought and wet cydMigh adequate rainfall, the aquifer is able to
supply substantial water to current users and sustain substantial springflow at the three main

locations In times of belowaverage rainfall or drought, discharge exceeds recharge with the
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result being mosspringflow decreases greatly or dries up and some wells begin .t@¥ait
theyears more and more wells have been drilled and increasingly diminished springflow has
occurred Introduction of surface water supplies has slowed the trend, but competition fo

Edwards (BFZ) water in the area is continuing

Development and Use

The year 2@0 groundwater use within the BGRWPA total&d,370acft, of which
94 percent was municipal, frercent for mining and percent for manufacturing he cities of
Round Rock andseorgetown are the main users along with many smaller public suppliers

Williamson County users accounted far@ercent of theggear 2@0 pumpage.

Availability

An official MAG for the Northern Edwards (BFZ) Aquifer was determined by the
TWDB using DFG defined by GMA-8 representativesThe DFCs were defined &sdlows:

¢ Maintain at least 100 acft/m(@.66 cfs)of stream/springflow in Salado Creek during
arepeat of the drought of record,

¢ Maintain at least 42 acft/m@.70 cfs)of stream/springflow in Tras County during a
repeat of the drought of record; and

e Maintain at least 100 acft/md.66 cfs)of stream/springflow in Williamson County
during a repeat of the drought of record.

Using the GAM for the Northern Segment of the Edwards (BFZ) Aquifer, IN®B
utilized pumpage distributions providéyy GMA-8 to make predictive simulations fropear
2000 to 2020. Pumpage was uniformly adjusted to produce the desired giscimathe streams
and springs during drought of record conditions. Details of theoappr parameters and

assumptions ar e @EAMd&andddOnagiocunent.T WDB O s
Based orthe DFC and MAGanalyss, the estimated groundwater availability follows:

Edwards (BFZ) Aquifer

Groundwater
Availability
Estimates
County (acftlyr)
Bell 6,469
Williamson 3,452
Total 9,921
2011BrazosG Regional Water Plan B-24 m
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Well Yields

Wide variations occur in individual well yields obtainable from the Edwards (BNE)
yields depend upon boreholes encountering secondary, sedutiarged openings in the

limestone Wells used for public supplrange from 200 to about 2,09Ppm.

Water Quality

Water, although hard, meets drinking water standards with dissolved solids content
mostly less than 500ng/L in developed areasFurther east, the water becomes more

mineralized The fluoride content is gh in some of the downdip eastern areas.

Resource Considerations

Groundwater resourcesppear to beverdeveloped during record drougtdnditions
Existing local plans of the larger users have long included conjunctive use plans with surface
waters from lakes GeorgetownTravis, and/or Stillhouse Hollow Significant goundwater
pumpagecan reduce springflowand he aquifer is locally subject to pollution from surface
sourcesThe higher withdrawals by wells can directly affect springflow and downstredatsu
water supplies.

A groundwater districexistsin Bell County Clearwater UWCD.
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Source: Texas Water Development Board
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Figure B-9. Location of Edwards (BFZ) Aquifer (northern segment) in BGRWPA
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Edwards-Trinity (Plateau) Aquifer

Location

The EdwardsTrinity (Plateau)Aquifer is a major aquifein Texas due to its expansive
coverage and available water suppliesthe BGRWPA this aquifer is founanly in parts of
Nolan and TaylorCounties(Figure B10). It providesonly a very smallwater supplyto the

planningregion

Geohydrology

Water from the Edwarddrinity (Plateau)is derived largely from Cretaceous sands
(Trinity) in Nolan County in combinain with the underlyingdockum, which existsn some
areasWatertable conditions are typicalaximum well yieldstypically are less than 50 gallons
per minute In western Nolan County, much of the water production is associated with the
EdwardsTrinity (Plateau) because of the surface geology, but the major-ledengzone of

higher capacity wells the underlying Dockum.

Availability

An attempt by members of GMA t o ut il i ze -TRriMD @Platesau) Ed wa r
groundwater availability model (GAM) wasttrmined to be unsuitable determona MAG
from a proposedDFC. An alternate method has not yet been devise@BA-7 and TWDB.
Thus, the groundwater availability estimates in Nolan and Taylor Countie®tate the values
that were determined for 20B3azosG plan These estimates are basedthe response of water
levels to annual precipitation and pumpamgn d o n t h e SlaWwbDBtér#lanl 9 9 7

Based on this hydrologic analysis, the estimated groundwater availability follows:

Edwards-Trinity (Plateau) Aquifer

Groundwater
Availability
Estimates
County (acft/yr)
Nolan 1,000
Taylor 500
Total 1,500
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Well Yields and Water Quality

Potential well yields are generally less than 100 gpypical waters meet drinking water
standards and contain 400 to 589/L dissolved solids content

Resource Consideration

Groundwatelavailability was estimatedn the 2006 Brazos G plan, which wiaased on
historicalpumpageand water level drawdowns Nolan County with a proportional amount for
Taylor County per aquéir areaFew undeveloped supplies appear available, but it is considered
reasonable to assume that existing supmli#continue to beavailable in the future

Groundwater in Nolan County is regulatedWesTex GCD.
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Figure B-10. Location of Edwards-Trinity (Plateau) Aquifer in BGRWPA
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Ellenburger-San Saba Aquifer

Location

The EllenburgeSan Saba Agjfer, a minor aquifer, occurs in the BGRWPB3utonly in
the southwesterrpart of Lampasas CountyFigureB-11). It primarily occurs in adjacent

planning are#o the south and west.

Geohydrology

The aquifer consists of limestone and dolomites with seegndalutioning along
fractures and faults'he aquifer extends from outcropsd dipsto depths of perhaps 2,000 feet
Little is known about conditions in the deeper parts of the aquifesome areas the aquifer is
believed to be connected to the Marblalls Aquifer Faults are believed to function aasn
important part in controllingroundwater flow and water levelBhe aquifer supports numerous

springs, is lightly used, and usually has less than In@if)Q dissolved solids.

Development and Use

Use isvery limited No withdrawals in the BGRWPA are included in TWDB pumpage
files for year 2@O0.

Availability

GMA-8 has adopted DFC and made wreliminary estimate of future groundwater
availability from the Ellenburgean Saba Aquifer. However, the TWDB hast formally
reviewedtheapproach nomade an official MAG determination

The approach which was adopted by GiAncludes:

(1) Estimatea DFCthat is based on maintaining 90 percent saturated thickness after 50
years

(2) Calculating the volume of ater in storagaithin Lampasas County

(3) Calculating the annual net recharge from annual precipitation and estimated recharge
rates R percent of precipitation),

(4) Calculating the average saturated thickness,
(5) Prorating the allowable depleti@mver 50 years, and
(6) Summing the allowable depletidrom storageand net recharge.
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The preliminary groundwateravailability estimats by GMA-8 for the EllenburgeSan

Saba Aquifer in Lampasas Countyi841acft/yr.

Resource Considerations

Groundwagr resources are large in relation to current use and future local dehend

Saratoga Underground Water Conservation Digtist jurisdiction irLampasas County.
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Figure B-11. Location of Ellenburger-San Saba Aquifer in BGRWPA
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Gulf Coast Aquifer

Location

The Gulf Coast Aquifer, a major aquifer, occurs in a limited area in the southeastern part
of the BGRWPA It occurs in a northeasbuthwestrending band and extends into adjog
planning areas (Figui®-12). In the BGRWPA the aquifer is present primarily in Washington
and in the southern twihirds of Grimes CountiesA small part of the aquifer exists imd
extreme southernmost part of Brazos Coubtyt is not considerea tbe sufficiently great for

regional planning purposes.

Geohydrology

The Gulf Coast Aquifer consists primarily of four wabsaring zones, the deepest being
the Catahoula. The Catahoula is overlain by the Jasper Aquifer (mostly within the Oakville
Sandstae). The Burkeville confining layer separates the Jasper from the overlying Evangeline
Aquifer, which is contained within the Fleming and Goliad Sands. The Chicot Aquifer overlies
the Evangeline and is the uppermost component of the Gulf Coast AquifeChida consists
of the Lissie, Willis and younger formations.

The watetbearing zones present consist of a complex sequence of ancient river and delta
deposits, consisting mostly of interbedded and interfingering sands, silts and clays which thicken
coaswvard The strata form a leaky artesian aquifer system of large extent along the Texas
Coastal PlainTotal thickness in the BGRWPA is up to 1,200 feet, and net sand thickness is
about 2Qpercent of the total thicknedsrom surface outcrops (recharge aye¢hs sand zones dip
coastward beneath younger stratéater table conditions occur in recharge areas, and artesian
conditions occur in downdip areaBrecipitation is the main source of recharge, and large
amounts of recharge are rejected by evapotraatgpirin the outcropMostly only freshwater
sands occur in the BGRWPA, and they extend to depths as great as 1,2Bovester, some

slightly saline water sands occur in the deeper extents of the Catahoula.
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Development and Use

Theyear 200 BGRWPA groundwater use totaled,250acft/yr, of which65 percent was
municipal, 6 percent manufacturing21 percent agriculture, gercent mining, and’ percent

livestock watering.

Availability

Grimes and Washington Counties are in GI#WA As of February 2009, thdyave not
established th®FC. Thus, there is nofficial or preliminary estimate of MAGGroundwater
availability is based on values used in theD@MBrazos G plan, which wertaken from the
TWDBGOs 1997 StWithirethe\ BG@GRWPA thé’dest areas fitevelopment are in the
southern parts of Washington and Grimes Counfieese areas are 10 to 20 miles north of the
location of the 10doot drawdown constrairthat was used in the TWDB original methead a
larger availabilityseems reasonable the southern parts of the two countidsven so, the
availability value of 28,29@cft/yr is approximatelyfour times larger than thgear 2@0
withdrawals and is considered satisfactory for current planringnd when pumpage or
demands increase substaltyiait will be appropriate to revaluate the availality for the Gulf
Coast Aquifer with the northern Gulf Coast Aquifer GAM.

The availability estimates, by county, follow:

Gulf Coast Aquifer

Well Yields

Groundwater
Availability
Estimates

County (acftl/yr)
Brazos 1,177
Grimes 14,083
Washington 13,036
Total 28,296

Wide variations occur in individual well yields obtainable from the primary water

bearing sands, depending on area, deptid local sand thicknes&stimated ranges for

maximum individual vell yields are 300 to 80§pm.
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Water Quality

Water generally meets drinking water standards, but local exceptions lbocoutontent
is occasionally a problemWaters obtained near the outcrops of the wléaring zones are
generally higher in hardnessd lower in total dissolved solids conteimt downdip areas the
water is commonly a calciubicarbonataype water, with total dissolved solids content ranging
up to 1,000mg/L.

Resource Considerations

Groundwater resources are largely undeveloped, feweldpment problems have
occurred to date and watkvel declines are minimal to nanféew and limited water pollution
problems are apparenCounties with groundwater conservation districiaclude Grimes
(Bluebonnet GChandRobertson and BrazoBiazas Valley GCD.
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Burleson

Source: Texas Water Development Board

[ Gulf Coast

Figure B-12. Location of Gulf Coast Aquifer in BGRWPA

2011BrazosG Regional Water Plan
Septembep010

B-38



HDR-00044-100499-10 Appendix B

Hickory Aquifer

The Hickory Aquifer, a minor aquifer, occurs iparts of Lampasasand Williamson
Counties in the BGRWPAThe aquifer primarilyoccurs inanadjacent @nning aredo the south
and west.

The aquifer consists of sandstones which dip northeast away from the Udift. No
pumpage is included for Lampasas County in TWDB data fileydar 2@0, and no Hickory
wells are known to exist within the BGRWP&eophysical log ata suggest that eéhaquifer is
deeper than 3,500 fe&aterbearing properties are unknowand water quality with excessive
radiological parameters is likelyror these reasons, it is not considered in planning for the
BGRWPA.

At the time that groundwater availability estimates were determined in this process,
MAG estimates for the Hickory Aqgiar had not been made.As a result, the groundwater
resources are too unknown to be considered in planning for the BGRWPA.

The Saratoga Underground Water Conservation District encompasses Lampasas County
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Marble Falls Aquifer

Location

The Marble Falls Aquifer, a minor aquifer, occurs in the BGRWPA only in Lampasas

County(FigureB-13). It primarily occurs inan adjacent planning areathe south and west.

Geohydrology

The Marbk Falls Aquifer occurs in discontinuous outcrops in the southwestern part of
Lampasas CountyWater occurs in secondary solution fractures, cavities and channels in the
Marble Falls LimestoneThe aquifer is connected to the Ellenbur§an Saba Aquifer wdre
intervening beds are thin or absent and via faillte aquifer supports numerous springse
larger ones include the springs at Lampasas, which average atieut 9

Development and Use

Use is limited No withdrawals are included for the BGRWPA in DB pumpage files
for year 2@0.

Availability

GMA-8 has adopted DFC and made a preliminary estimate of future groundwater
availability from the Marble Falls Aquifer. However, the TWDB has not formally revieived
approach nor determined tb#icial MAG.

The approach developed by consultant &vA-8, which was adopted by GMA,

includes:

(1) Establishing eDFC that is based on maintaining 90 percent saturated thickness after
50 years,

(2) Calculating the volume of water in storage within Lampasas€o

(3) Calculating the annual net recharge from annual precipitation and estimated recharge
rates b percent of precipitation),

(4) Calculating the average saturated thickness,
(5) Prorating the allowable depletion over 50 years, and
(6) Summing tre allowable depletion from storage and net recharge.

GMA-8 oOgsoundwater availability estimate from tMarble FallsAquifer in Lampasas
County is2,872acft/yr.
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Well Yields and Water Quality

Aquifer use is limited to shallow, small wells. Water quaktguitable for most purposes
near the outcrop area.

Resource Considerations

Groundwater resources are large in relation to current use and future local demand
Regulation is provided by éhSaratoga Underground Water Conservation Didictampasas
County.
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Figure B-13. Location of Marble Falls Aquifer in BGRWPA
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Queen City Aquifer

Location

The Queen City Aquifer, a minor aquifer, occurs in the southeastern part of the
BGRWPA and in adjoining planning areak forms a northeassouthwestrending band
primarily across parts of Robertson, Braz@&imes, Milam, Burleson and Lee d@linties
(FigureB-14).

Geohydrology

The watetbearing zones consist of sands interbedded with silts and dlate sand
thickness ranges up to 300 fe€rom their surface outcrop (recharge area) the sands dip
coastward beneath younger strdeeshwate occurs to depths up to 2,000 feet or mdkiater
table conditions occur in recharge areas, and artesian conditions exist in downdip areas
Precipitationand vertical leakage atke main sourceof rechargeA large amount of recharge is

rejected by evagiranspiration in the outcrop.

Development and Use

The year 2@0 groundwater use within the BGRWPA totaled 3 acft Two-thirds of
that use was in Lee Counftjotal use was about4 percent municipal and6ercent livestock
watering The small use isgtly due to the presence and development of the Sparta Aquifer at
shallower depths over most of the area where the Queen City is present.

Availability

The process in establishing groundwater availability estimates for the Queen City Aquifer
is concurreny beingperformed with the Carriz@Vilcox and Sparta Aquifers in that the GMA
12 officials usedhe QueerCity and Sparta GAMand a consensus on pumping to define the
DFCs The consensus pumping is in mslation called GMA12 Runr3B. However, this pross
only applies to counties in GMA2, including Brazos, Burleson, Lee, and Robertson. The
Queen City Aquifer within BGRWPA also exists@rimes County, which is in GMAA4.

Currently, an official MAG has not been determindry the TWDB in either GMA.
However, the officials for GMAL2 have reached, or nearly reached, a consemwsasceptable

pumping For purposes 02011 Brazos Gplan, the year 20 pumpages for thQueen City
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Aquifer are being accepted as the groundwater availability forQtheen City.While these
values are not official MAGtheyare considered to be more suitable for planning purposes than
values in th2006Brazos G plan. GMAL4 officials are in the early stages of determining their
DFCs and do not have preliminary estimates of thMAG. Based on a conversation with the
chairman of GMA14, Brazos G is to usgroundwater availabilityestimates from th006
Brazos G plan.

The availability estimates, by county, follow:

Queen City Aquifer

Groundwater
Availability
Estimates
County (acftlyr)

Brazos 531

Burleson 293
Grimes 462
Lee 99
Milam 51
Robertson 356

Total 1,792

Well Yields

Estimated ranges for maximum individual well yields are 200 to gp®@ Wide
variations can occur in individual well yields obtainable from the Quegnsands, depending
on area, depth and local sand thickness.

Water Quality

Water typically meets drinking water standards, except for. idgh iron content is a
common, but treatable, problelydrogen sulfide or methane gas is reported occasionally
Waters obtained near the outcrops of the whgsaring zones generally are higher in hardness
and lower in total dissolved solids contett downdp areas the water is commonly a
calcium/sodiurn or sodiumbicarbonateype water with total dissolved soliderdent ranging
from 300mg/L up to 1,000mg/L or more
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Resource Considerations

Groundwater resources are partly undeveloped, and few development problems have
occurred to dateWater level declines are minimal to norfeew and limited water pollution
probdems are apparent

Counties with groundwater districts includerimes (Bluebonnet GCDRobertson and
Brazos Brazos Valley GCID Lee (ost Pines GCD)and Milam and Burleson Fost Oak
Savannah GCD).
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Seymour Aquifer

Location

The Seymour Aquifers classified as a majaquifer in Texas andccurs in scattered,
isolated areas in the western part of the BGRWPA and in three other planning areas to the north
The Seymour is a shallow, alluvial aquifer used almost exclusively for irrigation

The largestirea of the Seymoukquifer is in Haskell and Knox Counties where nearly
90 percent of the Seymour pumpageBGRWPA occursOther scattered areas of the aquifer
extend over parts of Jones, Fisher, Kent, Stonewall, and Throckmorton Counties BFigre
While the Seymourdes a large surficial extent ingkefour counties, the aquifer generally has a
relatively thin saturated thickness, is less productive and does not support widespread irrigation
as it does in Knox and Haskell Counties.

Geohydrology

The Seymour consistd solated areas of alluviurand is composedf gravel, sand and
silty clay. The gravels, deposited by eastward flowing stresmgeologic timesare mostly in
the lower part of the Seymaurotal formation thickness is generally less than 100 Wetter
table conditions predominatBirect infiltration of precipitation is the main source of recharge
and is reasonably higifhe historical pumpage in Knox and Haskell Counties is equivalent to
capturing about 2.0hches, or over ercent, of the annual mipitation Recharge amounting of
over 20percent of precipitation has been observed for some seasons near Rochester in Haskell
County Water levels have fluctuated mostly in response to variations in rainfall and irrigation
pumpageContinuing water levetleclines have not occurred in most areas in Haskell and Knox
Counties, and some rises have been ndtedll the other counties most water levels show a
level ordecliningtrend;and few rises have been noted.

Development and Use

Within the BGRWPA, well supplies ardargely for irrigation. The groundwater use is
relatively small for municipal, mining, rural domestic and livestodiwever, this aquifer is an
important resource for several maipial water users in the northern paftthe regionin Kent
County, groundwater from the Seymour accounts for nearly all of the municipal supplkes
year 2@0 groundwater pumpage within the BGRWPA totaled101,700acft, with about
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97 percent used for irrigation] percent for mining, and fdercent for municipal yrposes

Haskell and Knox Counties accounted $&r,475acft/yr, or94 percent, of the total withdrawals

in year 2@0.

Availability

An attempt by GMAG representatives and TWDB officialso

ut i

ze TWDBO6 s

Groundwater Availability Model (GAM) wasinsuccessful in determining reasonableMAG

estimaterom a proposedFC. Because of this finding, a part of the SeymG#M is currently

being refinedThus, the groundwater availability estimates in Brazos G are set to the values that

were determined fd2006 Brazos G. Theeestimates were revised in 2006 Brazos G orbHsis

of historical data on water levels, pumpage and precipitation and in consideration of estimates

made for the 2001 Brazos G pldased on a conversation with the chairman of GK)MBrazos

G is to use estimates from tB806 Brazos (lan.

Until a MAG is determined for the Seymour, the followiggoundwater availability

estimategrom the 2006 Brazos G plan are to be utilized.

Well Yields

Seymour Aquifer

Groundwater
Availability
Estimates

County (acftl/yr)
Fisher 7,000
Haskell 20,000
Jones 8,000
Kent 5,700
Knox 24,000
Stonewall 2,300
Total 67,000

Well yields average 27¢pm and are as high as 1,3f)ffim Wide variations occur in

individual well yields obtainable from the Seymodepending on area, depth and local character

and thickness of gravels.
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Water Quality

Water quality is variable for many reasomse dissolved solids content of natural water
ranges from 300 to 3,00@g/L with most values between 400 and 1,080/L. Most water
meets drinking water standards, except for nitrate content which typically ranges from 30 to 90
mg/L and commonly exceeds the limit of #&g/L for public suppliesPast oil field practices
have impacted water quality locallylany detailed maps ohdividual water quality parameters
for Haskell and Knox Counties areimcluded in the TDWR Report 226 (Hardd978).

Resource Considerations

Groundwater resources, while significant, are essentially fully developed, although some
added supplies could loeveloped in some areas of water level rises or in other areas in average
to wet times Counties withgroundwater conservation distsdhclude:Kent (Salt ForkUWCD)
and Haskell and Knox (Rolling Plains GCD)here may be additionabpportunities for
conjunctive use or for recharge and conservation projectee region depending on surface

water availability and cost effectiveness.
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Source: Texas Water Development Bdard
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Figure B-15. Location of Seymour Aquifer in BGRWPA
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Sparta Aquifer

Location

The Sparta Aquifer, a minor aquifer, occurs in the southeastern part of the BGRWPA and
in adjoining planning areast occurs in a northeasbuthwestrending band primarily across
parts of Brazos, Burleson, Grimed,ee Milam ard RobertsonCounties (Figurd-16). Its
location isa short distance southeasttloé Queen City AquifefSome users have welssreened
acrossoth zones.

Geohydrology

The watetrbearing zones consist of sands interbedded with silts and dlaetes sand
thickness ranges from about 100 to 200.fesim their surface outcrop (recharge area) the sands
dip coastward beneath younger strd&eeshwater occurs to depths up to 2,000 feet or more
Water table conditions occur in recharge areas, and artesiani@oesiditcur in downdip areas
Precipitationand vertical leakage atke main sourceof rechargeA large amount of recharge is
rejected by evapotranspiration in the outcrop.

Development and Use

The 2000 groundwater use within the BGRWPA totaled 60 acft/yr, with
approximately © percent used for municipal purpos&gercent for manufacturing, dercent
for mining, and23 percent for livestock watering\bout 60percent of the use was in Burleson

County.

Availability

The process in establishing groundevaavailability estimates for th®partaAquifer is
concurrently performed with the Carrix@ilcox andQueen CityAquifers in that the GMAL2
representativeare using aWDB GAM and a consensus on pumping to defineDR€Es. The
consensus pumping is ia simulation called GMAL2 Run3B. However, this process only
applies to counties in GMA2, including Brazos, Burleson, Lee, and Robertson. Sparta
Aquifer within BGRWPA also exists in GMAA4, which includes Grimes County.

Currently the MAG has not ben officially determined in either GMA. However, the
officials for GMA-12 have reached, or nearly reached, a consensus on acceptable pumping. For
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purposes ofthe 2011 Brazos Gplan the 2060 pumpages for tt&partaAquifer are being

accepted as the groundter availability for theSparta Thesepreliminary MAG values are

considered to be more suitable for planning purposes than value206Brazos G fan.

GMA-14 officials are in the early stages of determining their DFC and do not have

preliminary etimates of their MAG. Based on a conversation with the chairman of -GMA

Brazos G is to usgroundwater availabilitgstimates from th2006Brazos G plan.

The availability estimates, by county, follow:

Sparta Aquifer

Groundwater
Availability
Estimates
County (acft/yr)
Brazos 10,483
Burleson 1,107
Grimes 2,044
Lee 295
Robertson 0

Total 13,929

Well Yields

Estimated ranges for maximum individual well yields are 200 to gp®@ Wide
variations can occur in individual well yields obtainable from 8parta, depending on area,
depth and local sand thickness.

Water Quality

Water typically meets drinking water standards, except for. ifagh iron content is a
common problem, and hydrogen sulfide gas is reported occasiovaltgrs obtained near the
outcrops of the watebearing zones generally are higher in hardness and lower in total dissolved
solids content In downdip areas the water is commonly a calcium/sodiom sodium
bicarbonateype water with total dissolved solids content ranging from aB60 up to 1,000
mg/L or more

Resource Considerations

Groundwater resources are largely undeveloped, extéipe vicinity of College Station

and Texas A&Mwell fields. Few development problems have occurred to date, and water level
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declines have beemlited except neathese well fieldsandthe former Bryan well fieldsFew
and limited water pollution problems are apparébdunties with groundwater conservation
districts include:Lee (Lost Pines5CD), Robertson and Brazos (Brazos ValleZ D), Milam
and Burleson (Post Oak Savannah GCa&nd Grimes (Bluebonnet GCD).
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Figure B-16. Location of Sparta Aquifer in BGRWPA
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