
GAMRUru rl-ozlrvrm
MonmED AvenABLE GnouNDwATER FoR

THE AqumERs ru GnouNDwATER
MaruecEMENrAng a,T

rexa s *,, ji i !;Lili} *;?;l;.;
G ro u nd water Ava i I a b,,,,, frTJJli[ffi ffi ::l

[512J 463_6641,
September 21, Z}j.g

IAN C. JONES

GEOTOGY
No.477



This page is intentionally leftbtank



GAM RUw L6-az6 IVIAG v'nsroru z :
MooELED AveneBLE GnouNDwATER
FOR THEAqUMERS TTV GNOUNDWATER

MeruacEMENrAnEa 7
Ian C. fones, ph.D., p.G.

Texas Water Development Board

G ro u nd wa ter Ava i I a b,,, * fi,'Jjif,[Til3#:Xt
(sLz) 463-664L

September ZL,ZOtg

EXECUTIVE SUMMARY:

we have prepared estimates of the modeled available groundwater for the relevant
aquifers of Groundwater ManagementArea 7-the capitan Reef comple& Dockum,
Edwards-Trinity fPlateau), Ellenburger-san Saba, Hickory, ogallala, pecos valley, Rustter,and Trinity aquifers. The estimates are based on the desired future conditions for theseaquifers adopted by the groundwater conservation districts in Groundwater Management
AreaT on september22,2015 and March 22,2078.The explanatory reports and othermaterials submitted to the Texas water Development Board gwDB) were determined tobe administratively complete on fune ZZ,ZOLI.
The original version of GAM Run 16-026 MAG inadvertently included modeled availablegroundwater estimates for areas declared not relevant by the groundwater management
area and areas that had no desired future conditions for the Edwards-Trinity (plateau),
Pecos valley, and Trinity aquifers. GAM Run L6-}26MAG version 2 (this reportJ containsupdates to reported total modeled available groundwater estima,* ,.a * Tables 5 and 5that reflect only relevant portions of the Edwards-Trinity (plateau), pecos valley, andTrinity aquifers.

The modeled available groundwater values are summarized by decade for the groundwater
conservation districts (Tables 1,3,5,7, g, LL,13) and for use in the regionat water planning
process (Tables 2,4,6,8, 10, L2,14).The modeled available groundwater estimates are26'764 acre-feet per year in the capitan Reef complex Aquifer; z,3z4acre-feet per year inthe Dockum Aquifec 474,464acre-feet peryear in the undifferentiated Edwards-Trinity
(Plateau), Pecos valley, and Trinity aquifers; 22,6tlacre-feet peryear in the Ellenburger-
San Saba Aquifer; 4g,g3| acre-feet per year in the Hickory Aquifer; 6,5?Oto g,019 acre_feetper year in the ogallala Aquifeq and 7,040 acre-feet per year in the Rustler Aquifer. The
modeled available groundwater estimates were extracted from results of model runs using
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the groundwater availability models for the Capitan Reef complex Aquifer (Jones, 2016);
the High Plains Aquifer system (Deeds and figmond, 2015J; the minor aquiiers of the Llano
Uplift Area (Shi and others ,20L6),and the Rustler Aquifer (Ewing and oihers , z1LZ).ln
addition, the alternative 1-layer model for the Edwards-Trinity (plateauJ, pecos valley, and
Trinity aquifers fHutchison and others ,2017)was used for the Edwards-Triniry (plateau),
Pecos Valley, and Trinity aquifers, except for Kinney and Val Verde counties. In these two
counties, the alternative Kinney County model (Hutchison and others ,Z}LL)and the model
associated with a hydrogeological study for Val Verde Counry and the Cify of Del Rio
(EcoKai Environmental, Inc. and Hutchison, 2014), respectively, were used to estimate
modeled available groundwater. The Val Verde County/Del Rio model covers Val Verde
County. This model was used to simulate multiple pumping scenarios indicating the effects
of a proposed wellfield. The model indicated the effects of varied pumping rates and
wellfield locations. These model runs were used by Groundwater Management Area 7 as
the basis for the desired future conditions for val verde county.

REQUESTOR:

Mr. Joel Pigg, chair of Groundwater ManagementArea 7 districts.

DESCRIPTION OF REQUEST:

In letters dated November 22,2}L6and March 25,ZOL1,Dr. William Hutchison on behalf of
Groundwater Management AreaT provided the TWDB with the desired future conditions
for the capitan, Dockum, Edwards-Trinity (plateauJ, Ellenburger-san saba, Hickory,
Ogallala, Pecos Valley, Rustler, and Trinity aquifers in Groundwater Management AreaT.
Groundwater Management AreaT provided additional clarifications through emails to the
TWDB on March 23,20L9 and fune 12,20L8 for the use of model extents (Dockum,
Ellenburger-San Saba, Hickory, Ogallala, Rustler aquifers), the use of aquifer extents
(Capitan Reef Complex, Edwards-Trinity [Plateau], Pecos Valley, and Trinity aquifers), and
desired future conditions for the Edwards-Trinity fPlateau) Aquifer of Kinney and Val
Verde counties.

The final adopted desired future conditions as stated in signed resolutions for the aquifers
in Groundwater Management Area 7 are reproduced below:

Capitan Reef [Complex] Aquifer
Total net drawdown of the Capitan Reef [Complex] Aquifer not to exceed 55 feet in
Pecos County (Middle Pecos [Groundwater Conservation District]) in Z0Z0 ascompared
with 2006 aquifer levels (Reference: Scenario 4, GMA 7 Technical Memorandum 15-06,
4-B-207s).
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DockumAquifer

Total net drawdown of the Dockum Aquifer not to exceed 14 feet in Reagan county(santa Rita [Groundwater conservation District]J in 2070, as compared with 2012aquifer Ievels.

Total net drawdown of the Dockum Aquifer not to exceed 52 feet in pecos county
fMiddle Pecos [Groundwater conservation DistrictJ) in 2070, as compared with 2012aquifer levels.

Edwards-Trinip (prateau), pecos valrey, and Trinity aquifers
Average drawdown for [the Edwards-Trinity (plateau), pecos valley, and rrinity
aquifersJ in the following [Groundwater Management Area] 7 counties not to exceed
drawdowns from ZOLO toZOTA t...1.

County [...] Average Drawdowns from

191! !o 2070 [feet]
Coke 0

Crockett 10

Ector 4

Edwards 2

Gillespie 5

Glasscock 42

Irion 10

Kimble 7

Menard 7

Midland L2

Pecos L4

Reagan 42

Real 4

Schleicher I
Sterling 7

Sutton 6
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Taylor 0

Terrell 2

Upton 20

Uvalde 2

Total net drawdown [of the Edwards-Trinity (Ptateau), Pecos Valley, and Triniry aqutfers]
in Kinney County in2070, as compared with 2010 aquifer levels, shall be consistent
with maintenance of an annual average flow of 23.9 [cubic feet per second] and an
annual median flow of 23.9 [cubic feet per second] at Las Moras springs [...].
Total net drawdown [of the Edwards-Trinity (Plateau), pecos Valley, and Trinity
aquifers] in Val Verde County in2070,as compared with 2010 aquifer levels, shall be
consistent with maintenance of an average annual flow of T3-TS [million gallons per
dayl at San Felipe Springs.

MinorAquifers of the Llano UptiftArea
Total net drawdowns of [Ellenburger-San Saba Aquifer] levels in20Z0,as compared
with 2010 aquifer levels, shall not exceed the number of feet set forth below,
respectively, for the following counties and districts:

IGroundwater Conservation District]
Drawdown
in2070
(feet)

Hill Country [Underground Water
Conservation District]

Hickory [Underground Water
Conservation District] no. 1

Hickory [Underground Water
Conservation District] no. 1

Menard County [Underground Water
Districtl and Hickory [Underground
Water Conservation Districtl no. 1

Kimble County [Groundwater
Conservation District] and Hickory
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Total netdrawdown of [HickoryAquifer] levels inZa7a,as compared with 2010 aquiferIevels, shall not exceed the numberof feet set forth below, respectively, for thefollowing counties and districts:

[Undergrouna@
Districtl no. 1

Hickory [Underground Water
Conservation District] no. 1

[Groundwater Conservation District]

Hickory [Underground Water
Conservation District No. U

Hill Country UWCD

Hickory [Underground Water
Conservation District No. 1]

Hickory [Underground Water
Conservation District No. 1l

Menard UWD and Hickory
[Underground Water Conservation
District No. 1l

Kimble Kimble County [Groundwater
Conservation DistrictJ and Hickory
[Undergrou nd Water Conservation
District No. 1l

Hickory [Underground Water
Conservation District No. 1]
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Ogallala Aquifer

Total net [drawdown] of the Ogallala Aquifer in Glasscock County fGlasscock
[Groundwater Conservation District]) in 2O7O,as compared with 2012 aquifer levels,
not to exceed 6 feet [...J.

RustlerAquifer

Total net drawdown of the RustlerAquifer in Pecos county (Middle pecos GCD) in 2070
not to exceed 94 feetas compared with 2009 aquifer levels.

Additionally, districts in Groundwater Management AreaZ voted to declare that the
following aquifers or parts of aquifers are non-relevant for the purposes ofjoint planning:

o The Blaine, Igneous, Lipan, Marble Falls, and Seymour aquifers.

o The Edwards-Trinity (Plateau) Aquifer in Hickory Underground Water
Conservation District No. 1, the Lipan-Kickapoo Water Conservation District,
Lone Wolf Groundwater Conservation District, and Wes-Tex Groundwater
Conservation District.

o The Ellenburger-San Saba Aquifer in Llano County.

o The Hickory Aquifer in Llano County.

o The Dockum Aquifer outside of Santa Rita Groundwater Conservation District
and Middle pecos Groundwater conservation District.

o The Ogallala Aquifer outside of Glasscock Counry.

In response to a several requests for clarifications from the TWDB in20L7 and 201g, the
Groundwater Management AreaT Chair, Mr. Joel Pigg, and Groundwater ManagementArea
7 consultant, Dr. William R. Hutchison, indicated the following preferences for veriffing the
desired future condition of the aquifers and calculating modeled available groundwater
volumes in Groundwater Management AreaT:

Capitan Reef Complex Aquifer

Calculate modeled available groundwater values based on the official aquifer
boundaries.

Assume that modeled drawdown verifications within 1 foot achieve the desired future
conditions.
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Edwards-Trinity (prateau), pecos varley, and Trinity aquifers

fflffi:Iodeled 
available groundwatervatues based on rhe officiat aquifer

Assume that modeled drawdown verifications within 1 foot achieve the desired futureconditions.

Kinnqt Countlt

use the modeled available groundwater values and model assumptions from GAM Run10-043 MAG version 2 (Shi, z}tz)to maintain annual average springflow of z3.9cubicfeet per second and a median flow of 24.4 cubic feet per second at Las Moras Springsfrom 2010 to 2060.

Val Verde Countyr

There is no associated drawdown as a desired future condition. The desired future
condition is based solely on simulated springflow conditions at san Felipe spring of 73
to 75 million gallons per day. Pumping scenarios-50,000 acre-feet per year-in three
well field locations, and monthly hydrologic conditions for the historic period 19G9 to
2012 meetthe desired future conditions set by Groundwater Management Area1
(EcoKai and Hutchison, 2014; Hutchison Z01gbJ.

MinorAquifers of the Llano UptiftArea
Calculate modeled available groundwater values based on the spatial extent of the
Ellenburger-San Saba and Hickoryaquifers in the groundwater availability model for
the aquifers of the Llano Uplift Area and use the same model assumptions used in
Groundwater Management AreaT Technicat Memorandum 16-02 (Hutchison 2aL6g).

Drawdown calculations do not take into consideration the occurrence of dry cells where
water levels are below the base of the aquifer.

Assume that modeled drawdown verifications within 1 foot achieve the desired future
conditions.

DockumAquifer

Calculate modeled available groundwater values based on the spatial extent of the
groundwater availability model for the Dockum Aquifer.

Modeled availabl e groundwater analysis excl udes pass-through cells.

Assume that modeled drawdown verifications within 1 foot achieve the desired future
conditions.
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Ogallala Aquifer

Calculate modeled available groundwater values based on the official aquifer boundary
and use the same model assumptions used in Groundwater Management Area Technical
Memorandum 15-0 1 (Hutchison, ZOL6|).

Modeled available groundwater analysis excludes pass-through cells.

Well pumpage decreases as the saturated thickness of the aquifer decreases below a 30-
foot threshold.

Assume that modeled drawdown verifications within 1 foot achieve the desired future
conditions.

Rustler Aquifer

Use 2008 as the baseline year and run the model from 2009 through 2070 fend of
2008/beginning of 2009 as initial conditions), as used in the submitted predictive
model run.

use 2008 recharge conditions throughout the predictive period.

calculate modeled available groundwater values based on the spatial extent of the
groundwater availability model for the Rustler Aquifer.

General-head boundary heads decline at a rate of 1.5 feet per year.

Use the same model assumptions used in Groundwater Management AreaT Technical
Memorandum 15-05 (Hutchison, 2016d).

Assume that modeled drawdown verifications within L foot achieve the desired future
conditions.

METHODS:

As defined in chapter 35 of the Texas water code (TWC ,20ll),,.modeled available
groundwater" is the estimated average amount of water that may be produced annually to
achieve a desired future condition. Groundwater conservation districts are required to
consider modeled available groundwater, along with several other factors, when issuing
permits in order to manage groundwater production to achieve the desired future
condition(s)' The other factors districts must consider inctude annual precipitation and
production pafferns, the estimated amount of pumping exempt from permitting existing
permits, and a reasonable estimate of actualgroundwater production under existing
permits.

For relevant aquifers with desired future conditions based on water-level drawdown,
water levels simulated at the end of the predictive simulations were compared to specified
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baseline water levels' In the case of the High Plains Aquifer system (Dockum and ogallalaaquifers) and the minor aquifers of the Llano uplift area (Ellenburger-san saba andHickory aquifers), baseline water levels represent water levels at the end of the calibratedtransient model are the initial water level conditions in the predictive simulation-water
levels at the end of the precedingyear. In the case of the capitan Reef complex, Edwards-Trinity (PlateauJ, Pecos valley, and Trinity, and Rustler aquifers, the baseline water levelsmay occur in a specified year, early in the predictive simulation. These baseline years are2006 in the groundwater availability model for the capitan Reef complex Aquifer, 2010 inthe alternative model for the Edwards-Trinity (ttateau), pecos valley, and Trinity aquifers,2012 in the groundwater availability model for the High plains Aquifer system, 2010 in thegroundwater availability model for the minor aquifers of the Llano upliftarea, and 2009 inthe groundwater availability model for the Rustler Aquifer. The predictive modet runs usedaverage pumping rates from the historical period for the respective model except in theaquifer or area of interest In those areas, pumping rates are varied until they produce

drawdowns consistent with the adopted desired future conditions. pumping rates or
modeled available groundwater are reported in lO-year intervals.
water-level drawdown averages were calculated for the relevant poftions of each aquifer,
Drawdown for model cells that became dry during the simulation-when the water level
dropped below the base of the cell-were excluded from the averaging. In Groundwater
Management Area 7, dry cells only occur during the predictive period in the ogallala
Aquifer of Glasscock county. consequently, estimates of modeled available groundwater
decrease over time as continued simulated pumping predicts the development of
increasing numbers of dry model cells in areas of the ogallala Aquifer in Glasscock County.
The calculated water-level drawdown averages were compared with the desired future
conditions to veriff that the pumping scenario achieved the desired future conditions.
In Kinney and val verde counties, the desired future conditions are based on discharge
from selected springs. In these cases, spring discharge is estimated based on simulated
average spring discharge over a historical period maintaining all historical hydrologic
conditions-such as recharge and river stage-except pumping. In other words, we assume
that past average hydrologic conditions-the range of fluctuation-will continue in the
future' In the cases of Kinney and val verde counties, simulated spring discharge is based
on hydrologic variations that took place over the periods 1950 through 2005 and 1g6g
through 2013, respectively. The desired future condition for the Edwards-Trinity (plateau)
Aquifer in Kinney county is similar to the one adopted in 2010 and the associated modeled
available groundwater is based on a specific model run-GAM Run 10-043 (shi, 20L2).
Modeled available groundwater values for the Ellenburger-San Saba and Hickory aquifers
were determined by extracting pumping rates by decade from the model results using
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ZONBUDUSG Version 1.01 (Panday and others, 2013). For the remaining relevant aquifers
in Groundwater Management Area 7 modeled available groundwater values were
determined by extracting pumping rates by decade from the model results using
ZoNEBUDGET Version 3.01 (Harbaugh,2OOg). Decadal modeled available groundwarer for
the relevant aquifers are reported by groundwater conservation district and county [Figure
1; Tables 1, 3, 5, 7,9, tL,13), and by county, regional water planning area, and river basin
(Figures 2 and 3; Tables 2,4,6,9, 10, LZ, t4).
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FIGURE 1.

Coke County UWCD

Crockett County GCD

Edwards Aquifer Authority

Glasscock GCD

Hickory UWCD No. 1

HillCountry UWCD

lrion County WCD

Kimbte County GCD

Kinney County GCD

Lipan-Kickapoo WCD

Lone Wolf GCD

ffi
Menard County UWD

Middle Pems GCD

Plateau UWC and Supply District

Real-Edwards Conservation and Reclamation District

Santa Rita UWCD

Sterling County UWCD

Sutton County UWCD

Tenell County GCD

Uvalde County UWCD

Wes-Tex GCD

I
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MAP SHOWING THE GROUNDWATER CONSERVATION DISTRICTS (GCD) IN
GROUNDWATf,R MANAGEMENT AREA 7. N0TE: THE B0UNDARIES oF THE EDWARDS
AQUIFER AUTHORTTY OVERI,AP WITH THE WALDE COUNTY UNDERGROUND WATER
C0NSERVATTON DTSTRTCT [UWCD).
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t= Groundwater Mangement Area 7

tl counties

50
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Regional Water Planning Area

ffi Far west Texas

l-l Lower colorado

f Plateau

I Resion F

f Brazos G

f:f south centratrexas

FIGURE 2. MAP SHOWING REGIONAL WATER PLANNING AREAS IN GROUNDWATER
MANAGEMENT AREA 7.



GAM Run 75-A26 MAG Version 2:
Modeled Available Groundwaler for the Aquifers in Groundwater Management Area 7
September 2L,2078
Page 15 of50

EI Groundwater Mangement Area 7
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MAP SHOWING RIVER BASINS IN GROUNDWATER MANAGEMENT AREA 7. THESE
INCLUDE PARTS OF THE BRAZOS, COLORADO, GUADALUPE, NUECES,AND RIO GRANDE
RIVER BASINS.
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PARAM ETERS AND ASSUMPTIONS:

Capitan Reef Complex Aquifer

Version 1.01 of the groundwater availability model of the eastern arm of the Capitan

Reef Complex Aquifer was used. See fones (2016) for assumptions and limitations of the

groundwater availability model. See Hutchison (2016hJ for details on the assumptions

used for predictive simulations.

The model has five layers: Layer 1, the Edwards-Trinity (Plateau) and Pecos Valley

aquifers; Layer 2, the Dockum Aquifer and the Dewey Lake Formation; Layer 3, the
Rustler Aquifer; Layer 4, a confining unit made up of the Salado and Castile formations,
and the overlying portion of the Artesia Group; and Layer 5, the Capitan Reef Complex

Aquifer, part of the Artesia Group, and the Delaware Mountain Group. Layers 1 through
4 are intended to act solely as boundary conditions facilitating groundwater inflow and

outflow relative to the Capitan Reef Complex Aquifer [Layer 5).

The model was run with M0DFLOW-2000 fHarbaugh and others, 2000).

The model was run for the interval 2006 throu gh 207 0 for a 64-year predictive
simulation. Drawdowns were calculated by subtracting 2006 simulated water levels
from 2070 simulated water levels, which were then averaged over the portion of the
aquifer in Groundwater Management Area7.

During predictive simulations, there were no cells where water levels were below the
base elevation of the cell ("d4y''cells). Therefore, all drawdowns were included in the
averaging.

Drawdown averages and modeled available groundwater volumes are based on the
official aquifer boundary within Groundwater Management Area7.

Dockum and Ogallala Aquifers

Version 1.01 of the groundwater availability model for the High Plains Aquifer System
by Deeds and |igmond [2015) was used to construct the predictive model simulation for
this analysis. See Hutchison (20L6f) for details of the initial assumptions.

The model has four layers which represent the Ogallala and Pecos Valley Alluvium
aquifers flayer 1), the Edwards-Trinity (High Plains) and Edwards-Trinity (Plateau)
aquifers (Layer 2), the Upper Dockum Aquifer (Layer 3J, and the Lower Dockum
Aquifer (Layer 4). Pass-through cells exist in layers 2 and 3 where the Dockum Aquifer
was absent but provided pathway for flow between the Lower Dockum and the Ogallala
or Edwards-Trinity (High PIains) aquifers vertically. These pass-through cells were
excluded from the calculations of drawdowns and modeled available groundwater.
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The model was run with MODFLOW-NWT fNiswonger and others, 2011). The model
uses the Newton formulation and the upstream weighting package, which automatically
reduces pumping as heads drop in a particular cell, as defined by the user. This feature
may simulate the declining production of a well as saturated thickness decreases. Deeds
and figmond (2015) modified the MODFLOW-NWT code to use a saturated thickness of
30 feet as the threshold-instead of percent of the saturated thickness-when pumping
reductions occur during a simulation. It is important for groundwater management
areas to monitor groundwater pumping and overall conditions of the aquifer. Because
of the limitations of the groundwater model and the assumptions in this analysis, it is
important that the groundwater conservation districts work with the TWDB to refine
this analysis in the future gven the reality of how the aquifer responds to the actual
amount and location of pumping now and in the future. Historic precipitation patterns
also need to be placed in context as future climatic conditions, such as dry and wet year
precipitation patterns, may differ and affect groundwater flow conditions.

The model was run for the interval 2013 throughZATA for a S8-year predictive
simulation. Drawdowns were calculated by subtracting20T2 simulated water levels

from 2A70 simulated water levels, which were then averaged over the portion of the
aquifer in Groundwater Management Area7.

During predictive simulations, there were no cells where water levels were below the
base elevation of the cell ("dr5/ cellsJ. Therefore, all drawdowns were included in the

averaging. Modeled available groundwater analysis excludes pass-through cells.

Drawdown averages and modeled available groundwater volumes are based on the

model boundaries within Groundwater Management AreaT for the Dockum Aquifer
and official aquifer boundaries for the Ogallala Aquifer.

Pecos VaIIey, Edwards-Trinity (Plateau) and Trinity Aquifers

The single-layer alternative groundwater flow model for the Edwards-Trinity (PlateauJ

and Pecos Valley aquifers used for this analysis. This model is an update to the

previously developed groundwater availability model documented in Anaya and fones

Q\Aq. See Hutchison and others [2011a) and Anaya and ]ones (2009) for assumptions

and limitations of the model. See Hutchison (2016e; 2018cJ for details on the

assumptions used for predictive simulations.

The groundwater model has one Iayer representing the Pecos Valley Aquifer and the

Edwards-Trinity (Plateau) Aquifer. In the relatively narrow area where both aquifers

are present, the model is a lumped representation of both aquifers.

The modelwas run with MODFLOW-2000 (Harbaugh and others,2000).



GAM Run L6-026 MAG Version 2:

Modeled Availabte Groundwater for the Aquifers in Groundwater ManagementArea 7

September 21,2418
Page 18 of50

The model was run for the interval 2006 throu 8h2070 for a 65-year predictive

simulation. Drawdowns were calculated by subtracting 2010 simulated water levels

from 2070 simulated water levels, which were then averaged over the portion of the

aquifer in Groundwater ManagementArea 7. Comparison of 2010 simulated and

measured water levels indicate a root mean squared error of 84 feet or 3 percent of the

range in water-level elevations.

Drawdowns for cells with water levels below the base elevation of the cell ("dry" cells)

were included in the averaging.

Drawdown averages and modeled available groundwater volumes are based on the

official aquifer boundaries within Groundwater Management Area7.

Edwards-Trinity (Plateau) Aquifer of Kinney County

All parameters and assumptions for the Edwards-Trinity fPlateau) Aquifer of Kinney

County in Groundwater Management Area7 are described in GAM Run 10-043 MAG

Version 2 (Shi, 20t2). This report assumes a planning period from 2010 to 2070.

The Kinney County Groundwater Conservation District model developed by Hutchison

and others [2011b) was used for this analysis. The model was calibrated to water level

and spring flux collected from 1950 to 2005.

The model has four layers representing the following hydrogeologic units (from top to
bottom): Carrizo-Wilcox Aquifer (layer 1), Upper Cretaceous Unit flayer 2), Edwards

(Balcones Fault Zone) Aquifer/Edwards portion of the Edwards-Trinity (Plateau)

Aquifer (layer 3), and Trinity portion of the Edwards-Trinity (Plateau) Aquifer (layer 4).

The model was run with MODFLOW-2000 (Harbaugh and others, 2000).

The modelwas run for the interval 2006 through2070 for a 65-year predictive

simulation. Drawdowns were calculated by subtracting 2010 simulated water levels

from 2070 simulated water levels, which were then averaged over the portion of the

aquifer in Groundwater Management Area7.

Modeled available groundwater volumes are based on the official aquifer boundaries
within Groundwater ManagementArea 7 in Kinney County.

Edwards-Trinity (Plateau) Aquifer of Val Verde County

The single-layer numerical groundwater flow model for the Edwards-Trinity (Plateau)
Aquifer of Val Verde County was used for this analysis. This model is based on the
previously developed alternative groundwater model of the Kinney County area

documented in Hutchison and others (2011b). See EcoKai (2014) for assumptions and
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limitations of the model. See Hutchison [2016e; 2018b) for details on the assumptions
used for predictive simulations, including recharge and pumping assumptions.

The groundwater model has one layer representing the Edwards-Trinity (Plateau)
Aquifer of Val Verde County.

The model was run with MODFLOW-2005 fHarbaugh, 2005).

The model was run for a 4S-year predictive simulation representing hydrologic
conditions of the interval 1968 through 2013. Simulated spring discharge from San
Felipe Springs was then averaged over duration of the simulation. The resultant
pumping rate that met the desired future conditions was applied to the predictive
period-2010 through 2070-based on the assumption that average conditions over
the predictive period are the same as those over the historic period represented by the
model run.

Modeled available groundwater volumes are based on the official aquifer boundaries
within Groundwater Management AreaT in Val Verde County.

RustlerAquifer

Version 1.01 of the groundwater availability model for the Rustler Aquifer by Ewing
and others (20L2) was used to construct the predictive model simulation for this
analysis. See Hutchison [2016d) for details of the initial assumptions, including
recharge conditions.

The model has two layers, the top one representing the Rustler Aquifer, and the other
representing the Dewey Lake Formation and the Dockum Aquifer.

The model was run with MODFLOW-NWT (Niswonger and others, 2011).

The model was run for the interval 2009 throudh2070 for a 61-year predictive

simulation. Drawdowns were calculated by subracting 2009 simulated water levels

from 2070 simulated water levels, which were then averaged over the portion of the
aquifer in Groundwater Management Area7. During predictive simulations, there were
no cells where water levels were below the base elevation of the cell ("d4/' cells).

Therefore, all drawdowns were included in the averaging.

Drawdown averages and modeled available groundwater volumes are based on the
model boundaries within Groundwater ManagementArea 7.
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Minor aquifers of the Llano Uplift Area

We used version 1.01 of the groundwater availability model for the minor aquifers in

the Llano Uplift Area. See Shi and others (2016) for assumptions and limitations of the

model. See Hutchison (20159) for details of the initial assumptions.

The model contains eight Iayers: Trinity Aquifex Edwards-Trinity (Plateau) Aquifer,

and younger alluvium deposits (Layer 1), confining units (Layer 2), Marble Falls Aquifer

and equivalent units (Layer 3), confining units (Layer 4), Ellenburger-San Saba Aquifer

and equivalent units (Layer 5), confining units (Layer 6), Hickory Aquifer and

equivalent units [Layer 7), and Precambrian units flayer 8).

The model was run with MODFLOW-USG beta (development) version (Panday and

others, 2013). Perennial rivers and reservoirs were simulated using the MODFLOW-

USG river package. Springs were simulated using the MODFLOW-USG drain package.

Drawdown averages and modeled available groundwater volumes are based on the
model boundaries within Groundwater Management Area7.

The model was run for the interval 2011 throu gh ?070 for a 5O-year predictive

simulation. Drawdowns were calculated by subtracting 2010 simulated water levels

from 2070 simulated water levels, which were then averaged over the portion of the

aquifer in Groundwater Management Area7. During predictive simulations, there were

no cells where water levels were below the base elevation of the cell ("dry'' cells).

Therefore, all drawdowns were included in the averaging.

RESULTS:

The modeled available groundwater estimates are 26,\64 acre-feet per year in the Capitan
Reef Complex Aquifer,474,464 acre-feet per year in the undifferentiated Edwards-Trinity
(Plateau), Pecos Valley, and Trinity aquifers, 22,5L6 acre-feet per year in the Ellenburger-
San Saba Aquifer, 49,936 acre-feet per year in the Hickory Aquifer, 5,570 to 7,925 acre-feet
per year in the Ogallala Aquifer, 2,324 acre-feet per year in the Dockum Aquifer, and7,A40
acre-feet per year in the Rustler Aquifer.

The modeled available groundwater for the respective aquifers has been summarized by
aquifer, county, and groundwater conservation district (Tables 1, 3, 5, 7 ,9,lL, and 13). The
modeled available groundwater is also summarized by county, regional water planning
area, river basin, and aquifer for use in the regionalwater planning process (Tables 2,4,6,
8, 10, 12, and 14). The modeled available groundwater for the Ogallala Aquifer that
achieves the desired future conditions adopted by districts in Groundwater Management
Area 7 decreases from 7 ,925 to 6,570 acre-feet per year between 2020 and 2070 (Tables 9
and 10). This decline is attributable to the occurrence of increasing numbers of cells where
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water levels were below the base elevation of the cell ("dr;/ cells) in parts of Glasscock
County. Please note that M0DFLOW-NWT automatically reduces pumping as water levels
deeline.
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E Groundwater Mangement Area 7

FIGURE 4. MAP SHOWING THE AREAS COVERED BY THE CAPITAN REEF COMPLEX AQUIFER IN
THE GROUNDWATER AVAIUI,BITITY MODET FOR THE EASTERN ARM OF THE CAPITAN
REEF COMPTEX AQUIFER IN GROUNDWATER MANAGEMENT AREA 7.
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Groundwater Mangement Area 7

Counties

trIt:
f Active modelboundary area

FIGURE 5. MAP SHOWING AREAS COVERED By THE DOCKUM AQUITER IN THE GROUNDWATER

AVAILI\BIIITY MODEL FOR THE HIGH PLAINS AQUIFER SYSTEM IN GROUNDWATER

MANAGEMENTAREA 7.
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-
I I Groundwater Mangement Area 7

Il counties

FIGURE 6. MAP SHOWING THE AREAS COVERED BYTHE UNDIFFERENTIATED EDWARDS-
TRINITY IPLATEAU), PXCOS VAILIX AND TRINITY AQUITERS IN THE CROUNDWATER
AVAaLAEILITY MODEL FOR THE EDWARDS-TRINITY (PLATEAU) AND PECOS VALLEY
AQUIFARS IN GROUNDWATER MANAGTMENT AREA 7.

n,ras:n I Lrar3
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EI Groundwater MangementArea 7

I i Counties

:::.,:tl Active model boundary area

50
I----*-l ruites

FIGURE 7.

I l:rai,{g

MAP SHOWING THE AREAS COVERED BY THE EDWARDS-TRINITY (PULTEAU)
AqUIFER IN THE ALTERNATIVE MODEL FOR THE EDWARDS-TRINITY (PLATEAU}
AQUIFER IN KINNEY COUNTY.
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EI Groundwater Mangement Area 7

m counties

FIGURE 8,

Active model boundary area

50
F-----------------l M it es

MAP SHOWING THE AREAS COVERED BY THE EDI4'AR}S-TRINITY IPLATEAU)
AQUIFER IN THE GROUNSWATER FLOW MODEL FOR THE EDWARDS-TRINITY
(PLATEAU) AQUIFER IN VAL VERDE COUNTY.
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FIGURE 9. MAP SHOWING THE AREAS COVER.ED BY THE ELLENBURGER-SAN SABA AQUIFER IN
THE GROUNDWATER AVAITABILITY MODEL FOR THE MINOR AQUIFERS OF THE

LLANO UPLIFT AREA IN GROUNDWATER MANAGEMENT AREA 7.
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f= Groundwater MangementArea 7

FIGURE 10. MAP SHOWING AREAS COVERED BY THE HICKORY AQUIPER IN THE GROUNDWATER
AVAILABILITY MODEL FOR THE MINOR AQUIFERS OF THE LUINO UPLTFT AREA IN
GROUNDWATER MANAGEMENT AREA 7.
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FIGURE 11. MAP SHOWING THE AREAS COYERED BY THE OGALLAIJT AQUIFER IN THE
GROUNDWATER AVAIIJTBILITY MODEL FOR THE HIGH PLIIINS AQUIFER SYSTEM IN

GROUNDW,qTER IT1ANAGEMENT AREA 7.
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FIGURE 12. MAP SHOWING AREAS COVERED BY THE RUSTLER AQUIFER IN THE GROUNDWATER
AVAILABILITY MODEL FOR THE RUSTLER AQUIFER IN GROUNDWATER MA}IAGEMENT
AREA 7.
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TIMITATIONS:

The groundwater model used in completing this analysis is the best available scientific tool
that can be used to meet the stated objectives. To the extent that this analysis will be used

for planning purposes and/or regulatory purposes related to pumping in the past and into
the future, it is important to recognize the assumptions and limitations associated with the
use of the results. In reviewing the use of models in environmental regulatory decision

rnaking the National Research Council QA07) noted:
"Modelswill always be constrained by computntional limitationt assumptiong and
knowledge gaps. They can best beviewed os tools to help inform decisions rather than
as machines ta generate truth or make decisions. Scientific advances will never make it
possible to build a perfect model that accounts for evety aspect of reolity or to prove
that a given model is correct in all respects for a particular regulatory applicatian.
These characteristics make evaluation of a regulatary madel more complex than solely
o comparison af measurement data with model results."

A keyaspect of usingthe groundwater model to evaluate historicalgroundwater flow
conditions includes the assumptions about the location in the aquifer where historic
pumping was placed. Understanding the amount and location of historical pumping is as

important as evaluating the volume of groundwater flow into and out of the district,
between aquifers within the district (as applicable), interactions with surface water (as

applicable), recharge to the aquifer system (as applicableJ, and other metrics that describe

the impacts of that pumping. In addition, assumptions regarding precipitation, recharge,

and streamflow are specific to a particular historical time period.

Because the application of the groundwater model was designed to address regional scale

questions, the results are most effective on a regional scale. The TWDB makes no

warranties or representations relating to the actual conditions of any aquifer at a particular

location or at a particular time.

It is important for gfoundwater conservation districts to monitor groundwater pumping

and groundwater levels in the aquifer. Because of the limitations of the groundwater model

and the assumptions in this analysis, it is important that the groundwater conservation

districts workwith the TWDB to refine this analysis in the future given the reality of how

the aquifer responds to the actual amount and location of pumping now and in the future.

Historic precipitation patterns also need to be placed in context as future climatic

conditions, such as dry and wet year precipitation patterns, may differ and affect

groundwater fl ow conditions.

Model "Dt!'Cells
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The predictive model run For this analysis results in water levels in some model cells

dropping below the base elevation of the cell during the simulation' In terms of water level,

the cells have gone dry. However, as noted in the model assumptions the transmissivity of

the cell remains constant and will produce water'
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