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The total estimated recoverable storage in this report was calculated as follows: the Capitan Reef
Complex, Edwards-Trinity (Plateau), Trinity, and Pecos Yalley aquifers (lan Jones); the Hickory,
Ellenburger-San Saba, and Marble Falls aquifers (Robert Bradley); the Blaine, Igneous, and Seymour
aquifers (Radu Boghici); the Dockum, Lipan, and Ogallala aquifers (William Kohlrenken); and the
Rustler Aquifer and the Edwards-Trinity (Plateau) Aquifer in Kinney County (Jerry Shi).
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EXECUTIVE SUMMARY

Texas Water Code, §36.108 (d) (Texas Water Code, 2011) states that, before voting on the ir
proposed desired future conditions for a relevant aquifer within a groundwater management
area, the groundwater conservation districts shall consider the total estimated recoverable
storage as provided by the executive administrator of the Texas Water Development Board
(TWDB)along with other fa ctors listed in §36.108 (d). Texas Administrative Code Rule §356.10
(Texas Administrative Code, 2011) define s the total estimated recoverable storage as the
estimated amount of groundwater within an aquifer that accounts for recovery scenarios that

range between 25 percent and 75 percent of the porosity -adjusted aquifer volume.

This report discusses the methods, assumptions, and results of an analysis to estimate the total
recoverable storage for the Hickory, Ellenburger-San Saba, Marble Falls, Blaine, Capitan Reef
Complex, Rustler, Dockum, Trinity, EdwardsTrinity (Plateau), Igneous, Ogallala, Pecos Valley,
Lipan, and Seymouraquifers within Groundwater Management Area 7. Tables 1 through 28
summarize the total estimated recoverable storage required by the statute . Figures 4 through
17 indicate the official extent of the aquifers in Groundwater Management Area 7 used to

estimate the total recoverable storage.
DEFINITION OF TOTAL ESTIMATED RECOVERABLE STORAGE

The total estimated recoverable storage is defined as the estimated amount of groundwater

within an aquifer that accounts for recovery scenarios that range b etween 25 percent and 75
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percent of the porosity -adjusted aquifer volume . In other words, we assume that between 25

and 75 percent of groundwater held within an aquifer can be removed by pumping.

The total recoverable storage was estimated for each aquifer within Groundwater Management
Area 7 for the portion that lies within the official lateral aquifer boundaries as delineated by
George and others (2011). Total estimated recoverable storage values may include a mixture

of water quality types, including fresh, brackish, and saline groundwater , because the
available data and the existing groundwater availability models do not permit the

differentiation between different water quality types. The total estimated recoverable storage
values also do not take into account the effects of land surface subsidence, degradation of

water quality, or any changes to surface water -groundwater interaction that may occur due to
pumping.

METHODS:

To estimate the total recoverable storage of an aquifer , we first calculate d the total storage
in an aquifer within the official aquifer boundary in the groundwater management area . The
total storage is the volume of groundwater that can be removed by completely drain ing the

aquifer.

Aquifers can be either unconfined or confined (Figure 1). Awell screened in an unconfined
aquifer will have a water level equal to the water level outside the well  fiin the aquifer. Thus,
an unconfined aquifer ha s water levels within the aquifer. A confined aquifer is bounded by
low permeable geologic units at the top and bottom , and the aquifer is under hydraulic
pressure above the ambient atmospheric pressure. The water level in awell screenedin a
confined aquifer will be above the top of the aquifer.  As a result, calculation of total storage
is different for unconfined and confined aquifers. For an unconfined aquifer, the total storage
is equal to the volume of groundwater removed to make the water level fall t o the aquifer
bottom . For a confined aquifer, the total storage contains two  parts. The first partis the
groundwater released from the aquifer when the water level falls  from above the top of the
aquifer to the top of the aquifer . The reduction of hydraul ic pressure in the aquifer by
pumping causes expansion of groundwater and deformation of aquifer solids. The aquifer is

still fully saturated to this point.  The second partfi just like unconfined aquifer fiis the
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groundwater released from the aquifer when the water level falls from the top to the bottom

of the aquifer. Given the same aquifer area and water level drop, the amount of water
released in the second part is much greater than the first part. The difference is quantified by
two parameters: storativity or specific storage related to confined aquifer and specific yield
related to unconfined aquifer . For example, storativity values range from 10  to 10~ for most
confined aquifers, while the specific yield values can be 0.01 to 0 .3 for most unconfined

aquifers. The equations for calculating the total storage are presented below:

9 for unconfined aquifers
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9 for confined aquifers
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where:
1 o =storagevolumedue to water draining from the formatio(acrefeet)
w =storagevolumedue to elastic properties of the aquifer and wateecrefeet)
Area= areaof aquifer(acre)
Water Levek groundwater elevation(feet above mean sea level
Top= elevation ofaquifertop (feetabove mean sea level
Bottom= elevation ofaquiferbottom (feetabove mean sea level
S = specific yield (no units)
S = specific storagel(feet)
S=storativity orstoragecoefficient(no unit9

=A =4 =4 4 -4 4 -4 -4
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FIGURE 1. SCHEATIC SHOWING HE DIFFERENCE BETVHN UNCONFINED AND Q@FINED AQUIFERS

As presented in the equations, c¢ alculation of the total storage req uires data, such as aquifer
top, aquifer bottom, aquifer storage propert ies, and water level. For the Blaine, Rustler,
Dockum, Trinity, Edwards - Trinity (Plateau), Ogallala, Pecos Valley, Lipan, and Seymour
aquifers in Groundwater Management Area 7, we extracted this information from existing
groundwater availability model input and output files on a cell -by-cell basis. For aquifers

without groundwater availability model(s), analogous approach eswere used.

For the Capitan Reef Complex Aquifer in Groundwater Management Area 7, we used surfaces
for the aquifer top and base constructed by Standen and others (2009). Due to insuffic ient
water -level data to construct a water-level map we calculated total storage for the Capitan
Reef Complex Aquifer assuming that Vioniined iS vVery small relative to V grained and therefore
insignificant. We extracted the aquifer top and base data using a grid with 1 square mile cells
(Figure 2) and calculated total storage for each cells using the above equations. Finally, t he
total estimated recoverable storage was calculated as the product of the total storage and an

estimated factor ranging from 25 percent to 75 percent
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FIGURE 2. THE GRIBCELLSUSED TO CALCULATE TOAL STORAGE FOR THEAPITAN REEF COMPLEX
AQUIFERIN GMA 7.






































































































































http://www.twdb.texas.gov/groundwater/models/gam/eddt_p/ET-Plateau_Full.pdf
http://www.twdb.texas.gov/groundwater/models/gam/eddt_p/ET-Plateau_Full.pdf
http://www.twdb.texas.gov/groundwater/models/gam/igbl/IGBL_Model_Report.pdf



http://www.twdb.texas.gov/groundwater/models/gam/lipn/LIPN_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/symr/SYMR_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/dckm/DCKM_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/rslr/RSLR_GAM_Report.pdf
http://www.twdb.texas.gov/groundwater/aquifer/index.asp



http://www.twdb.texas.gov/groundwater/models/alt/eddt_p_2011/ETP_PV_One_Layer_Model.pdf
http://www.twdb.texas.gov/groundwater/models/alt/eddt_p_2011/ETP_PV_One_Layer_Model.pdf
http://www.twdb.texas.gov/groundwater/models/gam/trnt_n/TRNT_N_Model_Report.pdf
http://www.twdb.texas.gov/groundwater/models/gam/trnt_n/TRNT_N_Model_Report.pdf
http://www.nap.edu/catalog.php?record_id=11972
http://info.sos.state.tx.us/pls/pub/readtac$ext.viewtac
http://www.statutes.legis.state.tx.us/docs/WA/pdf/WA.36.pdf

