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Headwaters Groundwater Conservation District

Groundwater Management Plan — 2016
The Headwaters Groundwater Conservation District (the “District”) is a

governmental agency and a body politic and corporate. The District was created
to serve a public use and benefit, and is essential to accomplish the objectives
set forth in Section 59, Article XVI, of the Texas Constitution. The District’s
boundaries are coextensive with the boundaries of Kerr County, Texas, and all
lands and other property within these boundaries will benefit from the works and

projects that will be accomplished by the District.

Purpose of Management Plan

The 75th Texas Legislature in 1997 enacted Senate Bill 1 (“SB 1”) to establish a
comprehensive statewide water planning process. In particular, SB 1 contained
provisions that required groundwater conservation districts to prepare
management plans to identify the water supply resources and water demands
that will shape the decisions of each district. SB 1 designed the management
plans to include management goals for each district to manage and conserve the
groundwater resources within their boundaries. In 2001, the Texas Legislature
Enacted Senate Bill 2 (“SB 2”) to build on the planning requirements of SB 1 and
to further clarify the actions necessary for districts to manage and conserve the

groundwater resources of the state of Texas.

The Texas Legislature enacted significant changes to the management of
groundwater resources in Texas with the passage of House Bill 1763 (HB 1763)
in 2005. HB 1763 created a long-term planning process in which groundwater
conservation districts (GCDs) in each Groundwater Management Area (GMA)
are required to meet and determine the Desired Future Conditions (DFCs) for
the groundwater resources within their boundaries by September 1, 2010. In
addition, HB 1763 required GCDs to share management plans with the other
GCDs in the GMA for review by the other GCDs.
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The Headwaters Groundwater Conservation District’s management plan
satisfies the requirements of SB 1, SB 2, HB 1763, the statutory requirements of
Chapter 36 of the Texas Water Code, and the administrative requirements ofthe

Texas Water Development Board’s (TWDB) rules.

District Creation and History

Under Article XVI, Section 59, of the Texas Constitution, the Headwaters
Groundwater Conservation District was created by the 72" Legislature House
Bill (HB) No. 1463 and approved by the Governor of Texas on June 16, 1991.
The 77t Legislature HB 3543 amended the enabling legislation and was
approved by the Secretary of State on May 23, 2001. And in accordance with
Chapter 36 of the Texas Water Code, by the Act of May 25, 2009, 815t
Legislature, Special District Local Laws Code, Title 6. Water and Wastewater,
Subtitle H. Districts Governing Groundwater Chapter 8842 effective April 1, 2011
this plan is submitted.

District Mission

The Mission of the Headwaters Groundwater Conservation District is to develop
rules to provide protection to existing wells, prevent waste, promote
conservation, provide a framework that will allow availability and accessibility of
groundwater for future generations, protect the quality of the groundwater in the
recharge zone of the aquifer, ensure that the residents of Kerr County maintain
local control over their groundwater, and operate the District in a fair and
equitable manner for all residents of the District. The District is committed to
manage and protect the groundwater resources within its jurisdiction and to work
with others to ensure a sustainable, adequate, high quality and cost effective
supply of water, now and in the future. The District will strive to develop,
promote, and implement water conservation, augmentation, and management
strategies to protect water resources for the benefit of the citizens, economy and
environment of the District. The preservation of this most valuable resource can
be managed in a prudent and cost effective manner through conservation, public
education, and management. Any action taken by the District shall only be after

full considerations and respect has been afforded to the individual property rights
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of all citizens of the District. This management plan is intended as a tool to
focus the thoughts and actions of those given the responsibility for the execution
of District activities. The District Board of Directors will review the status of all

performance standards in this plan annually.

Time period for this plan

This plan will become effective upon adoption by the Headwaters Groundwater
Conservation District Board of Directors and approved as administratively
complete by the Texas Water Development Board. The plan will remain in effect
for five (5) years after the date of approval or until a revised plan is adopted and

approved.

Demographics

The District boundaries are contiguous with that of Kerr County, Texas. Kerr
County encompasses 1,106 square miles and is located in the hill country of
southwest central Texas. The county is bounded on the north by Kimble and
Gillespie counties, on the east by Kendall County, on the west by Edwards and
Real counties and on the south by Bandera and Real counties. Kerrville, the
largest city in the county, is also the county seat for Kerr County. Retirement
living, private camps, resorts, hunting, medical services, and private higher
education dominate the economy in Kerr County. Agriculture, light industry, and
manufacturing contribute to the economy to a lesser extent. The Kerr County
population is displayed in the table below according to population estimates
prepared by data developed and submitted by the Regional Water Planning
Group (RWPG) Region J. These estimates include Ingram, Kerrville, and
County-Other.

2016 Region J Population Projection

60,725
58,665 59,830 !
57,044
55,407

2020 2030 2040 2050 2060 2070
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Topography and Climatic Conditions

The predominantly rough and rolling topography of Kerr County is characteristic
of the Edwards Plateau or Hill Country region. In the western part of Kerr
County, the land surface is gently rolling, interrupted by steep slopes and narrow
valleys caused by the erosion of resistant limestone beds. Extensive dissection
of the plateau in the eastern part of the county has formed wide valleys
separated by high hills of generally uniform altitude. The altitude of the land
surface ranges from about 1,400 ft. above mean sea level (MSL) at the
southeastern edge of the county to about 2,400 feet in the western part (Reeves,
1969). Historically, the vegetative cover was considered to be an oak and
juniper savannah. Presently, second and third growth juniper is increasingin
density to the point of being dominant.

Most of Kerr County is drained by the upper Guadalupe River (approximately
75%), which rises in the western part of the county and flows eastward for
approximately 40 miles before exiting the county. The Llano and Pedernales
Rivers to the north and the Medina River to the south drain small peripheral
areas of the county amounting to less than 25 percent of the total area (Reeves,
1969). Kerr County has a sub humid to semiarid climate coupled with mild winters and
hot summers. Average annual rainfall recorded by the United States Department of
Agriculture — Agriculture Research Service (USDA-ARS) —Knipling-Bushland US
Livestock Insects Laboratory, Kerrville, TX. for the years (1985 to 2014) tis 31.14
inches. Net lake surface evaporation ranges from approximately 45 inches per year in

the eastern part of the county to about 55 inches per year in the western part.

1 http://www.ars.usda.gov/SP2UserFiles/Place/30940500/Avg_Rain.pdf
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Water Resources of Kerr County

Groundwater Resources of Kerr County

The Trinity Aquifer is the principal source of groundwater in Kerr County. The
Trinity Aquifer in the Hill Country is an extension of the lower part of the
Edwards-Trinity Aquifer of the Edwards Plateau, with the Edwards group and its
equivalents mostly removed (see Strata Geological Services Report
Hydrogeology of Kerr County 2008.2) The Trinity Aquifer yields water from
Cretaceous limestone and sand of the Trinity Group. The Trinity Aquifer is
composed of three permeable zones separated by two relatively impermeable
horizontal barriers. The Upper Trinity is made up of the upper member of the
Glen Rose Limestone formation. The Middle Trinity is composed of the Lower
Glen Rose Limestone, the Hensell Sand, and the Cow Creek Limestone
formations. The Lower Trinity consists of the Hosston and Sligo Formations.
Relatively impermeable tight sediments within the Glen Rose Limestone
separate the Upper and Middle Trinity. The Hammett Shale separates the
Middle and Lower Trinity. Recharge of the Trinity Aquifer occurs through lateral
flow of water from the Edwards Plateau, infiltration of precipitation on the outcrop
area, and surface water leakage from shallow tributary streams in upland areas.
Relatively impermeable inner beds in the Upper and Middle Glen Rose
Limestone generally impede the downward percolation of precipitation. A
second, less reliable, aquifer in Kerr County is the Fort Terrett Formation of the
Edwards Group. Erosion caused by stream flow off the edge of the Edwards
Plateau trending eastward across Kerr County has removed most of the
Fredericksburg and Washita strata. Unconfined conditions prevail over parts of
the county, varying greatly in response to diverse geologic conditions and
topographic effects. The production of wells in the Fort Terrett Formation is
usually confined to domestic and stock use, but the Fort Terrett is essentialin

maintaining stream flow of the Guadalupe River.

2 http://hged.org/wp-content/uploads/2015/07/2008-Kerr-Hydrogeology-Report-.pdf
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Surface Water Resources of Kerr County

The Guadalupe River predominately (70%) originates as spring flow from the

Edwards Trinity (Plateau) Aquifer within Kerr County. The larger springs range

in flow from 5 -15 cubic feet per second (CFS) and chemically reflect the

limestone geology of Kerr County. Originally, streams in Kerr County were

characterized by shallow, swift flow over bedrock, but construction of surface

water impoundments has restricted this flow. The primary surface water source

available in Kerr County is the Upper Guadalupe River Basin. Considering the

complexity of the diversion rights system and variations in the flows of the river,

the river alone is not a sustainable long-term source for municipal, industrial and

irrigation use when drought conditions or conservation plans are considered.

However, prudent use of available supplies in the Guadalupe River should be

made in order to protect and extend the capabilities of the groundwater system.

Headwaters Groundwater Conservation District has agreed to and signed a

Memorandum of Understanding (MOU) with Kerr County, the City of Kerrville,

the City of Ingram, and the Upper Guadalupe River Authority to cooperate

regarding the development of regional surface water supply, treatment, storage

and transmission facilities.

Municipal Water Rights for Kerrville and UGRA

Water Authorized
Rights Diversion Permit Priority Storage Restrictions
Permit (ac-ftlyr) Holder Date (ac-ft)
1996
(amended 150 (mun) April 4,
4/10/98) 75 (irr) Kerrville 1914
Max diversion rate = 9.7
cfs divert only when
May 23, reservoir is above 1908
3505 3,603 Kerrville 1977 840 ft msl
Kerrville Max combined diversion
(Kerrville rate for water rights #
Municipal Utilizes 3505 and # 5394 = 15.5
2,169 Use) the cfs.
UGRA storage
5394 (County authorized Minimum instream flow
(amended Municipal January for Permit requirements vary from
4/10/98) 2,000 use) 6, 1992 3505 30 to 50 cfs during year.

Source: Plateau Region Water Plan 2016
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Technical District Information Required by Texas Administrative Code
Estimate of Modeled Available Groundwater in the District Based on
Desired Future Conditions

Texas Water Code 8§ 36.001 defines modeled available groundwater as “the
amount of water that the executive administrator determines may be produced
on an average annual basis to achieve a desired future condition established
under Section 36.108”. The joint planning process set forth in Texas Water Code
§ 36.108 must be collectively conducted by all groundwater conservation
districts within the same GMA. The District is a member of GMA 9. In the second
round of planning (Water Code 36 Sec. 108 d.) on April 18, 2016, GMA9 voted
to propose portions of certain major and minor aquifers within GMA-9 be
classified as non-relevant for the purposes of joint planning and adopted DFCs
for the relevant aquifers. For Headwaters Groundwater Conservation District,
the DFC for the Hill Country Trinity Aquifer remained as stated in GAM Run 10-
005. The Edwards Group of Edwards-Trinity (Plateau) Aquifer in Kerr County
was proposed as non-relevant. The adopted DFCs, non-relevant aquifers and
the GMA-9 Explanatory Report were then forwarded to the TWDB for approval

and development of the MAG calculations.

Draft GAM Task 10-005 & GAM Task 10-031: Supplement Please Refer to
for DFCs for Kerr County Appendix A

GAM Run 10-049 MAG Report Version 2, for Modeled
Available Groundwater for the Edwards Group of the
Edwards-Trinity (Plateau) Aquifer

Please Refer to
Appendix B
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GAM Run 10-050 MAG Report Version 2, for Modeled
Available Groundwater for the Trinity Aquifer.

Please Refer to
Appendix C

Amount of Groundwater Being Used within the District
on an Annual Basis.
“TWDB Estimated Historical Water Use”

Please refer to
Appendix D

Annual Amount of Recharge from Precipitation to the
Groundwater Resources within the District.
“GAM Run 16-019”

Please refer to
Appendix E

Annual Volume of Water that discharges from the Aquifer to
Springs and Surface Water Bodies. “GAM Run 16-019”

Please refer to
Appendix E

Estimates of the Annual VVolume of Flow into the District, out
of the District, and between Aquifers in the District.
“GAM Run 16-019”

Please refer to
Appendix E
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Projected Surface Water Supply within the District Please refer to

“Texas 2017 State Water Plan” Appendix D
Projected Total Demand for Water within the District Please refer to
“Texas 2017 State Water Plan” Appendix D
Water Supply Needs Please refer to
“Texas 2017 State Water Plan” Appendix D
Water Management Strategies Please refer to
“Texas 2017 State Water Plan” Appendix D

Groundwater Availability Model for the Hill Country Portion
of the Trinity Aquifer System, Texas - Updated Model
“Report 377. June 2011”

Please refer to
Appendix F
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Methodology to Track District Progress in Achieving Management Goals

An annual report (“Annual Report”) will be created by the general manager and
staff of the District and provided to the members of the Board of the District. The
Annual Report will cover the activities of the District including information on the
District’'s performance in regards to achieving the District’'s management goals
and objectives. A copy of the Annual Report will be kept on file and will be

available for public inspection at the District’s offices upon adoption.

Action, Procedures, Performance and Avoidance for Plan Implementation
and Details on How the District Will Manage Groundwater Supplies.

The District has adopted rules and policies relating to the permitting of wells and
the production of groundwater. The rules and policies adopted by the District
are pursuant to Texas Water Code Chapter 36 and the provisions of this plan,
based on the best technical evidence available®. The District will strive to
enforce all rules and policies in a fair and equitable way, the rules may be

viewed at http://hgcd.org/resources/rules-plans. The District shall treat all

citizens with equality. Citizens may apply to the District for discretion in
enforcement of the rules on grounds of adverse economic effect or unique local
conditions. In granting of discretion to any rule the District Board shall consider
the potential for adverse effect on adjacent landowners. The exercise of said
discretion shall not be construed as limiting the power of the District Board. The
District will utilize the provisions of this management plan to determine the
direction or priority for District activities. Operations of the District, agreements
entered into by the District and any additional planning efforts in which the
District may participate will be consistent with the provisions of this plan.

In the implementation of this plan and the management of groundwater supplies

activities of the District will be undertaken in cooperation and coordination with

e 3Update GAM for the Hill Country Portion of the Trinity Aquifer System, Texas, Report 377 June
2011, Appendix F of this report.
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the appropriate state, regional or local water management entity and in

compliance with State and Regional Water Plans.

Management Goals
A. Provide the most efficient use of groundwater

A.1. Objective — Implement a program to improve understanding of usable
groundwater supplies in Kerr County.

A.1l. Performance Standard -

The District has an ongoing program to gather data from Kerr County aquifers
and supervise the drilling, logging, and completion of monitor wells. Also the
District has rules in place to require aquifer tests for all new drilled Public
Supply Wells and provide all monitor well data and aquifer test data to the

TWDB groundwater database.

A.2. Objective - Establish an aquifer monitoring program.

A.2. Performance Standard -
The District has a Monitoring Well drilling program; to date HGCD has drilled

16 Monitoring Wells. Aquifer levels are monitored in the 16 District Monitoring
Wells and approximately 25 private wells monthly in the Middle and Lower
Trinity Aquifer., 13 wells are monitored quarterly in the Edwards Group of the
Edwards-Trinity (Plateau) aquifers. A table and hydrograph of each
individual monitor well as well as the number of wells measured will be

reported to the District Board and displayed on the District website monthly.

A.3. Objective - Regulate and account for groundwater withdrawal in Kerr

County.

A.3. Performance Standard -
Register all new wells drilled and maintain a well database. Provide an

annual report to the District Board which includes the number of new wells
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drilled in the District during the past year. Perform well site inspections
before, during, and after the drilling of each new well in the District. Require
State Well Logs, certified statements of completion from water well Drillers
and Pump Installers within 30 days of completion. Require non-exempt wells
to be metered and the production reported annually to the District. Providean

annual groundwater report to the District Board.

B. Controlling and Preventing Waste of Groundwater

B.1. Objective - Make and enforce rules to ensure that groundwater is used
solely for beneficial purposes and prohibit activities that contribute to waste of

groundwater.

B.1. Performance Standard -
Review all well registrations and applications for intended use and production

capacities (gallons per minute). The number of wells and a list of intended
uses and production capacities for the previous calendar year will be included
in the annual management plan tracking report to the District Board. Promote
Public Education in conservation matters on the District website and publish
one article on the prevention of wasteful water practices in one newspaper
within the District annually. Identify, document, and investigate occurrences

of waste of groundwater and include in the annual tracking report.

C. Addressing conjunctive surface water management issues.

C.1. Objective - Assess the availability of surface water resources that may

be used as an alternative to groundwater.

C.1. Performance Standard -

Participate in the Plateau Regional Planning group scope of work projects to
promote strategies for increasing surface water use in Kerr County. Meet
once a year with the City of Kerrville to report on surface water use and

aquifer storage and recovery projects. The District has signed a
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memorandum of understanding with the cities of Kerrville and Ingram, the
Kerr County Commissioners, and the Upper Guadalupe River Authority, to

maximize surface water use in the District.

D. Address Natural Resource Issues

D.1. Objective - Prevent contamination/pollution of the aquifers from other

natural resources being produced within the District.

D.1. Performance Standard -

Monitor any oil and gas drilling or mining operations for potential sources of
pollution of the aquifers in the District. The annual tracking report will include
the number of currently existing oil and gas wells, the number of new oil and
gas wells drilled, and an estimate of the total amount of groundwater being
used by these operations. District Rules require any water wells drilled
associated with oil and gas drilling or production be registered with the District

and are required to comply with District construction standards and reporting.

E. Addressing Drought Conditions
E.1. Objective - Monitor Drought Conditions

E.1. Performance Standard -
Review aquifer data monthly and declare drought stages based on the

District’'s defined drought triggers. Inform the public and permitted well owners
regarding declared drought stages, appropriate non-essential water use
restrictions and recommended restrictions during drought. Publish
information when drought stages are triggered by way of the HGCD website,
local newspaper notices, and mail-outs to Permitted well owners. The TWDB
drought conditions section may be viewed at
http://www.waterdatafortexas.org/drought/ The number of website notices,
newspaper notices, and mail-outs will be included in the annual tracking

report to the District Board.
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F. Addressing Conservation
F.1. Objective - Conservation

F.1. Performance Standard -

Distribute water conservation material by newspaper articles and the HGCD
website. The District will publish a minimum of one article on conservation
practices in one newspaper within the District annually. The District
Conservation Plan is available to the public on the District website and at the
District office. View the Water Conservation Advisory Council website at

http://www.savetexaswater.org

G. Addressing Rainwater Harvesting
G.1. Objective - Rainwater Harvesting

G.1. Performance Standard
Provide Rainwater Harvesting links to the public on the HGCD website.
Publish at least one newspaper article annually discussing the benefits of

rainwater harvesting.

H. Address the Desired Future Conditions of the Groundwater
Resources.

H.1. Objective - Based on the Modeled Available Groundwater (MAG),
issue permits up to the point that the total volume of exempt and permitted
production achieve the Desired Future Condition for the Hill Country Middle
and Lower Trinity Aquifers adopted by GMA 9 and for the non-relevant
Edwards Group of the Edwards Trinity (Plateau) Aquifer.

H.1. Performance Standard -
GMA 9 declared the Edwards Group of the Edwards-Trinity (Plateau) to be
not relevant for joint planning in Kerr County. At this time the District does not

allow non-exempt wells in the Edwards Aquifer.
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The combined annual operating permit volume and the estimated exempt
pumping volume provided by the Texas Water Development Board will be
evaluated and compared to the Modeled Available Groundwater stated in
report GAM Run 10-050 MAG Version 2, March 30 2012.

Complete an annual groundwater report that details groundwater production
from non-exempt wells combined with exempt well pumping estimates
supplied by the Texas Water Development Board. This report will be included

in the annual report provided to the District’'s Board of Directors.

l. Management Goals Not Applicable to the District

I.1. Controlling and Preventing Subsidence -
This goal is not applicable to the District due to a rigid geologic framework.
Accordingly, the District’s plan does not contain a “Management Objective” or

“Performance Standard” to address this issue.

[.2. Recharge Enhancement - is not within the District’s ability to be cost

effective. This goal is not applicable at this time.

[.3. Precipitation Enhancement is not within the District’s ability to be cost

effective. This goal is not applicable at this time.

I.4. Brush Control is not within the District’s ability to be cost effective.

This goal is not applicable at this time.
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APPENDIX A

GAM TASK 10-005

By William R. Hutchison, Ph.D., P.E., P.G.
Texas Water Development Board
Groundwater Resources Division

(512) 463-5067

September 3, 2010
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GAM Task 10-005

by William R. Hutchison, Ph. D, P.E., P.G.
Texas Water Development Board
Groundwater Resources Division

(512) 463-5067
September 3, 2010

The seal appearing on this document was authorized by William R. Hutchison, P.E. 96287, P.G.
286 on September 3, 2010.
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EXECUTIVE SUMMARY

This report presents results of a GAM Task that was requested at the May 10, 2010
Groundwater Management Area 9 meeting in Kerrville. This task represents an
expansion of the GAM run requested by Groundwater Management Area 9 (Chowdhury,
2010) and the supplement of that GAM run request (Hutchison, 2010), both of which
were discussed at the May 10, 2010 Groundwater Management Area 9 meeting.

The simulations completed as part of this task include seven pumping scenarios of the
Trinity Aquifer that range from zero pumping to about twice current pumping. Each
scenario included running 387 50-year simulations. The 387 50-year simulations were
developed based on tree-ring precipitation estimates from 1537 to 1972 for the Edwards
Plateau (Cleveland, 2006). The results were used to evaluate the relationships between
pumping versus drawdown, spring and base flow and outflow across the Balcones Fault
Zone.

Results from the Task were summarized Groundwater Management Area-wide, by
county, and by three areas designated by Mr. Ron Fieseler, General Manager of the
Blanco-Pedernales Groundwater Conservation District. Because each scenario consisted
of 387 50-year simulations, the results can also be expressed in terms of minimum,
average, and maximum, as well as values that are exceeded 5 percent of the time and
values that are exceeded 95 percent of the time.

ORIGIN OF TASK:

During the course of the May 10, 2010 Groundwater Management Area 9 meeting, there
was consensus to complete these 50-year simulations to provide additional information
to the groundwater conservation districts in Groundwater Management Area 9

DESCRIPTION OF TASK:

The simulations completed as part of this task include seven pumping scenarios of the
Trinity Aquifer that range from zero pumping to about twice current pumping. Each
scenario included running 387 50-year simulations. The 387 50-year simulations were
developed based on tree-ring precipitation estimates from 1537 to 1972 for the Edwards
Plateau (Cleaveland, 2006). The results were used to evaluate the relationships between
pumping versus drawdown, spring and base flow and outflow across the Balcones Fault
Zone.

METHODS:

The original request (Chowdhury, 2010) included model runs that included predictive
simulations using the Hill Country portion of the Trinity Aquifer model to assess the
effects of drought and increased pumping on water levels, base flow, and flow across the
Balcones Fault Zone. The requested runs consisted of 50-year simulations, some with 50
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years of average recharge, and some with 43 years of average recharge followed by 7
years of drought-of-record conditions. The runs also included various combinations of
pumping at 2008 levels, one and a half times the 2008 pumping levels, and one and a half
times 2008 pumping levels which were reduced to 2008 pumping levels during droughts.

The supplement (Hutchison, 2010) included seven separate scenarios. Three of the
scenarios assumed constant pumping (i.e. no drought reduction), and four scenarios
assumed a 33 percent pumping reduction during drought years. Each scenario included
430 7-year simulations based on tree-ring precipitation estimates from 1537 to 1972 for
the Edwards Plateau (Cleveland, 2006).

These simulations involve varying recharge based on the Cleveland (2006) tree-ring
dataset, but include 387 50-years simulations, as detailed below.

Precipitation and Recharge

The 50-year running average of the tree-ring precipitation is presented in Figure 1. Note
that the precipitation for the 50-year period ending in 1593 is about 96 percent of
average, and represents the driest 50-year period in the record. Aside from the generally
dry conditions in the late 1500s and early 1600s, there are three other relatively dry
periods in the early 1800s, the early 1900s, and the most recent period that ended in 1972
(at the end of the record).

105
104 -
103
102 +
101
100
99
98
97
96
95 T T T T T T T T T

1500 1550 1600 1650 1700 1750 1800 1850 19200 1950 2000

Year

Precipitation (% Average)

Figure 1. 50-year running average precipitation in the Edwards Plateau region of Texas
based on tree-ring data (data from Cleveland, 2006).

These tree-ring precipitation data were used to develop 387 separate recharge input files
based on the relationship between precipitation and recharge during the model calibration
period as shown in Figure 2.
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Figure 2. Precipitation versus recharge in Hill Country model from 1981 to 1997
Pumping

Pumping in the original request was based on 2008 pumping, and in some runs, was
increased to one-and-a-half times the 2008 pumping. As reported in the main report
(Chowdhury, 2010) 2008 pumping totaled 61,248 acre-feet per year. One-and-a-half
times 2008 pumping totaled 89,921 acre-feet per year. Pumping scenarios in the
supplemental runs (Hutchison, 2010) were based on an analysis of 2008 pumping and
2007 State Water Plan groundwater availability estimates. Pumping ranged from about
64,000 acre-feet per year to about 119,000 acre-feet per year.

For this Task, seven pumping scenarios were developed. The groundwater districts in
Groundwater Management Area 9 updated their estimates of 2008 pumping, as detailed
in Table 1. Total 2008 pumping is about 60,000 acre-feet per year.

The seven scenarios were based on varying the 2008 pumping as follows (all pumping
amounts are from the Trinity Aquifer and are approximate):

e Scenario 1 =0 acre-feet per year

e Scenario 2 = 20,000 acre-feet per year

e Scenario 3 = 40,000 acre-feet per year

e Scenario 4 = 60,000 acre-feet per year (2008 conditions)
e Scenario 5 = 80,000 acre-feet per year

e Scenario 6 = 100,000 acre-feet per year

e Scenario 7 = 120,000 acre-feet per year
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Table 2. Estimated 2008 Pumping as Provided by Groundwater Conservation Districts in

Groundwater Management Area 9

County Edwards Upper Middle Lower Total
Group of the |  Trinity Trinity Trinity | Pumping
Edwards- Aquifer Aquifer Aquifer | (County)
Trinity
(Plateau)
Aquifer
Bandera 631 288 3567 515 5,000
Bexar 0 693 14110 197 15,000
Blanco 0 77 1,477 0 1,554
Comal 0 398 5,788 0 6,186
Hays 0 416 4,800 449 5,665
Kendall 315 300 6,060 325 7,000
Kerr 1,035 213 6,263 5,534 13,045
Medina 0 0 500 1000 1,500
Travis 0 551 4,967 0 5,518
Total
pumping 1,981 2,936 47,532 8,020 60,468
(aquifer)

PARAMETERS AND ASSUMPTIONS:

e As in the requested runs and the supplemental runs, the recently updated
groundwater availability model (version 2.01) for the Hill Country portion of the
Trinity Aquifer developed by Jones and others (2009) was used for these
simulations (see Mace and others (2000) and Jones and others (2009) for details
on model construction, recharge, discharge, assumptions, and limitations of the
model).

e The model has four layers: layer 1 represents the Edwards Group of the Edwards-
Trinity (Plateau) Aquifer, layer 2 represents the Upper Trinity Aquifer, layer 3
represents the Middle Trinity Aquifer, and layer 4 represents the Lower Trinity
Aquifer.

e Therivers, streams, and springs were simulated in the model using MODFLOW'’s
Drain package. MODFLOW?’s Drain package was also used to simulate spring
discharge along bedding contacts of the Edwards Group (Plateau) and the Upper
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Trinity Aquifer in the northwestern parts of the model area. This resulted in the
assignment of numerous drain cells along this outcrop contact.

e Seven different pumping scenarios were used as described above
e 387 recharge input files were developed as described above.

e Each simulation consisted of 50 stress periods. Initial conditions were assumed to
be equivalent to 2008 conditions.

e The model was run with MODFLOW-96 (Harbaugh and McDonald, 1996)

RESULTS:

Similar to the supplemental runs (Hutchison, 2010), results from this Task focused on
drawdown impacts, impacts to spring and base flow, and impacts to outflow across the
Balcones Fault Zone. Results are summarized Groundwater Management Area-wide and
by county. In addition, results are presented for three areas within Groundwater
Management Area 9 as designated by Mr. Ron Fieseler, General Manager of the Blanco-
Pedernales Groundwater Conservation District. These areas are defined as follows:

e Areal- Comal, Hays and Travis Counties
e Area 2 — Bexar and Medina Counties
e Area 3 - Bandera, Blanco, Kendall and Kerr Counties

Because each scenario consisted of 387 50-year simulations, the results can also be
expressed in terms of minimum, average, and maximum, as well as values that are
exceeded 5 percent of the time and values that are exceeded 95 percent of the time.

All drawdown results are expressed as drawdown from 2008 initial conditions at the end
of the simulation (50 years). All flow data (spring flow, base flow, outflow across the
Balcones Fault Zone) are calculated using the results from each year of the 387 50-year
simulations.

Summary tables of all results (for all of Groundwater Management Area 9, by the
portions of the counties located within the model, and by area) are presented in Appendix
A.

Figure 3 summarizes the relationship between Groundwater Management Area 9
pumping and overall Trinity Aquifer drawdown after 50 years (averaged over the entire
Groundwater Management Area) for all seven pumping scenarios. For purposes of this
analysis, overall Trinity Aquifer drawdown includes the Trinity Aquifer and the Trinity
portion of the Edwards-Trinity (Plateau) Aquifer.

Page 22 of 282
Adopted by HGCD Board of Directors 12/7/2016



&
=

A
)

r
o
l

Drrawdown (ft)
o

20
40
60 I I I I I
0 20,000 40,000 60,000 80,000 100,000 120,000
Pumping (AF/yr)
‘—O—Maximum —=— 5% Exceedance —— Average 95% Exceedance ——Minimum ‘

Figure 3. Pumping versus overall Trinity Aquifer drawdown after 50 years for all
scenarios for Groundwater Management Area 9

Note that, as expected, increases in pumping result in increases in drawdown. The nature
of these simulations provides an opportunity to evaluate drawdown in terms of the
minimum value (out of all 387 simulations), 95 percent exceedance value (drawdown
that is exceeded 95 percent of the time based on the 387 simulations), the average
drawdown (out of all 387 simulations), 5 percent exceedance value (drawdown that is
exceeded 5 percent of the time based on the 387 simulations), and the maximum value
(out of all 387 simulations).

When pumping is about 60,000 acre-feet per year (the estimated 2008 pumping), average
drawdown is near zero, which is expected since this pumping represents no change from
2008 conditions. However, it ranges from 12 feet of drawdown (representative of when a
50-year period ends in dry conditions) to about 12 feet of recovery (representative of
when a 50-year period ends in wet conditions).

When pumping is about 1.5 times current pumping (92,000 acre-feet per year), average
drawdown is about 29 feet after 50 years, with a range of between 6 to 33 feet depending
on conditions at the end of the 50-year period.

Figure 4 summarizes the relationship between pumping and spring and base flow
(averaged over the entire Groundwater Management Area) for all seven scenarios.
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Figure 4. Pumping versus spring and base flow for all scenarios for Groundwater
Management Area 9

As expected, pumping increases result in reductions in spring and base flow as the
pumping captures this water prior to its discharge. It can be seen that, based on average
values, 2008 pumping rates (approximately 60,000 acre-feet per year) result in an average
spring and base flow of about 164,000 acre-feet per year. Zero pumping would result in a
spring and base flow of about 197,000 acre-feet per year. Thus the impact of pumping
60,000 acre-feet per year includes a reduction in spring and base flow of about 33,000
acre-feet per year. If pumping were increased to 92,000 acre-feet per year (about 1.5
times the 2008 pumping rate), spring and base flow would be reduced, on average, to
about 150,000 acre-feet per year. Thus an increase in pumping from 2008 levels of about
32,000 acre-feet per year would result in a reduction of 14,000 acre-feet per year in
spring and base flow.

Figure 5 summarizes the relationship between pumping and outflow across the Balcones
Fault Zone (averaged over the entire Groundwater Management Area) for all seven
scenarios. As expected, pumping increases result in reductions in outflow across the
Balcones Fault Zone as the pumping captures this water prior to its discharge. It can be
seen that, based on average values, 2008 pumping rates result in an average outflow of
62,000 acre-feet per year. Zero pumping would result in a spring and base flow of about
81,000 acre-feet per year. Thus, the impact of pumping 60,000 acre-feet per year
includes a reduction in Balcones Fault Zone outflow of about 19,000 acre-feet per year.
If pumping were increased to 92,000 acre-feet per year (about 1.5 times the 2008
pumping rate), Balcones Fault Zone outflow would be reduced, on average, to about
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50,000 acre-feet per year. Thus an increase in pumping from 2008 levels of about 32,000
acre-feet would result in a reduction of about 12,000 acre-feet per year in Balcones Fault

Zone outflow.
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Figure 5. Pumping versus outflow across the Balcones Fault Zone for all scenarios for
Groundwater Management Area 9

Figures 6, 7 and 8 summarize pumping versus the average Groundwater Management
Area 9 drawdown in the upper, middle and lower Trinity Aquifer, respectively. Note that
increases in pumping have less impact in the Upper Trinity Aquifer drawdown,
presumably due to the buffering effect of surface water and the smaller amount of
pumping in this aquifer compared with the Middle and Lower Trinity units.
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Figure 6. Pumping versus drawdown after 50 years in the Upper Trinity Aquifer for all
scenarios for Groundwater Management Area 9
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Figure 7. Pumping versus drawdown after 50 years in the Middle Trinity Aquifer for all
scenarios for Groundwater Management Area 9
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Figure 10. Pumping versus drawdown after 50 years in the Lower Trinity Aquifer for all
scenarios for Groundwater Management Area 9
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Appendix A

Results Summary:

GMA9
Bandera County
Bexar County
Blanco County
Comal County
Hays County
Kendall County
Kerr County
Medina County
Travis County
Area 1 (Comal, Hays, Travis Counties)
Area 2 (Bexar and Medina Counties)
Area 3 (Bandera, Blanco, Kendall and Kerr Counties)
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GMA 9

Adopted by HGCD Board of Directors 12/7/2016

Scenario

Component Case 1 2 3 2 5 5 7
Minimum 1,969 21,117 40,270 59,344 75,424 90,727 104,940

Pumping (AF/yr) |Exceeded 95% of years 1,969 21,117 40,270 59,344 75,524 91,479 106,022
Average 1,969 21,117 40,270 59,344 75,624 92,261 106,982

Exceeded 5% of years 1,969 21,117 40,270 59,418 77,094 94,042 110,485

Maximum 1,969 21,117 40,270 59,418 77,193 94,042 112,454

Minimum 147,208 140,310 133,845 127,663 121,697 115,641 109,250

. . Exceeded 95% of years 166,965 156,950 147,187 137,975 129,301 125,017 116,465
Spring and River A0 - o 196,565 185,496 174,835 164,295  155,854] 150,359 141,829
Base Flow (AF/YT) E5 ceeded 5% of years 226,855  215,184|  203.683|  193,362] 184,292  175822| 169,517
Maximum 242,887 230,903 218,873 208,311 200,390 193,276 186,668

Minimum 61,911 58,009 52,906 47,691 41,702 34,904 28,372

Outflow Across the |Exceeded 95% of years 70,712 64,824 58,595 51,782 45,097 39,036 32,054
Balcones Fault Average 81,036 75,275 69,101 62,023 55,633 50,163 43,208
Zone (AF/yr) Exceeded 5% of years 91,297 85,499 79,377 73,150 66,955 60,524 54,981
Maximum 96,699 90,900 84,783 78,421 73,289 68,380 64,497

Minimum -53.1 -41.6 -28.6 -11.6 0.4 6.4 9.8

Overall Trinity Exceeded 95% of years -49.1 -37.8 -24.5 -6.9 6.0 17.6 254
Drawdown after 50| Average -41.6 -30.1 -16.9 3.2 20.2 29.8 39.4
Years (ft) Exceeded 5% of years -33.8 -22.4 -8.8 12.0 254 33.7 47.0
Maximum -28.1 -11.8 -6.1 12.5 25.5 34.0 48.0

Minimum -8.1 -8.1 -8.1 -8.1 -6.5 -6.1 -6.5

Edwards Group  |Exceeded 95% of years -6.2 -6.1 -6.1 -5.9 -4.8 -4.4 -4.7
Drawdown after 50 Average -3.0 -3.0 -3.1 -2.1 0.2 0.5 0.2
Years (ft) Exceeded 5% of years 0.2 0.2 0.2 0.7 35 25 3.4
Maximum 1.7 1.3 1.7 3.3 3.9 34 3.9

Minimum -24.1 -20.7 -18.0 -17.0 -14.0 -11.6 -13.3

Upper Trinity Exceeded 95% of years -18.0 -14.6 -11.8 -10.4 -5.7 -4.1 -4.8
Drawdown after 50 AVerage -7.0 -3.7 -1.0 3.6 9.9 139 15.6
Years(ft) Exceeded 5% of years 4.2 75 10.2 15.4 15.8 15.6 16.6
Maximum 8.4 11.8 14.5 16.9 17.2 16.2 18.0

Minimum -65.1 -50.8 -33.4 -9.9 6.3 8.5 13.2

Middle Trinity Exceeded 95% of years -62.2 -47.7 -29.9 -5.9 10.5 25.0 31.9
Drawdown after 50 Average -56.0 -41.3 -23.4 3.1 22.4 36.4 50.2
Years(ft) Exceeded 5% of years -49.5 -34.6 -16.4 105 29.4 41.6 59.5
Maximum -39.5 -16.3 -8.6 10.7 29.6 42.0 60.9

Minimum -64.8 -50.6 -33.4 -10.0 6.3 8.7 13.5

Lower Trinity Exceeded 95% of years -61.9 -47.5 -29.9 -5.9 10.6 254 325
Drawdown after 50| Average 55.7 412 234 3.1 22.6 36.7 50.8
Years (ft) Exceeded 5% of years -49.2 -34.4 -16.4 10.6 29.5 42.0 60.0
Maximum -40.0 -16.6 -8.8 10.8 29.8 42.3 61.5
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Bandera County

Adopted by HGCD Board of Directors 12/7/2016

Scenario

Component Case 1 > 3 7 5 5 7
Minimum 625 2,082 3,540 4,996 6,452 7,910 9,349

Pumping (AF/yr) [Exceeded 95% of years 625 2,082 3,540 4,996 6,452 7,910 9,361
Average 625 2,082 3,540 4,996 6,452 7,910 9,367

Exceeded 5% of years 625 2,082 3,540 4,996 6,452 7,910 9,367

Maximum 625 2,082 3,540 4,996 6,452 7,910 9,367

Minimum 30,247 29,115 28,013 26,929 25,691 24,868 23,201

_ _ Exceeded 95% of years 35,570 33,352 31,201 28,948 27337 26,502 25,120
Spring and River 00700 40,975 38,469 35,883 33,402 31,735 30,620 29,204
Base Flow (AF/YT) £y ceeded 5% of years 46,187 43,494 40,716 38,187 36,489 34,773 33,648
Maximum 48 851 46,055 43,093 40,337 39,037 37,946 36,910

Minimum 1217 1,081 887 673 323 5 -445

Outflow Across the |Exceeded 95% of years 1,763 1,505 1,197 819 499 165 225
Balcones Fault  |Average 2,148 1,856 1,531 1,122 823 535 169
Zone (AF/yr) Exceeded 5% of years 2,457 2,168 1,838 1,443 1,154 924 681
Maximum 2,622 2,336 2,006 1611 1,413 1,259 1,125

Minimum -48.9 -39.2 -26.7 -8.0 55 45 6.7

Overall Trinity ~ |Exceeded 95% of years -46.5 -36.4 -236 42 8.8 18.6 216
Drawdown after 50| AVerage -41.2 -31.1 -18.2 3.2 18.7 29.3 427
Years (ft Exceeded 5% of years -35.9 255 123 9.7 244 346 51.1
Maximum -25.0 -8.0 -39 9.9 246 35.0 52.7

Minimum 71 71 71 71 5.9 5.4 5.9

Edwards Group  |Exceeded 95% of years -5.5 -5.4 -5.4 -5.2 -4.2 -3.7 -3.9
Drawdown after 50| AVerage -2.5 -25 -2.5 -15 0.6 0.8 0.6
Years (ft) Exceeded 5% of years 0.5 0.5 0.5 0.9 31 2.4 3.0
Maximum 18 14 18 31 33 31 33

Minimum -20.7 -18.2 -15.9 -153 126 -10.6 121

Upper Trinity Exceeded 95% of years -15.3 -12.7 -10.4 -9.1 -5.2 -3.8 -4.5
Drawdown after 50|Average 55 -30 -0.8 35 137 126 14.2
Years(ft) Exceeded 5% of years 4.6 7.1 9.6 14.2 145 141 15.1
Maximum 8.3 11.0 135 156 158 147 16.3

Minimum -62.2 -49.3 -32.2 53 11.0 6.2 9.2

Middle Trinity  |Exceeded 95% of years -60.8 474 -29.9 25 13.9 21.2 256
Drawdown after 50|Average 57.6 -43.9 26.1 33 213 3738 58.3
Years(ft) Exceeded 5% of years -54.1 -40.2 -21.8 7.7 29.1 446 67.6
Maximum -36.8 116 59 8.9 295 451 70.1

Minimum -62.2 -49.3 -32.2 53 11.0 6.2 9.2

Lower Trinity Exceeded 95% of years -60.8 474 -29.9 25 13.9 21.2 256
Drawdown after 50| AVerage -57.6 -43.9 -26.1 3.3 21.3 37.8 58.3
Years (ft Exceeded 5% of years -54.2 -40.2 -21.8 7.7 29.1 446 67.7
Maximum -36.8 -11.6 5.9 8.9 295 451 70.1
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Bexar County
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Scenario

Component Case 1 2 3 2 5 5 7
Minimum 0 4,970 9,943 14,913 19,884 24,856 29,246

Pumping (AF/yr) |Exceeded 95% of years 0 4,970 9,943 14,913 19,884 24,856 29,358
Average 0 4,970 9,943 14,913 19,884 24,856 29,589

Exceeded 5% of years 0 4,970 9,943 14,913 19,884 24,856 29,827

Maximum 0 4,970 9,943 14,913 19,884 24,856 29,827

Minimum 9,527 9,466 9,405 9,344 9,284 9,225 9,167

. . Exceeded 95% of years 9,790 9,730 9,671 9,596 9,519 9,455 9,392
Spring and River A0 - o 10,647 10,581 10,515 10,444 10,340 10,319 10,233
Base Flow (AF/YT) E5 ceeded 5% of years 11,492 11,424 11,365 11,301 11,204 11,104 11,002
Maximum 11,867 11,798 11,730 11,665 11,600 11,536 11,471

Minimum 33,298 31,221 28,595 25,917 23,139 20,183 17,228

Outflow Across the|Exceeded 95% of years 36,683 34,038 31,225 28,227 25,103 22,220 19,009
Balcones Fault Average 42,130 39,459 36,714 33,626 30,583 28,131 24,650
Zone (AF/yr) Exceeded 5% of years 47,585 44,946 42,210 39,560 36,613 33,455 30,948
Maximum 50,232 47,632 44,964 42,271 39,633 37,091 34,721

Minimum -69.2 -56.9 -44.3 -31.0 -13.3 4.7 14.6

Overall Trinity Exceeded 95% of years -59.9 -47.5 -34.5 -20.2 0.1 16.3 29.2
Drawdown after 50/Average -43.7 -31.2 -18.2 15 33.7 46.0 62.9
Years (ft) Exceeded 5% of years -27.0 -13.9 -0.4 20.6 35.2 49.4 64.2
Maximum -20.8 -7.6 6.1 22.8 36.1 49.4 64.4

Minimum NA NA NA NA NA NA NA

Edwards Group |Exceeded 95% of years NA NA NA NA NA NA NA
Drawdown after 50|Average NA NA NA NA NA NA NA
Years (ft) Exceeded 5% of years NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA

Minimum -24.5 -23.7 -22.9 -22.1 -17.7 -15.9 -16.1

Upper Trinity Exceeded 95% of years -17.9 -16.5 -15.7 -14.0 -9.2 -6.2 -6.9
Drawdown after 50 AVerage -4.2 -3.4 -2.7 34 16.0 15.1 17.4
Years(ft) Exceeded 5% of years 10.7 11.5 12.3 17.2 18.0 17.5 19.5
Maximum 14.8 15.6 16.4 17.6 18.3 17.7 19.8

Minimum -87.6 -70.6 -53.0 -34.7 -11.6 13.1 27.1

Middle Trinity Exceeded 95% of years -77.0 -60.0 -42.4 -21.9 3.9 25.6 445
Drawdown after 50 Average -60.1 -43.0 -24.6 0.7 40.6 58.6 81.1
Years(ft) Exceeded 5% of years -42.3 -24.3 -55 22.1 423 62.5 82.6
Maximum -35.4 -17.1 1.9 249 43.4 62.6 82.8

Minimum -87.5 -70.5 -53.0 -34.7 -11.6 13.1 27.1

Lower Trinity Exceeded 95% of years -76.9 -59.9 -42.3 -21.9 3.9 25.5 445
Drawdown after 50/Average -60.0 -42.9 -24.6 0.7 40.6 58.6 815
Years (ft) Exceeded 5% of years -42.3 -24.3 -5.5 22.1 42.3 62.5 83.0
Maximum -35.3 -17.1 1.9 24.9 434 62.6 83.2
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Blanco County

Adopted by HGCD Board of Directors 12/7/2016

Scenario

Component Case 1 2 3 2 5 5 7
Minimum 0 515 1,029 1,544 2,059 2,573 3,088

Pumping (AF/yr) |Exceeded 95% of years 0 515 1,029 1,544 2,059 2,573 3,088
Average 0 515 1,029 1,544 2,059 2,573 3,088

Exceeded 5% of years 0 515 1,029 1,544 2,059 2,573 3,088

Maximum 0 515 1,029 1,544 2,059 2,573 3,088

Minimum 13,690 13,313 12,942 12,594 12,221 11,845 11,411

. . Exceeded 95% of years 15,263 14,849 14,353 13,847 13,187 12,913 12,310
Spring and River A0 - o 18,762 18,259 17,710 17,092 16,489 16,312 15,606
Base Flow (AF/YT) E5 ceeded 5% of years 22,508 21,879 21,285 20,783 20,208 10,556 19,181
Maximum 24,353 23,748 23,128 22,617 22,122 21,702 21,319

Minimum NA NA NA NA NA NA NA

Outflow Across the |Exceeded 95% of years NA NA NA NA NA NA NA
Balcones Fault Average NA NA NA NA NA NA NA
Zone (AF/yr) Exceeded 5% of years NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA

Minimum -23.0 -19.9 -16.6 -13.1 -7.9 -1.4 -0.4

Overall Trinity Exceeded 95% of years -18.1 -14.9 -11.6 -7.4 -0.2 41 7.4
Drawdown after 50/Average -9.4 -6.1 2.7 4.0 16.7 19.2 23.6
Years (ft) Exceeded 5% of years -0.1 3.0 6.7 13.3 185 21.0 27.1
Maximum 2.9 6.2 9.6 14.8 18.5 22.1 27.2

Minimum NA NA NA NA NA NA NA

Edwards Group |Exceeded 95% of years NA NA NA NA NA NA NA
Drawdown after 50|Average NA NA NA NA NA NA NA
Years (ft) Exceeded 5% of years NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA

Minimum -19.7 -19.1 -18.6 -18.1 -14.3 -12.6 -13.5

Upper Trinity Exceeded 95% of years -13.2 -12.5 -11.9 -10.5 -6.2 -4.0 -5.4
Drawdown after 50 AVerage -1.0 -0.5 -0.1 4.9 16.0 14.8 16.2
Years(ft) Exceeded 5% of years 12.1 12.6 13.0 17.3 17.6 16.7 18.1
Maximum 16.0 16.5 16.9 17.8 18.0 16.9 18.4

Minimum -24.1 -20.1 -15.9 -11.3 -5.6 2.7 44

Middle Trinity Exceeded 95% of years -20.1 -16.0 -11.7 -6.4 15 7.0 11.6
Drawdown after 50 Average -12.6 -8.2 -3.6 35 16.7 20.6 26.0
Years(ft) Exceeded 5% of years -4.3 0.2 5.0 11.8 19.6 234 314
Maximum -1.8 2.7 75 13.7 19.7 24.5 314

Minimum -24.4 -20.3 -16.0 -11.4 -5.5 2.9 4.6

Lower Trinity Exceeded 95% of years -20.4 -16.1 -11.8 -6.4 1.6 7.2 11.8
Drawdown after 50/Average -12.7 -8.3 -3.6 3.6 16.8 20.7 26.2
Years (ft) Exceeded 5% of years -4.5 0.1 4.9 11.8 19.6 234 31.3
Maximum -2.0 2.6 74 13.7 19.6 24.4 31.3
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Comal County
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Scenario

Component Case 1 7 3 2 = 5 5
Minimum 0 2,042 4,086 6,128 8,170 10,214 11,924

Pumping (AF/yr) |Exceeded 95% of years 0 2,042 4,086 6,128 8,170 10,214 12,068
Average 0 2,042 4,086 6,128 8,170 10,214 12,225

Exceeded 5% of years 0 2,042 4,086 6,128 8,170 10,214 12,256

Maximum 0 2,042 4,086 6,128 8,170 10,214 12,256

Minimum 5,309 3,693 1,918 124 -1,730 -3,623 -5,496

. . Exceeded 95% of years 8,017 5,663 3,509 1,592 -576 -2,387 -4,498
Spring and River 00700 12,794 10,322 7,883 5319 3,114 1,477 -823
Base Flow (AF/YT) £y ceeded 5% of years 17,638 15,165 12,669 10,228 7,669 5,079 3,087
Maximum 19,973 17,503 15,001 12,558 10,192 8,010 6,277

Minimum 33,808 32,833 31,781 30,711 29,604 28,442 27,279

Outflow Across the|Exceeded 95% of years 35,331 34,298 33,261 32,004 30,871 29,689 28,480
Balcones Fault Average 39,283 38,316 37,292 36,131 34,913 33,948 32,577
Zone (AF/yr) Exceeded 5% of years 43,101 42,124 41,128 40,215 39,082 37,888 36,897
Maximum 44,814 43,864 42,898 41,927 40,960 40,011 39,046

Minimum -27.8 -23.6 -19.4 -15.0 -7.9 -1.3 2.3

Overall Trinity Exceeded 95% of years -22.8 -18.6 -14.3 -9.2 -0.7 5.9 10.8
Drawdown after 50| AVerage -14.2 -10.1 -5.3 2.9 19.2 239 31.1
Years (ft) Exceeded 5% of years -4.9 -0.3 4.6 144 20.3 25.7 31.9
Maximum -1.7 31 8.5 15.2 20.7 25.7 32.0

Minimum NA NA NA NA NA NA NA

Edwards Group |Exceeded 95% of years NA NA NA NA NA NA NA
Drawdown after 50| AVerage NA NA NA NA NA NA NA
Years (ft) Exceeded 5% of years NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA

Minimum -21.8 -21.1 -20.5 -19.9 -16.0 -14.3 -14.8

Upper Trinity Exceeded 95% of years -14.8 -14.0 -13.5 -11.9 -7.5 -4.2 -5.2
Drawdown after 50| Average 1.4 -0.9 03 5.4 16.4 15.4 175
Years(ft) Exceeded 5% of years 12.6 13.1 137 17.9 185 17.9 19.6
Maximum 16.3 16.8 174 17.9 18.5 17.9 19.6

Minimum -29.1 -24.2 -19.1 -13.9 -6.3 1.6 5.9

Middle Trinity Exceeded 95% of years -24.6 -19.6 -14.6 -8.7 0.6 8.4 14.3
Drawdown after 50|Average -17.0 -11.9 -6.4 2.4 19.8 255 33.7
Years(ft) Exceeded 5% of years -8.9 -3.2 2.8 13.6 20.7 275 34.3
Maximum -5.7 0.1 6.6 14.7 21.2 27.5 34.4

Minimum -29.1 -24.2 -19.1 -13.9 -6.3 1.6 6.0

Lower Trinity Exceeded 95% of years -24.7 -19.7 -14.6 -8.7 0.6 8.4 144
Drawdown after 50| AVerage -17.0 -11.9 -6.4 2.4 19.7 255 34.3
Years (ft) Exceeded 5% of years -9.0 -3.2 2.8 13.6 20.7 275 35.1
Maximum -5.7 0.1 6.5 147 21.2 271.5 35.3
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Scenario

Component Case 1 7 3 2 = 5 5
Minimum 0 1,826 3,652 5,478 7,304 9,115 10,486

Pumping (AF/yr) |Exceeded 95% of years 0 1,826 3,652 5,478 7,304 9,115 10,492
Average 0 1,826 3,652 5,478 7,304 9,115 10,938

Exceeded 5% of years 0 1,826 3,652 5,478 7,304 9,130 10,956

Maximum 0 1,826 3,652 5,478 7,304 9,130 10,956

Minimum 17,976 17,239 16,474 15,709 14,913 14,104 13,345

. . Exceeded 95% of years 18,900 18,203 17,417 16,552 15,690 14,938 14,154
Spring and River 00700 21,917 21,133 20,364 19,599 18,694 18,025 17,140
Base Flow (AF/YT) £y ceeded 5% of years 25,016 24,230 23,451 22,686 21,850 20,971 20,286
Maximum 26,427 25,620 24,832 24,080 23,346 22,630 21,854

Minimum 5,832 5,290 4,623 3,894 3,046 2,155 1,418

Outflow Across the|Exceeded 95% of years 6,889 6,029 5,235 4,355 3,371 2,600 1,838
Balcones Fault Average 8,252 7,409 6,557 5,668 4,774 3,995 3,179
Zone (AF/yr) Exceeded 5% of years 9,628 8,772 7,907 7,105 6,214 5,335 4,665
Maximum 10,263 9,405 8,542 7,743 7,039 6,509 5,978

Minimum -21.5 -16.8 -12.1 -7.3 -1.3 5.4 6.6

Overall Trinity Exceeded 95% of years -18.3 -13.6 -8.8 -3.5 3.9 9.2 12.2
Drawdown after 50| AVerage -12.5 -1.7 -3.0 4.0 15.1 19.2 235
Years (ft) Exceeded 5% of years -6.6 -1.9 3.2 10.2 15.9 20.3 24.5
Maximum -4.7 0.2 52 10.9 15.9 20.8 24.6

Minimum NA NA NA NA NA NA NA

Edwards Group  |Exceeded 95% of years NA NA NA NA NA NA NA
Drawdown after 50| AVerage NA NA NA NA NA NA NA
Years (ft) Exceeded 5% of years NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA

Minimum -12.0 -11.7 -11.3 -11.0 -8.2 -7.3 -7.8

Upper Trinity Exceeded 95% of years -8.0 -7.1 -6.7 -5.8 -2.9 -1.1 -2.2
Drawdown after 50| Average 05 0.9 1.2 48 122 114 127
Years(ft) Exceeded 5% of years 9.4 9.7 10.1 13.0 134 12.9 14.0
Maximum 12.0 12.3 12.7 131 135 13.0 141

Minimum -25.4 -19.0 -12.6 -6.0 15 8.2 11.8

Middle Trinity Exceeded 95% of years -22.8 -16.3 -9.7 -2.9 6.2 13.5 17.4
Drawdown after 50| Average -17.9 114 4.7 3.7 16.0 22.4 275
Years(ft) Exceeded 5% of years -12.7 -6.1 0.9 9.1 17.6 23.8 29.2
Maximum -11.1 -4.3 2.6 10.0 17.6 24.3 29.4

Minimum -25.4 -19.0 -12.6 -6.0 15 8.2 11.8

Lower Trinity Exceeded 95% of years -22.8 -16.3 -9.7 -2.9 6.2 135 17.5
Drawdown after 50| AVerage -17.9 -11.4 -4.7 3.7 16.0 22.4 27.7
Years (ft) Exceeded 5% of year