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Current Round of Joint-Planning

 Planning period is from September 1, 2010 — May 1, 2016

 Preliminary information for all eight factors included in Texas
Water Code Section 36.108 (d) (1 — 8) have been presented to
and considered by GCDs and interlocal participants in GMA 14

« Remaining efforts include

« adopting proposed statements of desired future conditions —
deadline May 1, 2016

* 90 day public comment period, public hearing, and
preparation of summary report in each GCD

* Final adoption of statements of desired future conditions,
preparation and submittal of explanatory report to TWDB,
and TWDB review and calculation of estimates of modeled
available groundwater, ’




Texas Water Code Section 36.108 (d)(1-9)

*Preliminary Consideration of Nine Factors
=Aquifer uses and conditions
=\Water supply needs and strategies
=Hydrological conditions
=Other environmental impacts
=Impacts on subsidence
=Socioeconomic impacts
=I[mpacts on private property
=Feasibility of achieving DFCs
=Other relevant factors



Texas Water Code Section 36.108 (d) (1)

=Consider aquifer uses or conditions within
the management area, including conditions
that differ substantially from one geographic
area to another

=\Water Use Data from TWDB — Water Use
Survey

=Year 2000 to 2011
=Summarized by County, Aquifer, and Use
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Aqguiter Uses and Conditions

2007-2011 Average
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Texas Water Code Section 36.108 (d) (2)

=Consider the water supply needs and water
management strategies included in the state
water plan

=2012 State Water Plan

=Year 2010 to 2060
=Summarized by counties




Water Supply Needs and Water Management Strategies

Projected Supplies and Strategies from 2012 SWP
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Water Supply Needs and Water Management Strategies

Projected Year 2060 Supplies and Strategies from 2012 SWP
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Water Supply Needs and Water Management Strategies

McLennan Limestone :
Coryell San Augustine Sabine
Falls Leon Houston Angelina

Trinity
p /k
P
4

Walker.

Lampasas

Bell

Robertson

Madison

Burnet

Gulf Coast Aquifer |,
Region H
Proj. Pumpage (ac-ft)
Year 2060

B o-1.000

I 1.001-25500 o
2,501 - 5,000 Washington
| |5001-10,000 o

] 10,001-20,000
| 20,001-50,000

[ 50,001 -75,000 - P
I 75,001 - 100,000

o [ 100.001 - 200,000 Colorado
I 200,001 - 350,000

[

Polk

Grimes
Burleson

Hardin

Montgomery,

Liberty

Orange

Galveston //

|
[TTT]

Brazoria / &

Jackson

Matagorda \

REESE
NICHOLS

o
zZ
<

- e e Miles | ;
125 25 50 75 100

13

2|
Fn




Consideration of 'Water Supply Needs and Water Management Strategies Induded in the Siate Water Plan
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Consideration of Water Supply Needs and Water Management Strategies Included in the State Water Plan
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Texas Water Code Section 36.108 (d) (3)

=Consider hydrological conditions, including for each
aquifer in the management area, the total estimated
recoverable storage as provided by the executive
administrator, and the annual average recharge, inflows,
and discharge

= Location
=\Water surfaces
=Long-term trends

=\Water budget (recharge, discharge to surface,
inflows/outflows)

=Total Estimated Recoverable Storage (from TWDB)




Texas Water Code Section 36.108 (d) (3)

=Consider hydrological conditions, including for each
aquifer in the management area, the total estimated
recoverable storage as provided by the executive
administrator, and the annual average recharge, inflows,
and discharge

=Hydrogeology and Simulation of Groundwater Flow and
Land-Surface Subsidence in the Northern Part of the Gulf
Coast Aquifer (USGS, Rev. 2012)

=Northern Gulf Coast GAM Run
=TWDB GAM Task 13-037



Regional Groundwater Update Project (RGUP)
GMA 14
April 24, 2013

= |nitiated by HGSD and FBSD in 2010, with Lone Star GCD participation
later

= Also referred to as the Houston Area Groundwater Model and now
officially the North Gulf Coast Groundwater Availability Model

= Utilizes latest data and models as basis for evaluating current and
future regulations

=2010 U.S. Census
= Improved groundwater modeling capability

=10 additional years of water level and subsidence data



RGUP Drivers

= The landscape has changed since the HGSD 1999
Regulatory Plan:

= Adoption of the FBSD 2003 Regulatory Plan

= Creation of the Lone Star Groundwater
Conservation District

= Creation of the Brazoria County Groundwater
Conservation District

= Creation of the Bluebonnet Groundwater
Conservation District

= Establishment of Groundwater Management
Areas (GMA-14)

= TWDB Northern Gulf Coast Groundwater
Availability Model (NGC-GAM)

= Mature State and Regional Water Planning
Process




Gulf of Mexico

Fort Bend
Subsidence District







RGUP Objectives

= Updates population and water demand
projections in the project focus area

=Recalibrate the parameters in the groundwater
availability and subsidence models

=HGSD/FBSD: Updated data and models to
evaluate the 1999 & 2003 Regulatory Plans and
make any necessary changes to the regulations
for the upcoming decades



Hydrogeology and Simulation of Groundwater Flow and Land-
Surface Subsidence in the Northern Part of the Gulf Coast Aquifer
System, Texas, 1891-2009
April 30, 2014

by Mark C. Kasmarek
http://[pubs.usgs.gov/sir/2012/5154/

Prepared in cooperation with the
arris-Galveston Subsidence District,

end Subsidence District, and
roundwater Conservation District

ater Conservation District


http://pubs.usgs.gov/sir/2012/5154/

Houston Area Groundwater Model (HAGM 2012)
 Finite-difference computer code MODFLOW-2000 (Harbaugh
and others, 2000)

« Simulates groundwater flow, land-surface subsidence, and
drawdown on a regional scale in the northern Gulf Coast Aquifer
System

. Predevelopment (1891) through 2009

r the MODFLOW-2000 model (Hoffman and others,

mpaction and storage




HAGM finite-difference grid, 33,565 cells, and 1-square-mile grid cell size

245
7, 94°

NACOGDOCHES

VERNON

H(;uston Area
Groundwater Model

study area

BASTROP g70

CALDWELL

GONZALES

10 20 30 40 MILES
|

Y | A [P N B

LI I B B
10 20 30 40KILOMETERS

The finite-difference grid (shown here)
consists of 137 rows and 245 columns

with the origin of the grid (row 137, column 1)
located here.

Base modified from U.S. Geological Survey digital data
Scale 1:250,000

Albers equal-area projection, Datum NAD 83

Standard parallels 34°55" and 27°25', central meridian 100°
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Geologic (stratigraphic) units

Hydrogeologic

units
Model
layer
o . Aquifers and
System Series Formation 1 . )
confining units
Holocene Alluvium
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Formation
Quaternary Pval‘rgor..nery Chicot 1
Pleistocene Formation aquifer
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Willis Formation
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aquifer =
—_—
Burkeville
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Tertiary . Oakville
Miocene Jasper
Sandstone :
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c o1
Formation
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Well number on location map
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HAGM/GAM Differences

 The HAGM was constructed from the previously published
USGS Northern Gulf Coast Aquifer System Groundwater
Availability Model (GAM) based on a regional scale.
(http://pubs.usgs.gov/sir/2004/5102/)

HAGM (2012) GAM (2004)

MODFLOW-2000 MODFLOW-96
MODFLOW SUB Package MODFLOW Interbed-
Storage (IBS) package

Period 1891-2009 Period 1891-2000

497 Head Targets (2009) 422 Head Targets (2000)
Simulated Subsidence in Simulated Subsidence in
layers 1-4 layers 1-2



http://pubs.usgs.gov/sir/2004/5102/

HAGM/GAM Modifications

» Updated 200109 Primary Water-Use Data Sources:

— Harris—Galveston Subsidence District (Harris and
Galveston Counties)

Bend Subsidence District (Fort Bend County)

roundwater Conservation District

unty)
nt Board (TWDB) (multiple

ery County)



REA GROUNDWATER MODEL
NS AND CALIBRATION



Groundwater withdrawal, in million gallons per day
g 8 8 8 8 8 8 8
T T 171 T T rorT Trrrrrrrrr TTTTTT

o

HAGM Water-Use by Stress Periods, 1891-2009
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Stress periods, in years (table 1)
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2009 Chicot Aquifer
Potentiometric Surfaces

EXPLANATION

—-30 — Simulated potentiometric contour—Shows altitude at which
water would have stood in tightly cased well. Interval S0 feet.
Datumis NAVD 88
—-) — Measured potentiometric contour—Shows altitude at which
water would have stood in tightly cased well. Interval S0 feet.
Datumis NAVD 88
Data point—Well in which water-level measurement was made
e Data point and well number—Well in which water-level measurement
L}-65-4-612 was rmade and for which hydrograph is shown on figure 25 36

NAVDE8, North American Verticd Datum of 1968



B P

TINOD

L v A
o U o™
Updip linit of the Evangeline aquifer_wasmineTon

b

— -

\\'ﬁu-"'-. d.\&h st

/ INONHTA

Base modfiedfromUS Gaiq;&'] Srvey digitd dda 0 10 20 0 OME
Scde 1: 2,000 (exoert Loursiana hydrography 1:100,000) I III I| I ' I|I II L 1]
Albers equd-area prgedion

NerthAmerican Datumef 1983 4 0 ¥ 2D I WOKMOMHES
Sandard perdlds 34°55 and 27° 25, centrd menidian 100° /

2009 Evangeline Aquifer
Potentiometric Surfaces

EXPLANATION

—-% — Simuated polentiometric contour—Shows altitude at which
water would have stood in tightly cased well. Interval 50feet.
Datumis NAVD 88
—-5) — Measured polentiometric contour—Shows altitude at which
water would have stood in tightly cased well. Interval 50feet.
Datumis NAVD 88
Data point—Well in which water-level measurement was made
® Data point and well number—Well in which water-level measurement
L6198 \was made and for which hydrograph is shown on figure 27
NAVDE8, Narth American Verticd Detumor 1988
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NothAmericanDetumdf 19683 _ " 0 10 2 2 DAMEFS water would have stood in tightly cased well. Interval 50 feet.
Standad padles 34°55 ad 272, certra meridan 100° Datumis NAVD 88

/ —-0 — Measured polentiometric contour—Shows altitude at which

water would have stood in tightly cased well. Interval 50 feet.

2009 Jasper Aquifer | DdumisNAD®

Data point—Well in which water-level measurement was made

Potentiometric Surfaces o whicn iy rog o o et

NAVD 88 North American Vertical Datum of 1968
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Simulated (1891-2009) and Measured (1906-2000)
Land-Surface Subsidence
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(from Gabrysch and Neighbors, 2005)
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1980-2009 Drawdown — Chicot Aquifer
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1980-2009 Drawdown — Evangeline Aquifer

HHE |
52800 feet
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1980-2009 Drawdown — Burkeville Confining Unit
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1980-2009 Drawdown — Jasper Aquifer
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Montgomery County (LSGCD) Water Budget

-80,000 -60,000

Chicot

Evangeline

Burkeville

Jasper

B Recharge from Surface/GHB
M Lateral Inflow

M Leakage to Upper Unit

-20,000 0 20,000 40,000 60,000

Average acre-feet from 2000 to 2009

Leakage from Upper Unit Leakage from Lower Unit
B Pumpage M Discharge to Surface/GHB
Leakage to Lower Unit Lateral Outflow 44



Austin
Brazoria
Chambers
Fort Bend
Galveston
Grimes
Hardin
Harris
Jasper
Jefferson
Liberty
Montgomery
Newton
Orange
Polk

San Jacinto
Tyler
Walker
Waller
Washington

Total Estimated Recoverable Storage (Millions of Ac-Ft)

50 100 150 200 250

L
e
]

|

[
L
I

300

350 400

25-75% of total storage
Source: TWDB
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GAM Results (2014/06) — Chicot




Number of Counties

GAM Results - Chicot

Variations in Chicot Drawdowns
2014 Round - 2010 Round

-30 -20 -10 0 10 20 30
A Drawdown (ft.)

40

50

60

70
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GAM Results (2014/06) — Evangeline
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Number of Counties

GAM Results - Evangeline

Variations in Evangeline Drawdowns
2014 Round - 2010 Round

-30 -20 -10 0 10 20 30 40
A Drawdown (ft.)

50

60

70
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Model Results (2014/06) — Burkeville Confining Unit




Number of Counties

Model Results - Burkeville

Variations in Burkeville Drawdowns
2014 Round - 2010 Round

-30

-20 -10 0 10 20 30 40

A Drawdown (ft.)

50

60

70
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Model Results (2014/06) — Jasper




Number of Counties

GAM Results - Jasper

Variations in Jasper Drawdowns
2014 Round - 2010 Round

-10

0 10 20 30
A Drawdown (ft.)

40

50

60

70
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GAM Results — Montgomery County (LSGCD)

45,000 40
40,000 30
35,000 20 -
*
E 30,000 10 -
2 . | =
- &£
@ 25,000 r = 0 -
é /\ E Chicot Burkeville
°
o
] o
°
10,000
4 f -30
5,000 J
% [V -40
0

-50
19;0 1990 ?ojo 9030 3050 90;0

——Chicot ——Evangeline  ——Burkeville  ——Jasper
= 2010 Round (2060 Drawdown) ® 2014 Round (2070 Drawdown)



Water Budget
from NGC GAM

Montgomery County

Infloay Chicot Evargeline Burkeville lasper
Rechanse fStream Loss (GHE| 21,407 2,131 1 34=
Stormze 21,120 3.7E3 <13 B.E50
Lesiiage From Upper Unit - 0 =13 103 =
Leakagme From Lower Unit 52 -_ - _
Lateral Flosw From Srimes 25 == 3 3,378
Lateral Floss From Herns I E5d 3,593 2 3,828
Lateral Flow From -ihe‘.‘,r A 1185 0 Bil&
Lateral Floss From Waller 827 1027 i 11586
Lateral Floww From San Jacnko JeS 1,53 =) 1523
Lateral Flow From Walker 1 477 =) 10,243
Toto! infTow 59,207 47,213 334 31,331
Dutiow Chicot Evanm=line Burkeyill= laspar
Wiz 3,435 27017 _ 27 377
Evapotranspiration/stream Gain |GHE) 343 1,144 0 1z
Stormze Sz Jo4 T E] 23
Leakaze To Upper Unit — 2B 470 E3
Lealimee To Lower Linit 20,2132 103 B4 —
Lataral Flow Ta Grimas - 7 0 20
Lateral Flosw Ta Hamis 23,3357 17670 B 3,637
Lateral Flow To Liberty 1,002 413 a0 a7
L=feral Flows To San Jsoevto 110 JIB a 140
Laferal Flons To Wialler P 130 a —
Laferal Floss To Walker 1 — a Fi=)
Toio! Gutflow 69,207 47,583 &03 31,448
imflow - Owiflow o -270 -9 -113
Storege increase [+)/Decrease]-) -31, 048 1,075 -333 -850

All valurs are sesrage aore-feel zer pear from A0 throogs SO0,
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Montgomery County draft DFCs and MAGs from NGC GAM

2010 Flanning Cycle

Proposed Current Flanning Cyde

County Aquiter Formeation Dmwdown Modeled Avsilable Groundwater [MAG) |Ac-FLhr) Drawdown BSodel Groundwater Pumpage [Ac-FLir)
[r) 2010 2020 2030 oap 2050 2050 {re] 2010 2020 2030 2040 2050 Z0ED 2070
Chicok E 1452 1722 1,722 172 1,722 1,712 b5 11 821 12 353 13 569 13,543 13,025 14 71E 13,443
R E'.-nnEEI-inc 23 35,351 35,153 38,253 3833 35,253 38,293 -4 37,731 27 323 27331 27,771 2E 373 25,613 16,3232
Montgomery Burrieslk z3 2] 0 o a [ 2] -4 [ 2] 0 o o) a 2]
lazper -35 3Z,401 21514 11,614 21,514 11,614 1,612 = 4.1.4B8 23,278 12 380 13,185 1,402 r.671 14,033
Total e E1529 61,629 E:I..EIB' &1,629 61,6323 1,140 B4, 050 &4.000 E3,000 64,000 =2, (MO B4, 050
Totals Gult Coast e E1529 61,629 E:I..EIBI &1,629 61,6323 1,140 B4, 050 &4.000 2,000 E-!-.WIIII =2, (MO &4, 000
TOTAL 73,252 61,629 61,629 Ei,EIBl 61,629 61,623 91, 140 54, 000 E4.000 1,000 E-ﬂ-,ml]l B2, MY 4,000
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Texas Water Code Section 36.108 (d) (4)

=Consider other environmental impacts, including impacts
on spring flow and other interactions between
groundwater and surface water

= Available literature and studies
=Northern Gulf Coast GAM

= Central Carrizo-Wilcox GAM
=Yegua-Jackson GAM



= Gulf Coast Aquifer

*NGC GAM does not include the “stream
package” used to estimate groundwater and
surface water interaction

= Groundwater and surface water interaction
occurs based on USGS and TWDB studies

= CRA studies show groundwater and surface
water interaction limited to the shallow
groundwater system and the river, similar
conditions could occur in GMA-14



Texas Water Code Section 36.108 (d) (5)

=Consider the impact on subsidence

*Fort Bend, Galveston, and Harris Counties
= PRESS model results

=All Other Counties
=Results from NGC GAM (SUB package)



NGC GAM SUB Results (predicted subsidence 2010-2070)




NGC GAM SUB Results (predicted subsidence 2010-2070)
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Texas Water Code Section 36.108 (d) (6)

=Consider socioeconomic impacts reasonably expected to
occur

=Socioeconomic impact analysis from 2011 Regional
Water Plans for G, H, and |

=Qualitative versus quantitative approach
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Potential socioeconomic impact of proposed DFCs

= From a qualitative perspective, both positive and negative
socioeconomic impacts may potentially result from
implementation of proposed DFCs.

= Proposed DFCs may require conversion to alternative supply,
which may have increased costs associated to infrastructure,

operation, and maintenance.

Proposed DFCs may reduce/e
oumps and either drilling or o

Proposed DFCs may reduce/e

iminate the costs of lowering
eepening of wells.

iminate the costs associated

with subsidence (including legal costs assigned to parties

determined to be liable).



Potential socioeconomic impact of proposed DFCs

= Positive and negative socioeconomic impacts potentially
resulting from implementation of proposed DFCs:

=Proposed DFCs may serve to sustain/enhance economic
growth due to assurances provided by diversified water
portfolio.

= Alternatives to proposed DFCs may result in short-term
reduction in utility rates due to reduction in cost of water
management strategy implementation.

= Alternatives to proposed DFCs may result in significant but
unqguantified production costs due to transition from confined
to unconfined conditions in local aquifers.



Texas Water Code Section 36.108 (d) (7)

=Consider the impact on the interests and rights in private
property, including ownership and the rights of
management area landowners and their lessees and

assigns in groundwater, as recognized under Texas Water
Code Section 36.002

= Analysis and discussion of the impacts of GCD
management plans and rules on the interests and rights
In private property




Texas Water Code Section 36.108 (d) (7)
For reference, Texas Water Code Section 36.002 states:

(a) The legislature recognizes that a landowner owns the
groundwater below the surface of the landowner's land as real

property.
(b) The groundwater ownership and rights described by this
section:

(1) entitle the landowner, including a landowner's lessees,
heirs, or assigns, to drill for and produce the groundwater below
the surface of real property, subject to Subsection (d), without
causing waste or malicious drainage of other property or
negligently causing subsidence, but does not entitle a landowner,
including a landowner's lessees, heirs, or assigns, to the right to
capture a specific amount of groundwater below the surface of
that landowner's land; and



Texas Water Code Section 36.108 (d) (7)

For your reference, Texas Water Code Section 36.002 states
(cont.):

(2) do not affect the existence of common law defenses or
other defenses to liability under the rule of capture.

(c) Nothing in this code shall be construed as granting the
authority to deprive or divest a landowner, including a landowner's
lessees, heirs, or assigns, of the groundwater ownership and rights
described by this section.



Texas Water Code Section 36.108 (d) (7)

(d) This section does not:

(1) prohibit a district from limiting or prohibiting the drilling
of a well by a landowner for failure or inability to comply with
minimum well spacing or tract size requirements adopted by the
district;

(2) affect the ability of a district to regulate groundwater
production as authorized under Section 36.113, 36.116, or 36.122
or otherwise under this chapter or a special law governing a
district; or

(3) require that a rule adopted by a district allocate to each
landowner a proportionate share of available groundwater for
production from the aquifer based on the number of acres owned
by the landowner.



Texas Water Code Section 36.108 (d) (7)

(e) This section does not affect the ability to requlate groundwater
in any manner authorized under:

(1) Chapter 626, Acts of the 73rd Legislature, Reqular
Session, 1993, for the Edwards Aquifer Authority;

(2) Chapter 8801, Special District Local Laws Code, for the
Harris-Galveston Subsidence District; and

(3) Chapter 8834, Special District Local Laws Code, for the
Fort Bend Subsidence District.



The Consideration of Private Property Rights by GCDs in GMA 14

The procedural requirements for what should be considered in
reviewing the private property rights factor are not prescribed in
statute nor do TWDB rules provide any additional guidance. The
following list of topics are suggested for discussion:

- Existing uses within the GCD
- Projected future uses within the GCD

- Investment-backed expectations of existing users and
property owners within the GCD



The Consideration of Private Property Rights by GCDs in GMA 14

(Continued)
- Long-term viability of groundwater resources in area

- Availability of water to all properties and ability to allocate
MAG through rules after DFC adoption

- Whether immediate cutbacks would be required in setting a
particular DFC or whether cutbacks, if any, would need to occur
over a certain timeframe



The Consideration of Private Property Rights by GCDs in GMA 14
(Continued)

- For outcrop areas, how the outcrop depletes rapidly in dry
times, and whether drought rules or triggers based on the
DFC/MAG for the outcrop could be beneficial to ensure viability of
the resource during dry times

- Economic consequences to existing users (i.e., cost to drop
pumps, reconfigure or drill new wells upon water table dropping,
etc.). Also consider the reverse—economic consequences of less
water available to protect the existing users from the economic
consequences relevant to existing users—reaching a balance
between these two dynamics.



The Consideration of Private Property Rights by GCDs in GMA 14

(Continued)

-  Those GCDs with existing rules developed based on the current
DFC might find it helpful to review the rules that the GCD
considers relevant as we work to adopt DFCs over the next

year. For example, the rules and Management Plan in place based
on the current DFCs can help determine how a GCD currently
impacts private property rights and whether those same interests
are important as we work to adopt DFCs over the next 2 years.

- Focusing on finding a balance, as that balance is defined by
each GCD, between all of these considerations



Texas Water Code Section 36.108 (d) (8)

=Consider the feasibility of achieving the desired future
conditions




RESOLUTION FOR THE ADOPTION OF THE DESIRED FUTURE
CONDITIONS FOR ALL AQUIFERS IN GROUNDWATER MANAGEMENT
AREA 14

Whereas, pursuant to Section 35.004 of the Texas Water Code, the Texas Water Development Board
(“TWDB”) has designated groundwater management areas that, together, cover all major and minor

aquifers in the state; and

Whereas, each groundwater management area was designated with the objective of providing the most

suitable area for the management of groundwater resources; and

Whereas, through title 31, Section 356.23 of the Texas Administrative Code, the TWDB has designated
the area encompassing all of Austin, Brazoria, Chambers, Fort Bend, Galveston, Grimes, Hardin, Harris,
Jasper, Jefferson, Liberty, Montgomery, Newton, Orange, Polk, San Jacinto, Tyler, Walker, Waller, and
Washington counties as Groundwater Management Area No. 14 (“GMA 14”); and
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Joint Planning Process - Balance

Conservation, Preservation,
Protection of Groundwater

Resource
Supply Needs Hydrological Aquifer Uses Environmental
& Management oy .
. Conditions or Conditions Impacts
Strategies
Private o ope Socioeconomic Subsidence
Property Rights Pl EEal Impacts

Highest Practicable Level of
Groundwater Production




Questions



