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1. Description of Groundwater Management Area 10

Groundwater Conservation Districts (GGDs districtg were createdypically by legislative
action,to provide for the conservation, preservation, protection, recharging, and prevention of
waste of the groundwater, and of groundwater reservoirs or their subdivisions, and to control
subsidence caused by withdrawal of water from those groundwater resenvibieir
subdivisions.The individual GCD®verlying each of the major aquifers or, for some aquifers,
their geographic subdivisions were aggregated by the Texas Water DevelopmeniBdaR)
acting under legislative mandate to form Groundwater ManageAreas (GMAs) EachGMA

is charged with facilitating joint planning effoffisr all aquifers wholly or partiallyvithin its

GMA boundarieghat are considered relevant to joint regional planning

GMA 10 wasdelineated based primarily on the exteritthe San Antonio and Barton Springs
segments othe FreshEdwards (Balcones Fault Zongguifer, but it also includes the
underlyingdown-dip Trinity Aquifer. Other aquifersn GMA 10include the Leona Gravel, Buda
Limestone, Austin Chalk, and tlisaline Edwards (Balcones Fault Zone) aquifers. jlaaning
areaof GMA 10 includes all or parts of Bexar, Caldwell, Comal, Guadalupe, Hays, Kinney,
Medina, Travis, and Uvalde counti@sgure 1) GCDsin Groundwater Management Arg@
includeBarton Spring/Edwards Aquifer Conservation Distri@pmal Trinity GCD Edwards
Aquifer Authority, Kinney County GCD, Medina County GCD, Plum Creek Conservation
District, and Uvalde County Underground Water Conservation District (UWED)re 1)

As mandated in TexaWater Code § 36.108, districtsa GMA are required to submidesired
Future ConditiongDFCs)of the groundwater resources in theiMA to the executive
administrator of th@WDB, unless that aquifer is deemed to be-relavantfor the purposes of
joint planning According to Texas Water Code § 36.108]Jdthe district representatives shall
produce @esired Future Conditiortsxplanatory Repoffor the management area and submit to
the TWDB a copy of theExplanatory Report

GMA 10 has designated the Trinityghifer as a relevant aquifer for purposes of joint planning.
This document is the preliminary Explanatory Report for this aquifer.
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2. Aquifer Description

The Trinity Aquifer consists of Cretaceecage formations of varying viability as water sources.

The upper Trinity Aquifer @mprising the upper Glen Rose Limestone) has low yields and poor
water quality due to its evaporite beds. The middle Trinity Aquifer (comprising the lower Glen
Rose Limestone, the Hensel Sand, and Cow Creek Limestone) is the most widely used portion of
theaquifer. The lower TrinityAquifer (comprising the Hosston Sand and Sligo Limestone) is as
widely used due to its depth and water quality (SCTRWPG, 2010). The Trinity Aquifer outcrops
very little within GMA 10 and exists as a confined aquifer underlyivegEdwards (Balcones

Fault Zone) Aquifer. It is currently used as a minor source of groundwater in Uvalde, Medina,
Bexar, Comal, Guadalupe, Hays, and Travis counties, but is increasingly becoming a major
source due to rapid development and increased wateands.
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3. Desired Future Conditions

The desired future conditions (DFC) adoptexdB/23/2010 for the Trinity Aquifer are as follows:
Average regional well drawdown not exceeding 25 feet during average recharge conditions
(including exempt and neexempt use); ithin Hays Trinity Groundwater ©nservation

District: no drawdown; within Uviale County: 20 feet; not relevant in TriniGlen Rose GCD.
(TWDB, 2015)

GMA 10 has proposed to maintain the same DFCs in the second round as in the first round for
this aquifer, with the exception of Haysinity GCD, which is no longer in GMA 10. This

second round of proposed DFCs was approved at the GMA 10 meeting on March 14, 2016 to be
available for consideration during the-88y public comment period and a public hearing held

by each GCD. After the comment period and public hearings, the proposivizire adopted

at the GMA 10 meeting oMarch 14, 2016



4. Policy Justification

The DFCsin theTrinity Aquifer within GMA 10 wereadopted after consideringe following
factorsspecifiedin Texas Water Code 836.108 (d):

1. Aquifer uses or conditions within the management area, including conditions that differ
substantially from one geographic area to another;
a. for each aquifer, subdivision of an aquifer, or geologic steatd
b. for each geographic area overlyingauifer

2. The water supply needs and water management strategies included in the state water
plan;

3. Hydrological conditions, including for each aquifer in the management area the total
estimated recoverable storage as provided by the executive adrtonjstna the average
annual recharge, inflows, and discharge;

4, Other environmental impacts, including impacts on spring flow and other interactions
betweergroundwater and surface water;

5. The impact on subsidence;
6. Socioeconomic impacts reasonably expected to occur;
7. 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 Secti@®6.002;
8. The feasibility of achieving thBFC; and

0. Any other information relevant to the specid&Cs

These factorand theirrelevancedo establishing the DFGae discussed in detail in
correspondingectionsand subsectionsf this Explanatory Report.

5. Technical Justification

The TWDB developed a method described in GTA Aquifer Assessmeibt ([fhorkildsenand
Backhouse, 2010) that uses an analytical solution to estimate modeled available groundwater for
various drawdown scenarios.

TheGCDsin GMA 10 regardhe Trinity Aquifer asanalternative water supply that poses little

threat to theverlyingEdward Aquiferd and in fact can lessen demamdsced upon it. The

proposed DFC is an expression of average drawdown of the potentiometric surface. Table 1 is an
estimate of modeled available groundwater usivegnalytical approach used by TWDABs

describedn Thorkildsen and Backhouse (201®) imodeled available groundwa(®tAG) is

estimated by mitiplying the average drawdowny the storage coefficiemaind the area and then



adding in estimated lateral inflos other inflows and outflows are considerede negligible
(described later in this reporthi$ approach treats the aquiéer a closed system.

Tablel. Estimationof Modeled Available Groundwater (MAG)

Estimated Annual ModeledAvailable
County Groundwater
(acre-ftlyr)
Bexar 19,998
Caldwell 0
Comal 29,284
Guadalupe 0
Hays 3,557
Medina 5,369
Travis 641
Uvalde 639
Total 59,488

"The Hays County total has been reduced by 258fdgr to account for the HaySrinity GCD, which was
included in Thorkildsemnd Backhouse (2010), but is no longer in GMA 10.

6. Consideration of Designated Factors

In accordance witffexas Water Code § 36.1083y, the district representatives shall produce a
Desired Future ConditioBxplanatory Rport.The report must include documentation of how
ninefactors identifiedn Texas Water Code 836.108(@gre considered and how the proposed
DFCimpacs each factor. The following sections of tBeplanatory Repogummaize the
information that th&CDsusedin their deliberations and discussions.

6.1  Aquifer Uses or Conditions
6.11 Description of Factorsfor the Trinity Aquifer in GMA 10

The Trinity Aquifer does not serve as the primary source of water for counties in GMA 10.
However, givemnrestrictions on groundwater withdrawals from the Edwards Aquifer, withdrawals
from the Trinity Aquifer have been growing. The aquifer is stressed due to increasing numbers of
wells to supply rapidly developing areas of central Texas. In addition, wellseha poorly

cased through evapteibeds in the Upper Trinity formation have diminished the water quality in
parts of the Middle Trinity Aquifer (SCTRWPG, 2010). Another concern is potential movement

of the fAbad water | i n eodcertratibne execedtl®A0 anilligrainis ges ol v e
liter) due to increased groundwater withdrawal. Water quality becomes progressively poorer in
the downdip sections of the TrinityesAqui fer,
through southern Uvalde aikedina counties, and then southeastthwest through central

Bexar, and along the southeastern edge of Comal and Hays counties (SCTRWPG, 2010).

The TWDB provides historical groundwater pumpage values by camatgquifer. Table2
provides the amount groundwater in acréeet supplied by the Trinibhquifer for the period
20002013 The Trinity Aquifer does not provide the majority of groundwater in any county,



although the Trinity Aquifer share has increased from 2000 to 2012 in Comal, Hays, aisd Trav
counties.The TWDB does not report any pumping from Taity Aquifer in Caldwell or
Kinney counties.

Table2. Total goundwater pumpage values by counmtyni the Trinity Aquiferin aae-ft/yr.
Note that pumping estimates may include areas oftiméty Aquifer outside of GMA 10.
Values from https://www.twdb.texas.gov/waterplanning/waterusesurvey/histpuonglage.asp

County Bexar Comal | Guadalupe| Hays | Medina | Travis Uvalde
2000 7,974 2,895 0 2,236 42 1,868 49
2001 8,761 2,422 0 2,441 33 1,9 46
2002 9,425 2,229 0 2,212 35 1,94 45
2003 8,681 2,169 0 2,115 36 1,94 43
2004 9,301 5,642 0 2,024 35 1,754 40
2005 11,579 5,44 0 2,249 186 1,929 61
2006 11,353 6,916 4 3,497 248 3,591 96
2007 8,698 6,896 4 3,818 242 2,838 91
2008 10,020 4,270 4 3,670 220 3,461 170
2009 11,65 4,166 6 4,262 248 4,594 163
2010 15,45 2,456 9 4,985 356 8,801 246
2011 18,330 4,678 6 6,110 479 10,364 257
2012 17,854 7,119 8 5,28 338 7,636 195
2013 14,763 4,180 7 5,061 332 8,808 180

District-level water use numbers compiled by two GCDhaGMA 10 area are also available,

but only for recent years. Uvalde County UWCD values are sourced from their annual water use
report database and providedTiable3. These numbers are higheatithe countywide values
provided by the TWDB, particularly in 2009 and 2010.

Table3. Total groundwater pumpage values in Uvalde County according the UCUWCD (2011)
in aae-ft/yr. Values from UCUWCD (2011)

Aquifer 2007 2008 2009 2010

Trinity 228 267 1,667 908

TheBarton Springs Edwards Aquifer Conservation DistlB$EACD) values are based on
meter readings from district wells aateprovided inTable4. The numbers are smaller than the
countywide numbers given by TWDBecause¢he BSEACD onlycoversa portion of Travis
County.



Table4. Total groundwater pumpage values for Middle Trinity Aquifer and Lolvanity
Aquifer according to BSEACD (ae-ft/yr). Values from BSEACD (2013)

County | Aquifer 2007 2008 2009 2010 2011

Hays Middle Trinity 0 0 0 0 27
Lower Trinity -- -- -- -- --

Travis | Middle Trinity 0.4 0.3 0.4 0.3 5
Lower Trinity 11 28 18 20 17

6.1.2 DFC Considerations

TheTrinity Aquifer in GMA 10 is nothe primarywatersource for much of the area. However,
pressure othefreshwater Edward@alcones Fault Zone) Aquiféras led to the need for viable
alternative supplies. The proposed DFC allows for a modeled available groundwater that is
significantlyabove the cuent use of the aquifer and allowsom for development dhe aquifer
as an alternative supply while protecting existing groundwater supplies.

6.2  Water-Supply Needs

6.21 Description of Factors for the Trinity Aquifer in GMA 10

For estimating projected watsupply needs (i.e., water demand vs. supfitgdistricts used

data extracted from ti#017 State Water Plan and provided by the TWDB. The TWDB provides
watersupply needs estimates by decade as well as by county. A summary of the projected water
supply needs is provided Trable 3 by decade in aeféyr. Also shown in Table 3 are demands,
existing suppliesand watessupply strategies. Note that these are county totals, not just the
portions of each county in GMA 10.

The prgections in Table Show that for the 2017 State Water Plan planning pe20a(2070)

there is a progressively increasing wagapply deficit, increasing from 135,000 a€rén 2020

up to 497,000 acrtt in 2060. As in prior plans, some of the watlemand deficits in the area in

the outyears (the later years in the plannpegiod) include numerous contractual shortages.

These contractual shortages will be addressed an-ancbasis, through the renewal and

expansion of contracts with wholesale water suppliers and the contractual reallocation of existing
supplies in orderataddress the projected water demands for these and other areasgater

groups. But even so, it is projected that there will be unmet needs under ebbugtdrd

conditions and in the owytears.

6.2.2 DFC Considerations
Population growth throughoutI@A 10 is creating demand for additional water supplies from all

sources. The DFC allows for drawdown of the Trinity Aquifer to allow for its use in the future
as water supply of growing importance to the region.



Table5. 2017 State Water Plan informatiéor counties in GMA 10 containing the Trinity

Aquifer. All values are in acrt/yr. Note that these are county totals and are not limited to the

portion of each county in GMA 10.

County Aquifer 2020 2030 2040 2050 2060 2070
Demands 367,664 | 404,641 | 438,621 | 473,953 | 509,657 | 543,989
Bexar Existing Supplies| 348,478 | 350,452 | 352,909 353,419 | 354,103 | 354,936
Needs 61,498 87,009 110,801 139,602 169,573 199,085
Strategy Supplies| 111,676 | 139,674 172,615 | 211,590 | 259,448 | 304,681
Demands 7,939 8,992 10,069 11,191 12,362 13,557
Caldwell Existing Supplies| 10,563 10,606 10,627 10,640 10,648 10,660
Needs 201 701 1,368 2,223 3,154 4,080
Strategy Supplies| 2,953 2,869 2,938 3,540 4,291 5,305
Demands 42,660 50,555 58,562 66,459 74,986 83,562
Comal Existing Supplies| 41,807 43,550 45,235 46,693 48,391 50,200
Needs 5,348 8,434 14,812 21,304 28,198 35,022
Strategy Supplies| 20,102 27,743 33,285 38,881 44,989 51,406
Demands 36,487 42,642 48,287 54,229 61,977 68,632
Guadalupe Existing Supplies| 50,679 53,749 54,937 54,805 54,708 54,696
Needs 1,486 4,320 7,660 12,375 17,412 22,356
Strategy Supplies| 9,021 14,143 16,304 24,352 28,173 37,388
Demands 38,017 48,140 61,376 74,249 93,141 115,037
Hays Existing Supplies| 55,922 56,144 56,441 57,070 58,244 59,679
Needs 580 4,148 12,635 22,756 38,594 57,222
Strategy Supplies| 14,073 28,579 40,651 51,238 69,741 88,522
Demands 68,171 66,673 65,147 63,688 62,364 61,252
Medina Existing Supplies| 39,514 39,783 40,056 40,267 40,513 40,768
Needs 32,510 30,527 28,580 26,707 24,938 23,445
Strategy Supplies| 2,142 2,601 3,208 3,745 4,306 4,918
Demands 290,697 | 346,067 | 398,642 | 436,992 | 470,440 | 509,035
Travis Existing Supplies| 423,296 | 421,001 419,022 411,952 401,880 392,060
Needs 3,199 19,203 27,658 41,766 85,617 134,438
Strategy Supplies| 148,005 | 193,633 | 228,203 | 275,798 | 306,286 | 338,800
Demands 75,595 73,694 71,705 69,993 68,451 67,179
Uvalde Existing Supplies| 47,888 47,480 47,559 47,664 47,742 47,742
Needs 30,747 28,756 26,657 24,815 23,135 21,744
Strategy Supplies| 2,642 3,109 3,791 4,559 5,168 5,797
Demands 927,230 | 1,041,404| 1,152,409| 1,250,754| 1,353,378 | 1,462,243
Existing
Total Supplies 1,018,147| 1,022,765| 1,026,786| 1,022,510| 1,016,229| 1,010,741
Needs 135,569 | 183,098 | 230,171 291,548 | 390,621 | 497,392
Strategy
Supplies 310,614 | 412,351 500,995 | 613,703 | 722,402 | 836,817
6.3 Water-Management Srategies

6.3.1 Description of Factors for the Trinity Aquifer in GMA 10

Both Regional Water Planning Groups K and L glafurther develop th&rinity Aquifer as
part of their water management strategies to cover future water abtst provides the

proposed Trinity Aquifer withdrawals developed by Regional Water Planning Groups K and L
for the 2012 State Water Plakdditionally, Table Gabove shows the total of water management

strategies developed as part of the 2017 State Water Plan.
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Table6. Proposed TrinityAquifer development in Regions L and K from 2010 to 206flues
from SCTRWPG (2010) and LCRWPG (2010)

County Bexar Hays Hays

Water Utility Bexar Metropolitan County Line Water

Group Water District Supply Company Manufacturing

RegionalWater L L K
Planning Group

Development of Local| Development of Local

Groundwater Supplies Groundwater Supplies New well field for

Water Management

Strategy (Trinity Aquifer) (Trinity Aquifer) Trinity Aquifer
Source Name Trinity Aquifer Trinity Aquifer Trinity Aquifer
2010 2,016 --
2020 2,016 1,129 --
2030 2,016 1,452 75
2040 2,016 1,613 200
2050 2,016 1,936 301
2060 2,016 2,420 400

*Bexar Metropolitan Water District was acquired by San Antonio Water Syist@@il2
6.3.2 DFC Considerations

The proposed DFCs allow for development of Thiaity Aquifer in GMA 10 as contemplated in
the water management strategies in the 2012 State Water Plan. The edfifated 59,488
acreft/yr is greater thapstimated current use and wateanagement strategigggeting the
aquifer.

6.4. Hydrological Conditions

6.4.1 Description of Factors for the Trinity Aquifer in GMA 10
6.4.11 Total Estimated Recoverable Storage

Texas statute requires that the total estimated recoverable storage of relevant aquifers be
determined (Texas Water Code § 36.108) by the TWDB. Texas Administrative Code Rule
8356.10 (Texas Administrative Code, 2011) defines the total estimated recogtvedde as the
estimated amount of groundwater within an aquifer that accounts for hypothetical recovery
scenarios that range between 25 percent and 75 percent of the padassted aquifer volume.

Total estimated recoverable storage values maydedumixture of wateguality types,
including fresh, brackish, and saline groundwater, because the available data and the existing

9



Groundwater Availability Models do not permit the differentiation between differentwater
guality types. The total estimategcoverable storage values 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.

Table 7provides the total estimated recosfele storage values for the Trinity Aquifer in GMA
10.The percentage values for the 25 percent of total storage andcébtpetal storageshown
herewererounded within one percent of the total.

Table7. Total estimate of recoverable stordyecountyfor the Trinity Aquifer within the GMA

10jurisdiction(Values in acrdt)(Jones et al., 2013)

County Total Storage 25 percent of Total 75 percent of Total

Storage Storage

Bexar 5,500,000 1,375,000 4,125,000
Caldwell 24,000 6,000 18,000

Comal 2,300,000 575,000 1,725,000
Guadalupe 43,000 10,750 32,250

Hays 2,400,000 600,000 1,800,000

Medina 11,000,000 2,750,000 8,250,000
Travis 690,000 172,500 517,500
Uvalde 1,100,000 275,000 825,000

Total 23,057,000 5,764,250 17,292,750

6.4.1.2 Average Annud&echarge

The Trinity Aqufer is confined throughout most of teetent of GMA 10 therefore idoes not
receive direct recharge in this area. Rather the aquifer is recharged in the Trinity Aquifer outcrop
arealocated in GMA 9 where the aquifer is not confin€de GMA 10 areas located south and
east of GMA 9 Recharge estimates from previousdgs varied from 1.5 to 11 percent of the
annual rainfall falling on Trinity Aquifer outcrop areas. Recharge also occurs from losing
streams crossing the aquifer outcrop (Jated, 2009). Table 8includes recharge values
calculated for the Medina CotynGroundwater Conservation District. Note that this district
includes some TrinitAquifer outcrop area that falls outside the GMA 10 boundary and this
recharge occurs in that area, rather than within the GMA 10 eAgshown in TWDB Aquifer
Assessment0-06 (Thorkildsen and Backhouse, 2010), there are small outcrop areas within
GMA 10. In this assessment, TWDB estimates recharge to the aquifer to be approximately 4
percent of precipitation.

6.41.3 Inflows
Lateral Inflow_ Table 9provides the estimated annualwme of flow into the Trinity Auifer in

GMA 10 from the Hill Country portion of the Trinity Aquifer across the Balcones Fault Zone
(from Thorkildsen and Backhouse, 2010).

10



6.4.1.4Discharge

Crossformational flow : BSEACD (2013) suggests that there might be some vertical leakage
from the Edward#quifer into the Trinity Aquifer, but this input is likely limited to the top 100
feet of the Upper Trinityquifer, as the bottom portion of the Upper Trinkguifer acts & an
aquitard and prevents leakage from reaching the Middle Téajtyfer. In general, cross
formational flow is out of, not into, the Trinity Aquifer in GMA 10. Jones et al. (2011) estimated
that crosdormational discharge from the Hill Country portiof the Trinity Aquifer to the

Barton Springs and San Antonio segments of the Edwardgekqvere 660 acrét/yr per mile

of aquifer boundary in Uvalde and Medina counties; 2,400 in Bexar and Comal counties; and
350 in Hays and Travis countiésable 10provides estimated cro$srmational flow from the

Trinity Aquifer to the Edwards Aquifer within the Edwards Aquifer Authority (EAA).

Table8. Rechargevalues for the Trinity Aquifer provided by the Medina County Grountisva
Conservation District (acrit) and TWDBAquifer Assessment 106

. Estimated annual amount of recharge
Area Source Aquifer L o
from precipitation to the district

MCGCD | GAM Run 0931 Trinity Aquifer 6,918

Uvalde .

Co. A-g\sl\égfmpé?::'ieges Trinity Aquifer 36

UWCD

Comal TWDB Aquifer - .

County | Assessment 106 Trinity Aquifer 206

Hays TWDB Aquifer - .

County | Assessment 106 Trinity Aquifer 107

Natural Discharge: Since the Trinity Aquifer is confined in the GMA 10 study area, no direct
discharge from the aquifer is expected. Dischargersdn the outcrop areas, north and
northwest of GMA 10, where springs flow from the Trindtguifer and streams are net gaining
from Trinity Aquifer discharge (Jones et al., 2009). No major springs issue from the Trinity
Aquifer itself within GMA 10. BEACD (2013) does mention that some Upper Triliguifer
water may flow laterally or vertically into the Edwards Aquifer and thus, indirectly, feed
EdwardsAquifer springs, such as Barton Springs. However, Middle TriAgduifer does not
appear to dischaegn the Balcones Fault Zone.

6.4.1.5 Other Environmental Impacts Including Spingflow and Groundwater/Surface
Water Interaction

As described in previous sections relating to inflows and discharges, the Trinity Aquifer in GMA
10 is confined and largekeparated from surficial processes and the overlying Edwards Aquifer
except the upper portion of the Upper Trinktgiuifer. While the current conceptualization of the
aquifer includes flow from the Hill Country portion of the Trinity Aquifer (GMA 9) ittte

Trinity Aquifer in GMA 10, it is possible that largeeale development in GMA 10 could impact
up-dip areas outside the GMA. There is not currently a groundwater availability model to
evaluate the extent to which these impacts could occur.
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Table9. Lateral nflow to the Trinity Aquiferin GMA 10 (all values in acrf)

Aquifer County Lateral Inflow from Hill Country Trinity
Upper Trinity Bexar 8,530
Upper Trinity Caldwell 0
Upper Trinity Comal 15,346
Upper Trinity Guadalupe 0
Upper Trinity Hays 2,512
Upper Trinity Medina 1,576
Upper Trinity Travis 267
Upper Trinity Uvalde 176
Middle Trinity Bexar 11,560
Middle Trinity Caldwell 0
Middle Trinity Comal 13,678
Middle Trinity Guadalupe 0
Middle Trinity Hays 913
Middle Trinity Medina 3,751
Middle Trinity Travis 374
Middle Trinity Uvalde 417

Total 59,100

Table10. Estimated value of crodsermational flow fromthe Trinity Aquifer to the Edwards

Aquifer (ace-ft)

District Source Aquifer Estimated net annu.al vplume qf flpw
between each aquifer in the district
from Trinity Aquifer to
EAA GAM Run 0867 | Edwards and associate 13,622
limestones

6.4.2 DFC Considerations

Analysis of the hydrological conditions of tfienity Aquifer in GMA 10 indicates that the

aquifer carcontinue toserve as an alternative water supply to the freshwater Edwards (Balcones

Fault Zone) Aquifer. However, since it has not seen large development histaricabiyy areas
of GMA 10, there is limited infornteon on how the aquifer will respond to significant pumping.
The proposed DFC allows for considerable drawdown and a signifi¢arggrmodeled

available groundwater thas the current amount of groundwater use.

7. Subsidence Impacts

Subsidence hasstorically not been an issue with thenity Aquiferin GMA 10. The aquifer
matrix in thenorthern subdivision is welhdurated and the amount of pumping does not create
compaction of the host ro@nd/or subsidence of the land surfagtence, the proposed DFCs
are not affected by and do not affect letface subsidence or compactionttefaquifer.
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8. Socioeconomic Impacts Reasonably Expected to Occur
8.1  Description of Factors for the Trinity Aquifer in GMA 10

Administrativerules require that regional water planning groups evaluate the impacts of not
meeting water needs as part of the regional water planning prétessxecutive administrator

shall provide available technical assistance to the regional water planning,grpap request,

on water supply and demand analysis, including methods to evaluate the social and economic
impacts of not meeting nee[®357.7 (4)]. Staff of thEWDB6 s Wat er Resources
Division designed and conducted a report in support of tiehSCentral Texas Regional Water
Planning Group (Region lgnd also the Lower Colorado Regional Water Planning Group

(RegionK) The report ASocioeconomic | mpacts of Pr

Central Texas Regional Water Planning Area (RegioL ) 6 was pTVWDB ia suppdrt by
of the 2011 South Central Texas Regional Water &tahis illustrative of these types of
analyses

Thereport on socioeconomic impasgmmarizes the results of th&VDB analysis and
discusses the methodologged to generate the resutis Regiors L. The socioeconomic impact
repors for Water Planning GrupJ, K, andL areincluded in AppendiA. These reports are
supportive of a codbenefit assessment of the water management strategies and the
socioeconomd impact of not promulgating those strategies.

8.2 DFC Considerations

The propose®FC allows for development of tHeinity Aquifer abovewhat is called for in the
watermanagement strategies in the 2012 State Water PlathiBoeason, the proposed DFC
will not have a socioeconomic impact associated with an unmet water need.

9. Private Property Impacts
9.1  Description of Factors for the Trinity Aquifer in GMA 10

The interests and rights in private property, includimgership and the rights of GMA10

landowners and their lessees and assigns in groundwater, are recognized under Texas Water
Code Section 36.00Zhe legislature affirmed that a landowner owns the groundwater below the
surface of the landowner's land as alperty. Joint planning must take into account the

impacts on those rights in the process of establishing DFCs, including the property rights of both
existing and future groundwater users. Nothing should 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. At the same time, the law holds that
no landowner is guaranteed a certain amount of such groundwater bekwféoe of his/her

land.

Texas Water Code Section 36.002 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
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tract size requirements adoptedthe 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.

9.2 DFC Considerations

The DFC is designed to allow fadditionaldevelopment of th&rinity Aquifer as an alternative
water supply in a manner that does not harm other property owners. The DFC does not prevent
use of the groundwater by landowners either now or in the future, although ultimately total use
of the groundwater in the aquiferresstricted by the aquifer condition, and that may affect the
amount of water that any one landowner could use, either at particular times or all of the time.

10.  Feasibility of Achieving the DFCs

The feasibility of achieving a DFC directly relates to the ability ofG@Dsto manage the

Trinity Aquifer to achieve the DFC, including promulgating and enforcing rules and other board
actions that support the DFC. The feasibility of achieving thisigdeited by (1) the finite

nature of the resource and how it responds to drought; and (2) the pressures placed on this
resource by the high level of economic and population growth within the area served by this
resource.

Texas state law provides Grulwater Conservation Districts with the responsibility and

authority to conserve, preserve, and protect these resources and to ensure the recharge and
prevention of waste of groundwater and control of subsidence in the management area. State law
also provdes that GMAs assist in that endeavor by joint regional planning that balances aquifer
protection and highest practicable production of groundwater. The feasibility of achieving these
goals could be altered if state law is revised or interpreted diffgrath is currently the case.

The caveats above notwithstanding, there are no current hydrological or regulatory conditions
that call into question the feasibility of achieving the DFC.

11. Discussion of Other DFCs Considered

No other expression of DFEf the Trinity Aquifer in GMA 10 was considered. GMA 10

evaluated alternative amounts of drawdown for the DFC expression, including larger amounts of
drawdown. The proposed DFC specifies an amount of drawdown that is not unreasonably large
or small, andhat should be readily achieved on the basis of currently known information about
the aquifer.
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12.  Discussion of Other Recommendations

12.1 Advisory Committees

An Advisory Committee foGMA10 has not been established.
12.2 Public Comments

GMA 10 approvedts proposed DF€on March 14, 2016n accordance with requirements in
Chapter 36.108(2), eachGCD then had 90 days to hold a public meeting at witigkeholder
inputwas documented his inputwassubmittedby the GCD to theGMA within this 9Gday
period The dates on which each GCD held its publaetmg is summarized in Table.JRublic
comments for GIA 10 are included in Appendix.B

Table 11 Dates on which each GCD held a public meeting allowing for stakeholder input on the
DFCs

Barton Springs/Edwards Aquifer Conservation District May 26, 2016
Comal TrinityGCD May 15 2016

Edwards Aquifer Authority May 10, 2016

Kinney CountyGCD May 12, 2016

Medina CountyGCD May 18, 2016

Plum CreekConservation District May 17, 2016

Uvalde CountyJ WCD April 10, 2016

Under Texas Water Code, Ch. 36.108d ( 5) , GMA 10 is required to
recommendations made by advisory committees and relevant public comments were or were not
incorporated into the desired futurecondi ns 6 i n each DFC Expl anator)

Numerous commasonthe GMALO6s proposed DFCs were receive
individual comments and detailed GMA responses to each ameluded in AppendiB of this

Explanatory Report and are incorp@ainto the discussion herein by reference. Some

comments were specifically on the Trinity Aquifer or were reasonably inferred to be directed to

the Trinity AquiferD F C.. Some did not designate which agqi
were consideretly the GMA, where possible and pertinent, to be applicable to all DFCs. And

some comments were not DFC recommendafpense rather general observations on joint

groundwater planning. Comments and assessments related to theAqginfgr DFC are

sumnmarized below.

The most common recommendation or suggestion related specifically to the Aquitgr DFC
focused on use of a Azero dr aMdespansestoal t er nat i
Comments #4, 8, 9, 10, 11, 12, 13, 14, 15, and 16, and Not&fpandixB provide the

rationale for not utilizing a zerdrawdown DFC for the TrinitAquiferin GMA 10. In

summary:
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1 The Trinity Aquifer is a confined aquifer in GMA 10 and its use does not appreciably
affect the surface water systems there, includonongs, seeps, and base flow of streams,
which has been identified as a benefit of zéwrawdown approaches elsewhere, in other
GMAs.

1 Zerodrawdown is inconsistent with achieving the required balance between aquifer

protection and maximum feasible groundergproduction.

Zero-drawdown does not protect private property rights and property values.

Zero-drawdown is inimical to future municipal, commercial, and other economic

interests.

= =4

In addition to those comments specifically addressing the Trinity AJDF€}, a number of

commenters questioned or proposed changes to the purpose, scope, scheduleaasdf

essentially all GMALO DFCs, including the Trinithquifer DFC (see Comments #3, 5, 6, 7, 8,

and 17; and the more geral comments of #233). GMA1 00s responses to the:
AppendixB reinforce the fact that statutes and regulations constrain the actions and outputs of

any GMA, including GMA 10, in these matters.

13.  Any Other Information Relevant to the Specific DFCs

During the process of DFC development the GCDs in GMA 10 reviewed and evaluated the
potential impacts of a planned development of the Cow Creek formation of the Middle Trinity
Aquifer in central Hays County. The evaluation focused on 1) the potentiabiwddwn

impacts within the Cow Creek to propagate to other portions of the Trinity and Edwards aquifers,
and 2) theviability of production over the 5@ear planning period at a wide range of pumping

rates. This evaluen is documented in Appendix. C

14.  Provide aBalanceBetween theHighestPracticable L evel of Groundwater
Production and the Conservation, Preservation, Protection, Recharging, andPrevention of
Waste ofGroundwater and Control of Subsidence in theManagementArea

The ADFC Coonsdiidsecruastsieodnsi n previous sections (e
provide the context in which the balancing factor is being addressed. BUWIDB has not

developed guidate on how to approach this factdt.is up to theGCDsto determine how to

approach it for each relevant aquifer, whether in a qualitative, quantitative, or combination

manner. In addition, theCDsneed to include stakeholder input so that this factor can be more
confidentlyaddressedsCD management plansilivalso be used to complete this requirement.

This DFC is designed to balance the highest practicable level of groundwater production and the
conservation, preservation, protection, recharging, and prevention of waste of groundwater and
control of subsidnce in the management area. This balance is demonstrated in (a) how GMA 10
has assessed and incorporated each of the nine factors used to establish the DFC, as described in
Chapter 6 of this Explanatory Report, and (b) how GMA 10 responded to certam publ

comments and concerns expressed in timely public meetings that followed proposing the DFC,

as described more specifically in Appendix B of this Explanatory Reparther, this approved

DFC will enable current and future Management Plans and requdatfdhose GMA 10 GCDs
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charged with achieving this DFC to balance specific local risks arising from protecting the
aquifer while maximizing groundwater production.

15. References

Barton Springs Edwards Aquifer Conservation District (BSEAQ@D) 3. Distict Management
Plan. Approved by Texas Water Development Board, January 7, 2013. Wethsitéyww.
bseacd.org/uploads/Financials/MP_FINAL _TwW@pBproved 1 7 2013 Body.pdf

Jones, I.G J. Shi, and RBradley.2013. GAM Task 1233: Total Estimate®&ecoverable
Storage for Aquifers in Groundwater Management Area 10. August, 2013

Jores, I. C., R. Anaya, and S.Wa@®09. Groundwater Availability Model for the Hill Country
Portion of the Trinity Aquifer System, Texas. Prepared for the Texas Watelopment Board.
Website:http://www.twdb.texas.gov/groundwater/models/gam/trnt_h/TRNT_H_2009 Update
Model_Report.pdf

Jones, 1.C2011 Interaction between the Hill Country Portion of the Trinity and Edwards
Aquifers: Model Results included Intercomection of the Trinity (Glen Rose) and Edwards
Aquifers along the Balcones Fault Zone and Related Topics. Karst Conservation Initiative
February 17, 2011 Meeting Proceedings. Austin, TX. Weltsitie//www.bseacd.org/
uploads/AquiferScience/Proceedingswiadds_Trinity final.pdf

Lower Colorado RegiohdVater Planning Group (LCRWP&010. 2011 Region K Water Plan:
Volume I. Prepared for the Texas Water Development Board, July 2010.

Mace, R.A. Chowdhury R. Anaya andS. Way.2000, Groundwater Availality of the Trinity
Aquifer, Hill Country Area, Texas: Numerical Simulations through 2050: Texas Water
Development Board, Report 353, 117 p.

South Central Texas Regional Water Planning Group (SCTRWRG). South Central Texas
Regional Water Planning Ar&®11 Regional Water Plan Volume I. Executive Summary and
Regional Water Plan. September 204idp://www.twdb.texas.gov/waterplanning/rwp/plans/
2011/L/Region_L_2011 RWPVL1.pdf

Texas Water Development BogfiWDB). 2015. Summary of Desired Future Conditions for
GMA 10, website:http://www.twdb.texas.gov/groundwater/management_areas/dfc_mag/
GMA_10_DFC.pdf

Uvalde County Underground Wat€pnservation District (UCUWCDRO011. Management Plan

20112021. Adopted Julg6, 2011. Websitéhttp://www.twdb.texas.gov/groundwater/
docs/GCD/ucuwcd/ucuwecd_mgmt_plan2011.pdf

17



Appendix A

Al



Socioeconomic Impacts of Projected Water Shortages
for the Region JRegional Water Planning Area

Preparedin Support of the 2016 Region Regional Water Plan

Dr. John R. Ellis
Water Use Projections & Planning Division
Texas WateDevelopment Board

Yun Cho, Team Lead

Water Use Projections & Planning Division
Texas Water Development Board

Kevin Kluge, Manager

Water Use Projections & Planning Division
Texas Water Development Board

September, 2015

Al



Table of Contents

EXECULIVESUMIMAIY .euiiiiii ettt e e e e e e e ettt mm e e e e e e e e e e e e eeeaeeeesasass e e e e e eeeaeeeaeeeeees 1
I 1 0T [ 0T 1o o ISP TP PPP PP 5
1.1 Identified Regional Water Needs (Potential Shortages) .........ommeeceeeeeeenn. 5
2 Economic Impact Assessment Methodology SUMMArY ................mmmmmmmmmmeeeeeeeeeeeeeeeennnnnnns 6
2.1 Impact ASSESMENT MEASUIES .......uuuueiiiiiiiiee e eeeeereia e e e e e e e e e 7
2.1.1 Regional ECONOMIC IMPACES ......ouvuuiiiiiiiieeeeee et s e e e e e e e e e eaaeeeesnnnnnns 7
2.1.2 Financial Tnasfer IMpPacts .......ccccecee e 8
2.1.3 SOCIAI IMPACES. ...ttt e e 9
2.2 ANAIYSIS CONTEXE .eeiiiiiiiieeeeieie i ettt e e e e e e e e mm bbb e e e e e e e e e e e aeeeeeeeas 10
2.2.1 IMPLAN Model @l Data ..........cuvveeieeimmmmeiiiieeeeeessiiiieeee e e ssiinneeeeee s 10
2.2.2 Elasticity of ECONOMIC IMPACES ......uvvviiiiiiiiieiieieeeeee e 10
2.3 Analysis Assumptions and Limitations ...............oouviiiiiiiiiiieeeeceeeeeeeeeeeeeeeee 12
S ANAIYSIS RESUILS ...coeiiiiiiiiiiiieie et 4o e ettt e e e e e e e e e e e e e aans 13
3.1 Overview of the RegiON&BICONOMY ......cooiiiiiiiiiiiiie e 14
3.2 Impacts for Irrigatin Water SNOMAgES ... .ceeeeiieieeeeiiiiiiiiiesee e e e eeeeeeeeeeeeeaaaenns 14
3.3 Impacts for Livestock Water SIages ...........cccommm e 14
3.4 Impacts for Municipal Water SNOMages. ..........cuvviiiiarc i 15
3.5 Impacts of Manufacturing Water STames ............cooommmeeeeieeeeeiieeeeee, 15
3.6 Impacts of Mining Water SNOMages ........cccoeveeeeeiiiiiieeeeeee e 15
3.7 Impacts of StearBlectricWater Shortages...........oooooiiiiimmm e 16
3.8 Regional Social IMPERT........cccciiiiiiiiiiee e 16
Appendix- County Level Summary of Estimated Econic Impactdor Region J ................ 17

B-2



Executive Summary

Evaluating the social and economic impacts of not meeting identified water needs is a required part of the
regional water planning process. The Texas Water Development Board (TWDBjtestthose impacts

for regional water planning groups, and summarizes the impacts in the state water plan. The analysis
presented is for the Region J Regional Water Planning Group.

Based on projected water demands and existing water supplies, the Rplzinoning group identified
water needs (potential shortages) that would occur within its region under a repeat of the drought of
record for six water use categories. The TWDB then estimated the socioeconomic impacts of those
needs$ if they are not mét for each water use category and as an aggregate for the region.

The analysis was performed using an economic modeling software package, IMPLAN (Impact for
Planning Analysis), as well as other economic analysis techniques, and represents a snapshot of
socioeconomic impacts that may occur during a single year during a drought of record within each of the
planning decades. For each water use category, the evaluation focused on estimating income losses and
job losses. The income losses represent an appativin of gross domestic product (GDP) that would be
foregone if water needs are not met.

The analysis also provides estimates of financial transfer impacts, which include tax losses (state, local,
and utility tax collections); water trucking costs; arnitlty revenue losses. In addition, social impacts

were estimated, encompassing lost consumer surplus (a welfare economics measure of consumer
wellbeing); as well as population and school enrollment losses.

It is estimated that not meeting the identifigater needs in Region J would result in an annually
combined lost income impact of approximately $62 million in 2020, increasing to $71 million in 2070
(Table ES1). In 2020, the region would lose approximately 1,400 jobs, and by 2070 job losses would
increase to approximately 1,600.

All impact estimates are in year 2013 dollars and were calculated using a variety of data sources and tools

including the use of a regiespecific IMPLAN model, data from the TWDB annual water use estimates,
the U.S. Census Beiau, Texas Agricultural Statistics Service, and Texas Municipal League.
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Table ES1: Region J Socioeconomic Impact Summary

Regional Economic Impacts 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $62 $71 $75 $69 $69 $71
Job losses 1,435 1,591 1,643 | 1,551 | 1563 | $1,599
Financial Transfer Impacts 2020 2030 2040 2050 2060 2070
Tax losses on production and

imports ($ millions)* $8 $12 $13 $9 $8 $9
Water trucking costs

($ millions)* - $0 $0 $0 $0 $0 $0
Utility revenue losses

($ millions)* $9 $10 $10 $10 $10 $10
Utility tax revenue losses

($ millions)* $0 $0 $0 $0 $0 $0
Social Impacts 2020 2030 2040 2050 2060 2070
Consumer surplus losses

($ millions)* $11 $11 $12 $13 $13 $14
Population losses 263 292 302 285 287 294
School enrolimentlosses 49 54 56 53 53 54

* Year 2013 dollars, roundecEntries denoted by a dash)(indicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.
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1 Introduction

Water shortages during a repeat of the droogheécord would likely curtail or eliminate certain

economic activity in businesses and industries that rely heavily on water. Insufficient water supplies could
not only have an immediate and real impact on existing businesses and industry, but thalgaould
adversely and chronically affect economic development in Texas. From a social perspective, water supply
reliability is critical as well. Shortages could disrupt activity in homes, schools and government and could
adversely affect public health andestgf For these reasons, it is important to evaluate and understand

how water supply shortages during drought could impact communities throughout the state.

Administrative rules (31 Texas Administrative Code 8357.33 (c)) require that regional waterglannin
groups evaluate the social and economic impacts of not meeting water needs as part of the regional water
planning process, and rules direct the TWDB staff to provide technical assistance upon request. Staff of

t he TWDB&s Wat er Us g Dividon designadtarid comdsigted this ahalysisim i n
support of the Region J Regional Water Planning Group.

This document summarizes the results of the analysis and discusses the methodology used to generate the
results. Section 1 summarizes the water nealtsilation performed by the TWDB based on the regional
water planning group6és data. Section 2 describes
discusses approaches and assumptions specific to each water use category (i.e., irrigation, livestock,
mining, stearrelectric, municipal and manufacturing). Section 3 presents the results for each water use
category with results summarized for the region as a whbke ppendix presents details on the

socioeconomic impacts by county.

1.1 Identified Regional Water Needs (Potential Shortages)

As part of the regional water planning process, the TWDB adopted water demand projections for each
water user group (WUG) with input from the planning groups. WUGs are composed of cities, utilities,
combined rural areas (signated as countgther), and the countyide water use of irrigation, livestock,
manufacturing, mining and steastectric power. The demands are then compared to the existing water
supplies of each WUG to determine potential shortages, or needs, bg.dexiating water supplies are

legally and physically accessible for immediate use in the event of drought. Projected water demands and
existing supplies are compared to identify either a surplus or a need for each WUG.

TableXl s ummar i z e dentifidd vatar megds ia theédesentiof a repeat of drought of the record.
Demand management, such as conservation, or the development of new infrastructure to increase supplies
are water management strategies that may be recommended by the planning imeighose needs.

This analysis assumes that no strategies are implemented, and that the identified needs correspond to
future water shortages. Note that projected water needs generally increase over time, primarily due to
anticipated population and ecanic growth. To provide a general sense of proportion, total projected

needs as an overall percentage of total demand by water use category are presented in aggregate in Table
1-1. Projected needs for individual water user groups within the aggregataeatly,gand may reach

100% for a given WUG and water use category. Detailed water needs by WUG and county appear in
Chapter 4 of the 2016 Region J Regional Water Plan.
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Table 1-1 Regional Water Needs Summary by Water Use Category

Water Use Category 2020 2030 | 2040 2050 2060 2070

Irrigation Water Needs
(acrefeet per 143 143 142 142 141 141
year)

% of the
categor
total water
demand

1% 1% 0 0 0 0

Livestock Water Needs
(acrefeet per 214 214 214 214 214 214
year)

% of the
categor
total water
demand

% % 7% 7% 7% 7%

Manufacturing Water Needs
(acrefeet per - - - - - -
year)

% of the
categor
total water
demand

Mining Water Needs
(acrefeet per 38 98 112 76 47 43
year)

% of the
categor
total water
demand

11% 23% 25% 18% 12% 11%

Municipal Water Needs
(acrefeet per 3,462 3,768 3,925 4,033 4,143 4,228
year)

% of the
categor
total water
demand

14% 14% 14% 14% 14% 14%

Steamelectric Water Needs
power (acrefeet per - - - - - -
year)

% of the
categor
total water
demand

Total water needs (acfeet per year] 3,857 4,223 4,393 4,465 4,545 4,626

2 Economic Impact Assessment Methodology Summary

This portion of the report provides a summary of the methodology used to estimate the potential
economic impacts of future water shortages. The general approach employed in the analysis was to obtain
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estimates for income and job losses on the smallestaygltig level that the available data would

support, tie those values to their accompanying historic water use estimate (volume), and thereby
determine a maximum impact per afoet of shortage for each of the socioeconomic measures. The
calculations of eenomic impacts were based on the overall composition of the economy using many
underl ying economic fisectors. o0 Sectors in this
sectors of the economy designated within IMPLAN (Impact for PlanAiradysis), the economic impact
modeling software used for this assessment. Economic impacts within this report are estimated for
approximately 310 of those sectors, with the focus on the more water intense production sectors. The
economic impacts for a sife water use category consist of an aggregation of impacts to multiple related
economic sectors.

an

2.1 Impact Assessment Measures

A required component of the regional and state water plans is to estimate the potential economic impacts
of shortages due @ drought of record. Consistent with previous water plans, several key variables were
estimated and are described in Table 2

Table 21 Socioeconomic Impact Analysis Measures

Regional Economic Impacts Description

Income losses value added Thevalue of output less the value of intermediate consumption; it
measure of the contribution to GDP made by an individual produ
industry, sector, or group of sectors within a year. For a shortage
value added is a measure of the income losses tedian, county,
or WUG and includes the direct, indirect and induced monetary
impacts on the region.

Proxy for income loss in the form of additional costs of power as
result of impacts of water shortages.

Income losses electrical
power purchase costs

Job losses Number of partime and fulitime jobs lost due to the shortage.

Financial Transfer Impacts Description

Tax losses on production and
imports

Sales and excise taxes (not collected due to the shortage), custo
duties, property taxes, moteehicle licenses, severance taxes, oth
taxes, and special assessments less subsidies.

Water trucking costs

Estimate for shipping potable water.

Utility revenue losses

Foregone utility income due to not selling as much water.

Social Impacts

Description

Description

A welfare measure of the lost value to consumers accompanying
water use.

Population losses

A welfare measure of the lost value to consumers accompanying
water use.

School enrollment losses

School enrollment losses {K2) accompaying job losses.

2.1.1 Regional Economic Impacts

Two key measures were included within the regional economic impacts classification: income losses and
job losses. Income losses presented consist of the sum of value added losses and additionatigmischase

of electrical power. Job losses are also presented as a primary economic impact measure.
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Income Losses Value Added Losses

Value added is the value of total output less the value of the intermediate inputs also used in production of
the finalproduct. Value added is similar to Gross Domestic Product (GDP), a familiar measure of the
productivity of an economy. The loss of value added due to water shortages was estimated by input
output analysis using the IMPLAN software package, and includefirdet, indirect, and induced

monetary impacts on the region.

Income Losses Electric Power Purchase Costs

The electrical power grid and market within the state is a complex interconnected system. The industry
response to water shortages, and the tiaguimpact on the region, are not easily modeled using

traditional input/output impact analysis and the IMPLAN model. Adverse impacts on the region will

occur, and were represented in this analysis by the additional costs associated with power prochases f
other generating plants within the region or state. Consequently, the analysis employed additional power
purchase costs as a proxy for the value added impacts for that water use category, and these are included
as a portion of the overall income imp&mt completeness.

For the purpose of this analysis, it was assumed that power companies with insufficient water will be
forced to purchase power on the electrical market at a projected higher rate of 5.60 cents per kilowatt
hour. This rate is based uptire average daghead market purchase price of electricity in Texas from the
recent drought period in 2011.

Job Losses

The number of jobs lost due to the economic impact was estimated using IMPLAN output associated with
the water use categories noted able 11. Because of the difficulty in predicting outcomes and a lack of
relevant data, job loss estimates were not calculated for the-eteatric power production or for certain
municipal water use categories.

2.1.2 Financial Transfer Impacts

Severaof the impact measures estimated within the analysis are presented as supplemental information,
providing additional detail concerning potential impacts on apgubon of the economy or government.
Measures included in this category include lost tdbections (on production and imports), trucking costs

for imported water, declines in utility revenues, and declines in utility tax revenue collected by the state.
Many of these measures are not solely adverse, with some having both positive and megatise For
example, cities and residents would suffer if forced to pay large costs for trucking in potable water.
Trucking firms, conversely, would benefit from the transaction. Additional detail for each of these
measures follows.

Tax Losses on Produatn and Imports

Reduced production of goods and services accompanying water shortages adversely impacts the
collection of taxes by state and local government. The regional IMPLAN model was used to estimate
reduced tax collections associated with the redwcgput in the economy.

Water Trucking Costs

In instances where water shortages for a municipal water user group were estimated to be 80 percent or
more of water demands, it was assumed that water would be trucked in to support basic consumption and
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sanitation needs. For water shortages of 80 percent or greater, a fixed cost of $20,006f@atr @fcre

water was calculated and presented as an economic cost. This water trucking cost was applied for both the
residential and noresidential portions of onicipal water needs and only impacted a small number of

WUGs statewide.

Utility Revenue Losses

Lost utility income was calculated as the price of water service multiplied by the quantity of water not

sold during a drought shortage. Such estimagsslted from cityspecific pricing data for both water and
wastewater. These water rates were applied to the potential water shortage to determine estimates of lost
utility revenue as water providers sold less water during the drought due to restiiqtiéessu

Utility Tax Losses

Foregone utility tax losses included estimates of uncollected miscellaneous gross receipts taxes. Reduced
water sales reduce the amount of utility tax that would be collected by the State of Texas for water and
wastewater serge sales.

2.1.3 Social Impacts

Consumer Surplus Losses of Municipal Water Users

Consumer surplus loss is a measure of impact to the wellbeing of municipal water users when their water

use is restricted. Consumer surplus is the difference between hdwanconsumer is willing and able to
pay for the commodity (i.e., water) and how much they actually have to pay. The difference is a benefit to

the consumerdés well being since they do not have t
willingtopayyHowever, consumer 6s access to that water ma
surplus | oss is an estimate of the equivalent mon

wellbeing, for example, associated with a diminished quality of taedscape (i.e., outdoor use). Lost
consumer surplus estimates for reduced outdoor and indoor use, as well as residential and
commercial/institutional demands, were included in this analysis. Consumer surplus is an attempt to
measure effects on wellbeibyg monetizing those effects; therefore, these values should not be added to
the other monetary impacts estimated in the analysis.

Lost consumer surplus estimates varied widely by location and type. For a 50 percent shortage, the
estimated statewide comaar surplus values ranged from $55 to $2,500 per household (residential use),
and from $270 to $17,400 per firm (rogsidential).

Population and School Enroliment Losses

Population losses due to water shortages, as well as the related loss of sdiiow@nmwere based

upon the job loss estimates and upon a recent study of job layoffs and the resulting adjustment of the
labor market, including the change in populafidie study utilized Bureau of Labor Statistics data
regarding layoffs between 199@d 2013, as well as Internal Revenue Service data regarding migration,
to model an estimate of the change in the population as the result of a job layoff event. Layoffs impact
both outmigration, as well as #migration into an area, both of which can atdeely affect the

population of an area. In addition, the study found that a majority of those who did move following a
layoff moved to another labor market rather than an adjacent county. Based on this study, a simplified

'Foote, Andre, Grosz, Mi chel , Maselbaywffsand Lodahlabor Matket c at e Yo u
Response i Qaliformiaa Davis. Apyil 2@15. http://paa2015.princeton.edu/uploads/150194
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ratio of job and net populatidosses was calculated for the state as a whole: for every 100 jobs lost, 18
people were assumed to move out of the area. School enrollment losses were estimated as a proportion of
the population lost.

2.2 Analysis Context

The context of the economic imgaanalysis involves situations where there are physical shortages of
surface or groundwater due to drought of record conditions. Anticipated shortages may be nonexistent in
earlier decades of the planning horizon, yet population growth or greater iadagricultural or other

sector demands in later decades may result in greater overall demand, exceeding the existing supplies.
Estimated socioeconomic impacts measure what would happen if water user groups experience water
shortages for a period of oneayr. Actual socioeconomic impacts would likely become larger as drought

of record conditions persist for periods greater than a single year.

2.2.1 IMPLAN Model and Data

Input-Output analysis using the IMPLAN (Impact for Planning Analysis) software packag the

primary means of estimating value added, jobs, and taxes. This analysis employed county and regional
level models to determine key impacts. IMPLAN is an economic impact model, originally developed by
the U. S. Forestry Sekaconomiceactiitynat variireg geb@aptiicdeselstThe mo d
model is currently maintained by the Minnesota IMPLAN Group (MIG Inc.) which collects and sells
county and state specific data and software. The year 2011 version of IMPLAN, employing data for all
254Texas counties, was used to provide estimates of value added, jobs, and taxes on production for the
economic sectors associated with the water user groups examined in the study. IMPLAN uses 440 sector
specific Industry Codes, and those that rely on water @rimary input were assigned to their relevant
planning water user categories (manufacturing, mining, irrigation, etc.). Estimates of value added for a
water use category were obtained by summing value added estimates across the relevant IMPLAN sectors
associated with that water use category. Similar calculations were performed for the job and tax losses on
production and import impact estimates. Note that the value added estimates, as well as the job and tax
estimates from PLAN, include three compaisen

Direct effectgepresenting the initial change in the industry analyzed;

Indirect effectghat are changes in intardustry transactions as supplying industries respond to
reduced demands from the directly affected industries; and,

1 Induced effectthat reflect changes in local spending that result from reduced household income
among employees in the directly and indirectly affected industry sectors.

)l
)l

2.2.2 Elasticity of Economic Impacts

The economic impact of a water need is based on the relet@vefshe water need to the water demand

for each water user group (Figurd @ Smaller water shortages, for example, less than 5 percent, were
anticipated to result in no initial negative economic impact because water users are assumed to have a
certainamount of flexibility in dealing with small shortages. As a water shortage deepens, however, such
flexibility lessens and results in actual and increasing economic losses, eventually reaching a
representative maximum impact estimate per unit volume @frwhbd account for such ability to adjust,

an elasticity adjustment function was used in estimating impacts for several of the measures:IFigure 2
illustrates the general relationship for the adjustment functions. Negative impacts are assumed to begin
acauing when the shortage percentage reaches the lower bound bl (10 percent in-Ejiguieh2

impacts then increasing linearly up to the 100 percent impact level (per unit volume) once the upper
bound for adjustment reaches the b2 level shortage (50np&ndeéigure 21 example).
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Initially, the combined total value of the three value added components (direct, indirect, and induced) was
calculated and then converted into a per-&moé economic value based on historical TWDB water use
estimates within edn particular water use category. As an example, if the total, annual value added for
livestock in the region was $2 million and the reported annual volume of water used in that industry was
10,000 acrédeet, the estimated economic value per doot of water shortage would be $200 per acre

foot. Negative economic impacts of shortages were then estimated using this value as the maximum
impact estimate ($200 per adot in the example) applied to the anticipated shortage volume in acre
feet and adjustedytthe economic impact elasticity function. This adjustment varied with the severity as
percentage of water demand of the anticipated shortage. If one employed the sample elasticity function
shown in Figure A, a 30% shortage in the water use category avioobly an economic impact estimate

of 50% of the original $200 per aefeot impact value (i.e., $100 per adoot).

Such adjustments were not required in estimating consumer surplus, nor for the estimates of utility

revenue losses or utility tax lossdcstimates of lost consumer surplus relied ongpscific demand

curves with the specific lost consumer surplus estimate calculated based on the relative percentage of the
citybdbs water shortage. Esti mat ed ootemrallmgneverei n popul
indirectly related to the elasticity of job losses.

Assumed values for the bounds b1 and b2 varied with water use category under examination and are
presented in Table-2.

Figure 2-1 Example Economic Impact Elasticity Function (asppl i ed t o a singl e wat e
shortage)

oo ;
B0% [
70% {
50% |
S — [ |
a0% I |
30% | '
208 |
10% '

0%

% Economic Impact per unit
volume of shortage

0%  10% 20% 30% 0% S0%  60% TO%  EO%  S0%  100%
b1 h2

Shortage as percent of normal water demand

Table 2-2 Economic Impact Elasticity Function Lower and Upper Bounds

Water Use Category Lower Bound (b1) Upper Bound (b2)
Irrigation 5% 50%
Livestock 5% 10%
Manufacturing 10% 50%
Mining 10% 50%
Municipal (non-residential 50% 80%
water intensive)

Steamelectric power 20% 70%
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2.3 Analysis Assumptions and Limitations

Modeling of complex systems requires making assumptions and accepting limitations. This is particularly
true when attempting to estimate a wide variety of economic impacts over a large geographic area and
into future decades. Some of the key assumptioddimitations of the methodology include:

1. The foundation for estimating socioeconomic impacts of water shortages resulting from a drought are
the water needs (potential shortages) that were identified as part of the regional water planning process.
These needs have some uncertainty associated with them, but serve as a reasonable basis for evaluating
potential economic impacts of a drought of record event.

2. All estimated socioeconomic impacts are snapshot estimates of impacts for years in whicbetater

were identified (i.e., 2020, 2030, 2040, 2050, 2060, and 2070). The estimates are independent and distinct
ifiwhat iifo scenarios for each particular year, and
resulting from severe drought conditiofifie evaluation assumed that no recommended water

management strategies are implemented. In other words, growth occurs, future shocks are imposed on an
economy at 1{ear intervals, and the resulting impacts are estimated. Note that the estimates presented

were not cumulative (i.e., summing up expected impacts from today up to the decade noted), but were

simply an estimate of the magnitude of annual socioeconomic impacts should a drought of record occur in
each particular decade based on anticipated sspptie demands for that same decade.

3. Inputoutput models such as IMPLAN rely on a static profile of the structure of the economy as it
appears today. This presumes that the relative contributions of all sectors of the economy would remain
the same, regdless of changes in technology, supplies of limited resources, and other structural changes
to the economy that may occur into the future. This was a significant assumption and simplification
considering the 5§ear time period examined in this analy3is.presume an alternative future economic
makeup, however, would entail positing many other major assumptions that would very likely generate as
much or more error.

4. This analysis is not a cesenefit analysis. That approach to evaluating the econfeasibility of a

specific policy or project employs discounting future benefits and costs to their present value dollars
using some assumed discount rate. The methodology employed in this effort to estimate the economic
impacts of future water shortages diot use any discounting procedures to weigh future costs differently
through time.

5. Monetary figures are reported in constant year 2013 dollars.

6. Impacts are annual estimates. The estimated economic model does not reflect the full extent of impacts
that might occur as a result of persistent water shortages occurring over an extended duration. The
drought of record in most regions of Texas lasted several years.

7. Value added estimates are the primary estimate of the economic impacts withirothi<mee may be

tempted to add consumer surplus impacts to obtain an estimate of total adverse economic impacts to the
region, but the consumer surplus measure represents the change to the wellbeing of households (and other
water users), not an actual cigarin the flow of dollars through the economy. The two categories (value
added and consumer surplus) are both valid impacts but should not be summed.

8. The value added, jobs, and taxes on production and import impacts include the direct, indirect and

induced effects described in Section 2.2.1. Population and school enrollment losses also indirectly include
such effects as they are based on the associated losses in employment. The remaining measures
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(consumer surplus, utility revenue, utility taxes, addiil electrical power purchase costs, and potable
water trucking costs), however, do not include any induced or indirect effects.

9. The majority of impacts estimated in this analysis may be considered smaller than those that might

occur under drought @écord conditions. Inpst ut put model s such as | MPLAN o
l inkageso on suppliers (including households that
is a common limitation in these types of economic impact modelinggffbis important to note that

iforward I inkagesd on the industries that wuse the

very important. A good example is impacts on livestock operators. Livestock producers tend to suffer
substantially dring droughts, not because there is not enough water for their stock, but because
reductions in available pasture and higher prices for purchased hay have significant economic effects on
their operations. Food processors could be in a similar situatiogyifcannot get the grains or other

inputs that they need. These effects are not captured in IMPLAN, which is one reason why the impact
estimates are likely conservative.

10. The methodol ogy did not c d prithe seendafiysmpactsthatver 0 e
occur outside of the region where the water shortage is projected to occur.

11. The model did not reflect dynamic economic responses to water shortages as they might occur, nor
does the model reflect economic impacts associated wétoxery from a drought of record including:

a. The likely significant economic rebound to the landscaping industry immediately following a
drought;

b. The cost and years to rebuild liquidated livestock herds (a major capital item in that industry);

c. Direct impats on recreational sectors (i.e., stranded docks and reduced tourism); or,

d | mpacts of negative publicity on Texas6 ability
was not able to provide adequate water supplies for the existing economy.

12. Estimates for job losses and the associated population and school enrollment changes may exceed
what would actually occur. In practice, firms may be hesitant to lay off employees, even in difficult
economic times. Estimates of population and schoollemnt changes are based on regional evaluations
and therefore do not accurately reflect what might occur on a statewide basis.

13. The results must be interpreted carefully. It is the general and relative magnitudes of impacts as well
as the changes tifese impacts over time that should be the focus rather than the absolute numbers.
Analyses of this type are much better at predicting relative percent differences brought about by a shock
to a complex system (i.e., a water shortage) than the precisd sizémpact. To illustrate, assuming that

the estimated economic impacts of a drought of record on the manufacturing and mining water user
categories are $2 and $1 million, respectively, one should be more confident that the economic impacts on
manufactuing are twice as large as those on mining and that these impacts will likely be in the millions

of dollars. But one should have less confidence that the actual total economic impact experienced would
be $3 million.

3 Analysis Results
This sectiorpresents a breakdown of the results of the regional analysis for Region J. Projected economic

impacts for six water use categories (irrigation, livestock. municipal, manufacturing, mining, and steam
electric power) are also reported by decade.
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3.1 Oveniew of the Regional Economy

Table 31 presents the 2011 economic baseline as represented by the IMPLAN model and adjusted to
2013 dollars for Region J. In year 2011, Region J generated about $5 billion in gross state product
associated with 64,100 jobsdeal on the 2011 IMPLAN data. These values represent an approximation of
the current regional economy for a reference point.

Table 31 Region J Economy

Income ($ millions)* Jobs Taxes on production and
imports ($ millions)*
$4,967 64,121 $357

YYear 2013ollars based on 2011 IMPLAN model value added estimates for the region.

The remainder of Section 3 presents estimates of potential economic impacts for each water use category
that could reasonably be expected in the event of water shortages assdttiadedrought of record and
if no recommended water management strategies were implemented.

3.2 Impacts for Irrigation Water Shortages

Two of the 6 counties in the region are projected to experience water shortages in the irrigated agriculture
water usecategory for one or more decades within the planning horizon. Estimated impacts to this water
use category appear in Tabl® 3Note that tax collection impacts were not estimated for this water use
category. IMPLAN data indicates a negative tax impaet, (increased tax collections) for the associated
production sectors, primarily due to past subsidies from the federal government. Two factors led to
excluding any reported tax impacts: 1) Federal support (subsidies) has lessened greatly since the year
2011 IMPLAN data was collected, and 2) It was not considered realistic to report increasing tax revenue
collections for a drought of record.

Table 32 Impacts of Water Shortages on Irrigation in Region

Impact Measures 2020 2030 2040 2050 2060 2070

Income lasses ($ millions)* $0 $0 $0 $0 $0 $0

Job losses

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.3 Impacts for LivestockWater Shortages

Five of the 6 counties in the region are projected to experience water shortages in the livestock water use
category for one or more decades within the planning horizon. Estimated impacts to this water use
category appear in Table33 Nok that tax impacts are not reported for this water use category for similar
reasons that apply to the irrigation water use category described above.

Table 3-3 Impacts of Water Shortages on Livestock in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $5 $5 $5 $5 $5 $5
Job losses $288 $288 $288 $288 $288 $288

* Year 2013 dollars, rounded. Entries denoted by a daghndicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000
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3.4 Impacts for Municipal Water Shortages

Four of the 6 counties in the region are projected to experience water shortages in the municipal water use
category for one or more decades within the planning horizon. Impact estimates were made for the two
subypes of use within municipal use: residential, and-residential. The latter includes commercial and
institutional users. Consumer surplus measures were made for both residential and nonresidential
demands. In addition, available data for the-residetial, waterintensive portion of municipal demand
allowed use of IMPLAN and TWDB Water Use Survey data to estimate income loss, jobs, and taxes.
Trucking cost estimates, calculated for shortages exceeding 80 percent, assumed a fixed cost of $20,000
per ace-foot to transport water for municipal use. The estimated impacts to this water use category

appear in Table-3.

Table 3-4 Impacts of Water Shortages on Municipal Water Users in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($nillions)* $53 $55 $56 $57 $59 $61
Job losses 1,066 1,109 1,119 | 1,153 | 1,194 | 1,229
Tax losses on production and

imports* ($ millions)* $5 %5 %5 %5 $6 $6
Consumer surplus losses

($ millions)* $11 $11 $12 $13 $13 $14
Trucking costs ($ millions)* $0 $0 $0 $0 $0 $0
Utility revenue losses

($ millions)* $9 $10 $10 $10 $10 $10
Utility tax revenue losses

($ millions)* $0 $0 $0 $0 $0 $0

! Estimates apply to the waténtensive portion of norresidential municipal water use.

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by azero ($0) indicate income losses less than $500,000.

3.5 Impacts of Manufacturing Water Shortages

Manufacturing water shortages in the regionpggected to occur in none of the 6 counties in the region
for at least one decade of the planning horizon. Estimated impacts to this water use category appear in
Table 35.

Table 3-5 Impacts of Water Shortages on Manufacturing in Region

Impact Measures

2020

2030

2040

2050

2060

2070

Income losses ($ millions)*

Job losses

Tax losses on production and -
imports ($ millions)*

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impacEntries
denoted by a zero ($0) indicate income losses less than $500,000.

3.6 Impacts of Mining Water Shortages

Mining water shortages in the region are projected to occur in 3 of the 6 counties in the region for at least
one decade of the planning horizon. Estimated impacts to this water use type appear ir6Table 3
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Table 3-6 Impacts of Water Shortages on Minig in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $5 $12 $14 $7 $5 $5
Job losses 81 194 236 110 81 81
Tax losses on production and

imports ($ millions)* $3 7 $8 4 $3 $3

* Year 2013 dollars, rounded. Entriedenoted by a dash)(indicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.7 Impacts of StearrElectric Water Shortages

Steamelectric water shortages in the region are projected to occur in 4 of toeiddes in the region for
at least one decade of the planning horizon. Estimated impacts to this water use category appear in Table
3-7.

Note that estimated economic impacts to stetentric water users:

1 Are reflected as an income loss proxy in therfaf the estimated additional purchasing costs for
power from the electrical grid that could not be generated due to a shortage;

1 Do notinclude estimates of impacts on jobs. Because of the unigue conditions of power
generators during drought conditions dack of relevant data, it was assumed that the industry
would retain, perhaps relocating or repurposing, their existing staff in order to manage their
ongoing operations through a severe drought.

91 Does not presume a decline in tax collections. Associateddllections, in fact, would likely
increase under drought conditions since, historically, the demand for electricity increases during
times of drought, thereby increasing taxes collected on the additional sales of power.

Table 37 Impacts of Water Shotages on SteanElectric Power in Region

Impact Measures 2020 2030 2040 2050 2060 2070

Income losses ($ millions)* - - - - - -

* Year 2013 dollars, rounded. Entries denoted by a daghndicate no economic impact. Entries
denoted by a zero ($0) indicairgcome losses less than $500,000.

3.8 Regional Social Impacts
Projected changes in population, based upon several factors (household size, population, and job loss
estimates), as well as the accompanying change in school enrollment, were also eatichated

summarized in Table-8.

Table 3-8 Regionwide Social Impacts of Water Shortages in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Consumer surplus losses

($ millions)* $11 $11 $12 $13 $13 $14
Population losses 263 29200% 302 285 287 294
School enroliment losses 49 $54 $56 $53 $53 $54

* Year 2013 dollars, rounded. Entries denoted by a dash
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Appendix - County Level Summary ofEstimated Economic Impacts for Region J

County level summary of estimated economic impacts of not meeting identified water needs by water use category and decade (in
2013 dollars, rounded). Values presented only for counties with projected economisifopatteast one decade.

* Entries denoted by a dash)(indicate no economic impact. Entries denoted by a zero ($0) indicate income losses less than $500,000

Income Losses (Millions $)* Job Losses Consumer Surplus (Millions $)*
County Water 2020 2030 2040 2050 2060 | 2070 | 2020 2030 2040 2050 2060 2070 | 2020 | 2030 | 2040 | 2050 2060 2070
Use
Category
Kinney Livestock $0 $0 $0 $0 $0 $0 1 1 1 1 1 1
Kinney
Total $0 $0 $0 $0 $0 $0 1 1 1 1 1 1
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Executive Summary

Evaluating the social and economic impacts of not meeting identified mextds is a required part of the
regional water planning process. The Texas Water Development Board (TWDB) estimates those impacts
for regional water planning groups, and summarizes the impacts in the state water plan. The analysis
presented is for the Remi K Regional Water Planning Group.

Based on projected water demands and existing water supplies, the Region K planning group identified
water needs (potential shortages) that would occur within its region under a repeat of the drought of
record for six vater use categories. The TWDB then estimated the socioeconomic impacts of those
needs$ if they are not mét for each water use category and as an aggregate for the region.

The analysis was performed using an economic modeling software package, IMPLAR flonpa

Planning Analysis), as well as other economic analysis techniques, and represents a snapshot of
socioeconomic impacts that may occur during a single year during a drought of record within each of the
planning decades. For each water use categagualuation focused on estimating income losses and

job losses. The income losses represent an approximation of gross domestic product (GDP) that would be
foregone if water needs are not met.

The analysis also provides estimates of financial transfeadgtapwhich include tax losses (state, local,
and utility tax collections); water trucking costs; and utility revenue losses. In addition, social impacts
were estimated, encompassing lost consumer surplus (a welfare economics measure of consumer
wellbeing; as well as population and school enrollment losses.

It is estimated that not meeting the identified water needs in Region K would result in an annually
combined lost income impact of approximately $1.6 billion in 2020, increasing to $3.6 billion(n 207
(Table ES1). In 2020, the region would lose approximately 9,900 jobs, and by 2070 job losses would
increase to approximately 45,000.

All impact estimates are in year 2013 dollars and were calculated using a variety of data sources and tools

including he use of a regieapecific IMPLAN model, data from the TWDB annual water use estimates,
the U.S. Census Bureau, Texas Agricultural Statistics Service, and Texas Municipal League.
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Table ES1: Region K Socioeconomic Impact Summary

Regional Economiclmpacts 2020 2030 2040 2050 2060 2070

Income losses ($ millions)* $1,560 1,557 1,233 | 1,093 | 1,975 | 3,568
Job losses 9,877 11,880 | 10,414 | 11,894 | 24,187 | 45,282
Financial Transfer Impacts 2020 2030 2040 2050 2060 2070

Tax losses on production and

imports ($ millions)* $236 $217 $160 $113 | $145 $248

Water trucking costs

Utility revenue losses

($ millions)* $23 $84 $138 $205 | $339 $592

Utility tax revenue losses

Social Impacts 2020 2030 2040 2050 2060 2070

Consumer surplus losses

($ millions)* $1 $29 $51 $105 | $194 $347

Population losses 1,813 2,181 1,912 2,184 | 4,441 8,314
School enroliment losses 335 403 354 404 822 1,538

* Year 2013 dollars, roundecEntries denoted by a dash)(indicateno economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.
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Introduction

Water shortages during a repeat of the drought of record would likely curtail or eliminate certain
economic activity in businesses and industities rely heavily on water. Insufficient water supplies could
not only have an immediate and real impact on existing businesses and industry, but they could also
adversely and chronically affect economic development in Texas. From a social perspetgive,pay
reliability is critical as well. Shortages could disrupt activity in homes, schools and government and could
adversely affect public health and safety. For these reasons, it is important to evaluate and understand
how water supply shortages dugidrought could impact communities throughout the state.

Administrative rules (31 Texas Administrative Code §357.33 (c)) require that regional water planning

groups evaluate the social and economic impacts of not meeting water needs as pergmirthlewater

planning process, and rules direct the TWDB staff to provide technical assistance upon request. Staff of
the TWDBO6s Water Us e, Projections, & Pl anning Div
support of the Region K Regional Wateaihing Group.

This document summarizes the results of the analysis and discusses the methodology used to generate the
results. Section 1 summarizes the water needs calculation performed by the TWDB based on the regional
water pl anni ng ngdescubpsdthe methdomgy foiStte intpacteassessment and

discusses approaches and assumptions specific to each water use category (i.e., irrigation, livestock,
mining, stearrelectric, municipal and manufacturing). Section 3 presents the results fovatechuse

category with results summarized for the region as a whbke gppendix presents details on the

socioeconomic impacts by county.

2.1 Identified Regional Water Needs (Potential Shortages)

As part of the regional water planning process, the TWDBp & water demand projections for each

water user group (WUG) with input from the planning groups. WUGs are composed of cities, utilities,
combined rural areas (designated as cootiter), and the countyide water use of irrigation, livestock,
manufactuing, mining and stearalectric power. The demands are then compared to the existing water
supplies of each WUG to determine potential shortages, or needs, by decade. Existing water supplies are
legally and physically accessible for immediate use in tleatesf drought. Projected water demands and
existing supplies are compared to identify either a surplus or a need for each WUG.

Tablel summari zes the regionbs identified water nee
Demand managemermtich as conservation, or the development of new infrastructure to increase supplies

are water management strategies that may be recommended by the planning group to meet those needs.

This analysis assumes that no strategies are implemented, and thantifieddneeds correspond to

future water shortages. Note that projected water needs generally increase over time, primarily due to
anticipated population and economic growth. To provide a general sense of proportion, total projected

needs as an overallppentage of total demand by water use category are presented in aggregate in Table

1-1. Projected needs for individual water user groups within the aggregate vary greatly, and may reach

100% for a given WUG and water use category. Detailed water needsl@yan county appear in

Chapter 4 of the 2016 Region K Regional Water Plan.
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Table 1-1 Regional Water Needs Summary by Water Use Category

Water Use Category

2020

2030

|

2040

2050

2060

2070

Irrigation

Water Needs
(acrefeet per
year)

% of the
categor
total water
demand

\

335,489

319,584

304,106

289,044

274,387

260,124

Livestock

Water Needs
(acrefeet per
year)

55%

54%

53%

52%

50%

49%

% of the
categor
total water
demand

\

570

692

810

913

1,059

1,216

Manufacturing

Water Needs
(acrefeetper
year)

1%

1%

1%

1%

1%

1%

% of the

categor )

total water
demand

4,260

8,618

9,747

10,719

12,153

14,164

Mining

Water Needs
(acrefeet per
year)

20%

33%

35%

36%

38%

41%

% of the

categor)

total water
demand

7,389

27,362

45,011

66,372

118,804

180,979

Municipal

Water Needs
(acrefeet per
year)

2%

8%

11%

14%

24%

32%

% of the

categor )

total water
demand

25,363

26,751

26,775

31,974

42,212

54,627

Steam-electric
power

Water Needs
(acrefeet per
year)

14%

14%

14%

16%

21%

26%

% of the

cat egoriszagr

total water
demand

383,007

386,449

399,022

448,615

511,110

Total water needs (acfeet per year)

373,071

383,007

386,449

399,022

448,615

511,110

3 Economic Impact Assessment Methodology Summary

This portion of the report provides a summary of the methodology used to estimate the potential

economic impacts of future water shortages. The general approach employed in the analysis was to obtain
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estimates for income and job losses on the smallestaygltig level that the available data would

support, tie those values to their accompanying historic water use estimate (volume), and thereby
determine a maximum impact per afoet of shortage for each of the socioeconomic measures. The
calculations of eenomic impacts were based on the overall composition of the economy using many
underl ying economic fisectors. o0 Sectors in this
sectors of the economy designated within IMPLAN (Impact for PlanAiradysis), the economic impact
modeling software used for this assessment. Economic impacts within this report are estimated for
approximately 310 of those sectors, with the focus on the more water intense production sectors. The
economic impacts for a sife water use category consist of an aggregation of impacts to multiple related
economic sectors.

an

2.1 Impact Assessment Measures

A required component of the regional and state water plans is to estimate the potential economic impacts
of shortages due @ drought of record. Consistent with previous water plans, several key variables were
estimated and are described in Table 2

Table 21 Socioeconomic Impact Analysis Measures

Regional Economic Impacts Description

Income losses value added Thevalue of output less the value of intermediate consumption; it
measure of the contribution to GDP made by an individual produ
industry, sector, or group of sectors within a year. For a shortage
value added is a measure of the income losses tedian, county,
or WUG and includes the direct, indirect and induced monetary
impacts on the region.

Proxy for income loss in the form of additional costs of power as
result of impacts of water shortages.

Income losses electrical
power purchase costs

Job losses Number of partime and fulitime jobs lost due to the shortage.

Financial Transfer Impacts Description

Tax losses on production and
imports

Sales and excise taxes (not collected due to the shortage), custo
duties, property taxes, motorhiele licenses, severance taxes, othg
taxes, and special assessments less subsidies.

Water trucking costs

Estimate for shipping potable water.

Utility revenue losses

Foregone utility income due to not selling as much water.

Social Impacts

Description

Description

A welfare measure of the lost value to consumers accompanying
water use.

Population losses

A welfare measure of the lost value to consumers accompanying
water use.

School enrollment losses

School enrollment losses {K2) accomparing job losses.

2.1.1 Regional Economic Impacts

Two key measures were included within the regional economic impacts classification: income losses and
job losses. Income losses presented consist of the sum of value added losses and additional gischase co

of electrical power. Job losses are also presented as a primary economic impact measure.
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Income Losses Value Added Losses

Value added is the value of total output less the value of the intermediate inputs also used in production of
the finalproduct. Value added is similar to Gross Domestic Product (GDP), a familiar measure of the
productivity of an economy. The loss of value added due to water shortages was estimated by input
output analysis using the IMPLAN software package, and includefirdet, indirect, and induced

monetary impacts on the region.

Income Losses Electric Power Purchase Costs

The electrical power grid and market within the state is a complex interconnected system. The industry
response to water shortages, and the tiaguimpact on the region, are not easily modeled using

traditional input/output impact analysis and the IMPLAN model. Adverse impacts on the region will

occur, and were represented in this analysis by the additional costs associated with power prochases f
other generating plants within the region or state. Consequently, the analysis employed additional power
purchase costs as a proxy for the value added impacts for that water use category, and these are included
as a portion of the overall income imp&mt completeness.

For the purpose of this analysis, it was assumed that power companies with insufficient water will be
forced to purchase power on the electrical market at a projected higher rate of 5.60 cents per kilowatt
hour. This rate is based uptire average daghead market purchase price of electricity in Texas from the
recent drought period in 2011.

Job Losses

The number of jobs lost due to the economic impact was estimated using IMPLAN output associated with
the water use categories noted able 11. Because of the difficulty in predicting outcomes and a lack of
relevant data, job loss estimates were not calculated for the-eteatric power production or for certain
municipal water use categories.

2.1.2 Financial Transfer Impacts

Severaof the impact measures estimated within the analysis are presented as supplemental information,
providing additional detail concerning potential impacts on apgubon of the economy or government.
Measures included in this category include lost tdbections (on production and imports), trucking costs

for imported water, declines in utility revenues, and declines in utility tax revenue collected by the state.
Many of these measures are not solely adverse, with some having both positive and megatise For
example, cities and residents would suffer if forced to pay large costs for trucking in potable water.
Trucking firms, conversely, would benefit from the transaction. Additional detail for each of these
measures follows.

Tax Losses on Produatn and Imports

Reduced production of goods and services accompanying water shortages adversely impacts the
collection of taxes by state and local government. The regional IMPLAN model was used to estimate
reduced tax collections associated with the redwcgput in the economy.

Water Trucking Costs

In instances where water shortages for a municipal water user group were estimated to be 80 percent or
more of water demands, it was assumed that water would be trucked in to support basic consumption and
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santation needs. For water shortages of 80 percent or greater, a fixed cost of $20,000-foet atre

water was calculated and presented as an economic cost. This water trucking cost was applied for both the
residential and neresidential portions of mucipal water needs and only impacted a small number of

WUGs statewide.

Utility Revenue Losses

Lost utility income was calculated as the price of water service multiplied by the quantity of water not

sold during a drought shortage. Such estimates redutt@dcity-specific pricing data for both water and
wastewater. These water rates were applied to the potential water shortage to determine estimates of lost
utility revenue as water providers sold less water during the drought due to restricted supplies.

Utility Tax Losses

Foregone utility tax losses included estimates of uncollected miscellaneous gross receipts taxes. Reduced
water sales reduce the amount of utility tax that would be collected by the State of Texas for water and
wastewater service sales.

2.1.3 Social Impacts

Consumer Surplus Losses of Municipal Water Users

Consumer surplus loss is a measure of impact to the wellbeing of municipal water users when their water

use is restricted. Consumer surplus is the difference between how muchmaewisswilling and able to
pay for the commodity (i.e., water) and how much they actually have to pay. The difference is a benefit to

the consumerdés well being since they do not have t
willing to pay. Howeverc onsumer 6 s access to that water may be
surplus | oss is an estimate of the equivalent mon

wellbeing, for example, associated with a diminished quality of their lape4ta., outdoor use). Lost
consumer surplus estimates for reduced outdoor and indoor use, as well as residential and
commercial/institutional demands, were included in this analysis. Consumer surplus is an attempt to
measure effects on wellbeing by manielg those effects; therefore, these values should not be added to
the other monetary impacts estimated in the analysis.

Lost consumer surplus estimates varied widely by location and type. For a 50 percent shortage, the
estimated statewide consumer sugplalues ranged from $55 to $2,500 per household (residential use),
and from $270 to $17,400 per firm (rogsidential).

Population and School Enroliment Losses

Population losses due to water shortages, as well as the related loss of school envaimdrased

upon the job loss estimates and upon a recent study of job layoffs and the resulting adjustment of the
labor market, including the change in population.1 The study utilized Bureau of Labor Statistics data
regarding layoffs between 1996 and 2048well as Internal Revenue Service data regarding migration,
to model an estimate of the change in the population as the result of a job layoff event. Layoffs impact
both outmigration, as well as #migration into an area, both of which can negativéfigch the

population of an area. In addition, the study found that a majority of those who did move following a
layoff moved to another labor market rather than an adjacent county. Based on this study, a simplified
ratio of job and net population lossesswalculated for the state as a whole: for every 100 jobs lost, 18
people were assumed to move out of the area. School enrollment losses were estimated as a proportion of
the population lost.
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2.2 Analysis Context

The context of the economic impact anayiavolves situations where there are physical shortages of
surface or groundwater due to drought of record conditions. Anticipated shortages may be nonexistent in
earlier decades of the planning horizon, yet population growth or greater industriailtagtdior other

sector demands in later decades may result in greater overall demand, exceeding the existing supplies.
Estimated socioeconomic impacts measure what would happen if water user groups experience water
shortages for a period of one year. Adtsocioeconomic impacts would likely become larger as drought

of record conditions persist for periods greater than a single year.

2.2.1 IMPLAN Model and Data

Input-Output analysis using the IMPLAN (Impact for Planning Analysis) software package was the

primary means of estimating value added, jobs, and taxes. This analysis employed county and regional
level models to determine key impacts. IMPLAN is an economic impact model, originally developed by
the U.S. Forestry Ser viicastviyatvarymggedg@aphi@ lévels.The mod e |
model is currently maintained by the Minnesota IMPLAN Group (MIG Inc.) which collects and sells

county and state specific data and software. The year 2011 version of IMPLAN, employing data for all

254 Texas cauties, was used to provide estimates of value added, jobs, and taxes on production for the
economic sectors associated with the water user groups examined in the study. IMPLAN uses 440 sector
specific Industry Codes, and those that rely on water as argrinpat were assigned to their relevant

planning water user categories (manufacturing, mining, irrigation, etc.). Estimates of value added for a
water use category were obtained by summing value added estimates across the relevant IMPLAN sectors
associted with that water use category. Similar calculations were performed for the job and tax losses on
production and import impact estimates. Note that the value added estimates, as well as the job and tax
estimates from PLAN, include three components:

Direct effectgepresenting the initial change in the industry analyzed,;

Indirect effectghat are changes in intardustry transactions as supplying industries respond to
reduced demands from the directly affected industries; and,

1 Induced effectthat rdlect changes in local spending that result from reduced household income
among employees in the directly and indirectly affected industry sectors.

)l
)l

2.2.2 Elasticity of Economic Impacts

The economic impact of a water need is based on the relative simewefter need to the water demand

for each water user group (Figurd @ Smaller water shortages, for example, less than 5 percent, were
anticipated to result in no initial negative economic impact because water users are assumed to have a
certain amounof flexibility in dealing with small shortages. As a water shortage deepens, however, such
flexibility lessens and results in actual and increasing economic losses, eventually reaching a
representative maximum impact estimate per unit volume of watercdaunt for such ability to adjust,

an elasticity adjustment function was used in estimating impacts for several of the measures:IFigure 2
illustrates the general relationship for the adjustment functions. Negative impacts are assumed to begin
accruing vhen the shortage percentage reaches the lower bound b1 (10 percent in-Ejguigh?

impacts then increasing linearly up to the 100 percent impact level (per unit volume) once the upper
bound for adjustment reaches the b2 level shortage (50 percegtiia E1 example).

Initially, the combined total value of the three value added components (direct, indirect, and induced) was
calculated and then converted into a per-&moé economic value based on historical TWDB water use
estimates within each pamtilar water use category. As an example, if the total, annual value added for
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livestock in the region was $2 million and the reported annual volume of water used in that industry was
10,000 acrédeet, the estimated economic value perdgot of water shrtage would be $200 per aere

foot. Negative economic impacts of shortages were then estimated using this value as the maximum
impact estimate ($200 per adot in the example) applied to the anticipated shortage volume in acre
feet and adjusted by theanomic impact elasticity function. This adjustment varied with the severity as
percentage of water demand of the anticipated shortage. If one employed the sample elasticity function
shown in Figure A, a 30% shortage in the water use category would impgconomic impact estimate

of 50% of the original $200 per aefeot impact value (i.e., $100 per adoot).

Such adjustments were not required in estimating consumer surplus, nor for the estimates of utility

revenue losses or utility tax losses. Esties of lost consumer surplus relied on-sigcific demand

curves with the specific lost consumer surplus estimate calculated based on the relative percentage of the
citydbs water shortage. Esti mated c healmeptaverei n popul
indirectly related to the elasticity of job losses.

Assumed values for the bounds b1 and b2 varied with water use category under examination and are
presented in Table-2.

Figure 2-1 Example Economic Impact Elasticity Function (as applied o a si ngl e water us¢
shortage)

o ;
B0% [
70% [
605 |
1 — [ |
0% | !
30% |
200 |
10% '

0%

% Economic Impact per unit
volurme of shortage

0%  10% 20% 30% 0%  S0%  60%  TOW  EO%  S0W  100%
b1 h2

Shortage as percent of normal water demand

Table 2-2 Economic Impact Elasticity Function Lower and Upper Bounds

Water Use Category Lower Bound (b1) Upper Bound (b2)
Irrigation 5% 50%
Livestock 5% 10%
Manufacturing 10% 50%
Mining 10% 50%
Municipal (non-residential 50% 80%
water intensive)

Steamelectric power 20% 70%
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2.3 Analysis Assumptions and Limitations

Modeling of complex systems requires making assumptions and accepting limitations. This is particularly
true when attempting to estimate a wide variety of economic impacts over a large geographic area and
into future decades. Some of the key assumptioddimitations of the methodology include:

1. The foundation for estimating socioeconomic impacts of water shortages resulting from a drought are
the water needs (potential shortages) that were identified as part of the regional water planning process.
These needs have some uncertainty associated with them, but serve as a reasonable basis for evaluating
potential economic impacts of a drought of record event.

2. All estimated socioeconomic impacts are snapshot estimates of impacts for years in whicbetater

were identified (i.e., 2020, 2030, 2040, 2050, 2060, and 2070). The estimates are independent and distinct
ifiwhat iifo scenarios for each particular year, and
resulting from severe drought conditiofifie evaluation assumed that no recommended water

management strategies are implemented. In other words, growth occurs, future shocks are imposed on an
economy at 1{ear intervals, and the resulting impacts are estimated. Note that the estimates presented

were not cumulative (i.e., summing up expected impacts from today up to the decade noted), but were

simply an estimate of the magnitude of annual socioeconomic impacts should a drought of record occur in
each particular decade based on anticipated sspptie demands for that same decade.

3. Inputoutput models such as IMPLAN rely on a static profile of the structure of the economy as it
appears today. This presumes that the relative contributions of all sectors of the economy would remain
the same, regdless of changes in technology, supplies of limited resources, and other structural changes
to the economy that may occur into the future. This was a significant assumption and simplification
considering the 5§ear time period examined in this analy3is.presume an alternative future economic
makeup, however, would entail positing many other major assumptions that would very likely generate as
much or more error.

4. This analysis is not a cesenefit analysis. That approach to evaluating the econfeasibility of a

specific policy or project employs discounting future benefits and costs to their present value dollars
using some assumed discount rate. The methodology employed in this effort to estimate the economic
impacts of future water shortages diot use any discounting procedures to weigh future costs differently
through time.

5. Monetary figures are reported in constant year 2013 dollars.

6. Impacts are annual estimates. The estimated economic model does not reflect the full extent of impacts
that might occur as a result of persistent water shortages occurring over an extended duration. The
drought of record in most regions of Texas lasted several years.

7. Value added estimates are the primary estimate of the economic impacts withirothi<mee may be

tempted to add consumer surplus impacts to obtain an estimate of total adverse economic impacts to the
region, but the consumer surplus measure represents the change to the wellbeing of households (and other
water users), not an actual cigarin the flow of dollars through the economy. The two categories (value
added and consumer surplus) are both valid impacts but should not be summed.

8. The value added, jobs, and taxes on production and import impacts include the direct, indirect and

induced effects described in Section 2.2.1. Population and school enrollment losses also indirectly include
such effects as they are based on the associated losses in employment. The remaining measures
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(consumer surplus, utility revenue, utility taxes, addiil electrical power purchase costs, and potable
water trucking costs), however, do not include any induced or indirect effects.

9. The majority of impacts estimated in this analysis may be considered smaller than those that might

occur under drought @écord conditions. Inpst ut put model s such as | MPLAN o
l inkageso on suppliers (including households that
is a common limitation in these types of economic impact modelinggffbis important to note that

iforward I inkagesd on the industries that wuse the

very important. A good example is impacts on livestock operators. Livestock producers tend to suffer
substantially dring droughts, not because there is not enough water for their stock, but because
reductions in available pasture and higher prices for purchased hay have significant economic effects on
their operations. Food processors could be in a similar situatiogyifcannot get the grains or other

inputs that they need. These effects are not captured in IMPLAN, which is one reason why the impact
estimates are likely conservative.

10. The methodol ogy did not c d prithe seendafiysmpactsthatver 0 e
occur outside of the region where the water shortage is projected to occur.

11. The model did not reflect dynamic economic responses to water shortages as they might occur, nor
does the model reflect economic impacts associated wétoxery from a drought of record including:

e. The likely significant economic rebound to the landscaping industry immediately following a
drought;

f. The cost and years to rebuild liquidated livestock herds (a major capital item in that industry);

g. Direct impats on recreational sectors (i.e., stranded docks and reduced tourism); or,

h. | mpacts of negative publicity on Texasd ability
was not able to provide adequate water supplies for the existing economy.

12. Estimates for job losses and the associated population and school enrollment changes may exceed
what would actually occur. In practice, firms may be hesitant to lay off employees, even in difficult
economic times. Estimates of population and schoollemnt changes are based on regional evaluations
and therefore do not accurately reflect what might occur on a statewide basis.

13. The results must be interpreted carefully. It is the general and relative magnitudes of impacts as well
as the changes tifese impacts over time that should be the focus rather than the absolute numbers.
Analyses of this type are much better at predicting relative percent differences brought about by a shock
to a complex system (i.e., a water shortage) than the precisd sizémpact. To illustrate, assuming that

the estimated economic impacts of a drought of record on the manufacturing and mining water user
categories are $2 and $1 million, respectively, one should be more confident that the economic impacts on
manufactuing are twice as large as those on mining and that these impacts will likely be in the millions

of dollars. But one should have less confidence that the actual total economic impact experienced would
be $3 million.

3 Analysis Results
This sectiorpresents a breakdown of the results of the regional analysis for Region K. Projected

economic impacts for six water use categories (irrigation, livestock. municipal, manufacturing, mining,
and steanelectric power) are also reported by decade.
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3.1 Oveniew of the Regional Economy

Table 31 presents the 2011 economic baseline as represented by the IMPLAN model and adjusted to
2013 dollars for Region K. In year 2011, Region K generated about $88 billion in gross state product
associated with 975,000 jobased on the 2011 IMPLAN data. These values represent an approximation
of the current regional economy for a reference point.

Table 3-1 Region K Economy

Income ($ millions)* Jobs Taxes on production and
imports ($ millions)*
$88,344 975,269 $6,335

'Yea 2013 dollars based on 2011 IMPLAN model value added estimates for the region.

The remainder of Section 3 presents estimates of potential economic impacts for each water use category
that could reasonably be expected in the event of water shosisgmsated with a drought of record and
if no recommended water management strategies were implemented.

3.2 Impacts for Irrigation Water Shortages

Four of the 14 counties in the region are projected to experience water shortages in the irrigated
agriculture water use category for one or more decades within the planning horizon. Estimated impacts to
this water use category appear in Tab 8lote that tax collection impacts were not estimated for this
water use category. IMPLAN data indicatessgative tax impact (i.e., increased tax collections) for the
associated production sectors, primarily due to past subsidies from the federal government. Two factors
led to excluding any reported tax impacts: 1) Federal support (subsidies) has lessdlyesimpredhe

year 2011 IMPLAN data was collected, and 2) It was not considered realistic to report increasing tax
revenue collections for a drought of record.

Table 3-2 Impacts of Water Shortages on Irrigation in Region

Impact Measures 2020 2030 2040 2090 2060 2070
Income losses ($ millions)* $56 $52 $49 $46 $43 $40
Job losses 1,338 1,258 1,181 1,108 | 1,039 974

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by a zero ($0) indicate income losess than $500,000.

3.3Impacts for Livestock Water Shortages

None of the 14 counties in the region are projected to experience water shortages in the livestock water
use category for one or more decades within the planning horizon. Estimated imgaiste/ater use
category appear in Table33 Note that tax impacts are not reported for this water use category for similar
reasons that apply to the irrigation water use category described above.

Table 3-3 Impacts of Water Shortages on Livestock in Regn

Impact Measures

2020

2030

2040

2050

2060

2070

Income losses ($ millions)*

Job losses

* Year 2013 dollars, rounded. Entries denoted by a daghrndicate no economic impact. Entries
denoted by a zero ($0) indicate inconesses less than $500,000
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3.4Impacts for Municipal Water Shortages

Eleven of the 14 counties in the region are projected to experience water shortages in the municipal water
use category for one or more decades within the planning horizon. Impactestivese made for the

two subtypes of use within municipal use: residential, aneresidential. The latter includes commercial

and institutional users. Consumer surplus measures were made for both residential and nonresidential
demands. In addition, aVable data for the neresidential, wateintensive portion of municipal demand
allowed use of IMPLAN and TWDB Water Use Survey data to estimate income loss, jobs, and taxes.
Trucking cost estimates, calculated for shortages exceeding 80 percent, asfxetedost of $20,000

per acrefoot to transport water for municipal use. The estimated impacts to this water use category
appear in Table-3.

Table 3-4 Impacts of Water Shortages on Municipal Water Users in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $1 $152 $175 $376 | $1,135| $2,325
Job losses 21 2,634 3,074 6,604 | 19,795| 40,435
Tax losses on production and $0 $12 $14 $30 $92 $187
imports* ($ millions)*

Consumer surplus losses $1 $51 $105 | $194 $347
($ millions)*

Trucking costs ($ millions)* - $3 $4 $4 $2 $6
Utility revenue losses $23 $84 $138 $205 | $339 $592
($ millions)*

Utility tax revenue losses $0 $1 $2 $3 $6 $10
($ millions)*

! Estimates apply to the waténtensive portion of norresidential municipal water use.

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by azero ($0) indicate income losses less than $500,000.

3.5 Impacts of Manufacturing Water Shortages

Manufacturing water shortages in the region are projected to occur in 3 of the 14 counties in the region
for at least one decade of the planning horizon. Estimated impacts to this water use category appear in
Table3-5.

Table 3-5 Impacts of Water Shortages on Manufacturing in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $35 $35 $70 $88 $106 $126
Job losses 390 575 788 985 1,165 1,365
Tax losses on production and $4 $6 $8 $10 $13 $16
imports ($ millions)*

* Year 2013 dollars, rounded. Entries denoted by a daghrndicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.6 Impacts ofMining Water Shortages

Mining water shortages in the region are projected to occur in 4 of the 14 counties in the region for at
least one decade of the planning horizon. Estimated impacts to this water use type appeari6.Table 3
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Table 3-6 Impacts of Water Shortages on Mining in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $1,403 | $1,236 $872 $485 | $299 $342
Job losses 8,128 7,414 5371 | 3,196 | 2,187 | 2,508
Tax losses on production and $230 $197 $136 $71 $39 $44

imports ($ millions)*

* Year 2013 dollars, rounded. Entries denoted by a daghndicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.7 Impacts of StearrElectric Water Shortages

Stearmelectric wateshortages in the region are projected to occur in 4 of the 14 counties in the region for
at least one decade of the planning horizon. Estimated impacts to this water use category appear in Table

3-7.

Note that estimated economic impacts to stetantricwater users:

1
T

Are reflected as an income loss proxy in the form of the estimated additional purchasing costs for
power from the electrical grid that could not be generated due to a shortage;

Do not include estimates of impacts on jobs. Because of thesuodonditions of power

generators during drought conditions and lack of relevant data, it was assumed that the industry
would retain, perhaps relocating or repurposing, their existing staff in order to manage their
ongoing operations through a severe drough

Does not presume a decline in tax collections. Associated tax collections, in fact, would likely
increase under drought conditions since, historically, the demand for electricity increases during
times of drought, thereby increasing taxes collectedvermtlditional sales of power.

Table 37 Impacts of Water Shortages on Stearilectric Power in Region
Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $63 $66 $66 $98 $392 $736

* Year 2013 dollars, rounded. Entries denoted bgash €) indicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.8 Regional Social Impacts

Projected changes in population, based upon several factors (household size, population, and job loss
estimates)as well as the accompanying change in school enroliment, were also estimated and are
summarized in Table-8.

Table 3-8 Regionwide Social Impacts of Water Shortages in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Consumer surplus losses $1 $29 $51 $105 $194 $347
($ millions)*

Population losses 1,813 2,181 1,912 2,184 4,441 8,314
School enrollment losses 335 403 354 404 822 1,538

* Year 2013 dollars, rounded. Entries denoted by a dash
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Appendix - County Level Summary of Estimated Economic Impacts for Region K

County level summary of estimated economic impacts of not meeting identified water needs by water use category and20é&8adddis,
rounded). Values presented only for counties with projected economic impacts for at least one decade.

* Entries denoted by a dash)(indicate no economic impact. Entries denoted by a zero ($0) indicate income losses less than $500,000

Income Losses (Millions $)* Job Losses Consumer Surplus (Millions $)*

County Water 2020 | 2030 | 2040 | 2050 2060 2070 2020 2030 2040 2050 2060 2070 | 2020 | 2030 | 2040 | 2050 | 2060 2070

Use

Category
Hays Mining 3 4 6 6 $7 $8 29 42 57 62 74 87 - - - - - -
Hays Municipal - - - 44 $214 | $557 - - - 771 3,705 9,655 - $0 $1 $7 $22 $52
Hays
Total $3 $4 $6 $50 $221 $565 29 42 57 833 3,779 9,741 - $0 $1 $7 $22 $52
Travis Municipal - $149 | $173 | $256 | $469 $702 - 2,589 3,041 4,531 8,242 | 12,299| $0 $27 | $44 $83 $126 | $170
Travis Steam

Electric

Power - - - $32 $325 $668 - - - - - - - - - - - -
Travis
Total - $149 | $173 | $288 | $794 | $1,370 - 2,589 3,041 4,531 8,242 | 12,299| $0 $27 | $44 $83 $126 | $170
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Executive Summary

Evaluating the social and economic impacts of not meeting identified water needs is a required part of the
regional water planningrocess. The Texas Water Development Board (TWDB) estimates those impacts
for regional water planning groups, and summarizes the impacts in the state water plan. The analysis
presented is for the Region L Regional Water Planning Group.

Based on projecteglater demands and existing water supplies, the Region L planning group identified
water needs (potential shortages) that would occur within its region under a repeat of the drought of
record for six water use categories. The TWDB then estimated the sowogic impacts of those

needs$ if they are not mét for each water use category and as an aggregate for the region.

The analysis was performed using an economic modeling software package, IMPLAN (Impact for
Planning Analysis), as well as other econoamalysis techniques, and represents a snapshot of
socioeconomic impacts that may occur during a single year during a drought of record within each of the
planning decades. For each water use category, the evaluation focused on estimating income losses and
job losses. The income losses represent an approximation of gross domestic product (GDP) that would be
foregone if water needs are not met.

The analysis also provides estimates of financial transfer impacts, which include tax losses (state, local,
and utlity tax collections); water trucking costs; and utility revenue losses. In addition, social impacts
were estimated, encompassing lost consumer surplus (a welfare economics measure of consumer
wellbeing); as well as population and school enrollment losses.

It is estimated that not meeting the identified water needs in Region L would result in an annually
combined lost income impact of approximately $62 million in 2020, increasing to $71 million in 2070
(Table ES1). In 2020, the region would lose approxteiga 1,400 jobs, and by 2070 job losses would
increase to approximately 1,600.

All impact estimates are in year 2013 dollars and were calculated using a variety of data sources and tools

including the use of a regiespecific IMPLAN model, data from theWDB annual water use estimates,
the U.S. Census Bureau, Texas Agricultural Statistics Service, and Texas Municipal League.
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Table ES1: Region L Socioeconomic Impact Summary

Regional Economic Impacts 2020 2030 2040 2050 2060 2070
Income losses ($nillions)* $1,990| $2,928| $3,320| $3,841| $4,633| $5,911
Job losses 18,277| 20,809| 23,550| 25,559| 30,450/ 50,102
Financial Transfer Impacts 2020 2030 2040 2050 2060 2070
Tax losses on production and

imports ($ millions)* $175 $187 $193 $182 | $192 $290
Water trucking costs

Utility revenue losses

($ millions)* $210 $304 $418 $537 | $625 $809
Utility tax revenue losses

Social Impacts 2020 2030 2040 2050 2060 2070
Consumer surpluslosses

($ millions)* $29 $58 $108 $171 | $264 $403
Population losses 3,356 3,821 4,324 | 4,693 | 5,591 9,199
School enroliment losses 621 707 800 868 1.034 1,702

* Year 2013 dollars, roundecEntries denoted by a dash)(indicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.
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1 Introduction

Water shortages during a repeat of the drought of record would likely curtail or eliminate certain

economic activity in businesses and industries that rely heavily on. Wegtefficient water supplies could

not only have an immediate and real impact on existing businesses and industry, but they could also
adversely and chronically affect economic development in Texas. From a social perspective, water supply
reliability is critical as well. Shortages could disrupt activity in homes, schools and government and could
adversely affect public health and safety. For these reasons, it is important to evaluate and understand
how water supply shortages during drought could impanhuenities throughout the state.

Administrative rules (31 Texas Administrative Code §357.33 (c)) require that regional water planning

groups evaluate the social and economic impacts of not meeting water needs as part of the regional water
planning processind rules direct the TWDB staff to provide technical assistance upon request. Staff of

the TWDBO6s Water Us e, Projections, & Pl anning Div
support of the Region L Regional Water Planning Group.

This document sumarizes the results of the analysis and discusses the methodology used to generate the
results. Section 1 summarizes the water needs calculation performed by the TWDB based on the regional
water planning group6s dat a.rth&Simmgatctiasseasméntadde scr i bes
discusses approaches and assumptions specific to each water use category (i.e., irrigation, livestock,
mining, stearrelectric, municipal and manufacturing). Section 3 presents the results for each water use
category with resultsummarized for the region as a whdlbe ppendix presents details on the

socioeconomic impacts by county.

3.1 Identified Regional Water Needs (Potential Shortages)

As part of the regional water planning process, the TWDB adopted water demand projectach

water user group (WUG) with input from the planning groups. WUGs are composed of cities, utilities,
combined rural areas (designated as cootiter), and the countyide water use of irrigation, livestock,
manufacturing, mining and steastectricpower. The demands are then compared to the existing water
supplies of each WUG to determine potential shortages, or needs, by decade. Existing water supplies are
legally and physically accessible for immediate use in the event of drought. Projectedenatads and
existing supplies are compared to identify either a surplus or a need for each WUG.

Tablel summari zes the regionbs identified water nee
Demand management, such as conservation, or tledogenent of new infrastructure to increase supplies

are water management strategies that may be recommended by the planning group to meet those needs.

This analysis assumes that no strategies are implemented, and that the identified needs correspond to

future water shortages. Note that projected water needs generally increase over time, primarily due to
anticipated population and economic growth. To provide a general sense of proportion, total projected

needs as an overall percentage of total demand &y wse category are presented in aggregate in Table

1-1. Projected needs for individual water user groups within the aggregate vary greatly, and may reach

100% for a given WUG and water use category. Detailed water needs by WUG and county appear in

Chapterd of the 2016 Region L Regional Water Plan.
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Table 1-1 Regional Water Needs Summary by Water Use Category

Water Use Category

2020

2030 |

2040 |

2050

2060

2070

Irrigation

Water Needs
(acrefeet per
year)

105,799

$97,325

$89,057

$81,302

$73,968

$67,383

% of the
categor
total water
demand

31%

Livestock

Water Needs
(acrefeet per
year)

% of the
categor
total water
demand

Manufacturing

Water Needs
(acrefeet per
year)

6,616

$10,213

$13,778

$19,265

$29,210

$40,376

% of the
categor
total water
demand

5%

8%

9%

12%

17%

23%

Mining

Water Needs
(acrefeet per
year)

10,822

$10,481

$8,694

$5,147

$2,073

$666

% of the
categor
total water
demand

22%

Municipal

Water Needs
(acrefeet per
year)

86,856

124,059

$168,754

$215,946

$268,513

$322,831

% of the
categor
total water
demand

19%

24%

29%

34%

39%

43%

Steam-electric
power

Water Needs
(acrefeet per
year)

4,506

29,778

37,178

53,599

70,696

70,696

% of the
categor
total water
demand

8%

33%

37%

44%

48%

46%

Total water needs (acfeet per

year)

3,857

214,599

271,856

317,461

375,259

444,460

4 Economic Impact Assessment Methodology Summary
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This portion of the report provides a summary of the methodology used to estimate the potential
economidmpacts of future water shortages. The general approach employed in the analysis was to obtain
estimates for income and job losses on the smallest geographic level that the available data would
support, tie those values to their accompanying historic wateestimate (volume), and thereby

determine a maximum impact per afoet of shortage for each of the socioeconomic measures. The
calculations of economic impacts were based on the overall composition of the economy using many
underl ying ecomolBiectmsesctiam this analysis refer to
sectors of the economy designated within IMPLAN (Impact for Planning Analysis), the economic impact
modeling software used for this assessment. Economic impacts withiagbis are estimated for
approximately 310 of those sectors, with the focus on the more water intense production sectors. The
economic impacts for a single water use category consist of an aggregation of impacts to multiple related
economic sectors.

2.1 Impact Assessment Measures
A required component of the regional and state water plans is to estimate the potential economic impacts
of shortages due to a drought of record. Consistent with previous water plans, several key variables were

estimated and amescribed in Table-2.

Table 2-1 Socioeconomic Impact Analysis Measures

Regional Economic Impacts Description

Income losses value added The value of output less the value of intermediate consumption; i
measure of the contribution to GDP mdyean individual producer,
industry, sector, or group of sectors within a year. For a shortage
value added is a measure of the income losses to the region, col
or WUG and includes the direct, indirect and induced monetary
impacts on the region.

Income losses electrical Proxy for income loss in the form of additional costs of power as

power purchase costs

result of impacts of water shortages.

Job losses

Number of partime and fulitime jobs lost due to the shortage.

Financial Transfer Impacts

Description

Tax losses on production and
imports

Sales and excise taxes (not collected due to the shortage), custo
duties, property taxes, motor vehicle licenses, severance taxes, ¢
taxes, and special assessments less subsidies.

Water trucking costs

Estimate for shipping potable water.

Utility revenue losses

Foregone utility income due to not selling as much water.

Social Impacts

Description

Description

A welfare measure of the lost value to consumers accompanying
water use.

Population losses

A welfare measure of the lost value to consumers accompanying
water use.

School enrollment losses

School enrollment losses {K2) accompanying job losses.

2.1.1 Regional Economic Impacts

Two key measures were included within the regionahemic impacts classification: income losses and
job losses. Income losses presented consist of the sum of value added losses and additional purchase costs

of electrical power. Job losses are also presented as a primary economic impact measure.
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IncomelLosses Value Added Losses

Value added is the value of total output less the value of the intermediate inputs also used in production of
the final product. Value added is similar to Gross Domestic Product (GDP), a familiar measure of the
productivity ofan economy. The loss of value added due to water shortages was estimated by input

output analysis using the IMPLAN software package, and includes the direct, indirect, and induced
monetary impacts on the region.

Income Losses Electric Power Purchase Cts

The electrical power grid and market within the state is a complex interconnected system. The industry
response to water shortages, and the resulting impact on the region, are not easily modeled using
traditional input/output impact analysis and thePIMAN model. Adverse impacts on the region will

occur, and were represented in this analysis by the additional costs associated with power purchases from
other generating plants within the region or state. Consequently, the analysis employed additianal powe
purchase costs as a proxy for the value added impacts for that water use category, and these are included
as a portion of the overall income impact for completeness.

For the purpose of this analysis, it was assumed that power companies with insuititeenwill be

forced to purchase power on the electrical market at a projected higher rate of 5.60 cents per kilowatt
hour. This rate is based upon the averageati®ad market purchase price of electricity in Texas from the
recent drought period in 2011.

Job Losses

The number of jobs lost due to the economic impact was estimated using IMPLAN output associated with
the water use categories noted in Table Because of the difficulty in predicting outcomes and a lack of
relevant data, job loss estimatesre not calculated for the steagiectric power production or for certain
municipal water use categories.

2.1.2 Financial Transfer Impacts

Several of the impact measures estimated within the analysis are presented as supplemental information,
providingadditional detail concerning potential impacts on apsottion of the economy or government.
Measures included in this category include lost tax collections (on production and imports), trucking costs
for imported water, declines in utility revenues, aedlines in utility tax revenue collected by the state.

Many of these measures are not solely adverse, with some having both positive and negative impacts. For
example, cities and residents would suffer if forced to pay large costs for trucking in pattdile

Trucking firms, conversely, would benefit from the transaction. Additional detail for each of these
measures follows.

Tax Losses on Production and Imports

Reduced production of goods and services accompanying water shortages adversely impacts the
collection of taxes by state and local government. The regional IMPLAN model was used to estimate
reduced tax collections associated with the reduced output in the economy.

Water Trucking Costs

In instances where water shortages for a municipal wagergusup were estimated to be 80 percent or
more of water demands, it was assumed that water would be trucked in to support basic consumption and
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sanitation needs. For water shortages of 80 percent or greater, a fixed cost of $20,006f@atr @fcre

waterwas calculated and presented as an economic cost. This water trucking cost was applied for both the
residential and noeresidential portions of municipal water needs and only impacted a small number of
WUGs statewide.

Utility Revenue Losses

Lost utility income was calculated as the price of water service multiplied by the quantity of water not
sold during a drought shortage. Such estimates resulted frospeityfic pricing data for both water and
wastewater. These water rates were applied to the @bteater shortage to determine estimates of lost
utility revenue as water providers sold less water during the drought due to restricted supplies.

Utility Tax Losses

Foregone utility tax losses included estimates of uncollected miscellaneous grgss tages. Reduced
water sales reduce the amount of utility tax that would be collected by the State of Texas for water and
wastewater service sales.

2.1.3 Social Impacts
Consumer Surplus Losses of Municipal Water Users

Consumer surplus loss is a measaf impact to the wellbeing of municipal water users when their water

use is restricted. Consumer surplus is the difference between how much a consumer is willing and able to

pay for the commodity (i.e., water) and how much they actually have to padifference is a benefit to

the consumerdés well being since they do not have t
willing to pay. However, consumer 6s access to tha
surplus loss is an estimatetoh e equi val ent monetary value of the
wellbeing, for example, associated with a diminished quality of their landscape (i.e., outdoor use). Lost
consumer surplus estimates for reduced outdoor and indoor use, as wetleastisg¢gind

commercial/institutional demands, were included in this analysis. Consumer surplus is an attempt to

measure effects on wellbeing by monetizing those effects; therefore, these values should not be added to

the other monetary impacts estimatedthia analysis.

Lost consumer surplus estimates varied widely by location and type. For a 50 percent shortage, the
estimated statewide consumer surplus values ranged from $55 to $2,500 per household (residential use),
and from $270 to $17,400 per firm (rogsidential).

Population and School Enroliment Losses

Population losses due to water shortages, as well as the related loss of school enrollment, were based
upon the job loss estimates and upon a recent study of job layoffs and the resulting adpigtraent

labor market, including the change in populafidie study utilized Bureau of Labor Statistics data
regarding layoffs between 1996 and 2013, as well as Internal Revenue Service data regarding migration,
to model an estimate of the change in thpytation as the result of a job layoff event. Layoffs impact

both outmigration, as well as #migration into an area, both of which can negatively affect the

population of an area. In addition, the study found that a majority of those who did moverfgliowi

layoff moved to another labor market rather than an adjacent county. Based on this study, a simplified

Foote, Andre, Grosz, Mi chel , Maselbaywffsand Lodahlabor Matket c at e Yo u
Response fAUniversity of Cal i f dnceton.edy/uplDaals/160494 Apr i | 2015.
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ratio of job and net population losses was calculated for the state as a whole: for every 100 jobs lost, 18
people were assumed to move out of tleaaSchool enroliment losses were estimated as a proportion of
the population lost.

2.2 Analysis Context

The context of the economic impact analysis involves situations where there are physical shortages of
surface or groundwater due to drought of rdamnditions. Anticipated shortages may be nonexistent in
earlier decades of the planning horizon, yet population growth or greater industrial, agricultural or other
sector demands in later decades may result in greater overall demand, exceedingripesepjdtes.
Estimated socioeconomic impacts measure what would happen if water user groups experience water
shortages for a period of one year. Actual socioeconomic impacts would likely become larger as drought
of record conditions persist for periods @pex than a single year.

2.2.1 IMPLAN Model and Data

Input-Output analysis using the IMPLAN (Impact for Planning Analysis) software package was the

primary means of estimating value added, jobs, and taxes. This analysis employed county and regional
level models to determine key impacts. IMPLAN is an economic impact model, originally developed by
the U. S. Forestry Service in the 19706s to model
model is currently maintained by the Minnesota IMPLAN Grddp3 Inc.) which collects and sells

county and state specific data and software. The year 2011 version of IMPLAN, employing data for all

254 Texas counties, was used to provide estimates of value added, jobs, and taxes on production for the
economic sectorassociated with the water user groups examined in the study. IMPLAN uses 440 sector
specific Industry Codes, and those that rely on water as a primary input were assigned to their relevant
planning water user categories (manufacturing, mining, irrigagiar), Estimates of value added for a

water use category were obtained by summing value added estimates across the relevant IMPLAN sectors
associated with that water use category. Similar calculations were performed for the job and tax losses on
production and import impact estimates. Note that the value added estimates, as well as the job and tax
estimates from PLAN, include three components:

Direct effectgepresenting the initial change in the industry analyzed;

Indirect effectghat are changes inter-industry transactions as supplying industries respond to
reduced demands from the directly affected industries; and,

1 Induced effectthat reflect changes in local spending that result from reduced household income
among employees in the directly andirectly affected industry sectors.

)l
)l

2.2.2 Elasticity of Economic Impacts

The economic impact of a water need is based on the relative size of the water need to the water demand
for each water user group (Figurd Smaller water shortages, for exampéss than 5 percent, were
anticipated to result in no initial negative economic impact because water users are assumed to have a
certain amount of flexibility in dealing with small shortages. As a water shortage deepens, however, such
flexibility lessers and results in actual and increasing economic losses, eventually reaching a
representative maximum impact estimate per unit volume of water. To account for such ability to adjust,
an elasticity adjustment function was used in estimating impacts foake¥éihe measures. Figurel2
illustrates the general relationship for the adjustment functions. Negative impacts are assumed to begin
accruing when the shortage percentage reaches the lower bound b1 (10 percent in1jguitd 2

impacts then increagininearly up to the 100 percent impact level (per unit volume) once the upper

bound for adjustment reaches the b2 level shortage (50 percent in Fijesaple).
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Initially, the combined total value of the three value added components (direct, iraleatduced) was
calculated and then converted into a per-&moé economic value based on historical TWDB water use
estimates within each particular water use category. As an example, if the total, annual value added for
livestock in the region was $gillion and the reported annual volume of water used in that industry was
10,000 acrédeet, the estimated economic value per doot of water shortage would be $200 per acre

foot. Negative economic impacts of shortages were then estimated using thiav#te maximum

impact estimate ($200 per adot in the example) applied to the anticipated shortage volume in acre
feet and adjusted by the economic impact elasticity function. This adjustment varied with the severity as
percentage of water demandtloé anticipated shortage. If one employed the sample elasticity function
shown in Figure A, a 30% shortage in the water use category would imply an economic impact estimate
of 50% of the original $200 per aefeot impact value (i.e., $100 per adoot).

Such adjustments were not required in estimating consumer surplus, nor for the estimates of utility

revenue losses or utility tax losses. Estimates of lost consumer surplus reliedspecitic demand

curves with the specific lost consumer surplstingate calculated based on the relative percentage of the
citybébs water shortage. Estimated changes in popul
indirectly related to the elasticity of job losses.

Assumed values for the bounds b1l and b&dawith water use category under examination and are
presented in Table-2.

Figure2-1 Exampl e Economic | mpact Elasticity Function
shortage)

o ;

B0% [

70% {

605 |

1 [ |

20% | |

30% |

208 |

10% '
0%

% Economic Impact per unit
volume of shortage

0%  10% 20% 30% 0% S0%  60% TO%  EO%  S0%  100%
b1 h2

Shortage as percent of normal water demand

Table 2-2 Economic Impact Elasticity Function Lower and Upper Bounds

Water Use Category Lower Bound (b1) Upper Bound (b2)
Irrigation 5% 50%
Livestock 5% 10%
Manufacturing 10% 50%
Mining 10% 50%
Municipal (non-residential 50% 80%
water intensive)

Steamelectric power 20% 70%
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2.3 Analysis Assumptions and.imitations

Modeling of complex systems requires making assumptions and accepting limitations. This is particularly
true when attempting to estimate a wide variety of economic impacts over a large geographic area and
into future decades. Some of the kegamptions and limitations of the methodology include:

1. The foundation for estimating socioeconomic impacts of water shortages resulting from a drought are
the water needs (potential shortages) that were identified as part of the regional wateg plateiss.

These needs have some uncertainty associated with them, but serve as a reasonable basis for evaluating
potential economic impacts of a drought of record event.

2. All estimated socioeconomic impacts are snapshot estimates of impacts fon yeachiwater needs

were identified (i.e., 2020, 2030, 2040, 2050, 2060, and 2070). The estimates are independent and distinct
ifiwhat iifo scenarios for each particular year, and
resulting from severe drougbonditions. The evaluation assumed that no recommended water

management strategies are implemented. In other words, growth occurs, future shocks are imposed on an
economy at 1{§ear intervals, and the resulting impacts are estimated. Note that thaes{msented

were not cumulative (i.e., summing up expected impacts from today up to the decade noted), but were

simply an estimate of the magnitude of annual socioeconomic impacts should a drought of record occur in
each particular decade based on goditeid supplies and demands for that same decade.

3. Inputoutput models such as IMPLAN rely on a static profile of the structure of the economy as it
appears today. This presumes that the relative contributions of all sectors of the economy would remain
the same, regardless of changes in technology, supplies of limited resources, and other structural changes
to the economy that may occur into the future. This was a significant assumption and simplification
considering the 5§ear time period examined inishanalysis. To presume an alternative future economic
makeup, however, would entail positing many other major assumptions that would very likely generate as
much or more error.

4. This analysis is not a cesenefit analysis. That approach to evaluativgeconomic feasibility of a
specific policy or project employs discounting future benefits and costs to their present value dollars
using some assumed discount rate. The methodology employed in this effort to estimate the economic
impacts of future wateshortages did not use any discounting procedures to weigh future costs differently
through time.

5. Monetary figures are reported in constant year 2013 dollars.

6. Impacts are annual estimates. The estimated economic model does not reflecetbentudf impacts
that might occur as a result of persistent water shortages occurring over an extended duration. The
drought of record in most regions of Texas lasted several years.

7. Value added estimates are the primary estimate of the economicdmwghat this report. One may be
tempted to add consumer surplus impacts to obtain an estimate of total adverse economic impacts to the
region, but the consumer surplus measure represents the change to the wellbeing of households (and other
water users), @t an actual change in the flow of dollars through the economy. The two categories (value
added and consumer surplus) are both valid impacts but should not be summed.

8. The value added, jobs, and taxes on production and import impacts include thendirect,and

induced effects described in Section 2.2.1. Population and school enrollment losses also indirectly include
such effects as they are based on the associated losses in employment. The remaining measures
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(consumer surplus, utility revenue, ifjiltaxes, additional electrical power purchase costs, and potable
water trucking costs), however, do not include any induced or indirect effects.

9. The majority of impacts estimated in this analysis may be considered smaller than those that might

occurunder drought of record conditions. Inpuut put model s such as | MPLAN o
l inkageso on suppliers (including households that
is a common limitation in these types of economic ichpaodeling efforts, it is important to note that

iforward I inkagesd on the industries that wuse the

very important. A good example is impacts on livestock operators. Livestock producers tend to suffer
substantially during droughts, not because there is not enough water for their stock, but because
reductions in available pasture and higher prices for purchased hay have significant economic effects on
their operations. Food processors could be in dagisituation if they cannot get the grains or other

inputs that they need. These effects are not captured in IMPLAN, which is one reason why the impact
estimates are likely conservative.

10. The methodology did not ioms prithe seeondaryg impattdtiay er 0 e
occur outside of the region where the water shortage is projected to occur.

11. The model did not reflect dynamic economic responses to water shortages as they might occur, nor
does the model reflect economic impadsaxiated with a recovery from a drought of record including:

i. The likely significant economic rebound to the landscaping industry immediately following a
drought;

j.  The cost and years to rebuild liquidated livestock herds (a major capital item in thatyindus

k. Direct impacts on recreational sectors (i.e., stranded docks and reduced tourism); or,

. Il mpacts of negative publicity on Texasd ability
was not able to provide adequate water supplies for tisérexieconomy.

12. Estimates for job losses and the associated population and school enroliment changes may exceed
what would actually occur. In practice, firms may be hesitant to lay off employees, even in difficult
economic times. Estimates of populat@and school enrollment changes are based on regional evaluations
and therefore do not accurately reflect what might occur on a statewide basis.

13. The results must be interpreted carefully. It is the general and relative magnitudes of impacts as well
as the changes of these impacts over time that should be the focus rather than the absolute numbers.
Analyses of this type are much better at predicting relative percent differences brought about by a shock
to a complex system (i.e., a water shortage) thaiprecise size of an impact. To illustrate, assuming that
the estimated economic impacts of a drought of record on the manufacturing and mining water user
categories are $2 and $1 million, respectively, one should be more confident that the econartécoimpa
manufacturing are twice as large as those on mining and that these impacts will likely be in the millions
of dollars. But one should have less confidence that the actual total economic impact experienced would
be $3 million.

3 Analysis Results
This section presents a breakdown of the results of the regional analysis for Region L. Projected

economic impacts for six water use categories (irrigation, livestock. municipal, manufacturing, mining,
and steanelectric power) are also reported by decade.
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3.1 Overview of the Regional Economy

Table 31 presents the 2011 economic baseline as represented by the IMPLAN model and adjusted to
2013 dollars for Region L. In year 2011, Region L generated about $119 billion in gross state product
associated with.4 million jobs based on the 2011 IMPLAN data. These values represent an
approximation of the current regional economy for a reference point.

Table 31 Region L Economy

Income ($ millions)* Jobs Taxes on production and
imports ($ millions)*
$118,558 1,421,846 $8,686

YYear 2013 dollars based on 2011 IMPLAN model value added estimates for the region.

The remainder of Section 3 presents estimates of potential economic impacts for each water use category
that could reasonably be expected in the evewatér shortages associated with a drought of record and
if no recommended water management strategies were implemented.

3.2 Impacts for Irrigation Water Shortages

Eight of the 21 counties in the region are projected to experience water shortagésigatbd

agriculture water use category for one or more decades within the planning horizon. Estimated impacts to
this water use category appear in Tabl 8lote that tax collection impacts were not estimated for this
water use category. IMPLAN data indtes a negative tax impact (i.e., increased tax collections) for the
associated production sectors, primarily due to past subsidies from the federal government. Two factors
led to excluding any reported tax impacts: 1) Federal support (subsidies)seaetegreatly since the

year 2011 IMPLAN data was collected, and 2) It was not considered realistic to report increasing tax
revenue collections for a drought of record.

Table 32 Impacts of Water Shortages on Irrigation in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $32 $28 $25 $22 $19 $16
Job losses 1,377 1,233 1,091 950 814 701

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by a zero ($0) indicate incohesses less than $500,000.

3.3 Impacts for Livestock Water Shortages

None of the 21 counties in the region are projected to experience water shortages in the livestock water
use category for one or more decades within the planning horizon. Estimatetsitoghis water use
category appear in Table33 Note that tax impacts are not reported for this water use category for similar
reasons that apply to the irrigation water use category described above.

Table 3-3 Impacts of Water Shortages on Livestockn Region

Impact Measures 2020 2030 2040 2050 2060 2070

Income losses ($ millions)* - - - - - -

Job losses - - - - - -

* Year 2013 dollars, rounded. Entries denoted by a daghndicate no economic impact. Entries
denoted by a zero ($0) indicaitecome losses less than $500,000
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3.4 Impacts for Municipal Water Shortages

Seventeen of the 21 counties in the region are projected to experience water shortages in the municipal
water use category for one or more decades within the planning horigmactlestimates were made for

the two subtypes of use within municipal use: residential, andewdential. The latter includes

commercial and institutional users. Consumer surplus measures were made for both residential and
nonresidential demands. Indition, available data for the n@esidential, watemtensive portion of

municipal demand allowed use of IMPLAN and TWDB Water Use Survey data to estimate income loss,
jobs, and taxes. Trucking cost estimates, calculated for shortages exceeding &) qsvgered a fixed

cost of $20,000 per acfeot to transport water for municipal use. The estimated impacts to this water use
category appear in Table43

Table 3-4 Impacts of Water Shortages on Municipal Water Users in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $178 $243 $340 $450 | $658 | $1,600
Job losses 3,225 4,407 6,169 | 8,163 | 11,931 | 28,863
Tax losses on production and

Consumer surplus losses

($ millions)* $29 $58 $108 $171 | $264 $403
Trucking costs ($ millions)* $0 $0 $0 $1 $1 $3
Utility revenue losses

($ millions)* $210 $304 $418 $537 | $625 $809
Utility tax revenue losses

($ millions)* $4 $6 $8 $10 $12 $15

! Estimates apply to the waténtensive portion of norresidential municipal water use.

* Year 2013 dollars, rounded. Entries denoted by a daghrdicate no economic impact. Entries
denoted by azero ($0) indicate income losses less than $500,000.

3.5 Impacts of Manufacturing Water Shortages

Manufacturing water shortages in the region are projected to occur in 6 of the 21 counties in the region
for at least one decade of the planning horizon. Estimated impacts to this water use category appear in
Table3-5.

Table 3-5 Impacts of Water Shortages on Manufacturing in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $724 $889 $1,123 | $1,367 | $1,709| $2,176
Job losses 8,455 10,113 | 12,091 | 14,005| 16,702 | 20,267
Tax losses on production and

imports ($ millions)* $44 $55 $71 $89 $113 $148

* Year 2013 dollars, rounded. Entries denoted by a daghrndicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.6 Impactsof Mining Water Shortages

Mining water shortages in the region are projected to occur in 4 of the 21 counties in the region for at
least one decade of the planning horizon. Estimated impacts to this water use type appeari6.Table 3
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Table 3-6 Impacts of Water Shortages on Mining in Region

Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $925 $895 $743 $432 | $177 $48
Job losses 5,220 5,055 4,199 | 2,441 | 1,002 272
Tax losses on production and

imports ($ millions)* $114 $110 $92 $53 $22 $6

* Year 2013 dollars, rounded. Entries denoted by a daghndicate no economic impact. Entries

denoted by a zero ($0) indicate income losses less than $500,000.

3.7 Impacts of StearrElectric Water Shortages

Stearmelectric wateshortages in the region are projected to occur in 1 of the 21 counties in the region for
at least one decade of the planning horizon. Estimated impacts to this water use category appear in Table

3-7.

Note that estimated economic impacts to stetantricwater users:

1
T

Are reflected as an income loss proxy in the form of the estimated additional purchasing costs for
power from the electrical grid that could not be generated due to a shortage;

Do not include estimates of impacts on jobs. Because of thesuodonditions of power

generators during drought conditions and lack of relevant data, it was assumed that the industry
would retain, perhaps relocating or repurposing, their existing staff in order to manage their
ongoing operations through a severe drough

Does not presume a decline in tax collections. Associated tax collections, in fact, would likely
increase under drought conditions since, historically, the demand for electricity increases during
times of drought, thereby increasing taxes collectedvermtlditional sales of power.

Table 37 Impacts of Water Shortages on Stearilectric Power in Region
Impact Measures 2020 2030 2040 2050 2060 2070
Income losses ($ millions)* $132 $872 $1,089 | $1,570| $2,070| $2,070

* Year 2013 dollars, rounded. Entriedenoted by a dash)(indicate no economic impact. Entries
denoted by a zero ($0) indicate income losses less than $500,000.

3.8 Regional Social Impacts

Projected changes in population, based upon several factors (household size, population, and job loss
estimates), as well as the accompanying change in school enrollment, were also estimated and are
summarized in Table-8.

Table 3-8 Regionwide Social Impacts of Water Shortages in Region

Impact Measures 2020 2030 2040 2050 2060 2070

Consumer surplus losses

($ millions)* $29 $58 $108 $171 $264 $403

Population losses 3,356 3,821 4,324 4,693 5,591 9,199
School enroliment losses 621 $707 $800 $868 $1,034 | $1,702

* Year 2013 dollars, rounded. Entries denoted by a dash
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Appendix - County Level Summary of Estimated Economic Impacts for Region L

County level summary of estimated economic impacts of not meeting identified water needs by water use category &nd decade
2013 dollars, rounded). Values presented only for counties with projected economic impacts for at least one decade.

* Entries denoted by a dash)(indicate no economic impact. Entries denoted by a zero ($0) indicate income losses less than $500,000

Income Losses (Millions $)* Job Losses Consumer Surplus (Millions $)*
County Water Use 2020 | 2030 | 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070 2020 | 2030 | 2040 | 2050 | 2060 | 2070
Category
Bexar Irrigation $2 $1 $1 $1 $1 $1 72 61 51 42 34 27 -
Bexar Manufacturing - - - - - $6 - - - - - 60 - - - - - -
Bexar Municipal $23 $34 $44 $56 $68 $476 422 613 799 1,015 1,231 8,631 $15 | $34 | $68 | $107 | $158 | $216
gg)tglr $25 $35 $45 $57 $69 $483 493 674 849 1,057 1,265 8,718 $15 | $34 | $68 | $107 | $158 | $216
Caldwell Municipal $0 $0 $0 $1 $4 $36 5 7 8 9 70 658 $0 $0 $0 $1 $2 $5
Total
Caldwell $0 $0 $0 $1 $4 $36 5 7 8 9 70 658 $0 $0 $0 $1 $2 $5
Comal Manufacturing| $4 $3 $3 $3 $3 $2 96 84 76 70 64 59 -
Comal Municipal $710 832 950 1,052 | 1,195 | 1,350 | 8,327 | 9,757 | 11,149 | 12,341 | 14,017 | 15,834 -
gc())rtr?elll - - - - $61 $161 - - - - 1,110 2,914 $1 $4 $10 $20 $32 $49
Guadalupe| Manufacturing| $710 | $832 | $950 | $1,052 | $1,256 | $1,510| 8,327 | 9,757 | 11,149 | 12,341 | 15,127 | 18,748 | $1 $4 $10 | $20 $32 $49
Guadalupe|  Municipal - - - - 2 16 - - - - 28 219 - - -
Total
Guadalupe - - $42 $92 $148 $243 - - 761 1,666 2,687 4,415 $0 $4 $10 $17 $30 $49
Hays Manufacturing| $14 $16 $18 $20 $21 $23 129 146 165 182 198 214 - - - - - -
Hays Municipal $1 $1 $2 $3 $30 $292 20 27 35 46 542 5,148 0 1 $2 $4 $18 $57
L(;tisl $15 $17 $20 $22 $51 $316 149 173 201 228 740 5,363 $0 $1 $2 $4 $18 $57
Medina Irrigation $11 $10 $10 $9 $7 $6 524 485 447 399 346 301 - - - - - -
Medina Municipal - - - $0 $2 $3 - - - 1 29 60 $0 $0 $0 $0 $0 $1
MT;c;ﬁ:a $11 $10 $10 $9 $9 $10 524 485 447 399 375 361 $0 $0 $0 $0 $0 $1
Uvalde Irrigation $9 $8 $7 $6 $5 $4 453 399 344 297 255 221 - - - - - -
Uvalde Municipal - - - - - - - - - - - - $0 $0 $0 $0 $0 $0
ootal $0 | s8 | $7 | $6 | $5 | $4 | 453 | 300 | 344 | 207 | 255 | 221 | $0 | $0 | $0 | $0 | S0 | $0
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RESPONSES TO PUBLIC COMMENTS ONPROPOSED DFCs
Received by Members of GMA 10 during Comment Period

List of Comments

1. Aquifer: Central Subdivision of Edwards Aquifer. (No aquifer was designated by the

commenter, but the context of the comment and its being originally sent to EAA intieate
commentary related to the San Antonio segment of the Edwards Aquifer.)

Summary of Comment: Must monitor, maintain, protect, and restore springflows at San
Marcos Springs, especially by reducing pumping associated wathilsed, watemtensive
(downstream) agricultural practices and land cover changes.

GMA 10 Response:See Note A below the enumerated comments.

. Aquifer: Central Subdivision of Edwards Aquifer (see parenthetical note in ltem 1 above)
Summary of Comment: DFC must prevent subsides

GMA 10 Response:Commenter does not assert nor provide evidence that there has been
actual subsidence in GMA 10 caused by groundwater withdrawals. The Groundwater

Conservation District representatives of GMA

not aware of any subsidence, and would not
lithologic characteristics (dominantly competent carbonate formations), regardless of the
DFC approved.

. Aquifer: Central Subdivision of Edwards Aquifer (segrenthetical note in Item 1 above),

but perhaps comment is intended to apply to all aquifers

Summary of Comment: Texas and GMA 10 must regulate water both above and below
ground in a similar fashion, usinganrdrs c hi zophreni cd6 approach.
GMA 10 Response:GMA 10 agrees that at some temporal and areal scale, groundwater and
surface water are hydrologically connected. But Texas law prescribes how both surface
water and groundwater are to be regulated, largely reflecting their different ownership.

GMA 10 complies with all laws governing joint groundwater planning, with its being

included in the regional planning for all water resources in Texas, which coordinates
groundwater and surface water supplies, needs, and water management strategies. GMA 10
does nbhave the authority to change this approach. GMA 10 does, however, have an
obligation under Texas Water Code Ch. 36.108(d) to consider certain factors before adopting

DFCs which includes impacts on fAéspringflow
and surface water o (TWC Ch. 36.108(d)(4)).

Comments 226 below.
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4. Aquifer: Undesignated
Summary of Comment: These Commenters suggested GMA 10
DFC where applicable. Generally, the Commeesntare concerned that the GMA is conflating
anlnevitableFuture Condition that is currently feasible witbasiredFuture Condition that
does no furtherharmtowellat er | evel s or springflows. The
and rationale for thisuggestonand GMA 06 s responses are el abor a
follow this overarching one.
GMA 10 Response:See Note B below. The Commenters may be conflating the goal of
zerodr awdown with a common definitioon of the c
drawdown technically connotes no groundwater use, as drawdown is required to withdraw
water from an individual well and from all wells in a given area. Sustainability, which is a
more rational concept for management of groundwater in an area thatisiepeihfor water
supplies, connotes that total groundwater discharge, both natural (springs and seeps) and
mantmade (water wells), is balanced over the long term by the amount of recharge that may
exist naturally or be induced by groundwater withdrawalang into consideration a time
period required for achieving such a balance. The above notwithstanding, a DFC has a
statutory requirement to balance aquifer protection and the maximum groundwater
production feasible. The proposed DFCs are intendptbtade such a balance, but a DFC
basedonzerdr awdown doesndét pass that balancing t
judgment of GMA10.

5. Aquifer: Undesignated
Summary of Comment: These Commenters offered a number of broad recommendations
for improving the groundwater planning and management processes, to include: (a) adopting
and applying a set of guiding principles for sustainability; (b) considering management rules
that specifically protect minimum springflows; (c) continuing current ratioradtjze of not
permitting above the MAG; (d) encouraging use of rainwater harvesting for meeting various
demands; and (e) prioritizing the development of wagartral solutions using GCD rules.
GMA 10 Response:While individual or all GMA 10 members maypport such
recommendations, these recommendations are not on point with evaluating the currently
proposed DFCs, so the GMA cannot respond or act upon them here. Implementing most of
these involve approvals of individual Groundwater Conservation Ds{BEDs) rather
than a GMA or, as noted by the Commenters, actions by the Texas Legislature and/or
administrative agencies like the TWDB or TCEQ.

6. Aquifer: Undesignated
Summary of Comment: These Commenters encouraged initiating or continuing various
studies and investigations focusing on aquifer science; relationships of headwaters,
groundwater, and springflows; groundwater/surfaeter relationships; and unpermitted
withdrawals of water in riparian alluvium.
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GMA 10 Response:GMA 10 membergrasp themportance obetterunderstanding the
hydrologic relationshipbetween aquifers, including the relationship between groundwater
and surface water interactions. For example, The Edwards Aquifer Authority has begun a
multiyear study, the InteiormationalFlow Study (IFF), to research the interactions between
the Trinity and Edwards Aquifers along four major focus areas between the Nueces River
Basin and the Guadalupe/Blanco River Basins. GMMngfbers, including Barton
SpringgEdwards Aquifer Conservatn District(BSEACD), Trinity Glen Rose Groundwater
Conservation District, and Uvalde County Groundwater Conservation District are serving as
regional partners in the IFF research effdnta related multiyear investigation, BSEACD is
installing a netwtk of multiport monitoring wells to elucidate the dynamics of cross
formational flows among aquifers in the northern subdivision of GMA 10, including between
the Edwards and Trinity Aquifers and between freshwater and brackish groundwheer.
districtsalso agree that more data are needed to have good science for determinations about
relationships between recharge to and discharge from aquifers and surface water flows. The
need for those data may requireallow revisions to DFCs as such data beconalable

but the requirement at the present is to make decisiotise proposed DFGm the basis of
currently known science.

. Aquifer: Undesignated/Multiple

Summary of Comment: Because all aquifers are connected, at least to some degree, every

fresh aad saline aquifer should be considered relevant for planning purposes.

GMA 10 Response: A relevance determination does not equate to importance. An aquifer

can be locally important and even regulated by the local GCD without being relevant, at the
localGCD6s option. Relevance for joint planning
water supply compared to other water supplies for one or more Water User Groups or the

relative geographic extent of an aquifer, particularly when an aquifer is shmargairely

managed by multiple member GCDS. Relevance may also reflect the need for it to be

included in the regional water planning because of its strategic importance or its possible use

to support statéunding of a key water project. Those are the tesys for relevance. Every

relevant aquifer requires a DFC and a MAG to be established and a set of rules to be

promulgated that ensures the DFC is achieved; making every aquifer relevant could be
accompanied by unreasonable administrative/regulatodebsrat the GCD(s), GMA, and

TWDB levels that exceeds its utility; further, the rulemaking, monitoring, and enforcement

efforts could adversely affect establishing DFCs/MAGs for other, clearly more relevant

aquifers and their management. In addition, tloel@ing for the MAG takes into account

any appreciable interconnectedness with other aquifers. The GMAs are best able to ascertain

the pros and cons of whether a particular aquifer is relevant, and where it is relevant. That

said, there is no prohibitomn a GMAOGs decl aring all of 1ts &
relevant, but a requirement to do so conceiyvV
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resources without a lot of benefit to that GCD. Regardless, very few aquifers in GMA 10
have been deafted norrelevant for the purposes of joint planning.

8. Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment: The DFC should be calculated using a methodology based on an
historic groundwatelevel baseline from 1950 and that utilizes annual monitoring of well
water elevations and springflow to ensure riparian flora and fauna are sustained.
GMA 10 Response:It seems like this comment applies to GMA 9, not GMA 10. While
GMA 10 proposes to ugeeriodic monitoring well data and grid analysis to ascertain
compliance with the Trinity DFC (and evaluate the efficacy of the corresponding MAG), it
should be recognized that wells in the Trinity in GMA 10 from the 1950s are extremely rare,
and those thtamight have existed were likely only incidental ones in the Upper Trinity.
Further, there are no riparian biota related to the Trinity in GMA 10, as it is a confined
aquifer there, i.e., without surface outcrop. There are no springs and seeps fromityeTr
GMA 10. The large springs in GMA 10 support abundant, and in some cases, rare biota, but
they are solely associated with the Edwards Aquifer. In the judgment of the GMA (and for
the San Antonio Pool, the mandate of the Texas Legislature),grasie karst aquifers are
best protected and sustained by establishing and enforcing production limits for the Edwards
that incorporate substantial drought management provisions. Their DFCs are most
appropriately expressed as resultant springflows, r#tla@ as regional drawdown and
annually measuring water levels in wells for compliance. See also Note A below.

9. Agquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment: Zero-drawdown can beugcessfully achieved with current aquifer
uses and conditions.
GMA 10 Response:lt physically could be achieved, but with little to no benefit. The Trinity
Aquifer condition is a confined aquifer that is isolated from the surface in GMA 10. It can
produce fairly substantial amounts of groundwater, especially a mile or two downke of t
Trinity outcrop area ( (which coincides generally with the western boundary of GMA 10),
without affecting other water supplies and without dewatering the aquifer. The demand for
Trinity water in the area is growing, and there is little in the waylwdradlternative supplies
to meet that demand. Zedoawdown of the Trinity here would not conform to highest
practicable water withdrawals to meet extant demand while protecting the aquifer. See also
the Response to Comment No. 4 above, and Note B below

10.Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
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Summary of Comment: Zero-drawdown is consistent with ti&tate Water Plahs mandat e
for water management strategies not to exceed the established Mdhaathere are no
water management strategies that would be affected by -@meslown DFC. Future

growth would be achieved by enhanced conservation, low impact design, and/or rainwater
harvesting.

GMA 10 Response: This comment is not correct. Zedoawdown DFC would produce a

new MAG that would be negative for any rexempt use, which is inconsistent with even

the currently permitted Trinity production in GMA 10. Further, Trinity production based on
the existing (and proposed) DFCs is alreadheregional water plans, and substantial
production has historically used other fiedwards aquifers. See also the Response to
Comment No. 4 above, and Note B below.

11.Aquifer: Undesignated (but context indicates the comments primarily relate to tlitg Trin
Aquifer)
Summary of Comment: The Commenters disavow utility of the TERS estimates for (even)
water planning purposes. Zedor awdown woul d bring aquifers i
bal anceo and would increase frgewaordihaoy sur f ace
drought conditions.
GMA 10 Response:This comment is misleading. TERS is not a controlling factor in
establishing DFCs and MAGs in GMA 10. The putative hydrologic balance cannot be
achieved without considering the sources for satigfyne existing large demands for water
in the system equation. Further, the hydrologic system will adjust so it will eventually be in
equilibrium or balance with any DFC, if all sources and sink terms in the equation are
included, provided water is avdile in the connected system. In that regard,-desavdown
is not unique. See also Response to Comment No. 4 above, and Note B below.

12. Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment Zero-drawdown would have significant beneficial impact on
springflow and every other type of surfasater/groundwater interaction.
GMA 10 Response:No evidence to support this comment relative to GMA 10 aquifers is
offered. For the Trinity in GMA 1Gercdrawdown would have no effect or beneficial
impact on springflows, as no springflows depend on the Trinity. Additional groundwater
withdrawals from an aquifer will induce additional recharge, to a degree dependent on the
hydrogeological propertied aquifer systems in communication and their water availability.
Whether that is beneficial or not depends on the frame of reference. See also Response to
Comment No. 4 above, and Note B below.

13. Aquifer: Undesignated (but context indicates the comspritarily relate to the Trinity
Aquifer)
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Summary of Comment: While not expected to be important, fuller aquifers produced by a
zerodrawdown DFC would generally tend to reduce subsidence.

GMA 10 Response:Subsidence is not a factor that affects the @F@ny aquifer in GMA

10. See also Response to Comment No. 2.

14. Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment: A Managed depl etiono assoctated wi
drawdown will degrade real and other property values and harm the business climate.
GMA 10 Response:The term fAimanaged depl etiono has no
of the Texas Water Codé&roundwater depletion has been described by the U.S. Geological
Suwvey in concept as similar tnoney kept in a bank account:

Alf you withdraw money at a faster rate t
eventually start having accoustipply problems. Pumping water out of the

ground faster than it is replenished over the {targn causes similar

problems. The volume of groundwaterstorage is decreasing in many areas

of the United States in response to pumping. Groundwater depletion is

primarily caused by sud<toandwaterd gr oundwat er
depletion USGS https://water.usgs.gov/edu/gwdepletion.html

Such a condition is not a permanent condition within GMA IHOGMA 10, there is

substantial recharge, from both surface and subsurface sources, and the aquifers are able to
induce additional recharge with additadrdrawdown until stability is reachedrurther,

reduced supply of groundwater that would accompany adresedown DFC would in fact
degrade property values and the business climate, rather than enhance it as the Commenters
maintain. The GMA 10 memberare charged with defining what (naero) drawdown may
sustain the water supply and thereby protect and enhance property values, while protecting
the aquifer, and this is a more rational basis for DF&=e also the Response to Comment

No. 4 above, and Ne B below.

15. Aquifer: Undesignated/Multiple
Summary of Comment: Zero-drawdown would benefit exempt well owners, because the
competition for groundwater with neaxempts would be less. The property rights of the
exempt well owners would therefore &ehanced. Noexempts would have larger
curtailments during severe drought than under the proposed DFCs.
GMA 10 Response:The rights to groundwater of exempt users and their ability to access it
would not be affected, either beneficially or adverselya®FC. But norexempts are
affected in variable ways by a particular DFC. With a z#ewdown DFC, existing nen
exempts users would be required to reduce their groundwater withdrawals, either all of the

B-7


https://water.usgs.gov/edu/gwdepletion.html

time or during certain drought stages, to presewch a DFC, which would affect reliable
access to expected water supplies. See also Note B.

16. Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment: Zero-drawdown would be no more costtyadminister than the
existing/proposed DFC, other than updating Management Plans and more stringent rules to
implement it. Since equipment for water well monitoring and springflow measurements is
the same as now and already in place, there is nodifferin feasibility of achieving the
DFC between the proposed one and ziFsawvdown.
GMA 10 Response:GMA 10 believes the Commenters are misinterpreting the intent of this
factor in establishing DFCs. What needs to be addressed is not the administrétive
technical work by GCDs in implementing various DFCs, rather it is the likelihood of the
groundwater users to be able to physically and economically achieve the DFC. In this
respect, a zerdrawdown, DFC would likely create substantial dislocationaa@rexempt
users by forcing demand reducticarsd locating alternative sources of water sup@vA
10 believeshat in aggregate a zedsawdown is not likely to be feasible at all, and would
likely create causes of legal action that would unnecessatéisfere with normal
groundwater managemerfbee also Response to Comment No. 4, and Note B below.

17.Aquifer: Undesignated (but context indicates the comments primarily relate to the Trinity
Aquifer)
Summary of Comment: The Commenters feel that the aomic benefit of maintaining
long-term hydrologic integrity of aquifer/surfaseater systems outweighs the economic
losses of commercial pumpers.
GMA 10 Response:No evidence or supporting documentation is offered to support this
assertion for any aquifesurfacewater system. Neither ceenefit term has been quantified
so it is difficult to assess its validity. For now, GMA 10 considers that it can be used to
neither confirm nor refute the reasonableness of the proposed DFCs.

18. Aquifer: Freshwater Edards (BFZ), Northern Subdivision
Summary of Comment: Commenter requests more time for it and other members of the
public to participate in the process, and for the GMA to take more time while considering its
decisionmaking. Commenter also acknowledgest the timing is largely set by the state
process.
GMA 10 Response:GMA 10 understands the amount of information to be digested by the
public in this process can be daunting, especially that related to the DFC for this particular
Aquifer. However, as netl by the Commenter, to a considerable extent, the deadlines for
various actions are not controllable by the GMA, and GMA 10 has adhered to the required
schedule for developing, proposing, and seeking public comment before adopting DFCs.
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There have beeregeral public meetings and hearings by both the GMA and individual
GCDs where both written and oral comments were solicited and received. At this point, the
GMA sees no reason to further delay considering the proposed DFC for adoption and
completing thigound. It should be noted that this is a recurring process on-gefarecycle,

and the GMA and the public will be able to consider new information and use any new tools
that might become available in the next five years.

19. Aquifer: Freshwater Edwards ), Northern Subdivision
Summary of Comment: Commenter cautions that the DFC should reflect what is the
desired condition of the Aquifer at the end of theyB@r planning period, not what is
immediately feasible or possible during the fivaar joint panning period.
GMA 10 Response:GMA 10 agrees with the intent of this comment but disagrees with the
putative elements in the proposed approddbis is a karst aquifer volume that relatively
rapidly discharges and recharges, so its condition doeonfirm to being managed on a
50-year or even a-year cycle. The proposed DFCs reflect enduring goals as to the
condition of this aquifer, regardless of when the recurrence of the Drought of Record (DOR)
might occur (e.g., in the next five years or ie #8" year of the planning period.) The Al
Conditions DFC is expressly designed to restrict the acceleration of the Aquifer frem non
drought to drought conditions and to increase the effectiveness of the drought management
program, regardless of whentww often that transition might occur during theysar
planning cycle. Again, if conditions change that either require or allow more or less
pumping and springflow, then the DFC can be revised in subsequent rounds of joint planning
to accommodate thosew conditions or information.

20. Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: Commenter recommends establishing a series of interim DFC
goals, linked to management actions, which in turn lead to tye&Oplanning goal.
GMA 10 Response: See the response to Item 19 immediately above. Importantly, the DFC
and MAG processes recur every five years, and require readopting the DFCs, revised as
necessary to accommodate new information and conditions, at least that oftén, whic
essentially become a seriesof shettee r m fii nt er i mo goals that ar e
prevailing 50year state water plan.

21.Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: The GMA and BSEACD should revise the magde of the
(Extreme Drought) DFC to ensure springflow during a recurrence of a DOR that existed
during the DOR period, or about 11 cfs on a monthly average basis, in order to minimize
harm to the endangered salamander species, as indicated by thaitesteascience.
GMA 10 Response:As part of its now complete Draft Habitat Conservation Plan (HCP),
BSEACD has spent considerable time, effort, and money over the past decade in analyzing
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the relationships between pumping of the aquifer, springflomsnthe aquifer and at

Barton Springs, dissolved oxygen levels and regimes, and effects and impacts on the two
endangered sal amander species. I n fact, muc
Commenter refers to derives from BSEACD initiativesBIS EACDO6 s Vvi e w, it i s
to achieve a DOR springflow of 11 cfs on the basis of what is now known. That would be
tantamount to complete cessation of pumping by all BSEACD permittees during a DOR.

The Districtos per mi hormalgpempdgealevels as easonabte;npnu st i f
speculative, and appropriate for the permitted use, and they are required to participate in a

very stringent drought management program administered by BSEACD. The best they can
currently and reasonably achievani®OR pumpage of 4.7 cfs. Using a wadicumented

water balance, that pumpage translates to 6.5 cfs of springflow during a DOR, which is the
Extreme Drought DFC. This is a lower springflow than has been measured in recorded

history, but it is very likelynot the lowest springflow that ever existed at Barton Springs,

considering the historical drought indices (e.g. dendrochronological record) of prolonged,

more extreme droughts over the centuries. And yet the salamander populations persisted

during thoseiimes. On the basis of the best science and other information available, the

BSEACD Board considers a DOR springflow of 6.5 cfs as a reasonable balance of protection

of private property rights and protection of the aquifer and salamander populatioris and t

US Fish and Wildlife ServiceAustin Field Office has concurred with that determination.

GMA 10 has therefore once again established that springflow as the DFC condition, which
BSEACDOGs regul atory program and HCP will be

22.Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: The Commenter questions why BSEACD did not utilize studies
completed since 2010, when the previous DFC was established, and revise the proposed DFC
accordingly.
GMA 10 Response:BSEACD did utilize the most recent data and analyses in finalizing its
HCP (available ahttp://bseacd.org/uploads/BSEACD DraftHCP_2014 Nov_13_print.pdf
and in recommending ¢hproposed DFC. Generally, the new data and information refined
the salamanddDO-springflow relationships, but they did not indicate a need to change the
HCP conservation measures dealing with production restrictions or the efficacy of doing so,
which would in turn relate to a change in the DFC. What the data did suggest, and what
BSEACD later adopted, was the need for some additional mitigation, which was incorporated
into the final analyses. Along with some additional commitments made for certain
foreseeable circumstances, which are described in detail in the District Draft HCP, the HCP
and the DFCs minimize and mitigate take to the endangered species, although as the
Commenter asserts, take cannot be completely avoided, only minimized.

23.Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
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Summary of Comment: A DFC of less than 9.6 cfs springflow guarantees jeopardy of both
species.

GMA 10 Response:This is not correct. The US Fish and Wildlife Service has never
asserted that the historical I@pringflow is equivalent to a jeopardy condition. Jeopardy
means that the species population is unable to survive and/or recover. There is no evidence
that occurs at any particular springflow, as the-§tingflow characteristics of the

proximate habitaare indeterminate. See the Response to Comment No. 21 above for
relevant additional information.

24. Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: The DFC does not provide a minimum flow to prevent harm to the
salamander popations.
GMA 10 Response:This is correct. But the DFC and the HCP are not intended to prevent
harm. As the Commenter also noted, the species begins to be adversehethatiyn
affected (harmed) at combined springflows of about 40 cfs. Take ofeébespwhich is
harm associated with BSEACD managed activities (which harm may also be caused by
natural conditions), begins about 30 cfs and progressively increases as both springflow and
DO concentrations decrease. Harm caused by BSEACD activities b@pidhibited under
federal law without the Incidental Take Permit (ITP)supported by the District HCP. But the
prohibition on such harm (Atakeodo) i s excepte
acquired and | eopar dyjeopaocdgis axconsequecce af theuseoff ak e Db
the aquifer as a selource water supply. And that is the reason BSEACD has developed an
HCP and is seeking an Incidental Take Permit.

25.Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: Commenter asserts that with diligence and cooperation among the
District, its permittees, and various other parties, all or nearly all of the historic pumping
could be curtailed during extreme drought given adequate time to makeppenharhis
comment is apparently based on the reported ability in 2010 of 4.3 cfs of histeric
pumping to switch to alternate sources.
GMA 10 Response:This is a misleading comment. In 2010, authorized histee
amounted to about 10 cfs. At thiehe, some permittees with access to alternative supplies
informally indicated to the District that during extreme drought they might consider
voluntarily and temporarily cease pumping the aquifer and switch to another water source
that was then availabteo t h e m. (By design, the District
curtailment program largely encouraged this response, although the permittees also have their
own vital interest in preserving the water supply from the aquifer as long as possililé.) Bu
is important to recognize that most permittees did not then, and still do not now, have access
to such alternative supplies or the ability otherwise to curtail use beyond that required by the
Di strictds drought mana g éorsefthis sgt bf penmitteesihh e ¢ o n
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further reducing pumping during DOR recurrence are not likely to replicate the reductions

suggested earlier by the first set of permit
hanging fruito walterhative wadepseppltes. tSmcordraryatd thea b |
Commenter6s suggestion, the voluntary potent

cannot confidently be extrapolated to the remaining larger set of historic users. Only if and
until additional wagr supplies become available to these users at an affordable cost would
such additional participation in a curtailment program be likely to occur. However, even

then, regardless of what alternative sources are available to any permittee, BSEACD cannot
conpel, only encourage their switching to other water supplies. The Extreme Drought DFC

is based on what BSEACD can legally mandate as part of its regulatory program; it cannot be
based on speculative and voluntary commitments of its permittees.

26.Aquifer: Freshwater Edwards (BFZ), Northern Subdivision
Summary of Comment: On the basis of its preceding comments (Item&3)8 Commenter
proposed the following alternate DFC for the
AThe pri mary D e gnifor ¥edr 2063ufor the feesh@aten pibritian of the
Barton Springs Edwards Aquifer shall be to maintain Barton Springs flows at or above 10
cubic feet per second on a monthly average during a recurrence of the drought of record, and
to make progress towatlis Desired Future Condition by immediate and +ieem District
regulatory and nomegulatory actions designed to maintain Barton Springs flows at or above
7.5 cfs on a monthly average during a recurrtr
This DFC expression peesents an increased DOR springflow (and concomitant reduction in
allowed DOR pumpage) of 1.0 cfs on an interim, fieamn basis, presumably to include the
DFC for the current joint planning period, and also an increased springflow and concomitant
pumpageeduction during a DOR recurrence of 3.5 cfs at the end of the regional water
planning period.
GMA 10 Response:The Commenter 6s objective, while wun
does not conform to the realities that permittees face and that relateaDé @soundwater
regulation. Compliance with applicable DFCs is the backbone requirement that must be met
in any and all permitting decision now and in the future, so the DFC must be both realistic
and achievable immediately and throughout the joint pteperiod. Absent that condition,
the GCDs will be working to manage formidable challenges with limited resources and/or
authority. The current and proposed DFCs require the most stringent and achievable degree
of curtailment, regardless of whether theight be revised in the future. There is no utility
in proposing some unachievable DFC at this point, in that such pgosédoes not
promote future achievement of that goal. Rather, the efficacy of future DFCs will be
determined by changes in the ya#ing infrastructural, legal, regulatory, and political
environments that are largely beyond the control of BSEACD and GMA 10.

27.Summary of Comment: Agriculture needs to be suited to climate.
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GMA 10 Response: This is a GCD by GCD issyaot a GMA 1(0ssue, one which may be

addressed in Management Plans of a GCD and in GCD Rules. Further, GCDs can only
evaluate whether a particular use is a fAbene
a variety of specific uses including Agriculture. A B€annot prioritize use or make value
judgments with regard to whetArelel6aSecuomr t i cul a
59. of the Texas Constitution saySONSERVATION AND DEVELOPMENT OF

NATURAL RESOURCES AND PARKS AND RECREATIONAL FACILITIES;

CONSERVATION AND RECLAMATION DISTRICTS. (a) The conservation and

development of all of the natural resources of this State, [...] including [...] the reclamation

and irrigation of its arid, semiarid and other lands needing irrigation [...] the preseraat

conservation of all such natural resources of the State are each and all hereby declared public
rights and duties; and the Legislature shall pass all such laws as may be appropriate thereto."

In this, it is the lands needing irrigation beyond wthatclimate may provide, which is

constitutionally addressed.

28. Summary of Comment: Regulate water above and below ground.
GMA 10 Response: GCDshave statutory authority to manag@undwater, and have no
authority over surface water. Surface wageronsidered waters of the state and diversions
are regulated by the TCEQAs such, surface water lsgislatively outside of a GCDs
jurisdictional authority

29. Summary of Comment: Has received little input from stakeholders.
GMA 10 Response: Opportunity, in accor@ncewith statute has been provided for public
input. The statute prescribes a process in which all GMA meetings held during the planning
cycle are open to the public. Each of these meetings are noticed in advance and have a
specific ageda item allowing public comment. Additionally, the process requiresda90
public comment period on proposed DFCs and public hearings to be held by each GCD
within that comment period to allow opportunity to provide public input.

30. Summary of Comment: Not to feel too constrained by what you believe is feasible.
GMA 10 Response: A DFC provides the measure by which feasibility is deriviedrther,
DFCs require an explanatory report describing how each of the required factoapiusqul
DFCs was considered. This explanation is intended to collectively describe the rationale for
each DFC including the relative consideration of feasibility.

31.Summary of Comment: Limit to the MAG
GMA 10 Response: The MAG, as provided for in Cpger 36.1132, is one of several
factors in GCD permitting decisions. Given the uncertainty associated with MAG estimates,
the more relevant planning objective is achieving a DFC under section 36.108.
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32.Summary of Comment: Encourage rainwater harvesting.
GMA 10 Response: This is a GCD by GCD issyaot a GMA 10 issue, one which may be
addressed in Management Plans of a GCD and in GCD Rules. Encouraging rainwater
harvesting along with other water planning strategies are in fact a required goal@@bDall
must address when developing Management Plans.

33.Summary of Comment: Encourage water neutral solutions to increase demand

GMA 10 Response: This is a GCD by GCD issyaot a GMA 10 issue, one which may be
addressed in Management Plans of a GCDimi@&ICD Rules.
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Continue on to Notes A and B
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Note A (for Item 1): In regards to San Marcos (and Comal) Springs, the DFC and the amount
of Modeled Available Groundwater (MAG) have been set for the entirety of therEgillated
portions of the Edward&quifer - Balcones Fault Zone. They were adopted by statute during the
80" Regular Session of the Texas Legislature and can only be amended through subsequent
legislative actions. Specifically, Sections 1.14(a), (f) and (h), and Section 1.26 of the AA A
serve as the current DFC, and Section 1.14(c) of the Act serves as the MAG (equating to 572,000
acrefeet of permitted withdrawal each calendar year). To further protect springflow, the EAA
has implemented a Critical Period Management system thatesduocrementally greater

pumping reductions at five successive stages of declining aquifer levels or springflows. Within
the San Antonio Pool of the Edwards Aquifer reductions range between 20 percent and 44
percent of permitted groundwater use basedemfining water levels at thel¥ Index well in

San Antonio, or reduced springflow at Comal and San Marcos Springs.

Another series of programs and conservation initiatives called the Edwards Aquifer Habitat
Conservation PlarHAHCP), was finalized and permitted by the United States Fish and Wildlife
Service in 2013 in an effort to provide further protections for the Edwards Aquifer, springflow,

and threatened and endangered speaigsmic to Comal and San Marcos Springs. Programs
within the EAHCP, such as the Voluntary Irrigation Suspension Program Option and Aquifer
Storage and Recovery leasing, allow for the conservation of Edwards Aquifer water and non
direct Edwards Aquifer wateise during periods of prolonged drought. Habitat protection and
restoration measures and research are currently being conducted at both Comal and San Marcos
Springs in conjunction with the EAHCP.

Note B (for Item 4, and others): There are several aspectdoh e Comment er s6 sugg
revision to have thatniakeatdifiicultdorfaanwuidte avspetificDeBpOnse.

This difficulty arises for several reasorisirst, it fails to namepecificallythe aquifer or

aquifers covered bytheir statementind because of this it introduces several assumptions

guestioning what these aquifers may ber example, it could beferringtoii al | aimui f er s
GMA10.0r it could refer to al/l i Oreitlcaudbent aqui f e
referring to just one of the aquifeir which GMA 10 has submittedroposedFCs. GMA 10

has DFCs for the following eight aquifers: Austin Ch@livalde County), Buda Limestone

(Uvalde County), Trinity Edwards (BFZ) Northern Subdivis, SalineEdwards (BFZ)

Northern Sibdivision, Edwards (BZ) within Edwards Aquifer Authority, EdwardKinney

County),and Leona GravdlJvalde County). Each aquifer is unique and has an associated
groundwater assessment fardsroundwater Availability Moel (GAM) that was used, in part,

for determining DFCsIf the GMA 10 Committeewere toassume one thing amdwas not what

the Commenters wereeferring to, it would only serve to add more confusion.
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Second, i n & Where applicaaleé, sppodart DF@s be set adhe a zer
Commenters do not provide guidareadditional informationonwhdtwh er e aoppl i cabl
means or involves to them. So even if GMAdI® know the specific aquifés) involved,it still

would not know under what cirowstances or rule® whichfi.. z er o d rohtlesed o wn 0

aquifers refer or apply.

Third,w gi ng the adoption of a fAzero drawdowno DF
possible given the facts th&) under Texas law, surface landowners own the groundwater

undertheir propertyand have a right to access some of it at any timesgimeuse isexempt

from groundwater permittingnd restrictions, such as domestic and livestock use, which

consume small qntities of groundwater,and use dgrtainoil and gas operatiorthatcan

consumdarge quantities of groundwater; (apgndvaterconservation idtrictsgenerallyhave

no legal authority to address issues related to real property subdivision so lagje qamn be

split with each subdivided parcel carryingatsn exempt groundwater production quantégg

(d) the Texas Water Code requires the Distriicta GMA to establish DFCs that balance

groundwater protection and maximum practicable production.

Lastly,thef.. . z er o dintke® d omme ostaeementds not clearly defined. GMA 10 is

not sure if a zero drawdows intended taefer to an average drawdown geographically for a set
period of time over the entire GMA, or whether it refers toexxeeding a drawdown of zero at

any one specific geographical location at any one point of time. These two scenarios could allow
for quite a variation between the two.

In order for the TWDB to calculate the Modeled Available Groundwater (MAG), theethes

model or assessment that was developeshédyze angropose a DFC. These models include

important specific reference parameters like starting dates, the specific aquifer being modeled,

the area covered, and the type of draw down analysis, sfomgand/or other measures

involved. Where it is necessary for clarity, DFC statements include these references. For
example, the Trinity DFC redkrRrargeecsomdictl iuadres @
Aregi onal average wel ¢toalculate d dAGrusinga DFC3uhak e et .
suggested by theommentersvith no specific references would only introduce speculative

possibilities that would make it impossible to determine a viable MAG.

Attempts by GMA 10 to respormbmprehensivelyo the siggested revision to the proposed

DFC(s) without designating additional aquifsepecific information needed, as identified above,

would simply bespeculative and at end of the dagile. GMA 10 responds to specific

comments made i n wsduopwnoor tDFod ian fitzheer oe ndurmae r at e d
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F I N Avgonzales@swriedh TECHNICAL MEMORA
NDUM
To: Groundwater Conservation Districts in Groundwat@anagement Area 10
From: Wade Oliver, P.G., INTERA
James Pinkard, INTERA
Neil Deeds, PhD, PE, INTERA
Date: December 29, 2016
RE: Development of an Analytic Element Tool to Evaluate the Trinity Aquifer in

Hays County, Texas

INTRODUCTION:

The Trinity Aquifer in Groundwater Management Area 10 (GMA 10) has become a target for
significant groundwater development in recent years. While there has been increased interest in
the Trinity Aquifer, there does not yet exist a groundwater availability modeldandwater
conservation districts (GCDs) to use for the development of desired future conditions (DFCSs).
During the initial round of joint planning in 2010, the Texas Water Development Board used a
simple spreadshebtsed approach for estimating modeledilable groundwater based on the
desired future conditions established by GMA 10. Due to the increased emphasis on the aquifer
as a resource, and additional information that has become available, the GCDs in GMA 10
commissioned this study to better undemsk the relationship between pumping and aquifer
impacts and help guide the development of desired future conditions. Figure 1 shows the extent
of GMA 10.

The purpose of this technical memorandum is to document the evaluation of potential
hydrogeologic impcts to the upper and middle sections of the Trinity Aquifer and their
component units (upper and lower Glen Rose, Hensel, and Cow Creek). Our analysis primarily
relies on the results of recent pumping tests completed at the Electro Purification (Efe)dvell

in central Hays County (Figure 2). For this analysis we have used the modeling code TTIM.
TTIM is useful for evaluating impacts at the wedlale, though it does contain simplifications

from the level of detail that is included in a typical MODFLEBAsed groundwater availability
model. Additional information about TTIM and the approach used in this study are presented
below. This includes development of the conceptual model of groundwater flow, development
and calibration of the analytic element nuroa&rmodel for the aquifer in Hays County, and
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several predictive simulations showing potential impacts to the aquifer from proposed
groundwater production at the EP well field.
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Figure 1. Groundwater Management Area 10 in Central Texas
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Figure 2. Electro Purifi;:ation WeII Fieldv Layout (from WRGS, 2015)

APPROACH:

Groundwater model development typically includes definition of the conceptual model of
groundwater flow prior to designing and calibrating the model for use in predictive simulations.
Theconceptual model of flow describes the current understanding of aquifer hydrogeology given
available information and the purpose of the project. For this evaluation, we sought to better
understand the hydraulic properties such as hydraulic conductivistaradivity and the degree

of hydraulic connection between the various units within the Trinity Aquifer as well as the
overlying Edwards (Balcones Fault Zone) Aquifer. The numerical model is the representation of
this conceptual model of the aquifer iretbtomputer code. All models, by definition, are
simplifications of reality. When developed and applied appropriately, however, they can be very
useful in increasing the level of understanding about how the aquifer works, defining those
characteristics ohe aquifer that most determine how it responds to pumping and assisting
decisionmakers tasked with developing groundwater management policies.

CONCEPTUAL MODEL :

The Trinity Aquifer in GMA 10 underlies the Edwards (Balcones Fault Zone) Aquifer. The
Trinity Aquifer includes the upper and lower Glen Rose units, the Hensel, the Cow Creek, and
the Sligo andHosston formatios of the Lower Trinity. The Hammett Shale is a confining unit
that separates the Middle Trinity from the Lower Trinithe$e units is shawin the

stratigraphic chart in Figure 3. Large scale development at the EP well field is planned for the
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Cow Creek portion of the aquife®ne of the key purposes of this analysis is to better understand
the potential impact that pumping of the Cow Creelld have on the overlying Lower Glen

Rose and Edwards (Balcones Fault Zone) Aquifer.

To assist in the development of the conceptual model for the Trinity Aquifer, Barton
Springs/Edwards Aquifer Conservation District (BSEACD) provided INTERA with pumping
test information and estimated aquifer thickne$sethe EP well field. As these pumping tests
were performed on many different wells, they represent a valuable source of information for
understanding the aquifer in the area. Details of these pumptagtesdocumented in WRGS
(2015). Additional information on the Trinity Aquifer nearby was also provided by BSEACD,
including pumping test results at the Ruby Ranch and Needmore properties. These are
documented in Mikels (2010) and WRGS (2016), respegtivel

The primary aquifer in GMA 10 is the Edwards (Balcones Fault Zone) Aquifer. The Balcones
Fault Zone is an area of extensive southeast to northeast trending faulting that extends through
the Edwards and Trinity Aquifers. These faults can enhance dissoand creation of karst
features, create pathways for flow between aquifer units, or in some cases restrict flow across
fault boundaries. Figure 4 shows a cresstion along the BlandRiver in Hays County from

Hunt and others (2015Most relevant tdhe current study, the occurrence of faulting can inhibit
the flow of groundwater dowdip. For a detailed description of the hydrogeology of the Trinity
Aquifer in the study area, see Wierman and others (2010).
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Figure 3. Stratigraphic chart, Ruby Ranch Westbay well, and model layer
hydrostratigraphy
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