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1.1
PURPOSE

1.0 INTRODUCTION

The Technical Data Review Panel isan independent study group broadly representative of a large region
of South Central Texas that isaffected by decisions made about the Edwards Aquifer. This Panel is guided
by a shared recognition of the need for dispassionate review of the validity and scope of the available data
about water needs and supplies in the region as an important step facilitating any future policy choices
about water management. The purpose of the Technical Data Review Panel is to assemble existing data
on water needs and supplies and related issues in the study area, review it in a forum where all regional
water interests have technical representatives present, compile the data in a useful collection and record
the opinions, both collective and individual, of the representatives concerning the validity of the data.
The final work product is a written report. This written material and the greater understanding of the
accuracy and limitations of existing data comprise a resource for policy decisions to be made later in a
variety of planning, policy or decision-making forums addressing water supply issues for the study area.

The Panel was initially convened by the Edwards Underground Water District as part of a larger effort
that was proposed to lead to the formation of a South Central Texas Water Resources Council, which
would attempt to draft a management plan for the Edwards Aquifer. Early planning discussions
determined that the Technical DataReview Panel should be an independent entity and have no relation
to the proposed Council. The District therefore agreed to provide funds for a technical consultant and
an independent facilitator but to leave to the Panel itself the choice of the facilitator and all further
decisions about its organization and ground rules.

A fundamental premise of this effort was that it would concern itself solely with data and technical
questions and not consider or attempt to negotiate any policy issues. The goal was an honest assessment
by all representatives of the value of the data under review.

The Panel decided to focus its attention on data that the member entities had occasion to use and test,
and often contribute to gathering, in the course of their professional work with water systems, industries,
farms, wildlife preserves, recreation facilities and regional planning and administration. This was pot a
scientific panel, charged with answering specific hydrologic or other technical questions or with
performingoriginal research. Rather it was a group of professionals attempting to assess the dataregarding
the availability and quality of water in a large region of South Central Texas.

The Panel therefore focused its review on technical issues surrounding the methods of measuring and
estimating water demands for human communities and economic activitics and the needs of natural
systems. In addition, it examined available data regarding existing and potential water supply projects,
ranging from reservoirs to enhancement of recharge, and measures for reducing water use through various
oonservation scenarios. Finally, it examined studies designed to quantify natural recharge to the Edwards
Aquifer and data regarding water quality, in so far as quality issues affect the availability of water supplies.

Excluded from this review and the report resulting from it were many hydrologic questions which are
subjects of debate in the scientific community and which depend on detailed computer modelling and
test observations. Also excluded were the management models designed to test the effects of a variety of
policy assumptions regarding regulation of the use of Edwards water.

The report of the Technical Review Panel is thus intended as a guide to the availability and reliability
principally of water quantity, use and supply data. The report does not pretend to offer the “correct” data.
Rather it familiarizes the reader with the underlying methodologies used to collect and/ or to estimate data
which are central to any planning or policy development cfforts for the use of Edwards waters. It should
be clearer from this review what the data does and does not say and what are the gaps in existing
information. A concluding section makes several suggestions for further technical studies to revise

particular methodologies, enhance collection efforts or review the uses to which data are put in a policy
context.
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1.2 TheTechnical DataReview Panel isan assembly of technical representatives from a cross section of water
ORGANIZATION usersandrelated administrative agencies in the studyarea. (See 1.4 forafull delineationof the studyarea.)
The Panel includes representatives from irrigation, municipal, industry and military interests. Also
represented are river authorities, recreation and springflow interests and state and federal agencies. (See

Section 1.5 for a complete listing of member entities and representatives.)

The responsibilities of the technical representatives are to:
1. review existing data, and methodologies used to develop that data, on historical water use, water
'use projections, altemative supplies, conservation, recharge and water quality;

2. present views on the relative reliability of data elements from the representatives personal
knowledge and experience of the representatives in order to clarify the decree of accuracy and
precision of the data;
list technical areas requiring further study;
prepare atext of technical information on water demands and supplies to serve as a resource for
policy makers to use in variety of contexts, including the development of regional and local
management plans for the study area;

5. inform the groups that they represent on the findings of the Panel.
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1.3 The group agreed upon a set of ground rules to govern the activities of the Technical Data Review
GROUND RULES Panel. These rules were intended to supporta politically unbiased atmosphere for the development
of the written product. The ground rules, as adopted by the Panel, were as follows:

1. Membersof the Panel were represented by persons with technical expertise who could further
the Panel'’s aim of analyzing technical data. Elected officials and attorneys could not serve as
representatives unless the entity had no altemnative and would otherwise not have been
represented.

)

. Meetings of the Panel were open to the public and press. No rules were adopted about
comments to the press. Members were asked in making comments outside the meetings to
keep in mind the need for a cooperative atmosphere. An opportunity for comments by
observers and members of the public was created at each meeting during a public “window.”
Public comments were limited to technical issues only; policy comments were not allowed.

(O3 )

. The Panel considered only issues relating to technical data and did not discuss or attempt to
negotiate any policy questions.

. The goal of the discussions was to identify areas of agreement and disagreement regarding the
adequacy andreliability of technical data. Thegroupattempted to identify the specificreasons
and criteria for evaluation of data, whether positive or negative.

(¥, &

. Silence by a member of the Panel was not interpreted as either agreement or disagreement.

. There was no voting in the sense of defining a single set of recommendations or conclusions
of the Panel. Instead, the group recorded the full extent of agreement and disagreement,
together with reasons and criteria for data evaluation.

o

. The final report of the Panel was to reflect the full range of opinion on each issue.

~3

8. JohnFolk-Williams wasselected to serve as the Panel's facilitator and to maintain the group’s
mailing list. )

. GregRothe wasselected toserve asthe Panel'stechnical consultant. He prepared background
material in the form of drafts of each chapter of the report and provided this to the group one
week in advance of each scheduled meeting. All members were encouraged to contact him
directly with information about data sources or issues for consideration.

10. Meeting dates were selected as follows: April 29, June 3, June 24, July 22, August 26 and
September 23. All meetings were scheduled from 9:30 A.M. to 5:00 P.M. and were held at
the Edwards Underground Water District Office.
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14 Thestudyareaisgenerally described by the area of the Guadalupe, San Antonio and Nueces river basins
STUDY AREA including and downstream of the Edwards Aquifer recharge zone. Also included are the coastal basins
adjacent to these river basins: the Lavaca-Guadalupe, the San Antonio-Nueces and the northern part
of the Nueces-Rio Grande in the Corpus Christi area. In addition the lower portion of the Lavaca-
Navidad River basin was included for purposesof addressing Lake Texana. Figure 1.1-1 outlines the study
area.
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1.5 REPRESENTATIVES

Following is an alphabetized list of the member entities with an indication of their representatives and alternates.

Ms. Judith Austen

Air Force Military Water
Coordinator

HQ ATC/DEME

Building 661

Randolph AFB, TX 78150-
5001

Mt. Tom Moreno

General Manager

Bexar Metropolitan Water
Districe

PO Box 3577

San Antonio, TX 78285

J.W. “Johnny” Ward
President

BMA Counties Water
Centrol & Improvement
Dist #1

PO Box 170

Natalia, TX 78059

Mr. Bill Couch, AICP
General Manager
BS-EACD
1124A Regal Row
Austin, TX 78748
Alternates:
(1) Ron Fiesler
(2) Stefan Schuster

Mr. David Davenport
Administrator

Canyon Regional Water
Authority

PO Box 188

Marion, TX 78124

Mr. David R. Dennis
Assistant General Manager
Cibolo Creek Municipal
Authority

PO Box 930

Schertz, TX 78154

Mr. Victor Medina

Water Superintendent

City of Corpus Christi

PO Box 9277

Corpus Christi, TX 78469
Altemate:
Mr. Ed Garana
Assistant Water
Superintendent

Mr. Mike Rhea
City Managet
City of Hondo
1600 Avenue M
Hondo, TX 78861

Mr. Rick Cortes
City Manager
City of Kirby

112 Bauman
Kirby, TX 78219

Mr. Larty Gilley

City Manager

City of San Marcos
630 E. Hopkins

San Marcos, TX 78666

Ms. Melissa Millecam

Governmental and Comm.

Affairs Coordinator

City of San Marcos

630 East Hopkins

San Marcos, TX 78666
Alternates:
(1) George Boeker,
Public Works Director
{2) Ron Parterson,
Planning Director

Mr. James Thurmond
City Manager

City of Uvalde

PO Box 799

Uvalde, TX 78801

M. Joe Fulton

Director Res. & Enviro. -

Planning Division

City Public Service

PO Box 1771

San Antenio, TX 78296
Alternate:
Kim Stoker

M. Russell Masters
General Manager
Edwards Underground
Water District

PO Box 15830

San Antonio, TX 78212

Mr. Keith Pate
Manager
Evergreen Underground
Water Conservation Dist.
PO Box 155
Jourdanton, TX 78026
Alternate:
Roger Herschap

Mr. John Specht
General Manager
Guadalupe Blanco River
Authority
PO Box 271
Seguin, TX 78156-0271
Alternare:
Thomas Hill

Mr. Gail Bochme
Representative
Medina County

106 Hwy. 90 West
Castroville, TX 78009

Mr. Oliver Martin
President

Medina Co. Underground
Water Cons. District
1100 16¢h Street

Hondo, TX 78861

Mr. Bob Sohn

General Manager

New Braunfels Utilities
PO Box 310289

New Braunfels, TX 78131-
0289

Mr. Con Mims
Executive Director
Nueces River Authority
PO Box 349

Uvalde, TX 78802.0349

Mr. Jack Willome

President

RayCo, Inc.

PO Box 5250

San Antonio, TX 78201
Alternate:

Herb Quiroga
Mr. Fred N. Pleiffer

General Manager
San Antonio River
Authority
PO Box 830027
San Antonio, TX 78283-
0027

Alrernate:

F. Blair Warren

Mr. Joe Aceves
President/CEQ

San Antonio Water System
PO Box 2449

San Antonio, TX 78298-
2449

Becky Cedillo
Vice President, Planning
Department
San Antonio Water System
PO Box 2449
San Antonio, TX 78298-
2449

Alternate:

Dwayne Rathbum

Mr. Don Pollard
San Antonio Water System
PO Box 2449
San Antonio, TX 78298-
2449

Alternates:

(1) Tom Pardue

(2) Chris Powers

Mt. Jerry L. Morrisey, Ph.D
Sierra Club
19631 Encino Way
San Antonio, TX 78259
Alternate:
Mt. Fred Wills

Mr. Ray Buck

General Manager
Springhills Water
Management Districe

PO Box 771

Bandera, TX 78003-0771

Mes. Cindy Loeffler

Inflow Coordinator

Resource Protection

Division

Texas Parks and Wildlife

Department

3000 S.IH 35, Suite 320

Austin, TX 78704
Alternate:

Randy Moss
Mr. Mike Personett

Texas Water Commission
PO Box 13087
Austin, TX 78711

Mr. Tommy Knowles
Director of Planning
Texas Water Development
Board
PO Box 13231 - Capitol
Station
Austin, TX 78711-3231
Alternates:
Butch Bloodworth
Bill Moltz
Comer Tuck
Steve Densmore

Bill Hoffman

Ms. Alisa M. Shull

Fish and Wildlife Biologist
U.S. Fish and Wildlife
Service

611 East 6th Street,

Room 407

Austin, TX 78701

Altermates:

(1) Mr. LeslieCunningham
{2) Mr. Steve Cullinan
U.S. Fish and Wildlife
Service

PO Box 1306
Albuguerque, NM 87103

Mr. Lawrence Friesenhahn
Uvalde County Represen-
tative

Rt. 1 Box 63

Knippa, TX 78870

Mt. AM. Rimkus

Uvalde County Under-
ground Water Conserva-
tion Dist. Route 1, Box 38
Knippa, TX 78870.9715

Mr. Douglas R. Miller,
CIC

President

Witting & Miller, Inc.
PO Box 311508

New Braunfels, TX
78131-1508

Mr. Bob Wright
Consultant
Wright Consulting
3904 John Stockbauer
Victoria, TX 77904
Alternate:
Mr. Bob Keith
Sr. Environmental
Consultant

Du Pont Chemicals

M. Robert Wagner
General Manager
Zavala-Dimmitt Water
Improvement Dist. #1
PO Drawer 729

Crystal City, TX 78839
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Mr. John Folk-Williams
Facilitator

Western Network

616 Don Gaspar

Santa Fe, NM 87501

Mr. Greg Rothe
Technical Consultant
PO Box 668

1614 Avenue M
Hondo, TX 78861
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Introduction

2.1

DEMANDS AND

DEMAND
PROJECTIONS

2.0 WATER DEMANDS AND NEEDS

- One of the most critical needs in considering the future of the study area is to determine the
historical and projected uses of its waters. This section amlyws four key elements: -

¢ Historical demands for groundwater by human activity in the counties overlying the
Edwards Aquifer system.

4 Historical demands for surface water below Comal and SanMarcos springs and below
the recharge zone generally in the Guadalupe, San Antonio and Nueces river basins.

4 Projected future demands for these human activities. =

# Needs of the springs, rivers and bays for. water to suslmn wﬂdhfe habmt and other

: naturalsystems : i e :

The firstpartof thesectlon looksat the two pnnclpal sources ofhlstorxcal groundwaterusedata ‘
the U.S. Geological Survey and the Texas Water Development Board. After explaining the

~ methodologies each uses for each category of data, this part offers samples of the available data
to illustrate what is available from the agency. Then sample sets of data from the two sources
are compared, discrepancies noted, and the methodological reasons for discrepancies accounted
for in so far as this is possible. The Panel felt that it could not, given the available information,
reach a definitive conclusion about which data set was most reliable. Instead, it has indicated
in the tables comparing USGS and TWDB data the percentage difference between the figures.
This is intended to “red flag” those differences whxch are espec:ally high, indicating the need
for further work to resolve discrepancies.

The next part takes the same approach to historical surface water data. There is bnly one major
source of this data, the Texas Water Commission, which issues permits for surface water use

and collects diversion reports from the permittees. This is a bnef section since the Panel found
little: dxsagreement with the avallable data. -

Followmg these two sections on historical water use is a’ long discussion concermng the
projection of future demands made by the Texas Water Development Board. While this agency
is the only one that makes detailed projections for the entire study area, it has two major sets
of data which the Panel examined. One consists of work donein 1989 for the 1990 Texas Water
Plan, and the second is work done for the 1992 Draft projections. The importance of gallons
per capita per day (GPCD) calculations are a central concern of this section.

Last is a summary of available technical information concerning the needs of natural systems,
including springflows, instream flow needs of rivers and freshwater requirements of the bays
and estuaries of the Gulf Coast into which the streams of the study area flow. This discussion
reveals that little reliable data is available, and the need for further information is reviewed in
Section 7 of this Report.

2.1.1 HistoricAL GROUND WATER PUMPING DATA
2.1.1.1 Texas Water Development Board

The Texas Water Development Board (TWDB) submits reporting forms to public water supply systems
and industrial water users annually statewide seeking information on ground water and surface water use
forthe year. These forms provide for the reporting entity to report wateruse on amonthly basis, in addition
to other pertinent information relative to the reporting entity’soperation. For surface water the reported
irrigation uses do not include delivery system losses and as such do not represent total diversions. For
ground water use, the subject of this section, use generally equals pumpage because the reported uses are
measured at the point of production from the well or at the primary pumping station to the distribution
system. TWDB also estimates power, miming, livestock and irrigation uses.

TWDB compiles this data on ground water pumpage by county and by aquifer. Table 2.1-1 presents the
historical ground water pumpage for the counties in the study region for the six categories of use:
Municipal, Manufacturing, Power, Mining, Irrigation and Livestock.
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Sample Data From
Table 2.1-1

see pages 42-46

for complete table

Sample Data From
Table 2.1-2

see page 47

for complete table

HISTORICAL GROUND WATER PUMPAGE BY COUNTIES FOR REGION

SOURCE: TEXAS WATER DEVELOPMENT BOARD
ALL VALUES ARE REPORTED IN ACRE-FEET UNITS

COUNTY 1985 1986 1987 1988 1989

BEXAR
MUNICIPAL & MILITARY 238,431.13 243,700.62 235,429.08 260,609.01 259,860.07
MANUFACTURING 6,176.61 7,597.16 6,581.49 8,285.61 6,836.91
POWER 1,244.05 1,219.43 1,113.71 740.96 738.51
MINING 2,564.00 1,557.99 1,370.00 1,462.00 1,319.00
IRRIGATION 16,967.00 16,610.00 12,949.00 15,595.00 23,851.00
LIVESTOCK 138.00 146.00 122.00 127.00 127.00

BEXAR TOTAL: 265,520.79 270,831.19 257,565.29 286,820.57 292,731.49

Table 2.1-2 reports the historical ground water pumpage by aquifer for the study region, a resorting of the
same data used in Table 2.1-1. The Leona gravel in Uvalde County is not reported as a separate aquifer.
TWDB representatives report that pumpage from the Leona gravel is probably reported in the category
of the aquifer(s) underlying the Leona.

HISTORICAL GROUND WATER PUMPAGE BY AQUIFER FOR REGION

SOURCE: TEXAS WATER DEVELOPMENT BOARD
ALL VALUES ARE REPORTED IN ACRE FEET

AQUIFER NAME 1985 1986 1987 1988 1989
CARRIZO - WILCOX 240,539.90 207,259.45 180,792.98 264,306.95 298,725.99
EDWARDS - BFZ 504,299.20 519,262.37 475,676.80 544,872.29 592,479.59
EDWARDS - TRINITY 5,598.10 5.793.77 3,007.46 3,598.98 11,253.86
GULF COAST 82,927.02 73,846.63 78,188.66 86,329.87 83,236.05
OTHER - UNDIFF. 2,666.19 1,714.20 1,909.14 3,279.11 2,160.52
QUEENCITY 4,169.58 1,112.39 841.91 1,258.68 1,271.69
RITA BLANCA 17.00 16.71 19.91 19.18 18.89
SEYMOUR 765.21

SPARTA 585.91 512.15 549.57 578.11 727.68
TRINITY 8,689.18 8,974.76 9,827.62 15,480.64 11,549.59
REGIONAL TOTALS: 849,492.08 818,492.43 750,814.05 920,489.02 1,001,423.86

The derivation of the pumpage estimation for each of the six categories of use are listed below.
Municipal

Figure 2.1-1 is asample of the survey form that TWDB submits to municipal water users. Included in the
municipal category are commercial operations and institutions, prisons, military bases, residences, parks,
golf courses, firewater, cemeteries, street washing and schools. TWDB representatives report an 88
percent compliance rate for submittal of reports by the 4800 public systems in the state. When reports
are not fumnished by known water users, the TWDB makes its own estimates based upon available
information, especially prior year reports and current connection data, if available.

Table 2.1-3 presents the ground water pumpage data for municipal water users from the Edwards Aquifer
for the years 1981-1990. Numbers estimated by TWDB are noted with a suffix “E.” Blanks in the record
indicate no report. In some cases these are new systems which started operations during the 1981-1990
period.

The TWDB report form does not provide for the water user to indicate the aquifer that is the source of
its ground water use. TWDB assigns the pumpage to variousaquifers based on aquifer maps, well locations
and depths and other information available to TWDB.
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Manufacturing

TWDB provides reporting forms to manufacturing water users similar to those fumnished to municipal
users. Figure 2.1-2 isasample of the manufacturing report form. TW DB cannot compel the manufacturers
to report on ground water pumpage. These reports are submitted on a voluntary basis. TWDB
representatives reporta 92% compliance rate for reporting. Estimates are made for known large users who
do not report.

TWDB assigns the pumpage to the separate aquifers in the same manner as described above in the
Municipal use section.

Power

The TWDB obtains reported pumping data from power generation stations. For steam electric plants
using surface water for cooling, consumptive use is estimated based on power productionand plant specific
data. This ground water pumpage is assigned to separate aquifers in the same manner as described above
the in Municipal use section.

Mining

The TWDB obrains reported pumpage for some mining operations. For those not reporting, estimates
are made based on U. S. Bureau of Mines production data converted to water use.

Irrigation

The TWDB makes intensive surveys of irrigation use every five years. The two mostrecent yearsare 1984

and 1989. This water use information is presented in Report 329, Surveys of Irrigation in Texas-1958,
1964,1969,1974, 1979, 1984, 1989. The cropacreage and crop water application information isobtained
for the intensive surveys from Soil Conservation Service (SCS) field office estimates. In other years,
TWDBobtains irrigation acreage data from the Texas Agricultural Statistics Service and estimates of crop
water application rates from the Soil Conservation Service. The Texas Agricultural Statistics Service
estimates crop acres from report forms sent to farmers and returned on a voluntary basis.

TWDB reports that very few of the ground water irrigation uses are metered. The limits of accuracy are
wide and not as precise asthe Municipal or Manufacturing uses where reports are available from individual
users. Estimates are made on an annual basis. Monthly values are not prepared. The pumpage is assigned
to aquifers by the method described above for Municipal pumpage. Where multiple aquifers are available
for irrigation pumpage ina particular area, some well depth information is used by TWDB for assignment
of the pumpage to the separate aquifers.

Table 2.1-4 presents the 1984 and 1989 irrigation pumpage estimates for the counties in the study region.
Table 2.1-5 provides the detailed calculations of the reported pumpage. This information was supplied
by the Soil Conservation Service and provides crop type, acresirrigated, inchesapplied, and the resultant
acre feet of water pumpage. Note that two total crop acres are reported in Table 2.1-5, the first, “Total
Crop Acres Irrigated” is the sum of the individual crop acres. The “Acres Irrigated-County Map,” total,
which is also the total acres reported in Table 2.1-4, is in all cases less than the “Total Crop Acres
Irrigated.” TWDB reports that this difference is explained by double cropping on some acres. Note that
for Uvalde County, thisdifference is 14,000 and 19,000 acres for 1984 and 1989, respectively, indicating
that those numbers of irrigated acres were double cropped in those years.
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Livestock

Estimates of livestock pumpage are based on livestock populations converted to water use.
Domestic

Domestic pumpage is estimated by TWDB using per capita water use information from rural water systems
in the area applied to the rural domestic population estimates. The TWDB estimates rural domestic
population as follows: total rural population (not included in an incorporated area) minus total number
of reported connections for existing rural systems multiplied by the U. S. Bureau of Census estimate of
persons per household equals total rural population using domestic wells. This element of pumpage is
combined with and reported in the Municipal pumpage category.

All Uses - Edwards Aquifer
Table 2.1-6 presents the Edwards Aquifer components of the total ground water pumpage reported in

Table 2.1-1. This information is presented graphically in Figure 2.1-3.
Figure 2.1-3

TEXAS WATER DEVELOPMENT BOARD
HISTORICAL EDWARDS AQUIFER PUMPAGE
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2.1.1.2  United States Geological Survey

The United States Geological Survey (USGS) compiles estimates of Edwards Aquifer pumpage under
contract with the Edwards Underground Water District. The estimates are published annually as a
bulletin including prior year's data for comparison purposes. Table 2.1-7 presents the USGS estimates
for years 1981 through 1990. Records exist for 1934 through 1990. These estimates are presented
graphically in Figure 2.1-4. The estimation methods used by USGS for the various uses follow.

Figure 2.1-4

UNITED STATES GEOLOGICAL SURVEY
HISTORICAL EDWARDS AQUIFER PUMPAGE

TOTAL ACRE FEET PUMPAGE (1000s)

The USGS obtains municipal and military pumping records each year from the TWDB. For an
explanation of how the TWDB obtains pumping records from users see the explanation in Section 2.1.1.1
above. The USGS supplements the TWDB pumping records by contacts with non-reporting entities.
Generally, the non-reporting entities represent small users. The USGS recategorizes some reported
TWDB municipal pumpage into the Industrial category. Hotels and other public type operations are
transferred from the TWDB Municipal pumpage category to the USGS Industrial category. Likewise,
the USGS separates private schools, country clubs, and cemeteries from the TWDB Municipal record,
and reports these separately under Miscellaneous pumpage. This resorting of reported pumpage makes

anydirect comparison of the TW DB municipal pumpage and the USGS municipal and military pumpage
difficult.

350 j
300| ' .
N Z1FISH HATCH, |
25011 B FLOW.WELLS "
200(]H] BINDUSTRIAL |
150 HIRRIGATION |
100](] .
so|f]
81 B 8'1 9081 96-81 9081 90 j
BEXAR COMAL HAYS MEDINA UVALDE j
Municipal and Military '

Figure 2.1-5 details the location of the five wells supplying water to the San Antonio River. The two
Brackenridge Park wells (Hildebrand and Joske’s Pavilion/ Lambert Beach/ Iron Bridge) and the
Rivercenter Mall well are owned and operated by the City of San Antonio. The Brackenridge Park
(Hildebrand) well discharge has been reported to the TWDB and included in the USGS annual estimate
of ground water discharge. The Brackenridge Park (Joske’s Pavilion/Lambert Beach/ Iron Bridge) and the
Rivercenter Mall wellsdischarge hasnot been reported to TWDB and hasnot been included in the USGS
annual estimate of ground water discharge. This unreported discharge was estimated in May, 1992, to be
approximately 2200 acre feet per year as reported by the San Antonio River Authority.
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Figure 2.1-5

EDWARDS AQUIFER WELLS WHICH DISCHARGE
INTO THE SAN ANTONIO RIVER

IH410

The Dillard’s (formerly Joske's) well which discharges to the San Antonio River is on the TWDB
municipal roll but has not been reported since 1987. USGS has not included this discharge in annual
estimates for years 1988-90 because it was not reported. This discharge was estimated in May, 1992, to
be approximately 2070 acre-feet per year as reported by the San Antonio River Authority.

The San Antonio Zoological Gardens & Aquarium operates a well on the zoo grounds to supply water
to the various features in the z00. This use has been reported to TWDB and is included in the USGS
estimate of ground water discharge.

Irrigation

The USGS has prepared independent irrigation water use estimates with basic information on power
consumption, irrigated acres, and crop water application rates from power companies, fuel suppliers,
irrigators, and state and federal agencies as explained below.

Years 1981-83. Electric power and fuel consumption for irrigation pumping were used to calculate total
estimated irrigation.

Years 1984-85. Irrigated acres and water application rates were used to estimate total irrigation use. The
calculations were not crop specific. Work notes for calculation of irrigation pumpage for years 1985 and
previous years were not found in the USGS files.

Year 1986. Irrigated acreage information supplied by the Soil Conservation Service and the Texas
Agricultural Statistics Service was used in combination with crop water application rates developed by
USGS from interviews with SCS technicians and irrigators. The Texas Agricultural Statistics Service
obtains irrigated acreage information from voluntary reporting forums submitted to and returned from
farmers. The crop water application rates were developed based on meter readings, pumping rates, and
pumping hours for selected operations.

15
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Sample Data From
Table 2.1-8

see pages 63-64

for complete table

Year 1987. Irrigated acreage information was obtained from the Texas Agricultural Statistics Service.
Crop water application rates were derived in the same manner as Year 1986.

Year 1988. Irrigated acreage information was obtained from the Agricultural Stabilization and Conser-
vation Service (ASCS). Crop water application rates were derived in the same manner as Year 1986.

Year 1989. Remote sensing (satellite photography) was used to develop crop acreage estimates. Crop
water application rates were derived in the same manner as Year 1986.

Year 1990. Cropacres were estimated by USGS from ASCSrecords. Irrigated acres were adjusted fornon-
ASCS program crop acres. Crop water application rates were estimated by SCS technicians from on-farm

measurements. SCS does not publish its records of on-farm measurements but fumishes the individual
farm data sheets to USGS without identifying the farm.

Tables 2.1-8 and 2.1-9 present the calculations of irrigation demands and water application rates asfound
in the USGS working files. Where crop water application rates were estimated by USGS office personnel,
the data is noted in tables with a suffix “E”. Those crop water application rates noted with a suffix “A”
are based on field interviews with irrigators, estimates of pumping rates and pump hours or meter readings.
In some cases, only one field measurement was recorded.

UNITED STATES GEOLOGICAL SURVEY IRRIGATION DEMAND CALCULATIONS

FOR EDWARDS AQUIFER
SOURCE: USGS FILES 1986 - 1991
QOUNTY 1988 1989 1990
INCHES ACRE INCHES ACRE INCHES ACRE

ACRES APPLIED FEET ACRES APPLIED  FEET ACRES APPLIED  FEET

BEXAR

ALFALFA
QOORN 2,800 1231 A 2,872 1,000 2831 A 2,359 3,850 2000E 6,417
QOTTON 200 11.00E 183 669 2000E 1,115 400 2000E 667
GRASS FARM 200 1000E 167 200 1200E 200
MILO 1000E 167 156 9.00E 117
NURSERY STOCK 900E 225 300 10.00E 250
PEANUTS 1900 A 1,742 1,100 1963E 1,799
VEGETABLES 500 2S00E 1,042 680 30.00E 1,700
WHEAT/OATS

BEXAR TOTAL: 5,300 6,398 1,669 3,474 6,686 11,150

Industrial

The USGS obtains pumping data from the TWDB for industrial pumpage similar to that obtained for
municipal and military pumpage. USGS combines TWDB mining, power, and manufacturing pumpage
for this general category. USGS supplements the TWDB record of contacts with mining, power and
manufacturing pumpage entitiesand estimates where necessary. Generally, the smallerusersare the non-
reporting entities.

USGS reports some public system pumpage reported as municipal by TWDB in the USGS Industrial
category. Hotels operating theirown wellsare an example of pumpage reported by USGS in the Industrial
category. This resorting by USGS of TWDB data makes direct comparisons of TWDB manufacturing,
power, and mining pumpage with USGS industrial pumpage difficult.

Uncontrolled Flowing Wells

Known discharge rates and field measurements coupled with aquifer levels for the year are used by USGS
to estimate uncontrolled andunreported flowing well discharges. These estimates are prepared on a well-
by-well basis. For 1990 the USGS list of wells in this category was:

Farmers Well (J-21) (permanently closed in 1991)

:
:
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Blue Wing Schirmirer

Hot Wellst O. R. Mitchell

J. W. Scott J.L. Nelts

F. Vargas Aldridge Nursery

Misc. Flowing Wells (21)
The Farmers Well estimated flow was the majority of the total flow for these wells as tallied in the USGS
working files.

Domestic and Livestock Use

USGS estimates domestic and livestock pumpage for each county and reports these asa lump sum. It was
reported by USGS that thisestimate, which has been constant for recent years, was originally made based
upon rural population within the counties. USGS representatives contacted were not able to provide
details on the original derivation of this estimate.

The Domestic and Livestock component of the Domestic and Livestock and Miscellaneous pumpage
estimated by USGS for years 1986 and before was not detailed in the USGS work notes. The consistency
of the totals for Domestic Livestock and Miscellaneous pumpage pre-1987 with 1987 and after would
indicate that a similar component of Domestic and Livestock pumpage was estimated by USGS for pre-
1987.

Other Miscellaneous

This category includes parks and private schools, country clubs, and cemeteries. This pumpage is
estimated separately only for Bexar County and is derived from reports to the TWDB. Detailed estimates
were found for years 1987 and after. For prior years, this pumpage was reported in lump sum along with
Domestic and Livestock use.

Fish Hatcheries

Separate estimates are made for the fish hatcheries in Hays and Uvalde Counties. However, the sum of
the Uvalde fish hatchery and domestic and livestock detailed estimates found in the USGS files do not
reconcile to the total reported by USGS in the bulletins for years 1981 through 1983. For this reason,
Domestic and Livestock and Fish Hatcheryuses in Uvalde County are reported asone total in the Uvalde
County section of Table 2.1-7.

2.1.1.3 Summaries and Comparisons

Tables 2.1-10, 2.1-11, 2.1-12 and 2.1-15 provide comparisons of USGS and TW DB reported estimates
of Municipal and Military, Industrial, Irrigation and Domestic and Livestock pumpage, respectively, for
thefive major Edwards Aquifer counties. Figure 2.1-6 presentsa graphical comparison of the total Edwards
Aquifer pumpage estimates by USGS and TWDB for years 1985-1989.

A review of Table 2.1-10 or Figure 2.1-6a comparing the Municipal and Military pumpage as reported
by USGS and TWDB reveals a consistent pattern of the USGS estimate for Bexar County (the major
Municipal and Military use of the five counties) to be several thousand feet less than TWDB. Thiscan
be explained because USGS transfers parks, cemeteries, schools and country clubs to the Miscellaneous
pumpage category and hotels and other public but corporate pumpage to the Industrial category. There
are differences for the other four counties that are more significant on a percentage basis, however, the
relative amounts of water are small. The USGS working files were not researched in detail to explain the
differences in USGS and TWDB reported estimates for Comal, Hays, Medina, and Uvalde Counties.
One would expect the USGS and TW DB Municipal and Military pumpage numbers to be veryclose, with
the adjustments made by USGS considered, because USGS begins its reporting process with data fur-
nished by TWDB. The TWDBdatareported in these tables is the Edwards Balcones Fault Zone (Edwards
Aquifer) component of total of county ground water pumping reported by TWDB in Table 2.1-2.

17



Sample Data From
Table 2.1-12

see page 70

for complete table

Table 2.1-11 compares USGS and TWDB estimates of industrial pumpage from the Edwards Aquifer.
Thiscomparison is presented in Figure 2.1-6b. The readerisreminded that USGS transferssome pumpage
reported by TWDB as municipal to this category. Also USGS makes estimates of known industrial
pumpers not reflected in the TWDB record. TWDB representatives report that the large increase in
pumpage in the TWDB record in Comal County in 1987 comes from a first time report submitted by a
quarry operation. The Comal County estimate retums to the pre-1987 level for 1988 and after because
that same operation did not submit subsequent reports.

Table 2.1-12 presents a comparison of USGS and TW DB irrigation pumpage estimates from the Edwards
Aquifer. Figure 2.1-6c also presents this comparison. The Edwards Balcones Fault Zone (Edwards
Aquifer) componentonly of total county ground water pumping reported by TWDB in Table 2.1-2 isused
in these comparisons. After 1985 the TWDBestimates are higher than USGS, in some years and counties
significantly higher.

COMPARISON OF TWDB AND USGS
GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER COUNTIES
IRRIGATION USE
SOURCE: TABLES 2.1-1, 2.1-7  ALL VALUES REPORTED IN ACRE-FEET OR AS A PERCENTAGE
YEAR COUNTY USGS TWDB (1) PERCENT
TABLE 2.1-7 TABLE 2.1-1 DIFFERENCE
1985 BEXAR 16,400 15.949 2.75%
COMAL 200 0 160.00
HAYS 200 0 100.00
KINNEY 0 110 -100.00
MEDINA 53,000 56,905 -6.68
UVALDE 133,200 149,459 -10.88
TOTAL 203,000 222,423 8.73
1986 BEXAR 7,600 15,613 51.32%
COMAL 300 385 -22.08
HAYS 200 0 100.00
KINNEY 200 119 40.50
MEDINA 36,400 94,180 -61.35
UVALDE 59,400 119,828 -50.43
TOTAL 104,100 230,125 -54.76

Table 2.1-13 compares USGS and TWDB ground water pumping data for corn and cotton for 1989.
This is the only year in which the TWDB intensive irrigation survey coincides with the availability
of detailed data from USGS. TWDB records of crop acres and crop water application rates were not
available for comparison to USGS records in years 1986-88. The USGS detailed calculations for 1984,
the previous TWDB intensive survey year, were not found in the record. This subset of the USGS and
TWDB detailed irrigation calculations for the major Edwards Aquifer irrigation area crops reveals that
for 1989 differences in irrigated acres are more responsible for the disagreement between USGS and
TWDB than are crop water application rates. A cautionary note, the data presented in Table 2.1-13
represents only one year and does not imply that differences in irrigation acres is responsible for
discrepancies between TWDB and USGS irrigation use estimates in other years.

The TWDB irrigation pumpage does not fluctuate with observed rainfall as much as USGS irrigation
pumpage. Table 2.1-14 is a reprint of the historical rainfall for sclected rainfall reporting stations in
the Edwards Aquifer arca from Bulletin 50, Edwards Underground Water District, 1990. A further
review of Tables 2.1-5 and 2.1-8 indicates that TWDB carries a consistently higher estimate of forage,

grain sorghum and small grain acreage to account for the remainder of the difference between the
USGS and TWDB estimates.

Table 2.1-15 compares the Domestic and Livestock estimates made by USGS and TWDB. Figure 2.1-
6d also compares these estimates. The TWDB domestic component of the Municipal pumpage
reported in Table 2.1-1 plus the TWDB Livestock pumpage reported in Table 2.1-1 is compared to the
USGS estimate of Domestic and Livestock pumpage which has been consistently reported since 1987

as 21,500 acre feet per year. There is a significant disagreement between the TWDB and USGS
estimates.
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Figure 2.1-6

COMPARISON OF USGS AND TWDB
HISTORICAL EDWARDS AQUIFER PUMPAGE
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Figure 2.1-6a

COMPARISON OF TWDB AND USGS
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Figure 2.1-6b

COMPARISON OF TWDB AND USGS
HISTORICAL INDUSTRIAL PUMPAGE (1000s AF)
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COMPARISON OF TWDB AND USGS
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Figure 2.1-6d

COMPARISON OF TWDB AND USGS
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0 S i : bl g i
85 89 85 89 85 89 85 89 8 89

...........................................

o } | MusGs
..... e e [lTwDB

.............................

BEXAR COMAL HAYS MEDINA UVALDE
2.1.1.4 Panel Discussions and Conclusions

One member emphasized the importance of distinguishing between pumpage for use, waste discharge
and free-flowing wells. He suggested a “well discharge total” as distinguished from the “total pumpage”
to meet demands for specific uses. Others emphasized that it was important to identify an artificial drain
on the aquifer that did not serve a beneficial use. Uncontrolled flowing wells needed to be found and
closed.

Referring to the unreported San Antonio wells described above (Brackenridge Park, Rivercenter Mall
and Dillard’s), one member emphasized that more than 4000 acre feet, (according to one agency's
estimate) of discharge from these sources is presently unreported and needs to be accounted for in any
comprehensive presentation of water data.

Panel members with irrigation experience emphasized that irrigation water use depends on a multiplicity
of factors, only a few of which are reflected in the data. For example, much depends on what each
farmer is trying to achieve in yield per acre. Farmers’ goals will differ depending on their experience
and how a particular field fits into their plans. That alone can account for great variations in the same
area for the same crop. In addition, there are impacts of rainfall and the distribution of rainfall across
a county that are not taken into account. Government programs also play a role in planning for the
irrigation season. The variations in data, then, should not necessarily be interpreted as the result of
error. Many times those variations are the reality.

Some members felt thar the estimates of crop water application rates prepared by SCS were the most
accurate. The ASCS acres irrigated estimates were thought to be more accurate than those used in
some years by TWDB. It was noted by one panel member that all crop acres are certified by all farmers
participating in the government farm program and that the great majority of all farms are enrolled in
the program.
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Comparing USGS and TWDB pumping data for irrigation use in the Edwards Counties, many
members thought the USGS data was more accurate.

One member felt that it is too gross a methodology to extrapolate applied water rates of irrigated crops
for an entire county from only seven farms. He suggested that a better methodology might be proposed.
The need to distinguish carefully between hard data based on direct measurements and all forms of
estimated data was emphasized by another panel member. No matter how good the estimates might be,
they should be identified as such and clearly set apart from actual measurements. This member suggested
several steps: 1) the accuracy of all steps in data reporting and transcription need to be examined and
stated, with verification tests of data accuracy by checks with the original water users, if possible; 2) the
range of error in measured and estimated pumpage needs to be examined and stated, and data should be
separated into categories for reporting depending on whether they are based on a) metered pumpage, b)

estimated pumpage based on direct field inquiries with individual pumpers or ¢) estimated pumpage from

all other users who were not interviewed; and 3) an effort needs to be made to determine or estimate any

unreported or unaccounted for pumpage or discharge from the Edwards, including unused wells and

smaller springs.

Other members expressed asimilar concern about verification of suspect data. It was pointed out that the
original reporting forms used by TWDB are available and can be checked to ensure that errors in
summarizing data were not made or to examine reasons for unexpected figures.

Some members urged USGS and TWDB to develop a common methodology for measuring irrigation
pumpage in particular.

2.1.2 HistoricAL SURFACE WATER DIVERSIONS
2.1.2.1 Texas Water Commission

All Uses

Surface water in Texas is the property of the State. Anyone (person, private corporation, city, etc.)
desiring to use surface water must first receive a permit from the State. This permitting and use of surface
water is administered by the Texas Water Commission (TWC). Each permit contains detailed
information for each surface water appropriation including appropriator’s name, type of use, authorized
diversion amount, acres irrigated, storage capacity of reservoir, priority date, and other information. A
sample page of this information is provided as Table 2.1-16. This information is available for all water
rights listed in the TWC files for the Guadalupe, San Antonio and Nueces river basins and the Lavaca-
Guadalupe coastal basin, San Antonio-Nueces coastal basin and the study area portion of the Nueces-
Rio Grande coastal basin.

All appropriators of surface water for all purposesfile annual reports of monthly diversions with the Texas
Water Commission (TWC). Generally, municipal and industrial uses are mctered. Irrigation uses are
metered and estimated using pump hours and pumping rates. Hydroelectric uses are estimated by
converting power production to water use. Table 2.1-17 presents a comparison summaryof actual surface
waterusesin the region for 1989. Table 2.1-18 presents a summary by basin of existing surface water rights
in the region to compare to the actual uses presented in Table 2.1-17.

:
:
:
:
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1989 SUMMARY LISTING OF WATER USES
BY TYPE OF USE FOR .
GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS
AND ADJOINING COASTAL BASINS

‘Spurce: Texas Water Commission, Unit: Acre-Feet

MUNICIPAL | INDUSTRIAL IRRIGATION MINING HYDRO- RECREATION | RECHARGE OTHER TOTAL
" ELECTRIC
- BASIN No.of Div. | No.of Div. | No.of Acres Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div.
Permits Amt. |Permits Amt. | Permits Amt. |Permits Amt. |Permits Ami. |Permits Amt. |Permits Amt. |Permits Amt. | Permits Amt.
Guadalupe 35 18567 | 34 ' 553047 | 214 10481 55828 1 0] 10 1649427 | 41 62 0 0 0 0 335 2,276,931
- 1) 3 4)
San Antonio 5 539 2 28175 180 33146 73600 1 272 0 0] 20 307 1 0 4 0 213 102,893
Nueces 19 107341 5 60917 | 208 26437 30564 1 1 0 0] 13 40 3 0 2 0 251 198,863
Lavaca- 0 0 (1] 0 3 0 0 0 0 0 0 0 0 0 0 0 0 3 0
Guadalupe
San Antonio- 0 0 5 4084 2 110 215 0 0 0 0 4 17 0 0 0 0 11 4,316
Nueces :
Nueces- 3 5621 8 809594 | 48 6796 6744 0 1] 0 0 9 982 0 0 4 0 72 822,941
Rio Grande
TOTAL 62 132068 | 54 1455817 | 655 76970 166951 3 273 ] 10 1649427 | 87 1408 4 0} 10 0 885 3,405,944

Div. Amt. = Diversion Amount

(1) Includes 1660 acre-feet from Canyon Reservoir storage.

(2). Includes 114 acre-feet from Canyon Reservoir storage.

(3) Includes non-consumptive diversions, consumptive use is minor portion of the total.
(4) Non-consumptive,

LIMITATIONS ON USE OF THIS DATA
1. Diversion amounts for industrial uses include non-consumptive diversions. TWC records obtained do not reflect separation of consumptive and non-consumptive uses for

industrial diversions.
2. Hydroelectric use is non-consumptive, reported use combines multiple plants using same water.
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SUMMARY LISTING OF WATER RIGHTS BY TYPE OF USE FOR 7-
GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS 3
AND ADJOINING COASTAL BASINS
Source; Texas Water Commission, Unit: Acre-Feet
MUNICIPAL INDUSTRIAL IRRIGATION MINING | HYDRO-ELECTRIC RECREATION] RECHARGE | OTHER TOTAL
No. Div. | No. Div. Consum.| No. Acres Div. | No.Div. No. Div. Consum.] No. Div. { No. Div. | No. Div. No. Div. Consum.
BASIN Perm. Amt. |[Perm. Amt. Div. AmiPerm. Amt. {Perm. Amt]Perm.Amit. Div. Amt{Perm. Amt. |Perm. Amt. {Perm. Amt. | Perm. Amt. Div. Amt
Guadalupe 46 182395 |41 613534 131566262 53399 88780 |3 156113 5288585 0] 54 69591 0 0] 4 850 | 423 6,181,259 403,747
(1) (1) 2 )1 3 3) “) (1)(2)(3)(4)
San'Antonio | 8 72032 | 5 48936 (5) 1211 58303 102223 |1 4311 0 0 0] 26 480] 1 9611 5§ 01} 257 225,063 (5)
Nupces 27 239419 9 258112 (5) 1275 48536 79311 |3 171 0 0o 0] 17 101 3 -2290]| 3 0| 337 579,159 (6))
Lavaca- 1 010 0 0 9 3247 4560 |0 0Jj O 0 ¢ 0 0| 0 011 1000 10 4,560 0
Guadalupe
San Antonio-| 0 015 16,017 ) 5 606 842 |0 0] 0 0 0 4 7780 O 010 0 15 25,639 )
Nugces
Nueces- 5 7738 |10 1575838 5)} 54 36372 52218 |0 0| O 0 0 9 10427 ] O 015 0 83 1,646,221 (5)
Rio Grande 6)
TOTAL 87 501584 |54 2512437 131566 816 200463 327934 {7 604113 5288585 O |110 25656 | 4 3251 |18 1850 |1125 8,661,901 (5)

No. Perm. = Number of Permits
Div. Amt, = Diversion Amount

Consum. Div. Amt. = Consumptive Diversion Amount

n
2
(&)
4

&)
(6)

permitted for irrigation and industrial.

481,968 ecre-feet.

LIMITATIONS ON USE OF THIS DATA
Separation of consumptive diversion amount from total diversion amount for industrial use is estimated.

1.

Includes 14 contracts for Canyon Reservoir Supply totalling 19,910 acre-feet for Canyon Reservoir; Canyon Reservoir included at 35,225 acre-feet; includes 106,000 acre-feet also
Includes 13 contracts for Canyon Reservoir Supply totalling 11,796 acre-fect; Canyon Reservoir included at 14,775 acre-feet; includes 5 permits with non-consumptive rights totalling

Includes 9 contracts for Canyon Reservoir totalling 159 acre-feet; includes 51,191 acre-feet also permitted for municipal and industrial; includes 940 acre-feet also permitted for
industrial, mining and stockraising; includes 4,370 acre-feet also permitted for industrial.

Largest single permit equals 796,363 acre-feet.
Consumptive and non-consumptive components not separated.
Includes 1,573,598 acre-feet from bays and estuaries.




2.1.2.2 Summaries and Comparisons

The year 1989 was selected for comparison of the permitted and actual uses because it is the most recent
dry year. The comparison indicates that the permits were utilized at about 10% to 50% of the permitted
amounts. The exceptions are irrigation use in all the basins which were utilized at a level of 50% to 80%
and industrial use in the Guadalupe Basin, a large portion of which is once-through cooling use for power
plants and industries. Hydroelectric use is a function of naturally available river flow which dictates the
utilization rate.

2.1.2.3 Panel Discussions and Conclusions

Some members felt it important to add information to the table about actual water use, as reported to the
TWC. They suggested that without data about water retumned to the stream and available for further use,
the picture is distorted. The data reported were correct, but it was suggested that information be added
about return flows. It was also suggested that priority dates be added.

2.1.3 PoruLATION AND WATER USE PROJECTIONS
2.1.3.1 Texas Water Develpment Board, 1990 Texas Water Plan

In 1989 the Texas Water Development Board prepared a projection of water use for all counties in the
state and all citiesover 1000 population for projection years 1990, 2000, 2010, 2020, 2030 and 2040. This
information was published as the 1990 Texas Water Plan.

Projections of water use were based on projections of population using U.S. Census Bureau historical
population information and reported historical water use information obtained by TWDB. Water use
projection information developed by TWDB is not directly comparable to historical pumpage informa-
tion because the use projections may not include delivery losses, particularly for surface water uses. These
projections are for total water use within the city or county, both surface and ground water.

High and low population series were projected for all cities over 1000 population and for other county
population. The historical and projected high and low population series for the counties in the region
are presented in Table 2.1-19. This data for the major Edwards Aquifer counties is presented graphically
in Figures 2.1-7 through 2.1-11. Population projections were developed using a cohort-survival method
that project births and deaths for specific population groups and also net migration. The high series
forecast reflects the levels of migration experienced during the rapid expansion of the 1970-1990 period.
The low series forecast reflects lower levels of migration experienced on the average during the previous
thirty year period.

For each population series a projection of municipal, manufacturing, steam electric and irrigation use is
projected. Mining and livestock uses are projected to be constant for both the high and low population
series.

Within the municipal category uses are projected for all cities over 1000 population and other county
population at high per capita and average per capita use rates. For the 1990 Plan, the high per capita use
rate isdescribed by TWDB asthe highest per capitause rate during 1978-1988 reflecting a period of below
average rainfall. The average per capita is the average for that same period, reflecting average rainfall
conditions. (See Section 2.1.3.3 for additional information on TWDB per capita water use projections.)
For both the high and average use rates, projections of municipal use are made with and without
conservation.

TWDB projections for the “With Conservation” scenarios factor in implementation of municipal water
conservation programs. For the 1990 Plan, implementation of such programs was projected to reduce
municipal per capita use by 2.5 per cent by 1990, 7.5 per cent by 2000, 12.5 per cent by 2010 and 15 per
cent by 2020.
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Figure 2.1-8
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Manufacturing water use estimates are based on several factors: 1) national and state growth outlooks
developed for each industrial category in Texas; 2) historical water use; 3) known facility expansions or
construction; 4) the industrial base of each county; and 5) potential savings through improved water
efficient technologies.

Steam-electric power generation water needs are based on projections of 1) power demands, 2) fuel
sources used for generation, 3) cooling technology, 4) and plans for expanding power capacity identified
by the industry.

Mining water requirements are based on water use coefficients representing: 1) each type of mining in
Texas, 2) historical national and state trends in mineral production, and 3) substitutions of mineral fuels
for energy production.

Todetermine irrigated agriculture water requirements TW DB considers: 1) acreage currently in irrigated
production, 2) current water use per acre, 3) water costs, 4) availability of water supplies, and 5) typical
water requirements for Texas irrigation operations. In addition, TWDB for its 1990 Plan projected a 20
per cent increase in water use efficiency. Finally, TWDB projects a continuation of the historical decline
in irrigated acres recorded from 1985-1989.

Livestock water use rates for the classes of livestock are derived from animal nutrition data for daily water
requirements. Forecasts of livestock production as well as water use rates are the basis for estimating future
livestock water demand.

Figure 2.1-12 describesthe elementsof the TWDBwateruse projection estimates by use category and their
summation into the reported projection estimates for each county. The high population series with muni-
cipal use at the high per capita use rate with conservation is indicated as the estimate most representative
of expected future demands and is used for further presentation in this material. To balance this estimate

1
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Figure 2.1-12

Sample Data From
Table 2.1-20

see pages 79-80

for complete table
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the commensurate low population series projections are also presented. Both population series projec-
tions of water use are found in Table 2.1-20. Figures 2.1-13 through 2.1-17 graphically present this data
for the major Edwards Aquifer counties. All of the elements of the estimates and their summations as
described in Figure 2.1-12 forall projection yearsare available for furtheruse in projecting future demands.

A review of Table 2.1-20 reveals that municipal, manufacturing, and steam electric projections vary
moderately between the high and low population series. Irrigation varies significantly between the high
and low series for the Edwards Aquifer counties. The high series irrigation anticipates very little change
in irrigation use in the early projection years and a small decrease in irrigation use after that due to
competition and moderate limitations on aquifer use. The low series varies little until the year 2000, but
hassignificantreductions projected in later projection yearsdue to predicted conservation and mandatory
restrictions on pumpage.
TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS

SOURCE: Texas Water Plan, 1950

All values reported in acre-feet
QOUNTY SERIES 1990 2000 2010 2020 2030 2040
BEXAR LOW (1) 359729 397506 428989 472827 546094 586817
HIGH (2) 365656 421081 462450 539687 680179 765614
OOMAL Low 18599 21762 24046 26357 28520 29942
HIGH 18892 23730 27108 30602 35264 38373
HAYS LOwW 18040 22300 26285 30372 34420 36834
HIGH 18232 24732 31376 37876 44674 48658
MEDINA LOwW 61028 44966 43031 41245 39482 37544
HIGH 76520 70675 67290 63941 60682 57290
UVALDE LOW 86676 64544 62632 60849 59189 57048
HIGH 108706 100843 96750 92726 88939 84751

(1) Low Population Scrics, High per Capita use, with Conservation
(2) High Population Series, High per Capita use, with Conservation

Table 2.1-21 presents the historical and high and low population projections for cities over 10,000
population in the region. This data is available for cities over 1000 population.
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Sample Data From
Table 2.1-22

see pages 83-84

for complete table

Sample Data From
Table 2.1-24

see pages 87-88

for complete table

Table 2.1-22 presents the projected water uses for cities over 10,000 population for both the high and low
series with high per capita use rate and with conservation, the comparable data set to that reported above

in Table 2.1-20 for the counties.

TEXAS WATER DEVELOPMENT BOARD WATER USE FROJECTIONS
FOR CITIES OVER 10,000 POPULATION

Sousce: Texas Water Plan, 1950

All values reported in acre-feet
"COUNTY/CITY SERIES 1990 2000 2010 2020 2030 2040
BEXAR/SAN ANTONIO HIGH (1) 224208 258827 287604 328191 385520 437894
LOW 2 224032 249417 271234 290177 309478 334781
COMAL/NEW BRAUNFELS HIGH 8820 10200 11822 13236 15255 16304
Low 8724 9434 10704 11862 1297) 13501
HAYS/SAN MARCOS HIGH 8554 11756 15432 18881 22436 24439

LOW 8483 10541 12707 14939 17181 18409

(1) HIGH SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION
(2) LOW SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION

2.1.3.2 Texas Water Development Board, 1992 Draft Projections

The Texas Water Development Board has made revised population projections and water use estimates

dated April, 1992, using the 1990 census information. This material is available in DRAFT form. It has

not been approved by the Texas Water Development Board. It should also be noted that the 1990 census

issuspected of havingundercounted the population. These April, 1992, projections are basedon the 1990
Census and do not acknowledge the potential undercount.

Table 2.1-23 presents the historical population and the 1992 projected population for projection years
2000, 2010, 2020, 2030 and 2040 based on the 1990 Census. This data for the major Edwards Aquifer
counties is presented graphically in Figures 2.1-18 through 2.1-22. These population projections can be
compared to projections made in 1990 without benefit of the 1990 Census.

For the 1992 water use projections the TWDBused the same elements of projected wateruse asdescribed

by Figure 2.1-12 for the 1990 water use projections. In applying the expected municipal conservation ™)

savings over the projection period, credit was given to those cities that had already achieved reductions
in use from conservation programs, i.e., cities with demonstrated conservation reductions in 1992 were

7

o

not projected to achieve as much additional conservation savings through the projection period asthose

without a conservation program in place in 1992. Table 2.1-24 presents the commensurate data set for
the 1992 water use projections to that offered in Table 2.1-20 for the 1990 projections. Figures 2.1-23
through 2.1-27 graphically present this data for the major Edwards Aquifer counties.

TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS

SOURCE: TWDB, 1991 Projections based on 1990 Census Data
All values reported in acre-feet

QOUNTY SERIES 2000 2010 2020 2030 2040
BEXAR Low (1) 401372 436471 479021 537686 601360
HIGH 2) 419253 47375 537486 635411 720569
QOMAL Low 26022 28275 30496 32659 34489
HIGH 27783 31696 35436 39679 42813
HAYS 1ow 20749 24654 27987 31027 32589
HIGH 22729 28785 34119 39196 41976
MEDINA LOW 99071 59491 59653 59977 60158
HIGH 119240 114839 115193 115699 115990
UVALDE Low 100198 66114 63882 62984 64226
HIGH 140334 131412 132341 133648 135116

{1) Low Population Series, High per Capita use, with Conservation (2) High Population Series, High per Capita use, with Conservation
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Sample Data From
Table 2.1-26

see pages 91-92

for complete table

Table 2.1-25 presents the 1992 population projections for the citiesover 10,000 population, highand low
series, as was presented in Table 2.1-21 above for the 1990 projections. Population projections are
available for cities over 1000 population.

Likewise, Table 2.1-26 presents the 1992 water use projections for the cities over 10,000 population
comparable to those presented in Table 2.1-22 with the above noted difference in projected conservation
savings between the 1990 and 1992 projections.

TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS
FOR CITIES OVER 10,000 POPULATION

Source: Texas Water Development Board, 1992 Projections

All values reported in acre-feet

QOUNTY/CITY SERIES 2000 2010 2020 2030 2040

BEXAR/SAN ANTONIO HIGH (1) 247067 282259 320833 380152 437465
LOW (2) 240385 265940 293952 333489 369674

COMAL/NEW BRAUNFELS HIGH 9692 11376 12693 14509 15376
LOW 8818 9425 9949 10678 11277

HAYS/SAN MARCOS HIGH 9357 11453 13232 14939 15819
LOW 8711 9999 11121 12106 12614

(1) HIGH SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION
(2) LOW SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION

The comparison of the high and low population series projections described above for the 1990
projections can be observed fromareview of the 1992 projections. Municipal, manufacturing, miningand
power uses vary moderately in comparison to the difference in projected irrigation use which varies for
the same reasons given above for the 1990 projections.

2.1.3.3 Texas Water Development Board Per Capita Water Use

Table 2.1-27 presents the projections of per capita water use rates used in the 1990 Texas Water Plan
projections of water use for the cities in the region. The same per capita water use was used for both the
high and low population series. As indicated previously, for the 1990 Plan high per capita is the annual
highest use in the 1978-1988 period, reflecting demand during periods of below average rainfall. The
average per capita use is the average for the same period and reflects demand during periods of average
rainfall. From the four per capita water uses listed for each city the per capita use associated with the water
use projections presented above in Tables 2.1-20 (counties) and 2.1-22 (cities) is identified as High, With
Conservation.

Table 2.1.-28 presents the projections of per capita water use rates used in the 1992 Draft TWDB pro-
jections of water use for the cities in the region. For the 1992 Draft, the high per capita was the high year
in the 1978-1989 period, and the average per capita was the average for this same period. The high and
low population series per capita water use rates vary one or two gallons per capita per day depending on hous-
ing starts. From the four per capita water uses listed for each city the per capita use associated with the
water use projections presented above in Tables 2.1-24 (counties) and 2.1-26 (cities) is identified as H-C.

Computations utilized to develop per capita water use in “Major Cities” include commercial and
institutional uses. TWDB computes the per capita as follows: [t subtracts from total reported water use
Heavy Industrial Use and Sales to other providers and then adds Purchases of water. This revised Total
Use figure is then divided by the census population. Computations utilized to develop per capita water
use in “Rural” County listings exclude identifiable institutional uses. These identifiable uses are included
in the computed county total “other” demands category.

29



Figure 2.1-13

BEXAR COUNTY WATER USE PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN
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Figure 2.1-17

UVALDE COUNTY WATER USE PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN
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Figure 2.1-27

UVALDE COUNTY WATER USE PROJECTIONS
FROM TWDB 1992 CENSUS DATA
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2.1.3.4 Summaries and Comparisons

The principal comparison presented is between the tables from the 1990 Texas Water Plan and the
1992 Draft projections of TWDB. To repeat, the 1990 Plan was an estimate of population and not based
on the 1990 census figures, and the 1992 Draft is a projection based on the 1990 census. The 1992 Draft,

however, does not take into account a possible undercount of the 1990 census.

For some counties and cities the 1990 Texas Water Plan projections are higher than those in the 1992
Draft, based on the 1990 census. TWDB officials indicated that if a county or city believed it had been
undercounted in the 1990 census the 1990 Texas Water Plan figures would probably reflect their sense
of the more likely population and water use projections.

2.1.3.5 Panel Discussions and Conclusions

Several members raised issues about the Gallons Per Capita Per Day (GPCD) concept and its uses. One
member felt that it should not be used unless based on population served rather than on census-based
projections. The problem is to account for the impact on water use of tourists, non-resident students
and other transient or daytime demands that are not captured in population figures. Another member
wamed about a GPCD “numbers game” and the care needed in comparing GPCDs based on different
criteria. A member suggested a standard GPCD to be used in all contexts. Another felt gallons pumped
was a much more significant measure than GPCD.

In general, several members were anxious about future regulatory uses of GPCD figures. TWDB em-
phasized that its calculations of GPCD had only to do with projections of demand, not with a regulatory
function. Some felt that the GPCD needed improvement for more accurate demand projection, but
apart from the suggestion of using population served as an alternative to permanent population, a
specific new formula was not offered.

One member suggested that per capita consumption be broken down by use categories. Others pointed
out that this data is reported in a certain way and that new categories cannot be added for past data.
Some favored a recommendation for future action that municipalities be required to report per capita
usage by separate categories. Some felt that experience with GPCD tends to show that breakdown by
categories tracks the experience with the composite figure and that too many categories creates a
cumbersome system that might be useful for local management but not for gross projections. Others felt
that further breakdown was useful for regulatory purposes, especially to deal with the different levels
of conservation effort that existed in different sectors. It was not fair, for example, to impose the same
conservation requirements on industries already using water saving devices as on those that were not.
Some felt that the burden for conservation tends to be placed on residential use because of a composite
GPCD figure which lumps Seaworld, for example, with residences. Commercial and industrial should
be broken out so that conservation goals can be set separately for them. Some felt that more categories
would also be helpful with projections of demand as well as possible regulatory purposes. A representative
of one city pointed out that a college campus in its midst is the largest user of water and that the city
has no control over it and that this can distort its water use figures.

Several members expressed concern that the Texas Water Commission would arbitrarily select a set
of figures for regulatory purposes without the sort of questioning that the Technical Review Panel was
doing. It was pointed out that the new TWC permit process for the Edwards Aquifer required the
reporting of a great deal of data that had not previously been collected by any agency. It was suggested
that this process could be the vehicle for new reporting and that the TWC should consider this.

The Panel in general agreed that more data was required for regulatory purposes of the Texas Water
Commission in order to allow for anomalies and uncertainties and that additional funding should be
requested to help the agency meet this need. The Panel specifically agreed that if the TWC was going
to use GPCD as a regulatory tool it should first carry out a thorough study of how it is designed and
incorporate a better breakdown of per capita use figures that would treat residential, commercial,
industrial and other categories differently depending on their different usage.

A — _43

. ¥ =

_3 _3



2.2

WATER NEEDS
FOR NATURAL
SYSTEMS

Some members suggested that an area for future study would be to create models for residential per
capita consumption conservation goals and to build comparable models for irrigation and other uses.
One member felt that the data had so many flaws that they could not be used for regulatory purposes.
Another felt that since there were so many uncertainties from a reporting point of view it became a
problem of “which lie to tell.”

The group considered a recommendation on reliability of different data sets but was not comfortable
doing this with the level of information available to the members. Instead, there was agreement by the
Panel that, where comparisons were possible, data should be presented with an indication of the percent
difference between the data sets as a measure of reliability. Where these differences were high, as in
irrigation pumpage data, this would serve as a red flag that more work was needed. Where data consists
largely of estimates, the methodology for estimation and areas of uncertainty should be clearly
indicated. The group felt it could note certain gaps in the data but could not fix them itself. It could
recommend areas for future action and study.

Some wanted the potential area for municipal expansion to be considered in projecting demand.
Sometimes, it was felt, a city is given a large projection but does not have the space in which to
accommodate that much growth. In other cases, the opposite may be true and a city with large
expansion area is given a modest projection. TWDB officials said that the former case is taken into
account, and an effort is made to limit projections based on limited expansion area. Other members
mentioned cities that are growing rapidly because of their location, as well as available area. One
member suggested focusing on metropolitan areas, rather than individual cities.

2.2.1 SPRINGFLOWS

The major springs discharging water from the Edwards Aquifer are the Leona, San Pedro, San Antonio,
Hueco, Comal and San Marcos Springs. Significant natural systems that support federally listed
endangered species exist at Comal and San Marcos Springs. The other springs flow intermittently
within the normal historical range of aquifer levels. Consequently, the natural system water needs of
these other springs is much less significant and has not been the focus of any study attempting to identify
natural system water needs there. These other springs are not addressed further in this subsection
except to report estimates of flows.

2.2.1.1 Comal and San Marcos Springs

In 1975, Espey Huston and Asscciates performed a study and prepared a report for the Texas Water
Development Board titled, INVESTIGATION OF FLOW REQUIREMENTS FROM COMAL
AND SAN MARCOS SPRINGS TO MAINTAIN ASSOCIATED AQUATIC ECOSYSTEMS
GUADALUPE RIVER BASIN. The stated purpose of the study was “to determine the minimum
springflow required to insure the continued existence of the unique physical and biological character
of the Comal and upper San Marcos Rivers.” The Comal River was studied only superficially;
concentration was on the San Marcos River. For San Marcos Springs the study focused on habitat
maintenance for indicator species and concluded that the following flows should be maintained.

1. A minimum instantaneous (daily) flow of 40 cfs
2. A minimum monthly average flow of 80 cfs
3. A minimal annual average flow in excess of 100 cfs

In 1985 the Department of Interior, U.S. Fish and Wildlife Service developed “The San Marcos
Recovery Plan for San Marcos Endangered and Threatened Species” in consultation with local experts
on the endangered and threatened species in San Marcos Springs and other consultants. The
“Recovery Plan” was outlined to include identifying additional information on population and habitat
requirements, management of existing habitats and populations, management authority, enforcement
and recommendations for changes in listed status. The “Recovery Plan” did not specify minimum flow
requirements for San Marcos Springs.
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Sample Data From
Table 2.2-1

see page 112

for complete table

The critical habitat designation by United States Fish and Wildlife Service Department of the Interior
(USFWS) for San Marcos Springs does not specify a minimum springflow. USFWS reports that when
Comal Springs flows are at approximately 100 cfs or less the upper spring runs cease flowing and the
aquatic habitat there is lost.

Insufficient data exists to make a comprehensive presentation of water needs for natural systems at the
springs in this exercise.

2.2.1.2 Historical Records

The historical record of springflows is derived from measurements made by the United States Geologi-
cal Survey. Following is a history of these measurements and resultant data sets for Comal and San
Marcos Springs. Refer to Table 2.2-1 for the data sets discussed in the following sections on Comal
and San Marcos Springs.

ANNUAL SPRINGFLOW DATA SETS

COMAL & SAN MARCOS SPRINGS
UNITS: ACRE-FEET
Col. 1 Col. 2 © Col.3 Col. 4 Col.§ Col. 8 Col.7
YEAR USGS GAGE usas TWOB GBRA/SARAICSA  USGS GAGE TWO8B GBRA/SARAICSA
COMALRIVER  COMAL §PRS, COMAL 1938 RAEPORT  SAN MARCOS SAN MARCOS 1086 REPORT
AT AT SPRAINGS  COMAL SPRS.  RIVER FLOW SPRINGS SAN MARCOS
NEW BRAUN. NEW BRAUN, . SPRINGS
o) ¢ @) ® ® ® m
1850 180700 13%089 180041 189700 76492 76492
1951 149960 - 148533 143318 143860 63600 08618
1952 162400 132102 132450 162400 75051 75102
1983 142870 135051 138905 142670 07859 97359
1654 08360 03818 98344 96360 76731 75449
1958 688420 68377 66120 66820 61162 61148
1958 (8) 27097 22387 22340 27997 47564 47564
1057 138740 103148 103380 138740 110280 110270 110270
1058 234090 228347 226452 234080 153440 153440 153440
1059 220240 227071 226992 229240 116060 116050 116050
1960 241690 220821 230479 241690 141410 141410 141410
1081 247660 241765 20715 247980 138260 138260 138260
1962 193470 192181 152054 183330 95850 95850 95350
1963 150800 150832 150290 150800 78710 78710 78710
1064 138562 136952 137137 338560 70180 70180 70180
1985 209230 188460 18853% 209230 123020 123020 123020
1068 193430 193122 102069 193430 111360 111360 111360
1887 136450 131308 131044 138450 77650 77650 77650
1668 248750 230782 231387 246750 143060 143060 143080
10€9 212330 210839 210547 212380 117820 117820 117820
1970 226600 22173 221170 226850 144570 144570 144570
1971 155800 158975 183978 159810 91850 91850 91850
1072 264600 225124 25127 264550 116650 116650 116650
1973 204000 279239 27920 294010 158200 158200 158200
1974 283800 275377 275381 283820 133770 133770 133770
1978 205400 286183 286187 295430 170060 167390 167390
19768 280100 268905 263509 280130 153140 153140 153140
1077 289700 28280 282835 289690 161710 161550 181550
1978 239900 233438 233492 239880 87410 87410 87410
1w 292700 287724 287728 262730 144550 144950 144950
1630 207200 206350 208353 207240 95950 95950 95950
1891 234500 228636 228690 234460 131000 131000 131000
1692 201200 189127 193130 201200 83450 93490 93490
1983 172000 171102 171105 106250 110330
1084 91470 91097 01088 72348 72350
1985 192540 18448 184458 132022 136830
(1) USGS continuous recoeding srioem gago
(2) USGS sub { of surface drainago from 130 square milos of drainage area
(3) TWDD data st usad in Raport 340, Model Rofi and Applications lor the Edwards (Bal. Fauit Zone)

Aquitar In the San Antonlo Roglon, Toxas, Toxas Watar Develepment Board, July 1992, Draft.

{4) Guadatupo-Blanco Rivor Authority, San Antonlo River Authxity, City of San Antonlo Roport, Water Availability
Study for tho Guadatupe and San Antonio Rivor Basins, Espoy Husten and Associates, 1986

{5) USGS centinuous rocording stroam gago

(6) USGS sub Imato of sutface drainago from 93 square miles of drainage area

(7} TWDB dala sot used in Roport 340, Modol Rofi and Applications lor the Edwards (Bal Fauit Zono)
Aquifor in tho San Antenlo Reglon, Toxas, Texas Water Development Board, July 1992, Draft,

(8) Comal Springs did not flow from June 13 1o Novambar 3, 1856
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Figure 2.2-1b

Comal Springs

The United States Geological Survey (USGS) has maintained a continuous recording gage on the
Comal River in New Braunfels to measure the Comal springflow and 130 square miles of drainage area
above the gage. Column 1 in Table 2.2-1 reflects the annual totals for this gage. Daily flow values are
presented in Figure 2.2-1a-c. Comal Springs did not flow from June 3 — Nov. 13, 1956. Indicated flow
for that period was pumped into the river above the gage.

Column 2 is a data set of annual flows furnished by USGS representing the Comal Springs component
of the Comal River flow for the period 1928-1989. This data set is derived from the gaged flows for
the Comal River at New Braunfels by separating the runoff from the 130 square miles of drainage area
above the gage from the Comal Springs flow. This is accomplished by examining the continous strip
chart in the recording station which provides a hydrograph for any surface runoff event. The flood
component of the hydrograph is separated from the springflow component assuming that the springflow
component is constant through the runoff event. The flood component is then subtracted from the
total gage flow to arrive at springflow.

Column 3 of the table is the data set that the Texas Water Development Board (TWDB) is currently
using as historical record of Comal springflow in the operation of the TWDB Edwards (Balcones Fault
Zone) Aquifer flow model which is being used to simulate the Edwards Aquifer operation. TWDB
reports that this data set beginning in 1934 was fumished by USGS. The values in Columns 2 and
3 agree.

In 1986, the Guadalupe-Blanco River Authority, the City of San Antonio and the San Antonio River
Authority sponsored astudy reported as WATER AVAILABILITY STUDY FOR THE GUADALUPE
AND SAN ANTONIO RIVER BASINS which reported monthly values for Comal springflow for the
period 1940 through 1982. This report was prepared by Espey, Huston & Associates (EH&A). The
annual totals from that table are reported in Column 4 of Table 2.2-1. Note that this data set agrees
with the data set in Column 1 for the Comal River at New Braunfels which includes the runoff from
the 130 square miles above the gage in addition to the Comal springflow.

Comal River at New Braunfels daily flow
USGS Station 08169000
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Daily flow values are presented in Figure 2.2-1a-c Comal Springs did not flow from June 3
— Nov. 13, 1956. Indicated flow for that pericd was pumped into the river above the gage.
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Figure 2.2-2b

San Marcos Springs

Since June, 1956, the USGS has maintained a stream gage referred to as San Marcos River Springflow
at San Marcos. This gage measures the spring discharge and 93 square miles of drainage area above
the gage. The floodflows are separated from the springflows in the same manner as described for Comal
Springs above. The reported flows are for springflow only. The annual totals for this for San Marcos
springflows are reported in Column 5 of Table 2.2-1. Daily flows are presented in Figure 2.2-2a-b

Prior to June, 1956, periodic measurements were made by USGS at the gage location. USGS personnel
indicate that USGS does not have a data set for monthly or annual flows converted from these periodic
measurements.

TWDB has a data set for San Marcos springflows for the period 1940 through 1990 which is presented
in Column 6 of the table. For years 1957 (first full year of continuous USGS gage operation) and after,
the TWDB data set agrees with the USGS data set with the exception of discrepancies in 1975, 1983
and 1985. For years prior to 1957 (1940 through 1956) TWDB reports that the data set was taken from
a Guadalupe Blanco River Authority bulletin, a USGS water supply paper, and information from W.F.
Guyton and Associates.

Column 7 of Table 2.2-1 reflects the data set used by EH&A in the aforementioned 1986 report. Note
that for years 1957 and after, EH&A and TWDB and USGS agree, with the exception of 1975. For
years 1940 through 1956, with the exception of minor differences for years 1949, 1954 and 1955,
EH&A and TWDB agree, indicating that TWDB relied largely on the EH&A work reflected in the
aforementioned GBRA bulletin. EH&A reports that EH&A relied upon earlier work by Forest and
Cotton, a consulting engineering firm working for GBRA in the 1970s, who converted the periodic
measurements recorded by USGS to estimated monthly values for San Marcos.

San Marcos Springflow at San Marcos

USGS Station 08170000
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Table 2.2-2

Since 1989 USGS has used a composite coefficient for the relationship between a well level (or head
in the aquifer) near the springs and the spring discharge to estimate San Marcos springflows. This
composite coefficient was developed from historical records of the springflow and the well levels and
is being continuously verified with periodic spring discharge measurements. This method is believed
by USGS to be more accurate than using the gage record and adjusting for surface flows. The
streamgage was abandoned in favor of this method for several reasons including accessibility, bank
sloughing at the gage and surface flows.

All Springs

Table 2.2-2 presents a summation for years 1970-88 of the reported USGS estimates of gaged Comal
and San Marcos springflows with estimates for Hueco, San Antonio, San Pedro and Leona Springs
found in the USGS work notes of discharges from the Edwards Aquifer based on periodic measurements
of flows at those springs. This sum has been compared to a total spring discharge reported by USGS
in an annual report prepared for the Edwards Underground Water District titled COMPILATION OF
HYDROLOGIC DATA FOR THE EDWARDS AQUIFER, SAN ANTONIO AREA, TEXAS,
1989 WITH 1934-1989 SUMMARY, BULLETIN 49. The difference between the sum of the
estimates and the reported total springflows are probably a result of rounding or refinements in estimates
for the intermittent springs reflected in the USGS work notes.

ANNUAL SPRINGFLOW DATA - ALL SPRINGS

SOURCE: UNITED STATES GEOLOGICAL SURVEY
UNITS: ACRE-FEET .

LEONA SPRINGS TOTAL TOTAL  DIFFERENCE
COMAL
PLUS HUECO SAN SAN SPRINGS REPORTED TOTAL REP.
SAN MARCOS SPRINGS ANTONIO PEDRO UNDER- SPRINGS SPRINGS SUMOF  IN EUWD MINUS

SPRINGS SPRINGS SPRINGS  FLOW & UNOFL. ESTIMATE BULLETIN SUMOF EST.

1) (£ @ @ @ @ @ 3 @ (L]
1970 385743 240 4220 9523 15547 ® 397463 387700 237
1071 250325 813 178 8737 11201 272752 272700 =52
1972 T4 1381 4184 28452 7571 375800 29
1973 4374239 477187 a7155 0599 25708 527265 527600 RS
1974 409147 32538 6837 36517 481887 433800 -87
1978 456273 34083 6024 44023 540388 540400 12
1978 422045 3499 6264 40930 503638 503300 262
1977 444541 71842 9327 9523 43070 580508 580300 -208
1978 20898 18383 4385 8350 23342 375328 375500 172
1979 432674 47009 7494 8599 28125 522902 523000 98
1930 02300 4579 2167 8550 10744 328340 328360 -10
1931 359686 17028 4818 8209 18384 408104 407300 -804
1682 201617 6162 2529 821 24683 33282 332300 33
1983 277352 17 1062 8182 RLYZ4] 301434 301600 168
1684 183433 0 224 8172 2734 172583 172500 83
1685 16488 0 0 8102 8080 332687 334000 1233

1088 55277 4207 23680 4] (4] 338100 N/A

1937 446042 42900 8114 (4] 4] n 558000 N/A

1983 302598 13120 10893 402 [¢4] ™ [y} 369800 N/A

{1) Sum of Comai Springs compenonl of moasured flow at Comal Rivar at Now Brauntols gago and San tarcos
Rivor Flgw al San Marcos gage {valuos In Table 2.2-1, cols. 2 and §)

{2) Valuos Irom USGS working filos on wator use reposts, In somo yoars
{3) Sum of provicus columns

(4) Excorptod trom USGS publication Compilation of Hydrologic Data lor Edwards Aquifor, San Antonic Area,
Texas, 1838, with 1634-89 Summary, Bulletin 49,

{5) Total roperted by USGS in Bullotin 49 minus sum of esil of Individual spiing

04

(6) In some yoars Laona Springs and Leona Undesfl ty..in olhor yoats logother

{7) Loona Springs eslimatos not available in USGS files for yoars 1888, 87,88
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2.2.2 INsTREAM FLOws

Instream flows is the term used to describe the water needs for natural systems. Historically, instream
flows have been discussed in the context of the minimum flow that should be sustained in the stream
or river downstream of an existing or proposed reservoir project or other diversion for human needs.
Technical information relative to these minimum instream flow quantities is limited. No published
instream flow regime for the study area streams surfaced in research for this text.

Typically, technical studies addressing minimum instream flow quantity issues are completed whenever
a change to the existing system is proposed, e.g., a new reservoir. The venue for these studies is the
state and federal permitting process for water use permits. Examples of this include the special
conditions relative to minimum instream flows that are included in the permits for Applewhite
Reservoir, Choke Canyon Reservoir and the hydroelectric right at Canyon Reservoir.

There is also a water quality aspect to instream flows. The Texas Water Commission, in consideration

of a permit application for a reservoir, may impose minimum instream flow conditions that relate to
water quality. In this process the TWC reviews the discharge parameters of downstream wastewater
treatment plants and may set minimum instream flows that, when combined with those wastewater
treatment plant discharges, will not degrade water quality below acceptable limits.

Historical information on streamflows is available from the USGS stream gage records. Table 2.2-3
lists the major stream gages and periods of record for each in the study area. Many other stream gages
are maintained by USGS on streams off the main river channels and in the coastal basins between the
river basins. These gage records are published annually by USGS and this data, in daily estimates, is
available for any study of minimum instream flows.

2.2.3 Bay aND EsTuARrY FLows

Minimum inflows to the bays and estuaries have also been addressed on a case by case basis. Recent
examples include Lake Texana and Choke Canyon Reservoir. Both reservoir permits contain special
conditions that require minimum releases to their respective bay systems.

The Texas Water Development Board is developing a computer model to predict minimum bay and
estuary inflows to protect the natural systems there. This model is in draft report form, presently
undergoing staff and contractor review. The TWDB, the Texas Parks and Wildlife Department
(TPWD), and the TWC are the agencies comprising the policy committee for the model development.
The draft report uses San Antonio Bay as the example bay system in the model. Because the report
is in draft form (and incomplete with respect to all bay systems in the study area) the predicted
minimum bay and estuary inflow requirements of the study area are not presented in this text. The
sponsoring agencies propose that the model, when complete and approved, can be used to analyze the
impact of any proposed water project on the affected bay system and can be used to set special
conditions for proposed permits necessary to meet minimum bay and estuary flows to protect the natural
systems there. As of this writing, the draft report is in review at TWC; both TWDB and TPWD have
completed their reviews and approved the report.

A 1986 study by Espey Huston and Associates prescribed minimum monthly inflows to San Antonio
Bay as input to a hydrology model analyzing reservoir yields in the Guadalupe and San Antonio River
Basins. The methodology developed monthly minimum inflows to the bay system required to meet
certain salinity conditions. The inflow-salinity relationship was developed from historical data on
inflows and salinity. Salinity criteria were developed based on known data for important species. It
is not known whether this methodology was accepted outside the study sponsorship.

In 1979 the Texas Department of Water Resources (TDWR) published a series of reports (LP-107 for
San Antonio Bay) on the bay systems in Texas that specified three inflow levels to meet three levels
of shellfish and finfish production. Information developed in these reports has been used since that time
in state agency administration of water use permit conditions.

j
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In the case of Choke Canyon Reservoir, a post construction interpretation of the minimum bay and
estuary release requirement in the permit was required. The inflow levels set out for Nueces Bay in the
draft TWDB bay and estuary model described above were used as the basis for negotiation of the
minimum release requirement.

2.2.4 PaNEL DiscussioNs AND CONCLUSIONS

The Panel discussions relative to the water needs for the natural systems at Comal and San Marcos
Springs focused on the limited data available.

It was noted by one panel member that water use permits affect instream flows. Only recent permits
have minimum flow requirements. On some streams in the study area the legal exercise of diversion
rights could reduce flows below justifiable minimum flow requirements to support natural systems.
Conversely, existing senior water rights in the downstream river reaches assist in maintaining flows by
legally compelling flows to be passed downstream.

On bay and estuary water needs, the discussion centered on the TWDB model that is now in draft form.
It was pointed out by one panel member that the model results were used for Nueces Bay relative to
the Choke Canyon Reservoir minimum bay and estuary release recently negotiated, that the model
predicted a wide range of inflows depending on the species that are to be protected and that
negotiations finally set the release rate. This panel member also indicated that the reservoir yield varies
with the bay and estuary release requirement.

The panel discussed water quality as a component of instream flow needs for natural systems and its
relationship to volume of flow. The Texas Water Commission (TWC) authority to protect surface
water quality by regulating point source discharge of pollutants was reviewed, in particular the TWC
computer modelling of proposed discharges to set effluent limitations that protect specified dissolved
oxygen levels. This aspect of instream flow needs was not throught by the panel to be of great
significance relative to water supplies for the region.

Water needs for springs, instream flows and bay and estuaries was proposed for inclusion in Section 7.0
TECHNICAL AREAS REQUIRING FURTHER STUDY AND IMPROVEMENT.
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TABLE 2.1-1
TECHNICAL DATA REVIEW PANEL

HISTORICAL GROUND WATER PUMPAGE BY COUNTIES FOR REGION

SOURCE: TEXAS WATER DEVELOPMENT BOARD

ALL VALUES ARE REPORTED IN ACRE-FEET UNITS

COUNTY 1985 1986 1987 1988 1989
ARANSAS
MUNICIPAL 233.49 256.52 252.03 212.80 200.83
MANUFACTURING 103.64 124.65 150.20 214.68 112.32
POWER 0.00 0.00 0.00 0.00 0.00
MINING 0.02 0.00 0.00 0.00 0.00
IRRIGATION 0.00 0.00 0.00 0.00 0.00
LIVESTOCK 3.00 3.00 5.00 5.00 5.00
ARANSAS TOTAL: 340.15 384.17 407.23 432.48 318.15
ATASCOSA
MUNICIPAL 6,261.62 5,126.12 5,171.55 6.338.75 6,735.16
MANUFACTURING 3.00 3.00 0.00 0.00 0.00
POWER 3,950.15 5,550.48 5,626.34 6,352.47 5.75
MINING 1,752.00 1,001.72 1,373.00 1,313.00 596.79
IRRIGATION 31,571.00 43,600.00 26,783.00 35,450.00 50,914.00
LIVESTOCK 201.00 176.00 151.00 156.00 154.00
ATASCOSA TOTAL: 43,738.77 55,457.31 39,104.89 49,610.21 58,405.70
BANDERA
MUNICIPAL 1,153.91 1,212.45 1,223.76 1,298.11° 1,397.66
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 24.00 0.00 20.00 21.00 20.00
IRRIGATION 89.00 108.00 162.00 162.00 133.00
LIVESTOCK 229.00 213.00 228.00 265.00 262.00
BANDERA TOTAL: 1,495.91 1,533.45 1,633.76 1,746.11 1,812.66
BEE
MUNICIPAL 2,559.07 1,619.02 1,603.15 1,653.18 1,699.58
MANUFACTURING 1.11 1.11 1.11 1.11 1.11
POWER 0.00 0.00 0.00 0.00 0.00
MINING 121.00 24.89 20.00 21.00 20.00
IRRIGATION 718.00 980.00 654.00 980.00 2,232.00
LIVESTOCK 103.00 109.00 103.00 112.00 109.00
BEE TOTAL: 3,502.18 2,734.02 2,381.26 2,767.29 4,061.69
BEXAR
MUNICIPAL & MILITARY 238,431.13 243,700.62 235,429.08 260,609.01 259,860.07
MANUFACTURING 6,176.61 7.597.16 6.581.49 8,285.61 6,836.91
POWER 1,244.05 1,219.43 1,113.71 740.96 738.51
MINING 2,564.00 1,557.99 1.370.00 1,462.00 1,319.00
IRRIGATION 16,967.00 16,610.00 12,949.00 15,595.00 23,851.00
LIVESTOCK 138.00 146.00 122.00 127.00 127.00
BEXAR TOTAL: 265,520.79 270,831.19 257,565.29 286,820.57 292,731.49
CALDWELL
MUNICIPAL 2,588.31 2,784.08 2,631.72 2,716.56 2,613.18
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 27.00 0.64 28.00 24.99 27.00
IRRIGATION 144.00 145.00 145.00 145.00 147.00
LIVESTOCK 74.00 81.00 80.00 84.00 82.00
CALDWELL TOTAL: 2,833.31 3,010.72 2,884.72 2,970.55 2,869.18

:
:



m

TABLE 2.1-1 (Continued) Page 2
COUNTY 1985 1986 1987 1988 1989
CALHOUN
MUNICIPAL 570.65 523.00 515.82 479.15 392.95
MANUFACTURING 57.00 57.00 0.00 0.00 8.37
POWER 0.00 0.00 0.00 0.00 0.00
MINING 1.11 1.11 1.11 1.11 1.11
IRRIGATION 3,197.00 3,072.00 2,724.00 3,792.00 3,561.00
LIVESTOCK 232.00 191.00 161.00 170.00 177.00
CALHOUN TOTAL: 4,057.76 3,844.11 3,401.93 4,442.26 4,140.43
OOMAL
MUNICIPAL 11,867.34 13,080.19 12,919.92 12,168.64 12,680.21
MANUFACTURING 1,055.34 980.51 1,013.33 898.70 1,085.05
POWER 0.00 0.00 0.00 0.00 0.00
MINING 961.00 945.69 5,830.99 5,598.00 946.00
IRRIGATION 0.00 385.00 385.00 385.00 481.00
LIVESTOCK 222.00 222.00 233.00 258.00 256.00
COMAL TOTAL: 14,105.68 15.613.39 20,382.24 19,308.34 15,448.26
DE WITT
MUNICIPAL 4,260.56 4,008.59 4,164.88 4,183.12 4,366.16
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 125.00 110.25 134.23 141.03 129.29
IRRIGATION 285.00 125.00 188.00 187.00 275.00
LIVESTOCK 205.00 178.00 177.00 181.00 178.00
DEWITT TOTAL: 4,875.56 4,421.84 4,664.11 4,692.15 4,948.45
DIMMIT
MUNICIPAL 2,220.42 2,346.84 2,121.47 2,573.33 2,684.55
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 582.00 74.46 587.00 498.00 506.00
IRRIGATION 20,821.00 11,529.00 6,225.00 10,497.00 7,382.00
LIVESTOCK 633.00 596.00 841.00 795.00 783.00
DIMMIT TOTAL: 24,256.42 14,546.30 9,774.47 14,363.33 11,355.55
DUVAL
MUNICIPAL 1,970.02 2,004.33 1,970.74 2,114.93 2,352.24
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
IRRIGATION 2,042.00 2,000.00 3,000.00 2.000.00 2,233.00
LIVESTOCK 104.00 129.00 107.00 112.00 111.00
DUVAL TOTAL: 6,064.02 5.175.52 8,492.74 7.295.93 7.745.24
FRIO
MUNICIPAL 2,713.56 2,689.51 2,489.71 3,025.75 3,336.64
MANUFACTURING 12.00 12.00 0.00 0.00 0.00
POWER 288.65 72.76 92.46 793.61 6.96
MINING 437.99 7.07 388.00 339.00 313.00
IRRIGATION 48,460.00 67,217.00 65,970.00 86,068.00 96,369.00
LIVESTOCK 119.00 107.00 111.00 109.00 107.00
FRIO TOTAL: 52,031.20 70.105.34 69,051.17 90.335.36  100,132.60
GOLIAD
MUNICIPAL 808.59 836.24 864.62 891.98 931.12
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 145.78 172.99 160.25 144.96 150.00
MINING 1.00 0.98 0.00 0.00 0.00
IRRIGATION 23.00 26.00 26.00 21.00 164.00
LIVESTOCK 131.00 105.00 97.00 85.00 84.00
GOLIAD TOTAL: 1,109.37 1,141.21 1,147.87 1,142.94 1,329.12
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TABLE 2.1-1 (Continued) Page 3
COUNTY 1985 1986 1987 1988 1989
GONZALES
MUNICIPAL 1,367.70 1,327.57 1,748.66 2,060.13 1,976.41
MANUFACTURING 90.00 90.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 18.00 0.00 20.00 21.00 121.00
IRRIGATION 940.00 840.00 976.00 1,429.00 1,335.00
LIVESTOCK 382.00 404.00 401.00 377.00 384.00
GONZALES TOTAL: 2,797.70 2,660.56 3,145.67 3,889.14 3,717.41
GUADALUPE
MUNICIPAL 1,290.92 1,077.03 478.69 1,078.94 1,568.83
MANUFACTURING 92.08 104.08 92.07 92.07 92.07
POWER 0.00 0.00 0.00 0.00 0.00
MINING 14.00 0.00 8.00 201.97 8.00
IRRIGATION 1,251.00 980.00 737.00 389.00 1,359.00
LIVESTOCK 86.00 101.00 97.00 103.00 101.00
GUADALUPE  TOTAL: 2,734.00 2,262.11 1,412.76 1.864.98 3,128.90
HAYS
MUNICIPAL 11,810.33 12,455.36 13,086.41 13,673.87 14,132.26
MANUFACTURING 1,234.60 1,080.38 998.28 1,481.93 703.61
POWER 0.00 0.00 0.00 0.00 0.00
MINING 97.00 869.00 0.00 795.46 0.00
IRRIGATION 187.00 128.00 102.00 85.00 0.00
LIVESTOCK 1,260.00 738.00 1,485.00 827.00 734.00
HAYS TOTAL: 14,588.51 15,270.46 15,671.40 16,863.66 15,570.36
JIM WELLS
MUNICIPAL 2,185.29 2,226.28 2,080.03 2,229.65 2,471.96
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 235.00 223.17 424.00 405.00 392.99
IRRIGATION 1,875.00 2,500.00 2,420.00 2,137.00 895.00
LIVESTOCK 86.00 82.00 80.00 80.00 79.00
JIM WELLS TOTAL: 4,381.29 5,031.45 5,004.03 4,851.65 3,838.95
KARNES
MUNICIPAL 2,571.53 2,434.36 2,529.68 2,225.60 2,654.91
MANUFACTURING 41.71 30.41 46.37 46.03 122.57
POWER 0.00 0.00 0.00 0.00 0.00
MINING 277.99 265.11 338.00 413.00 187.00
IRRIGATION 1,270.00 1,800.00 1,922.00 2,030.00 282.00
LIVESTOCK 133.00 127.00 131.00 133.00 131.00
KARNES TOTAL: 4,294.23 4,656.88 4,967.05 4,847.63 3,377.48
KINNEY
MUNICIPAL 1,051.49 1,082.51 1,057.72 1,197.86 1,409.22
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 0.00 0.00 0.00 0.00 0.00
IRRIGATION 4,634.00 5,000.00 2,083.00 2,705.00 10,498.00
LIVESTOCK 375.00 454.00 506.00 544.00 496.00
KINNEY TOTAL: 6,060.49 6,536.51 3,646.72 4,446.86 12,403.23
KLEBERG
MUNICIPAL 5,060.31 5.300.94 4,819.10 4,919.03 5,201.03
MANUFACTURING 19.00 19.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 1,173.00 1,527.28 1.314.00 1,180.27 1.221.10
IRRIGATION 405.00 614.00 500.00 536.00 378.00
LIVESTOCK 134.00 148.00 164.00 169.00 172.00
KLEBERG TOTAL: 6,791.31 7,609.22 6,797.10 6,804.30 6,972.13

3 3

i ) -_;% g



TABLE 2.1-1 (Continued) Page 4
COUNTY 1985 1986 1987 1988 1989
LASALLE
MUNICIPAL 964.07 952.25 1,030.12 1,161.64 1,302.28
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 86.35 90.99 131.27 177.13 189.73
IRRIGATION 3,003.00 2.666.00 2.467.00 2,426.00 6.051.00
LIVESTOCK 104.00 105.00 101.00 100.00 99.00
LASALLE TOTAL: 4,157.42 3,814.24 3,729.39 3,864.76 7,642.01
LIVEOAK
MUNICIPAL 625.92 766.23 754.86 791.90 977.82
MANUFACTURING 1,049.00 965.37 198.33 28.47 57.16
POWER 0.00 0.00 0.00 0.00 0.00
MINING 1,260.00 1,018.60 1,713.00 2.422.00 2,385.00
IRRIGATION 2,550.00 1,110.00 1,049.00 1,419.00 841.00
LIVESTOCK 450.00 535.00 577.00 603.00 594.00
LIVEQAK TOTAL: 5.934.92 4,395.20 4,292.19 5,264.37 4,854.98
MAVERICK
MUNICIPAL 455.28 212.79 297.45 33.27 329.66
MANUFACTURING 5.00 5.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 249.00 0.00 236.00 233.00 218.00
IRRIGATION 2,103.00 0.00 0.00 5266.00 600.00
LIVESTOCK 237.00 239.00 178.00 117.00 115.00
MAVERICK TOTAL 3,049.28 456.79 711.46 5,649.27 1,262.66
MEDINA
MUNICIPAL 4,982.95 5,408.50 4,897.68 5,743.18 6,475.85
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 140.00 0.00 124.00 129.00 120.00
IRRIGATION 57.329.00 94,882.00 81,846.00 94,050.00 113,089.00
LIVESTOCK 136.00 134.00 161.00 173.00 152.00
MEDINA TOTAL: 62,587.95 100,424.49 87,027.69 100,095.36 119,835.84
McMULLEN
MUNICIPAL 138.22 130.83 186.52 199.37 177.86
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 229.00 237.80 266.00 268.00 239.00
IRRIGATION 0.00 0.00 93.00 116.00 0.00
LIVESTOCK 42.00 44.00 46.00 49.00 49.00
McMULLEN TOTAL: 409.22 412.63 591.52 632.37 465.86
NUECES
MUNICIPAL 1386.01 385.78 325.75 333.66 375.04
MANUFACTURING 199.55 206.79 201.96 202.25 201.37
POWER 0.00 0.00 0.00 0.00 0.00
MINING 26.19 30.39 15.39 69.00 39.00
IRRIGATION 2,600.00 2,134.00 1,900.00 2,600.00 540.00
LIVESTOCK 33.00 129.00 32.00 137.00 135.00
NUECES TOTAL: 4,244.75 2,885.96 2,475.10 3,341.91 1,290.41
REFUGIO
MUNICIPAL 1,279.93 1,343.17 1,371.36 1,244.17 1,296.91
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 134.12 115.42 51.72 51.65 76.73
IRRIGATION 50.00 50.00 50.00 100.00 0.00
LIVESTOCK 53.00 42.00 53.00 67.00 57.00
REFUGIO TOTAL: 1,517.05 1,550.59 1,526.08 1,462.82 1,430.64
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COUNTY 1985 1986 1987 1988 1989
SAN PATRICIO
MUNICIPAL 1,702.94 1,721.47 1,588.57 1,301.06 1,331.33
MANUFACTURING 1.61 1.61 1.61 0.00 1.61
POWER 0.00 0.00 0.00 0.00 0.00
MINING 55.00 30.04 37.00 61.00 57.28
IRRIGATION 1,664.00 2,000.00 1.666.00 2,050.00 1,233.00
LIVESTOCK 120.00 97.00 81.00 72.00 72.00
SANPATRICIO TOTAL: 3,543.55 3.850.12 3.374.18 3,484.06 2,695.22
UVALDE
MUNICIPAL 5,623.13 5,192.35 4,913.30 5,984.51 6,400.72
MANUFACTURING 306.12 328.37 334.51 334.51 362.13
POWER 0.00 0.00 0.00 0.00 0.00
MINING 300.00 333.51 104.00 381.88 399.00
IRRIGATION 149,459.00 119,828.00 98,925.00 131,566.00 151,378.00
LIVESTOCK 2543.00 2652.00 2253.00 1909.00 2016.00
UVALDE TOTAL: 158,231.63 128,333.92 106,529.41 140,175.63 160,554.45
VICTORIA
MUNICIPAL 12,926.50 12,344.30 12,043.22 12,527.91 12,306.07
MANUFACTURING 721.53 600.01 626.79 491.48 515.12
POWER 3,707.45 3,306.43 2,779.09 2,320.67 1,472.78
MINING 3,162.99 44.54 2,814.00 2,585.00 2,409.00
IRRIGATION 11,045.00 9,216.00 10,337.00 16,863.00 18,244.00
LIVESTOCK 702.00 682.00 711.00 744.00 774.00
VICTORIA TOTAL: 32,265.47 26,193.28 29,311.10 35,532.06 35,720.97
WEBB
MUNICIPAL 337.41 265.17 228.68 223.77 741.12
MANUFACTURING 10.74 9.94 0.00 8.01 3.68
POWER 0.00 0.00 0.00 0.00 0.00
MINING 129.44 99.56 191.65 318.00 274.00
IRRIGATION 0.00 0.00 0.00 0.00 168.00
LIVESTOCK 178.00 191.00 194.00 204.00 200.00
WEBB TOTAL: 655.59 564.67 614.33 753.78 1,386.80
WILSON
MUNICIPAL 2,944.56 2,958.33 3,388.41 3,558.50 3,971.24
MANUFACTURING 166.96 139.29 93.00 75.79 42.63
POWER 0.00 0.00 0.00 0.00 0.00
MINING 309.00 0.00 2717.00 300.00 281.00
IRRIGATION 6,174.00 6,257.00 6,734.00 8.245.00 9,139.00
LIVESTOCK 162.00 181.00 167.00 167.00 165.00
WILSON TOTAL 9,756.52 9,535.62 10,659.41 12,346.29 13,598.87
ZAVALA
MUNICIPAL 2,199.06 2,411.79 2,422.76 2,686.09 2,610.60
MANUFACTURING 905.02 880.37 835.02 890.51 1,213.57
POWER 0.00 0.00 0.00 0.00 0.00
MINING 143.00 0.00 127.00 124.00 116.00
IRRIGATION 94,200.00 39,865.00 34,968.00 74,621.00 92,370.00
LIVESTOCK 113.00 92.00 83.00 69.00 68.00
ZAVALA TOTAL: 97,560.08 43,249.16 38,435.78 78.390.60 96,378.17
REGIONAL TOTALS:
MUNICIPAL 336,542.22 340,184.52  330,607.42 361,439.42 366,961.47
MANUFACTURING 12,251.62 132,365.00 11,174.07 13,051.15 11,359.28
POWER 9.336.08 103,229.00 9,771.85 10,352.67 2,374.00
MINING 16,583.20 9,652.40 21,359.36 21,359.36 2,374.00
IRRIGATION 465,056.00 435,667.00 367,986.00 503,915.00 596,142.00
LIVESTOCK 9,723.00 94,330.00 9,917.00 9,103.00 9,028.00
GRAND TOTAL 849,492.08 818,492.43 750,814.05 920,489.02 1,001,423.86

LIMITATIONS ON USE OF THIS DATA
1. This data is estimated pumpage

2. Estimation methods vary in accuracy

:



TABLE 2.1-2
TECHNICAL DATA REVIEW PANEL

HISTORICAL GROUND WATER PUMPAGE BY AQUIFER FOR REGION

SOURCE: TEXAS WATER DEVELOPMENT BOARD

ALL VALUES ARE REPORTED IN ACRE FEET

AQUIFER NAME 1985 1986 1987 1988 1989
CARRIZO - WILCOX 240,539.90 207,259.45 180,792.98 264,306.95 298,725.99
EDWARDS - BFZ 504,299.20 519,262.37 475,676.80 544,872.29 592,479.59
EDWARDS - TRINITY 5.598.10 5,793.77 3,007.46 3,598.98 11,253.86
GULF COAST 82,927.02 73,846.63 78.188.66 86,329.87 83,236.05
OTHER - UNDIFF. 2,666.19 1,714.20 1,909.14 3,279.11 2,160.52
QUEENCITY 4,169.58 1,112.39 841.91 1,258.68 1,271.69
RITA BLANCA 17.00 16.71 19.91 19.18 18.89
SEYMOUR 765.21

SPARTA 585.91 512.15 549.57 578.11 727.68
TRINITY 8.689.18 8,974.76 9.827.62 15,480.64 11,549.59
REGIONAL TOTALS: 849,492.08 818,492.43 750,814.05 920,489.02 1,001,423.86

LIMITATIONS ON USE OF THIS DATA
1. This data is estimated pumpage
2. Source aquifer is not always known, particularly where two or more aquifers exist at one location
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TABLE 2.1-3
TECHNICAL DATA REVIEW PANEL
HISTORICAL MUNICIPAL PUMPAGE FROM EDWARDS AQUIFER

SOURCE: TEXAS WATER DEVELOPMENT BOARD
ALL VALUES ARE REPORTED IN ACRE-FEET UNITS

COUNTY _ PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 _ 1988 1989 1990
ATASCOSA QITYOFLYTLE 432.14 404.53 411.40 517.97 510.21 495.16 471.01 582.15 670.16 551.86
ATASOOSA TOTAL: 432.14 404.53 411.40 517.97 510.21 495.16 471.01 582.15 670.16 551.86
BEXAR  AIRFORCE VILLAGEN 137.06 147.19 148.83 139.86
ATASCOSA RURAL WATER SYSTEM 409.61 503.79 514.94 658.97 583.95 754.30 750.83 903.80 760.33 601.71
AUSTIN HWY WATER SUPPLY CORP. 65.51 71.18 65.79 75.67 64.65 60.61 66.20 66.54 76.32 55.13
BAPTIST CHILDREN'S HOME 6.76 7.02 7.31 6.17 6.57 7.15 7.27 7.33 7.27 6.39
BEXAR CO. WCID 16 643.48 740.36 511.43 52.13 697.01 623.15 694.51 689.76 629.35 559.10
BEXAR COUNTY WCID# 10 1,158.11 1,437.58  1,309.97  1,605.79  17327.58  1,431.00 143738  1,588.78  1,636.17  1,330.32

BEXAR METROPOLITAN WD-CASTLE
HILLS 2,091.53  2,566.43 243234  2751.59  2,132.53  2,340.13  2,093.87  2,495.88  2,469.68  2,016.32
METROPOLITAN WD-SOUTH SIDE 13,118.86  14,390.26  13,750.80  13,930.53  12,881.71  12,773.44  12,347.56 1331637  14,927.11  13,801.24
BROOKDALE MHP 11.50 11.12 11.76 13.31 18.33 13.93 12.37
CADILLAC WATER SUPPLY CORP. 45.03 54.95 53.62 63.64 50.14 55.42 55.92 74.15 75.03 57.08
QITY OF ALAMO HEIGHTS 2,488.46  2,607.24  2,889.74  3,647.83  2,275.66  2,631.25  2,158.31  2,826.33  2,593.83  2,233.85
CITY OF CONVERSE 551.26 802.36  1,017.14  1271.26  1,205.69  1,216.06 131405  1,498.71  1,483.25  1226.61
CITY OFKIRBY 757.50 935.23 1,082.10  1,323.85  1,674.34  1,334.98  1,138.56  1,247.81 1,240.75  1,079.94
QITY OFLEON VALLEY 87737 1,033.35 967.49 1,223.12 L1313 1,191.34  1,179.67  1299.02 132428  1,146.11
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TABLE 2.1-3 (Continued) Page 2

COUNTY _PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
CITY OF SCHERTZ 1,476.32 1,726.58 1,567.12  2,135.58  2,079.82  2,156.71 2,125.05  2,344.16  2,414.15  2,140.40
CITY OF SELMA 134.49 125.01
QITY OF SHAVANO PARK 455.97 485.31 520.91 665.86 702.60 702.15 736.58 949.48 939.95 839.69
CITY OF UNIVERSAL CITY 1,880.60  2,060.14 2,055.35  2,753.66  2,305.80  2,485.52  2,454.84  2,761.88 2,570.86  2,323.35
COUNTRY OAKS MHP 10.31E 8.68 5.85 23.51
DILLARDS BUYING OFFICE 305.66 305.66 259.01 173.09 181.37 163.26 153.44
ELM VALLEY WATER CO 12.73 17.28 22.63 47.42 49.77 50.31 47.28 61.00 49.69 44.96
GERONIMO FOREST WATER CO 52.67E 53.95E 51.25E 54.92 48.73 5§5.24E $5.24E 60.76E 62.59E 63.18
GERONIMO VILLAGE 38.12E 39.90E 37.90E 49.45 63.94 61.16 57.34 75.23 71.15 60.13
HASKIN WATER SUPPLY. INC. 69.81 82.89 85.23 90.78 78.39 82.72 75.54 93.37 96.20 79.55
HILL COUNTRY WATERWORKSCO.INC  1,190.79 1,611.00 1,481.15 1,606.94E  1,171.40  2,639.98 2,530.84  2,604.02 2,755.21 2,585.33
HOLY CROSS CEMETERY 206.60 193.34 65.18 373.42 62.97 187.08 239.13 389.17 491.08 159.97
LACKLAND CITY WC-COLUMBIA/

BIGCOUNTR 2,404.13 3,323.84  3,002.03  3,135.13 3,305.46  3,402.22 3.497.12  3,716.15 3,696.84  3,371.77
LACKLANDCITY WC-PARK VILLAGEWC 1,456.46 1,826.83 1,740.58  2,277.91 2,547.68  3,069.83 3,067.26  3,486.65 3,696.84  3,229.19
LAKESIDE TRAILER PARK 20.30 20.30 20.30 52.08 50.84 4719 42.14 46.15 39.15 32.05
LIVEOAK PUBLIC UTILITY DIST. 792.29E 921.23 1,222.18F  2,388.25E  2,220.60 738.71 663.23 524.38 601.34 1,216.76
MEADOWOOD ACRES 56.01E 42.47 63.78 51.52 50.62 47.31 48.57E 56.78E 57.91
MENGER HOTEL 292.16E 291.54E 186.64 69.08 62.23 80.82 81.44 101.22
MOBILCITY WATER SYSTEM-BULVERDE  30.06 35.44 37.99 22.43 21.18 24.68 19.32 22.59 23.30E 75.63E
NORTH BREEZE MOBILE HOME PARK 2.77 1.21 3.00
NORTH SAN ANTONIO WATER WORKS 35.13 38.03 31.62 43.82 46.01 55.14 79.12 65.42 77.14E 55.48

(4
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TABLE 2.1-3 (Continued) Page 3
‘COUNTY _ PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
OAK HILLS COUNTRY CLUB 193.95 198.25 188.34E 216.59E 21.00 204.69 193.03 206.54 210.83 221.94
OUR LADY OF THE LAKE UNIVERSITY 77.28 75.40 95.25 96.11 80.93 85.01 80.48 96.69 96.78 95.37
PARK MAINTENANCE -
HILDEBRAND/WOODLAWN 941.81E 988.90E 939.46E 1,444.59 145.10 102.13 92.96 511.52 1,045.72 1,074.11
RIO MEDINA WATER CORP. 38.52 31.80 42.15 44.11 32.88

SAN ANTONIO CITY WATER BOARD 57.627.62(1) 182,182.53  170,497.56  191,429.79 175,313.47 179,292.19 170,115.18  190,737.65 189,159.62 170,419.39

SAN ANTONIO COUNTRY CLUB 387.65E 425.49 444.41 434.95 439.68 437.31 438.50 174.93 267.64 242.44
SAN ANTONIO ZOO 2,984.06  2,984.06  2,984.06  2,984.06  2,984.06  2,984.06  2984.06  2,984.06  2,984.06  2,984.06
SAN FERNANDO CEMETARY 14.70 39.57 23.93 40.36 20.50 12.23 16.45 47.00 47.96 18.83
SAN FERNANDO WATER CO. 439.67 490.58 451.19 510.02 472.18 729.70 446.66 467.40 467.05 417.65
SOUTHWEST ISD 0.77 38.32E 38.36E 38.36E 64.75E 38.36E 64.75E
SOUTHWESTRESEARCH INSTITUTE 1,614.11 699.71 699.71 699.71 700.41 920.67 920.67
ST. ANTHONY HIGH SCHOOL 24.77 27.71 29.37 31.98 34.02 24.65 19.40 81.99 72.64 79.52
ST. MARYS UNIVERSITY 30.05 29.98 17.97 37.60 32.13 24.01 47.70 36.73 43.80
SUNSET MEMORIAL PARK 169.27 271.63 222.73 318.18 233.92 183.25 73.02 273.61 282.68 263.16
TRAILER CITY WATER CO. 24.20E 22.99E 26.43E 19.77E 18.78E 12.96E 13.61E 14.83
U.S. AIR FORCE - KELLY 3,978.71  4,205.17  4,306.11  4,724.95  4,185.96  4,209.72  3,764.84  3,997.50  3,926.56  3,565.78
U.S. AR FORCE - LACKLAND 4,205.71  3,824.67 392644  4,582.89  5327.20  5,020.92  7,152.66  4,548.21  4,203.86  3,299.49
U.S. AIR FORCE - RANDOLPH 1.267.40  1,668.66  1,472.60  1,781.37  1,144.95 137037  1,639.61 1,872.10  2,016.97  1,494.21
U.S. ARMY - FORT SAM HOUSTON 3,598.73  4,470.66  3,782.66  4,530.94  4,020.14  3,834.85  3,628.89  4,252.17  4,348.41  4,340.10
VAIL'S MOBILE HOME PARK 0.67 0.58 0.58
BEXAR TOTAL: 110,166.56(1) 239,855.01  226,554.81  256,081.26  234,441.31  239,790.77 230,797.44  254,641.26 255.442.83 230,447.68
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COUNTY _ PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
COMAL  CITY OF GARDEN RIDGE 487.44 468.11 397.25
CITY OF MARION 5.89 149.14 128.90 140.40 163.25 181.32 191.49 187.20 183.08 150.71
CITY OF NEW BRAUNFELS 7.956.49  7,522.25  7,859.38  8936.95  9,053.70  9,917.70  8,846.99  8,114.67 8,544.48  7,783.00
GREEN VALLEY WTR. SUPPLY CORP. 1,046.18 1,087.31 1,193.49  1,343.25 1,113.39 1,307.96 1,470.30  1,494.86 1,532.30  1,363.02
NORTHWOODS WATER SYSTEM 5.02 8.02 8.14 19.09 22.73 2117 22.89 29.52 32.66 24.76
ROCKFORD PLACE MHP 11.45 11.20 13.26 8.78
TBAR M TENNIS VILLAS 4.56 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96
COMAL TOTAL: 9,018.14  8770.68  9,193.87  10,443.65  10,357.03  11,432.11  10,547.08  10,328.85  10,777.85  9,731.48
HAYS AQUARENA SPRINGS CORP. 20.00 447.01 776.34 595.16
AZTEC VILLAGE WATER CO. 13.50 12.97 21.79 26.56 20.04 22.19
CITY OF KYLE(?) 448.92 531.29 536.31 573.01 582.15 542.72 474.77 469.48 499.19 512.85
CITY OF SAN MARCOS 5245.19  5661.70 555593  6,238.17  6,120.62  6,082.99  6,562.16  6,761.41 6,373.60  5,464.26
COUNTY LINE WATER SUPPLY CORP. 26.83 76.11 88.91 80.20 75.99
CRYSTAL CLEAR WTR.SUPPLY CORP (3)  418.08 770.29 791.49 790.09 815.19 983.06 1,042.64 1,123.46 1,228.87 1,041.64
DIAMOND PURE WATER CO. 4.00 4.40 6.55 9.85
ELIM WATER CO. INC. 135.06 146.07 132.73 166.92 168.72 189.01 239.58 252.74 259.89 229.60
ELIM WATER COMPANY INC. 57.85 58.99 64.48 95.03 97.72 88.48 81.88 71.55 80.79 81.12
K & H WATER SYSTEM 2.35E 1.55 1.48E 1.66E 1.69E
K & LWATER SUPPLY 17.97 16.18E 25.15 23.89E 24.37E 132.11
KALLACO WATER SYSTEM 5.59 6.48 6.05 8.14 6.94
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COUNTY PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
MAXWELL WATER SUPPLY CORP. 160.78 192.25 207.99 272.34 287.58 366.23 369.67 390.69 411.95 407.30
MEADOW WOODS WATER C0.(2) 18.48 29.63 4491 45.83 48.64 49.08
OAK MEADOWS 8.81 8.39
SAN MARCOS BAPTIST ACADEMY 21.67 37.14 52.96 35.47 49.41 59.80 40.33 45.26 37.28
SCHULLE MHP 1.55 1.84 2.19 3.31 4.44
SOUTHWEST TEX. STATE UNIV. 1,146.33 1,131.20 994.69 970.24 831.19 797.32 726.49 694.89 707.23 943.23
SUNNY ACRES MOBILE PARK 5.26 7.80 6.61 1.75 6.41 7.95 6.17 5.74 5.44 4.55
HAYSTOTAL: 7,656.08 8,548.98 8,359.68 9,227.71 9,059.67 9,278.94 9,825.11 10,543.62 10,673.60 9,701.36
MEDINA CTY OF CASTROVILLE 692.25 617.43 600.83 943.93 595.17 579.61 554.75 899.14 962.54 783.52
CITY OF DEVINE(4) 695.31 787.87 771.11 823.28 790.61 819.98 673.28 797.07 915.66 639.47
QATY OFHONDO 1,595.55 1,894.46 1,709.09 2,091.43 1,753.25 1,796.08 1,656.17 1,920.20 2,133.57 1,770.86
QATY OFLAQOSTE 179.33 189.58 191.62 243.44 230.99 204.56 154.61 185.31 259.12 230.71
QTY OFNATALIA 111.74 104.61E 118.05E 215.66 248.72 274.32 232.03 221.44 311.58 294.19
CREEKWOOD WATER SUPPLY 12.02 19.66 20.02 15.80
DHANIS WATER SYSTEM 121.88 145.26 146.35 181.43 168.10 135.06 124.34 134.18 152.32 104.58
EAST MEDINA COUNTY W.S.C. 380.19 380.09 316.45 478.48 393.52 600.57 495.67 577.86 596.17 529.47
HIGHWAY 90 RANCH WATER CO. 29.53 21.99 37.81 45.38 36.71 35.45E 37.01E 34.22 62.30 47.99
MEDINA RIVER WEST WS 53.69 130.72 84.85 106.35 45.52
MEDINA VALLEY HIGH SCHOOL 77.95 19.95 10.73 27.39 28.52
MEDINA VALLEY MOBILE HOME PARK 1.90 13.07 15.15 18.65 11.52 21.63 21.83 4.20 8.64 15.76E
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"COUNTY _PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
NEW ALSACE WATER CO. 3.44E 3.79E 11.78E 11.788 15.47E 15.78E 18.94
RIO MEDINA WATER CORP. 11.91 12.72 11.02
RIO MEDINA WATER CORP. 29.03 60.65 63.16 24.59 20.93 33.00 39.00 30.27
WEST MEDINA WSC 78.25 74.21 96.66 109.27 91.31
YANCEY WATER SUPPLY CORP. 98.07 92.16 55.54 324.91E 406.42E 438.93E 426.27E 469.74E 493.23E 601.50E
ZINSMEYER TRAILER PARK 2.72 3.22E 2.23E 2.27E 2.32E
MEDINA TOTAL: 3,911.75 4,246.52  3,991.03 5,430.68 4,701.96 5,155.17 4,648.79 5,517.87 6,227.93 5.261.75
UVALDE  CITY OF SABINAL 397.96 484.79 44235 510.54 460.77 274.30 332.10 507.06 540.66 418.03
CITY OF UVALDE 4,138.20 4,512.74 4,131.88 5.024.66 4,220.69 4,153.67 3,790.59 4,714.65 5,029.63 4,115.02
K & D MOBILE HOME VILLAGE 3.31E 2.82E
SLEEPY OAKS WATER SYSTEM 1.17 3.66 3.47 3.25 3.42 15.04 13.78
SOUTHWEST TEXAS JR. COLLEGE 66.50 25.65 38.85E 39.85E 75.95 62.07 61.57 77.81 62.30
TOWN OF KNIPPA 251.32 298.45E 80.42 12231 130.48 130.32 112.03 93.08 107.47 81.69
UVALDE WATER SUPPLY INC. 71.34E 79.59E 75.61E 87.28 89.27E 72.94 99.72E 104.70E 109.94E 93.45E
UVALDE TOTAL: 4,925.32 5,401.22  4,769.11 5,785.81 4,980.82 4,696.77 4,399.26 5,500.72 5,868.35 4,724.79
TOTAL FOR EDWARDS AQUIFER: 136,059.99(1) 267,226.94  253,279.90  287,487.08  264,051.00  270,848.92  260,688.69  287,114.47  289,660.72  260,418.92
E VALUES ESTIMATED BY TWDB, USGS, OR TDWR LIMITATIONS ON USE OF THIS DATA
(1) DATA AS RECEIVED FROM TWDB 1. This data is estimated pumpage
(2) PUMPAGE MAY IMPACT BARTON SPRINGS SEGMENT 2. All municipal uses may not be included
(3) INCLUDES 2 CRYSTAL CLEAR WATER CORP. WELLS IN COMAL COUNTY 3. Generally, this table indicates well location; county of use may differ

(4) INCLUDES WATER PUMPED FROM CARRIZO AQUIFER
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TABLE 2.1-4
TECHNICAL DATA REVIEW PANEL
DATA FROM SURVEYS OF IRRIGATION IN TEXAS
1958, 1964, 1969, 1974, 1979, 1984 and 1989 (Report #329)

SOURCE: TEXAS WATER DEVELOPMENT BOARD

(DATA PRESENTED FOR 1984 AND 1989 ONLY;
1958, 1964, 1969, 1974, and 1979 AVAILABLE.)

Surface Water Ground Water Irrigation Using Surface Irrigation Sprinkler
All Irrigation Supplied Supplied Combined Supplied Source Wells System
(On-Farm Use) (On-Farm Use) (On-Farm Use) (On-Farm Use)

County Year Acres Acre Feet Acres Acre Feet Acres Acre Feet Acres Acre Feet Percent  Number Acres
Aransas 1984 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0
Atascosa 1984 31,988 35,039 0 0 31,988 35,039 0 0 0 0 0
1989 36,770 50,914 0 0 36,770 50,914 0 0 0 400 36,120
Bandera 1984 213 168 152 107 61 61 0 0 0 12 150
1989 298 255 136 122 162 133 0 0 0 12 222
Bee 1984 3,930 1,373 25 38 3,905 1,335 0 0 0 54 40
1989 3,063 2,261 150 29 2,913 2,232 0 0 0 57 1,363
Caldwell 1984 646 694 373 269 135 149 138 276 80 9 501
1989 1,321 1,198 846 909 119 111 356 178 80 7 1,267
Calhoun 1984 9,161 28,143 8,048 24,897 1,113 3,246 0 0 0 20 0
1989 6,371 29,311 5,150 25,750 1,221 3,561 0 0 0 8 0
De Wit 1984 445 148 60 20 385 128 0 0 0 33 250
1989 665 287 50 12 615 275 0 0 0 37 270
Dimmit 1984 11,169 18,873 1,250 617 6,696 12,472 3,223 5,785 10 104 1,038
1989 7,215 12,404 805 1,128 3,314 5,943 3,096 5,333 73 100 1,017
Duval 1984 2,755 2,517 0 0 2,755 2,517 0 0 0 51 2,755
1989 3,455 2,238 0 0 3,455 2,233 0 0 0 51 3,455
Frio 1984 60,285 90,007 340 453 58,970 88,051 975 1,503 18 305 53,165
1989 56,090 96,915 340 430 55,550 96,252 200 233 50 310 49,840

o3 3 3 3 .3 3 __3 3 __ 3 jy 3 __.3 .3 3 .3 .3 -3 _3




TABLE 2.1-4 (Continued) Page 2
Surface Water Ground Water Irrigation Using Surface Irrigation Sprinkler

All Imrigation Supplied Supplied Combined Supplied Source Wells System

(On-Farm Use) (On-Farm Use) (On-Farm Use) (On-Farm Use)
County Year Acres Acre Feet Acres Acre Feet Acres Acre Feet Actes Acre Feet Percent  Number Acres

Goliad 1984 992 327 912 304 80 23 0 0 0 3 430
1989 799 546 533 382 266 164 0 0 0 12 728

Gonzalez 1984 2,395 1,636 860 498 1,405 1,008 130 130 38 45 2,265
1989 3,312 2,225 1,400 868 1,792 1,297 120 60 35 46 3,130

Guedalupe 1984 5,728 7,443 2,520 3,487 3,208 3,956 0 0 0 35 5,080
1989 2,488 2,397 1,052 1,038 1,436 1,359 0 0 0 38 2,136

Jim Wells 1984 5,505 2,648 0 0 5,505 2,648 0 0 0 42 3,865
1989 1,895 895 0 0 1,895 895 0 0 53 1,875

Kames 1984 1,109 1,775 157 107 952 1,668 0 0 0 11 1,104
1989 1,183 619 798 337 385 282 0 0 0 11 1,178

Kleberg 1984 600 373 60 40 460 280 80 53 60 5 300
1989 906 407 174 29 732 378 0 0 0 6 626

La Salle 1984 6,510 10,893 700 1,275 4,970 8,362 840 1,257 30 40 6,510
1989 6,270 6,401 520 347 5,550 5,798 200 256 1 30 6,270

Live Oak 1984 1,230 1,533 260 433 970 1,100 0 0 0 8 1,230
1989 1,911 1,859 470 1,018 1,441 841 0 0 0 21 1,897

Mc Mullen 1984 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0

Maverick 1984 40,194 85,869 39,300 84,162 894 1,407 0 0 0 14 640
1989 50,800 103,616 50,500 103,016 300 600 0 0 0 15 0

Nueces 1984 3,400 2,500 1,300 542 2,100 1,958 0 0 0 14 0
1989 3,040 1,356 1,960 816 1,080 540 0 0 0 6 0

Refugio 1984 50 17 0 0 50 17 0 0 0 2 0
1989 0 0 0 0 0 0 0 0 0 2 0

San Patricio 1984 6,428 3,555 40 13 6,388 3,542 0 0 0 100 54
1989 3,277 1,233 0 0 3,277 1,233 0 0 0 73 50

Yictoria 1984 6,293 20,334 160 133 6,133 20,201 0 0 0 65 160
1989 4,894 18,377 160 133 4,734 18,244 0 0 0 65 200
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TABLE 2.1-4 (Continued) Page 3
Surface Water Ground Water Irrigation Using Surface Irrigation Sprinkler
All Irrigation Supplied Supplied Combined Supplied Source Wells System
(On-Farm Use) (On-Farm Use) (On-Farm Use) (On-Farm Use)
County Year Acres  Acre Feet Actes  Acre Feet Acres  Acre Feet Acres  Acre Feet Percent  Number _ Acres
Webb 1984 5,400 5,400 5,400 5,400 0 0 0 0 0 0 783
1989 5,177 5,862 5,027 5,694 150 168 0 0 0 3 1,489
Wilson 1984 12,051 8,395 1,707 1,146 10,164 7,116 180 133 28 240 11,863
1989 13,380 10,845 2,255 1,685 10,995 9,068 130 92 24 250 12,967
Zavala 1984 57,776 95,144 1,185 658 49,091 81,777 7,500 12,708 30 550 6,780
1989 48,390 95,351 4,885 2,442 39,705 89,317 3,800 3,592 15 555 6,730
SUBTOTAL: 1984 276,253 424,804 64,809 124,599 198,378 278,061 13,066 21,845 294 1,762 98,963
1989 262,970 447,792 76,731 146,185 177,860 291,838 7,902 9,744 278 2,168 132,830
Bexar 1984 20,104 38,815 9,565 15,266 10,499 23,449 40 100 60 133 5,478
1989 17,345 36,038 6,213 11,517 10,682 23,404 450 1,117 60 120 4,012
Comal 1984 523 649 115 147 408 501 0 0 0 13 397
1989 390 490 36 9 354 481 0 0 0 13 338
Hays 1984 1,025 876 864 726 161 150 0 0 0 4 251
1989 267 301 267 301 0 0 0 0 0 0 0
Kinney 1984 4,706 10,335 671 1,212 4,035 9,123 0 0 0 28 1,555
1989 5,099 12,349 738 1,851 4361 10,498 0 0 0 28 1,555
Medina 1984 46,868 126,194 13,840 37,762 30,804 81,390 2,224 7,043 50 185 10,648
1989 53,825 160,439 18,090 43,828 33,511 109,568 2,224 7,043 50 190 10,864
Uvalde 1984 51,370 151,774 1,750 2,005 48,420 146,560 1,200 3,208 10 319 15,348
1989 49,032 151,878 250 500 48,782 151,378 0 0 0 329 15,048
SUBTOTAL: 1984 257.426 328,643 24,805 57,118 94,327 261,173 3,464 10,351 120 682 33,677
1989 125,958 361,495 25,594 58,006 97,690 295,329 2,674 8,160 110 680 31,817
REGIONAL
TOTAL: 1984 533,679 753,447 89,614 181,717 292,705 539,234 16,530 32,196 414 2,444 132,640
1989 388,928 809,287 102,325 204,191 275,550 587,167 10,576 17,904 388 2,848 164,647
LIMITATIONS ON THE USE OF THIS DATA
1. 'This data is estimated, most irrigation use is not metered
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TABLE 2.1-5
TECHNICAL DATA REVIEW PANEL
TEXAS WATER DEVELOPMENT BOARD IRRIGATION INVENTORY
IRRIGATION IN TEXAS - 1958, 1964, 1969, 1974, 1979, 1984, 1989

SOURCE: TEXAS WATER DEVELOPMENT BOARD

LS

SURFACE WATER SOURCE GROUND WATER SOURCE BOTH SW & GW
COUNTY 1984 1989 1984 1989 1984 1989
INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE
ACRES APPLIED FEET _ACRES APPLIED FEET _ ACRES APPLIED FEET ACRES APPLIED FEET _ ACRES APPLIED FEET ACRES APPLIED FEET
BEXAR
ALL OTHER CROPS 516 50 2150 649 46 2488
CORN 2715 30 6788 1980 30 4950 5397 30 13493 3950 30 9875
COTTON 80 14 93
FORAGE CROPS & ENSILLAGE 752 10 627 280 16 373 214 10 178 380 16 507 400 30 1000
GRAIN SORGHUM 131 20 218 120 24 240 296 20 493
OTHERGRAIN 860 10 77
OTHER PERMNT HAY, PASTURE 4307 15 5384 3543 18 5315 2696 15 3370 3820 18 5730
PEANUTS 676 30 1690 589 30 1472 40 30 100 50 28 117
SOYBEANS 20 16 27
VEGETABLES (DEEP) 480 25 1000 180 28 420 804(1) 25 1675  788(3) 28 1839
VEGETABLES (SHALLOW) 320 20 533 110 24 220 536(2) 20 893  440(4) 24 880
BEXAR TOTALS:
TOT CROP ACRES IRRIGATED 9565 6213 10839 11012 40 450
ACRES IRRIGATED-CO MAP 9565 6213 10499 10682 40 450
TOTAL ACRE FEET 15267 11518 23449 23404 100 m7
COMAL
ALFALFA 8 10 7
ALL OTHER CROPS 1 16 15 7 4 2
CORN 60 13 65 45 14 53
FORAGE CROPS & ENSILLAGE 37 14 4 136 14 159 17 10 14
OTHER GRAIN 80 5 33 55 4 18
OTHER PERMNT HAY, PASTURE 78 16 104 36 3 9 176 15 220 222 21 389
PECANS 10 2 2
WHEAT 16 6 8
OOMAL TOTALS:
TOT CROP ACRES IRRIGATED 115 36 489 354
ACRES IRRIGATED-CO MAP 115 36 409 354
TOTAL ACRE FEET 147 9 502 483
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TABLE 2.1-5 (Continued) Page 2
SURFACE WATER SOURCE GROUND WATER SOURCE BOTH SW & GW
COUNTY 1984 1989 1984 1989 1984 1989
INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE

ACRES APPLIED FEET ACRES APPLIED FEET  ACRES APPLIED FEET ACRES APPLIED FEET _ ACRES APPLIED FEET _ACRES APPLIED FEET

HAYS

ALL OTHER CROPS 75 30 188 75 22 138

FORAGE CROPS & ENSILLAGE 430 5 200 45 4 15

OTHER ORCHARD 16 12 16

OTHER PERMNT HAY, PASTURE 359 12 359 176 10 147 116 14 135

HAYS TOTALS:

TOT CROP ACRES IRRIGATED 864 267 161

ACRES IRRIGATED-COMAP 864 267 161

TOTAL ACRE FEET 747 301 150

KINNEY

QORN 1666 30 4165 300 32 800

QOTTON 1000 26 2167

RORAGE CROPS & ENSILLAGE 431 24 862 2004 24 4008 2725 28 6358

GRAIN SORGHUM 100 24 200 60 28 140

OTHER GRAIN 360 30 900 80 18 120 80 20 133

OTHER PERMNT HAY, PASTURE 366 30 915 127 24 254 200 24 400

PECANS 12 36 36 12 36 36

VEGETABLES (DEEP) 90 20 150

VEGETABLES (SHALLOW) 150 16 200 30 16 40 300 20 500

WHEAT 200 18 300

KINNEY TOTALS:

TOT CROP ACRES IRRIGATED 671 738 4219 4665

ACRES IRRIGATED-OO MAP 671 738 4035 4361

TOTAL ACRE FEET 1212 1851 9123 10498

MEDINA

ALFALFA 20 30 50 250 3 646

ALL OTHER CROPS 100 40 333 250 41 854 30 40 100 80 40 267

QORN 3000 42 10500 4000 43 14333 10353 38 32785 18419 39 59862 2224 38 7043 2224 38 7043

QOTTON 100 30 250 100 30 250 1343 28 3134 4209 28 9821

PFORAGE CROPS & ENSILLAGE 2500 26 5417 3500 28 8167 4000 30 10000 4000 80 26667

GRAIN SORGHUM 1500 26 3250 1850 28 4317 7500 22 13750 927 2 1699

OTHER GRAIN 100 17 142 400 19 633 300 18 450 315 18 473

OTHER ORCHARD 12 12 12

OTHER PERMNT HAY, PASTURE 4700 34 13317 5000 20 8333 4500 30 11250 295 20 492

PEANUTS 2080 14 2427 1105 14 1289

PECANS 1000 34 2833 1300 34 3683 850 34 2408 950 34 2692

SOYBEANS 400 26 867 700 27 1575 1300 24 2600 1400 25 2917

VEGETABLES (DEEP) 200 18 300 400 18 600 300 20 500 300 20 500

VEGETABLES (SHALLOW) 180 18 270 300 18 450 260 20 433 260 20 433

VINEYARD 2 20 3 20

J «._.\g E] « ..E] L,___,_,(_g _:3 j;] _sgl .g;] __g] wj 3 .3" -.-__@ \__,...g n._—.-;g ;.:—..g h-u.—_-.ag
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TABLE 2.1-5 (Continued) Page 3
SURFACE WATER SOURCE GROUND WATER SOURCE BOTH SW & GW
COUNTY 1984 1989 1984 1989 1984 1989
INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE

ACRES APPLIED FEET ACRES APPLIED FEET  ACRES APPLIED FEET ACRES APPLIED FEET ACRES APPLIED FEET ACRES APPLIED FEET

WHEAT 200 17 283 400 19 633 1000 18 1500 1199 18 1799

MEDINA TOTALS:

TOT CROP ACRES IRRIGATED 13980 18200 38384 33721 2224 2224

ACRES IRRIGATED-CO MAP 18090 30804 333 81 2224 22 24

TOTAL ACRE FEET 37762 43828 81390 107770 7043 7043

UVALDE

ALFALFA 50 20 83 150 30 375

ALL OTHER CROPS 25 18 38 600 18 900

OORN 22705 35 66223 21450 30 53625 500 35 1458

QOTTON 660 6 330 13273 30 33183 20356 30 50890 700 30 1750

PORAGE CROPS & ENSILLAGE 200 6 100 3000 18 4500 3100 20 5167

GRAIN SORGHUM 3200 24 6400 1529 24 3058

OTHER GRAIN 500 16 667 7283 20 12138

OTHER OIL. CROPS 184 18 276

OTHER ORCHARD 20 16 27 12 12 12

OTHER PERMNT HAY, PASTURE 410 18 615 2500 18 3750 300 18 450

PECANS 480 24 960 250 24 500 550 24 9 550 24 1100

SOYBEANS 231 25 481 154 25 321

VEGETABLES (DEEP) 1000 24 2000 1000 24 2000

VEGETABLES (SHALLOW) 8000 24 16000 6000 24 12000

VINEYARD 100 20 167

WHEAT 7000 20 11667 5512 30 13780

UVALDE TOTALS:

TOT CROP ACRES IRRIGATED 1750 250 62338 68084 1200

ACRES IRRIGATED-CO MAP 1750 250 48420 48782 1200

TOTAL ACRE FEET 2005 500 . 145554 155816 3208

EDWARDS AQUIFER TOTALS:

TOT CROP ACRES IRRIGATED: 26945 25704 111884 117836 3464 2674

ACRES IRRIGATED/CO MAP: 12965 25594 94328 97560 3464 2674

TOTAL ACRE FEET: 57140 58007 260168 297971 10351 8160

(1) 204 ACRES DOUBLE CROPPED
(2) 136 ACRES DOUBLE CROPPED
(3) 180 ACRES DOUBLE CROPPED
{4) 120 ACRES DOUBLE CROPPED

LIMITATIONS ON USE OF THIS DATA

1. Acres are estimated, crop water application rates are estimated
2. Irrigation use is not generally metered
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SOURCE: TEXAS WATER DEVELOPMENT BOARD
ALL VALUES ARE REPORTED IN ACRE-FEET UNITS

TABLE 2.1-6

TECHNICAL DATA REVIEW PANEL
HISTORICAL GROUNDWATER PUMPAGE FROM EDWARDS AQUIFER

COUNTY 1985 1986 1987 ° 1988 <1989
BEXAR
MUNICIPAL 236,467.06 241,335.45 232,950.73 256,926.21 257,049.65
MANUFACTURING 3,610.11 4,416.89 2,832.63 2,958.46 2,863.84
POWER 1,244.05 1,219.43 1,113.71 740.96 738.51
MINING 2,357.00 1,557.99 1,187.00 1,304.00 1,172.00
IRRIGATION 15,949.00 15,613.00 12,172.00 14,659.00 22,753.00
LIVESTOCK 50.00 53.00 44.00 46.00 46.00
BEXAR TOTAL: 259,677.22 264,195.69 250,300.19 276,634.95 284,622.59
COMAL
MUNICIPAL 10,683.43 11,717.84 11,440.13 10,586.33 10,908.78
MANUFACTURING 1,055.34 980.51 1,013.33 898.70 1,085.05
POWER 0.00 0.00 0.00 0.00 0.00
MINING 960.64 945.69 5.830.74 945.69 945.69
IRRIGATION 0.00 385.00 385.00 385.00 481.00
LIVESTOCK 1.00 1.00 1.00 1.00 1.00
COMAL TOTAL: 12,700.41 14,030.04 18,670.25 12,816.88 13,421.67
HAYS
MUNICIPAL 10,335.83 10,953.11 11,775.00 12,362.79 12,465.22
MANUFACTURING 1,234.60 1,080.38 998.28 1,481.93 703.61
POWER 0.00 0.00 0.00 0.00 0.00
MINING 18.00 814.92 0.00 795.46 0.00
IRRIGATION 0.00 0.00 0.00 0.00 0.00
LIVESTOCK 834.00 675.00 1,047.00 768.00 675.00
HAYS TOTAL: 12,422.01 13,523.11 13,819.86 15,408.94 13,844.68
MEDINA
MUNICIPAL 3,723.09 4,101.30 4,462.19 5,296.43 6,287.93
MANUFACTURING 0.00 0.00 0.00 0.00 0.00
POWER 0.00 0.00 0.00 0.00 0.00
MINING 90.00 0.00 79.69 83.08 77.29
IRRIGATION 56,905.00 94,180.00 81,049.00 93,354.00 112,214.00
LIVESTOCK 64.00 63.00 76.00 92.00 41.00
MEDINA TOTAL: 60,782.09 98,344.73 85,666.58 98,825.76 118,649.95
UVALDE
MUNICIPAL 5,145.82 4,819.91 4,527.80 5,617.65 5.,996.14
MANUFACTURING 306.12 328.37 334.51 334.51 362.13
POWER 0.00 0.00 0.00 0.00 0.00
MINING 300.00 333.51 104.00 381.88 399.00
IRRIGATION 149,459.00 119,828.00 98,925.00 131,566.00 151,378.00
LIVESTOCK 1,832.00 2,153.00 1,735.00 1,411.00 1,525.00
UVALDE TOTAL: 157,043.32 127,462.49 105,625.91 139,310.77 159,659.87
REGIONAL TOTALS:
MUNICIPAL 266,355.23 272,927.61 265,155.85 290,789.41 292,707.70
MANUFACTURING 6,206.17 6,806.15 5,178.75 5,673.60 5,014.60
POWER 1,244.05 1,219.43 1,113.71 740.96 738.50
MINING 3,725.64 3,652.11 7,201.43 7.201.43 738.50
IRRIGATION 222,313.00 230,006.00 192,531.00 239,964.00 286,826.00
LIVESTOCK 2,781.00 2,945.00 2,903.00 2,318.00 2,288.00
GRAND TOTAL 502,625.05 517,556.06 474,082.79 542,997.30 590,198.70

LIMITATIONS ON USE OF THIS DATA
1. This data is estimated pumpage
2. Estimation methods vary in accuracy




TABLE 2.1-7
TECHNICAL DATA REVIEW PANEL
ANNUAL PUMPAGE FROM THE EDWARDS AQUIFER AS
REPORTED BY UNITED STATES GEOLOGICAL SURVEY
SOURCE: EDWARDS UNDERGROUND WATER DISTRICT
BULLETINS 41-50 AND USGS FILES
ALL VALUES REPORTED IN ACRE-FEET
COUNTY USE 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
BEXAR Municipal and Military 203,500 238,700 219,600 252,000 232,100 233,300 227,500 250,800 248,000 224,600
Irrigation 9,200 12,800 13,200 16,400 16,400 7,600 2,900 8,500 4,400 11,200
Industrial 10,800 10,900 10,200 10,500 11,300 10,900 8,000 7.500 8,200 8,700
Flowing wells (1) 6,700 6,000 2,300 8,300 7,300 11,600 9,100 4,900 4,500
Domestic, Livestock(2) 35,500(3) 27,300 27,300 28,300 26,000 27,900
and Miscellaneous (2)
Parks and Zoo (4) 3,300 4,600 5,100 5.100
Private Schools 100 200 300 300
Country Clubs 600 400 500 500
Cemeteries 100 300 200 400
Domestic and Stock 21,500 21,500 21,500 21,500
Total All Uses 259,000 288,400 276,300 309,500 294,100 287,000 275,600 302,900 293,100 276,800
COMAL Municipal and Military 11,000 11,200 11,500 13,400 11,200 13,600 13,300 12,800 13,600 10,000
Irrigation 200 200 200 400 200 300 200 200 200 200
Industrial 1,900 2,900 3,200 3,200 3,400 3,400 9,400 9,100 13,300 13,800
Domestic, Livestock 700 700 700 700 700 700 700 700 700 700
Total All Uses 13,800 15,000 15,600 17,700 15,100 18,000 23,600 22,800 27,800 24,700
HAYS Municipal and Military 8,100 8,800 9,000 10,200 10,000 9,900 10,800 11,100 10,800 9,900
Irrigation 700 700 700 900 200 200 100 100 100 100
Industrial 0 1,200 1,200 1,000 1,200 2,000 1,000 1,500 700 200
Domestic, Livestock 600 600 600 800 1,500 1,300 900 900 1,000 1,000
Fish Hatchery 1,300 900 700 500 0 700 1,000 800 500 300
Total All Uses 10,700 12,100 12,200 13,400 12,900 14,100 13,800 14,400 13,100 11,500
KINNEY Municipal and Military 0 0 0 0 0 0 0 0 0 0
Irrigation 0 0 0 0 0 200 1,700 1,100 1,100 600

19
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TABLE 2.1-7 (Continued) Page 2
COUNTY USE 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Industrial 0 0 0 0 0 0 0 0 0 0
Domestic, Livestock 200 200 200 200 200 200 200 200 200 200
Total All Uses 200 200 200 200 200 400 1,900 1,300 1,300 800
MEDINA Municipal and Military 4,300 4,600 4,300 5,800 5,400 . 4,800 4;900 6,100 7.100 5,800
Irrigation 21,000 28,100 24,800 40,400 53,000 36,400 10,200 75,300 62,700 63,300
Industrial 0 0 0 0 0 0 0 0 0 0
Domestic, Livestock 800 700 700 700 800 700 700 700 700 700
Total All Uses 26,100 33,400 29,800 46,900 59,200 41,900 15,800 82,100 70,500 69,800
UVALDE Municipal and Military 4,900 5,400 4,800 5,700 4,900 4,700 4,400 5,400 5,700 4,600
Irrigation 70,700 88,300 77,100 133,100 133,200 59,400 25,800 107,900 127,700 97,600
Industrial 0 0 200 400 600 700 300 700 700 900
Domestic Livestock 1,800 2,500 2,600 2,700 1,800 3,200 2,800 2,500 2,600 2,700
and Fish Hatchery
Total ANl Uses 77.400 96,200 84,700 141,900 140,500 68,000 33,300 116,500 136,700 105,800

ALLCOUNTIES Municipal and Military 231,800 268,700 249,200 287,100 263,600 266,300 260,900 286,200 285,200 254,900

Irrigation 101,800 130,100 116,000 191,200 203,000 104,100 40,900 193,100 196,200 173,000
Industrial 12,700 15,000 14,800 15,100 16,500 17,000 18,700 18,800 22,900 23,600
Flowing wells 0 6,700 6.000 2,300 8,300 7,300 11,600 9,100 4,900 4,500

Domestic Livestock 39,900 32,900 32,500 33,900 30,900 34,700 31,800 32,800 33,300 33,400
and Miscellaneous (1)

AQUIFER TOTAL 386,200 453,400 418,500 529,600 522,300 429,400 364,400 540,000 542,500 489,400

(1) Includes uncontrolled flowing wells not reported to Texas Water Development Board.
(2) Includes private schools, country clubs, parks and cemeteries; detail not available before 1987.

(3) Includes flowing wells for 1981,
(4) Reported amount does not include River Center Mall well or Iron Bridge (Joskes Pavillion/Lambert Beach) well discharging to San Antonio River. Estimated unreported amount

equals 2000 acre-feet per year for these two wells.
LIMITATIONS ON USE OF THIS DATA

1. This data is estimated, estimation methods vary year to year and among use types.
2. Some uses are not included, industrial users are not required to report use.
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TABLE 2.1-8
TECHNICAL DATA REVIEW PANEL
UNITED STATES GEOLOGICAL SURVEY IRRIGATION DEMAND CALCULATIONS
FOR EDWARDS AQUIFER
1986 - 1991
SOURCE: USGS FILES
COUNTY 1986 1987 1988 1989 1990 1991
INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES AQRE
ACRES APPLIED RET ACRES APPLIED FEET ACRES APPLIED FEET ACRES APPLIED FEET ACRES APPLIED FEET ACRES APPLIED FEET
BEXAR
ALFALFA 100E 20.00 E 17
CORN 4,800 1505 A 6,020 2,880 430 A 1,032 2,800 1231 A 2,872 1,000 2831 A 2,359 3,850 2000E 6,417 5,761 15.50E 7,441
QOTTON 100 11.00E 92 200 1400E 233 200 11.00E 183 669 20.00E 1,115 400 2000 E 667 526 700 E 307
GRASS FARM 200 1000 E 167 200 1200E 200 200E 12.00 E 200
MILO 200 1000 E 167 156 9.00 E 117 476 10.00E 397
NURSERY STOCK 300 9.00E 225 300 1000E 250 300E 10.00E 250
PEANUTS 600 1200E 600 600 12.00E 600 1,100 19.00 A 1,742 1,100 1963 E 1,799 1,100 1660E 1,521
VEGETABLES 500 2200E 917 500 25.00E 1,042 500 25.00E 1,042 680 3000E 1,700 700E 20.00 E 12
WHEAT/OATS 15 9.00 E 11
BEXAR TOTAL: 6,000 7,629 4,180 2,907 5,300 6,398 1,669 3,474 6,686 11,150 9,178 10,156
COMAL
ALLCROPS 220
COMAL TOTAL: 220
HAYS
ALLCROPS 110
HAYS TOTAL: 110
KINNEY
HAY 100 2500E 208 100 20.00E 167 1,113 556
KINNEY TOTAL: 100 208 100 167 1,113 556
MEDINA
ALFALFA 217 3500E 634 100E 9.10E 76
QORN 18,000 19.22 A 28,3830 4,633 538 A 2,077 25,400 3200E 67,733 9,046 3891 A29,331 24977 23.54 A 48,997 14,513 8.42 A 10,183
QOTTON 1,800 13.00E 1,950 1,900 1472 A 2,33) 2,000 2274 A 3,790 12,067 31.10 A31,274 4,783 2437 A 9,713 4,335 1282 A 4,631
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TABLE 2.1-8 (Continued) Page 2
COUNTY 1986 1987 1988 1989 1990 1991
INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE
ACRES APPLIED FEET  ACRES APPLIED FEET  ACRES APPLIED FEET  ACRES APPLIED FEET  ACRES APPLIED FEET _ ACRES APPLIED FEET
HAY 2,000 2000E 3,333 2,000 2000E 3,333 0.00 163
MILO 1369 9.00E 1,027 1,434 908 A 1,085 1,508 S47A 687
ORCHARD 50 10.00E 42 S0E 10.00 E 42
PASTURE 1 320 4000 E 1,067 320 4000E 1,067 320 4000E 1,067
PASTURE 2 300 1000E 250 620 1000E 517 620 1000E 517
PEANUTS 1,400 1200E 1,400 1,400 12.00E 1,400 150 1963 E 245 150 1660E 208
SESAME 217 3500E 634 600E 11.85A 593
VEGETABLES 250 2500E 521 250 25.00E 521 300 1062A 265 1322 880A 969
WHEAT 500 1000E 417 1,160 1200E 1,160 1,462 12.00E 1,462
WHEAT/OATSRYE 700 10.00E 583 1,958 B8.00E 1,305 417 900E 313
MEDINA TOTAL: 23,950 36,451 10,883 10,245 30,549 75,027 23,010 63,335 34,592 63,236 23,935 19,449
UVALDE '
ALFALFA 300 4200E 1,050 477 40.00E 1,590 470 4000E 1,567 470 3750 A 1,469
BEETS 25 S533A 11
BROCCOLI 50 2533A 106
CABBAGE 392 3633 A 1,187
CORN 16,300 30.56 A 41,510 9900 7.83 A 6,460 20,440 40.16 A68,406 15863 4502 A59,513 23,752 26.79 A 53,026 10,811 23.69 A 21,343
OOTTON 7,900 20.50 E 13,496 6,700 20.19 A11,273 11,900 22.65 A22,461 18,776 31.15A 48,740 14300 2650 A 31,579 4,956 26.21 A 10,825
GREEN BEANS 437 23.84E 868
HAY 1,000 25.00E 2,083 1,000 2200E 1,833 3,556 12.00E 3,556
HAY (COASTAL) 3,556 12.00E 3,556
MELONS*/CUCUMBER 2,511 2314 A 4,842
MILO1 500 B800E 333 1,366 17.68 A 2,013 1,828 12.00E 1,828
MILO2 300 1200E 300
ONIONS 863 2535 A 1,823
PASTURE 560 8.00E 373
POTATOES/CARROTS 352 2266E 665
SESAME 2,464 1223 A 2,511
SORGHAM 1,800 8.00E 1,200
SOYBEANS 400 12.00E 400 200 1000E 167
SPINACH 1,291 800E 861
VEGETABLES 1,000 25.00E 2,083 1,000 2500E 2,083 2,000 38.78 A 6,463 1,400 2250 A 2,625
WHEAT 1,000 1000E 833 6,544 1545 A 8,425 12,374 17.34 A 17,881 9,027 831 A 6,251
WHEAT/OATSRYE 3,500 1000E 2,917 2,770 11.02 A 2,544
UVALDE TOTAL: 27,200 60,005 23,900 25,766 42,384 107,838 47,490 127,724 51,075 97,601 36,332 57,995
EDWARDS AQUIFER TOTAL: 57,250 104,293 39,063 39,085 78,233 190,376 72,169 194,533 92,353 172,873 69,445 87,600
A Average field data used, see USGS Irrigation Water Application.
E Estimated by USGS.
*  Watermelon and Cantaloupe,
A A 4 3 3 A a .3 4 a .3
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TABLE 2.1-9
TECHNICAL DATA REVIEW PANEL
UNITED STATES GEOLOGICAL SURVEY - IRRIGATION
WATER APPLICATION CALCULATIONS BY CROP TYPES
1986 - 1991
SOURCE: USGS FILES
(ALL VALUES IN INCHES)
CORN COTTON VEGETABLES MILO WHEAT PEANUTS
YEAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR
1986 - Calculations of sverage water spplications not available. --
1987 390 8.4 340 21.90 12.70
413 629 5.13 11.29 11.74
1.88 538 11.60
1.69 p X <) 12.12
654 598 31.3%0
795 491 30.04
543 38s 35.40
11.54 548 17.90
8.62 14.37
8.76 21.70
14.80 30.95
839 11.04
Avenage 12.18 12.18
Application
Rue 783 5.38 430 20.19 14.72
1938 7354 3630 21.30 46.32 25.00 38.85 43 17.33
55.43 4740 21.37 21.30 30.50 41.70 20.69
36.46 52.60 17.70 21.67
61.20 36.00 24.60 21.28
38.70 2340 21.70 23.37
11.20 1740 11.20 19.39
4040 2130 11.40 18.00
3120 21.70 21.00
40.10
4850
29
2440
Avenige 38.00
Application
Rate: 40.16 3200 2131 265 274 38.78 43 19.00
1989 24.00 38.03 29.11 3220 32.00 72 19.10 25.80
40.00 101.50 29.20 30.10 30.10 22.00
30.70 3330 30.40 31.00 19.30 23.80
55.00 2390 30.18 26.90 12.60
35.00 2491 31.70 9.20
29.20 2124 37.10
4220 3540 28.00
7020 3038 31.50
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TABLE 2.1-9 (Continued) Page 2
A B —— —————— U S —
CORN COTTON VEGETABLES MILO WHEAT PEANUTS
YEAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR  UVALDE mmw
7890 19.70
45.01
Avenge 34.62
Application
Rate: 4502 38.91 315 3110 34.58 72 1734 25.80
1990 30.78 4489 25.39 25.17 4.10 1262 17.68 9.08 8.68
19.87 15.69 26.84 33.74 8.07 8.62 795
19.70 25.26 24.30 17.79 52.69
18.09 18.58 20.27 20.50 25.28
4152 20.68 26.48 24.63
30.78 16.66 26,51
2023 .86
1245 7134
m
39.51
18.44
14,66
49.33
43,37
15.81
Avenage 22.81
Application
Rae: 26.79 2354 26.50 24.37 250 10.62 1768 9.08 831
1991 (1)(2) 47.18 833 2.50 602 m 8.80(2) 547
3714 9,14 24.00 13.22
22.67 7.07 24.00 20.44
28.50 844 24.00 19.36
1200 1093 24.00 13.97
12.00 1125 46.67 2.24
12.00 10.37 2.79 15.80
18.00 5.18 20.80 644
9.78 14.20
9.78 12.80
4,00 718
10.49 667
Average 479 591
Application
Rate(3): 23.69 842 26.21 12.82 8.80 541

(1) Uvalde County: Beets, 5.33; Broccoli, 25.33; Cabbage, 11.85, 60.80, Average 36.33; Carrots, 19.81, 26.14, Average 22.6; Onions, 28.40, 22.29, Average 25.35; Peppers, 30.40;
Spinach, 8.0; Cantaloupe, Watermelons, Cucumbers 25.42, 24.00, 20.00, Average 23.14; Alfalfa 37.5; Sesame 16.97, 7.5, Average 12.23; Oats/Wheat/Rye 11.02.

(2) Medina County: Alfalfa 9.10; Sesame 11.85.

(3) Average computed as total of all crop water application rates divided by number of measurements

LIMITATIONS ON USE OF THIS DATA
1. Crop water application rates are estimated based on a limited sample.

\ é] éi 2] " “; él , é] g




SOURCE: TABLES 2.1-1, 2.1-7

ALL VALUES REPORTED IN ACRE-FEET OR AS A PERCENTAGE

TABLE 2.1-10
TECHNICAL DATA REVIEW PANEL
COMPARISON OF TWDB AND USGS
GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER
MUNICIPAL AND MILITARY PUMPAGE

YEAR COUNTY USGS(1) ~ TWDB(2) PERCENT
TABLE 2.1.7 TABLE 2.1-1 DIFFERENCE
1981 BEXAR 203,500 110,166.56 (3) 45.86%
COMAL 11,000 9,018.14 18.01
HAYS 8,100 7,656.08 5.48
MEDINA 4,300 3,911.75 9.03
UVALDE 4,900 4,925.32 -0.51
TOTAL 231,800 135,677.85 (3) 41.46
1982 BEXAR 238,700 239,855.01 -0.48%
COMAL 11,200 8,770.68 21.69
HAYS 8,800 8,548.98 2.85
MEDINA 4,600 4,246.52 7.68
UVALDE 5,400 5.401.22 -0.02
TOTAL 268,700 266,822.41 0.69
1983 BEXAR 219,600 226,554.81 -3.06%
OOMAL 11,500 9,193.87 20.05
HAYS 9,000 8,359.68 5.56
MEDINA 4,300 3,991.03 0.02
UVALDE 4,800 4,769.11 0.64
TOTAL 249,200 252,868.50 -1.45
1984 BEXAR 252,000 256,081.26 1.59%
COMAL 13,400 10,443.65 22.06
HAYS 10,200 9,227.71 9.53
MEDINA 5,800 5.430.68 6.36
UVALDE 5,700 5.785.85 1.48
TOTAL 287,100 286,969.15 0.04
1985 BEXAR 232,100 234,441.31 -1.00%
COMAL 11,200 10,357.03 7.53
HAYS 10,000 9,059.67 9.40
MEDINA 5,400 4,701.96 12.93
UVALDE 4,900 4,980.82 -1.62
TOTAL 263,600 263,540.79 0.02
1986 BEXAR 233,300 239,790.77 2.N%
COMAL 13,600 11,432.11 15.94
HAYS 9,900 9,278.94 6.27
MEDINA 4,800 5,155.17 -6.89
UVALDE 4,700 4,696.77 0.07
TOTAL 266,300 270,353.76 -1.49
1987 BEXAR 227,500 230,797.44 -1.43%
COMAL 13,300 10,547.08 20.70
HAYS 10,800 9,825.11 9.03

671
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TABLE 2.1-10 (Continued) Page 2
YEAR COUNTY USGS(1) TWDB(2) PERCENT
TABLE 2.1-7 TABLE 2.1-1 DIFFERENCE
MEDINA 4,900 4,648.79 5.13
UVALDE 4,400 4,399.26 0.02
TOTAL 260,900 260,217.68 0.26
1988 BEXAR 250,800 254,641.26 -1.51%
COMAL 12,800 10,328.85 19.31
HAYS 11,100 10,543.62 5.01
MEDINA 6,100 5,517.87 9.54
UVALDE 5.400 5,500.72 -1.83
TOTAL 286,200 286,532.32 -0.11
1989 BEXAR 248,000 255,442.83 2.91%
COMAL 13,600 10,777.85 20.75
HAYS 10,800 10,673.60 1.17
MEDINA 7,100 6,227.93 12.28
UVALDE 5,700 5.868.35 -2.87
TOTAL 285,200 288,990.56 -1.31
1990 BEXAR 224,600 230,447.68 -2.53%
COMAL 10,000 9,731.48 2.68
HAYS 9,900 9,701.36 2.00
MEDINA 5,800 5.261.75 9.28
UVALDE 4,600 4,724.79 -2.64
TOTAL 254,900 259,867.06 -1.91

(1) USGS EXCLUDES CEMETERIES, PARKS AND COUNTRY CLUBS FROM MUNICIPAL AND REPORTS SEPARATELY

UNDER MISCELLANEOUS USES.

(2) INCLUDES EDWARDS AQUIFER PUMPING DATA ONLY.

(3) DATA AS FURNISHED BY TWDB.

LIMITATIONS ON USE OF THIS DATA
1. See source tables for limitations.
2. This data is estimated pumpage.

a3 .8 __ 4 3




TABLE 2.1-11

TECHNICAL DATA REVIEW PANEL

COMPARISON OF TWDB AND USGS

GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER COUNTIES
INDUSTRIAL USE

SOURCE: TABLE 2.1-6 & TWDB'S EDWARDS AQUIFER COMPONENT OF TABLE 2.1-2
ALL VALUES REPORTED IN ACRE-FEET OR AS A PERCENTAGE

—

YEAR OOUNTY USGS TWDB (1) PERCENT
TABLE 2.1-7 TABLE 2.1-1 DIFFERENCE
1985 BEXAR 11,300 7,211.16 36.18%
COMAL 3,000 2,015.98 32.80
HAYS 1,200 1,252.60 -4.20
MEDINA 0 90.00 -100.00
UVALDE 600 606.12 -1.01
TOTAL 16,100 11,175.86 30.58
1986 BEXAR 10,900 7,194.31 34.00%
COMAL 3,400 1.962.20 42.29
HAYS 2,000 1,895.30 5.24
MEDINA 0 0.00 0.00
UVALDE 700 661.88 5.45
TOTAL 17,000 11,713.69 31.09
1987 BEXAR 8,000 5,133.34 35.83%
OOMAL 9,400 6,844.07 27.19
HAYS 1,000 998.28 0.17
MEDINA 0 79.69 -100.00
UVALDE 300 438.51 -31.59
TOTAL 18,700 13,493.89 27.84
1988 BEXAR 7,500 5,003.42 33.29%
COMAL 9,100 1,844.39 79.73
HAYS 1,500 2,277.39 -34.14
MEDINA 0 83.08 -100.00
UVALDE 700 716.39 -31.59
TOTAL 18,800 9.924.67 47.20
1989 BEXAR 8,200 4,774.35 41.78%
COMAL 13,300 2,030.74 84.73
HAYS 700 703.61 -0.51
MEDINA 0 77.29 -100.00
UVALDE 700 761.13 -8.03
TOTAL 22,900 8,347.12 63.54

(1) TWDB INDUSTRIAL USE INCLUDES MINING, MANUFACTURING AND POWER GENERATION. INCLUDES

EDWARDS AQUIFER PUMPING DATA ONLY.

LIMITATIONS ON USE OF THIS DATA
1. See source tables for limitations.
2. This data is estimated pumpage.
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SOURCE: TABLES 2.1-1, 2.1-7
ALL VALUES REPORTED IN ACRE-FEET OR AS A PERCENTAGE

TABLE 2.1-12

TECHNICAL DATA REVIEW PANEL

COMPARISON OF TWDB AND USGS

GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER COUNTIES
IRRIGATION USE

YEAR OCOUNTY USGS TWDB (1) PERCENT
TABLE 2.1-7 TABLE 2.1-1 DIFFERENCE
1985 BEXAR 16,400 15,949 2.75%
COMAL 200 0 100.00
HAYS 200 0 100.00
KINNEY 0 110 -100.00
MEDINA 53,000 56,905 -6.68
UVALDE 133,200 149,459 -10.88
TOTAL 203,000 222,423 -8.73
1986 BEXAR 7,600 15,613 51.32%
COMAL 300 385 -22.08
HAYS 200 0 100.00
KINNEY 200 119 40.50
MEDINA 36,400 94,180 -61.35
UVALDE 59,400 119,828 -50.43
TOTAL 104,100 230,125 -54.76
1987 BEXAR 2,900 12,172 -76.17%
COMAL 200 385 -48.05
HAYS 100 0 100.00
KINNEY 1,700 49 97.12
MEDINA 10,200 81,049 -87.42
UVALDE 25,800 98,925 -73.92
TOTAL 40,900 192,580 -63.19
1988 BEXAR 8,500 14,659 -42.02%
OOMAL 200 385 -48.05
HAYS 100 0 100.00
KINNEY 1,100 64 94.18
MEDINA 75,300 93,354 -19.34
UVALDE 107,900 131,566 -17.99
TOTAL 193,100 240,028 -19.55
1989 BEXAR 4,400 22,753 -80.66%
COMAL 200 481 -58.42
HAYS 100 0 100.00
KINNEY 1,100 257 76.64
MEDINA 62,700 112,214 -44.12
UVALDE 127,700 151,378 -15.64
TOTAL 196,200 287,083 -31.65

(1) Includes Edwards Aquifer pumping data only.

LIMITATIONS ON USE OF THIS DATA
1. See source tables for limitations.
2. This data is estimated pumpage.




TABLE 2.1-13
TECHNICAL DATA REVIEW PANEL
COMPARISON OF TWDB AND USGS
GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER
IRRIGATION - CORN AND COTTON - 1989

SOURCE: TABLES 2.1.5, 2.1-8
ALL VALUES REPORTED IN ACRE-FEET

BEXAR COUNTY MEDINA COUNTY UVALDE COUNTY

CROP SOURCE INCHES  ACRE INCHES  ACRE INCHES  ACRE
ACRES APPLIED __ FEET ACRES _ APPLIED FEET ACRES APPLIED  FEET

CORN USGS 1,000 28.31A 2,359 9,046 3891A 29,331 15,863 45.02A 59,513
TWDB 3,950 30.00E 9,875 18,419 39.00E 59,862 21,450 30.00E 53,625

COTTON  USGS 669  20.00E 1,115 12,067 31.10A 31,274 18,776 31.15A 48,740
TWDB 80  14.00E 93 4,209  28.00E 9.821 20,356 30.00E  50.890

NOTE: 1989 CHOSEN FOR THIS COMPARISON BECAUSE 1989 WAS AN INTENSIVE SURVEY YEAR FOR TWDB
IRRIGATION DATA.

A= AVERAGE OF FIELD DATA USED
E =ESTIMATED BY SCS FOR TWDB

LIMITATIONS ON USE OF THIS DATA

1. This data is estimated pumpage.

2. This data is for one year only, it may not be indicative of differences in USGS and TWDB estimates in other years.
3. 1989 was the year that USGS used special acreage estimation by satellite photography.
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Table 2.1-14

UNITED STATES GEOLOGICAL SURVEY
RAINFALL RECORD FOR SELECTED GAGES

alendar rackettville valde abina ondo an Antonio erne . Hew Braunfels San Marcos
year
1934 .- 16.70 18.07 23.97 27.65 26.78 30.80 35.67
1935 cee 41.17 48.21 §8.73 42.93 52.93 41,67 41.09
1936 22.34 24.53 26.53 35.27 34.11 47.59 30.41 33.48
1937 16.85 17.88 b/ 9.57 22.93 26.07 32.81 29.19 b/26.03
1938 19.97 13.12 15.39 27.56 23.26 24,14 28.32 28.17
1939 18.38 25.30 c/13.98 23.14 18.83 26.20 13.35 18.59
1940 22,43 27.66 27.51 28.13 30.79 32.29 38.11 43.57
1941 21,52 31.79 b/33.74 44.07 26.34 41.60 42.99 48.41
1942 21.01 19,01 b/11.37 34.83 38.46 31.12 42.08 44.65
1943 €/23.39 20.63 17.21 31.43 20.51 26.33 29.93 25.45
1944 24.76 32.76 b/27.62 32.46 33.19 42.98 43.14 47.42
1945 15,69 22.37 26. 29.57 30.46 33.50 39.38 c/31.74
1946 19.10 26.41 b/14.16 29.65 45.17 45.62 61.60 52.24
1947 c/22.92 22.67 -—— 18.98 17.32 21.89 27.52 27.53
1948 b/20.02 18.31 .- 28.82 23.64 23.77 ¢/19.88 b/21.27
1949 31.32 34.4) - 39.90 40.81 41.15 43,21 36.22
1950 17.70 18.27 b/15.28 24.91 19.86 24.94 21.13 21.10
1951 14,71 16.07 15.63 b/24.05 24.44 18.76 24.84 30.88
1952 12.26 18.24 23.16 24.56 26.24 37.54 33.87 39,91
1953 10.12 18.34 21.44 20.61 17.56 21.42 30.06 33.39
1954 19.38 15.60 14.72 11.92 13.70 10.29 10.12 13.42
1955 26.55 18.36 20.87 21.21 18.18 19,27 23.12 26.44
1956 7.58 9.29 11.29 15.54 14.31 12.05 18.41 18.37
1957 34.21 39.30 40.03 35.09 48.83 52.55 51.88 46.5)
1958 45,37 39.03 41.18 41.60 39.69 40.94 36.40 39.08
1959 27.51 31.581 27.02 30.68 24.50 35.64 40.45 43.47
1960 19,12 23.98 26.24 32.37 29.76 32.55 34.28 45.48
1961 17.91 26.26 27.24 27.36 26.47 25.45 b/15.70 30.02
1962 10.87 14.12 13.58 17.85 23.90 25.26 27.40 28.47
1963 15.07 16.70 18.99 18.90 18.65 20.66 23.41 19.90
1964 20.75 22.30 23.78 28.29 31.88 27.36 30.65 30.27
1965 21,48 26.21 29.41 30.80 36.65 42.41 45.16 45.00
1966 21.63 20.87 21.54 29.46 21.44 29.05 25.98 27.12
1967 21.95 20.10 23.89 30.33 29.26 26.75 31.74 26.41
1968 17.26 25.20 c/29.88 31.91 30.40 35.14 35.97 37.13
1969 28.53 33.38 33.05 32.30 31.42 38.07 33.01 36.59
1970 16.50 13.59 22.13 30.96 22.74 27.79 35.23 32.30
1971 29.46 31.01 31.00 32.96 31.80 45.24 29.43 31.10
1972 21.21 15.49 21.10 25.43 31.49 35.09 42.02 31.90
1973 30.61 30.85 c/35.14 47.82 52.28 50.93 51.66 47.91
1974 18.25 30.94 c/20.93 c/36.41 37.00 41.80 42.85 b/37.28
1975 26.62 24.92 23.65 §/25.84 25,67 33.49 35.82 48.64
1976 34.40 46.04 40.82 45.21 39.13 45.24 49.06 47.46
1977 15.06 19,90 17.06 19.40 29.64 32.43 24.83 27.69
1978 19.04 18.48 21.28 24.64 35.99 35.17 ¢/36.35 33.08
1979 16.34 32.35 31.44 28.83 36.64 39.97 36.72 38.74
1980 18.33 23.05 22.67 21.27 24,23 29.02 33.69 29.56
1981 28.73 26.24 30.19 27.40 36.37 41.05 43.23 49.62
1982 19.10 23.35 18.44 21.99 22.96 27.64 21.04 c/22.47
1983 19.35 b/24.45 23.33 €/20.92 26.11 34.60 34.13 36.95
1984 16.24 c/15.33 20.67 b/21.19 25.95 26.97 20.90 b/ 8.26
1985 18.93 b/ 5.76 23.67 21.94 41.43 37.77 37.26 33.54
1986 27.44 €/29.86 €/29.62 €/36.01 42.73 43.52 47.14 42,20
1987 39.45 36.39 38.36 40.09 37.96 39.86 b/37.33 37.94
1988 12.08 15.20 13.52 c/ 9.81 19.01 19.49 ¢/16.27 21.50
1989 16.98 18.65 17.26 16.10 22.14 25.14 20.99 25.46
1990 c/38.24 24.73 30.06 27.01 38.31 42.51 b/24.58 c/35.14
Years of record 92 90 73 :1:] 117 88 g5 90
available
Long-term 21,16 24.15 25.14 28.27 27.37 32.82 32.07 33.60
average

a3/ Precipitation data from the U.S. Department of Agriculture (1934-40) and U.S. Department of Commerce (1941-90).

b/ Partial record not included in long-term average; missing more than 1 month.
¢/ Partial record not included in long-term average; missing 1 month,

Reprinted'from ulletin 50, Compilation of Hydro

ic Data dwards f an_Ant. a, Texas

1990 with 1934-1990 Sunmary, 1991, prepared for Edwards Underground Water District by United States Geological

Survey
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TABLE 2.1-15
TECHNICAL DATA REVIEW PANEL
COMPARISON OF TWDB AND USGS DOMESTIC AND LIVESTOCK PUMPAGE
FOR THE EDWARDS AQUIFER

SOURCE: TABLES 2.1-1, 2.1-7
ALL UNITS REPORTED IN ACRE FEET OR AS A PERCENTAGE

USGS (2) TEXAS WATER DEVELOPMENT BOARD (1)
YEAR COUNTY PERCENT
DOMESTIC DOMESTIC LIVESTOCK TOTAL DIFFERENCE
AND LIVESTOCK
1985 BEXAR 248 138 386 -100%
COMAL 0 222 222 -100
HAYS 499 1,260 1,759 -100
MEDINA 57 136 193 -100
UVALDE 553 2,543 3,096 -100
TOTAL: 1,357 4,299 5,656 -100
1986 BEXAR 262 146 408 -100%
COMAL 0 222 222 -100
HAYS 660 738 1,398 -100
MEDINA 48 134 182 -100
UVALDE 449 2,652 3,101 -100
TOTAL: 1,419 3,892 5,311 -100
1987 BEXAR 21,500 286 122 408 98.10%
COMAL 700 685 233 918 -23.75
HAYS 1,000 899 1,485 2,384 58.05
MEDINA 700 54 161 215 69.29
UVALDE 2,800 468 2,253 2,721 2.82
TOTAL: 26,700 2,392 4,254 6,646 75.10
1988 BEXAR 21,500 287 127 414 98.07%
COMAL 700 0 258 258 63.14
HAYS 800 654 827 1,481 -45.98
MEDINA 700 0 173 173 75.29
UVALDE 2,500 426 1,909 2,335 6.60
TOTAL: 26,200 1,367 3,294 4,661 82.20
1989 BEXAR 21,500 266 127 393 98.17%
COMAL 700 96 256 352 49.71
HAYS 500 743 734 1,477 -66.15
MEDINA 700 114 152 266 62.00
UVALDE 2,600 465 2,016 2,481 4.58
TOTAL: 26,000 1,684 3,285 4,969 80.88
1990 BEXAR 21,500 100%
COMAL 700 100
HAYS 300 100
MEDINA 700 100
UVALDE 2,700 100
TOTAL: 25,900 100

(1) INCLUDES EDWARDS AQUIFER PUMPING DATA ONLY.
(2) DETAIL ESTIMATE OF USGS LIVESTOCK AND DOMESTIC NOT AVAILABLE UNTIL 1987.

LIMITATIONS ON USE OF THIS DATA

1. This data is estimated pumpage.

2. Estimation methods vary between USGS and TWDB.
3. See source tables for limitations.
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TABLE 2.1-16
TECHNICAL DATA REVIEW PANEL
SAMPLE OF GUADALUPE RIVER BASIN WATER RIGHTS
SORTED BY DIVERSION AMOUNT (DESCENDING ORDER)
State Priority “Diversion
Master #  County __ Applicant Date Stream name Use Amount _ Acreage  Remarks
3846 89 CITY OF GONZALES 19800225 GUADALUPE 5 796363 0
5488 94 GUADALUPE-BLANCOR A TP-1 19140401 GUADALUPE 5 663892 0 LAKEDUNLAP
5488 94 GUADALUPE-BLANCORA TP-3 19140401 GUADALUPE 5 659995 0 LAKE MOQUEENEY
5488 94 GUADALUPE-BLANCOR A TP4 19140401 GUADALUPE 5 655323 0 LAKE PLACID
5488 94 GUADALUPE-BLANCOR A TP-5 19140401 GUADALUPE 5 624781 0 LAKENOLTE
5172 89 GUADALUPE-BLANCOR A H4 19260916 GUADALUPE 5 585599 0 LAKE GONZALES H4
5172 89 GUADALUPE-BLANCOR A H-5 19260916 GUADALUPE 5 574832 0 LAKE WOODH-5
3853 62 JOHN MCNEILLL 19820517 GUADALUPE 5 538560 0
5485 235 CENTRAL POWER & LIGHT CO 19510815 GUADALUPE 2 209189 0 COOLING POND
3824 46 NEW BRAUNFELS UTILITIES 19140601 COMAL 2 139198 3418
3824 46 NEW BRAUNFELS UTILITIES 19140601 COMAL 5 124870 0
3859 235 SOUTH TEXAS ELECTRICCOOPINC 19640218 GUADALUPE 2 110000 1900
5178 29 GUADALUPE-BLANCORAET AL 19540505 GUADALUPE 1 106000 0 IND & IRR- AMEND 4/1791
3865 105 AQUARENA SPRINGS CORPORATION 18950904 SAN MARCOS 5 64370 0
3861 235 EIDUPONT DENEMOURS 19480816 GUADALUPE 2 60000 33000
2074 46 GUADALUPE-BLANCORIVER AUTH 19560319 GUADALUPE 1 35125 0 12/31/2000
5177 29 GUADALUPE-BLANCO RAET AL 19440103 GUADALUPE 3 32615 21308 MUN & IND
5486 235 CENTRAL POWER & LIGHT CO 19520107 GUADALUPE 2 20000 0 COLETO CR- & CO 088
NOTE: THIS DATA IS AVAILABLE FOR ALL PERMITS IN THE GUADALUPE, SAN ANTONIO AND NUECES RIVER BASINS AND ADJOINING COASTAL BASINS.

-4 _.4 _8 _a4 _3 _3 _3 _a .3 _3 _3 .__.3 '3 -3 _3 __a .3 .3 '__3
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TABLE 2.1-17
TECHNICAL DATA REVIEW PANEL
1989 SUMMARY LISTING OF WATER USES
BY TYPE OF USE FOR
GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS
AND ADJOINING COASTAL BASINS
Source: Texas Water Commission, Unit: Acre-Feet
MUNICIPAL | INDUSTRIAL IRRIGATION MINING HYDRO- RECREATION | RECHARGE OTHER TOTAL
ELECTRIC

BASIN No.of Div. | No.of Div. | No.of Acres Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div. | No.of Div.

Permits Amt. |Permits Amt. |Permits Amt. |Permits Amt. |Permits Ami. |Permits Amt. |Permits Amt. [Permits Amt. | Permits Amt,
Guadalupe 35 18567 | 34 553047 ] 214 10481 55828 1 0] 10 1649427 { 41 62 0 0 0 0| 335 2,276,931

() VAN E)) 4)

San Antonio 5 539 2 28175] 180 33146 73600 1 272 0 0] 20 307 1 0 4 0 213 102,893
Nueces 19 107341 5 60917 ] 208 26437 30564 1 1 0 0] 13 40 3 0 2 0 251 198,863
Lavaca- 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 3 0
Guadalupe
San Antonio-| O 0 5 4084 2 110 215 0 0 0 0 4 17 0 0 0 0 11 4,316
Nueces
Nueces- 3 5621 8 809594 ] 48 6796 6744 0 0 0 0 9 982 0 0 4 0 72 822,941
Rio Grande
TOTAL 62 132068 | 54 1455817 | 655 76970 166951 3 2731 10 1649427 87 1408 4 0] 10 0 885 3,405,944

Div. Amt. = Diversion Amount
(1) Includes 1660 acre-feet from Canyon Reservoir storage.
(2) Includes 114 acre-feet from Canyon Reservoir storage.

(3) Includes non-consumptive diversions, consumptive use is minor portion of the total.
(4) Non-consumptive.

LIMITATIONS ON USE OF THIS DATA
1. Diversion amounts for industrial uses include non-consumptive diversions. TWC records obtained do not reflect separation of consumptive and non-consumptive uses for

industrial diversions.
2. Hydroelectric use is non-consumptive, reported use combines multiple plants using same water.
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TABLE 2.1-18
TECHNICAL DATA REVIEW PANEL
SUMMARY LISTING OF WATER RIGHTS BY TYPE OF USE FOR
GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS
AND ADJOINING COASTAL BASINS

Source: Texas Water Commission, Unit: Acre-Feet

MUNICIPAL INDUSTRIAL IRRIGATION MINING | HYDRO-ELECTRIC RECREATION] RECHARGE | OTHER TOTAL
No. Div. | No. Div. Consum.| No. Acres Div. | No.Div. No. Div. Consum.] No. Div. | No. Div. | No. Div. No. Div. Consum.
BASIN Perm. Amt. |[Perm. Amt. Div. Amt|Perm. Amt. |Perm. Amt{Perm.Amt. Div. Amt|Perm. Amt. |Perm. Amt. [Perm. Amt. | Perm. Amt. Div. Amt
Guadalupe 46 182395 |41 613534 131566 |262 53399 88780 |3 156 |13 5288585 0| 54 6959 ) 0 o] 4 850 | 423 6,181,259 403,747
(1) (1) |2 VAN W &) (3) @) (1X(2)(3)(4)
San Antonio | 8 72032] 5 48936 (5)]211 58303 102223 |1 4311 0 0 0] 26 480] 1 961 ] 5 0] 257 225,063 )
Nueces 27 2394191 9 258112 (5) 1275 48536 79311 |3 171 0 0 0] 17 10f 3 2290 3 0] 337 579,159 )
Lavaca- 1 oo 0 0] 9 3247 4560 |0 0] 0 0 0 0 0] o0 01 1000 10 4,560 0
Guadalupe
San Antonio-| 0 0] 5 16,017 G| S 606 842 10 0j{ 0 0 0 4 77801] 0 0o 0 15 25,639 )
Nueces
Nueces- 5 7738 |10 1575838 (5)] 54 36372 52218 |0 o] o 0 0 9 104274 0 0| s 0 83 1,646,221 )
Rio Grande (6)
TOTAL 87 501584 154 2512437 131566 1816 200463 327934 |7 604 113 5288585 O J110 25656 | 4 3251 |18 1850 j1125 8,661,901 (5)

No. Perm. = Number of Permits

Div. Amt. = Diversion Amount

Consum. Div. Amt. = Consumptive Diversion Amount

(1) Includes 14 contracts for Canyon Reservoir Supply totalling 19,910 acre-feet for Canyon Reservoir; Canyon Reservoir included at 35,225 acre-feet; includes 106,000 acre-feet also
permitted for irrigation and industrial.

(2) Includes 13 contracts for Canyon Reservoir Supply totalling 11,796 acre-feet; Canyon Reservoir included at 14,775 acre-feet; includes 5 permits with non-consumptive rights totalling
481,968 acre-feet.

(3) Includes 9 contracts for Canyon Reservoir totalling 159 acre-feet; includes 51,191 acre-feet also permitted for municipal and industrial; includes 940 acre-feet also permitted for
industrial, mining and stockraising; includes 4,370 acre-feet also permitted for industrial.

(4) Largest single permit equals 796,363 acre-feet.

(5) Consumptive and non-consumptive components not separated.

(6) Includes 1,573,598 acre-feet from bays and estuaries.

LIMITATIONS ON USE OF THIS DATA
1. Separation of consumptive diversion amount from total diversion amount for industrial use is estimated.

—3 .4 .3 .8 _.3 ‘41 4 _A& 3 _3 ‘3 .3 i_4a '3 i3 3 .3 3 '_3
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TABLE 2.1-19
TECHNICAL DATA REVIEW PANEL
POPULATION AND POPULATION PROJECTIONS

SOURCE: TWDB, TEXAS WATER PLAN 1990
UNITS: POPULATION IN NUMBER OF PERSONS

1980 (1) 1985 (2) 1990 (3) 1990 PROJECTED 2000 PROJECTED 2010 PROJECTED 2020 PROJECTED 2030 PROJECTION 2040 PROJECTION
QOUNTY ACTUAL ACTUAL ACTUAL LOW@) HIGHG) LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH

ARANSAS 14,260 17,482 17,982 18,844 18,992 21,525 21,839 24,677 25,174 27,845 29,691 31,786 35,108 33,972 38,190
ATASCOSA 25,055 28,524 30,533 31,369 31,567 36,263 36,659 40,325 41,398 43,948 45,228 47,034 49,331 48,658 51,525
BEE 26,030 27,271 25,135 27,389 27479 30,359 30,726 33,093 33,960 36,045 38,243 39,659 43,114 41,604 45,786
CALDWELL 23,637 27,338 26,392 30,302 30,490 32,857 36,725 34,724 38,818 36,686 42,749 39,752 47,564 41,379 50,175
CALHOUN 19,574 21,673 19,053 21,216 21,373 24,459 25,299 27,881 29,602 31,563 34,408 34,740 38,764 36,453 41,149

DEWITT 18,903 20,200 18,840 18,888 18,961 19,950 20,442 21,100 22,006 22,388 23,509 23,561 24,823 24,171 25,506
DIMMIT 11,367 11,889 10,433 11,558 11,616 13,582 14,197 15,900 17,465 18,467 20,611 20,962 23,634 22,338 25,313
DUVAL 12,517 13,327 12,918 13,116 13,289 14,297 14,800 15,575 16,449 16,887 17976 18,125 19,303 18,779 20,001
FRIO 13,785 14,212 13,472 14,319 14,582 16,554 17,087 17,778 19,358 19,213 21,603 20,117 23,477 20,584 24,474
GOLIAD 5,193 5,625 5,980 6,058 6,084 6,637 7,042 7,259 7.813 7,939 8,757 8,510 9,635 8,810 10,107

GONZALES 16,883 18,840 17,205 18,598 18,821 19,138 19,417 20,105 21,049 21,974 24,760 25,194 29,157 26,982 31,651
GUADALUPE 46,708 54,606 64,873 63,201 64,156 77,299 84,576 89,735 102,987 101,224 116,356 112,736 136,924 118,986 148,575
JIMWELLS 36,498 40,330 37,679 38,939 39,550 41,232 43,235 45,434 48,674 50,033 55,353 53,937 61,936 56,005 65,525
KARNES 13,593 13,441 12,455 12,512 12,797 13,086 13,635 13,688 14,437 14,323 15,182 14,924 15,891 15,233 16,257
KINNEY 2,279 2,421 3,119 2,655 2,672 2,899 2,988 3,122 3,272 3,328 3,508 3,506 3,770 3,598 3,908
KLEBERG 33,358 34,495 30,274 32,015 32,166 34,303 35439 37,605 40,206 42,085 47,724 48,263 56,476 51,693 61,459
LASALLE 5,514 5,157 5,254 5,177 5,232 5,802 6,051 6,470 6,880 7,128 7.643 7,741 8,307 8,068 8,659
LIVEOAK 9,606 9,549 9,556 9,094 9,284 9,459 9,851 9,756 10,264 9,847 10,526 9918 10,734 9,952 10,838
MAVERICK 31,398 36,895 36,378 41,418 42,704 54,825 58,147 68,635 73,257 83,567 92,106 95937 109,759 102,817 119,857
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TABLE 2.1-19 (Continued) Page 2

1980 (1) 1985 (2) 1990 (3) 1990 PROJECTED 2000 PROJECTED 2010 PROJECTED 2020 PROJECTED _ 2030 PROJECTION 2040 PROJECTION
COUNTY ACTUAL ACTUAL ACTUAL  LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH

McMULLEN 789 970 817 976 984 998 1,081 1,055 1,153 1,121 1,276 1,221 1,425 1,275 1,505
NUECES 268,215 297,018 291,145 307,637 309,530 335,274 344,767 367,720 391,953 416,112 470,625 487,213 564,753 527,362 618,915
REFUGIO 9,289 8,729 7,976 8,550 8,570 8,461 8,551 8,312 8,402 7.953 8,044 7,569 7.665 7,569 7,665

SANPATRICIO 58,013 61,764 58,749 62,537 63,090 73,057 76,028 82,655 86,981 91,149 99,533 98,934 109,979 103,077 115,615
VICTORIA 68,807 75499 74,361 76,006 77,292 85,702 88,524 93,439 98,212 101,802 113,229 113,482 130,439 119,832 140,029

WEBB 99,258 118,124 133,239 136,476 139,613 168,627 178,628 200,712 217,363 233,739 261,941 269,930 302,678 290,151 325,449
WILSON 16,756 18,905 22,650 20,778 21,354 24,751 26,142 26,562 28,667 28,208 31,435 30,700 35508 32,029 37,746
ZAVALA 11,666 12,046 12,162 12,092 12,122 12,832 14,438 13,747 15,787 14,858 17,492 16,183 19,158 16,889 20,049

SUBTOTAL: 898,951 996,930 998,630 1,041,720 1,054,370 1,184,228 1,236,314 1,327,064 1,421,587 1,489,432 1,659,508 1,681,634 1,919,312 1,788,266 2,065,928

BEXAR 988,800 1,134,917 1,185,394 1,260,649 1,261,638 1,479,258 1,535,067 1,702,920 1,805,700 1,952,490 2,208,270 2,283,418 2,844,472 2,470,112 3,230,907
COMAL 36,446 46,159 51,832 53,740 54,332 69,567 75,215 81,896 90,445 92,555 103,272 100,252 117,904 104,345 126,010
HAYS 40,594 56,027 65,614 69,353 69,934 92,267 102,893 116,803 141,852 140,883 178,053 161,673 211,119 173,233 229,972

MEDINA 23,164 25,077 27,312 27,630 27,813 31,402 32,569 34,966 36,749 38,195 40,373 40,894 43,432 42,314 45,048
UVALDE 22,441 24,651 23,340 25,075 25,340 30,879 31,224 36,656 37,070 42,003 42,615 48,136 48,992 51.541 52,542
SUBTOTAL: 1,111,445 1,286,831 1,353,492 1,436,447 1,439,057 1,703,373 1,776,968 1,973,241 2,111,816 2,266,126 2,572,583 2,634,373 3,265,919 2,841,545 3,684,479

REGIONAL
TOTALS: 2,010,396 2,283,761 2,352,122 2,478,167 2,493,427 2,887,601 3,013,282 3,300,305 3.533,403 3,755,558 4,232,091 4,316,007 5,185,231 4,629,811 5,750,407

(1) U.S.BUREAU OF CENSUS

(2) U.S.BUREAU OF CENSUS

(3) U.S.BUREAU OF CENSUS FROM ATTORNEY GENERAL OF TEXAS REDISTRICTING REPORT, 3/2791
(4) LOW POPULATION SERIES

(5) HIGH POPULATION SERIES




SOURCE: Texas Water Plan, 1990

All values reported in acre-fect

TABLE 2.1-20
TECHNICAL DATA REVIEW PANEL
TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS

COUNTY SERIES 1990 2000 2010 2020 2030 2040
ARANSAS LOW (1) 4343 4770 5144 5604 6338 6767
HIGH (2) 4375 4850 5283 6021 7071 7690
ATASCOSA LOW 68551 58102 56251 55551 54906 54075
HIGH 84040 83642 80327 78002 75938 73664
BEE LOW 7219 7575 7667 7887 8335 8565
HIGH 7338 7736 7896 8296 8915 9246
BEXAR LOwW 359729 397506 428989 472827 546094 586817
HIGH 365656 421081 462450 539687 680179 765614
CALDWELL LOW 7832 8146 8191 8330 8777 9059
HIGH 7925 8861 8932 9383 10132 10628
CALHOUN LOW 59148 84220 85906 89369 92840 96685
HIGH 67777 105937 112030 118844 124564 131095
COMAL Low 18599 21762 24046 26357 28520 29942
HIGH 18892 23730 27108 30602 35264 38373
DEWITT LOW 6287 6651 6637 6733 8902 8999
HIGH 6401 6841 6902 14039 14248 14380
DIMITT LOwW 17510 13961 13872 13904 14009 13892
HIGH 21318 20359 20089 19829 19656 19227
DUVAL LOW 8383 8479 8161 8202 8407 8517
HIGH 8697 8857 8599 8672 8894 9012
FRIO LOW 92907 66099 62350 58854 55262 51726
HIGH 118038 107529 101441 95424 89445 83522
GOLIAD LOW 17857 19125 19135 19179 19234 19266
HIGH 17923 19253 19284 19365 19468 19526
GONZALES LOow 11348 12013 12180 12575 13332 13859
HIGH 11615 12389 12781 13708 13332 15840
GUADALUPE LOW 18946 21128 22607 24236 26278 27467
HIGH 19557 22980 25524 27527 31270 33592
HAYS LOW 18040 22300 26285 30372 34420 36834
HIGH 18232 24732 31376 37876 44674 48658
JIM WELLS Low 13880 14110 14542 15225 16084 16531
HIGH 14288 14843 15537 16661 18123 18933
KARNES LOW 6320 6576 6566 10620 10735 16326
HIGH 6570 6909 10975 16608 26833 30478
KINNEY Low 8440 6502 6239 6001 5774 5531
HIGH 10344 9658 9221 8788 8392 7974

79



TABLE 2.1-20 (Continued) Page 2
OOUNTY SERIES 1990 2000 2010 2020 2030 2040
KLEBERG LOW 9857 9847 9991 10502 11526 13557
HIGH 9938 10121 10529 12078 14571 16393
LASALLE LOW 8660 6835 6615 6428 6261 6048
HIGH 10568 10010 9625 9253 8898 8502
LIVEOAK LOW 8448 7877 7415 9798 15319 15337
HIGH 8839 8361 10443 15859 17908 22945
MAVERICK LOW 69039 52358 51647 51347 50884 49557
HIGH 86629 81560 79280 77780 76444 73944
MCMULLEN LOW 1643 1766 1777 2925 3800 4821
HIGH 1645 1780 1792 2948 3832 4857
MEDINA LOW 61028 44966 43031 41245 39482 37544
HIGH 76520 70675 67290 63941 60682 57290
NUECES LOW 112204 117584 120961 130773 147461 157921
HIGH 113618 123184 131883 149867 173263 188658
REFUGIO LOW 2459 2439 2301 2168 2067 2033
HIGH 2477 2469 2329 2196 2097 2063
SANPATRICIO  LOW 21679 27016 29444 31824 34368 36622
HIGH 22276 30207 34673 39461 43788 47992
UVALDE LOW 86676 64544 62632 60849 59189 57048
HIGH 108706 100843 96750 92726 88939 84751
VICTORIA LOW 77419 79661 83104 87301 92195 96958
HIGH 82518 87115 94713 104071 112968 121955
WEBB LOW 43467 47545 52155 57618 65019 69113
HIGH 46134 53015 58772 66426 74663 79179
WILSON LOW 21859 17716 17153 16678 16412 16041
HIGH 26571 25559 24648 23877 23421 22772
ZAVALA Low 71044 50423 47738 45238 42780 40308
HIGH 90298 82543 78103 73849 69751 65766

(1) Low Population Series, High per Capita use, with Conservation
(2) High Population Series, High per Capita use, with Conservation

3
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TABLE 2.1-21

TECHNICAL DATA REVIEW PANEL
POPULATION AND POPULATION PROJECTIONS FOR
CITIES OVER 10,000 IN POPULATION

SOURCE: TWDB 1990 WATER PLAN
POPULATION IN NUMBER OF PERSONS
COUNTY CITY SERIES 1980 1985 1990 2000 2010 2020 2030 2040
BEE BEEVILLE ACTUAL 14574 15442
LOW 16355 18007 19669 21071 22776 23893
HIGH 16409 18225 20185 22356 24761 26295
BEXAR FORT SAM HOUSTON ACTUAL 15638 15638
LOowW 15625 15069 14747 13826 12553 11955
HIGH 15638 15638 15638 15638 15638 15638
BEXAR LIVEOAK ACTUAL 8183 9261
Low 10967 15211 17488 19261 20544 22223
HIGH 10976 15785 18544 21785 25592 29068
BEXAR SAN ANTONIO ACTUAL 785880 884216
LOW 986208 1157302 1330451 1465234 1562695 1690461
HIGH 986982 1200965 1410751 1657183 1946662 2211124
BEXAR UNIVERSAL CITY ACTUAL 10720 12246
1OW 14066 19247 22129 24370 25993 28117
HIGH 14078 19974 23465 27563 32380 36778
CALHOUN PORTLAVACA ACTUAL 10911 11968
LOwW 11963 14690 16766 18996 20439 21199
HIGH 12052 15195 17801 20709 22807 23930
COMAL NEW BRAUNFELS ACTUAL 22375 26849
LOW 31081 35428 42495 48478 53010 55173
HIGH 31424 38305 46932 54092 62344 66629
GUADALUPE SEGUIN ACTUAL 17854 19647
LOW 22247 23953 25812 29132 31165 32892
HIGH 22584 26209 29625 33487 37852 41072
HAYS SAN MARCOS ACTUAL 23420 27338
LOW 32636 42747 54472 65927 75819 81240
HIGH 32910 47671 66154 83321 99008 107849
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TABLE 2.1-21 (Continued) Page 2
COUNTY CITY SERIES 1980 1985 1990 2000 2010 2020 2030 2040
JIM WELLS ALICE ACTUAL 20961 22425

Low 21260 22523 25002 27459 29801 30943

HIGH 21594 23618 26786 30379 34221 36204
KLEBERG KINGSVILLE ACTUAL 28808 29422

LOW 27344 29316 32213 35948 40829 43729

HIGH 27473 30287 34442 40765 47777 51991
MAVERICK EAGLE PASS ACTUAL 21407 25255

LOW 29374 36565 47191 59192 69111 74067

HIGH 30287 38781 50369 65241 79069 86343
NUECES CORPUS CHRISTI ACTUAL 231999 259793

LOW 270147 297749 329432 376396 444435 482109

HIGH 271810 306180 351142 425706 515167 565807
NUECES ROBSTOWN ACTUAL 12100 13212

LOW 13229 13007 13673 14844 16653 18066

HIGH 13311 13376 14575 16789 19304 21203
SANPATRICIO PORTLAND ACTUAL 12023 12481

LOW 13100 15785 17878 19730 21427 22324

HIGH 13216 16427 18814 21545 23820 25040
UVALDE UVALDE ACTUAL 14178 15945

LOwW 17346 22772 28015 32885 36822 39363

HIGH 17530 23027 28332 33365 37477 40128
VICTORIA VICTORIA ACTUAL 50695 55980

LOW 56772 66372 74095 78488 83829 88520

HIGH 57733 68558 77880 87299 96356 103440
WEBB LAREDO ACTUAL 91449 112314

Low 130136 160701 191708 223648 258429 2771705

HIGH 133128 170232 207613 250633 289782 311490




TABLE 2.1-22

TECHNICAL DATA REVIEW PANEL
TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS
FOR CITIES OVER 10,000 POPULATION

Source: Texas Water Plan, 1990
All values reported in acre-feet

COUNTY CITY SERIES 1990 2000 2010 2020 2030 2040
BEE BEEVILLE HIGH(1) 2670 2814 2948 3172 3513 3730
LOW(2) 2661 2780 2872 2989 2n 3390
BEXAR FORT SAM HOUSTON HIGH 4714 4472 4230 4109 4109 4109
LOW 4710 4309 3989 3633 3299 3142
BEXAR LACKLAND AFB HIGH 5042 4784 4525 4396 4396 4396
LOowW 5038 4610 267 3887 3529 3361
BEXAR LEON VALLEY HIGH 2166 2949 3277 3740 4393 4990
LOowW 2164 2842 3090 3306 3527 3815
BEXAR SAN ANTONIO HIGH 224208 258827 287604 328191 385520 437894
LOW 224032 249417 271234 290177 309478 334781
BEXAR UNIVERSALCITY HIGH 3105 4179 4644 5299 6225 7071
LOW 3102 4027 . 4380 4685 4997 5406
CALHOUN PORT LAVACA HIGH 1856 2220 2460 2780 3062 3213
LOow 1842 2146 2317 2550 2744 2846
COMAL NEW BRAUNFELS HIGH 8820 10200 11822 13236 15255 16304
LOwW 8724 9434 10704 11862 12971 13501
GUADALUPE SEGUIN HIGH 4933 5431 5807 6377 7208 7821
LOW 4859 4964 5060 5547 5935 6263
HAYS SAN MARCOS HIGH 8554 11756 15432 18881 22436 24439
LOwW 8483 10541 12707 14939 17181 18409
JIM WELLS ALICE HIGH 6438 6681 7167 7896 8895 9410
LOow 6339 6371 6690 7137 7746 8043
KLEBERG KINGSVILLE HIGH 5563 5819 6259 7197 8435 9179
Low 5537 5632 5854 6346 7208 7720
MAVERICK EAGLE PASS HIGH 5987 7273 8936 11243 13626 14880
Low 5807 6857 8372 10201 11910 12764
NUECES CORPUS CHRISTI HIGH 65599 70104 76053 89568 108391 119046
Low 65197 68174 71351 79194 93509 101435
NUECES ROBSTOWN HIGH 2031 1936 1996 2233 2568 2820
LOwW 2018 1883 1872 1974 2215 2403
SANPATRICIO PORTLAND HIGH 1804 2128 2305 2564 2835 2980
LOwW 1788 2044 2190 2348 2550 2657
UVALDE UVALDE HIGH 5782 7205 8386 9594 10776 11538
LOwW 5721 7126 8292 9456 10588 11318
VICTORIA VICTORIA HIGH 10404 11721 12595 13714 15138 16251
LOW 10231 11347 11983 12331 13169 13907

a3
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TABLE 2.1-22 (Continued) Page 2

COUNTY CITY SERIES 1990 2000 2010 _ 2020 2030 _ 2040

WEBB LAREDO HIGH 31696 38451 44360 52022 60148 64654
LOW 30984 36299 40962 46421 53640 57641

(1) HIGH SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION
(2) LOW SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION

A



™3 T3 —3 ~3 ~% —F 73 —¥ =3 —F ¥ —3 —3 I —§ —3 —F —3I

TABLE 2.1-23
TECHNICAL DATA REVIEW PANEL
POPULATION AND POPULATION PROJECTIONS FROM
TWDB 1992 DRAFT PROJECTIONS

SOURCE: TEXAS WATER DEVELOPMENT BOARD
UNITS: POPULATION IN NUMBER OF PERSONS

1980 (1) 1985 (2) 1990 (3) 2000 PROJECTED 2010 PROJECTED 2020 PROJECTED 2030 PROJECTION 2040 PROJECTION
COUNTY ACTUAL ACTUAL ACTUAL LOW@) HIGH(5) LOW HIGH LOW HIGH LOW HIGH Low HIGH

ARANSAS 14,260 17,482 17,892 20,202 21,203 22,820 25,158 25,281 29,667 27,505 34,984 29,578 39,888
ATASCOSA 25,055 28,524 30,533 36,053 37,785 40,810 44,108 44,574 49,394 48,163 54,480 49,434 59,580
BANDERA 7,084 8,905 10,562 13,012 13,820 16,612 18,638 18,173 20,563 19,293 21,848 19,959 22,507
BEE 26,030 27,21 25,135 27,128 28,402 28,575 30,519 30,032 32,686 32,148 35,485 34,366 38,532
BEXAR 988,800 1,134,917 1,185,394 1,382,381 1,422,629 1,602,708 1,705,074 1,847,822 2,034,080 2,140,752 2,449,468 2,407,168 2,860,615
CALDWELL 23,637 27,338 26,392 29,007 30,112 32,343 35,216 35,615 40,662 38,200 44,838 40,324 48,183
CALHOUN 19,574 21,673 19,053 21,978 22,548 25,024 26,493 27,274 29,832 28,971 32,633 30,352 34,827

COMAL 36,446 46,159 51,832 65,224 68,754 78,824 86,446 92,146 103,929 105,502 121,548 116,381 136,106
DEWITT 18,903 20,200 18,840 19,256 19,485 19,596 20,040 19,906 20,553 20,319 21,276 20,659 21,942
DIMMIT 11,367 11,889 10,433 10,914 11,396 11,540 12,143 12,013 12,752 12,187 13,073 12,259 13,296
DUVAL 12,517 13,327 12,918 13,657 14,137 13,823 14,599 14,029 14,934 14,565 15,512 15,238 16,230
FRIO 13,785 14,212 13,472 15,730 16,331 16,998 18,307 18,157 19,958 19,420 21,712 20,740 23,628
GOLIAD 5,193 5,625 5,980 6,506 6,618 6,969 7,182 7.337 7,627 7,830 8,246 8,258 8,805

GONZALES 16,883 18,840 17,205 17,851 18,023 18,286 18,603 18,434 18,883 18,567 19,179 18,800 19,538
GUADALUPE 46,708 54,606 64,873 78,955 86,388 96,611 110,879 111,482 128,148 116,108 141,019 122,824 153,368

HAYS 40,594 56,027 65,614 85,511 95,359 111,350 135,229 134,896 170,486 153,844 200,895 163,285 216,766
JIMWELLS 36,498 40,330 37,679 40,989 41,411 42,254 43,231 42,186 43,757 41,977 44,314 41,477 44,666
KARNES 13,593 13,441 12,455 12,588 13,116 12,860 13,564 13,016 13,797 13,228 14,085 13,312 14,207
KINNEY 2,279 2,421 3,119 3,307 3,409 3,567 3,738 3,801 4,007 3,964 4,262 4,023 4,370

KLEBERG 33,358 34,495 30,274 32,526 33,370 35,886 36,904 18,064 39,315 40,729 42,324 42,698 44,739
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TABLE 2.1-23 (Continued) Page 2
1980 (1) 1985 (2) 1990 (3) 2000 PROJECTED 2010 PROJECTED 2020 PROJECTED 2030 PROJECTION 2040 PROJECTION
QOUNTY ACTUAL ACTUAL ACTUAL LOW (4) HIGH (5) LOW HIGH LOW HIGH LOW HIGH LOW HIGH
LASALLE 5,514 5.757 5,254 5,417 5,863 6,013 6,508 6,494 7,029 6,832 7,395 7,064 7.646
LIVEOAK 9,606 9,549 9,556 10,158 10,579 10,757 11,317 10,793 11,527 10,787 11,674 10,756 11,714
MAVERICK 31,398 36,895 36,378 46,617 49,475 55,388 61,711 64,967 75,071 73.877 87,814 83,083 101,325
MEDINA 23,164 25,077 27,312 31,164 31,774 35,148 36,421 37,802 39,815 40,182 42,855 41,753 44,859
McMULLEN 789 970 817 921 998 973 1,063 915 1,041 883 1,030 858 1,013
NUECES 268,215 297,018 291,145 334,255 339,413 374,451 386,134 406,471 427,119 440,158 472,085 473,552 518,667
REFUGIO 9,289 8,729 7,976 7,457 7,939 7,904 8,415 8,147 8,780 8,440 9,096 8,609 9,278
SAN PATRICIO 58,013 61,764 58,749 68,628 70,933 78,033 83,176 86,153 94,530 92,921 103,216 98,010 109,421
UVALDE 22,441 24,651 23,340 26,729 27,518 30,027 31,662 32,970 35,462 36,212 39,637 39,682 44,132
VICTORIA 68,807 75,499 74,361 85,721 87,180 96,996 100,334 105,323 110,685 111,239 118,748 117,219 127,172
WEBB 99,258 118,124 133,239 171,958 183,912 208,966 234,972 248,763 291,521 291,805 354,938 340,095 427,117
WILSON 16,756 18,905 22,650 28,547 30,064 34,168 37,221 37,687 41,839 40,443 45,890 42,443 49,583
ZAVALA 11,666 12,046 12,162 13,266 13,607 14,130 14,939 15,071 16,164 16,135 17,672 17,406 19,416
REGIONAL
TOTALS: 2,017,480 2,292,666 2,362,594 2,763,613 2,863,551 3,190,410 3,419,944 3,615,794 3,995,613 4,073,186 4,653,231 4,491,665 5,293,136

(1) US.BUREAU OF CENSUS
(2) U.S.BUREAU OF CENSUS
(3) U.S.BUREAU OF CENSUS FROM ATTORNEY GENERAL OF TEXAS REDISTRICTING REPORT, 32791
(4) LOW POPULATION SERIES
(5) HIGH POPULATION SERIES
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TABLE 2.1-24
TECHNICAL DATA REVIEW PANEL
TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS

SOURCE: TWDB, 1991 Projections based on 1990 Census Data
All values reported in acre-feet

COUNTY SERIES 2000 2010 2020 2030 2040

ARANSAS LOW (1) 4598 4954 5256 5609 5982

{W HIGH (2) 4815 5447 6135 7115 8005
: ATASCOSA LOW 70085 52678 54090 60656 61864
” HIGH 72368 65656 69782 76559 83341
{ BANDERA LOW 2833 3214 3292 3396 3437
HIGH 2982 3507 3635 3756 3816

- BEE LOW 8114 8086 8089 8271 8453
| HIGH 8293 8370 8445 8731 9012
BEXAR LOW 401372 436471 479021 537686 601360

HIGH 419253 473715 537486 635411 720569

CALDWELL LOW 7725 7956 8159 8385 8588

HIGH 7045 7509 7990 8434 8771

CALHOUN LOW 83133 87422 93311 99396 106040

HIGH 100953 110581 121922 130488 141337

COMAL LOW 26022 28275 30496 32659 34489

HIGH 27783 31696 35436 39679 42813

DEWITT LOW 6665 6573 6460 6464 6467

HIGH 9668 9629 9567 9645 9715

DIMMIT LOW 14580 12786 12392 12316 12344

HIGH 16528 16669 16194 16282 16348

DUVAL LOW 9757 9317 9103 9089 9120

HIGH 10863 10458 10254 10253 10294

FRIO LOW 87192 58329 58465 58603 58870

HIGH 97277 90938 86887 82821 78700

GOLIAD LOW 18717 18729 18722 18764 18798

HIGH 18929 18955 18958 19012 19067

GONZALES LOW 11305 11423 11464 11594 11759

HIGH 12172 12407 12625 13007 13423

GUADALUPE LOW 22761 25199 27026 27751 28736

HIGH 24635 28247 30615 32859 34998

HAYS LOW 20749 24654 27987 31027 32589

HIGH 22729 28785 34119 39196 41976

JIM WELLS LOW 12056 11904 11557 11411 11165

HIGH 12735 12692 12465 12466 12394

KARNES LOW 5766 5562 5424 5408 5395

HIGH 5860 5713 5622 5659 5669




TABLE 2.1-24 (Continued) Page 2
COUNTY SERIES 2000 2010 2020 2030 2040
KINNEY Low 8225 7390 7404 7421 7431
HIGH 9848 9417 8964 8539 8096
KLEBERG LOw 10010 10252 10259 10497 10658
HIGH 10381 10650 10690 10986 11223
LASALLE LOwW 8177 6990 7027 7074 7093
HIGH 7386 7373 7333 7302 7245
LIVEQAK LOow 8174 8191 8183 8232 8282
HIGH 8811 8871 8895 8968 9025
MAVERICK Low 92726 93807 95188 96289 97660
HIGH 100356 100487 100695 101133 101625
MCMULLEN LOow 1772 1804 1794 1801 1805
HIGH 1784 1817 1812 1821 1827
MEDINA LOwW 99071 59491 59653 59977 60158
HIGH 119240 114839 115193 115699 115990
NUECES LOwW 125255 131478 138048 146054 154462
HIGH 130241 140106 150346 162209 174738
REFUGIO LOW 2000 1999 1968 1984 1978
HIGH 2143 2142 2126 2142 2137
SAN PATRICIO LOwW 24822 27830 30570 34135 37947
HIGH 28210 34047 40305 46448 51879
UVALDE LOW 100198 66114 63882 62984 64226
HIGH 140334 131412 132341 133648 135116
VICTORIA Low 89559 95924 102911 109760 117463
HIGH 94934 106008 123778 134850 147704
WEBB LOwW 50201 56649 63379 72061 81843
HIGH 53562 63081 73244 85881 100880
WILSON Low 14285 13772 14052 14407 14631
HIGH 16438 17172 17456 17861 18189
ZAVALA Low 65172 48299 48531 48775 49177
HIGH 85799 71172 66584 67203 67933

(1) Low Population Series, High per Capita use, with Conservation
(2) High Population Series, High per Capita use, with Conservation
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TABLE 2.1-25
TECHNICAL DATA REVIEW PANEL
POPULATION AND POPULATION PROJECTIONS FOR
CITIES OVER 10,000 IN POPULATION

SOURCE: TWDB, 1992 DRAFT PROJECTIONS
POPULATION IN NUMBER OF PERSONS
COUNTY CiTY SERIES 1980 1985 1990 2000 2010 2020 2030 2040
BEE BEEVILLE ACTUAL 14574 15442 13547

LOW 14835 15771 16713 18080 19514

HIGH 15658 17027 18922 20731 22701
BEXAR FORTSAMHOUSTON  ACTUAL 15638 15638 12000

LOW 11998 11928 11890 11674 11380

HIGH 12000 12000 12000 12000 12000
BEXAR LIVEOAK ACTUAL 8183 9261 10023

LOW 11633 13648 15889 18568 21005

HIGH 12001 14584 17593 21391 25152
BEXAR SAN ANTONIO ACTUAL 785880 884216 935933

LOW 1067670 1230136 1410880 1626882 1823333

HIGH 1097349 1305620 1548224 1854525 2157699
BEXAR UNIVERSAL CITY ACTUAL 10720 12246 13057

LOW 14968 17492 20301 23657 26709

HIGH 15429 18665 22435 27194 31905
CALHOUN PORTLAVACA ACTUAL 10911 11968 10886

LOW 12120 13547 14601 15395 16042

HIGH 12387 14235 15799 17111 18138
COMAL NEW BRAUNFELS ACTUAL 22375 26849 27091

LOW 30048 33259 36403 39556 42124

HIGH 33023 40460 46633 53747 57434
GUADALUPE SCHERTZ ACTUAL 7243 7805 10012

LOW 13404 14862 16252 18196 19507

HIGH 13457 15212 16898 19102 20727
GUADALUPE SEGUIN ACTUAL 17854 19647 18853

LOW 20218 21370 23742 25157 26236

HIGH 20298 21873 24686 26410 27876
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TABLE 2.1-25 (Continued) Page 2
COUNTY CITY SERIES 1980 1985 1990 2000 2010 2020 2030 2040
HAYS SAN MARCOS ACTUAL 23420 27338 28743

Low 33810 40393 46392 51219 53624

HIGH 36320 46477 55459 63205 67250
JIM WELLS ALICE ACTUAL 20961 22425 19788

LOW 21558 22235 22198 22100 21820

HIGH 22479 23453 23834 24132 24220
KLEBERG KINGSVILLE ACTUAL 28808 29422 25276

LOW 27816 31168 33342 36001 37965

- HIGH 28658 32184 34590 37592 40002
MAVERICK EAGLE PASS ACTUAL 21407 25255 20651

LOW 27432 33241 35228 45486 51583

HIGH 29457 37428 46277 54716 63665
NUECES CORPUS CHRISTI ACTUAL 231999 259793 257453

Low 295875 335072 364905 396293 427407

HIGH 302426 345957 384144 426040 469442
NUECES ROBSTOWN ACTUAL 12100 13212 12849

LOW 14146 15268 16162 17102 18034

HIGH 14290 15594 16738 17993 19293
SANPATRICIO  PORTLAND ACTUAL 12023 12481 12224

LOW 13474 14794 15935 16885 17600

HIGH 13797 15517 17111 18331 19202
UVALDE UVALDE ACTUAL 14178 15945 14729

LOW 17955 21638 24971 28787 32851

HIGH 17984 21705 25076 28949 33091
VICTORIA VICTORIA ACTUAL 50695 55980 55076

LOW 64093 73032 79634 84324 89065

HIGH 65250 75679 83885 90278 96956
WEBB LAREDO ACTUAL 91449 112314 122899

LOW 158180 191428 227887 267317 309748

HIGH 169176 215252 267056 325150 391272
3 _ 3 i 3 3 3 3 3 3 3 ' 3 ‘.3 3 3 .3 3 32 __3
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TABLE 2.1-26
TECHNICAL DATA REVIEW PANEL
TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS
FOR CITIES OVER 10,000 POPULATION

Source: Texas Water Development Board, 1992 Projections
All values reported in acre-feet

COUNTY CITY SERIES 2000 2010 2020 2030 2040
BEE BEEVILLE HIGH(1) 2473 2556 2692 2903 3102
LOW(2) 2360 2367 2396 2532 2667
BEXAR FORT SAM HOUSTON HIGH 3508 3374 3253 3199 3159
LOW 3508 3354 3223 3112 2996
BEXAR LIVEOAK HIGH 2473 2842 3252 3882 4536
LOwW 2398 2660 2937 3390 3788
BEXAR SAN ANTONIO HIGH 247067 282259 320833 380152 437465
LOwW 240385 265940 293952 333489 369674
BEXAR UNIVERSAL CITY HIGH 3405 3910 4473 5361 6218
LOW 3303 3664 4070 4664 5206
CALHOUN PORT LAVACA HIGH 1873 2025 2141 2262 2357
LOW 1833 1942 1979 2052 2084
COMAL NEW BRAUNFELS HIGH 9692 11376 12693 14509 15376
LOW 8818 9425 9949 10678 11277
GUADALUPE SCHERTZ HIGH 2804 3033 3218 3595 3854
LOow 2793 2963 3095 3424 3627
GUADALUPE SEGUIN HIGH 4365 4484 4811 5059 5277
LOowW 4348 4381 4627 4847 4967
HAYS SAN MARCOS HIGH 9357 11453 13232 14939 15819
LOW 8711 9999 11121 12106 12614
JIM WELLS ALICE HIGH 6043 6069 5954 5947 5887
LOwW 5796 5753 5545 5446 5279
KLEBERG KINGSVILLE HIGH 5714 6129 6316 6737 7080
LOwW 5546 5935 6088 6452 6719
MAVERICK EAGLE PASS HIGH 5642 6792 7983 9316 10697
LOow 5285 6032 6116 7745 8725
NUECES CORPUS CHRISTI HIGH 72156 79442 85629 93537 102013
Low 70593 76943 81341 87006 92879
NUECES ROBSTOWN HIGH 2113 2183 2231 2338 2442
LOW 2092 2138 2154 2222 2283
SANPATRICIO PORTLAND HIGH 1824 1947 2032 2115 2172
Low 1796 1856 1892 1948 1991
UVALDE UVALDE HIGH 5802 6710 7444 8496 9674
LOW 3792 6690 7412 8448 9604
VICTORIA VICTORIA HIGH 11548 12885 13719 14562 15422
Low 11415 12435 13023 13602 14167

91
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TABLE 2.1-26 (Continued) Page 2

COUNTY CITY SERIES 2000 2010 2020 2030 2040

WEBB LAREDO HIGH 39416 47740 56837 68108 81520
_LOowW 36854 42457 48501 56293 64535

(1) HIGH SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION
(2) LOW SERIES POPULATION, HIGH PER CAPITA USE WITH CONSERVATION
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TABLE 2.1-27 PAGE 1
TECHNICAL DATA REVIEW PANEL
PROJECTIONS OF PER CAPITA WATER USE
Source: Texas Water Development Board,
1990 Texas Water Plan
Units: Gallons Per Capita Per Day
CITY 1990 2000 2010 2020 2030 2040
004 ALAMO HEIGHTS 308 308 308 308 308 308 AVG GPCD
391 391 391 391 391 391 HIGH GPCD
300 285 270 262 262 262 A/CONSERVATION
381 362 342 332 332 332 H/CONSERVATION
034 BALCONES HGTS 186 186 186 186 186 186 AVG GPCD
221 221 221 221 221 221 HIGH GPCD
181 172 163 158 158 158 A/CONSERVATION
215 204 193 188 188 188 H/CONSERVATION
070 BRACKETTVILLE 336 336 336 2336 336 336 AVG GPCD
377 377 377 377 377 3717 HIGH GPCD
328 311 294 286 286 286 A/CONSERVATION
368 349 330 320 320 320 H/CONSERVATION
100 CASTLE HILLS 277 277 277 277 277 2717 AVG GPCD
317 317 317 317 317 317 HIGH GPCD
270 256 242 235 235 235 A/CONSERVATION
309 293 277 269 269 269 H/CONSERVATION
101 CASTROVILLE 284 284 284 284 284 284 AVG GPCD
320 320 320 320 320 320 HIGH GPCD
277 263 249 241 241 241 A/CONSERVATION
312 296 280 272 272 272 H/CONSERVATION
107 CHARLOTTE 193 193 193 193 193 193 AVG GPCD
250 250 250 250 250 250 HIGH GPCD
188 179 169 164 164 164 A/CONSERVATION
244 231 219 213 213 213 H/CONSERVATION
131 CONVERSE 130 130 130 130 130 130 AVG GPCD
165 165 165 165 165 165 HIGH GPCD
127 120 114 111 111 111 A/CONSERVATION
161 153 144 140 140 140 H/CONSERVATION
162 DEVINE 155 155 155 155 155 15§ AVG GPCD
179 179 179 179 179 179 HIGH GPCD
151 143 136 132 132 132 A/CONSERVATION
175 166 157 152 152 152 H/CONSERVATION

93
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TABLE 2.1-27

PAGE 2

CITY 1990 2000 2010 2020 2030 2040
211 FT SAM HOUSTON 248 248 248 248 248 248 AVG GPCD

276 276 276 276 276 276 HIGH GPCD

242 229 217 211 211 211  A/CONSERVATION

269 255 242 235 235 235 H/CONSERVATION
281 HOLLYWOOD PARK 330 330 330 330 330 330 AVG GPCD

406 406 406 406 406 406 HIGH GPCD

322 305 289 281 281 281 A/CONSERVATION

396 376 355 345 345 345 H/CONSERVATION
282 HONDO 233 233 233 233 233 233 AVG GPCD

291 291 291 291 291 291 HIGH GPCD

227 216 204 198 198 198 A/CONSERVATION

284 269 255 247 247 247 H/CONSERVATION
309 JOURDANTON 188 188 188 188 188 188 AVG GPCD

248 248 248 248 248 248 HIGH GPCD

183 174 165 160 160 160 A/CONSERVATION

242 229 217 211 211 211 H/CONSERVATION
325 KIRBY 138 138 138 138 138 138 AVG GPCD

175 175 175 175 175 175 HIGH GPCD

135 128 121 117 117 117 A/CONSERVATION

171 162 153 149 149 149 H/CONSERVATION
330 KYLE 143 143 143 143 143 143 AVG GPCD

178 175 175 175 175 175 HIGH GPCD

139 132 125 122 122 122 A/CONSERVATION

171 162 153 149 149 149 H/CONSERVATION
331 LACKLAND AFB 252 252 252 252 252 252 AVG GPCD

320 320 320 320 320 320 HIGH GPCD

246 233 221 214 214 214 A/CONSERVATION

312 296 280 272 272 272 H/CONSERVATION
353 LEON VALLEY 110 110 110 110 110 110 AVG GPFCD

140 140 140 140 140 140 HIGH GPCD

107 102 96 94 94 94  A/CONSERVATION

137 130 123 119 119 119 H/CONSERVATION
361 LIVE OAK 131 131 131 131 131 131 AVG GPCD

166 166 166 166 166 166 HIGH GPCD

128 121 115 111 111 111 A/CONSERVATION

162 154 145 141 141 141 H/CONSERVATION

Q‘ ' . g 'x é]

3



—3 3 — 3 ™3 —3 —3 3

—3

[

TABLE 2.1-27 PAGE 3

CITY 1990 2000 2010 2020 2030 2040
374 LYTLE 178 178 178 178 178 178 AVG GPCD

202 202 202 202 202 202 HIGH GPCD

174 165 156 151 151 151 A /CONSERVATION

197 187 177 172 172 172 H/CONSERVATION
425 NATALIA 110 110 110 110 110 110 AVG GPCD

140 140 140 140 140 140 HIGH GPCD

107 102 96 94 94 94 A/CONSERVATION

137 130 123 119 119 119 H/CONSERVATION
430 NEW BRAUNFELS 231 231 231 231 231 231 AVG GPCD

257 287 257 257 257 257 HIGH GPCD

225 214 202 196 196 196 A/CONSERVATION

251 238 225 218 218 218 H/CONSERVATION
440 OLMOS PARK 192 192 192 192 192 192 AVERAGE GPCD

228 228 228 228 228 228 HIGH GPCD

187 178 168 163 163 163 A/CONSERVATION

222 211 200 194 194 194 H/CONSERVATION
473 PLEASANTON 110 110 110 110 110 110 AVG GPCD

151 151 151 151 151 151 HIGH GPCD

107 102 96 94 94 94 A/CONSERVATION

147 140 132 128 128 128 H/CONSERVATION
483 POTEET 160 160 160 160 160 160 AVG GPCD

210 210 210 210 210 210 HIGH GPCD

156 148 140 136 136 136 A/CONSERVATION

205 194 184 179 179 179 H/CONSERVATION
492 RANDOLPH AFB 300 300 300 300 300 300 AVG GPCD

377 377 377 377 3771 377 HIGH GPCD

293 278 263 255 255 255 A/CONSERVATION

368 349 330 320 320 320 H/CONSERVATION
526 SABINAL 203 203 203 203 203 203 AVG GPCD

246 246 246 246 246 246 HIGH GPCD

198 188 178 173 173 173 A/CONSERVATION

240 228 215 209 209 209 H/CONSERVATION
530 SAN ANTONIO 185 185 185 185 185 185 AVG GPCD

208 208 208 208 208 208 HIGH GPCD

180 171 162 157 157 157 A/CONSERVATION

203 1%2 182 177 177 177 H/CONSERVATION




TABLE 2.1-27 PAGE 4

CITY 1990 2000 2010 2020 2030 2040
537 SAN MARCOS 211 211 211 211 211 211 AVG GPCD

238 238 238 238 238 238 HIGH GPCD

206 195 185 179 179 179 A/CONSERVATION

232 220 208 202 202 202 H/CONSERVATION
543 SCHERTZ 143 143 143 143 143 143 AVG GPCD

182 182 182 182 182 182 HIGH GPCD

139 132 125 122 122 122 A/CONSERVATION

177 168 159 155 155 185 H/CONSERVATION
600 TERRELL HILLS 185 185 185 185 185 185 AVG GPCD

207 207 207 207 207 207 HIGH GPCD

180 171 162 157 157 157 A/CONSERVATION

202 191 181 176 176 176 H/CONSERVATION
614 UNIVERSAL CITY 159 159 159 159 159 159 AVG GPCD

202 202 202 202 202 202 HIGH GPCD

155 147 139 135 135 135 A/CONSERVATION

197 187 177 172 172 172 H/CONSERVATION
616 UVALDE 267 267 267 267 267 267 AVG GPCD

302 302 302 302 302 302 HIGH GPCD

260 247 234 227 227 227 A/CONSERVATION

294 279 264 257 257 257 H/CONSERVATION
658 WINDCREST 196 196 196 196 196 196 AVG GPCD

228 228 228 228 228 228 HIGH GPCD

191 181 172 167 167 167 A/CONSERVATION

222 211 200 194 194 194 H/CONSERVATION
744 SHAVANO PARK 292 292 292 292 292 292 AVG GPCD

361 361 361 361 361 361 HIGH GPCD

285 270 256 248 248 248 A /CONSERVATION

352 334 316 307 307 307 H/CONSERVATION
747 SOMERSET 110 110 110 110 110 110 AVG GPCD

140 140 140 140 140 140 HIGH GPCD

107 102 96 94 94 94 A/CONSERVATION

137 130 123 119 119 119 H/CONSERVATION

96
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TABLE 2.1-27 PAGE 5
RURAL 1990 2000 2010 2020 2030 2040

007 ATASCOSA 111 111 111 111 111 111 AVG GPCD
151 151 1S1 151 151 151 HIGH GPCD
108 103 97 94 94 94 A/CONSERVATION
147 140 132 128 128 128 H/CONSERVATION

015 BEXAR 187 187 187 187 187 187 AVG GPCD

237 237 237 237 237 237 HIGH GPCD

182 173 164 159 159 159 A/CONSERVATION
219 207 201 201 201 H/CONSERVATION

[ 5]
[
[y

046 COMAL 146 146 146 146 146 146 AVG GPCD
184 184 184 184 184 184 HIGH GPCD
142 135 128 124 124 124 A/CONSERVATION
179 170 161 156 156 156 H/CONSERVATION

105 HAYS 129 129 129 129 129 129 AVG GPCD
139 139 139 139 139 139 HIGH GPCD
126 119 113 110 110 110 A/CONSERVATION
136 129 122 118 118 118 H/CONSERVATION

136 KINNEY 182 182 182 182 182 182 AVG GPCD
194 194 194 194 194 194 HIGH GPCD
177 168 159 155 155 155 A/CONSERVATION
189 179 170 165 165 165 H/CONSERVATION

163 MEDINA 120 120 120 120 120 120 AVG GPCD
130 130 130 130 130 130 HIGH GPCD
117 111 105 102 102 102 A/CONSERVATION
127 120 114 111 111 111 H/CONSERVATION

232 UVALDE 118 118 118 118 118 118 AVG GPCD
128 128 128 128 128 128 HIGH GPCD
115 109 103 100 100 100 A/CONSERVATION
125 118 112 109 109 109 H/CONSERVATION
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TABLE 2.1-28 PAGE 1
TECHNICAL DATA REVIEW PANEL
PROJECTIONS OF PER CAPITA WATER USE
Source: Texas Water Development Board,
1992 Draft Projections

Units: Gallons Per Capita Per Day
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
004 AVG 317 317 317 317 317 HIGH POP ALAMO HEIGHTS
004 HIGH 392 392 392 392 392
004 A-C 306 296 285 282 279
004 H-C 379 365 352 349 347
004 AVG 317 317 317 317 317 LOW POP ALAMO HEIGHTS
004 HIGH 392 392 392 392 392
004 A-C 306 296 285 282 279
004 H-C 379 365 352 349 347
034 AVG 187 187 187 187 187 HIGH POP BALCONES HEIGHTS
034 HIGH 221 221 221 221 221
034 A-C 179 171 164 161 159
034 H-C 212 203 195 192 189
034 AVG 187 187 187 187 187 LOW POP BALCONES HEIGHTS
034 HIGH 221 221 221 221 221
034 A-C 179 171 164 161 159
034 H-C 212 203 195 192 189
070 AVG 332 332 332 332 332 HIGH POP BRACKETTVILLE
070 HIGH 377 377 377 377 3717
070 A-C 322 311 301 298 295
070 H-C 365 353 341 338 335
070 AVG 332 332 332 332 332 LOW POP BRACKETTVILLE
070 HIGH 377 377 377 377 377
070 A-C 321 311 301 298 295
070 H-C 365 353 341 338 335
761 AVG 110 110 110 110 110 HIGH POP BUDA
761 HIGH 139 139 139 139 139
761 A-C 103 95 90 88 87
761 H-C 131 122 116 114 113
761 AVG 110 110 110 110 110 LOW POP BUDA
761 HIGH 139 139 139 139 139
761 A-C 103 95 90 88 87
761 H-C 131 122 116 114 113
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TABLE 2.1-28 PAGE 2
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
100 AVG 261 261 261 261 261 HIGH POP CASTLE HILLS
100 HIGH 317 317 317 317 317
100 A-C 253 246 239 237 234
100 H-C 308 299 291 288 286
100 AVG 261 261 261 261 261 LOW POP CASTLE HILLS
100 HIGH 317 317 317 317 317
100 A-C 253 246 240 237 234
100 H-C 308 299 291 288 286
101 AVG 246 246 246 246 246 HIGH POP CASTROVILLE
101 HIGH 312 312 312 312 312
101 A-C 235 225 215 212 210
101 H-C 299 286 274 271 269
101 AVG 246 246 246 246 246 LOW POP CASTROVILLE
101 HIGH 312 312 312 312 312
101 A-C 235 225 215 212 210
101 H-C 299 286 274 271 269
107 AVG 186 186 186 186 186 HIGH POP CHARLOTTE
107 HIGH 246 246 246 246 246
107 A-C 179 170 163 160 158
107 H-C 237 226 217 214 212
107 AVG 186 186 186 186 186 LOW POP CHARLOTTE
107 HIGH 246 246 246 246 246
107 A-C 179 170 163 160 158
107 H-C 237 226 217 214 212
131 AVG 121 121 121 121 121 HIGH POP CONVERSE
131 HIGH 162 162 162 162 162
131 A-C 113 105 99 97 96
131 H-C 153 143 136 134 133
131 AVG 121 121 121 121 121 LOW POP CONVERSE
131 HIGH 162 162 162 162 162
131 A-C 113 106 100 98 96
131 H-C 153 144 136 134 133
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TABLE 2.1-28 PAGE 3
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
162 AVG 159 159 159 159 159 HIGH POP DEVINE
162 HIGH 179 179 179 179 179
162 A-C 151 144 137 134 132
162 H-C 171 162 155 152 149
162 AVG 159 159 159 159 159 LOW POP DEVINE
162 HIGH 179 179 179 179 179
162 A-C 152 144 137 134 132
162 H-C 171 162 155 152 149
769 AVG 198 198 198 198 198 HIGH POP DRIPPING SPRINGS
769 HIGH 218 218 218 218 218
769 A-C 189 180 173 171 170
769 H-C 209 199 191 189 188
769 AVG 198 198 198 198 198 LOW POP DRIPPING SPRINGS
769 HIGH 218 218 218 218 218
769 A-C 189 180 173 171 170
769 H-C 209 199 191 189 188
771 AVG 393 393 393 393 393 HIGH POP FAIROAKS RANCH
771 HIGH 449 449 449 449 449
771 A-C 380 367 355 353 352
771 H-C 434 419 405 403 402
771 AVG 393 393 393 393 393 Low POP FAIROAKS RANCH
771 HIGH 449 449 449 449 449
771 A-C 380 367 356 353 352
771 H-C 434 419 406 403 402
211 AVG 235 235 235 235 235 HIGH POP FORT SAM HOUSTON
211 HIGH 270 270 270 270 270
211 A-C 227 219 210 207 204
211 H-C 261 251 242 238 235
211 AVG 235 235 235 235 235 LOW POP FORT SAM HOUSTON
211 HIGH 270 270 270 270 270
211 A-C 227 219 210 207 204
211 H-C 261 251 242 238 235
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TABLE 2.1-28 PAGE 4
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
773 AVG 266 266 266 266 266 HIGH POP GARDEN RIDGE
773 HIGH 303 303 2303 303 303
773 A-C 255 245 236 234 232
773 H-C 291 279 269 267 265
773 AVG 266 266 266 266 266 LOW POP GARDEN RIDGE
773 HIGH 303 303 303 303 303
773 A-C 256 245 236 234 232
773 H-C 291 279 269 267 265
717 AVG 184 184 184 184 184 HIGH POP HELOTES
777 HIGH 208 208 208 208 208
777 A-C 176 167 160 157 156
777 H-C 199 189 181 179 177
777 AVG 184 184 184 184 184 LOW POP HELOTES
7717 HIGH 208 208 208 208 208
777 A-C 176 167 160 158 156
717 H-C 199 190 182 179 177
778 AVG 337 337 337 337 337 HIGH POP HILL COUNTRY VILLAGE
778 HIGH 351 351 351 351 351
778 A-C 326 315 306 303 301
778 H-C 340 328 318 316 314
778 AVG 337 337 337 337 337 LOW POP HILL COUNTRY VILLAGE
778 HIGH 351 351 351 351 351
778 A-C 326 315 306 303 301
778 H-C 340 328 318 316 2314
281 AVG 375 375 375 375 375 HIGH POP HOLLYWOOD PARK
281 HIGH 476 476 476 476 476
281 A-C 363 350 339 337 335
281 H-C 460 444 430 427 425
281 AVG 375 375 375 375 375 LOW POP HOLLYWOOD PARK
281 HIGH 476 476 476 476 476
281 A-C 363 351 339 337 2335
281 H-C 460 444 430 427 426
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TABLE 2.1-28 PAGE 5
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
282 AVG 241 241 241 241 241 HIGH POP HONDO
282 HIGH 291 291 291 291 291
282 A-C 232 222 213 210 208
282 H-C 280 268 257 255 252
282 AVG 241 241 241 241 241 LOW POP HONDO
282 HIGH 291 291 291 291 291
282 A-C 232 222 213 211 208
282 H-C 280 269 258 255 252
309 AVG 169 169 169 169 169 HIGH POP JOURDANTON
309 RIGH 224 224 224 224 224
309 A-C 161 153 146 143 141
309 H-C 214 204 195 192 190
309 AVG 169 169 169 169 169 LOW POP JOURDANTON
309 HIGH 224 224 224 224 224
309 A~-C 161 153 146 143 141
309 H~-C 214 204 195 192 191
325 AVG 137 137 137 137 137 HIGH POP KIRBY
325 HIGH 186 186 186 186 186
325 A-C 130 122 115 113 111
325 H-C 177 167 159 157 155
325 AVG 137 137 137 137 137 LOW POP KIRBY
325 HIGH 186 186 186 186 186
325 A-C 130 122 116 113 111
325 H-C 177 168 160 157 155
330 AVG 118 118 118 118 118 HIGH POP KYLE
330 HIGH 170 170 170 170 170
330 A-C 112 105 100 97 95
330 H-C 162 153 146 144 141
330 AVG 118 118 118 118 118 LOW POP KYLE
330 HIGH 170 170 170 170 170
330 A-C 112 105 100 97 95
330 H-C 162 154 146 144 141

L_.._ﬁés____j
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TABLE 2.1-28 PAGE 6
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
331 AVG 286 286 286 286 286 HIGH POP LACKLAND AFB
331 HIGH 363 363 363 363 363
331 A-C 277 267 258 255 252
331 H-C 351 339 327 324 321
331 AVG 286 286 286 286 286 LOW POP LACKLAND AFB
331 HIGH 363 363 363 363 363
331 A-C 277 267 258 255 252
331 H-C 351 339 327 324 321
786 AVG 197 197 197 197 197 HIGH POP LACOSTE
786 HIGH 227 227 227 227 227
786 A-C 188 178 171 169 167
786 H~C 217 206 198 196 194
786 AVG 197 197 197 197 197 LOW POP LACOSTE
786 HIGH 227 227 227 227 227
786 A-C 188 178 171 169 167
786 H-C 217 206 198 196 194
353 AVG 110 110 110 110 110 HIGH POP LEON VALLEY
353 HIGH 139 139 139 139 139
383 A-C 104 98 92 89 86
353 H-C 132 124 118 115 112
353 AVG 110 110 110 110 110 LOW POP LEON VALLEY
353 HIGH 139 139 139 139 139
383 A-C 104 98 92 89 86
383 H-C 132 125 118 115 112
361 AVG 114 114 114 114 114 HIGH POP LIVE OAK
361 HIGH 194 194 194 194 194
361 A-C 107 100 93 91 89
361 H-C 184 174 165 162 161
361 AVG 114 114 114 114 114 LOW POP LIVE OAK
361 HIGH 194 194 194 194 194
361 A-C 107 100 94 91 89
361 H-C 184 174 165 163 161
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TABLE 2.1-28 PAGE 7
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
374 AVG 181 181 181 181 181 HIGH POP LYTLE
374 HIGH 202 202 202 202 202
374 A-C 172 164 157 154 152
374 H-C 193 183 175 173 171
374 AVG 181 181 181 181 181 LOW POP LYTLE
374 HIGH 202 202 202 202 202
374 A-C 173 164 157 154 152
374 H-C 193 184 176 173 171
425 AvVG 110 110 110 110 110 HIGH POP NATALIA
425 HIGH 155 155 155 155 15§
425 A-C 103 96 91 89 87
425 H-C 146 138 131 129 127
425 AVG 110 110 110 110 110 LOW POP NATALIA
425 HIGH 155 155 155 155 155
425 A-C 104 97 91 89 86
425 H-C 147 139 132 129 126
430 AVG 237 237 237 237 237 HIGH POP NEW BRAUNFELS
430 HIGH 271 271 271 271 271
430 A-C 229 220 212 210 208
430 H-C 262 251 243 241 239
430 AVG 237 237 237 237 237 LOW POP NEW BRAUNFELS
430 HIGH 271 271 271 271 271
430 A~C 229 221 213 211 208
430 H-C 262 253 244 241 239
440 AVG 188 188 188 188 188 HIGH POP OLMOS PARK
440 HIGH 228 228 228 228 228
440 A-C 180 172 165 162 160
440 H-C 219 210 201 198 196
440 AVG 188 188 188 188 188 LOW POP OLMOS PARK
440 HIGH 228 228 1228 228 228
440 A-C 180 172 165 162 160
440 H-C 219 210 201 198 196

-3 3 3

—3

3 3
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TABLE 2.1-28 PAGE 8
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
473 AVG 135 135 135 135 135 HIGH POP PLEASANTON
473 HIGH 179 179 179 179 179
473 A-C 128 120 114 112 110
473 H-C 170 161 153 151 149
473 AVG 135 135 135 135 135 LOW POP PLEASANTON
473 HIGH 179 179 179 179 179
473 A-C 128 121 114 112 110
473 H-C 170 161 154 151 149
483 AVG 199 199 199 199 199 HIGH POP POTEET
483 HIGH 264 264 264 264 264
483 A-C 150 182 175 172 170
483 H-C 253 242 233 230 228
483 AVG 199 199 199 199 199 LOW POP POTEET
483 HIGH 264 264 264 264 264
483 A-C 190 182 175 172 170
483 H-C 253 243 233 231 228
492 AVG 322 322 322 322 322 HIGH POP RANDOLPH AFB
492 HIGH 377 377 377 377 377
492 A-C 312 302 292 289 285
492 H-C 365 353 341 338 335
492 AVG 322 322 322 322 322 LOW POP RANDOLPH AFB
492 HIGH 377 377 377 377 377
492 A-C 312 302 292 289 285
492 H-C 365 353 341 338 335
526 AVG 189 189 189 189 189 HIGH POP SABINAL
526 HIGH 238 238 238 238 238
526 A-C 181 172 165 163 161
526 H-C 228 218 209 207 20S
526 AVG 189 189 189 189 189 LOW POP SABINAL
526 HIGH 238 238 238 238 238
526 A-C 181 173 165 163 161
526 H-C 228 218 210 207 205
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TABLE 2.1-28 PAGE 9
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
$30 AVG 184 184 184 184 184 HIGH POP SAN ANTONIO
530 HIGH 208 208 208 208 208
530 A-C 178 170 164 161 159
530 H-C 201 193 185 183 181
530 AVG 184 184 184 184 184 LOW POP SAN ANTONIO
530 HIGH 208 208 208 208 208
530 A-C 178 171 164 161 159
530 H-C 201 193 186 183 181
537 AVG 217 217 217 217 217 BIGH POP SAN MARCOS
537 HIGH 238 238 238 238 238
537 A-C 209 201 194 192 191
537 H-C 230 220 213 211 210
537 AVG 217 217 217 217 217 LOW POP SAN MARCOS
537 HIGH 238 238 238 238 238
537 A~C 210 201 195 192 191
537 H-C 230 221 214 211 210
543 AVG 157 157 157 157 157 HIGH POP SCHERTZ
543 HIGH 186 196 196 196 196
543 A-C 149 142 135 133 131
543 H-C 186 178 170 168 166
543 AVG 157 157 157 157 157 LOW POP SCHERTZ
543 HIGH 196 196 196 196 196
543 A-C 149 142 135 133 131
543 H-C 186 178 170 168 166
744 AVG 318 318 318 318 318 HIGH POP SHAVANO PARK
744 HIGH 404 404 404 404 404
744 A-C 305 292 281 278 1276
744 H-C 388 372 358 355 383
744 AVG 318 318 318 318 318 LOW POP SHAVANO PARK
744 HIGH 404 404 404 404 404
744 A-C 305 292 281 278 276
744 H-C 388 372 358 355 353

3

3

o
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TABLE 2.1-28 PAGE 10
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
747 AVG 110 110 110 110 110 HIGH POP SOMERSET
747 HIGH 139 139 139 139 139
747 A-C 104 98 92 89 86
747 H-C 132 125 118 115 112
747 AVG 110 110 110 110 110 LOW POP SOMERSET
747 HIGH 139 139 139 139 139
747 A-C 104 98 92 90 86
747 H-C 132 125 118 115 112
802 AVG 133 133 133 133 133 HIGH POP ST. HEDWIG
802 HIGH 145 145 145 145 145
802 A-C 126 118 112 109 108
802 H-C 137 129 122 120 119
802 AVG 133 133 133 133 133 LOW POP ST. HEDWIG
802 HIGH 145 145 145 145 145
802 A-C 126 118 112 110 108
802 H-C 137 129 123 121 119
600 AVG 183 183 183 183 183 HIGH POP TERRELL HILLS
600 HIGH 207 207 207 207 207
600 A-C 176 168 161 158 158
600 H-C 199 190 182 179 177
600 AVG 183 183 183 183 183 LOW POP TERRELL HILLS
600 HIGH 207 207 207 207 207
600 A-C 176 168 161 158 155
600 H-C 199 190 182 179 177
614 AVG 169 169 169 169 169 HIGH POP UNIVERSAL CITY
614 HIGH 206 206 206 206 206
614 A-C 161 152 145 143 141
614 H-C 197 187 178 176 174
614 AVG 169 169 169 169 169 LOW POP UNIVERSAL CITY
614 HIGH 206 206 206 206 206
614 A-C 161 153 146 143 141
614 H~-C 197 187 179 176 174
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TABLE 2.1-28 PAGE 11

CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME
616 AVG 255 255 255 255 255 HIGH POP UVALDE
616 HIGH 300 300 300 300 300

616 A-C 245 234 225 222 220

616 H-C 288 276 265 262 261

616 AVG 255 255 255 255 255 LOW POP UVALDE
616 HIGH 300 300 300 300 300

616 A-C 245 234 225 222 220

616 H-C 288 276 265 262 261

658 AVG 198 198 198 198 198 HIGH POP WINDCREST
658 HIGH 247 247 247 247 247

658 A-C 191 184 178 175 172

658 H-C 239 230 222 219 216

658 AVG 198 198 198 198 198 LOW POP WINDCREST
658 HIGH 247 247 247 247 247

658 A-C 191 184 178 175 172

658 H-C 239 230 222 219 216

4 3 31 _ 13

.3



—g =3 3

TABLE 2.1-28

PAGE 12

COUNTY 2000 2010 2020 2030 2040 SERIES COUNTY NAME

007 AVG 111 111 111 111 111 HIGH POP ATASCOSA COUNTY RURAL
007 HIGH 123 123 123 123 123

007 A-C 104 97 92 89 88

007 H-C 116 108 103 100 98

007 AVG 111 111 111 111 111 LOW POP ATASCOSA COUNTY RURAL
007 HIGH 123 123 123 123 123

007 A-C 105 98 92 90 88

007 H-C 116 109 103 100 98

01s AVG 189 189 189 189 189 HIGH POP BEXAR COUNTY RURAL
01s HIGH 240 240 240 240 240

015 A-C 180 171 164 162 161

015 H-C 229 219 210 208 206

015 AVG 189 189 189 189 1839 LOW POP BEXAR COUNTY RURAL
01s HIGH 240 240 240 240 240

015 A-C 180 172 165 162 161

01s H-C 229 219 210 208 206

046 AVG 149 149 149 149 149 HIGH POP COMAL COUNTY RURAL
046 HIGH 189 189 189 189 189

046 A-C 141 133 126 124 123

046 H-C 179 170 162 160 159

046 AVG 149 149 149 149 149 LOW POP COMAL COUNTY RURAL
046 HIGH 189 189 189 189 189

046 A-C 141 133 126 124 123

046 H-C 179 170 162 160 159

105 AVG 124 124 124 124 124 HIGH POP HAYS COUNTY RURAL
105 HIGH 134 134 134 134 134

108 A-C 116 108 103 101 100

105 H-C 126 117 112 110 109

105 AVG 124 124 124 124 124 1LOW POP HAYS COUNTY RURAL
105 HIGH 134 134 134 134 134

105 A-C 117 109 103 102 100

105 H-C 126 118 112 111 109
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TABLE 2.1-28 PAGE 13

COUNTY 2000 2010 2020 2030 2040 SERIES COUNTY NAME

136 AVG 187 187 187 187 187 HIGH POP KINNEY COUNTY RURAL
136 HIGH 218 218 218 218 218

136 A-C 179 171 164 161 159

136 H-C 209 200 191 189 187

136 AVG 187 187 187 187 187 LOW POP KINNEY COUNTY RURAL
136 HIGH 218 218 218 218 218

136 A-C 180 171 163 161 159

136 H-C 210 200 191 189 186

163 AVG 125 125 125 125 125 HIGH POP MEDINA COUNTY RURAL
163 HIGH 147 147 147 147 147

163 A-C 118 111 105 102 100

163 H-C 139 131 124 122 120

163 AVG 125 125 125 125 125 LOW POP MEDINA COUNTY RURAL
163 HIGH 147 147 147 147 147

163 A-C 118 111 105 102 100

163 H-C 139 131 124 122 120

232 AVG 117 117 117 117 117 HIGH POP UVALDE COUNTY RURAL
232 HIGH 127 127 127 127 127

232 A-C 111 10S 99 96 92

232 H-C 120 114 108 105 101

232 AVG 117 117 117 117 117 LOW POP UVALDE COUNTY RURAL
232 HIGH 127 127 127 127 127

232 A-C 111 105 99 96 92

232 H-C 121 114 108 105 101
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TABLE 2.2-1 Page 1

Technical Data Review Panel

ANNUAL SPRINGFLOW DATA SETS

COMAL & SAN MARCOS SPRINGS

UNITS: ACRE-FEET
Col. 1 Col. 2 Col. 3 Col. 4 Col.5 Col. 6 Col.7
YEAR USGS GAGE USGS TWDB GBRA/SARA/CSA USGS GAGE TWDB GBRA/SARAJCSA
COMAL RIVER COMAL SPRS. COMAL 1888 REPORT SAN MARCOS SAN MARCOS 1988 REFPORT
AT SPRINGS COMAL SPRS. RIVER FLOW SPRINGS SAN MARCOS
NEW BRAUN. NEW BRAUN. SPRINGS
) 3 (D) 5 © ]

1928 138200
1920 173700
1930 146200
1931 191000
1832 195300
1833 225500
1934 230130 227939 228073
1935 244130 236119 236280
1938 271280 260078 260816
1937 259180 251464 250764
1938 265400 248279 248354
1939 166140 218022 217872
1940 208430 201808 202412 208430 76989 76989
1941 2860720 248424 248568 260720 132776 132776
1942 265140 252839 252858 265140 111900 111800
1943 247480 246976 246789 247490 96332 86332
1944 254940 250740 251488 254940 134096 134096
1945 270840 260802 260755 270840 138043 138043
1946 276320 259718 260045 276320 150511 150511
1947 257900 255158 254828 257900 125416 125416
1048 201120 200850 201071 201070 76250 76250
1049 212020 207092 207306 212020 87061 86461
1950 189700 1898069 189041 189700 76492 76492
1951 148860 148533 148318 148860 68600 68618
1952 162400 132102 132450 162400 75051 75102
1953 142670 138051 138905 142670 97859 97859
1954 98360 98515 98344 98360 76731 75449
1955 66820 66377 66120 66820 61162 61148
1956 (B) 27697 22367 22340 27997 47564 47564
1857 138740 103148 103386 138740 110280 110270 110270
1858 234080 226347 226452 234080 153440 153440 153440
1859 229240 227071 226992 229240 116060 116050 116050
1860 241690 228821 230479 241680 141410 141410 141410
1861 247960 241765 241715 247960 138260 138260 138260
1962 193470 192181 192054 183380 85850 95850 95850
1963 150800 150632 150290 150800 78710 78710 78710
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TABLE 2.2-1 Page 2
Col. 1 Col. 2 Col. 3 Col. 4 Col.5 Col. 8 Col.7
YEAR USGS GAGE usGs T™WDB GBRA/SARA/CSA USGS GAGE TWD8 GBRA/SARA/CSA
COMAL RIVER COMAL SPRS. COMAL 1886 REPORT SANMARCOS SANMARCOS 1986 REPORT
AT AT SPRINGS COMAL SPRS. RIVER FLOW SPRINGS SAN MARCOS
NEW BRAUN. NEW BRAUN. SPRINGS
(1) 2 3 @ 5 {6) )

1964 138562 136952 137137 138560 70180 70180 70180
1965 209230 188490 188585 208230 123020 123020 123020
1966 193430 193122 192069 193430 111360 111360 111360
1867 138450 131308 131044 138450 77650 77650 77650
1968 246750 230762 231387 246750 143060 143060 143060
1969 212380 210639 210547 212380 117820 117820 117820
10670 226600 221173 221176 226650 144570 144570 144570
1971 159800 158975 158978 159810 91850 91850 91850
1972 264600 225124 225127 264550 116850 116650 116650
1973 284000 270239 279243 294010 158200 158200 158200
1974 283800 275377 275381 283820 133770 133770 133770
1975 205400 286183 286187 295430 170080 167380 167380
1976 280100 268905 268909 280110 153140 153140 153140
1977 289700 282831 282835 286690 161710 161550 161550
1978 238800 233488 233492 239880 87410 87410 87410
1979 282700 287724 287728 292730 144950 144950 144950
1980 207200 206350 206353 207240 95950 95950 95950
1981 234500 228686 228680 234460 131000 131000 131000
1982 201200 198127 198130 201200 93450 93480 93490
1983 172000 171102 171105 106250 110380
1984 81470 81087 91088 72346 72350
1985 192540 184483 184466 132022 136880
1988 214200 209807 209811 145470 145470
1987 271600 262522 262626 183520 183520
1988 201000 200598 200601 102000 102020
1989 118300 118317 72520
1980 60850
AVERAGES
1928-88 208557
1934-88 212965 208475 208523
1940-82 204526 204581 212417 11139 111349
1957-88 121922 122113

(1) USGS continuous recording stream gage

(2) USGS subtracts estimate of surface drainage from 130 square miles of drainage area

{3) TWDB data set used in Report 340, Model Refinement and Applications for the Edwards (Balcones Fault Zone)
Aquifer in the San Antonio Region, Texas, Texas Water Development Board, July 1892, Draft.

(4) Guadalupe-Blanco River Authority, San Antonio River Authority, City of San Antonio Report, Water Availability
Study for the Guadalupe and San Antonio River Basins, Espey Huston and Associates, 1986

(5) USGS continuous racording stream gage

(6) USGS subtracts estimate of surface drainage from 983 square miles of drainage area

{7) TWDB data set used in Report 340, Model Rafinement and Applications for the Edwards (Balcones Fault Zone)
Aquifer in the San Antonio Region, Texas, Toxas Water Development Board, July 1992, Draft.

{8) Comal Springs did not flow from June 13 to November 3, 1956

e 4 E| 3 3 E|
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1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

TABLE 2.2-2 Page 1

Technical Data Review Panel
ANNUAL SPRINGFLOW DATA - ALL SPRINGS

SOURCE: UNITED STATES GEOLOGICAL SURVEY
UNITS: ACRE-FEET

LEONA SPRINGS TOTAL TOTAL  DIFFERENCE
COMAL
PLUS HUECO SAN SAN SPRINGS REPORTED TOTAL REP,
SAN MARCOS SPRINGS ANTONIO PEDRO UNDER- SPRINGS SPRINGS SUMOF  IN EUWD MINUS
SPRINGS SPRINGS SPRINGS  FLOW & UNDFL. ESTIMATE BULLETIN SUM OF EST.
) (2 (2 (2 (2 2 {2 3 4 (5)
365743 2431 4220 9523 15547 ®) 397463 397700 237
250825 813 1175 8737 11201 272752 272700 -52
341774 1381 41684 28452 375771 375800 29
437439 47767 6755 9589 25705 527265 527600 a3s
409147 32538 5687 36517 483887 483800 -87
456273 34068 6024 44023 540388 540400 12
422045 34399 6264 40930 503638 503500 262
444541 71542 9827 8523 45076 580508 580300 -208
320898 18383 4355 8350 23342 375328 375500 172
432674 47009 7494 9599 26125 622902 523000 98
302300 4579 2187 8550 10744 328340 328300 -40
359686 17026 4818 8209 18364 408104 407300 -804
291617 6162 2529 8271 24883 333262 333300 as
277352 117 1062 8182 14721 301434 301600 168
163433 0 224 8172 2734 172563 172500 -83
316485 (] ] 8102 8080 332667 334000 1333
355277 4207 2860 4y 7 388100 N/A
446042 42909 8114 ) ) 1) 558000 N/A
302598 13126 10993 3492 )] ) ) 369800 N/A

{1) Sum of Comal Springs compconent of measured flow at Comal River at New Braunfels gage and San Marcos
River Flow at San Marcos gage {values in Table 2.2-1, ccls. 2 and 5)

{2) Values from USGS working files on water use reports, in some years

(3) Sum of previous columns

{4) Excerpted from USGS publication Compilation of Hydrologic Data for Edwards Aquifer, San Antonio Area,
Texas, 1989, with 1934-89 Summary, Bulletin 49.

{5) Total reported by USGS in Bulletin 49 minus sum of estimates of individual springs

{6) In some years Lecna Springs and Leona Underflow estimated separately, in other years together

(7) Leona Springs estimates not available in USGS files for years 1986, 87,88
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STREAM GAGES IN GUADALUPE,

TABLE 2.2-3
Technical Data Review Panel
UNITED STATES GEOLOGICAL SURVEY

SAN ANTONIO AND NUECES BASINS

UsGS Drainage
Reference Area Period of
Rivers Number Location (SQ MI) Record

Nueces 1900 Nueces R., Laguna 737 10/23-pres.
1905 W. Nueces R., Bracketville 694 10/39-9/50,

4/56-pres.

1920 Nueces R., Uvalde 1861 10/27-pres.
1930 Nueces R., Asherton 4082 10/39-pres.
1940 Nueces R., Cotulla 5171 11/23-pres.
1942 San Casimiro C., Freer 469 1/62-pres.
1945 Nueces R., Tilden 8093 12/42-pres.
1946 Nuecee R., Simmons 8561 4/65-9/77
1950 Frio R., Concan 389 11/23-9/29,
10/30-pres.

1960 Dry Frio R., Reagan Wells 126 9/52-pres.
1975 Frio R., below Dry Frio R. near 631 9/52~pres.

Uvalde

1980 Sabinal R., Sabinal 206 10/42-pres.
1985 Sabinal R., Sabinal 241 9/52-pres.
2000 Hondo C., Tarpley 95.6 9/52-pres.
2005 Hondo C., Hondo 132 8/52-10/64
2007 Hondo C., Hondo 149 10/60~-pres.
2015 Seco C.,Utopia 45.0 5/6l1-pres.
2020 Seco C., Utopia 53.2 8/52-9/61
2025 Seco C., D'Hanis 87.4 8/52-10/64
2027 Seco C., D'Hanis 168 10/60-pres.
2040 Leona R., Uvalde Spring 1/39-9/65
2055 Frio R., Derby 3429 8/15-pres.
2066 Frio R., Tilden 4493 10/78-pres.
2067 San Miguel C., Tilden 783 2/64-pres.
2070 Frio R., Calliham 5491 10/24-4/26,
5/32-8/81
2075 Atascosa R., McCoy 530 8/51-8/57
2080 Atascosa R.,Whitsett 1171 10/25-4/26,
6/32-pres.
2100 Nueces R., Three Rivers 15427 7/15-pres.
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River

Guadalupe

San Antonio

Table 2.2-3

2104

2110

Lake
Lake
1655

1660
1670
1675
1677
1978
1685
1690
1700

1710
1713
1720
1724
1730
1746
1750
1758
1765
1774
1780
1787
1788
1790
1795
1808
1815
1818
1825
1835
1839
1850

Lagarto C., George West
Nueces R., Mathis
Choke Canyon Reservoir
Lake Corpus Christi
Guadalupe R., Hunt

Johnson C., Ingram
Guadalupe R., Comfort
Guadalupe R., Spring Branch
Guadalupe R., Canyon Lake
Guadalupe R., Settler
Guadalupe R., above Comal R.
Comal R., New Braunfels

San Marcos R., Springflow
San Marcos

Blanco R., Wimberley
Blanco R., Kyle

San Marcos R., Luling
Plum C., Lockhart

Plum C., Luling

Peach C.

Sandies C., Westhoff
Guadalupe R., Cuero
Guadalupe R., Victoria
Coleto Creek Reservoir

San Antonio R., San Antonio

Salado C., Upper, San Antonio

Salado C., Lower, San Antonio

Medina R.

Medina Lake

Medina R., Somerset
Medina R., San Antonio
San Antonio R., Elmendorf
Calaveras C.

San Antonio R., Falls City
Cibolo C., Boerne

Cibolo C., Selma

155
16660
5490
16656
288

114
838
1315
1432
1436
1518
130
93

355
412
838
112
309
460
549
4934
5198
494
41.8
137
189
474
634
967
1317
1743
77.2
2113
68.4
274

Page 2

10/71-pres.
9/39~-pres.
10/82-pres.
9/48-pres.
5/65-pres.

10/61-pres.
6/39-pres.
7/22-pres.
7/62-pres.
3/60-pres.
1/28-pres.
1/28-pres.
6/56-pres.

7/28-pres.
6/56-pres.
5/39-pres.
5/59-pres.
4/30-pres.
8/59-9/79
8/59-pres.
1/64-pres.
12/34-pres.
2/80-pres.
3/39-pres.
10/60-pres.
10/60-pres.
10/52-9/82
4/13-pres.
10/70-pres.
8/39-pres.
10/62-pres.
10/54-9/71
5/25-pres.
3/62-pres.
4/46~pres.




Table 2.2-3

Guadalupe

116

1860
1865
1885
lges

Cibolo C., Falls City
Ecleto C., Range

San Antonio R., Goliad
Guadalupe R., Tivoli

827
239
3921
10128

Page 3

10/30-pres.
4/62-9/89
3/39~-pres.
9/65-~pres.
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TEXAS WATER DEVELOPMENT BOARD
P.O. BOX 13231, CAPITOL STATION
AUSTIN, TEXAS 78711-3231
SURVEY OF GROUND AND SURFACE WATER USE FOR THE

LENDAR YEAR ENDING DECEMBER 1,
CcA R .,3, DUPLICATE

RETAIN FOR

TWDB CODE NO. Figure 2.1-1 YOUR FILES

SURVEY OF GROUND AND SURFACE WATER USE
MUNICIPAL USE

CONVERSION FACTORS

1 Acre Foot = 325,851 Gallons
1 Cubic Foot = 7.481 Gallons

Ptease indicate any changes in name and address or ownership.

I. GROUND (WELL) WATER USE: rfuase the toliowng iGNs if you used ground water tor this System (nctuding giound walur
purchased fiom others).
A County(es) i which Uus sy P
B. U watel_wells are ownod, oparated, of lwased for use in thus sy please Pk the loll 9. Number of aclive wells and counly(ius) whuie

C. 1i_you purchased well walat liom oihwis for use tn tlus System, please name
D. Was purchased water raw [Jor treated {17 i both% raw % d
Please complete the lollowing tabls, Indicate the lotal quantdy (gallons) ol ground water purchased trom others and the amount that was sel-supplied.

located . inactive (but operable)

Sull-supplivd water is (he lotal quanity produced hem wells owned, operated or leased including any water sold 1o others. It you puichased woll

walgr trom suvoral supphurs, please provids separate volumes for each on additional paper.

MOteTry SELF subPD [LILFIVSY ) [t SLLF Dty PAICHASED Matslte PR VLT PUWIAN O
dan Moy bup
Iw Y [E%)
gt EY] by,
A Ay (T8
F. Total ground water intake during the catendar year for. . Self-Supplied . Puichased,
G. How did you atve at tho ground walsf use figutes wiich you provded above? master meter [} customer meters [ estimatec () owes {2
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Il. SURFACE WATER USE:  Pieusu answor thy foltuwiig questions il you used suftace water 1o this system (inctuding sutlace waler
puIchased iom ulhers).
A. County(sas) in wiuch this sy P
8. #_you_diortcd Surlace water lrom a stream, river, pond, lake and/os reseivoir for use in this syslem. please name Ihs counly
. siream, 1eservel, elc.
C. It you purchased_surtate walst lrom othuses 10 use o Hus system, please name suppher(s).
D. Was purchased water raw CJ or veates [17 1t bath, % raw % teated
E. Pwasy p the g tably. Indic the t0tal quanuly (gallons} of surtace water purchased from others and the amount (hal was
sult- supplied. Sed-suppted walef 1S 1hg t0ta) quantty of raw water you divened incluging any water sold 1o others. [l you purchased surface wutut
rom ) suppl pleasy proved P volumus tor each on addiscnal paper.
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F. Tolal surduco water inluko dunng tho calendar yoar lor Sell-Supphed . Purchased
G. How did you arnve ot tite surtace wator use tiyures which you provided above? master muter {3 customer meters Ul estimatoa( ot {J)
V27 W Jed U5 e e 2 a8 < i 10 b 1iksd 40 by TWO
Hpv e eryd et Py g gyt trr it
AEERERNEIEENE! HII]IlIHIIII.IlL_lIl_lll IR
d FURNNEN| ;G X
ORI I IR O] £ B el o] el ] aofoaf ] 07 ) alarga [Hafe. A sefad s agfar]ael v3)a N

OVER

TWDH nﬁG‘Mlﬂnﬂ 1001 1y,
My

g sl

"



. WATER SALES: ricase tist the names, locanon {county(ios)), and (ho quantities of water you sold dunng the year to:

A

Industria) or commercial firms who purchasod 10 milton gallons or moro from your system, (o any tum who you feol places a moro than average
demand en your supply), and
Public watur systems who purchasod afl or pani of theif supply lom you and Opcralo cutside your GIract Servico area (i.e. othur Citios, watsr disucts,
pevato water companios, 6ic.)

Pteasa inticale treated of raw lresh water. Use aodtiona! paper  needed. Includo thaso amounts in quastions ) and I

Name of Purchaser Location {County(ios)) Quanity Scla (Galions)

. Please indicato the (otal Guantly tiiad 10 your cuslomars dusing tho pas! calandas yoar, (Gatiens).

.

nmOoOP»

PUBLIC WATER SUPPLIERS: Pwasy complols pans apphcable 10 this syslom. R should not include mtomaton for other

L S

wiiclgsaly wales customuts you bkated @ (1) (wates salug) abavo.

E total population sofved directly by this sy

Tot) numbar of sarvicy connechons served y by this sy
Tousd numder of service ions surved Cireclly Dy you cutsde Gty bauts
P go of tolal servk that ate .
Puccuntage of the lotal samco that aso 1 L5 1
Was # nocussaty lo Placo wals! Use fosifickons into eftect cufing the past yowr? Yes[d no (D
il yuy. what was tho pnmary feasenis)? (1) 'nadoquate suppty (J: (2) nadoguata go [J: 13) tnaougquat tacitugs [: (4) other
(specily

%; industral

. Dous [his Systesm's servico knos oxtend unto saveral countws?  Yes(d no(d

Ul yg3. please inticute the caumated aumber of connechicns in @ach counly.

County No. C : County, No. C
Couniy No. G . County, No. C

. Does tus sy duectly surve an P d aty{ius) nol roflsciod in tho System name as shown on page 0o ol this repon? ves [J noOD

Y yg3. ploase name tho mcorporated city(ws) and (ho esti of surved in each Oty

{) o pamary use of watcr supphtd Oy hiy system @ not tur normal munspu of residental yse, Pluase NGy 1S PrMary Vde 1a wiek end OF
nosn use, aps or oftce bidg, matary mstadation, golf courso, Y. etc.).

-] aler e afitverd) trom your plant 1s rcused dectly by you Of s sold for othar rouse, please indcale (hy volume i galions
that s used for:

{1} Ingustnat s (2) tmig (nctuding parks, golf courses, clc.)
(3) Other (specily By whom a0 thuse s usud?

Pleaso provide your water ralo schedule m the spaco below, or attach a pregrinted 12le schudule o b

WATER RATE SCHEDULE

Pigase make any addtional comments you may loc! widl bo ol assistanco to us 0 g your proscnt and hiture walor noeds ang water

probioms.

To assuro our

By

g futuro ¢ PO 10 tho proper person, pieaso typa of pant the tolowing:

Naine Tate Promns Dato

_n—-gsﬂa_.gs—-gg_agu__j
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TEXAS WATER DEVELOPMENT BOARD
P.O. LOX 13231, CAPITOL STAVION
AUSTIN, TEXAS 787113231

SURVEY OF GROUND AND SURFACE WATER USE FOR
CALENDAR YEAR ENDING DECEMBER 231,

DUPLICATE
TWDB CODE NO. Figure 2.1-2 RETAIN FOR

SURVEY OF GROUND AND SURFACE WATER USE 'O h [oe°

INDUST
RIAL USE CONVERSION FACTORS

1 Acre Foot = 325,851 Gallons
1 Cubic Foot = 7.481 Gallons

Please indicate any changes in name and address or ownership.

1. GROUND (WELL) WATER USE: pusase the tullowsng qustions i} you used QIoUng waler ol (s laclty  (ucluding ground wator

A, Countylies) tn wiich ltus plant is & d
8. Il_ycu own, gporate, gr loase water wolls lor use Wt this plant site, please pl the following: N of actve wells and counly(ws) whate
B ive (bul cperable)

C. B_you purchased well waler fiom othors tor this plant, please name supplier(s)

. Was purchased watur raw Clor wwated 17 1t both% raw % tivated

E. Pleasu p the (oltowing luble. Ind the (oldl quantity (galiens) of yround watwr purchased hom othars ¢nd thy amount that was sell-
supplied. Sull-supptied walur 15 1he tolal quantity produced from wulls ownud, opuiated of basud wcluting any water sold lo othgrs. it you
purchasud wall walur trom sevoral supphars, please provide separate volumes v sich ¢n soditional papur

o

MONEN b ARvLRD PURNLIHALLD MLNAN SLLF SUrLELL PUHLIANLL i HELE SUHLLD FURLIASED
duh My ‘o
[N e "
L Y L]
o A ae

F. Tota) ground watur intake duiing the calendar year lor: Self-Supplied . Putchased

G. How @0 you artive at the ground water use figures which you provided above? master moter L) custemer meters [ estmated (3 other (J
1 22 vy NN £33 3637 38 4 42 48 49 60 T tw Liesd m by SWOH
3 p ey el e free et el r e e e it it rrrrreryll
3

| e e e e e e e e pe i e reiietrill

L L L

9 06 87 18 49 J ) 22

auulumh 7¢ 79| rnrunm‘

Il. SURFACE WATER USE: riease the ¢ 9 q il you used surluce walur ot fhs fucihly (mcluding surface watet
purchased trom others).

>

County(es) in which thus plant is & d
B. U _you divetlad surlace wator Woin a slream, nver, pond, lake andior a reservarr tor use at (s plant site, pluase name the county
; slfeam, reservol, efc.

C. 1i_you purchased surlace watgr from others lor use al Wus plant site, ploase name suppher(s)

D. Was purchased wator raw [ or treated (37 1t beth, % raw % d
E. Plyasy [+ the following lablu. Indicate the tota! quantity {gallons) ol surtacy waler purchasud lrom olhers and the amount thal
was soil-supplisd. Sell-supphud water 1s the tolal quantily of raw walor you diverivd including any waler sold 1o othuis. it you purchased
surfate water from several suppliors, please povide sep ! for each on adddiunal papur.
MOsI PFRUR"T L LU RT) PUHLIAN D XA SELY SARTLRE FuitlgtAuth L U1 L TURAE L TN T PUHLHASLD
[ ey tap
tos Jun (TN
L ad L)
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F o Tolw surtuCy walut intahe duntg the calendar yes for: Seil-Supptud, . Purchased, .
G. How ¢:d you amve al the surlacy wales use bgures which you providud abuve? master motes [J customer muwters ([ estmated (1 other [
Vo are Ww 3335 I 38 44 42 48 4980 To tx t00 by TWIRE
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- Ill. SALINE WATER USE:

A Total valing water inlake dunng the year {gallons).
B. Source ol satne waler . County{ws) m wiuch waler was usud
C. How dd you drnve at the saliie water figures which you provided above? matar (J estimatea J
TWDB-06698 (Hov. 0910 8%) OVER
tnatastintd
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IV. SEWAGE OR WASTEWATER USE: Reuse of wastewater trom your plan of anciher treatment systam such as a mumcipal sewage
reaiment (acildy (reatmenl includes any Process Recessary t0 make wastewaler feusable).
A. Tota) veated wastewater used dufing calendar year (excluding in-plant recirculation) (galions).
8. From your plani: %; From other sources Y%.
C. Name of othgr source(s)
D. How did you arrive at Ihe treatod wastewaler ligurus wiuch you provided above? meter L1 estimated (1

T2 W WR NIB XY 4 4248 4980 fo bo hlied 1n by TWDH
’l‘I|ll||||IIIJJIIIIIIIIJIIIII|I||III|I||llllIIIIIIIIII
9
I (T 0 £ WEIA FUIEAL ) FIF 1 K03 F 2] ) 2IRT0 G BYIET) K12 61960 K0 FV I C1 Y VRN 001 ECRH) PP IS 6D LSS B A L I IS (RS WIS WYW (6] [ T T AR A TR A3 R I -2
V. WATER SALES (it Applicable): Puase bsi the natws of water puschasers, Iheir location [courty(es)), and thu Quanlibes of lresh water
you sold to thun durrg he calendar yoar. Pluasy nacate lvatsd of raw waler. Use addfional papus
H necussary.
Namo of Putchaset Locatcn {Coustyiws) Quantay Soud (Gations)
NOTE: The above quandties should bo included in the you ins in q 1 ang I
VI. WATER USE CATEGORIES: 0t the fresh water, satine water, and 9 ater you draw of purch what p is
esimated to be used in e¢ach ol tho lollowmng walwr use catugorios apphcable lo your plam?
CATEGORY % GROUND WATER % SURFACE WATER % SALINE % TREATED WASTEWATER
Coukng. Conduitang & Hulnguiabion
Procuss & Wasidown
Boder Feod
Aa-Condtanng
Sarutary 8 Urudung
Other
TOTAL 100% 100% 100% 100%
Vil. COOLING SYSTEMS: Pisase udicate Ihe p of cocling and Condensing walug bed anove handlud by each Sy for eich
water sousce.
SYSTEM % GROUND AND/OR SURFACE % SALINE WATER % TREATED WASTEWATER
Cootig Towosts)
Pondis)
Ot Thinuah
Uthat
TOTAL 100% 100% 100%

Vill. ADDITIONAL INFORMATION
A Maor Standard Industng Classitcation Code ED:D {or major products t ud)

B. Tolal numbet ol employees al fhis laciiy, Towal ber of production empluy

C. Was fresh water tecirculaled al Ihis factiy? Yes (O No [

D. Wus elucitic powsr gunstated al this facibly (for in plant use or sale)? Yes O No D

E. Ploase chack the typals) ot wastewaler disposal system(s) used at this plant; (1) onsite wastewater plant D; {2) sepuic tanh(s) 0. (3) injection
weiis) 03: (4) aty or segionat U} Pioase naimo. i (4)

F. What quantdy of bush water was d sna hetetorg not d (0 a troat 1 Systom (publc of private) or to & walst Cowrse

ding 1055 10 prod ap n oty (galiens).

G. Pleasv make any additonal comments thal may bu ol assistance 10 us n understanding your presant and future water nowds and waler
protoms. Please use paper o Y.

To assute our 9 fulure pond 1o the prcper person, ploase complete the tollowsng’

By

Nanaw Titta Ptiona Dute

3

)




TEXAS WATER DEVELOPMENT BOARD
HISTORICAL EDWARDS AQUIFER PUMPAGE

TOTAL ACRE FEET PUMPAGE (1000s)

USES
LIVESTOCK
M \RRIGATION
B viINING

~| MANUFACTURING
22 MUNICIPAL

85 8985 8985 8985 8985 89

BEXAR COMAL HAYS MEDINA UVALDE

8 Figure 2.1-3
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UNITED STATES GEOLOGICAL SURVEY
HISTORICAL EDWARDS AQUIFER PUMPAGE

TOTAL ACRE FEET PUMPAGE (1000s)
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BEXAR COMAL HAYS MEDINA UVALDE

Figure 2.1-4




P
]

3

3

EDWARDS AQUIFER WELLS WHICH DISCHARGE
INTO THE SAN ANTONIO RIVER

IH410

H37
sRACKENRIDGE (IRON RR - BRACKENRIDGE (HILDEBRAND)
“BRACKENRIDGE (ZQ0)
IH35
L RIVERCENTER 'X
DILLARDS (JOSKESY |
HWYS0 HI10
TH37
W
FIGURE 2. 1-5

PREPARED BY THE EDWARDS UNDERGROUND WATER DISTRICT
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% COMPARISON OF USGS AND TWDB
HISTORICAL EDWARDS AQUIFER PUMPAGE
B UsGS
TWDB
BEXAR COMAL HAYS MEDINA UVALDE
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COMPARISON OF TWDB AND USGS
HISTORICAL MUNICIPAL/MILITARY PUMPAGE

EDWARDS AQUIFER PUMPAGE (1000s AF)

250 |

200 1AL
1 B uUsGs
“]TWDB

100

85 89 85 89 85 89 85 89 85 89

BEXAR COMAL HAYS MEDINA UVALDE

% Figure 2.1-6a
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COMPARISON OF TWDB AND USGS
HISTORICAL INDUSTRIAL PUMPAGE (1000s AF)

Thousands
14 —

12

10
sl W usGs
TWDB

85 89 85 89 85 89 85 89 85 89

Figure 2.1-6b
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HISTORICAL IRRIGATION PUMPAGE

EDWARDS AQUIFER PUMPAGE (1000s AF)
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COMPARISON OF TWDB AND USGS
HISTORICAL DOMESTIC/LIVESTOCK PUMPAGE
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BEXAR COMAL HAYS MEDINA UVALDE

Figure 2.1-6d
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FROM TWDB 1990 TEXAS WATER PLAN

PEOPLE (Thousands)
3’500 o

3,000 . T
2,500
2,000 -
1,500|-

1,000}
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1980 1985 1990 2000 2010 2020 2030 2040

2 Figure 2.1-7
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COMAL COUNTY POPULATION PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN

PEOPLE (Thousands)

120}

100|

— ACTUAL
-+ LOW
* HIGH

60|

40|

0 i
1980 1985 1990 2000 2010 2020 2030 2040

Figure 2.1-8
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HAYS COUNTY POPULATION PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN
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MEDINA COUNTY POPULATION PROJECTS

FROM TWDB 1990 TEXAS WATER PLAN
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TEXAS WATER DEVELOPMENT BOARD

WATER USE PROJECTIONS
FIGURE 2.1-12
High
— Per Capita
Use
— Municipal —
High Average
— Population — — Per Capita
Series Use
Projections —
High
— Per Capita
Use
— Municlpal —¢
Low Average
L Population — — Per Capita
Series Use

Projections
Combined
Uses
(value)
Value in
(value) | = Tables 2.1-20,
2.1-22, 2.1-24, 2.1-26
(value)
(value)
(value)
Value in
(value) | = Tables 2.1-20,
2.1-22, 2.1-24, 2.1-26
(value)
(value)

Projections

Each Use
Without |
Conservation (value)
With

—_ I
Conservation (value)
Without
Conservation (value)
With
Conservation (value)
Manufacturing — (value)
Steam Electric — (value)
Irrigation (value)
Mining (value)
Livestock (value)
Without (valu
Conservation e)
With
N |V}

Conservation (value)
Without
Conservation (value)
With
Conservation (value)

Manufacturing — (value)

Steam Electric — (value)

(value)

Irrigation




BEXAR COUNTY WATER USE PROJECTIONS

FROM TWDB 1990 TEXAS WATER PLAN
WATER USE PROJECTIONS (1000s AF)
1,000
800 |
600| ~ HIGH
~+ LOW
400}
200 |
0!
199 2000 2010 2020 2030 2040
Figure 2.1-13
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" UVALDE COUNTY POPULATION PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN

PEOPLE (Thousands)
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% Figure 2.1-11



COMAL COUNTY WATER USE PROJECTIONS
FROM TWDB 1990 TEXAS WATER PLAN

9¢l

WATER USE PROJECTIONS (1000s AF)
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Figure 2.1-14
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FROM TWDB 1990 TEXAS WATER PLAN

WATER USE PROJECTIONS (1000s AF)
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2 Figure 2.1-15
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MEDINA COUNTY WATER USE PROJECTIONS
- FROM TWDB 1990 TEXAS WATER PLAN
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Figure 2.1-16




FROM TWDB 1990 TEXAS WATER PLAN

WATER USE PROJECTIONS (1000s AF)
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3 Figure 2.1-17
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BEXAR COUNTY POPULATION PROJECTIONS
FROM TWDB 1992 CENSUS DATA

PEOPLE

(Thousands)

3,000
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500,
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Figure 2.1-18
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__ ~OMAL COUNTY POP U\LA-”O N PROU
FROM TWDB 1992 CENSUS DATA

PEOPLE (Thousands)
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= Figure 2.1-19
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HAYS COUNTY POPULATION PROJECTIONS
FROM TWDB 1992 CENSUS DATA

PEOPLE (Thousands)

200

— ACTUAL
- LOW
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Figure 2.1-20
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MEDINA COUNTY POPULATION PROJECTIONS
FROM TWDB 1992 CENSUS DATA

PEOPLE (Thousands)

— ACTUAL
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1980 1985 1990 2000 2010 2020 2030 2040

& Figure 2.1-21



: UVALDE COUNTY POPULATION PROJECTIONS
FROM TWDB 1992 CENSUS DATA

PEOPLE (Thousands)
S0——
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Figure 2.1-22
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FROM TWDB 1992 CENSUS DATA

5

WATER USE PROJECTIONS (1000s AF)

600

400+

200

80—

0 TR s
2000 2010 2020

% Figure 2.1-23
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: COMAL COUNTY WATER USE PROJECTIONS
FROM TWDB 1992 CENSUS DATA

WATER USE PROJECTIONS (1000s AF)

40

30

—= HIGH
-+ LOW

20

10

0
2000 2010 2020 2030 2040

Figure 2.1-24



~y —y 3y r~3 ~y ~—3 3 ~—3j ~3§ ~3 —3 —§ 3 = —3 T3 =73 7§ 3

HAYS COUNTY WATER USE PROJECTIONS
FROM TWDB 1992 CENSUS DATA

WATER USE PROJECTIONS (1 000s AF)
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: MEDINA COUNTY WATER USE PROJECTIONS
FROM TWDB 1992 CENSUS DATA

WATER USE PROJECTIONS (1000s AF)
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Figure 2.1-26
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FROM TWDB 1992 CENSUS DATA
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WATER USE PROJECTIONS (1000s AF)
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cubic feet per second

Figure

2.2-1a

Comal River at New Braunfels daily flow

USGS Station 0816S000
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Figure 2.2-1b

Comal River at New Braunfels daily flow
USGS Station 08169000
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Figure 2.2-1lc

Comal River at New Braunfels daily flow
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Figure 2.2-2a
San Marcos Springflow at San Marcos
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Figure 2.2-2b
San Marcos Springflow at San Marcos
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3.0 SOURCES OF SUPPLY

Introduction ~ This section reviews studies of specific alternative water source options and studies of policy -
documents that sketched broad strategies for resolving regional water needs. The goal of this
examination is to present in summary form the capacities and costs of existing and potential
sources of supply, in so far as these can be determined from available data. The Panel made
no effort to rank or prioritize these options but did attempt to normalize the costs of all
projects in order to arrive at costs per acre foot. These costs are presented in tabular form
but must be read with great caution. The technical studies which provided the general cost
figures from which the cost per acre foot numbers were derived varied a great deal in the
factors they considered as components of project cost. Some, for example, included
operation and maintenance and transmission costs; others did not. Some reviewed such
limiting factors as environmental constraints, the presence of historical sites and other
factors the mitigation of which would add to overall costs; many studies gave no consider- .
ation at all fo such constraints. Costs cited for existing projects are the rates established by
the managing entities; there may be cases in which these rates conceal subsidies or in other
ways may not be strictly comparable to rates computed solely with reference to costs. These
cost figures, then, would have to be the subject of much further study before they could
give authoritative guidance to the policy development process.

Itis important to note that the Panel members do not endorse any of the studies from which
these cost figures were taken nor do they endorse any partlcular project cited in these
studies. S

3.1 3.1.1 Technical Studies

REFERENCE

MATERIALS Twenty-three technical studies were used as reference material for the data compiled in this section.
Table 3.1-1 provides background information on the technical studies which addressed surface water,
water reuse, aquifer storage and recovery, recharge and desalination. Generally, these studies were
prepared by state and federal agencies or by consultants working for cities, river authorities or other
local agencies. Information on existing projects was supplemented by contacts with the project owners
for updated information on water sales, permit conditions, rates, and operating criteria.

In addition to the technical studies described above the Texas Water Development Board (TWDB)
maintains a record of current data on sources of water supply in the State. This data is a compilation
of information by the TWDB, in large part from the technical studies described above, relating to
reservoir projects and associated delivery systems. The TWDB data includes adjustments made by
TWDB staff when information is available to support those adjustments include updating costs to the
current date and including additional environmental costs.

3.1.2 Master Plans

Six documents were discovered in research for this section of the report that fall in the category of
“master plan.” By this term we refer to policy planning documents which define broad strategies for
responding to water concerns in the region. These master plans relied upon previous work, generally
the technical studies noted above, and did not develop any new technical information relative to
sources of supply. These master plans were prepared for purposes of investigating alternatives and
recommending courses of action for a study area or entity. These reports were not relied upon for
technical information to be further presented in this section. Table 3.1-2 provides information on these
six master plans.
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3.2
SURFACE
WATER

3.2.1 ExisTiING SURFACE WATER SOURCES AND SUPPLY SYSTEMS

Five existing regional surface water sources were identified in the study area. They are Canyon Lake,
Medina Lake, Lake Corpus Christi, Choke Canyon Reservoir and Lake Texana. In addition, four minor
dedicated water supplies were identified. They are the Upper Guadalupe Reservoir at Kerrville, Coleto
Creek Reservoir, Victor Braunig Lake and Calaveras Creek Lake. Reported yield estimates for the five
regional projects are presented in Table 3.2-1 and are described in more detail below. A category of
“Other Sources” is also described below.

It should be noted that the reported yields for existing and potential undeveloped reservoir projects
have differing reliability as surface water sources depending upon the reservoir operation that is
modelled in the calculation of the yield. Most projects are evaluated for “firm yield.” Firm yield is
defined as the amount of water that can be supplied (usually on an annual basis) through a repeat of

the drought of record without a shortage. A reservoir may be operated to accept shortages in favor of

increasing the “average annual yield.” The average annual yield is defined as the long term average
supply from the project that can be obtained by diverting greater amounts during abundant water
periods and diverting lesser amounts during dry periods. This difference in operation generally means
that average annual yield is higher than firm yield.

Canyon Lake

The property and fadilities at Canyon Lake are owned and operated by the Corps of Engineers (COE).
The Guadalupe-Blanco River Authority (GBRA) paid for and controls the conservation storage pool
in the lake below elevation 909.0 feet MSL under Certificate of Adjudication No. 18-2074 issued by
the Texas Water Commission. The federal government paid for and controls the flood control function
of the lake. The flood control pool is above 909.0 feet MSL.

When the reservoir elevation is below 909.0 feet MSL, GBRA operates the conservation pool in
accordance with the conditions of the certificate of adjudication for water supply purposes. When the
water elevation in the reservoir is above 909.0 feet MSL (in the flood pool) the COE dictates the release
rates according to the flood control criteria of the reservoir.

Canyon Lake is permitted to impound 368,000 acre-feet annually for municipal and industrial purposes
from the impoundment. The priority date is 1956.

Inflows to the lake are released on a daily basis to the extent that senior downstream water rights are
entitled to inflows and must be honored. The downstream water rights are honored by honoring the
largest and most senior water right, the hydroelectric right on the Guadalupe River in Guadalupe and
Gonzales counties, on the premise that when this largest and most senior right is met, then all the other
smaller rights senior to the Canyon Lake right are also met.

Current contracts to supply water from the firm yield of Canyon Lake total 30,200 acre feet per year.
The highest annual release from the lake to meet contractual commitments was 6,600 acre feet in 1991.
Several of the entities which have contracts for water supply from the firm yield of Canyon Lake have
run-of-river permits which serve as their primary supply. The Canyon Lake supply will be used during
periods when run-of-river supplies are not available.

The research materials indicate that the yield of Canyon Lake has been calculated for historical and
varying future conditions. The future conditions include variations of reduced spring flows, San
Antonio return flows, San Antonio reuse and subordination of the Guadalupe River GBRA hydroelec-
tric rights. The firm yield is reported to range from 15,900 to 61,000 acre feet per year depending upon
the variables. The Guadalupe Blanco River Authority is proposing to increase the firm yield to
approximately 50,000 acre feet (the permitted amount) under historical conditions by subordinating
hydroelectric rights. Without this subordination, the yield under historical conditions would fall
between 36,000 and 40,000 acre feet.

.3 a2 A3
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Sample Data From BXISTING SURPACE WATER SOURCES AND SUPPLY

Table 3.2.1 SYSTEMS IN THE STUDY AREA
dal
see pages 194-197 Basin: Guadalupe
for complete table Project: Canyon Reservoir
Study: Bapey Huston and Associates.

Water Rvalilability for
River Bagins. 1986.

2 _srtiacia ppe _anc il D111 ¢

Firm Yield

61,000 - Historical spring flows (1940 - 82)
- San Antonio return flows equal
135,000 acre-feet per year
- Applewhite and Coleto Creek in operation

37,500 - Hietorical spring flows (1940 - 82)
- San Antonio raeturn flowa equal
135,000 acre-feet (prescent condition - 1986)
- Applewhite Reservoir in operation

30,300 - Zaro spring flows
- San Antonio return flows equal 135,000
acre-feet per year
- Applewhite and Coleto Creek in operation

27,000 ~ 8pring flows equal 273,872 acre-feet per year
= San Antonio return flowo equal 170,000
acro-feet per year
- City of San Antonio rouce equals 100,000
acre-feet per year

27,000 -~ Spring flows equal 273,872 acre-feet per year
= San Antonio return flows at 116,280
acre-feet per year net
~ City of San Antonio reuso equals to 153,720
acre-faeet

26,000 - Springas flow artificially maintained, equal 160,000
acre-feet per year
- San Antonio return flows equal 90,000
acre faeet per year
rm - San Antonio reuse equals 180,000

acre-feet per year

24,500 - Spring flows equal 240,565 acre-feet
- San Antonio raturn flows equal 135,000
acre~-feet (present condition - 1986)

24,000 - Spring flows equal 240,565 acre-feet per year
- San Antonio return flows equal 170,000
acre-faet per year net
~ San Antonio reuse equals 100,000
acre-feet per year

15,900 - Spring flows equal zero
= San Antonio return flows equal 270,000
acre-feet per year
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Medina Lake

Medina Lake is owned and operated by the Bexar-Medina-Atascosa Water Control and Improvement
District No. 1 (BMA) under the conditions of Certificate of Adjudication No. 19-2130. The certificate
of adjudication allows the diversion of 66,000 acre-feet per year from the total impoundment of 237,800
acre-feet. A minor amount of the permitted diversion is for municipal and domestic uses, the majority
is for irrigation purposes. The priority date for Medina Lake is 1910.

The Medina Lake system consists of the main lake and the smaller diversion lake approximately four
miles downstream from the main lake, where water is diverted into an open canal for delivery to the
irrigation farmers within the BMA Irrigation District.

The normal approach to operation by BMA is to draw down reservoir storage on an as-needed basis.
When the reservoir supply is depleted the irrigation farmers accept the shortage. The reservoir supply
has been depleted in the history of operation of the irrigation system under this operating criteria, the
diversions having varied from 0 to 62,000 acre feet per year. The average annual diversion from 1940-
1986 was approximately 25,000 acre feet, although there is some question about the accuracy of the
reported amounts before 1957. The reservoir was empty or near empty during the seven years in the
drought period 1950-1956, with only 5850 acre feet of diversions reported in 1953.

The yield of the reservoir system has been calculated for several operating criteria. The firm yield is
zero. If the system is operated in a scalping mode to maximize diversions up to the limit of the permitted
annual diversions and if shortages, or no water supply in some years, are accepted, the average annual
yield was calculated to be 55,704 acre feet per year.

Lake Corpus Christi

Lake Corpus Christi is owned and operated by the City of Corpus Christi. Releases from the reservoir
are made downstream to the Calallen diversion facility where the water is diverted for potable
treatment and raw water uses. Lake Corpus Christi is operated as a system with Choke Canyon
Reservoir.

The permit for the reservoir, Certificate of Adjudication No. 21-2464, authorizes the impoundment of
300,000 acre-feet of water in Lake Corpus Christi and the Calallen Dam and Reservoir. The certificate
of adjudication authorizes diversion of 4,872 acre-feet of water from Calallen Reservoir on the Nueces
River, 150,000 acre-feet of water from Lake Corpus Christi for municipal purposes, 150,000 acre-feet
of water from Lake Corpus Christi for industrial purposes and other minor authorizations for irrigation
and mining.

The majority of the rights including the two 150,000 acre-foot amounts have a priority date of 1925.
Choke Canyon Reservoir

The permit, Certificate of Adjudication No. 3214A, for Choke Canyon Dam and Reservoir, has a
priority date of 1976. The certificate of adjudication authorizes the impoundment of 700,000 acre feet
of water and authorizes the use of 78,730 acre feet of water annually for industrial purposes and 59,770
acre-feet annually for municipal uses and minor amounts for irrigation use. The project is owned by
the City of Corpus Christi (80%) and the Nueces River Authority (20%). A minor portion of the
Corpus Christi share has been sold to the City of Three Rivers.

The permit has a special condition requiring that the owners shall provide not less that 151,000 acre
feet of water per annum for the estuaries by the combination of releases and spills from the reservoir
system at Lake Corpus Christi Dam and return flows to Nueces and Corpus Christi bays and other
receiving estuaries. This requirement has been further addressed in recent negotiations between the
City of Corpus Christi and the Texas Water Commission. These negotiations resulted in agreement

.
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on an interim five year plan now in effect under which a firm demand has been put on the LCC\CC
System of 97,000 acre-feet per year to be delivered into Nueces Bay with a credit for wastewater return
flows, currently 6,000 acre-feet per year. These releases are made on a monthly regimen with 70% of
the release to occur in May, June, September and October.

Current water use from the LCC\CC System is 130,00 acre-feet per year. The yield of Choke Canyon
Reservoir and Lake Corpus Christi varies between 187,800 and 252,000 for varying conditions and
operating policies as more particularly described in Table 3.2-1 The current municipal use plus the
required release to Nueces Bay less the return flows (130,000 + 97,000 - 6000) equals 221,000 acre-feet
year.

Lake Texana

Lake Texana is owned and operated by the Lavaca-Navidad River Authority (L-NRA). The project
was constructed by the U.S. Bureau of Reclamation. The L-NRA and the Texas Water Development
Board jointly hold the water rights permit which allows diversion of 75,000 acre feet of yield annually.
L-NRA presently has water sales contracts for 32,000 acre fect per year.

In June 1992, L-NRA exccuted an 18 month option agreement with the Port Authority of Corpus
Christi for 41,288 acre-feet per year with 10,000 acre feet of that amount as interim water subject to
recall by L-NRA. L-NRA also has a pending agreement with the City of Point Comfort for 11,800
acre-feet per year.

Upper Guadalupe Reservoir

The Upper Guadalupe Reservoir is dedicated for service as a water supply lake for the Upper Guadalupe
River Authority potable water treatment plant which serves the City of Kerrville. No additional water
supply is available from this project.

Coleto Creek Reservoir

Coleto Creek Reservoir is dedicated for service as a cooling reservoir for Central Power and Light
Company's Coleto Creck Power Station. The aim of present operating criteria is to keep the reservoir
as full as possible at all times, passing through flood waters as necessary, to meet the project design
criteria for cooling purposes. Operation of the reservoir as a water supply for other purposes would
detract from the efficiency of the cooling function of the reservoir.

Calaveras Lake

Calaveras Lake is dedicated for service as a cooling reservoir for San Antonio City Public Service
Board’s O.W. Summers/ J.T. Deely/ ].K. Spruce Power Station. As in the case of Coleto Creek
Reservoir, no additional water supply is available from the reservoir when it is operated for its design

purposes.
Victor Braunig Lake

Victor Braunig Lake is dedicated for service as a cooling reservoir for San Antonio City Public Service
Board’s Victor Braunig Power Station. As with the other cooling reservoirs, no additional water supply
is available from the reservoir when it is operated for its design purposes.

Other Sources

One report, Hays County Warer and Wastewater Study, by HDR Engineering, Inc., identified Lake
Travison the Colorado River as a source for northern Hays County and the City of Austin treated water
system as a source for northeastern Hays County. This report also evaluated the Blanco River and the
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see pages 199-210
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San Marcos River as sources for Wimberly and San Marcos, respectively. This report analyzed facilities
costs on a localized basis for specific communities in Hays County. The water sources were not
evaluated for availability or dependability. For these reasons the results of this study are not reported
further in this text.

3.2.2 PotenTiAL UNDEVELOPED SURFACE WATER SOURCE AND SUPPLY SYSTEMS WITHIN STUDY AREA

Eighteen previously studied potential undeveloped reservoir projects were identified in the research
material. They are:

Clopton Crossing Lockhart

Cuero | Lindenau (Cuero II)
Cuero | and Lindenau {combined) Applewhite

Cibolo Goliad

Simmons Harris

Indian Creek Bluntzer

R & M Dam and Reservoir Cotulla Reservoir
Cotulla Diversion Dam Palmetto Bend Stage 2

Lake Texana-Palmetto Stage 2 (combined)

Pertinent information and results of yield studies for these potential undeveloped projects is presented
in Table 3.2-2.

Basin: Guadalupe
Stream: Guadalupe River and Sandies Creek
Project: Cuero I and Lindenau Reservoirs
Project Size: Same as for Individual Reservoirs
Study: Espoy Huston and Assocliates. udy fo
;e Guadalupe and Sapn Antonio River Ras 1986.
Firm Yield
{acre—feet/year) Conditions
219,000 - Historical spring flows (1940 - 1982)
= 8an Antonio return flows equal 135,000 acre-feet
per year
= Full bay and estuary requirements
207,000 - Spring flows equal 273,872 acre-feet per year
- San Antonio return flows equal 170,000 acre-feet
per year
- 8San Antonioc reuse equals 100,000 acre-feat
per year
194,000 - Historical spring flows (1940 - 1982)
= San Antonio return flows equal 135,000 acre-feet
per year

= Full bay and estuary requirements
= Full development of Goliad, Clopton and Lockhart
projects

3.3.1 Existine WATER REUSE PROJECTS

San Antonio City Public Service Board's Lakes Braunig and Calaveras were constructed as a part of
San Antonio's electric power supply system to take advantage of San Antonio’s wastewater return flows
to shift cooling water demands for electric power generation from the Edwards Aquifer. In 1989, 28,175
acre feet were diverted from the San Antonio River for this purpose. Other existing or developing water
reuse projects include the following. Because many have not yet come on line, it is not possible to say
how much pumpage from the Edwards Aquifer these projects would displace. They are:

:
:
:

.
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Southwest Texas State University - Gray water reuse system
City of Uvalde Wastewater reuse for golf course and park
Kelly AFB Wastewater reuse for golf course

Cibolo Creek Municipal Authority - Wastewater reuse for golf course on Randolph AFB

Cibolo Creek Municipal Authority - Wastewater reuse for golf course in Selma

San Antonio River Authority Recycling water through the flood control tnnel
for the San Antonio River and the Rivercenter
extension of the San Antonio River.

3.3.2 PoteNTIAL UNDEVELOPED WATER REUSE PROJECTS

The Master Plan 1991 written by the Alamo Water Conservation and Reuse District provides in
Section V — Facilities Plan, a proposed plan of development for transmission of treated wastewarer
from City of San Antonio wastewater plants and others in the greater San Antonio area to points of
use. The primary destinations for reuse water are golf courses, industries and the San Antonio River.

The proposed facilities consist of two transmission lines, one around the south and east sides conveying
reuse water from the Salado, Leon Creek and Dos Rios plants to industrial users in the Braunig Lake
area, to southside golf courses and to the San Antonio River in Brackenridge Park. The other trans-
mission line is proposed to convey reuse water from Medio Creek north to golf course and resort
operations on the northwest side of San Antonio. No additional treatment of the wastewater was
proposed to improve the quality for reuse.

rt on the Feasibili
Texas prepared by Stone & Webster Engineering Corporation in 1984 addressed the tertiary treatment
of municipal wastewater for industrial purposes and reported that it is feasible with proven treatment

methods.

The r M ment Pl ing Brauni lav prepared by Black and Veatch in
1990 proposed a three phase plan for using San Antonio wastewater in a city-wide reuse program. Phase
I of the plan was designed to improve the quality of water in Braunig and Calaveras Lakes by filling
with Edwards Aquifer water or treated wastewater from the City’s Dos Rios Plant. Phase Il was designed
to utilize wastewater for municipal use during periods when the aquifer supply is insufficient. Waste-
water from the Dos Rios plant would be cycled through Lakes Braunig and Calaveras and a City Water
Board water renovation plant for use in the City Water Board distribution system. Phase I1l adds Salado
Creek Wastewater Treatment Plant effluent to the reuse stream described for Phase II.

3.4.1 ExisiNG UNDERGROUND STORAGE AND RECOVERY PROJECTS

No underground storage and recovery projects are operating in the study area.

The Alamo Water Reuse and Conservation District sponsored a study by CH2M HILL and others
titled Carrizo Recharge Study to conceptualize the design of a recharge and recovery project in the
Carrizo Aquifer south of San Antonio including recommendations for a pilot scale project using
spreading basins and wells to accomplish the recharge. The study included the identification of sources
of water for recharge and recharge sites. This report was concluded in July, 1990.

3.4.2 PorenTiAL UNDEVELOPED UNDERGROUND STORAGE AND RECOVERY PROJECTS

The Edwards Underground Water District has constructed four recharge projects in Medina County
to enhance recharge to the Edwards Aquifer. One is on San Geronimo Creek, a tributary to the Medina
River. The other three are on Verde Creek, Parker Creek and Seco Creek, all in the Frio River Basin.
These projects have an estimated average annual recharge of 5,000 acre-feet per year.
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3.5
RECHARGE

3.5.1 ExisTING RECHARGE PROJECTS

A series of recharge features were constructed in Uvalde County in the 1950's to enhance recharge of
the Edwards Aquifer. No specific information is available on the amount of recharge gained by the

projects. Generally, the projects are small and in association with natural recharge features in the
Edwards Aquifer Recharge Zone.

Existing flood control structures in the San Antonio and Guadalupe Basins on Salado Creek (13), Dry
Comal Creek (5), York Creek (2), and the Upper San Marcos watershed (5) serve an additional
function as recharge enhancement projects for the Edwards Aquifer. These projects control the runoff
from approximately 300 square miles of the approximately 1760 square miles of drainage area in the
two river basins above the downstream edge of the Edwards Aquifer Recharge Zone. No information
was found on the annual recharge enhancement provided by these structures.

The Medina Lake system, though constructed and operated for irrigation, provides recharge enhance-
ment to the Edwards Aquifer. Lowry (1953) developed curves of reservoir elevation vs. recharge to the
Edwards Aquifer for rising and falling stages in the lake. In addition he estimated the recharge to the
Edwards Aquifer for Diversion Lake downstream of the main lake. Lowry’s curves have been used by
USGS to estimate annual recharge to the aquifer based on end-of-month stage in Medina Lake for each

month of the year. USGS reports m !;llet:m 5;2 Q‘ngllgggn of Hydrologic Data for the Edwards
nio Area, Tex ummary that the average annual recharge of

r.he Medina Lake system is 60,800 acre-feet for the 1934 - 1989 period. It should be noted that this
amount is the sum of the natural recharge and recharge enhancement. The lake has been in existence
since 1913. No information on pre-lake natural recharge is available for purposes of separating the
recharge enhancement from the natural recharge that would occur in the Medina River without the
Medina Lake system in place.

Espey Huston and Associates (1989) developed curves similar to Lowry's based on a period of record
1922 - 1933 and 1957 - 1973 as a part of the Medina Lake Hydrology Study. These curves estimate
lower historical recharge to the Edwards Aquifer than Lowry’s curves. The annual average recharge
estimated by Espey Huston for the period 1940 - 1982 is 39,801 acre-feet per year.

3.5.2 PoreNTIAL UNDEVELOPED RECHARGE PROJECTS

The Regional Water Supply Planning Study Phase III Recharge Enhancement - Nueces River Basin
and the carlier Phase I report by HDR Engineering, Inc. was a comprehensive assessment of Edwards
Aquifer recharge enhancement potential in the Nueces Basin. All of the drainage area of the basin
above the downstream edge of the recharge zone was included in the evaluation.

Two types of projects were evaluated. For those drainages emanating above the recharge zone an
impoundment structure was sited above the recharge zone to capture flood flows for later release across
the recharge zone for natural recharge to the aquifer. These are referred to in the report as Type |
structures. They are the proposed Montell (Nueces River), Concan (Frio River), Upper Dry Frio, Upper
Sabinal, Upper Seco, Upper Hondo, and Upper Verde projects.

For those same streams a Type II project was also evaluated. These projects are proposed for
construction on the recharge zone for immediate recharge of captured flood waters. These proposed
projects are Indian Creek (Nueces River), Lower Frio, Lower Dry Frio, Lower Sabinal, Lower Seco,
Lower Hondo, and Lower Verde. In addition, five smaller Type II projects were evaluated on tributary
streams that rise on or just above the recharge zone. These are the Leona, Blanco, Elm, Little Blanco
and Quihi projects.

Each of the Type I and Type II projects were evaluated under a multiplicity of varying conditions of
size, runoff conditions and treatment of downstream water rights. Significant findings of the study were
that unappropriated water is available in the upper Nueces Basin for recharge. Additional amounts can

.
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3.7

COST OF
SOURCES
OF SUPPLY

Table 3.7-1

be made available for recharge, the study found, if the water rights of the Lake Corpus Christi\Choke
Canyon System are not honored by the projects’ operation. It was estimated that not honoring these
rights would have a minimal impact on the yield of the LCC\CC System.

3.6.1 ExisTING DESALINATION PROJECTS
In a report titled “Desalting in Texas A Status Report: by Texas Water Development Board dated May,
1992 six desalination projects in the study area are identified. Information on these projects as

excerpted from the report is presented in Table 3.6-1.

3.6.2 PotENTIAL UNDEVELOPED DESALINATION PROJECTS

The Re, n the Feasibility of Desalination and W r Reuse for the City of hristi
Texas prepared by Stone & Webster Engineering Corporation in 1984 addressed the desalination of
seawater and brackish groundwater and reported that both are feasible with proven treatment methods.

3.7.1 ExisTiNG ProOJECTS
3.7.1.1 Surface Water

Table 3.7-1 presents pertinent information relative to the four existing regional surface water supply
systems.

EXISTING SURFACE WATER SOURCES

Pormined  Cakubzd  Commined Cost of
Annual Annual Annual Annual Wiater
Yield Yickd(s) Yicld Yield Delivered

Project acre-foct acre-fect acre-feet S/acre-feet To
Canyon Reservoir 50,000 (1) 2300010(2) 30200 $3.03 A

61,000
Medina Lake System 66,000 0(2) al(s) © B

27,500 (3)

55,704 (4)
Choke Canyon Reservoir 139,000 o Y] o ™
Lake Corpus Christi 300,000 ™M 0] ()] M
Choke Canyon/ 252,000 169,700 10 221,000 (8) 34.52 C
Lake Corpus Christi 252,000(2)
Lake Texana 75,000 __82615Q) 32,000 (9) 45.00 (10) D

(1) Sce special conditions,

(2) Fimmyield

(3) Fimm yield at Medina Lake not considering losses at Diversicn Lake

{4) Maximum average annual yicld based on current operation

(5) Subject to availability

(6) Water paid for with tax rate of $10 per acre plus S8 per acre for each irrigation

(@ Sec Choke CanyonfLake Corpus Christi below

(8) 130,000 acre-feet to municipal and industrial uses: 97,000 acre-feet 1o Nueces Bay, less return flows (6000 acre
fect at present) :

(9) Additional 41,288 acre-feet under contract to sell 1o Port Authority of Corpus Christi

(10) Program increases to $65 per acre-foot by year 2004

A B C D
-New Braunfels -Approximately 1800 land At Lake Corpus Christi:  -Formosa Plastics
-San Marcos owners ~Mathis, Beeville & Alice
~Scguin At Corpus Chrisi WTP:
-Gonzales WSC -Corpus Christi, San
-Spring Hill WSC Patricio MWD, Koch
<Calhoun County WSC Refining Co., and
-Uniga Carbide Hoechst-Celanese Co.
<Central Power and Light Al Choke Canyon
Co. Reservoir:
-Three Rivers, Diamond
Shamrock, and TP&WD
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3.7.1.2 Water Reuse

San Antonio City Public Service Board {CPSB) pays $50 per acre-foot to the City of San Antonio for
wastewater delivered to the Braunig and Calaveras Lakes pumping stations. CPSB estimates energy
cost for pumping at $10 per acre-foot. Information on the cost of the pumping and conveyance facilities
is not available for purposes of computing a facilities component of total unit cost for the water delivered
to Braunig and Calaveras Lakes.

3.7.1.3 Underground Storage and Recovery

No information on existing underground storage and recovery projects in the study area was discovered
in a review of the technical reports, consequently no information on the cost of existing storage and
recovery projects is available.

The Upper Guadalupe River Authority is operating a pilot project evaluating the feasibility of an
aquifer storage and recovery project in the Lower Trinity Formation. The full scale operation of the
project will use excess water treatment plant capacity during the winter months to recharge the aquifer.
Recovery of water will be made by wells during peak demand periods.

3.7.14 Recharge

With the exception of the four recharge projects constructed by the Edwards Underground Water
District and the small recharge projects constructed in Uvalde County in the 1950s, all of the other
existing recharge projects identified were constructed as flood control or water supply projects and
provide recharge as a secondary benefit.

The initial investment in the four Edwards Underground Water District recharge projects was
$ 1,879,494. These projects have an estimated annual average recharge of 5,000 acre-feet per year, (at
a cost of $38.74 per acre foot, using the assumptions of a twenty year amortization period at 8%
interest). No information was discovered to relate the small Uvalde County recharge projects on a cost
per acre-foot basis.

3.7.1.5 Desalination
In the report titled Desalring in Texas A Studv Report by the Texas Water Development Board dated

May, 1992 costs for reverse osmosis and electrodialysis-reversal treatment of brackish groundwater or
surface water were reported as $.40 to $.75/1000 gallons ($130 to $230 per acre-foot). Reverse osmosis
treatment of sea water was reported to cost $4.00 to $4.75/1000 gallons ($1300 to $1550 per acre-foot).
The specific sources of cost information were not given in the report.

3.7.2 PoteNTiAL UNDEVELOPED PROJECTS
3.7.2.1 Surface Water

Table 3.7-2 presents information on construction costs and annual operating and maintenance
expenses for potential undeveloped surface water supplies. Table 3.7-3 presents information on
construction costs and annual operating and maintenance expenses for potential undeveloped surface
water delivery systems. For purposes of developing a consistent basis for comparing the estimates
presented in the technical reports the construction costs have been updated to January, 1992 using
Engineering News-Record Building Cost Index as reported in the March 30, 1992 edition. The base
year selected is 1965 because the earliest estimate discovered in the review of the technical reports was
made in that year.

For purposes of developing a consistent basis for comparing the operating and maintenance expenses
estimates presented in the technical reports the costs have been updated to January, 1992 using the

Consumer Price Index for all Urban Consumers: U.S. City Average, All Items. The base year selected
is 1965.

3
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Note that Tables 3.7-2 and 3.7-3 also include information from TWDB on yields and construction costs
which data is used to present unit costs for project construction. This data is compiled from cost
estimates and yield studies prepared by other agencies and consultants with adjustments made by
TWDB for changed conditions. Examples of changed conditions include changes in construction costs
and disproportionate increases in cost over time. In addition TWDB staff makes independent reservoir
yield analyses. Generally, TWDB data should be reflective of previous work by others with minor adjust-
ments in costs and yields. TWDB does not maintain a data base of operating and maintenance costs.

The reader is cautioned in using Tables 3.7-2 and 3.7-3 to compare costs for projects that:

1) The original construction and operating and maintenance expense estimates were made with
varying degrees of detail not totally evident from a reading of the report. In some cases great
detail is given. In others, only gross numbers are reported without detail.

2) Environmental costs have increased significantly over the period 1965 - 1992. Earlier reported
estimates gave little consideration to environmental costs. Later estimatesdid. Likewise, yield
calculations in later reports have to take into account water requirements to be mer for
instream flows and bays and estuaries resulting in reduced yields over those calculated in
earlier estimates for comparable projects.

3) Operating and maintenance expense estimates may include different components, for ex-
ample, expenses to operate mitigation areas.

3.7.2.2 Water Reuse

Alamo Water Conservation and Reuse District (1991) proposed a five year capital improvements
program as Phase I of a multiphase reuse development program for the City of San Antonio. The cost
of Phase I was estimated to be $30,198,000. Annual operating and maintenance costs were not
reported. The amount of water to be reused by Phase I was not stated. However the proposed plan
indicated that 20,000 acre-feet would be reused by year 2000. Subsequent analysis by staff resulted in
a delivered cost range of $200 to $350 per acre-foot not including a commodity charge.

Stone and Webster (1984) estimated that treated effluent from sclected City of Corpus Christi
wastewater treatment plants could be given tertiary treatment (lime softening) and delivered to
industries within the city for $1.95 to $.66 per 1000 gallons ($635 to $215 per acre-foot) for 2240 1o
17,920 acre-feet per year, respectively.

Black and Veatch (1990) reported that an average of 48,000 acre-feet per year of City of San Antonio
wastewater could be treated and cycled through Lakes Braunig and Calaveras and then treated o
potable water standards by City Water Board for a unit cost of $425 per acre-foot. With a subsequent
phase the total reuse could be boosted to an average of 84,000 acre-fect per year for a unit cost of $345
per acre-foot.

3.7.2.3 Underground Storage and Recovery

CH2ZMHILL (1991) reported an estimate of $464 per acre-foot for a underground storage and recovery
project yielding 15,000 acre feet per year in the Carrizo Aquifer in Atascosa County. The storage
function would be completed with spreader basins in the aquifer recharge zone; recovery by wells.

The same study reported an estimate of $717 per acre-foot (on a yield of 15,000 acre feet per year) for
a similar project that would use wells for recharge after a water treatment plant for recharge and
recovery. The proposed source of water for both systems was the Medina Lake irrigation system.

3.7.2.4 Recharge

HDR Engineering (1991) estimated the cost of a complete system of recharge projects in the Nueces
Basin. Two types of projects were evaluated: Type I projects above the recharge zone of the Edwards
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Table 3.7-6

Aquifer and Type II projects on the recharge zone. The projects were evaluated for their recharge
potential under two scenarios: 1) honoring all downstream rights, and 2) not honoring rights of the
Lake Corpus Christi/ Choke Canyon System. Table 3.7-4 presents the estimated unit cost for the Type
I projects honoring all downstream water rights for both 100% and optimum capacities. Unit costs vary
from $330 to $5246 per acre foot for these conditions. Table 3.7-5 presents the estimated unit costs for
the Type Il projects honoring all downstream water rights except the Lake Corpus Christi/ Choke
Canyon system for both 100% and optimum capacities. Unit costs vary from $145 to $4434 per acre
foot for these conditions.

W_E. Simpson Company (1989) reported estimated capital cost of between $6.23 and $10.72 million
to construct recharge wells to take up to 66,000 acre-feet per year off the Medina Lake irrigation canal
and recharge the Edwards Aquifer in the artesian zone. The expected average annual recharge for this
project was estimated by Espey Huston and Associates in the Medina Lake Study, (1989), to be be-
tween 40,000 and 55,000 acre-feet per year depending on the lake operating criteria established for the
recharge operation. The estimate did not include any cost for the water supply, only for the recharge
facilities.

3.7.2.5 Desalination

Stone and Webster (1984) estimated that brackish groundwater could be treated for the City of Corpus
Christi in a reverse osmosis operation for $2.40 to $1.08 per 1000 gallons ($782 to $352 per acre-foot)
for 1,120 to 22,400 acre-feet per year, respectively.

BuRec (1983) reported an estimate of desalination of seawater at Corpus Christi at $3.74 per 1000
gallons or $1218 per acre-foot.

3.7.3 SUMMARIES AND COMPARISONS

Table 3.7-6 presents a general comparison of unit cost estimates for water supply from the existing
sources of supply. The unit costs for the surface water projects are the rates established by the project
owners. The present study did not determine the precise basis for establishing these rates. It is possible
that some rates reflect subsidies or profits and thus are not strictly comparable to figures for potential
undeveloped projects determined solely by cost estimates.

Table 3.7-7 presents a similar comparison of unit cost estimates for potential undeveloped sources of

supplies. Delivery system costs associated with surface water projects are not included in the estimates.
Known limiting factors associated with projects are noted in the table.

COMPARISON OF UNIT COSTS - EXISTING SOURCES OF SUPPLY

SCURCE TYPE PROJECT UNIT COST HOTES
$ /ACRE-FOOT
Surface Water Lake Toxana 45.00 EBatablighoed rate
Canycn Resorvolr $3.03 Eotablishaed rate
Lake Corpus Chrioti\ 34.82 Established rate

Choke Canyen Roservoir

Medina Lake 11.33 Bascd on $10 per acre flat rate
pluo J watorings @ $8 cach for 3
acro-feot

Hater Rouse City of Public Sorvice 60.60 Includes $S0 por acre foot to

Board-Lakes Brauniqg and City of San Antonic and $10 por
Calaveras acro foot pumping cost--
Facilitioco coot not inlcuded
Storage and {no existing projacts)
Rocovery
Recharge Edwards Undorgrournd 38.74 Congtruction Cost only
Water Diotrict Projects annualizad at 8\, for 20 years

tfor average racharge of 5000
acro-feaot

Dovalinaticn {no cost informatioa on
exioting projects)
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3.8
PANEL

DISCUSSIONS

AND

CONCLUSIONS

Table 3.7-7

Panel members were concerned about the potential for misuse of the data presented in this section
particularly, Table 3.7-7. This unit cost data should not be used for purposes of selecting altematives
for development on a least cost basis. Other factors relative to new project development to be
considered as a part of altemative project selection include location of current and future demands,
interaction of alternatives and impacts on other water users to name a few. The study results are pre-
sented in common units and seem comparable but consider that the studies were completed over a long
period (1965 to 1990), were commissioned for different purposes, with different priorities and in some
cases perhaps influenced by factors outside the technical arena.

The yields of the project can vary with new data on hydrology (longer period of record) environmental
factors (mitigation requirements) and other activities (diminution of springflows) which affect the unit
cost. Cost estimates are very detailed in some reports, only general in others. Environmental costs are
a larger part of construction costs at the present than earlier in the study period.

It was also noted by one panel member that some of the yield calculations were performed for existing
reservoirs with different operating criteria than for the actual reservoir operation. The example given

was Medina Lake which is operated as a scalping project but was modelled for a firm yield in one of
the studies.

COMPARISON OF UNIT COSTS ~ POTENTIAL UNDEVELOPED SOURCES OF SUPPLY

SOURCE PROJECT SOURCE UNIT UNIT LIMITING FACTORS/NOTES
TYPE OF COST COST -
DATA $/AC-FT INCLUDES
O &M
Major Clopton Eopey 287 No No limiting factors cited/
Surface Crosoing Huaton Environmental considerations
Water 1986 not addressed
Projacts
Cuero I Espey 141 to Yes Mitigation required, no
Regervoir Hugton 285(1) known endangered species/
1986
TWDB 216 No No information, data only
1990
Lindenau Eapey 296 to Yes Mitigation required, no
Regervoir Huston 327(1) known endangered species/
(Cuero 1I) 1986
T™WDB 266 No No information, data only
1990
Cucro I and Bapey 301 to Yes Same as for separate
Lindenau Huoton 339(1) projects
Roscrvoira 1986
Applewhite Freese & 168 No Minimum yield during
Reservoir Nichols

critical periods equal 7700
1988 acre-feet per year when
operated for scalping/

TWDB 639 No No information, data only
1990
Cibolo Creek Eapey 834 Yes Environmental considerations
Regervoir Huston not addressed/
{Lower) 1986
Ccibolo Creek Lockwood 208 to Yes Environmental considerations
Resorvoir Andrews & 323(1) not addressed/
(Upper) Newman
1965
Goliad Bepey 211 to Yes Environmental considerations
Huston 465(1) not addressed/
1986
TWDB 180 No No information, data only

1



Table 3.7-7
(continued)

Water
Reuse
Projects

Storage
and
Recovery

Bluntzer
Regsarvoir

R&M
Regervoir

Simmons
Pump Station

Cotulla
Diversion
and

Canal

Palmetto
Bend-Stage
pad

Lake Texana
and Palmetto
Bend-Stage
II

Lake Texana
and Garwood
Irrigation

Alamo Water
Conservation
and Reuse
District

City of
Corpus
Christi

City of
San Antonio

Alamo Water
Conservation
and Reuse
District

Rauschnber
1985

Rauschunber
1985

Rauschunber
1988

BuRac
1983

HDR
Engineering
1991

HDR
Bngineering
1991

HDR
Bngineering
1991

AWCRD
1991

stone &
Webster
1984

Black &
Veatch
1990

CH2M HILL
1991

743 to
4500(1)

403 to
2891(1)

52 to
122(1)

1303

176 to
196(1)

24§ to
278(1)

746 to
175¢(2)

200 to

350(2)

215 to
635(2)

345 to
425(2)

464

2y

Yoo

Yeo

Yeo

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Reduced bay inflows,
elevated bay salinity/

Reduced bay inflows,
elevated bay salinity/

No limiting factors cited

No limiting factors cited

Additional studies of bay
and estuary impacts
required/

See Palmetto Bend Stage II

Interbasin transfer, change
in pupose of use/ Unit cost
varies with varying amount
directed from Garwood to
Lake Texana

These costss are reported
from a staff analysis,
wastewater delivered to
San Antonio River in
Brackenridge Park,
induastries, golf courses
etc., -Phase I of Reuse
Program, cost does not
include commodity charge

No limiting factors cited/
Wastewater treated for

industrial use, unit cost
varies with volume reused

Wastewater effluent treated,
cycled through Lakes Braunig
and Calaveras and treated
for potable use by City
Water Board, unit cost
varies with volume reused

Availability of supply,
transport losses, impact on
receiving aquifer/ Storage
by spreader basin, recovery
by wells, using Medina Lake
water

Availability of supply,
transport losses, impact on
receiving aquifer/ Storage
and recovery by wells using
Medina Lake water

—d .3 -2 3 3 .3
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TABLE 3.1-1
TECHNICAL DATA REVIEW PANEL

TECHNICAL STUDIES FOR SECTION 3.0 SOURCES OF SUPPLY

Report:
Title:
Author:
Sponsor:
Date:

Study Area:

TS~-1

Water for Texas

Texas Water Development Board
Texas Water Development Board
December, 1990

State

Purpose: Assess current and future water needs and
supplies of the State.
Projects Addressed: Canyon Applewhite
Coleto Creek Goliad
Lindenau Corpus Christi
Cuero I and Lindenau Choke Canyon
Medina Texana
Report: TS-2
Title: Water Availability Study for the Guadalupe and
San Antonio River Basins
Author: Espey, Huston & Associates, Inc.
Sponsors: San Antonio River Authority
Guadalupe-Blanco River Authority
City of San Antonio
Date: February, 1986
Study Area: Guadalupe and San Antonio River Basins
Purpose: Evaluate surface water supplies in the

Projects Addressed:

176

Guadalupe and San Antonio Basins.

Canyon Lindenau

Clopton Crossing Cuero I and Lindenau
Lockhart Cibolo

Cuero I Goliad

| é] g | ;3 g

3




3

l"\?‘..?-.?@ T %

T

—3

Table 3.1-1 Page 2
Report: TS-3

Title: Hays County Water and Waste Water Study
Author: HDR Engineering, Inc.

Sponsors: Hays County Water Development Board

Date: May 1989

Study Area: Hays County, Texas

Purpose: Evaluate water supply alternatives for Hays

County cities and communities

Projects Addressed: Canyon Lake
Lake Travis
Blanco River
City of Austin
San Marcos River

Report: TS-4

Title: Medina Lake Hydrology Study

Author: Espey, Huston and Associates, Inc.

Sponsor: Edwards Underground Water District

Date: March, 1989

Study Area: San Antonio River Basin

Purpose: Determine availability of water from Medina

Lake for recharge of the Edwards Aquifer.

Projects Addressed: Medina Lake
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Table 3.1-1

Report:

Title:

Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Page 3

TS-5

Report on Availability of Additional Surface
Water Supply from the Nueces River Between
Uvalde and Three Rivers

Freese and Nichols, Inc.

Nueces River Authority

December, 1982

Nueces River Basin

Investigate the availability of surface water
supply in the Nueces River between the

Balcones Fault Zone and Three Rivers.

Simmons, Harris, and Indian Creek

Potential for Development of Additional Water
Supply from the Nueces River Between Simmons
and Calallen Diversion Dam

Donald G. Rauschuber and Associates, Inc.
City of Corpus Christi

December, 1985

Nueces River Basin

Investigate additional surface water supply in
the lower Nueces River Basin.

Bluntzer Dam
Simmons

Lake Corpus Christi
Choke Canyon Reservoir
R & M Dam and Reservoir
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Table 3.1-1

Report:
Title:
Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Author:

Sponsor:

Date:

Study Area:

Purpose:

Projects Addressed:

Page 4

TS-7

Applewhite Project

City wWater Board

City Water Board

December, 1988

Applewhite

Present facts about the construction of
Applewhite Reservoir and associated water
treatment and delivery systems.

Applewhite

TS-8

Regional Water Planning Study, Cost Update for
Palmetto Bend Stage 2 and Yield Enhancement
Alternative for Lake Texana and Palmetto Bend
Stage 2

HDR Engineering, Inc.

Lavaca-Navidad River Authority:; Alamo
Conservation and Reuse District; City of
Corpus Christi; Texas Water Development Board

May, 1991

Lake Texana, Lavaca, and Navidad Rivers,
Garwood Irrigation System and Colorado River

Evaluate alternatives for water supply from
Lake Texana and Garwood Irrigation Systemn.

Lake Texana
Palmetto Bend Stage 2
Garwood Irrigation District
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Report:

Title:

Author:
Sponsor:
Date:
Study Area:
Purpose:

Projects Addressed:

Page 5

TS-9

Special Report on San Antonio-Guadalupe River
Basins Study

Bureau of Reclamation
Bureau of Reclamation
November, 1978

San Antonio and Guadalupe River Basins
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Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

TS-10

Nueces River Basin, A Special Report

Bureau of Reclamation

Bureau of Reclamation

December 1983

Nueces River Basin

Determine the potential for water and 1land
resources to meet long term problems and needs
in the Nueces River Basin and adjacent coastal

region

Multiple projects for recharge, irrigation and
municipal and industrial uses
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Table 3.1-1 Page 6

Report: TS-11

Title: Regional Water Supply Planning Study - Phase I
Nueces River Basin

Author: HDR Engineering, Inc.

Sponsor: Nueces River Authority, Edwards Underground
Water District, South Texas Water Authority,
Texas Water Development Board

Date: February, 1991

Study Area:

Purpose:

Nueces River Basin

Determine the potential for increasing
artificial recharge to the Edwards Aquifer and
calculate the Choke Canyon/ Lake Corpus
Christi yield.

Projects Addressed:
Montell (Nueces River)
Lower Frio River
Concan (Frio River)
Upper Sabinal River
Upper Seco Creek
Upper Hondo Creek Lower Hondo
Upper Verde Creek Lower Verde
Indian Creek (Nueces Basin) Elm Creek
Leona River Quihi Creek
Lake Corpus Christi

Choke Canyon Reservoir
Lower Dry Frio River
Upper Dry Frio River
Little Blanco Creek
Lower Seco

r_:g
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Report: TS-12

Title: Master Plan 1991

Author: Alamo Water Conservation and Reuse District
Sponsor: Alamo Water Conservation and Reuse District
Date: May 1991

Study Area:

Purpose:

Projects Addressed:

Bexar County

Set out a master plan for AWCRD including a
Master Facility Plan and a Business Plan for
the district.

Reuse Water Distribution Facilities in San
Antonio
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Table 3.1-1

Report:

Title:

Author:
Sponsor:
Date:
Study Area:

Purpose:

Projects Addressed:

Author:
Sponsor:
Date:
Study Area:

Purpose:

Projects Addressed:

Page 7

TS-13

Water Management Plan using Braunig and
Calaveras Lakes

Black & Veatch

San Antonio City Public Service Board
March 1990

South San Antonio

Evaluate feasibility of using surplus Edwards
Aquifer water and treated effluent as a
supplementary source of water for San Antonio
City Public Service Board and City Water Board

Braunig Lake

Calaveras Lake

Dos Rios Wastewater Treatment Plant

Salado Creek Wastewater Treatment Plant

Mission Pump Station

City Water Board Southside Water Treatment
Plant

Proposed treatment transmission and pumping
facilities

TS-14

Carrizo Recharge Study

CHM2 HILL and Lee Wilson & Associates

Alamo Water Reuse and Conservation District

July 1991

Carrizo Aquifer near San Antonio

Evaluate the potential for a storage and
recovery project in the Carrizo Aquifer.

Carrizo Recharge and Recovery Project
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Table 3.1-1

Report:

Title:

Author:

Sponsor:

Date:
Study Area:

Purpose:

Projects Addressed:

Montell (Nueces River)
Upper Dry Frio River

Concan (Frio River)
Upper Sabinal River
Upper Seco Creek
Upper Hondo Creek
Upper Verde Creek

Indian Creek (Nueces River)

Leona River

Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Page 8

TS-15

Regional Water Supply Planning Study Phase III
Recharge Enhancement Nueces River Basin

HDR Engineering, Inc.

Nueces River Authority, Edwards Underground
Water District, Ccity of Corpus Christi, South
Texas Water Authority, Texas Water Development
Board

November, 1991
Nueces River Basin

Feasibility study of Edwards Aquifer recharge
projects in the Nueces Basin.

Leona River

Little Blanco Creek
Lower Sabinal

Lower Seco

Lower Hondo

Lower Verde

Elm Creek

Quihi Creek

Lower Dry Frio River

Phase I Edwards Underground Water District
Storage Release Recharge Facility Evaluation

Camp Dresser and McKee, Inc.

Edwards Underground Water District

August, 1985

Aquifer

Frio River Edwards

Recharge Zone

upstream of

Evaluate the feasibility of storage and
release facilities above the Edwards Aquifer
Recharge Zone on the Frio and Dry Frio Rivers.

Dry Frio River Concan (Frio River)
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Table 3.1-1

Report:
Title:
Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Page 9

TS-17

Medina Lake Study - Recharge Evaluation

W. E. Simpson Co., Inc.

Edwards Underground Water District

May, 1989

Medina Lake and Diversion Dam

Evaluate the feasibility of forced recharge of
water supply from Medina Lake into the Edwards
Aquifer.

Medina Lake System

Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

TS-18

Report on the Feasibility of Desalination and
Waste Water Reuse for the City of Corpus
Christi, Texas

Stone & Webster Engineering Corporation

City of Corpus Christi

November, 1984

City of Corpus Christi

Describe the technical aspects of desalination
and municipal waste water reuse and present

capital and operating costs for each.

Desalination and Wastewater Reuse Facilities
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Table 3.1-1

Report:

Title:

Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Page 10

TS-19

Final Environmental Impact Statement Palmetto
Bend Project, Texas

Department of Interior, Bureau of Reclamation
Same as Author

1974

Lavaca-Navidad River Basin

Assessment of Palmetto Bend Projects,
Stages I and II.

Palmetto Bend Stage I (Lake Texana)
Palmetto Bend Stage II

Report:

Title:

Author:
Sponsor:
Date:

Purpose:

Projects Addressed:

TS-20

DRAFT, Engineering Analysis and Hydrologic
Modelling to Determine the Effects of
Subordination of Hydropower Water Rights, Two
Parts

Espey Huston and Associates

Guadalupe Blanco River Authority

May, December, 1991

Investigate subordination of GBRA
hydroelectric rights to Canyon Lake

Canyon Lake
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Table 3.1-1

Report:
Title:
Author:
Sponsor:
Date:

Study Area:

Purpose:

Projects Addressed:

Page 11

TS-21

Desalting in Texas A Status Report
Texas Water Development Board

Same as Author

19092

State

Compile information on existing desalination
plants in Texas

Eighty-nine plants

Author:

Sponsor:

Date:
Study Area:

Purpose:

TS-22

Water Management Plan Using Braunig &
Calaveras Lakes

Black & Veatch

San Antonio City Public Service Board, San
Antonio City Water Board, Alamo Conservation
and Reuse District

March, 1990

Braunig and Calaveras Lakes

Develop a plan for reusing San Antonio's
wastewvater

T DR R S . |

i a .2

a3




. |

™%

Table 3.1-1

Report:

Author:

Sponsor:

Date:
Study Area:

Purpose:

Page 12

TS-23

Storage and Irrigation Facilities Technical
Report

U.S. Department of 1Interior, Bureau of
Reclamation

Texas Water Development Board on behalf of
Bexar-Medina-Atascosa Water Control and
Improvement District Number 1, Bexar
Metropolitan Water District and Canyon
Regional Water Authority

August, 1992
Medina Lake

Water supply availability for sponsors
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Report:

Title:

Authors:

Sponsor:
Date:
Study Area:

Purpose:

Page 1

TABLE 3.1-2
TECHNICAL DATA REVIEW PANEL
MASTER PLANS

MP-1

Regional Water Plan for the Guadalupe River
Basin

Guadalupe- Blanco River Authority, HDR
Engineering, Inc.

Guadalupe-Blanco River Authority
January 1991
Guadalupe River Basin

Assess current and future water needs and
supplies in the Guadalupe Basin.

Author:

Sponsor:
Date:
Study Area:

Purpose:

MP-2

Bexar County Water Supply Projects

City Water Board, City Public Service, City of
San Antonio, Alamo Conservation District,
private well owners, Bexar County Water
Perveyors and members of the local engineering
community.

Same as Author

August, 1990

Bexar County

Compare demands and supplies for the greater

San Antonio Metropolitan Area and recommend a
course of action for meeting future demands.
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Table 3.1-2

Report:

Author:

Sponsor:
Date:
Study Area:

Purpose:

Author:

Sponsor:

Date:

Study Area:

Purpose:

Page 2

MP-3
Report to the Mayor and City Council

Greater San Antonio Area Citizen's Committee
on Water

City of San Antonio

March, 1992

Edwards Aquifer

Develop San Antonio's fundamental strategies

to secure long-term water supply through the
year 2040.

MP-4
Regional Water Task Force-Final Report

Coastal Bend Alliance of Mayors; Regional
Water Task Force

Coastal Bend Alliance of Mayors; Corpus
Christi Area Economic Development Corporation
for Port of Trade - Port of Corpus Christi;
Texas A & I University

June, 1990

Lower Nueces River Basin and the Jjoining
Coastal Basins

Task force findings, report and
recommendations on water supply issues for
Coastal Bend (Corpus Christi area).

189



Report:
Title:
Author:

Sponsors:

Date:

Study Area:

Purpose:

Author:

Sponsor:

Date:

Study Area:

Purpose:

Page 3

MP-5
Regional Water Resource Study
CH2M Hill

City of San Antonio
Edwards Underground Water District

April 1986

Edwards Aquifer, Nueces, Guadalupe and San
Antonio River Basins

Develop a long term plan for meeting future
demands in the Edwards Aquifer region.

MP-6

Technical Factors in Edwards Aquifer Use and
Management

Technical Advisory Panel of the Joint Special
Committee on the Edwards Aquifer

Joint Committee on the Senate and House of
Representatives

February, 1990

Edwards Aquifer and Nueces, San Antonio, and
Guadalupe River Basins

Have a panel of technical experts assess
technical information on the Edwards Aquifer
and offer professional opinions on technical
issues about the function and operation of the
aquifer.

. R |

.4 (.2

a3

- |

.3 .3 3



|

Report:

Title:

Authors:

Sponsor:
Date:
Study Area:

Purpose:

TABLE 3.1-2
TECHNICAL DATA REVIEW PANEL
MASTER PLANS

MP-1

Regional Water Plan for the Guadalupe River
Basin

Guadalupe- Blanco River Authority, HDR
Engineering, Inc.

Guadalupe-Blanco River Authority
January 1991
Guadalupe River Basin

Assess current and future water needs and
supplies in the Guadalupe Basin.

Report:
Title:

Author:

Sponsor:
Date:
Study Area:

Purpose:

MP-2

Bexar County Water Supply Projects

City Water Board, City Public Service, City of
San Antonio, Alamo Conservation District,
private well owners, Bexar County Water
Perveyors and members of the local engineering
community.

Same as Author

August, 1990

Bexar County

Compare demands and supplies for the greater
San Antonio Metropolitan Area and recommend a
course of action for meeting future demands.
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Report:
Title:

Author:

Sponsor:
Date:

Study Area:

MP-3
Report to the Mayor and City Council

Greater San Antonio Area Citizen's Committee
on Water

City of San Antonio
March, 1992

Edwards Aquifer

Purpose: Develop San Antonio's fundamental strategies
to secure long-term water supply through the
year 2040.

Report: MP-4

Title: Regional Water Task Force-Final Report

Author: Coastal Bend Alliance of Mayors; Regional
Water Task Force

Sponsor: Coastal Bend Alliance of Mayors; Corpus
Christi Area Economic Development Corporation
for Port of Trade - Port of Corpus Christi;
Texas A & I University

Date: June, 1990

Study Area:

Purpose:

Lower Nueces River Basin and the 3joining
Coastal Basins

Task force findings, report and
recommendations on water supply issues for
Coastal Bend (Corpus Christi area).

Y [ G R T |
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Report:

MP-5

Title: Regional Water Resource Study

Author: CH2M Hill

Sponsors: City of San Antonio
Edwards Underground Water District

Date: April 1986

Study Area: Edwards Aquifer, Nueces, Guadalupe and San
Antonio River Basins

Purpose: Develop a long term plan for meeting future
demands in the Edwards Aquifer region.

Report: MP-6

Title: Technical Factors in Edwards Aquifer Use and
Management

Author: Technical Advisory Panel of the Joint Special
Committee on the Edwards Aquifer

Sponsor: Joint Committee on the Senate and House of
Representatives

Date: February, 1990

Study Area: Edwards Aquifer and Nueces, San Antonio, and
Guadalupe River Basins

Purpose: Have a panel of technical experts assess

technical information on the Edwards Aquifer
and offer professional opinions on technical
issues about the function and operation of the
aquifer.
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Page 1

TABLE 3.2-1
TECHNICAL DATA REVIEW PANEL

EXISTING SURFACE WATER SOURCES AND SUPPLY

Basin:
Project:

Study:

Firm Yielad
(acre feet/year)

61,000

37,500

30,300

27,000

27,000

SYSTEMS IN THE STUDY AREA
Guadalupe
Canyon Reservoir

Espey Huston and Associates. Water

Availability for the Guadalupe and San Antonio
River Basins. 1986.

Conditions

- Historical spring flows (1940-82)

- San Antonio return flows equal
135,000 acre—~-feet per year

- Applewhite and Coleto Creek in
operation

- Historical spring flows (1940 - 82)

- San Antonio return flows equal
135,000 acre-feet (present
condition -1986)

- Applewhite Reservoir in operation

- Zero spring flows

- San Antonio return flows equal
135,000 acre-feet per year

- Applewhite and Coleto Creek in
operation

- Spring flows equal 273,872 acre-feet
per year

- San Antonio return flows equal
170,000 acre-feet per year

- City of San Antonio reuse equals
100,000 acre-feet per year

- Spring flows equal 273,872 acre-feet
per year

- San Antonio return flows at 116,280
acre~-feet per year net

- City of San Antonio reuse equals to
153,720 acre-feet

3 | 3 __3 {2 ‘ 3
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Table 3.2-1

26,000

24,500

24,000

Page 2
- Springs flow artificially
maintained, equal 160,000 acre-feet

per year

- San Antonio return flows equal
90,000 acre feet per year

- San Antonio reuse equals 180,000
acre-feet per year

- Spring flows equal 240,565 acre-feet

- San Antonio return flows equal
135,000 acre-feet (present
condition - 1986)

- Spring flows equal 240,565 acre-feet
per year

- San Antonio return flows equal
170,000 acre-feet per year net

- San Antonio reuse equals 100,000
acre-feet per year

- Spring flows equal zero
- San Antonio return flows equal
270,000 acre-feet per year

Texas Water Development Board. Water for

Texas. 1990.

Projected Supply for Year 2000 equals 50,000 acre-feet per year.
This is the original permitted water supply amount.

Firm Yield
(acre-feet/year)

52,000

41,000

Basin:

Espey Huston and Associates. DRAFT,

Engineering Analysis and Hydrologic Modelling
to Determine the Effects of Subordination on

Hydropower Water Rights, Espey Huston and
Associates, 1991.

Conditions

- Historical recharge

- Spring flows resulting from 1981-86
Edwards Aquifer pumping rates

- Subordination of GBRA hydroelectric
rights to Canyon Lake

- Historical spring flow
- Honor all downstream rights

San Antonio
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Table 3.2-1 Page 3
Project: Medina Lake
Study: Espey Huston and Associates, Inc. Medina Lake
Hydrology Study. 1989.
Firm Yield

(acre-feet/year) Conditions

0 - Historical flows (1940-1986)
Maximum Average Annual Yield

(acre-feet/vyear) Conditions

55,704 - Historical flows

- Reservoir operated to divert maximum
amount of available water up to
limit of permit each year ( scalping
operation)

Note: Six other alternative operating criteria (scalping
operation) examined by this study reported average annual yields
(not firm) of between 35,896 and 55,485 acre-feet per year.

Study: Texas Water Development Board. Water for
Texas. 1990.

Projected Supply for Year 2000 equals 39,200 acre-feet. This

amount was calculated as the least annual amount available under
the current operation criteria for the reservoir.

Study: U.S. Department of Interior, Bureau of
Reclamation. Storage and Irrigation
Facilities Technical Report. 1992.
Firm Yield
(acre-feet/year) Conditions
27,500 - Irrigation demand pattern
- Recharge to Edwards Aquifer simulated at
average of 60,000 acre-feet/year
- Losses in Diversion Reservoir and past
Diversion Dam were not considered
29,500 - Municipal demand pattern

- Losses in Diversion Reservoir and past
Diversion Dam were not considered

- Recharge to Edwards Aquifer simulated at
average of 60,000 acre-feet/year

N
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Table 3.2-1

Page 4

0 - Diversion at Diversion Dam
- Losses in Diversion Reservoir and past
Diversion Dam considered
Basin:
Project: Lake Corpus Christi/ Choke Canyon
Study: HDR Engineering, Inc. Regional Water Supply

Firm Yield

(acre-feet/year)

Planning Study - Phase I Nueces River Basin.

Conditions

187,800 Phase II operating policy
All prior water rights honored
1990 sediment condition (169,700
acre-feet firm yield at 2040
sediment conditions)
220,000 Phase IV operating policy
All prior rights honored
1990 sediment conditions (197,500
acre-feet firm yield at 2040
sediment conditions)
Study: Bureau of Reclamation. Nueces River Basin, A
Special Report. 1983
Firm Yield
(acre-feet/year) Conditions
252,000 Year 2010 stream flow and sediment
conditions
Downstream water rights were not
considered
237,000 Year 2010 stream flow and Year 2070
sediment conditions
Downstream water rights not
considered
Study: Texas Water Development Board. Water for Texas.

1990.

Projected Supply for Year 2000 equals 178,670 acre-feet. This
amount was calculated as the permitted water supply of the
reservoir less releases required for bays and estuaries plus return

flows.
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Basin:
Project:

Study:

Firm Yield
(acre-feet/year)

75,000

Page 5

Lavaca~Navidad

Lake Texana (Palmetto Bend - Stage I)

Bureau of Reclamation. Final Environmental

Impact Statement Palmetto Bend Project, Texas.
1974.

Conditions

- 100 years of sediment accumulation
(33,000 acre-feet)

- Initial storage capacity (estimated)
of 192,000 acre-feet

- Initial area (actual) of 9900 acres

Firm Yield
(acre-feet/year)

82,645

105,745 to 149,645

92,345 to 105,745

114,645 to 154,845

HDR Engineering, 1Inc. Cost Update for
Palmetto Bend Stage II and Yield Enhancement
Alternative for Lake Texana and Palmetto Bend

Stage II. 1991.

Conditions
- 1985 conditions

- with varying amounts of purchase
Garwood Irrigation water ranging
from 30,000 acre-feet to 168,000
acre-feet per year and varying
pumping rates and monthly pumping
regimes.

- with varying amounts of supplemental
diversion of unappropriated Colorado
River water and varying pumping
rates.

- with varying combinations of Garwood
Irrigation purchases and diversions
of unappropriated Colorado River
Water

Texas Water Development Board. Water for
Texas. 1990.

Projected Supply for Year 2000 equals 75,000 acre-feet. This is

the permitted water

supply from the reservoir.

i
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Page 1
TABLE 3.2-2
TECHNICAL DATA REVIEW PANEL
POTENTIAL UNDEVELOPED SURFACE WATER SOURCES
IN THE STUDY AREA

Basin: Guadalupe
Stream: Blanco River
Project: Clopton Crossing Reservoir

Project Size: 285,000 Acre-Feet, 6000 Acres

Study: Espey Huston and Associates. Water Availability
Study for the Guadalupe and San Antonio River
Basins. 1986.

Firm Yield varies from 34,000 to 35,000 for four scenarios of
varying spring flows, San Antonio reuse and San Antonio return

flows.

Basin: Guadalupe

Stream: Plum Creek
Project: Lockhart Reservoir

Project Size: 55,600 Acre-Feet, 2950 Acres

Study: Espey Huston and Associates. Water Availability
- Study for the Guadalupe and San Antonio River

Basins. 1986.

Firm Yield is 7700 acre-feet per year for three scenarios of
varying spring flows, San Antonio return flows and San Antonio

reuse.

Basin: Guadalupe

Stream: Guadalupe
Project: Cuero I Reservoir

Project Size: 1,150,000 Acre-Feet, 41,500 Acres, Elevation 242.0
MSL

Study: Espey Huston and Associates. Water Availability
Study for the Guadalupe and San Antonio River
Basins. 198e6.

Firm Yield
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Table 3.2-2

(acre-feet/year)
272,000

241,000

186,000

185,000

173,000

172,000

159,000

158,000

151,000

Page 2
Conditions
No bay and estuary requirements
Historical spring flows (1940 -
1982)
San Antonio return flows equal
135,000 acre-feet/year

50% subordination of Calhoun Canal
water rights

Full bay and estuary requirements
San Antonio return flows equal
135,000 acre-feet/year

Historical springflows (1940 - 1982)
Full bay and estuary requirements
Operating with Lockhart Reservoir
San Antonio return flows equal
135,000 acre-feet/year

Historical springflows (1940 - 1982)
Full bay and estuary requirements
Operating with Cibolo Reservoir
San Antonio return flows equal
135,000 acre-feet

Historical springflow (1940 - 1982)
Full bay and estuary requirements
Operating with Clopton Crossing
San Antonio return flows equal
135,000 acre-feet

Spring flows equal 273,872 acre-feet
per year

San Antonio return flows equal
116,280 acre-feet per year

Full bay and estuary requirements
San Antonio reuse equals 153,720
acre-feet per year

Historical spring flows (1940 -
1982)

San Antonio return flows equal
135,000 acre-feet per year

Full development of basin reservoirs
Full bay and estuary requirements

Spring flows equal 240,565 acre-feet
per year

San Antonio return flows equal
135,000 acre-feet per year

Full bay and estuary requirements

Spring flows equal 240,565 acre-feet
per year
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Table 3.2-2 Page 3
- San Antonio return flows equal
170,000 acre-feet per year
- San Antonio reuse equals 100,000
acre-feet per year
Basin: Guadalupe
Stream: Sandies Creek
Project: Lindenau (Cuero II)

Project Size:

Study:

Firm Yield

600,000 Acre-Feet, 26,900 Acres, Elevation 232.0
MSL

Espey Huston and Associates. Water Availability

Study for the Guadalupe and San_Antonio River
Basins. 1986.

(acre-feet/year) Conditions

107,000

100,000

- Historical spring flows (1940 -
1982)

- Full bay and estuary requirements

- San Antonio return flows equal
135,000 acre~-feet per year (present
conditions - 1986)

= Includes pumped water from Guadalupe
of 108,678 acre-feet per year

- Operating without Cuero I

- Spring flows equal to 273,872 acre-
feet per year

- Full bay and estuary requirements

- San Antonio return flows equal
116,280 acre-feet per year

- San Antonio reuse equals 153,720
acre-feet per year

- Includes pumped water from Guadalupe
of 103,085 acre-feet per year

- Operating without Cuero I

Study: Texas Water Development Board. Water for Texas. 1990

Projected supply for Year 2000 equals 101,600 acre-feet per year.
It was not indicated if this is a firm yield amount.
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Table 3.2-2 Page 4
Basin: Guadalupe

Stream: Guadalupe River and Sandies Creek

Project: Cuero I and Lindenau Reservoirs

Project Size: Same as for Individual Reservoirs

Study: Espey Huston and Associates. Water Availability

Study for the Guadalupe and San Antonio River

Basins.
Firm Yield
(acre-feet/year) Conditions

219,000 Historical spring flows (1940 -
1982)
San Antonio return flows equal
135,000 acre-feet per year
Full bay and estuary requirements

207,000 Spring flows equal 273,872 acre-feet
per year
San Antonio return flows equal
170,000 acre-feet per year
San Antonio reuse equals 100,000
acre-feet per year

194,000 Historical spring flows (1940 -
1982)
San Antonio return flows equal
135,000 acre-feet per year
Full bay and estuary requirements
Full development of Goliad, Clopton
and Lockhart projects

Study: Texas Water Development Board. Water for Texas. 1990

Projected supply for Year 2040 equals 208,000 acre-feet per year.
It was not indicated if this is a firm yield amount.

a2 a2 a2 .3 3

.d 3

.

w3 a2 2 .3



Table 3.2-2

Page 5

Basin: San Antonio
Stream: Medina River
Project: Applewhite Reservoir

Project Size: 45,250 Acre-Feet, 2500 Acres, Elevation 536.0 MSL

Study: City Water
December,

Averadge Yield

(acre-feet/vear)
53,017

48,000

Board. Applewhite Fact Sheet.

Conditions

Diversions from Leon Creek only
during floods and when water quality
is suitable

Reservoir operating to direct
maximum amount of available water up
to the limit of the permit each year
(scalping operation)

Without diversions from Leon Creek
Reservoir operating to direct
maximum amount of available water up
to the limit of the permit each year
(scalping operation)

Study: Espey Huston and Associates. Medina I.ake Study. 1989

Firm Yield
{acre-feet/year)

48,438 to 55,265

Conditions

- Including Leon Creek diversions.
- Reservoir operating to direct

maximum amount of available water up
to the limit of the permit each year
(scalping operation)

Yield varies from 48,438 to 55,265
acre-feet per year for eight
scenarios of operating criteria for
Medina Lake
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Table 3.2-2 Page 6

Study: Texas Water Development Board. Water for Texas. 1990

Projected supply for Year 2000 equals 7,900 acre-feet per year.
This is the least annual amount available under the proposed
scalping operation of the reservoir.

Basin: San Antonio
Stream: Cibolo Creek
Project: Cibolo Creek Reservoir

(Lower Site)

Project Size: 404,000 Acre-Feet, 16,700 Acres, Elevation 416.0
MSL

Study: Espey Huston and Associates. Water Availability

Study for the Guadalupe and San Antonio River
Basins. 1986.

Firm yield was calculated to be 30,000 acre-feet per year for four
scenarios of varying spring flows, San Antonio reuse and San
Antonio return flows.

Basin: San Antonio
Stream: Cibolo Creek
Project: Cibolo Creek Reservoir

(Upper Site)
Project Size: 173,000 Acre-Feet, 9200 Acres, Elevation 416.4 MSL
Study: Lockwood, Andrews and Newman. Feasibility of
Cibolo Reservoir Project with Dam Near Stockdale.
1965.

Firm yield was calculated to be 18,000 to 24,500 acre-feet per year
varying with minimum drawdown elevation.

Basin: San Antonio
Stream: San Antonio River
Project: Goliad Reservoir

Project Size: 683,000 Acre-Feet, 27,800 Acres, Elevation 200.0
MSL

3 -3 _3 .13
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Table 3.2-2 Page 7
Study: Espey Huston and Associates. Water Availability

Study for the Guadalupe and San Antonio River

Basins.

Firm Yield

(acre-feet/year)
119,000

115, 000

54,000

Conditions

Spring flows equal 273,872 acre-feet
per year

San Antonio return flows equal
116,280 acre-feet per year

Full bay and estuary requirements
San Antonio reuse equals 153,720
acre-feet per year

Historical spring flows

San Antonio return flows

135,000 acre-feet per year
(present condition - 1986)

Full bay and estuary requirements
Single reservoir operation

Historical spring flows

San Antonio return flows

equal 135,000 acre—-feet per year
(present condition - 1986)

Full bay and estuary requirements
Full development of Clopton
Crossing, Cuero I, and Lindenau and
Lockhart Reservoir

Study: Texas Water Development Board. Water for Texas. 1990

Projected supply for Year 2040 equals 148,400 acre-feet per year.
It was not indicated if this is a firm yield amount.

Basin: Nueces
Stream: Nueces
Project: Simmons Reservoir

Project Size: 450,000 Acre-Feet, 26,400 Acres

Study: Freese and Nichols, Inc. Report on Availability of

Additional Surface Water Supply from the Nueces
River Between Uvalde and Three Rivers.
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Table 3.2-2 Page 8
Firm Yield
(acre-feet/year) Conditions
14,400 - Honoring Choke Canyon and Lake
Corpus Christi water rights
124,900 - Impounding all inflows
- Loss of 120,000 acre-fees per year
of firm yield 1in Lake Corpus
Christi/Choke Canyon System
Basin: Nueces
Stream: Nueces
Project: Harris Reservoir

Project Size:

400,000 Acre-Feet, 21,200 Acres

Study: Freese and Nichols, Inc. Report on Availability of
Additional Surface Water Supply from the Nueces
River Between Uvalde and Three Rivers.
Firm Yield
(acre-feet/year) Conditions
4,400 - Honoring Choke Canyon and Lake
Corpus Christi water rights
51,700 - Impounding all inflows
(net 9700) - Loss of 120,000 acre-feet per year
of firm yield in Lake Corpus
Christi/Choke Canyon System
Basin: Nueces
Streanm: Nueces
Project: Indian Creek

Project Size:

165,000 Acre-Feet, 7700 Acres

Study: Freese and Nichols, Inc. Report on Availability of
Additional Surface Water Supply from the Nueces
River Between Uvalde and Three Rivers.
Firm Yield
(acre-feet/year) Conditions
o - Honoring Choke Canyon and Lake

Corpus Christi water rights
- Honoring Lake Corpus Christi/Choke
Canyon water rights

—4a 3 3 A2 3
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Table 3.2-2

Page 9

13,300 - Impounding all inflows
- Loss of 11,000 acre-fees per year of

firm yield in Lake Corpus
Christi/Choke Canyon System

Basin: Nueces

Stream: Nueces

Project: Bluntzer Reservoir

Study: Rauschuber D. G., and Associates, Inc. Final

Firm Yield

Report - Potential for Development of Additional

Water Supply from the Nueces River Between Simmons
and Calallen Diversion Dam. 1985.

(acre-feet/year) Conditions
4,500 to 27,250 - Net gain when operated as a system

with Lake Corpus Christi/Choke
Canyon System

- Net gain varies with selected
reservoir system

Basin:
Stream:
Project:
Project Size:

Study:

Firm Yield

Nueces

Nueces

R & M Reservoir

986,000 Acre-Feet, 31,000 Acres

Rauschuber D. G., and Associates, Inc. Final

Report - Potential for Development of Additional

Water Supply from the Nueces River Between Simmons
and Calallen Diversion Dam. 1985.

(acre-feet/year) Conditions
9500 to 68,300 - Net gain when operated as a system

with Lake Corpus Christi/Choke
Canyon System

- Net gain varies with selected
reservoir system
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Table 3.2-2 Page 10
Basin: Nueces
Stream: Nueces
Project: Simmons Pump Facility
Study: Rauschuber D. G., and Associates, 1Inc. Final
Report - Potential for Development of Additional
Water Supply from the Nueces River Between Simmons
and Calallen Diversion Dam. 1985.
Firm Yield
(acre-feet/year) Conditions
- Pumping from Nueces River to Choke
Canyon Reservoir
6,000 to 14,000 - Net gain when operated as a system
with Lake Corpus Christi/Choke
Canyon System
- Net gain varies with pump station
size
Basin: Nueces
Stream: Nueces
Project: Cotulla Reservoir

Project Size:

341,000 Acre-Feet, Elevation 447.5 MSL

Study: Bureau of Reclamation. Nueces River Basin. 1983.
Firm Yield
(acre-feet/year) Conditions
2000 - 2000 acre-feet diverted at Cotulla
- Total system yield is 252,000 acre-
feet/year
2500 (net) - Cotulla reservoir operated as a
system with Choke Canyon and Lake
Corpus Christi
- All diversions from Lake Corpus
Christi
- Lakes operated to maintain minimum
recreation use
- Total system yield is 254,500 acre-
feet/year
17,000 - Cotulla reservoir operated as a

system with Choke Canyon and Lake
Corpus Christi

-3
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Table 3.2-2 Page 11

- Diversion at Cotulla
- Total system yield is 269,400 acre-
feet/year

18,300 - Cotulla reservoir operated as a
system with Choke Canyon and Lake
Corpus Christi
- System is operated to maximize yield
(17,000 acre-feet gained by change
in operation from scenarios cited

above)
- Total system yield is 287,700 acre-
feet/year
Basin: Nueces
Stream: Nueces
Project: Cotulla Diversion Dam and Canal
Study: Bureau of Reclamation. Nueces River Basin. 1983
Firm Yield
(acre-feet/year) Conditionsg
- Diversion from Nueces River to Frio
River
15,900 (net) - Cotulla diversion dam and canal are
operated as a system with Choke
Canyon and Lake Corpus Christi
- System is operated to maximize yield
- Total system yield is 285,300 acre-
feet/year
Basin: Lavaca-Navidad
Stream: Lavaca River
Project: Palmetto Bend Stage 2

Project Size: 93,000 Acre-Feet, 6900 Acres, Elevation 44.0 MSL

Study: Bureau of Reclamation. Final Environmental Impact
Statement Palmetto Bend Project, Texas. 1974
Firm Yield
(acre-feet/year) Conditions
30,000 - 100 years sediment condition
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Table 3.2-2 Page 12
Study: HDR Engineering, Inc. Cost Update for Palmetto Bend

Stage II and Yield Enhancement Alternative for lake
Texana and Palmetto Bend Stage II. 1991.

Firm Yield
(acre-feet/year) Conditions
48,171 - Year 2000 conditions
43,355 - Year 2040 conditions
Basin: Lavaca-Navidad
Stream: Navidad and Lavaca Rivers
Project: Lake Texana and Palmetto Bend Stage 2

Project Size: Same as Individual Reservoirs

Study: HDR Engineering, Inc. Cost Update for Palmetto
Bend Stage 2 and Yield Enhancement Alternative for
Lake Texana_ and Palmetto Bend Stage 2. 1991.

Firm Yield
(acre-feet/year) Conditions
131,785 - Year 2000 conditions
125,792 - Year 2040 conditions
163,785 to 207,085 - with varying combinations of Garwood
Irrigation purchases and diversions
of unappropriated Colorado River
Water
Basin: Lavaca-Navidad
Stream: Navidad River
Project: Lake Texana and Garwood Irrigation System
Study: HDR Engineering, Inc. Cost Update for Palmetto

Bend Stage 2 and Yield Enhancement Alternative for
Lake Texana and Palmetto Bend Stage 2. 1991.

Firm yield enhancement varies from 23,100 to 70,100 acre-feet per
year with vary amounts of diversion from Garwood Irrigation System
(Colorado River) to Lake Texana.

—d 3
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TABLE 3.6-1
TECHNICAL DATA REVIEW PANEL

EXISTING DESALINATION PROJECTS

TEXAS WATER DEVELOPMENT BOARD

gﬁ

LOCATION OPERATOR CAPACITY STATUS TYPE FEED USE
Corpus Christi Lamda Division 216,000 Operating Reverse Inland Industrial
of Veeco gal/day Osmosis Fresh
Water
Corpus Christi Central Power 108,000 Operating Reverse Inland Power
and Light gal/day Osmosis Fresh
Water
' George West U.S. Steel ? Operating Reverse Waste~ Industrial
Corporation Osmosis Water
. Rockport Aransas Co. 125,000 Out of Reverse Inland Municipal
MUD No. 1 gal/day Service Osmosis Brackish
Water
San Antonio University of 40,000 Operating Reverse Inland Industrial
Texas Medical gal/day Osmosis Fresh
Center Water
Three Rivers Wyoming Minerals 576,000 Operating Reverse Waste- Industrial
Corporation gal/day Osmosis Water
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TABLE 3.7-1

TECHNICAL DATA REVIEW PANEL
EXISTING SURFACE WATER SOURCES

Permitted Calculated Committed Cost of
Annual Annual Annual Annual Water
Yield Yield(s) Yield Yield Delivered

Project acre-feet acre-feet acre-feet $/acre-feet To
Canyon Reservoir 50,000 (1) 24000t0(2) 30,200 53.03 A

61,000
Medina Lake System 66,000 002 all (5) © B

27,500 (3)

55,704 (4)
Choke Canyon Reservoir 139,000 )] )] )] 4]
Lake Corpus Christi 300,000 @ ) ()] )
Choke Canyon/ 252,000 169,700 to 221,000 (8) 34.52 C
Lake Corpus Christi 252,000(2)
Lake Texana 75,000 82.645(2) 32,000 (9) 45.00 (10) D

(1) See special conditions.
(2) Fimm yield

(3) Firm yield at Medina Lake not considering losses at Diversion Lake
(4) Maximum average annual yield based on current operation

(5) Subject to availability

(6) Water paid for with tax rate of $10 per acre plus $8 per acre for each irrigation
See Choke Canyon/Lake Corpus Christi below

(8) 130,000 acre-feet to municipal and industrial uses; 97,000 acre-feet to Nueces Bay, less return flows (6000 acre

feet at present)

(9) Additional 41,288 acre-feet under contract to sell to Port Authority of Corpus Christi
(10) Program increases to $65 per acre-foot by year 2004

A B C D
-New Braunfels -Approximately 1800 land At Lake Corpus Christi:  -Formosa Plastics
-San Marcos owners -Mathis, Beeville & Alice
-Seguin At Corpus Christi WTP:
-Gonzales WSC -Corpus Christi, San
-Spring Hill WSC Patricio MWD, Koch
~Calhoun County WSC Refining Co., and
-Union Carbide Hoechst-Celanese Co.
-Central Power and Light At Choke Canyon
Co. Reservoir:

-Three Rivers, Diamond

Shamrock, and TP&WD

”“J



TABLE 3.7-2
TECHNICAL DATA REVIEW PANEL

COMPARISON OF UNIT COSTS - POTENTIAL UNDEVELOPED SURFACE WATER PROJECTS

3 14

ANNUAL
CONSTRUCTION COST OPERATING and MAINTENANCE COST TOTAL
- Source Annual Firm  Original Updated (1/92) Annualized Annual Unit Original Updated Annual Annual
of Data Yield Estimate Estimate Estimate Cost Estimate  Estimate Estimate Unit Cost Unit Cost
Project (year) acre-feet $ x 1000 $ x 1000 $ x 1000  S$/acre-foot $ x 1000 $ x 1000 Estimate Estimate
®R) (R) 2 ©) 3)(©) ©) (R) 4) $ x 100(C) _$ x 1000(C)
GUADALUPE BASIN
Clopten Crossing BuRec 40,000 71,067 114,232 11,469 287
Reservoir (1978)
Cuero I Reservoir Espey-Huston 151,000 to 317,517 362,282 36,373 241 10 133 1,683 2,120 14108 255 to 141
(1986) 272,000
TWDB 145,000 304,620 312,247 31,350 216 Operating and maintenance costs 216 (5)
(1990) not available
Lindenau (CuerolI)  Espey-Huston 100,000 to 244,681 279.177 28,029 280 o0 262 2,932 3,694 371034 327 10 296
Resevoir (1986) 107,000
TWDB 107,000 276,410 283,330 28,446 266 Operating and maintenance costs 266 (5)
(1990) not available
Cuerol & Lindenau  Espey-Huston 194,000 1o 522,481 596,142 59,853 308 10 273 4,829 6,084 311028 339 10 301
Resevoirs (1986) 219,000
SAN ANTONIO BASIN
Applewhite Reservoir Freese & Nichols 48,000 (1) 75,100 80,570 8,069 168 (1)
(1988)
TWDB 14,900 92,510 94,826 9,520 639 Operating and maintenance costs 639 (5)
(1990) not available
SAN ANTONIO BASIN
Cibolo Creek Espey-Huston 30,000 200,457 228,718 22,963 765 1,642 2,069 69 834
Reservoir (Lower) (1986)
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TABLE 3.7-2 (Continued) Page 2
ANNUAL
CONSTRUCTION COST OPERATING and MAINTENANCE COST TOTAL
Source Annual Firm  Original Updated (1/92) Annualized Annual Unit  Original Updated Annual Annual
of Data Yield Estimate Estimate Estimate Cost Estimate  Estimate Estimate Unit Cost Umf Cost
Project (year) acre-feel $ x 1000 $ x 1000 $ x 1000  S$/acre-foot $ x 1000 $ x 1000 Estimate Estimate
(R) (R) ) (©) 3)(©) (C) (R) "(4)" $ x 1000(C) $ x 1000{C)
Cibolo Creek Lockwood 18,800 to 11,300 to 50,174 10 5,037 to 205 1o 320 15 66 3 208 10 323
Reservoir (Upper) Andrews & 24,500 13,500 59,943 6,018
Newnam
(1965)
Goliad Reservoir Espey-Huston 54,000 two 172,424 196,733 19,752 365 to 166 4,272 5,383 100 10 45 465 10 211
(1986) 119,000
TWDB 148,400 254,490 265,987 26,705 180 Operating and maintenance costs 180 (5)
(1990) not available
NUECES BASIN
Bluntzer Reservoir Rauschuber 4,500 to 173,413 197,942 19,873 4,416 to 300 379 84 t0 14 4,500 to
(1985) 27,250 729 743
R & M Reservoir Rauschuber 9,500 to 236,322 269,750 27,083 2,851 o0 300 379 4010 6 2,891 1o
(1985) 68,300 397 403
Simmons Pump Rauschuber 6,000 to 6,378 7,280 731 122 10 52
Facility (1985) 14,000
Cotulla Reservoir BuRec 2,000 10 183,142 213,871 21,472 10,736 1o 83 115 57 10 46 10,791 1o
(1983) 2,500(net) 8,589 8,635
Cotulla Diversion BuRec 15,900 176,290 205,869 20,669 1,300 32 44 3 1,303
Canal (1983)
LAVACA-NAVIDAD BASIN
Palmetto Bend - BuRec 30,000 Construction estimate not available
Stage I1 (1974)
HDR 43,555 o 75,243 76,928 7,723 177 10 160 800 815 1910 16 196 to 176
Engineering 48,172
(1991)



SIT

TABLE 3.7-2 (Continued) Page 3
ANNUAL
CONSTRUCTION COST OPERATING and MAINTENANCE COST TOTAL
Source Annual Firm Original Updated (1/92) Annualized Annual Unit Original Updated Annual Annual
of Data Yield Estimate Estimate Estimate Cost Estimate  Estimate Estimate Unit Cost Unit Cost
Project (year) acre-feet $ x 1000 $ x 1000 $x 1000 $/acre-foot $ x 1000 $ x 1000 Estimate Estimate
[R) (R) (2) (©) 3)(©) ©) [R) "4 $ x 1000(C) § x 1000(C)
Lake Texana and HDR 44,396 1o 112,653 115,177 11,563 260 10 229 800 815 1810 16 278 10 245
Palmetto Bend - Engineering 50,389
Stage I (1991)
Lake Texana and HDR 23,100 10,450 10,684 1,073 46 640 652 28 74
Garwood Irrigation  Engineering 38,100 41,129 42,050 4,222 111 395 402 11 122
(1991) 70,100 109,571 111,571 11,202 160 1,046 1,065 15 175

(1) Annual average supply, not a firm yield

(2) Using Engineering News - Record Building Cost Index, March 30, 1992

(3) Interest rate 8%, 20 year payment; factor = .1004

(4) Using Consumer Price Index for all Urban Consumers:U.S. City Average, all items
(5) Operating and maintenance costs not included

(C) value calculated by Technical Data Review Panel

(R) value taken from technical report

LIMITATIONS ON USE OF THIS DATA

1. Quality of cost estimates vary greatly, from general to detailed.

2. Year of original cost estimates vary, index for updating costs may not be valid over long term.

3. Environmental costs have increased over time span of cost estimates; estimates may not include sufficient environmental costs, especially earlier estimates.
4. Variation in calculated yield causes unit costs to vary.
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TABLE 3.7-3
TECHNICAL DATA REVIEW PANEL
COMPARISON OF UNIT COSTS - POTENTIAL UNDEVELOPED DELIVERY SYSTEMS

CONSTRUCTION COST OPERATING AND MAINTENANCE TOTAL

COST
Annual Original Updated  Annualized Annual Unit  Original Updated Annual Annual
Throughput Estimate  Estimate  Estimate Cost Estimate Estimate Estimate Unit Cost  Unit Cost

Source of Data Delivered acre-feet $x1000 S$x1000 $x 1000 $/acre-foor $x1000 $x1000 Estimate Estimate

PROJECT (year) To (R) (R) (1) (C) (2) (C) (C) (R) 3) $ x 1000(C) $ x 1000{C)

Canyon Reservoir TWDB San Marcos 19,000 23,300(4) 23,883 2,398 126 Operating and maintenance costs 126 (6)
(1990) nolt available.

Cuero I Reservoir Espey-Huston Cibolo Reservoir 188,000 116,687 133,138 13,367 71 8,241 10,384 55 126
(1986) (Lower)

Cuero I Reservoir TWDB San Antonio 172,400 125,000(4) 179,586 18,030 105 Operating and maintenance costs 105 (6)
(1990) not available.

Lindenau (Cuero ) Espey-Huston Cibolo Reservoir 107,000 70,662 80,624 8,094 75 5,252 6,618 62 127

Resevoir (1986) (Lower)

Cuero I & Lindenau Espey-Huston Cibolo Reservoir 219,000 103,283 117,844 11,832 54 10,257 12,424 59 113

Resevoirs (1986) (Lower)

Medina Lake TWDB San Antonio 28,500 44,500(4) 45,614 4,580 161 Operating and maintenance costs 161 (6)
(1990) not available.

Goliad Reservoir TWDB San Antonio 148,400 158,600(4) 165,571 - 16,322 110 Operating and maintenance costs 110 (6)
(1990) not available.

Lake Texana TWDB Corpus Christi 30,000 89,700(5) 91,946 9,231 308 Operating and maintenance costs 308 (6)
(1990) not available.

(1) Using Engineering News - Record Building Cost Index, March 30, 1992

(2) Interest rate 8%, 20 year payment; factor = 0.1004

(3) Using Consumer Price Index for all Urban Consumers: U.S. city average, all items.

(4) Includes mitigation costs, costs updated to 1990 from estimate years by BuRec cost index
(5) Corpus Christi estimate is $47,200,000

(6) Operating and maintenance costs not included

(C) Value calculated by Technical Data Review Panel

(R) Value taken from technical report

LIMITATIONS ON USE OF THIS DATA
1. Quality of cost estimates vary greally, from general to detailed.

2.  Year of original cost estimates vary, index for updating costs may not be valid over long term.

3. Environmental costs have increased over time span of cost estimates; eslimates may not include sufficient environmental costs, especially earlier estimates.
4. Variation in calculated vield causes unit costs to vary.
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TABLE 3.74
TECHNICAL DATA REVIEW PANEL
SUMMARY OF NUECES BASIN RECHARGE ENHANCEMENT PROJECTS
TYPE 1 RESERVOIRS (1)

| 100% Conservation Capacity

r‘ Recharge Cost/Unit Recharge Cost/Unit
|_ Project Percent Enhance- Recharge Enhance- Recharge
Capacity meat Enhance- ment Enhance-
(acft/yr) ment (acft/yr) ment
r ($/actt/yr) ($/acft/yr)
Upper Dry Frio 100 9,420 330 2,900 1,072
r Upper Verde 100 4,600 339 1,390 1,120
Upper Sabinal 100 14,670 357 2,520 2,078
Fm Upper Hondo 100 8,360 361 1,140 2,647
' Montell 100 34,200 381 9,200 1,415
F Upper Seco 100 3,820 398 290 5,246
' Concan 100 12,210 486 3,085 1,925
F Total 87,280 20,525
Optimum Conservation Capacity
Recharge Cost/Unit Recharge Cost/Unit
Project Percent Enhance- Recharge Enhance- Recharge
F Capacity ment Enhance- ment Enhance-
(acft/yr) ment (acft/yr) ment
($/acftlyr) ($/acftlyr)
F Upper Sabinal 10 10,080 163 2,520 650
Upper Verde 25 3,990 210 1,390 603
!' Concan 10 8,190 217 3,085 577
Upper Dry Frio 10 5,840 221 2,630 491
F Montell 10 26,370 240 9,200 688
Upper Hondo 10 4,700 248 1,140 1,024
F Upper Seco 50 3,410 335 290 3,944
Total 62,580 20,255
r\ (1) Honoring all downstream water rights.
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100% Conservation Capacity

TABLE 3.7-5
TECHNICAL DATA REVIEW PANEL
SUMMARY OF NUECES BASIN RECHARGE ENHANCEMENT PROJECTS
TYPE 2 RESERVOIRS (1)

.

Recharge Cost/Unit Recharge Cost/Unit
Project Percent Enhance- Recharge Enhance- Recharge
Capacity ment Enhance- ment Enhance-
(acft/yr) ment (acft/yr) ment
($/acft/yr) ($/acttlyr) i
Lower Sabinal 100 18,400 145 2,770 965 “
Lower Verde 100 6,220 215 1,980 676 II
Lower Hondo 100 9,420 255 1,190 2,021 II
‘ Lower Frio 100 14,400 267 3,180 1,211
Indian Creek 100 34,500 306 14,600 630
Lower Dry Frio 100 6,170 422 1,360 1,387
| Lower Seco 100 5,420 463 290 7,632
Elm Creek 100 670 662 120 2,584
Little Blanco 100 390 811 100 2,583
Quihi Creek 100 150 911 30 4,057
Leona River 100 280 1,318 60 4,253
Blanco 100 370 110 4,434
Total 96,210 25,790
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TABLE 3.7-5 PAGE 2
F Optimum Conservation Capacity
T
Recharge Cost/Unit Recharge Cost/Unit
Project Percent Enhance- Recharge Enhance- Recharge
Capacity meat Enhance- ment Enhance-
i (acft/yr) ment (acft/yr) ment
r ($/acft/yr) ($/acftlyr)
Lower Sabinal 10 7,720 66 2,300 221
F Lower Frio 10 5,940 114 2,020 337
Lower Verde 10 3,150 134 1,380 306
F Lower Hondo 10 3,930 150 1,190 494
Indian Creek 25 26,500 213 12,920 437
F Lower Dry Frio 25 4,090 216 1,360 650
Lower Seco 10 2,520 238 290 2,069
F Elm Creek 100 670 463 120 2,584
Little Blanco 100 3% 662 100 2,583
F Quihi Creek 100 150 811 30 4,057
Leona River 100 280 911 60 4,253
r Blanco 100 370 1,318 110 4,434
Total 55,710 21,880

()" Honoring all downstream rights except Lake Corpus Christi/ Choke Canyon System.

3
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TABLE 3.7-6 ?
TECHNICAL DATA REVIEW PANEL
COMPARISON OF UNIT COSTS - EXISTING SOURCES OF SUPPLY j
SOURCE TYPE PROJECT UNIT COST NOTES
$/ACRE-FOOT

Surface Water Lake Texana 45.00 Established rate '7

Canyon Reservoir 53.03 Established rate
Lake Corpus Christi)\ 34.52 Established rate R?

Water Reuse

Storage and
Recovery

Recharge

Desalination

220

Choke Canyon Reservoir

Medina Lake

City of Public Service
Board-Lakes Braunig and
Calaveras

(no existing projects)

Edwards Underground
Water District Projects

(no cost information on
existing projects)

11.33

60.00

38.74

Based on $10 per acre flat rate
plus 3 waterings @ $8 each for 3
acre-feet

.

Includes $50 per acre foot to
City of San Antonio and $10 per
acre foot pumping cost--
Facilities cost not inlcuded

Construction Cost only
annualized at 8% for 20 years
for average recharge of 5000
acre-feet
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TABLE 3.7-7
TECHNICAL DATA REVIEW PANEL

i

COMPARISON OF UNIT COSTS - POTENTIAL UNDEVELOPED SOURCES OF SUPPLY

— 3

T‘ SOURCE PROJECT SOURCE UNIT UNIT LIMITING FACTORS/NOTES
TYPE OF COoSsT COST
DATA $/AC-FT INCLUDES
O&M
i
E@ Major Clopton Espey 287 No No limiting factors cited/
Surface Crossing Huston Environmental considerations
Water 1986 not addressed
Fm Projects
: Cuero I Espey 141 to Yes Mitigation required, no
Reservoir Huston 255(1) known endangered species/
Fﬁ 1986
! TWDB 216 No No information, data only
1990
Lindenau Espey 296 to Yes Mitigation required, no
Reservoir Huston 327(1) known endangered species/
(Cuero II) 1986
i TWDB 266 No No information, data only
) 1990
1
Cuero I and Espey 301 to Yes Same as for separate
Lindenau Huston 339(1) projects
F’ Reservoirs 1986
|
' Applewhite Freese & 168 No Minimum yield during
Reservoir Nichols critical periods equal 7700
> 1988 acre-feet per year when
i operated for scalping/
TWDB 639 No No information, data only
rm 1990
Il
" Cibolo Creek Espey 834 Yes Environmental considerations
Reservoir Huston not addressed/
y (Lower) 1986
1? Cibolo Creek Lockwood 208 to Yes Environmental considerations
Reservoir Andrews & 323(1) not addressed/
{Upper) Newman
F 1965
- Goliad Espey 211 to Yes Environmental considerations
Huston 465(1) not addressed/
Fm 1986
. TWDB 180 No No information, data only
Bluntzer Rauschnber 743 to Yes Reduced bay inflows,
!? Reservoir 1985 4500(1) elevated bay salinity/
R&M Rauschunber 403 to Yes Reduced bay inflows,
Reservoir 1985 2891(1) elevated bay salinity/

S |

T3
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Table 3.7-7

Page 2.

e 4

Simmons Rauschunber 52 to Yes No limiting factors cited
Pump Station 1985 122(1)
Cotulla BuRec 1303 Yes No limiting factors cited
Diversion 1983
and
Canal
Palmetto HDR 176 to Yes Additional studies of bay
Bend-Stage Engineering 196(1) and estuary impacts
II 1991 required/
Lake Texana HDR 245 to Yes See Palmetto Bend Stage 11
and Palmetto Engineering 278(1)
Bend~Stage 1991
Ix
Lake Texana HDR 746 to Yes Interbasin transfer, change
and Garwood Engineering 175(2) in pupose of use/ Unit cost
Irrigation 1991 varies with varying amount
directed from Garwood to
Lake Texana 'ﬁ
Water Alamo Water AWCRD 200 to Yes These costss are reported
Reuse Conservation 1991 350(2) from a staff analysis,
Projects and Reuse wastewater delivered to
District San Antonio River in
Brackenridge Park,
industries, golf courses
etc. -Phase I of Reuse
Program, cost does not
include commodity charge
City of Stone & 215 to Yes No limiting factors cited/
Corpus Webster 635(2) Wastewater treated for
Christi 1984 industrial use, unit cost
varies with volume reused
City of Black & 345 to Yes Wastewater effluent treated, =™
San Antonio Veatch 425(2) cycled through Lakes Braunig
1990 and Calaveras and treated
for potable use by City
Water Board, unit cost ™
varies with volume reused
Storage Alamo Water CH2M HILL 464 Yes Availability of supply,
and Conservation 1991 transport losses, impact on
Recovery and Reuse receiving aquifer/ Storage ;
District by spreader basin, recovery
by wells, using Medina Lake
water
717 Yes Availability of supply,
transport losses, impact on
receiving aquifer/ Storage
and recovery by wells using "
Medina Lake water ”j
222
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| Table 3.7-7 Page 3

' Recharge Nueces Basin HDR 66 to Yes Less water (at higher cost)
Engineering 1318(3) available during critical
1991 periods/ Honoring all

downstream rights except
Lake Corpus Christi/Choke
Canyon; average conditions,
Type II projects, optimum
conservation capacity

HDR 330 to Yes Less water (at higher cost)
Engineering 486(3) available during critical
1991 periods/ Honoring all

downstream rights, average
conditions, Type 1 projects,
optimum conservation

capacity
 Desalination City of Stone & 352 to Yes Brackish groundwater, unit
Corpus Webster 782(2) cost varies with volume
Christi 1984 treated
Stone & 1218 Seawater
Webster
1984

(1) Unit cost varies with varying reservoir yield
"' (2) Unit cost varies with varying amounts used
" (3) Unit cost varies with separate recharge projects

LIMITATIONS ON USE OF THIS DATA

1. Unit cost are estimates.

Quality of cost estimates and yields used to compute unit costs vary greatly from report to
report.

Refer to text of report and tables for explanation of deviation of these unit costs.

This table provides a general comparison of alternatives and should not be used for
selection of alternatives.
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40 1
GENERAL

4.0 REDUCTION IN USE

This section addresses measures available for reduction in water use in two general categories.
Theyare conservation and drought management. Conservation measures are those measures
associated with long term changes in personal lifestyle and water use habits, and long term
changes in water use equipmentand operations. Drought management is defined as short term
measures instituted to cope with drought-caused shortages in supply. Generally, drought
management measures are more drastic or “stepped up” conservation measures. Long term
success in the application of conservation measures to reduce water use diminishes the
opportunity for reducing water use during critical periods with drought management
measures. This separation of measures to reduce water use into conservation and drought
management categories is consistent with Texas Water Development Board approach to
water use reductions.

This section first analyzes the conservation projections by three agencies: the Texas Water
Development Board, the Texas Water Commission and the 1988 Regional Water Manage-
ment Plan. It sets forth the assumptions for “mild” and “aggressive” programs and compares
the results of the various projections. It then reviews briefly the impact of -drought
management plans as projected by the Texas Water Development Board and the Edwards
Underground Water District.

4.1.1 RESEARCH MATERIALS

Research for this section revealed that a significant amount of resource material is available, more than
can be adequately reviewed for purposes of the Technical Data Review Panel. The Panel did not make
an independent analysis of the potential for reductions in use for the region. The review of the literature
indicates numerous case studies, generally in the western states, where scarcity of water has been a long
term problem. An adequate research of the available resource material will require an extensive analysis
of these case studies and other reports which generalize the potential for reductions in water use by
applying the array of conservation and drought management measures available.

Few comprehensive reduction-in-use programs are in effect in the study area to serve as a basis for
projecting potential water savings there. To the extent that programs exist they probably fit more into
the category of drought management measures than long term conservation programs. The City of
Corpus Christideveloped a program in response to the 1984 drought in that region. The 1988-89 drought
in the Edwards Aquifer area caused drought management measures to be put into effect by most of the
area cities. The City of San Antonio and other cities currently have in place lawn watering ordinances
and emergency ordinances designed to reduce pumpage from the Edwards Aquifer when test well levels
decline to certain points. The San Antonio emergency ordinance sets percentage reductions of water use
as voluntary goals but requires the use of certain measures. The Edwards Underground Water District is
reviewing a Demand Management Plan that follows a different strategy, setting reduction goals but
flexible on the measures to be used to achieve them. Several cities in the region, including New Braunfels
and San Marcos have adopted emergency plans which use the same strategy as the Edwards District plan.
Leak detection programs are operating in some cities.

Specifics of the success of these programs, measured in water saved, have not been researched but, with
the exception of the City of Corpus Christi’s record of performance for the program there since 1984, the
time frame of operation of the existing programs is too short for meaningful data, when meaningful is
defined as useful for prediction of study area-wide water use reduction.

Agriculture is also an exception to this general statement on the status of conservation programs. The
ground water irrigation users in the study area have applied conservation measures, principally upgrading
of equipment and operations. The incentive to conserve has been economic. These measures have been
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applied on an individual basis so little useful historical data is available to project future reductions in
irrigation uses in the local area. Historical information needed to make a meaningful projection of
reduction in irrigation use includes application rates, metered volumes, acres, crops, types of equipment
installed and records of water saved.

A researcher projecting reductions of water use over the long term associated with the application of
conservation measures and over the short term associated with the application of drought management
measures to cope with scarcity of supply is confronted with two conditions:

1) Asignificantamountofdatafrom case studies and generalized reports outside the studyarea that
must be discovered and researched. This data will require adjustment for applicability to local
conditions of water use.

2) Aninsignificantamountofproven local data, with the critical period exceptionsnoted above, on
demonstrated reductions in use from applied conservation and drought management measures.

There are a wide array of variables almost universally present in all municipalities that affect the success
of measures instituted to reduce water use. This applies to both conservation and drought management
measures. These variables include among others:
Pre-plan conditions:

History of water development and use

Climatic conditions

Seasonal use patterns

Per capita water use rates

Limitations on supply

Existing conservation program

Mix of uses: commercial, residential, etc.

Demography: population age and growth

Water rates

Conditions affecting plan implementation:
Goal of the program
Political commitment
Severity of need for reduction
Measures instituted: all available or selected
Length of time of program

This array of variables makes difficult the application of the success rates of a water use reduction program
in one area for a projection of use reduction in another.

Thestudies which address a larger areatend togeneralize savingsin water to be expected and perhaps have
some utility for making approximate projections of reductions in use. The applicability of the results of
these studies to the study area would have to be verified.

There are significant variations in water use and climatic characteristics across the study area. Measures
that will work in Port Lavaca, where seasonal uses such as lawn watering account foronly 12-13% of total
use, maynot work aseffectively in Uvalde, where seasonal use is closer to 30% of total water use. Itshould
also be noted that suitable baseline data from which to project reductions in use may not exist. Reference
is made to the earlier concerns expressed in this text about census estimates of population, per capita use
rates and percentage of use by various use types (commercial, residential, etc.).

Similar difficulties exist for making projections of reductions in use for uses other than municipal, such
asmanufacturing, mining, power, irrigation and livestock. Lessresearch material is available; these water
uses are by individuals or corporations, information may be private or proprietary, and water savings may
be driven more by economic considerations.
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However, given all these problems, it is possible to make general projections of water savings anticipated
from the application of use reduction measures. Such projections are made as part of a comprehensive
study program by the Texas Water Development Board. The Technical Review Panel chose to focuson
this body of data in light of the difficulties in carrying out its own independent study.

4.1.2 Texas WATER DEVELOPMENT BOARD

The Texas Water Development Board maintains an ongoing program of research on conservation
programs in practice across the nation to project reductions in water use as a part of the overall water use
projections published periodically as the Texas Water Plan. Thisongoing research by TWDB represents
the only existing comprehensive effort to apply experience in other areas (within and outside the state)
to the study area on a city by city basis.

The two most recent renditions of water use projections (including projections of reductions in use
associated with conservation) are the official 1990 Texas Water Plan and the recent 1992 Draft
Projections. The TWDB does not make projections of reductions in water use associated with drought
management as a part of the Texas Water Plan process. Its reasoning is that droughts are local and
unpredictable crisis events with instant conditions dictating varying water use reduction measures.
Because these measures may not continue in practice after the crisis abates, TWDB believes that they
cannot and should not be incorporated with a long term projection of water demands.

In the 1990 Texas Water Plan standard state-wide percentage reductions in water use over time from
conservation measures were applied to the water use projections. In the 1992 Draft Projections expected
reductionsin use were “personalized” for each city taking into accountspecifics such as per capita use rates,
seasonal use rates, population growth and importantly, existing conservation programs in place. The
anticipated reductions in use developed for the 1992 Draft Projections were estimated based on the
knowledge gained by TWDB in the ongoing program of research on conservation. The TWDB
characterizes the estimates of predicted conservation-measure-induced reduction in use as conservative,
i.e., care has been taken not to overpredict reductions in use. The reductions, as specified in some cases
below, assume no legislation beyond what is in place now to compel or create financial incentives for the
adoption of water-saving measures.

Taken as a whole the TWDB estimates, applying knowledge gained from continuing research on
conservation, represents the best information available at this writing on anticipated reductions in use
associated with conservation measures for the study area. Details of the TWDB estimatesof conservation
savings as predicted in the 1992 Draft Projections are given later in the text of this section.

4.2.1 CATEGORIES OF USES

Table 4.2-1 presents a listing of water uses that are candidates for use reduction measures. The general
categories presented in Table 4.2-1 are consistent with the Texas Water Development Board's categories
of historical and projected future water use. These categories are municipal (including military and
domestic), manufacturing, power, mining, irrigation and livestock. The detailed listingofusesundereach
caregory is for the purpose of acquainting the reader with the range of uses that may be reduced and isnot
intended to be all-inclusive of every potential use.

4.3.1 CATEGORIES OF REDUCTION MEASURES

Table 4.3-1 presents a listing of water use reduction measures that are in general practice. The measures
are grouped in five categories: education, retrofit, ordinances/rules/laws, economic and water utility
operations. This categorization of measures is for purposes of organization of the table and acquainting
the reader with the array of measures available. This list may not include all available measures.
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Table 4.2-1

MANUFACTURING .

Residential

Residential

Commercial

Public

Inotitutional

Proceos

Building
Operations

Cooling

Proceos

Procaeso

Sanitary

WATER USES

Crop Production

In-Homo

Outside

Building Oparations

Fleet Operations
Operation Specific

Aeothetic

Firefighting
Utility and Streets

Parks and Golf Courses
Building Operations

Landscape

Heat Trancfer
Washdown
Cooling Towers/Heating

Sanitary
Food Sorvice
Landacape

Generation

Boiler Peed
Environmental Control
Sanltary

Landscape

Washing

Livestock Watering

Toilet
shower/Bath
Dishwasher
Clotheswashe

T
0Ot h e r
Personal

Lawn

Garden
Pools and
Spas

Car Washing

Coocling
Towers/Heati
ng .
Laundry and
Food Service
Sanitary

Washing

Car Washing
W ater
Parks/Recrea
tion
Brewings
Nursery
Feedlots
Product
Preparation/
Washing
Other

Fountains
Zoos
River walk

Flushing
Water and
Sewer Mains
Water and
Sewer Plant
Process and
Washdown
Construction

Cooling
Towers/Heati

ng
Laundry and

Food Service
Sanitary

.
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Table 4.3-1 WATER USE REDUCTION MEASURES
EDUCATION Target Spacific Groups Schools
Organizations

Public at Large
Company Employeeas

Utilicy
Customers
Message - Personal
= General
= Advice on
Best Available
Conservation Equipment
and Services
Media - Print
= Electronic
- Water Bill
Participation = Voluntary
RETROFIT Replace Pixtures, - Residential
Bquipment, and Landscaping - Commercial
With More Bfficient Units - Manufacturing
~ Utiliey
- Irrigation
Participation = Voluntary
- Mandatory
ORDINANCES /RU WS Change to Water Using = Plumbing
Devices\Operationa - Process
= Landscape
Change Water Use - Landscape
Habits - In Home
= Other
Institute Higher
Water Rates/Penalties
Participation - Mandatory
CONO! Provide Incentives - Rebates for Retrofitting

= Reduction of Capital
Recovery Fees

~ Cost Savings for Reduced
Use

-~ Payments for Reduced Use

Provide Disincentives = Increasing Block Water
Rights
- Peonalties
- Fines
Participation - Voluntary

= Mandatory

WATER UTILITY OPERATIONS Change Operations - Leak Detection

- Meter Repair

- Water Audits for
Custemers/Utility

- Presesure Reduction and
Control

- Treatment
Processes/Washdown

Improve Facilities - Leak Correction .
- Construction Techniques

Participation - Voluntary
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4.4.1 CONSERVATION
4.4.1.1 Texas Water Development Board

The 1992 Draft Projections of future water use by the Texas Water Development Board reflect a detailed
analysis of the expected reductions in water use attributable to conservation measures on a city by city
basis over the projection period from Year 2000 to Year 2040. Manufacturing and irrigation use
projections also include estimates of conservation savings in water use. Mining, power and livestock uses
are not projected to be reduced by conservation measures. Following is a description of the TWDB
methodology applied to compute the expected reductions in use from conservation measures and for
municipal uses the resultant prediction of water savings.

Municipal

The methodologyused in calculating the expected reductions in municipal water use occurring from the
application of conservation measures can be found in working papers at the Texas Water Development
Board. These papers were prepared asa partof the processof developing the 1992 Draft Projections. Water
use projections were presented with and without conservation in Section 2.0 Water Requirements. Refer
to Figure 2.1-12 and the explanatory text in Section 2.1.3.1 for a description of the projection streams
made by TWDB. Historical per capita water use rates for each city over 1000 population and for the rural
area in each county were calculated based in the 1990 census. Expected reductions in water use were
calculated and subtracted from the historical per capita water use rates for purposes of making projections
of future water use with conservation.

Water savings attributable to installation of water conserving plumbing fixtures required by Senate Bill
587 are estimated by TWDB to save water as follows:

Fixwure Savings GPCD
Toilets 11.5
Shower heads 4.0
Faucet aerators 20
Urinals 3
Fountains 1

Total 17:_9 =18 GPCD
(GPCD = gallons per capita per day)

Plumbing fixtures water savings are given in GPCD rather than percentage because each city has a
different beginning GPCD while the measures will reduce use equally in each city. These savings are not
instantaneous but will require time for turnover of existing fixtures. TWDB assumed that new housing,
which is required by law to be equipped with water saving fixtures, would increase at a rate based on the
growth in population in each city and county. It assumed that existing homes would retrofit as old fixtures
wore out at the rate of 20% of existing housing stock in each decade, but then used 90% of this number,
according to TWDB working papers, in order “to be conservative.”

Water use patterns for many cities were examined by TWDB for purposes of determining the amount of
water use attributable to seasonal use. In the study area the percent of total use attributable to seasonal
use varies from about 15% in the coastal or southeaster part to 30% in the western part. See Figure 4.4-1.

Education, xeriscape, irrigation audits, water rates and ordinances addressing landscape installation and
irrigation practices all can be effective in reducing seasonal use. TWDB estimates that the combination
of all these factors should reduce seasonal water (not total use) use in the range of 5 to 20 percent. TWDB
used conservative values of 7% reduction during normal years and 10.5% duringdrought years. Thisfactor
was applied to the percent of use attributable to seasonal use for each city for calculation of the reduction
in water use from controlling landscape watering. For these projections, it assumed that it would take 30
years, in the absence of legislation, for the full impact of these measures to be felt. To estimate this time
delay, it was further assumed that one-third of the full potential would be implemented in the year 2000,
two thirds in 2010 and 100 percent in 2020.
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Figure 4.4-1
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Commercial water use accounts for approximately 30% of all non-industrial municipal use. This
percentage ishigherfor larger citieswhich tend to be regional commercial centers having agreater portion
of commercial toresidential wateruse than outlying and smaller cities. Sanitary usesare a high percentage
of commercial uses thus the savings in water use associated with plumbing fixture and seasonal use is
already accounted for in the predictions of GPCD reduction described above for those elements. Other
savings are achievable by retrofitting water using equipment in commercial establishments, cooling and
heating equipmentoperation, etc. TWDBaddsa value of 1.5% of total municipal use that maybe reduced
by commercial uses other than the sanitary and seasonal use savings accounted for elsewhere.

TWDB predicts a two percent savings overall associated with changes in equipment and operations
within the utility system including leak correction.

A one percent savings from changes in water use habits within the home is predicted to be achievable
through education programs. A (.5 percent savings in expected for changing dishwashing and
clotheswashing equipment to more efficient models.

The sum of the commercial, utility, education and appliance savings described in the preceding three
paragraphs is 5 percent. This 5 percent savings is expected to be realized in increments allowing time for
retrofit, education and other factors to operate to reduce water use. One-third is expected by TWDBto
occur by 2000, two-thirdsby 2010and 100percent by 2020. This percentage was multiplied by the average
GPCD rate for each city of determine the volume of water saved.

Based on TWDB knowledge of each city’s conservation program, the predicted water use reduction
calculated as described above for plumbing fixtures, seasonal uses and commercial, utility, education and
appliances categories was adjusted to give credit for conservation practices already in place. Up to one-
halfof the predicted reduction was subtracted for full operation of a conservation program, lesser amounts
for partial conservation programs in place. Tosummarize, cities with conservation programs in place were
projected to have smaller reductions in water use (varying according to the status of conservation
measures already in practice) in the projections of future use than those cities without conservation

F‘ programs.
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Table 4.4-1
see pages 246-247
for complete table

The TWDB projections of conservation reductions in municipal water use reflected in the 1992 Draft
Projections can be expressed as a percentage by comparing the projections made with and without
conservation. Refer to Figure 4.4-2 where the pair of values of projected water use for the high per capita
use condition “with conservation” and “without conservation”, in the high population series are
identified. The “with conservation” projections of water use are the same values that were presented for
projected water use in Section 2.0, Table 2.1-24 and 2.1-26. These values are used in Table 4.4-1 for
calculation of the percentage reduction in municipal use projected by TWDB. Table 4.4-2 summarizes
the per capita water use in the five major counties of the Edwards region based on historical data.

Table 4.4-1 presents the projected reductions associated with the combination of all municipal
conservation measures as a percentage. The percentage reduction is calculated as (use “without
conservation” minus use “with conservation”) divided by (use “without conservation”) times 100.
Information is presented for the cities in the study area of over 10,000 population. The projected savings
for the cities using from the Edwards Aquifer varies from 10064 to 74112 acre-feet per year for projection
periods 2000 and 2040, respectively. These cities over 10,600 population represent approximate ly 78%
of the total population using water from the Edwards Aquifer.

PROJECTIONS OF PERCENTAGE REDUCTIONS IN MUNICIPAL WATER USE
CITIES OVER 10,000 IN POPULATION

SOURCE: TWDB, 1992 Draft Projections-High Population Series
UNITS: Water Use in Acre-Feet

County City Water uUse 2000 2010 2020 2030 2040

BEXAR SAN ANTONIO W/O Cons. 255671 304196 360721 432086 502722
High per/cap With Cons. 247067 282259 320833 380152 437465
Difference 8604 21937 39888 51934 65257

Manufacturing

The 1992 Draft Projections of manufacturing use assume a level of conservation savings in water use.
Manufacturing uses of water are separated into five categories: pulpand paper, primary metals, petroleum
refining, organic chemicals and inorganic chemicals. The manufacturing plants in each county were
sorted into these categories and then reduction in use coefficients for each use were applied to the
predicted water uses to determine the projected water use with conservation. These numbers were
presented in the 1992 Draft Projections. The co-efficients were developed for each of the five
manufacturing groups mentioned above through contact with industry representatives who provided
information about industrial process changes and other technical innovations. The largest reductions in
water use because of such changes were projected in the pulp and paper and primary metals groups.

These projections are net of conservation savings. The pre-conservation projection valuesof wateruse are
not presented in the 1992 Draft Projections. As with the municipal use credit was given for conservation
programs in place at the time of the projections to reduce the total projected conservation savings.

Irrigation

The irrigation use projections in the 1992 Draft Projections also have been reduced for expected

conservation measures. The pre-conservation projections of water use are not presented in the 1992 Draft
Projections.

The projected irrigation uses in the 1992 are net of conservation savings. The reduction amounts were
not quantified. TWDB reports that the projected reduction is approximately 20% over a twenty year
period from a reduction in crop water application rates and a reduction in acreage based on historic rates

(1980's).
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Table 4.4-3

Other Uses

TWDBdid not predict reductions in water use associated with power, mining or livestock uses. TWDB
does not predict reductions in power production because no improvement in the efficiency of water
consumption in the production of thermodynamic power is expected over the period of the projections.
Mininginthe studyareaisgenerally limited tosand and gravel operations, and TWDBexpectsno changes
in that technology. Similarly, no changes in livestock watering practices is expected.

Texas Water Development Board “Advanced Case”

TWDB projected savings over the period 1995 to 2040 from an “advanced case” water conservation
program for the Edwards Aquifer in an unpublished working paper. The “advanced case” analyzed the
water savings that could be accomplished for both an average and high GPCD rate. The period analyzed

for the average and high GPCD rate was 1980 through 1989. The high GPCD rate was the highest
monthly GPCD rate experienced during the period.

The measures in the “advanced case” include a strict landscape ordinance and steeply increasing block
rates, fines, xeriscape programs and other controls on landscape water use. Also included is an aggressive
plumbing retrofit code, leak detection and commercial water conservation. This program is much stricter
than the program described above used by TWDB in making projections of water use reductions from
conservation as programmed in the 1992 Draft Projections. In addition the “advanced case” includesa
projected water savings in the manufacturing sector increasing from 2% in 1995 to 15% by 2040.

Projections of water savings in the “advanced case” for the projection period 1995-2040 are presented in

Table 4.4-3 for the average and high GPCD use rates. The specific assumptionsregarding ordinances and
programs are listed in Table 4.4-4.

PROJECTED WATER SAVINGS - “ADVANCED CASE" CONSERVATION

Year Use Average Average High High
Case* Cape* Cage** Caga**
Savings Savings Savings Savings
{1000 ac~ft) L] (1000 ac-ft) L
1995 Municipal 19.6 6.0 24.7 ] 6.5
Manufacturing 0.4 {2 0.4 2
20.0 8.0 25.1 ] 8.5
2000 Municipal 41.8 11.3 §3.5 | 12.4
Manufacturing 1.2 S5 1.21.8
43.0 16.3 54.7 | 17.4
2010 Municipal 73.6 16.6 87.3 | 17.0
Manufacturing 2.2 | 2 221 2 _
75.8 | 23.6 89.5 | 24.0
2020 Municipal 109.5 20.2 126.2 | 20.6
Manufacturing 3.8 |10 __ —3.8110
113.3 | 30.2 130.0 | 30.6
2030 Municipal 152.6 22.2 176.0 | 22,2
Manufacturing 5.7 |22 __ _5.2112 _
158.3 | 34.2 181.7 | 34.2
2040 Municipal 173.7 22.4 201.4 | 22.5
Manufacturing _9.0 |15 _ 15
182.7 37.4 210.4 ] 37.5

* Averago case represento water use during average periods, GPCD = 188 for
Edwards
Aquifer users from hiotorical information

*» High case representn water use during dry perioda, GPCD = 217 for Edwards
Aquifer users from historical information
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Table 4.4-4 ADVANCED WATER CONSERVATION MEASURES FOR THE AREA
Seasonal Use .
Measure Enact a strict landscape ordinance and programs

Results

A five day watering schedule

Water scheduling and audits of all commercial
landscapes

Water waste fines

Extensive xeriscape programs including an ordinance
that requires that native and adapted plants and
grasses be used in new construction

Limits for commercial landscapes that can be
irrigated .

Very steep residential increasing block rate
schedules

Restrictions on cooling tower operations to require
at least five cycles of concentration

ET index information daily in the paper and on the

radio and TV

Reduce seasonal use by 10% by 1995, 20% by 2000 and
2010, 21% by 2020, 22% by 2030, and 23% by 2040

Plumb Codes

Measure

Results

Enact Plumbing Code and Retrofit Ordinances

Require all buildings sold to be retrofitted with sB
587 fixtures before sale

Provide rebates of up to $100 per toilet and give
away showerheads and faucet aerators

Require all apartment buildings to retrofit
completely by 2010, 80% by 2000

conduct major education programs

Retrofit all government buildings by 2010

By 2020, 90% of all homes retrofitted and by-2030,
98% retrofitted

111,000 homes and apartments by 1995

262,000 homes and apartments by 2000

504,000 homes and apartments by 2010

Other Measures

Measure

Results

Leak detection, commercial water conservation, and
education programs to change personal water use
habits and encourage the purchase of effective
appliances

2.0 percent savings by 1995

3.0 percent savings by 2000

6.0 percent savings by 2010

7.5 percent savings by 2020

8.0 percent savings by 2030

8.0 percent savings by 2040

4.4.1.2 Texas Water Commission

In apapertitled “Avoiding Disaster: An Interim Plan to Manage the Edwards Aquifer” the Texas Water
Commission estimated water savings through conservation and reuse measures for all uses at 88,000 to
125,000 acre-feet annually or 17 to 23 percent of the current estimated Edwards Aquifer water use of
538,000 acre-feet per year. The savings projected to be achieved are found in a reprint of the table from
the paper providing particulars of the estimated water savings program. Table 4.4-5 is the reprint. The
Texas Water Commission characterized these estimates as “rough” but indicative of reductions that are
potentially achievable with aggressive regulatory conservation measures in addition to the more standard

or voluntary measures.

Some of these measures underlying this projection include:

¢ All municipal and industrial water users would prepare water conservation and reuse plans,
under the review of the Texas Water Commissions, including analyses of water conservation
potential foralluses, quantitative and time-specificgoalsfor conservation and reuse, and specification

of policies, programs and enforcement measures to achieve the goals.

4 An incentive program for agriculture would be created to install “best available” irrigation
technology, specifically converting all existing overhead sprinkler systems and approximately 80%

of existing furrow-irrigated acreage to the best available technology for each farm.
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Table 4.
4-5 WATER SAVINGS FROM CONSERVATION MEASURES

IMPLEMENTED IN THE EDWARDS AQUIFER BALCONES FAULT ZONE REGION

TEXAS WATER COMMISSION (1)

ACHIEVABLE WATER REDUCTION MEASURES

m SECTOR ESTIMATED PERCENTAGE CONSERVATION
4 SAVINGS (AC-FT)

Municipal (1) 45,000 to 68,000 178 to 25% >plumbing retrofit/
and Industry replacement

>reduce seasonal outdoor

water use:
-conservation pricing
-xeriscape programs
-media campaign

>reusge
Agriculture 40,000 to 52,000 178 to 22% >convarsion to best
technology

>use of best management
practices

Aquaculture 3,000 to 5,000 208 to 33% >reuse

TOTAL 88,000 to 125,000 17% to 23%

(1) Reprinted from Avoiding Disaster; B
, Texas Water Commission, 1992.

(2) Additional cavinge potentially possible from strategles for reducing
unaccounted-for water in distribution oystems and froem cocmmercial/industrial
audit programs.

4 Minimum water efficiency standards would be established for all new development using
water from the Edwards Aquifer.

4 Anemergency water use reduction program based on two levels of water use curtailment: 1)
If aquifer level at or below 649 feet a the start of the calendar year, 25% of agricultural acreage would
be withheld from irrigation (using the dry-year option method), and municipal, industrial and
aquaculture use would be reduced by 20%; 2) If aquifer level is at or below 632 at the start of the
calendar year, then 75% of irrigation acreage would be withheld from irrigation and municipal,
industrial and aquaculture uses would be reduced by 30%.

These are a few highlights from the “aggressive” conservation and reuse further described in the TWC
paper.

4.4.1.3 Regional Water Resources Plan

In 1988 the Joint Committee on Water Resources of the San Antonio City Council and the Edwards
Underground Water District prepared a “Regional Water Resources Plan.” A part of that effort included
an analysisof the impacts of water conservation practices on the current municipal water use. Projections
of water savings were made from the application of a full range of practices including education, pricing,
new construction standards, retrofitting and landscape ordinances. The analysis considered existing
population or units times reduction factors to compute water conserved. Costs were computed for each
measure. The analysis indicated that 54,000 acre-feet of water per year could be saved in the municipal
use sector at a cost of $27,232,000 annually or $504 per acre-foot. Table 4.4-6 is a reprint of the analysis
from the Regional Water Resources Plan as prepared by the Joint Committee. This table specifies the
particular steps to be taken with respect to education, new construction standards, retrofits, and changes
in landscape irrigation and the amounts to be spent on each activity.

Fvv 4.4.1.4 Summaries and Comparisons

In the 1992 Draft Projections, TWDB projects the municipal water savings for the Edwards Aquifer
associated with conservation measures to vary from 10,064 to 74,112 acre-feet per year for the cities over
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10,000 population using water from the Edwards Aquifer for years 2000 to 2040, respectively. These cities
over 10,000 population represent approximately 78% of the total population using water from the
Edwards Aquifer. TWC presents a value of 45,000 to 68,000 acre-feet per year as estimated achievable
water savings for the Edwards Aquifer in the municipal and industrial sector associated with conservation
and reuse. In the “advancedcase” TWDBexpects conservation measures could reduce municipal use from
the Edwards Aquifer from an initial amount in 1995 of 26,500 to 211,800 acre-feet per year by 2040.

TWC expects agricultural use of the Edwards Aquifer to reduce by 40,000 to 52,000 acre-feet per year or
17 to 22% of current use. TWDB reported that the 1992 Draft Projections include an approximate 20%
reduction in agricultural use for the Edwards Aquifer.

4.4.2 DROUGHT MEASURES
4.4.2.1 Texas Water Development Board

The TWDB working papers include an analysis of the potential for reducing water use during a drought.
The analysis is specific to the Edwards Aquifer area using the five county average of high (drought
conditions) use of 217 gallons per capita perday (GPCD) for total municipal use. The five county average
of this total GPCD that is attributable to high seasonal use is 69 GPCD. The analysis assumed that the
drought condition occurs before long term conservation measures operate to reduce GPCD use rares.
Actual historical data on water use in the five county area, drawn from reports filed with TWDB, is the
baseline for this analysis.

Two conditions of measures were applied. Under the “mild measures” scenario limits on seasonal uses
would result in a 30% reduction (21 GPCD) in seasonal use. Businesses would be required to reduce use
by 10% or 5 GPCD. The sum of these reductions equals 26 GPCD for the 1.353 million people in the
five counties in the 1990 Census or 39,400 acre-feet per year.

Under the “extreme measures” analysis residential use was limited to 70 GPCD, landscape watering was
banned, businesses were required to reduce use by 50% and a leak detection and correction program was
expected to find and correct every leak possible. This analysis indicated that water use could be reduced
by 96 GPCD or 145,500 acre-feet per year in uses supplied by municipalities.

4.4.2.2 Edwards Underground Water District

The Edwards Underground Water District (EUWD) has published a Draft (4/10/92) Demand Manage-
ment Plan (DMP). The DMP requires water use reduction goals of 15, 20 and 30% for threc stages of
declining Edwards Aquifer levels. A fourth stage, Extreme Water Emergency, will have a greater
reduction requirement to be specified a the time of crisis. This regulation does not specify water use
measures to be instituted. The DMP is currently in the public comment stage and has not been adopted
as of July, 1992.

One panel member pointed out that there are two levels of conservation: technically achievable in the
perfect world and the achievable potential considering human factors in acceptance rates of conservation
measures. The achievable potential is thought by this member to be higher than the projections of
oconservation savings reflected in the TWDB 1992 Draft Projections and more accurately reflected in the
TWC projections given in this text. The TWDB 1992 Draft Projections do not include more stringent
or regulatory induced conservation. The TWDB “advanced case” described above does include a more
agressive use reduction program than the 1992 Draft Projections.

One member pointed out that conservation won't work in small towns with low GPCD rates. Systems
with low initial GPCD rates have little or no potential for reductions. In effect water saved with
conservation measures may cost more than other sources.

Another member thought the 7% of seasonal use savings projected by TWDB to be low.
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The absenceof sufficientdata on irrigation use from which to make predictionsofirrigation use reductions
was noted.

In response to the question, are there any comprehensive municipal conservation programs in practice
in the study area that will yield meaningful data on expected conservation savings that would be

:li)plicablle to the region, none were pointed out. It should be noted that not all cities are represented on
e panel.
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TABLE 4.2-1

TECHNICAL DATA REVIEW PANEL

Residential

Residential

Commercial

Public

Institutional

WATER USES

In-Home

Outside

Building Operations

Fleet Operations

Operation Specific

Aesthetic

Firefighting
Utility and Streets

Parks and Golf Courses

Building Operations

Page 1

Toilet
Shower /Bath
Dishwasher
Clothes-
washer
Other
Personal

Lawn

Garden
Pools and
Spas

Car Washing

Cooling
Towers/Heat-
ing

Laundry and
Food Service
Sanitary

Washing

Car Washing
Water
Parks/Recrea
tion
Brewings
Nursery
Feedlots
Product
Preparation/
Washing
Other

Fountains
2008
River walk

Flushing
Water and
Sewer Mains
Water and
Sewer Plant
Process and
Washdown
Construction

Cooling
Towers /Heat-
ing

Laundry and
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Table 4.2-1

MANUFACTURING

MINING

IRRIGATION

LIVESTOCK

Process

Building
Operations

Cooling

Process

Process

Sanitary

Crop Production

Landscape

Heat Transfer
Washdown
Cooling Towers/Heating

Sanitary
Food Service
Landscape

Generation

Boiler Feed
Environmental Control
Sanitary

Landscape

Washing

Livestock Watering

Page 2

Food Service
Sanitary
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EDUCATION

RETROFIT

ECO

c

S/RULES /LAWS

TABLE 4.3-1

Target Specific Groups

Message

Media

Participation

Replace Fixtures,

Equipment, and Landscaping

With More Efficient Units

Participation

Change to Water Using
Devices\Operations

Change Water Use
Habits

Institute Higher
Water Rates/Penalties

Participation

Provide Incentives

Provide Disincentives

Page 1

TECHNICAL DATA REVIEW PANEL

WATER USE REDUCTION MEASURES

Schools
Organizations
Public at Large
Company Employees
Utility
Customers

Personal

General

Advice on

Best Available
Conservation Equipment
and Services

Print
Electronic
Water Bill

Voluntary

Residential
Commercial
Manufacturing
Utility
Irrigation

Voluntary
Mandatory

Plumbing
Process
Landscape

Landscape
In Home
Other

Mandatory

Rebates for Retrofitting
Reduction of Capital
Recovery Fees

Cost Savings for Reduced
Use

Payments for Reduced Use

Increasing Block Water
Rights

-

+
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Table 4.3-1

Participation

WATER UTILITY OPERATIONS Change Operations

Improve Facilities

Participation

Page 2

Penalties
Fines

Voluntary
Mandatory

Leak Detection

Meter Repair

Water Audits for
Customers/Utility
Praessure Reduction and
Control

Treatment
Processes/Washdown

Leak Correction
Construction Techniques

Voluntary
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TABLE 4.4-1
TECHNICAL DATA REVIEW PANEL
PROJECTIONS OF PERCENTAGE REDUCTIONS IN MUNICIPAL WATER USE
CITIES OVER 10,000 IN POPULATION

SOURCE: TEXAS WATER DEVELOPMENT BOARD, 1992 DRAFT PROJECTIONS - HIGH POPULATION SERIES
UNITS: WATER USE IN ACRE-FEET

County City Water Use 2000 2010 2020 2030 2040
BEE BEEVILLE Without Conservation 2613 2842 3158 3460 3789
high per capita use With Conservation 2473 2556 2692 2903 3102

Difference 140 286 466 557 687

Percentage Reduction 5.35 10.06 14.75 16.09 18.13

BEXAR FORTSAM HOUSTON  Without Conservation 3629 3629 3629 3629 3629
high per capita use With Conservation 3508 3374 3253 3199 3159

Difference 121 255 376 430 470

Percentage Reduction 3.33 7.02 10.36 11.84 12.95

BEXAR LIVEOAK Without Conservation 2608 3169 3823 4648 5466
high per capita use With Conservation 2473 2842 3252 3882 4536

Difference 135 327 571 766 930

Percentage Reduction 5.17 10.31 14.93 16.48 17.01

BEXAR SAN ANTONIO Without Conservation 255671 304196 360721 432086 502722
high per capita use With Conservation 247067 282259 320833 380152 437465

Difference 8604 21937 39888 51934 65257

Percentage Reduction 3.36 7.21 11.05 12.01 12.98

BEXAR UNIVERSALCITY Without Conservation 3560 4307 5177 6275 7362
high per capita use With Conservation 3405 3910 4473 5361 6218

Difference 155 397 704 914 1144

Percentage Reduction 4.35 9.21 13.59 14.56 15.53

CALHOUN PORT LAVACA Without Conservation 1970 2264 2513 2722 2885
high per capita use With Conservation 1873 2025 2141 2262 2357

Difference 97 239 372 460 528

Percentage Reduction 492 10.55 14.80 16.89 18.30

COMAL NEW BRAUNFELS Without Conservation 10024 12282 14156 16315 17435
high per capita use With Conservation 9692 11376 12693 14509 15376

Difference 332 906 1463 1806 2059

Percentage Reduction 3.31 7.37 10.33 11.06 11.80

GUADALUPE  SCHERTZ Without Conservation 2954 3340 3710 4194 4551
high per capita use With Conservation 2804 3033 3218 3595 3854

Difference 150 307 492 599 697

Percentage Reduction 5.07 9.19 13.26 14.28 15.31

GUADALUPE SEGUIN Without Conservation 4547 4900 5530 5917 6245
high per capita use With Conservation 4365 4484 4811 5059 5277

Difference 182 416 719 858 968

Percentage Reduction 4.00 8.48 13.00 14.50 15.50

! . %] ‘ . .:535]
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TABLE 4.4-1 (Continued) Page 2
County City Water Use 2000 2010 2020 2030 2040
HAYS SAN MARCOS Without Conservation 9683 12391 14785 16850 17928
high per capita use With Conservation 9357 11453 13232 14939 15819

Difference 326 938 1553 1911 2109

Percentage Reduction 3.36 7.57 10.50 11.34 11.76

JIM WELLS ALICE Without Conservation 6270 6541 6648 6731 6755
high per capita use With Conservation 6043 6069 5954 5947 5887

Difference 227 472 694 784 868

Percentage Reduction 3.62 7.21 10.43 11.64 12.84

KLEBERG KINGSVILLE Without Conservation 5971 6705 7207 7832 8334
high per capita use With Conservation 5714 6129 6316 6737 7080

Difference 257 576 891 1095 1254

Percentage Reduction 4.30 8.59 12.36 13.98 15.04

MAVERICK EAGLE PASS Without Conservation 5972 7588 9382 11093 12908
high per capita use With Conservation 5642 6792 7983 9316 10697

Difference 330 796 1399 1777 2211

Percentage Reduction 5.52 10.49 14.91 16.01 17.12

NUECES CORPUS CHRISTI Without Conservation 74188 84867 94235 104513 115160
high per capita use With Conservation 72156 79442 85629 93537 102013

Difference 2032 5425 8606 10976 13147

Percentage Reduction 2.73 6.39 9.13 10.50 11.41

NUECES ROBSTOWN Without Conservation 2225 2428 2606 2802 3004
high per capita use With Conservation 2113 2183 2231 2338 2442

Difference 112 245 375 464 562

Percentage Reduction 5.03 10.09 14.38 16.55 18.70

SANPATRICIO PORTLAND Without Conservation 1932 2173 2396 2567 2689
high per capita use With Conservation 1824 1947 2032 2118 2172

Difference 108 226 364 452 517

Percentage Reduction 5.59 10.40 15.19 17.60 19.22

UVALDE UVALDE Without Conservation 6043 7294 8427 9728 11120
high per capita use With Conservation 5802 6710 7444 8496 9674

Difference 241 584 983 1232 1446

Percentage Reduction 3.98 8.00 11.66 12.66 13.00

VICTORIA VICTORIA Without Conservation 12060 13987 15504 16685 17920
high per capita use With Conservation 11548 12885 13719 14562 15422

Difference 512 1102 1785 2123 2498

Percentage Reduction 4.24 7.87 11.51 12.72 13.93

WEBB LAREDO Without Conservation 41311 52563 65213 79399 95545
high per capita use With Conservation 39416 47740 56837 68108 81520

Difference 1895 4823 8376 11291 14025

Percentage Reduction 4.58 9.17 12.84 14.22 14.67

TOTALOF ALLCITIES Without Conservation 453231 537466 628820 737446 845447

high per capita use With Conservation 437275 497209 558743 647017 734070

Difference 15956 40257 70077 90429 111377

Percentage Reduction 3.52 7.49 11.14 12.26 13.17
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TECHNICAL DATA REVIEW PANEL

TABLE 4.4-2

Summary of Per Capita Water Use

in the Five Major Counties
in the Edwards Aquifer Region

Average | Average High
County Average High Winter Season | Season
Major City GPCD GPCD GPCD GPCD GPCD
Bexar 187 217 148 39 69
San Antonio 184 208 146 40 62
Uvalde 222 259 166 56 93
Uvalde 255 300 175 80 125
Medina 173 207 130 43 77
Hondo 244 291 165 79 126
Devine 159 179 112 47 67
Comal 198 235 153 45 82
New Braunfels 237 271 173 64 98
Hays 169 185 142 27 43
San Marcos 217 238 178 39 60
Regional 188 217 148 40 69
(Weighted Avg.
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TECHNICAL DATA REVIEW PANEL

TABLE 4.4-3

PROJECTED WATER SAVINGS - "ADVANCED CASE" CONSERVATION
Year Use Average Average High High
Case* Case* Case** Case**
Savings Savings Savings Savings
(1000 ac-ft) % (1000 ac-£t) %
1995 Municipal 19.6 6.0 24.7 1 6.5
Manufacturing 0.4 2 _ 0.4 12
20.0 8.0 25.1 ] 8.5
2000 Municipal 41.8 11.3 53.5 ] 12.4
Manufacturing 1.2 5 1.2 5
43.0 16.3 54.7 | 17.4
2010 Municipal 73.6 16.6 87.3 | 17.0
Manufacturing 2.2 7 2.2 7
75.8 23.6 89.5 | 24.0
2020 Municipal 109.5 20.2 126.2 | 20.6
Manufacturing 3.8 10 3.81] 10
113.3 30.2 130.0 | 30.6
2030 Municipal 152.6 . 176.0 | 22.2
Manufacturing 5.7 12 5.7 112
168.3 34.2 181.7 | 34.2
2040 Municipal 173.7 22.4 201.4 | 22.5
Manufacturing 9.0 15 _9.0]1s
182.7 37.4 210.4 | 37.5
* Average case represents water use during average periods, GPCD = 188 for

Edwards

Aquifer users from historical information

** High case represents water use during dry periods, GPCD = 217 for Edwards
Aquifer users from historical information
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TABLE 4.4-4
TECHNICAL DATA REVIEW PANEL
REPRINT OF TWDB TABLE

ADVANCED WATER CONSERVATION MEASURES FOR THE AREA

Measure

Results

Seasonal Use

Enact a strict landscape ordinance and programns

A five day watering schedule

Water scheduling and audits of all commercial
landscapes

Water waste fines

Extensive xeriscape programs including an ordinance
that requires that native and adapted plants and
grasses be used in new construction

Limits for commercial landscapes that can be
irrigated

Very steep residential increasing block rate
schedules

Restrictions on cooling tower operations to require
at least five cycles of concentration

ET index information daily in the paper and on the
radio and TV

Reduce seasonal use by 10% by 1995, 20% by 2000 and
2010, 21% by 2020, 22% by 2030, and 23% by 2040

Plumbing Codes

Measure

Results

Enact Plumbing Code and Retrofit Ordinances

Require all buildings sold to be retrofitted with SB
587 fixtures before sale

Provide rebates of up to $100 per toilet and give
away showerheads and faucet aerators

Require all apartment buildings to retrofit
completely by 2010, 80% by 2000

conduct major education programs

Retrofit all government buildings by 2010

By 2020, 90% of all homes retrofitted and by 2030,
98% retrofitted

111,000 homes and apartments by 1995

262,000 homes and apartments by 2000

504,000 homes and apartments by 2010

Other Measures

Measure

Results

Leak detection, commercial water conservation, and
education programs to change personal water use
habits and encourage the purchase of effective
appliances

2.0 percent savings by 1995

3.0 percent savings by 2000

6.0 percent savings by 2010

7.5 percent savings by 2020

8.0 percent savings by 2030

8.0 percent savings by 2040
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TABLE 4.4-5

TECHNICAL DATA REVIEW PANEL

WATER SAVINGS FROM CONSERVATION MEASURES
IMPLEMENTED IN THE EDWARDS AQUIFER BALCONES FAULT ZONE REGION

TEXAS WATER COMMISSION (1)

SECTOR ESTIMATED PERCENTAGE CONSERVATION
ACHIEVABLE WATER REDUCTION MEASURES
SAVINGS (AC-FT)
Municipal (1) 45,000 to 68,000 17% to 25% >plumbing retrofit/
and Industry replacement
>reduce seasonal outdoor
water use:
-conservation pricing
-xeriscape programs
-media campaign
>reuse
Agriculture 40,000 to 52,000 17% to 22% >conversion to best
technology
>use of best management
practices
Aquaculture 3,000 to 5,000 20% to 33% >reuse
TOTAL 88,000 to 125,000 17% to 23%

(1) Reprinted from Avoiding Disaster: An Interim Plan to Manage the Edwards

Aquifer, Texas Water Commission, 1992.

{(2) Additional savings potentially possible from strategies for reducing
unaccounted-for water in distribution systems and from commercial/industrial

audit programs.
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Table 4.4-6

PROJECTED MUNICIPAL WATER SAVINGS @J
1988 REGIONAL WATER PLAN

Action Est. Unit Cost Target Application  Yotal Total Cost Per  Accomplished
Unit or Population Rate Savings Cost AF Saved by
Savings  Yotal Cost (EU¥D) (EUND) AF/IR $/TR
$353333323328333253383333X3T333TIITTTILTIITTTITIIITIZTISIIIITIIIIIIBIISI33IIS8ST SSSES3INSTITITTTITTIITITITTITITII[I32I33IseegIcE
SUPPORTIVE PROGRAMS (all residents yr 2000)
Public Ed. 1.0 gpcd  $200,000 1,636,373 75% 1,375 §200,000 $145 Education
School Ed. 1.0 gpcd  $200,000 1,636,313 75% 1,375 $200,000 $145 Education ,=,>
Pricing 0 Policy Change
facr. Black 3.5 qped 1,63,313 1008 6,416 $0 ¥ y thang
Seas. Block 2.0 gpcd 1,636,373 1003 3,666 $0 $0 Policy Change r=
Penalty .5 gped 1,636,373 10% 91 $0 $0 Policy Change |
Leak Detection Prograas  $3000/aile 100% 600  $150,000 $250 Haint Policy =
NEV CONSTRUCTION (bousing units constructed betvaen 1990 and 2000)
LF Yoilets 10 gpcd $0 N2 1003 3,106 $0 $0 Ord{nance
LF Shover 6.7 gped $0 an,2zn 1002 2,081 $0 $0 Ordinance EJ
VB Dishvasber 2.0 gped $0 217,210 100% 621 $0 $0 Ordinance -
Pipe Insulation 2.0 gped  $0.62/ft 21,21 100% 621 $99,400 $1600 Ordinance
Pres Regulation 3.0 gpcd $70.00 217,270 50% 465 $17,700 $380 Ordinance ':“}
Faucet Aerator .5 gpcd $2.00 a2 100% 155 $7,300 $470 Ordinance
¥E Vashing Hach 5.0 gpcd $70.00 2N,270 75% 1,164 $66,000 §570 Ordinance
Gray Vater Sys, 277,270 voluntary Incentive M}
Landscape Weasures for Nev Construction (housing units constructed betveen 1990 and 2000) .
UV Landscape 24.0 gpcd  $2000/hose 2N, 27 75% 5,591 $10,903,000  $19,500 Ordinance
LV Irrig 13,0 gpcd  $1500/bons M2 1 3,028 8,236,000  $27,200 Ordinance
K. Sensors 5.0 gpcd $1200/hose 21,27 75% 1,164 $6,600,000  $56,700 Ordinance
REYROFIT DEVICES (bousing units built before 1990) -
S. Flov Best 6.7 gpcd. $0.50 1,359,103 50% 5,100 $6,000 $12 Betrofit Ord.'_j
Toilet Dans 4.5qgpcd  $10.00 1,359,103 50% 3,430 $48,000 $140 Retrofit 0r4.-
Prassure Begul, 3.0 gpcd $§70.00 1,359,103 50% 2,280 $87,000 $380 Betrofit Ord.
Faucet Aerators .5 gped $2.00 - 1,359,103 50% 380 $18,000 $470 Retrofit 0rd.™
Pipe Insulation 0.5 gpcd  §0.67/ft 1,359,103 15% 115 $9,000 §6820 Betrofit Ord. |
Repl Toilets  10. gped $300 1,359,103 25% 3,806 $339,000° $690 Betrofit Ord.
Landscape Irrigation (bousing units comstructed bafore 1990) ﬁ)
Vatering Prg 3.0 gpcd  $100,000 1,359,103 50% 2,284 $100,000 $03 Education
Irrig-Sched 3.0 gpcd  $100,000 1,359,103 50% 2,284 $100,000 $43 Education 7
PUBLIC FACILITY RETROFIY (all public facilities) .
Toilat Daas 1 g/tlush $10.00 100% 700 $9,800 $140 Govt Beplace
Faucet Aerators .5 gpa §2.00 1003 50 $2,000 $380 Govt Beplace |
Auto Faucet $25.00 100% 50 $5,000 $900 Covt Replace -
LF Shovers 1.5 gpa  $15.00 100% 325 $2,000 $60 Govt Beplace
Public Facility Landscapes (all public facilities) W}
Irrig Sched 203 reduction 1in seasonal UAF vater 1003 2,500 $25,000 $10 Haint Policy |

Reprinted from Bulletin 50, Compilation of Wydrologic Data for the Edwards Aquifer San_Antenio Area, Texas

;990 with 1934-1990 Summary, 1991, prepared for Edwards Underground Water District by United States Geological
urvey
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Introduction

5.1

UNITED
STATES
GEOLOGICAL
SURVEY

50 NATURAL RECHARGE

One of the most important sets of data regarding the Edwards Aquifer is the estimate of the
annual natural recharge to the system. This section compares U.S.G.S. studies of the entire
aquifer with results of studies commissioned by the Texas Water Development Board and
other agencies of the Nueces Basin portion of the aquifer and by the Edwards Underground
Water District of recharge from the Medina Lake system. One of the key issues associated
with these studies is the range of uncertainty of the estimates of rechage. Our review found
subjective estimates of uncertainty by technical staff responsible for carrying out these
studies to be as high as 25% for the average annual recharge figures and as high as 50%
for any particular annual estimate. All studies agreed that the range of uncertainty could
be reduced by increasing the density of rainfall measuring stations and streamflow gages
to improve the knowledge of the rainfall/runoff/recharge relationship throughout the
aquifer recharge area.

5.1.1 METHODS OF RECHARGE CALCULATION

The United States Geological Survey (USGS) Water Resources Division subdistrict office in San
Antonio has been estimating recharge to the Edwards Aquifer for over 25 years using a method first
developed by Lowry (1955) and modified by Garza (1962 and 1966) and Puente (1978). This method
estimates recharge to the Edwards Aquifer based on recharge to the Edwards Plateau Aquifer in the
catchment area upstream of the Edwards Aquifer recharge area. Insufficient information is available
on the relationship between rainfall, runoff and direct recharge to the aquifer in the Edwards Aquifer
recharge area to make a direct computation of reacharge there. Therefore the method relies on better
information that is available for the Edwards Plateau Aquifer translated to the Edwards Aquifer.

Several simplifying assumptions are necessary to apply this recharge estimation method used. These
assumptions are:

1. Runoff characteristics of the catchment area (the area of a river basin above the recharge
area) are the same as those in the recharge area (recharge zone) for each river basin.

2. Evapotranspiration is proportionally equivalent in the catchment area and the recharge
area of each river basin.

3. All surface-water runoff from the catchment area of each river basin is measured at an
upper streamflow gage (located at the approximate boundary of the catchment area and the
recharge area).

4. All surface-water runoff from the recharge area of each river basin is measured at a lower
streamflow gage (at the approximate lower boundary of the recharge area).

5. Runoff characteristics of ungaged areas are the same as those of adjacent or nearby gaged
areas.

Figure 5.1-1 presents the geographic arrangement of a typical river or stream, catchment area, recharge
area, upstream gage, downstream gage and ungaged area.
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Figure 5.1-1

Schematic of Streamflow Gages
and Gaged and Ungaged Areas
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For streams that begin above and cross the recharge area, recharge to the Edwards Aquifer is estimated
using the stream flow data collected at gaging stations just above and just below the recharge area,
rainfall data collected in both the recharge area and catchment area, and curves of baseflow versus
storage in the Edwards Plateau developed by Garza (1962 & 1966). The streams that begin above and
cross the recharge area are the Nueces-West Nueces and Frio-Dry Frio river systems, Sabinal River,
Seco Creek, Hondo Creek and Blanco River. These basins are sufficiently instrumented with rainfall
and stream gages to apply this method.

The estimation method used for the Nueces-West Nueces and the other five major basins that cross
the recharge area is a basic water budget equation. For months when no rainfall occurs in the recharge
zone the equation is:

R =(Qu-QI)CF (equ.1)

R = Recharge

Qu = flow at upper streamflow gage

QI = flow at lower streamflow gage

CF = factor to convert day second feet to acre-feet

Occasionally the outflow is greater than the inflow. When this occurs, the net recharge is set to zero
because there is rejected recharge. Recharge that either does not infiltrate the aquifer at all or is

discharged from the water table back to the stream within a short distance (less than a kilometer) is
considered rejected.
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For months when measurable rain produces runoff, the estimation method is considerably more
complicated. The recharge equation then is:

R =(Qu+SI-QI)CF (equ.2)

R = Recharge

Qu = flow at upper streamflow gage

Ql = flow at lower streamflow gage

SI = flood flow and direct infiltration in the recharge area
CF = factor to convert day second feet to acre-feet

The calculation of the SI component of the equation is based upon the assumption that the runoff and
direct infiltration characteristics in the catchment area are equivalent to those characteristics in the
recharge area. The runoff from the catchment area measured at the upstream gage consists of two
components: flood flows following rainfall events and baseflow. The baseflow component is water that
recharges the Edwards Plateau Aquifer and then reappears in the stream as springflow. The Edwards
Plateau Aquifer is the water table aquifer underlying the catchment area.

The USGS estimation method assumes that the floodflow component of runoff from the catchment
area is the same as for the recharge area. Likewise the recharge or direct infiltration to the Edwards
Plateau Aquifer, as can be estimated from the baseflow component of the total runoff at the upstream
gage, is the same as the recharge or direct infiltration to the Edwards Aquifer.

Figure 5.1-2 is a hypothetical hydrograph taken from Puente (1978) that illustrates the graphical
separation of the streamflow components for an upstream gage. Floodflow is the component “C.” The
crosshatched area represents the baseflow or the recharge to the Edwards Plateau Aquifer later emerging
as springflow to the river. Puente (1978) used long term stream flow records at the upstream gages to
develop recession curves from which he constructed graphs relating the increased base flow component
of the hydrographs (Points D and E on Figure 5.1-2) to the total storage (recharge) to the Edwards
Plateau Aquifer from a rainfall event. A hypothetical graph of this relationship was provided by USGS
and is shown in Figure 5.1-3.

GRAPHICAL SEPARATION OF A HYPOTHETICAL
HYDROGRAPH FOR ESTIMATING THE
COMPONENTS OF DIRECT PRECIPITATION
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Figure 5.1-3
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Thus the flood flow component from the catchment area is taken directly from the hydrograph
separation in Figure 5.1-2. Recharge to the Edwards Plateau Aquifer is estimated using points D and
E on Figure 5.1-2 to enter Figure 5.1-3 to determine total recharge or direct infiltration in the
catchment area. The total of the flood and recharge or direct infiltration components is given as Qtu
in Equation 3 following. Then SI, the floodflow and recharge or direct infiltration in the recharge area
for Equation 2, is computed by adjusting Qru for the catchment area to the recharge area for drainage
area and rainfall differences by the equation:

SI = RF (Qu)DAR  (equ. 3) where:
SI = Runoff and direct infiltration in the recharge area
RF = Rainfall correction factor
Average rainfall in the rech ne
Average rainfall in the catchment area

DAR = Drainage area ratio
Drainage area of recharge zone

Drainage area of catchment zone
Qtu = Sum of flood flow and recharge components for catchment area
Equation 2 is then solved for the gaged basins.
A second method is used in the ungaged basins and sub-basins. Recharge is estimated for these areas
strictly by comparison with the nearest fully-instrumented basin—that is, the recharge for the ungaged

basin is the same as that for the adjacent fully-instrumented basin proportional to the ratio of the areas
of the two basins.
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A third method is used in several basins that are too large for the second method but are not fully
instrumented. The method used to estimate recharge for these basins is a modified version of the water-
budget method. The runoff for the basin of interest is estimated by calculating a unit of runoff
(estimated volume of runoff divided by the area of the contributing basin) from the nearest comparable
continuous streamflow gaging station. The runoff is calculated by multiplying the unit of runoff by the
area of the basin interest. The recharge is estimated as the same fraction of runoff as determined for
the adjacent instrumented basin.

The recharge in the Medina River basin is estimated using a special method developed by Lowry
(1953). Medina Lake and the associated downstream Diversion Lake are located in the recharge area
of the Edwards Aquifer. Lowry constructed correlation curves of monthly recharge versus reservoir
content. There are separate curves for rising and falling stages (to reflect the influence of bank storage).
The USGS uses average monthly contents in the lake derived from reservoir stage records to enter
Lowry’s curves to estimate monthly recharge amounts.

Table 5.1-1 lists the stream basins that recharge the Edwards aquifer and which one of the above
described methods is used to estimate the recharge contributed by that basin.

The history of the recharge estimates was described by USGS personnel as originally estimated by Petit
and George in 1953 for years 1934 to 1953. Lowry's method (1955) was used for 1953-62 period. Garza
developed the method in use today in 1966. It is thought, though not revealed in the report, that Garza
corrected earlier estimates for 1934-66 using his method. Puente made refinements in 1978 to correct
the Garza method for drainage areas and rain gages only. It was not stated whether Puente made any
corrections for the pre-1978 period based on his refinements. Refer to USGS Water-Resources
Investigation 78-10 Method of Estimating Nawral Recharge to the Edwards Aquifer in the San
Antonio Area, Texas, by Celso Puente, April, 1978 for a detailed description of the current USGS
methodology for estimating recharge.

5.1.2 RESULTS

Table 5.1-2 presents the USGS record of estimated annual recharge to the Edwards aquifer by basin
for the period 1934-90 as reported in Bulletin 5 mpilation of Hydrologi
Aquifer, San Antonio Area, Texas, 1990 with 1934-1990 Summary. USGS personnel, addressing the
uncertainty of the recharge estimates in a presentation to the Technical Data Review Panel, provided
the following information.
Best data are streamflows:
95% of the time they are within 5%.
Rainfall measurements uncertainty ranges:
Up to 60% for individual storms more or less depending on density of coverage.
10 to 20% for monthly data again dependent on density of data points.
No information is available on uncertainty of:
Major assumptions about transferability of recharge estimates between basins/subbasins.
Storage versus baseflow curves of Garza.
Hydrograph separation technique.
Lowry's estimates for Medina Lake losses.

The presenter from USGS indicated that his subjective estimate (based on his experience of computing
the recharge estimates using the USGS method) is that the annual recharge estimates have a probable
range of accuracy of 20 to 50% or greater, and that the long term average of the annual USGS recharge
estimates is within 20 - 25% of actual recharge.

5.2.1 MEeTHODS OF RECHARGE CALCULATION

In 1991 the Texas Water Development Board, the Nueces River Authority, the City of Corpus Christi,
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the Edwards Underground Water District and the South Texas Water Authority engaged a consultant,
HDR Engineering, Inc. (HDR) to make an independent calculation of historical recharge to the
Edwards Aquifer as a part of an overall water supply planning study in the Nueces River Basin. This
recharge estimation was made for two purposes:

(1) To use as a baseline for computing enhanced recharge from a series of proposed recharge
projects in the Nueces Basin.

(2) To compare the results to the USGS record of historical recharge.

The results of this study were published as a report, Regional Plannin [
Nueces River Basin, HDR Engineering, Inc., 1991. A more detailed description of the HDR method
can be found there.

The TWDB method calculated the historical recharge in the gaged areas corresponding to USGS gaged
areas in accordance with the following equation:

R=QG+QI-QNA: where:

R = Recharge :

QG = Upstream gage flow (USGS gage

QI = Estimated flow in the recharge area

QNA = Downstream gage flow (USGS gage) adjusted for diversions in the recharge area

The TWDB method used a modified Soil Conservation Service method to compute QI the estimated
runoff in the recharge area that is predicted to occur from a rainfall event. This is the same component
(though computed differently) identified as “SI” in the USGS methodology. The TWDB method used
updated areal precipitation and drainage areas to compute “QI"” for the period 1939-1989. The method
of computing “QI” uses a composite factor (curve number) taking into account the soil cover complex,
topography and land use characteristics and was applied on a basin by basin basis using county soil maps
and aerial photographs. Antecedent moisture conditions for each rainfall event are also considered in
this method of computing runoff.

In the ungaged areas, recharge was estimated utilizing rainfall data and estimated recharge in the
adjacent gaged areas.

5.2.2 RESULTS

Table 5.2-1 isa record for the period 1934 through 1989 of the estimated recharge in the Nueces Basin
as calculated by HDR for the Texas Water Development Board and other study sponsors. HDR
representatives in their presentation to the Technical Data Review Panel characterized the HDR
estimates as having a range of uncertainty of plus or minus 15-20% for dry years and 25% for wet years.
HDR believes that the long term average recharge to the Edwards Aquifer in the Nueces Basin
estimated by HDR’s method is within plus or minus 15% of the actual recharge.

5.3.1 METHOD OF RECHARGE CALCULATION, MEDINA LAKE

In 1988 the Edwards Underground Water District commissioned a consultant, Espey, Huston &
Associates, Inc. (EH&A) to perform a hydrology study of Medina Lake as a part of a feasibility study
for converting the water supply in the lake from irrigation use to recharge of the Edwards Aquifer. The
report was published as Medina Lake Hydrology Study, Espey, Huston & Associates, 1989. This report
is further described in Section 3.0 SOQURCES OF SUPPLY.

EH&A, after an extensive analysis described in Appendix B of the referenced report developed
elevation versus monthly recharge volumes curves for Medina Lake and the associated Diversion Lake
downstream similar to those developed by Lowry (1953) and described above. This analysis indicated
recharge rates significantly lower than those predicted by Lowry's curves. EH&A'’s analysis (and

A ! 3 3 3 3 .3
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Table 5.3-1

HISTORICAL RECHARGE ~ MEDINA RIVER

SOURCE: EDWARDS UNDERGROUND WATER DISTRICT
UNITS : ACRE FEET

Yoar Modina Lako Divercion Lakoe Total
1940 35,%27.9 16,894.7 $2,432.6
1941 36,118.7 16,896.0 $3,011.7
1942 35,978.4 16,896.0 52,874.4
1933 34,404.4 16,827.4 51,231.8
1944 33,524.5 16,843.5 50,368.0
1945 34,802.9 16,891.8 51,694.7
1946 34,094.1 16,863.8 $0,957.9
1947 35,209.1 16,874.8 52,083.9
1948 32,306.6 16,656.8 48,963.4
1949 30,322.2 16,590.9 46,913.1
1950 27,702.7 16,307.8 44,010.5
1951 23,047.4 16,020.4 39,867.8
1952 20,040.7 15,766.4 35,807.1
1953 16,689.2 15,813.1 32,202.3
1954 12,8423.6 14,023.8 26,867.4
195S 4,883.9 7,375.4 12,259.3
1956 2,074.8 1,662.9 3,7131.7
1957 18,510.7 12,521.9 31,032.6
1958 35,252.4 16,896.0 52,148.4
1959 36,051.0 16,896.0 52,947.0
1960 35,989, 16,896.0 5§2,885.3
1961 as,781.1 16,896.0 52,677.1
1962 31,481.9 16,611.7 48,093.6
1963 22,749.4 15,925.0 38,674.43
1964 14,771.1 14,680.7 29,451.8
1965 23,457.7 16,121.9 39,57%.6
1966 23,584.8 16,137.3 39,722.1
1967 19,041.5 15%,730.9 34,772.4
1968 29,568.6 16,737.4 46,306.0
1969 30,137.4 16,616.7 46,754.1
1970 33,504.8 16,857.9 $0,362.7
1971 32,671.1 16,670.4 49,341.5%
1972 36,108.1 16,896.0 §3,001.1
1973 36,196.9 16,896.0 §3,092.9
1974 36,021.1 16,896.0 52,917.1
1975 36,0585.4 16,0896.0 52,951.4
1976 35,590.5 16,896.0 52,486.5
1977 35,773.6 16,896.0 52,669.6
1978 34,809.8 16,839.0 51,648.8
1979 35,975.7 16,896.0 52,871.7
1980 33,101.7 16,797.8 49,899.5
1981 ' 35,628.0 16,896.0 52,524.8
1982 35,238.3 16,874.6 52,112.9
1983 31,775.7 16,675.2 48,450.9
1984 25,635.0 16,177.6 41,812.6
1985 208,583.7 16,611.5 45,195.2
1986 31,084.3 16,766.6 48,600.9
TOTAL 1,301,256.5 749,011.6 2,130,268.1
AVERAGE 30,027.3 16,2082.9 46,310.2

Reprintad from Medina lake Hvdroloqy Study, 1989, propared for Edwards Onderground

Water District by Eapoy Hucoton and Ascociatao

LIMITATIONS ON THE USE OF THIS DATA:

HDR Engineoring, Inc. reports that thooe ostimatoo have a range of uncortainty of 15-20% for dry

yoars and 25% for weot yearo.
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Figure 5.4-1

Lowry's earlier analysis) was made difficult by the lack of flow data associated with the reservoir
operations, i.e., inflow to the lake, downstream flows and diversions. After extensive analysis, including
are-creation of Lowry’s work, EH&A eventually selected the recharge functions described by the curves
cited above. These curves used in a re-creation of the historical operation of the reservoirs predicted

end of month reservoir content for the period 1940-1986 which closely matched the historical record
for the Lake.

5.3.2 RESULTS

Table 5.3-1 presents the annual recharge values estimated by EH&A for the Edwards Underground
Water District for Medina Lake and Diversion Lake which together span the Medina River reach of
the recharge area of the Edwards Aquifer.

5.4.1 NUECES BASIN RECHARGE

Figure 5.4-1 presents a comparison of the estimated recharge amounts in the Nueces River Basin as
estimated by USGS and TWDB (HDR). Table 5.4-1 presents this data in tabular form. Note that
for periods 1934 through 1942 and 1957 through 1970, the USGS and TWDB estimates show
reasonably good agreement, the only major exception being the wet year, 1958. For the period 1943
through 1956, USGS estimates average 18.5% less than those computed by TWDB, lower than TWDB
in twelve of the fourteen years. For the period 1971 through 1989, USGS has predicted an average
of 26.3% more or 102,000 acre-feet of recharge, higher than TWDB in all but three of the nineteen
years. The average of the USGS estimates for the period 1940 through 1989 in 31,600 acre-feet or 9.7%
more than TWDB for the Nueces River Basin. Comparing the rainfall records presented in Table 2.1-
14 with Table 5.4-1 indicates that the significant difference between USGS and TWDB estimates is
in the wet years when USGS is substantially higher.

COMPARISON OF HISTORICAL EDWARDS AQUIFER RECHARGE FOR
NUECES RIVER BASIN

[
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TWDBnotes in the executive summary in the Nueces Basin Study Report that the difference in USGS
and TWDB estimates cccurs in the estimation of runoff and direct infiltration in the recharge area.
USGS and HDR personnel noted in their presentations to the Technical Data Review Panel that the
estimate of runoff and recharge or direct infiltration in the recharge zone was the element of the

estimates in which the USGS had the least confidence.

Both USGS and HDR expressed their major concemns about the other’s method. USGS representa-
tives indicated that the SCS method for computing runoff used in the TWDB (HDR) method for
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5.5

PANEL
DISCUSSIONS
AND
CONCLUSIONS

estimating recharge may not be applicable for large scale application across the recharge area. HDR
representatives expressed concerns about the USGS method where estimated recharge in the Edwards
Plateau Aquifer was translated to recharge in the Edwards Aquifer. Both concluded that additional data
on the relationship of rainfall, runoff and recharge in the recharge area is needed to make better
estimates of natural recharge to the Edwards Aquifer.

5.4.2 MeDINA LAKE

Table 5.4-2 presents the USGS and Edwards Underground Water District (EUWD) (prepared by
EH&A) annual estimates of recharge from the Medina Lake system for comparison. The average of
the EUWD annual estimate is 23.7% less than the comparable USGS figure.

The panel discussion centered on concerns about the accuracy of the recharge estimates and the
dangers of misuse of those estimates in water balance calculations relative to management of the
Edwards Aquifer.

One member indicated that the uncertainty of the recharge estimates should be addressed by a range
of management activities. Another indicated that the USGS and TWDB methods could be combined
for a better estimate of recharge. The danger of leveling out uncertainty by management was
emphasized by one member, who felt that measuring recharge was “an art not a science.”

One member suggested that this should be identified by the Panel as a technical area for further study.

It was also noted in the discussion that the historical recharge in the Guadalupe-San Antonio basin
is currently being computed with the TWDB (HDR) method, for comparison with the USGS record.

Bibliography
SECTION 5.0 NATURAL RECHARGE

Edwards Underground Water District, €

Aguifer, San Antonio Area,Texas. with 2,31-1%0 ng@_x_‘x, Bgl]gc_m 5 ), 1991.
Espey, Huston & Associates, Medi ke Hyd 1989.
HDR Engineering, Inc., Regional r ly Plannin Phase I, Nueces River Basi
1991.
United States Geological Survey (Puente), Method of Estimating Natural Recharge to the
Edwards Aquifer in the San Antonio Area, Texas, 1978. :
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TABLE 5.1-1

TECHNICAL DATA REVIEW PANEL

UNITED STATES GEOLOGICAL SURVEY

METHODS OF ESTIMATING RECHARGE TO THE EDWARDS AQUIFER

STREAM BASIN

METHOD USED TO ESTIMATE RECHARGE

Nueces-West Nueces Rivers

Frio-Dry Frio Rivers
Leona River and Blanco Creek

Sabinal River

Adjacent area:
Little Blanco, Nolton and
Ranchero Creeks

Area between Sabinal River and
Medina River:
Seco Creek
Hondo Creek
Parkers and Live Oak Creeks
Verde and Quihi Creeks

Medina River

Area between Medina River and
Cibolo Creek:
San Geronimo and Leons Creeks

East and West Prongs
Dry Comal Creek

Blanco River and adjacent area:
Blanco River
Sink, Purgatory, York and
Alligator Creeks

Water budget equation as outlined in text p. using
upstream and downstream streamflow data

Same as Nueces-West Nueces Proportional to Frio-Dry Frio
recharge

Same as Nueces-West Nueces

Proportional to the Sabinal River recharge

Same as Nueces-West Nueces

Same as Nueces-West Nueces

Proportional to Hondo Creek recharge

Average of unit runoff from nearby gaging stations
recharge is same percentage of runoff estimated for Hondo
Creek

Medina Lake and Diversion lake recharge from the method
developed by Lowry (1955)

Unit of runoff estimated from either Guadalupe River
streamflow stations or from Cibolo station below recharge
zone, whichever is greater, times area minus outflow at
lower station

Unit of runoff estimated from streamflow stations on
Guadalupe River times the area minus outflow of Comal
River (not including Comal Spring flow)

Same as Nueces-West Nueces

Unit of runoff froam nearby streamflow stations times area
and adjusted for the same proportion of runoff estimated
to be recharge in Dry Comal Creeks basin

L3 4 3 (.3

L3 L d
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Table 5.1-2

Technical Data Review Panel

gm RECORD OF ESTIMATED RECHARGE TO THE EDWARDS AQUIFER
ﬁ (thousands of acre-feet)

Source: United Statee Geological Survey
Talen- Hueces-West Frio-Dry Sabinal  Ares between  Medina _ Area between  CIbolo Ureek Blanco
d

ar Nueces Frio River Sabina) River  River Medina River ba- and Ory River Tota)
year River basin River basin and Medina basin sin and Cibolo Comal Creek basin
basin b/ b/ River basins b/ ¢/ Creek basin b/ basins b/
s . . .5 . 46. . . . .
: 1934 8.6 21.9 7 19.9 L1 21.0 28.4 19.8 179.6
i 1935 411.3 192.3 56.6 166.2 71.1 138.2 102.7 39.8 1.298.2
£ 1936 176.5 157.4 43.5 142.9 91.6 108.9 146.1 2.7 909.6
1937 28.8 15.7 21.5 61.3 80.5 47.8 63.9 21.2 400.7
1938 63.5 69.3 20.9 54.1 65.5 46.2 76.8 36.4 432.7
1939 221.0 49.5 17.0 .1 42.4 9.3 9.6 1.1 399.0
1940 $0.4 60.3 2.8 56.6 38.8 29.) 30.8 10.8 308.8
1941 89.9 151.8 50.6 139.0 54.1 116.3 191.2 $7.8 850.7
1942 103.5 95.1 34.0 84.4 51.7 66.9 91.6 28.6 557.8
1943 36.5 42.3 1.1 3.8 41.5 29.5 58.3 20.1 213.1
m 1944 64.1 76.0 24.8 74.3 50.5 12.5 152.5 46.2 560.9
1945 47.3 71.1 3o.8 78.6 54.8 19.6 129.9 35.7 527.8
k 1946 80.9 54.2 16.5 52.0 51.4 105.1 155.) 40.7 556.1
1947 72.4 7.7 16.7 45.2 44.0 §5.5 19.5 3.6 422.6
1948 41.1 25.6 26.0 20.2 14.8 17.5 19.9 13.2 178.3
m 1949 166.0 86.1 31.5 70.3 1.0 41.8 $5.9 23.5 $08.1
i 1950 41.5 35.5 13.3 27.0 23.6 17.3 24.6 17.4 200.2
i3 1951 18.3 28.4 1.3 26.4 21.1 15.3 12.5 10.6 139.9
1952 1.9 15.7 3.2 30.2 25.4 50.1 102.3 20.7 275.5
1953 21.4 15.1 3.2 4.4 36.2 20.1 42.3 24.9 167.6
1954 61.3 31.6 7.1 11.9 25.3 4,2 10.0 10.7 162.)
195% 128.0 22.1 0.6 1.7 16.5 4.3 33 9.5 192.0
1956 15.6 4.2 1.6 3.6 6.3 2.0 2.2 8.2 43.7
1952 108.6 133, 65.4 129.5 §5.6 175.6 397.9 76.4 1,142.6
1958 266.7 300.0 223.8 294.9 95.5 190.9 268.7 70.7 1.7,
1959 109.6 158.9 61.6 96.7 94.7 §1.4 17.9 3.6 690.4
1960 88. 128.1 64.9 127.0 104.0 89.7 160.0 62.4 824.8
1961 8s. 151.3 $7.4 105. 89.3 69.) 110.8 49.4 717.1
1962 47.4 46.6 4.3 21. 57.3 16.7 24.7 18.9 239.4
1963 39.7 27.0 5.0 10.3 41.9 9.3 21.3 16.2 170.7
™ 1964 126.1 57.1 16.1 61.3 431.3 35.8 $1.1 2.2 413.2
[ 1965 97.9 81.0 23.2 104.0 54.6 78.8 115.3 66.7 621.5
- 1966 169.2 134.0 3.7 18.2 50.5 44.5 66.5 345.6 615.2
1967 82.2 137.9 30.4 64.8 44.7 30.2 57.3 19.0 466.5
1968 130.8 176.0 66.4 198.7 59.9 83.1 120.5 49.3 884.7
1969 119.7 113.8 30.7 84.2 §5.4 60.2 99.9 46.6 610.5
1970 112.6 141.9 35.4 61.6 68.0 68.8 113.8 39.5 661.6
9 263.4 212.4 39.2 155.6 68.7 81.4 82.4 22.2 925.3
1972 108.4 144.6 49.0 154.6 87.9 74.3 104.2 33.4 756.4
1973 190.6 256.9 123.9 286.4 97.6 237. 211.7 82.2 1,486.5
1974 9.1 135.7 36.1 115.3 96.2 68.1 16.9 39.1 658.5
1975 11.8 143.6 4.9 195.9 93.4 138.8 195.7 85.9 973.0
1976 150.7 238.6 60.2 182.0 94.5 47.9 54.3 57.9 894.1
1977 102.9 193.0 62.7 159.5 1.7 97.9 191.6 66.7 952.0
1978 69.8 713.1 30.9 103.7 76.7 49.6 12.4 26.) $02.5
1979 128.4 201.4 68.6 203.1 89.4 85.4 266.) 75.2 1,117.8
1980 $8.6 85.6 42.6 25.3 88.3 18.8 55.4 1.8 406.4
1991 205.0 365.2 105.6 252.1 9.3 165.0 196.8 67.3 1,448.4
1982 19.4 123.4 21.0 90.9 16.8 22.6 44.8 23.5 422.4
1983 79.2 85.9 20.1 42.9 74.4 1.9 62.5 23.2 420.1.
1984 32.4 40.4 8.8 18.1 43.9 1na 16.9 25.9 197.9
1985 105.9 186.9 50.7 148.5 64.7 136.7 259.2 0.7 1,003.3
1986 188.4 192.8 42.2 173.6 74.7 170.2 267.4 4.5 1,157
1987 308.5 473.3 110.7 405.5 90.4 229.3 270.9 114.9 2,003.6
1988 59.2 117.9 17.0 24.9 69.9 12.6 28.5 25.5 355.5
1989 52.6 52.6 8.4 13.5 46.9 4.6 12.3 23.6 214.4
1990 479.3 255.0 54.6 131.2 54.0 35.9 n.s 41.3 1,123.2
AVTRAGE TIT.Y “TI197Y k[N 3 980 T0.7 57.7 1035 378 516.7
3/ Differences may occur due to rounding procedures.
B/ Includes recharge from aged and ungaaed sreas within the basin,
g/ ?gggarge ;g)tdwards aquifer From the Hedina River basin consists entirely of losses from Hedina Lake (Puente,
. p' .
Reprinted from Bulletin 50, Compilation of Hydrologic Data for the Edwards Aguifer, San Antonio Area, Texas,
;ggo uith 1934-1990 Summary, 1991, prepared for Edwards Underground Water District by United States Geological
urvey
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TABLE 5.2-1
TECHNICAL DATA REVIEW PANEL

RECORD OF ESTIMATED RECHARGE TO THE EDWARDS AQUIFER

NUECES RIVER BASIN

Page 1

SOURCE: TEXAS WATER DEVELOPMENT BOARD
UNITS : ACRE FEET
YEAR NUECES FRIO SABINAL HONDO, SECO TOTAL
BASIN BASIN BASIN AND VERDE
BASINS

1934 32889 34733 9383 35751 112756
1936 132831 321509 70191 296700 821231
1936 209504 168722 48431 164706 591363
1937 40180 72612 21505 53544 187841
1938 65582 65301 17441 53420 201744
1939 219904 70809 16369 42750 349832
1940 71156 66029 18404 50098 205687
1941 102464 143376 44657 149606 440103
1942 79296 85483 26855 70992 262626
1943 53958 45464 14284 36531 150237
1944 96031 103685 22108 59902 281726
1945 58175 96568 27181 77859 259783
1946 105067 78828 22448 55891 262234
1947 100972 81214 19759 45056 247001
1948 558926 50832 12338 24536 143632
1949 116471 111923 28351 84020 340765
1950 59750 40605 14007 30475 144837
1951 57189 35386 6326 39464 138365
1952 30359 27428 9703 28197 95687
1953 28556 30446 4619 36210 99831
1954 43278 27478 4017 11223 85996
1955 205474 30774 3206 11715 251169
1956 25319 9345 4224 19828 58716
1957 104250 92879 22490 125602 345221
1958 199766 255735 70117 228570 754188
1959 104504 172540 51863 102333 431240
1960 95579 133568 60338 118523 408008
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Table 5.2-1 Page 2

YEAR NUECES FRIO SABINAL HONDO, SECO TOTAL
BASIN BASIN BASIN AND VERDE
BASINS
1961 123931 163843 52613 91190 431577
1962 57671 53458 5202 13843 130174
1963 47126 38198 6559 7290 99173
1964 134656 67406 19902 75919 297883
1965 114710 90686 44792 98619 348807
1966 123092 100837 33281 77539 334719
1967 82245 139032 39003 75835 336115
3 1968 95065 183488 75500 193375 547428
L 1969 120252 116967 35794 97605 370618
™ 1970 77417 124183 33424 77191 312215
g 1971 167028 178302 32839 124244 502413
1972 62963 126817 44298 128544 362622
1973 146650 210451 56717 269403 683221
1974 45291 142177 41640 83499 312607
1975 68271 127406 43110 152369 391156
1976 123277 250626 65417 183978 623298
1977 18157 180811 60106 127797 386871
1978 63320 80599 37764 77687 259370
1979 87809 152844 52182 188737 481572
%ﬁ 1980 52312 68291 23481 29748 173832
L 1981 99236 236963 79443 216121 631763
1982 40941 100673 22684 38100 202398
1983 91758 80656 26657 51331 250402
1984 55405 46221 16221 26483 144330
1985 91366 172152 55982 175471 494971
1986 96000 134742 46738 144759 422239
1987 91216 288401 77781 294862 752260
1988 52841 97972 16541 19013 186367
1989 45222 49915 8282 13843 117262
AVERAGE 88744 111739 32581 92998 3260
Reprinted from Regime Water Supply Planning Study - Phase I Nueces River

Basin, 1991, prepared for Texas Water Development Board, Nueces River
Authority, Edwards Underground Water District, South Texas Water Authority and
Texas Water Development Board by HDR Engineering, Inc.

~ LIMITATIONS ON THE USE OF THIS DATA:
HDR Engineering, Inc. reports that these estimates have a range of uncertainty of 15-20% for dry
years and 25% for wet years.
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HISTORICAL RECHARGE - MEDINA RIVER

TABLE 5.3-1
TECHNICAL DATA REVIEW PANEL

Page 1

SOURCE: EDWARDS UNDERGROUND WATER DISTRICT
UNITS : ACRE FEET

Year Medina Lake Diversion Lake Total

1940 35,537.9 16,894.7 52,432.6
1941 36,115.7 16,896.0 53,011.7
1942 35,978.4 16,896.0 52,874.4
1943 34,404.4 16,827.4 51,231.8
1944 33,524.5 16,843.5 50,368.0
1945 34,802.9 16,891.8 51,694.7
1946 34,094.1 16,863.8 50,957.9
1947 35,209.1 16,874.8 52,083.9
1948 32,306.6 16,656.8 48,963.4
1949 30,322.2 16,590.9 46,913.1
1950 27,702.7 16,307.8 44,010.5
1951 23,847.4 16,020.4 39,867.8
1952 20,040.7 15,766.4 35,807.1
1953 16,689.2 15,513.1 32,202.3
1954 12,843.6 14,023.8 26,867.4
1955 4,883.9 7,375.4 12,259.3
1956 2,074.8 1,662.9 3,737.7
1957 18,510.7 12,521.9 31,032.6
1958 35,252.4 16,896.0 52,148.4
1959 36,051.0 16,896.0 52,947.0
1960 35,989.3 16,896.0 52,885.3
1961 35,781.1 16,896.0 52,677.1
1962 31,481.9 16,611.7 48,093.6
1963 22,749.4 15,925.0 38,674.4
1964 14,771.1 14,680.7 29,451.8
1965 23,457.7 16,121.9 39,579.6
1966 23,584.8 16,137.3 39,722.1
1967 19,041.5 15,730.9 34,772.4
1968 29,568.6 16,737.4 46,306.0
1969 30,137.4 16,616.7 46,754.1
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Page 2

m
(
Table 5.3-1
m
L Year Medina Lake Diversion Lake Total
1970 33,504.8 16,857.9 50,362.7
g 1971 32,671.1 16,670.4 49,341.5
1972 36,105.1 16,896.0 53,001.1
?M 1973 36,196.9 16,896.0 53,092.9
1974 36,021.1 16,896.0 52,917.1
gm 1975 36,055.4 16,896.0 52,951.4
ﬁ 1976 35,590.5 16,896.0 52,486.5
: 1977 35,773.6 16,896.0 52,669.6
Eﬂ 1978 34,809.8 16,839.0 51,648.8
1979 35,975.7 16,896.0 52,871.7
Em 1980 33,101.7 16,797.8 49,899.5
t 1981 35,628.8 16,896.0 52,524.8
i 1982 35,238.3 16,874.6 $2,112.9
Eﬁ 1983 31,775.7 16,675.2 48,450.9
1984 25,635.0 16,177.6 41,812.6
Eﬂ 1985 28,583.7 16,611.5 45,195.2
1986 31,834.3 16,766.6 48,600.9
FB TOTAL 1,381,256.5 749,011.6 2,130,268.1
- AVERAGE 30,027.3 16,282.9 46,310.2
EM
Reprinted from Medina lake Hydroloqy Study, 1989, prepared for Edwards Underground
Water District by Espey Huston and Associates

3

“ LIMITATIONS ON THE USE OF THIS DATA:

HDR Engineering, Inc. reports that these estimates have a range of uncertainty of 15-20% for dry
fmyears and 25% for wet years.

¢
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TABLE 5.4-1
TECHNICAL DATA REVIEW PANEL

COMPARISON OF EDWARDS AQUIFER RECHARGE ESTIMATES
NUECES RIVER BASIN

Page 1

SOURCE: TABLES 5.1-2 AND 5.2-1
UNITS : ACRE FEET

YEAR TEXAS WATER UNITED STATES DIFFERENCE

DEVELOPMENT BOARD GEOLOGICAL SURVEY USGS - TWDB
1934 112756 63900 -48,856
1935 821231 826400 5,169
1936 591363 520300 -71,063
1937 187841 187300 -541
1938 201744 207800 6,056
1939 349832 326600 -23,232
1940 205687 191100 -14,587
1941 440103 431300 -8,803
1942 262626 317000 54,374
1943 150237 123700 -26,537
1944 281726 239200 -42,526
1945 259783 227800 -31,983
1946 262234 203600 -58,634
1947 247001 212000 -35,001
1948 143632 112900 -30,732
1949 340765 353900 13,135
1950 144837 117300 -27,537
1951 138365 80400 -57,965
1952 95687 77000 -18,687
1953 99831 44100 -55,731
1954 85996 111900 25,904
1955 251169 158400 -92,769
1956 58716 25000 -33,716
1957 345221 437100 91,879
1958 754188 1085400 331,212
1959 431240 426800 -4,440
1960 408008 408700 692
1961 431577 399300 =32,277
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iTable 5.4-1 Page 2

@” YEAR TEXAS WATER UNITED STATES DIFFERENCE
1 DEVELOPMENT BOARD GEOLOGICAL SURVEY USGS - TWDB
1962 130174 121800 -8,374

1963 99173 82000 -17,173

1964 297883 260800 -37,083

m 1965 348807 308100 -40,707
. 1966 334719 419100 84,381
1967 336115 315300 -20,815

1968 547428 571900 24,472

- 1969 370618 348400 -22,218
g 1970 312215 371500 59,285
1971 502413 670600 168,187

m 1972 362622 456600 93,978
L 1973 683221 857800 174,579
1974 312607 378200 65,593

1975 391156 459200 68,044

1976 623298 639500 16,202

1977 386871 518100 131,229

1978 259370 277500 18,130

1979 481572 601500 119,928

1980 173832 212100 38,268

- 1981 631763 927900 296,137
b 1982 202398 254700 52,302
1983 250402 228100 -22,302

1984 144330 99700 -44,630

1985 494971 492000 -2,971

1986 422239 597000 174,761

1987 752260 1298000 545,740

1988 186367 219000 32,633

' 1989 117262 127139 9,877
AVERAGE 326062 357674 31,612

LIMITATIONS ON THE USE OF THIS DATA:
See notes on Tables 5.1-2 and 5.2-1 about accuracy of data.
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TABLE 5.4-2

TECHNICAL DATA REVIEW PANEL

COMPARISON OF ANNUAL RECHARGE ESTIMATES

MEDINA RIVER

SOURCE: TABLES 5.1-2 AND 5.3-1

UNITS : ACRE FEET
Year Edwards Underground United States

Water District Geological Survey

1940 52,432.6 38800
1941 53,011.7 54100
1942 §2,874.4 51700
1943 51,231.8 41500
1944 50,368.0 50500
1945 51,694.7 54800
1946 50,957.9 51400
1947 52,083.9 44000
1948 48,963.4 14800
1949 46,913.1 33000
1950 44,010.5 23600
1951 39,867.8 21100
1952 35,807.1 25400
1953 32,202.3 36200
1954 26,867.4 25300
1955 12,259.3 16500
1956 3,737.7 6300
1957 31,032.6 55600
1958 52,148.4 95500
1959 52,947.0 94700
1960 52,885.3 104000
1961 52,677.1 88300
1962 48,093.6 57300
1963 38,674.4 41900
1964 29,451.8 43300
1965 39,579.6 54600
1966 39,722.1 50500
1967 34,772.4 44700
1968 46,306.0 59900
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Table 5.4-2
Year Edwards Underground United States
Water District Geological Survey

1969 46,754.1 55400
1970 50,362.7 68000
1971 49,341.5 68700
1972 53,001.1 87900
1973 53,092.9 97600
1974 52,917.1 96200
1975 52,951.4 93400
1976 52,486.5 94500
1977 52,669.6 77700
1978 51,648.8 76700
1979 52,871.7 89400
1980 49,899.5 88300
1981 52,524.8 91300
1982 52,112.9 76800
1983 48,450.9 74400
1984 41,812.6 43900
1985 45,195.2 64700
1986 48,600.9 74700
TOTAL 2,130,268.1 2,798,900

AVERAGE 46,310.2 60,845.7

LIMITATIONS ON THE USE OF THIS DATA:

See notes on Tables 5.1-2 and 5.3-1 about accuracy of data.
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Figure 5.1-1

Schematic of Streamflow Gages
and Gaged and Ungaged Areas
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GRAPHICAL SEPARATION OF A HYPOTHETICAL
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COMPONENTS OF DIRECT PRECIPITATION

Base flow
after storm

L2772

MAR |APR | MAY [UUNE |ULY |AUG |SEPT| OCT | NOV | DEC | JAN | FEB]

281



Figure 5.1-3

Maximum baseflow (D)
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Figure 5.4-1

COMPARISON OF HISTORICAL EDWARDS AQUIFER RECHARGE FOR
NUECES RIVER BASIN
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Introduction

6.1
EDWARDS
AQUIFER

6.0 WATER QUALITY

This section addresses water quality in terms of potential constraints on use of water sources
available for regional supplies in the study area. This effort does not attempt to compile the
extensive surface and ground water quality record of sampling and testing. Emphasis is
placed on the Edwards Aquifer in this section with information on the extent of water
quality data available, special studies relative to water quality and general information about
the condition of water quality in the aquifer. :

Surface Water

An extensive record of water quality data exists for many sampling points on surface streams and rivers
in the study area from sampling and testing by local, state and federal agencies. The repository of this
data is the Texas Natural Resources Information System (TNRIS) at the Texas Water Development
Board.

From a regional planning perspective no known surface water quality problems exist that are not
treatable with conventional methods to make the water available for public uses. There are times when
costs of treatment rise, but current technology has thus far proved capable of dealing with the problems.
For example, during periods of low flow when San Antonio return flows predominate in the Guadalupe
River below the confluence with the San Antonio River, dissolved solids levels increase, making
treatment for industrial uses more expensive.

The TWC is responsible for regulation of surface water quality in the state for all point source
discharges. Municipal non-point source (stormwater) regulation is imminent. Given the current

condition of surface water quality and the continuing protection under the regulatory authority of the
TWC, this text does not address surface water quality further.

Ground Water

The other aquifers in the study area have not been considered as sources for regional solutions, the one
exception being the study by CH2M HILL identified in Section 3.0, SOURCES QF SUPPLY, of the
potential for an aquifer storage and recovery project in the Carrizo Aquifer. Water quality data for other
aquifers in the study area and water quality problems associated with those aquifers were not researched
as a part of the Technical Data Review Panel effort. Groundwater quality data for the other aquifers
in the study area is available from the TNRIS.

6.1.1 GENERAL CONDITIONS OF WATER QUALITY

A review for this text of the resource material addressing the water quality of the Edwards Aquifer
indicated the following general information.

1. There exists an extensive record of water quality data from numerous wells and the major springs
for the Edwards Aquifer.

2. The quality of water in the aquifer meets all of the present Environmental Protection Agency
drinking water standards with isolated and minor exceptions, though low levels of many
contaminants have been detected.

3. Point-source contamination by pollutants has occurred.

4. Movement of the freshwater/saline-water interface has been documented by changes in dis-
solved solids concentrations in some wells during periods of historic low levels in the aquifer.

5. No generally accepted conclusion exists relative to the potential freshwater/saline-water interface
movement at lower than historic water levels.

6. There is no long term trend of changes in the chemical quality of water in the aquifer noted
from sampling since 1934.
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6.1.2 WATER QuauliTY DATA

This effort will not attempt to accumulate and present the extensive record of water quality data for
the Edwards Aquifer. Analysis of water quality constituents have been performed over a long period
for numerous wells and the major springs by several agencies in addition to the testing by municipal
water purveyors. This text will identify the major sources of data on Edwards Aquifer water quality and
the range of parameters analyzed.

6.1.2.1 United States Geological Survey

Beginning in 1968, the United States Geological Survey (USGS) in cooperation with the Edwards
Underground Water District (EUWD) and others, has systematically collected data for determining
changes in water quality and for detection of pollution of the Edwards Aquifer. For the period 1968-
1977 this data is presented in two special reports, ical an iol 1 Quali

Selected Sites in the San Antonio Area, Texas, Edwards Underground Water District, August 1968-
January 1975 and February 1975-September 1977. Subsequently, all data has been published in the
annual bulletins prepared by USGS for EUWND. Several special studies and reports addressing specific
water quality issues have been prepared by USGS using this data. A partial list of the data and special
study reports by USGS includes:

1. Report LP-131,H mical ds Aquifer in th Antonio Ar
Texas, Texas Department of Water Resources, United States Geological Survey and City
Water Board of San Antonio (McClay and others) October, 1980.

2. Water—Resources Investigation Report 87-4116 Relationship of Water Chemistry of the
: ol

onio Repion, Texas, United States

GeologlwlSurvey, (Buzka), 1987. -

3. Open File Report 85-182, istical Summary of W, m

Well rings in Aquifern io, Texas, United States

Geological Survey in cooperation with Edwards Underground Water District (Wells),
1985.

Table 6.1-1 is a list of the water quality constituents analyzed by USGS in 1990. Approximately 87
wells and three springs were sampled and analyzed from one to twelve times per year. The USGS record
can be regarded as the most complete and consistent record of water quality data for the Edwards
Aquifer.

6.1.2.2 Edwards Aquifer Research and Data Center

The Edwards Aquifer Research and Data Center (EARDC) has a significant but irregular program of
water quality testing for the Edwards Aquifer and the San Marcos River. Studies of water quality tend
to be in response to special projects, usually intensive but short term, that EARDC contracts to perform.

The EARDC does not have any continuing programs in place to monitor long term water quality
changes in the Edwards Aquifer.

6.1.2.3 Municipal Water Purveyors

Municipal Water Purveyors are required to sample and test water quality for purposes of determining
regulatory compliance with the Environmental Protection Agency’s Safe Drink Water Act (PL93-523)
as administered in Texas by the Texas Water Commission. Each municipal water purveyor has a record
of water quality data for that purveyor’s system according to the regulatory requirements for testing. The
requirements in effect for sampling and testing are continually changing, generally requiring monitor-
ing of an increasing number of water quality constituents with time.
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Table 6.1-1

WATER QUALITY CONSTITUENTS ANALYZED BY
UNITED STATES GEOLOGICAL SURVEY, 1990

Spocific conductance
PH

Temperature
Alkalinity

Hardnasa, Total
Calcium, Dioaolved
Magnooium, Disgolved
Sodium, Diseolved
Potascajum, Dissolved
Sulfate, Dissolved
Chloride, Dissolved

MINOR ELEMENTS
Arsenic, Dissolved
Barium, Dioocolved
Cadmium, Digsolved
Chromium, Dlnnolv;d
Copper, Dissolvod
Iron, Disaolved

PESTICIDES
Porthane, Total

Naphthalenes, Polychlor., total

Aldrin, total
Lindane, total
Chlordanae, total
DDD, total

DDE, total

DDT, total
pieldrin, total
Endooulfan, total
Endrin, total
Bthion, total
Toxaphone, total

YOLATILE ORGANIC COMPOUNDS

Dichlorcbromomethane, total
Carbontetrachlorida, total
1,2-Dichlorcethane, total
Bremoform, total
Chlorodibromomothane, total
Toluena, total

Benzena, total
Chlorobenzene, total
Chloroothane, total
Ethylbenzeno, total
Mothylbromide, total
Hethylchlorido, total
Methylene chloride, total
Taetrachloroethylene, total
Trichlerofluorcmethane, total
1.1-Dichlorcethane, total

Xylene, total water whole tot rec

ISOTOPES
Tritium, total
H-2/H-1 Stable isotope

Fluoride, Dissolved
Silica, Dicoolved
Nitrogon, Total
Nitrogan, Ammonia, Total
Nitrogon, Nitrite, Total
Nitrogon, Nitrato, total

Nitrogon, Ammonia + Organic, Total

Nitrogen, NO2+K0O3, Total
Phosphorus, Teotal

Carbon, Organic, Dissolved

Load, Diosolved
Manganocgse, Digcsolved
Silver, Diosolved
2inc, Dissolved
8elonium, Dissolved
Morcury, Dioocolved

Hoptachlor, total
Boptachlor opoxide, total
PCB, total

Malathion, total
Parathion, total
Diazinon, total

Mothyl Parathion, total
2,4-D, total

2,4,5-T, total

Hirex, total

Silvaox, total

total trithion

Hothyl trithion, total

1,1-Dichloroothyleno, total
1,1,1~Trichlorcethana, total
1,1,2-Trichlorcethane, total

1,1,2,2 Totrachloroothano, total

1,2-Dichlorobanzene, total
1,2-Dichloropropanoe, total
1,2-Transdichloroothenca, total
1,3-Dichloropropene, total
1,3-Dichlorobenzone, total
1,4-Dichlorobonzane, total
2=Chloroathylvinylothor, total
Dichleorodifluoremathane, total

CIS 1,3-Dichloropropana, total

Vinyl Chloride, total
Trichloroethylone, total
Styrone, total

0-18/0-16 Stable Lsotopa

289



290

Table 6.1-2

CITY WATER BOARD COMPOSITE CONSTITUENT LEVELS
SAN ANTONIO, TEXAS
PRIMARY DRINKING WATER STANDARDS

H CONSTITUENT*

1987 1988 1989 1990 MCL**
Metal:
Arsenic <0.005 <0.005 <0.005 <0.007 0.050
Barium 0.018 <0.02 <0.04 <0.06 1.000
Cadmium <0.001 <0.00S <0.005 <0.005 0.010
Chromium <0.004 <0.01 <0.01 <0.01 0.050
Lead <0.003 <0,.005 <0.005 <0.00S 0.0s0
Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.002
Selenium <3 «<0.005 <0.00S <0.005 0.010
Silver <0.5 <0.01 <0.001 <0.001 0.050
Pasticides:
Endrin <0.0001 <0.0001 <0.0001 <0.0001 0.0002
Lindane <0.00005 <0.00005 <0.00005 <0.00005 0.004
Hechoxy;hlor <0,0001 <0.000S <0.0005 <0.0005 0.100
Toxaphene <0.0001 <0.001 <0.001 <0.001 0.00S
2,4D <0.01 <0.0005 <0.0002 <0.0002 0.100
2,4,5, TP <0.001 <0,0002 <0.0001 <0.0001 0.010
Trihalomethane <0.04 <0,02 0.011 0.011 0.100
{Total)
Radioactivity:
Groes Alpha <2pci <2pci <2 < 2 15 -
pCi/L
Gross Beta <3pCi <3pci <3 < 3 50
pci/L
Organica:
Vinyl Chloride <0.002 <0.002 0.0002
1,1 <0.001 <0.001 0.007
Dichlorcethylene
1,1,1 <0.001 <0.001 0.2
Trichloroethane
Carbon Tetrachoride <0.001 <0.001 0.00S
Benzene <0.001 <0.001 0.00S
1,2 Dichloroethane <0,001 <0.001 0.005
Trichloroethylene <0.001 <0.001 0.00S
1,4 Dichlorobenzene <0.001 <0.001 0.07s8

* Constituent Levels reported in milligramas per liter (mg/L)

*% MCL is the maximum constituent level established by USEPA in compliance with

PL 93-523

+ Radiocactivity is measured in pico curles per liter of water (pCi/L)

—
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As an example, Table 6.1-2 indicates the record of water quality constituents, the maximum contami-
nant level for each and the composite measured level for all tests for recent years as reported by San
Antonio City Water Board in WATER STATISTICS, 1990. The regulatory requirements for num-
ber, type and frequency of sampling and testing vary with the siz¢ of the municipal water purveyor. The
three principal classes of purveyors are: systems serving fewer than 3,300 people, those serving between
3,300 and 50,000 and those serving more than 50,000. Regulations require monitoring for several
classes of contaminants, including inorganic chemicals, organic chemicals, disinfection by-products,
wrbidity, microbiological contaminants and radionuclides.

6.1.2.4 Others

The Texas Water Development Board historically collected samples and test the water quality of the
Edwards Aquifer but ceased this practice in the early 1980s. It now relies on the USGS program of
sampling and testing Edwards water, as described above in 6.1.2.1. All data from previous TWDB
testing and from the USGS program are available in the TNRIS computerized data bank.

The Texas Water Commission (TWC) has sampled and tested surface water since the late 1960s at
selected sites on streams and rivers throughout the state. The frequency of sampling and parameter
coverage varies site to site and also with time at each site. TWC performs intensive surveys in areas
where water quality problems are known to exist. For example, the San Antonio River and its
tributaries in Bexar County, including the Medina River have been surveyed. Results of such surveys
are published as reports. In addition, every two years, TWC publishes an assessment document entitled,
State Water Quality Inventory Report which details measured water quality parameters and stream
standards on a steam segment by stream segment basis. All of the TWC data is included in the TNRIS
system.

6.1.3 LocaLizep CONTAMINANT PROBLEMS

Three instances of contamination of the Edwards Aquifer by point- source pollutants have been
reported. All of these areas are in the transition zone downdip of the recharge or outcrop area of the
Edwards Aquifer. The transition zone of the aquifer is an area where geologic conditions permit
hydraulic communication from the surface through the overlying formations to the aquifer. Figure 6.1-1
presents the geographic locations of pertinent geological features of the Edwards Aquifer referred to
here and in the rest of the text.

6.1.3.1 Taylor Slough, Uvalde, Texas

In the area of Taylor Slough and Highway 90 in Uvalde, Texas, the Edwards Aquifer was contaminated
with tetrachloroethylene from a site occupied by a commercial cleaning service. In thisarea the surface
formation, the Leona Gravel, overlies and contacts the Edwards Aquifer. Site remediation occurred
and a monitoring program continues in the affected area of several square miles. Many private wells
were affected and may not be used for drinking water at present. No public wells were affected. This
information was taken from a report, Investigati latil i inds i ndwater
Uvalde, Texas, Edwards Underground Water District, 1989, and EUWD staff interviews.

6.1.3.2 West Avenue Landfill, San Antonio, Texas

Volatile organic carbon migrated, apparently though a fault, into the Edwards Aquifer from the West
Avenue Landfill, an out of use landfill in a quarry pit in northern San Antonio. After the contamination
was discovered the site was capped and contoured to minimize surface infiltration of water and leachate
recovery wells were installed. No public or private wells are affected by this contamination. This
information was reported by staff at EUWD.
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Figure 6.1-1

6.1.3.3 Thousand Oaks Blvd. and Jones-Maltsberger Road San Antonio, Texas

A leak in an underground storage tank released approximately 10,000 gallons of gasoline at a site near
the intersection of Thousand Oaks Blvd. and Jones-Malesberger Road. The most soluble components
of gasoline have been found at low levels in the Edwards Aquifer in the vicinity. No public supply wells
were affected. Some private well owners switched to public supplies.

6.1.3.4 Recharge Zone

Bacteriological contamination of the water in the Edwards Aquifer is prevalent in the recharge zone
and to a lesser extent is the artesian zone. Chlorination by public supply systems cures this problem
where it exists in public supply wells.

6.1.4 FRESHWATER/SALINE-WATER INTERFACE
The freshwater/saline-water interface defines the southern and southeastern limit of the freshwaterzone

of the Edwards Aquifer. The potential for movement of saline-water into the freshwater zone during
periods of lower levels in the aquifer has been a long-standing water quality concem.

1

Historically the freshwater/saline-water interface has been defined as the “bad water line,” a line drawn
where dissolved solids levels in the aquifer equal 1000 mg/l, generally a level of dissolved solids above
which the water is unusable for human or agricultural uses. The normal dissolved solids levels in the
aquifer are 250-300 mg/l. Recent studies described later in this text indicate that the freshwater/saline-
water interface is an irregular zone where dissolved solids levels increase vertically with the thickness
of the Edwards formation and horizontally down gradient.

Significant studies of the freshwater/saline-water interface are described following.




6.1.4.1 Bad Water Line Experiment, San Antonio, Texas

In this study seven wells were drilled at three sites located in a line normal to the freshwater/saline-water
interface, this transect extending from the freshwater to the saline water zone. At each location wells
were drilled to different depths in the aquifer. Water was sampled at different levels in the wells. The
results indicated increasing dissolved solids with depth in the wells. One well in the freshwater zone
yielded water from the bottom of the Edwards Aquifer with a dissolved solids concentration of 4800

mg/l.

Aside from the information gained in the initial drilling, these wells were constructed as long term
monitoring wells to gather data on movement of water from areas of higher dissolved solids to areas of

lower dissolved solids. Reference material describing this study can be found in Drilling, Construction

and Testing of Monitor Wells for the Edwards Aquifer Bad Water Line Exmnmgn; William F. Guyton

and Asscciates, Inc., November 1986, and ﬂxdm!gg;g Data from a Studv of the Freshwarer Zone/
line-Water Zone Interface in th rds A Antonio Region, Texas, U.S. Geological

Survey, (Pavlicek and others), Open-File Report 87—389, 1987.
6.1.4.2 New Braunfels and San Marcos Freshwater/Saline-Water Interface Study

In the 1989-91 period the EUWD constructed three monitoring wells in a transect across the fresh-
water/saline-water interface near both Comal and San Marcos Springs. Significant findings from this
effortare reported in the Executive Summary of Report 92-02, Investigation of Freshwater/Saline-Water

i rds Aquiferin New B ls an Marcos, Texas, Edwards Underground Water
District, May 1992, and are summarized following.

At New Braunfels and San Marcos the saline water {1000 mg/! or greater dissolved solids levels) was
discovered nearer to the springs than previously thought. At New Braunfels all of the wells contained
saline water in the lower portion of the Edwards Group, indicating the presence of a transition zone
of higher levels of dissolved solids to lower levels across the transect from the saline zone to the Comal
Springs Fault near Comal Springs. At San Marcos all transect wells had high salinity levels, the nearest
well within 300 feet of the springs, indicating the absence of a transition zone in this area.

Pump test and sampling at New Braunfels indicated increasing salinity over time in one well. Strong
conclusions about the movement of saline water to the freshwater zone were not drawn from this test
because this well is in the transition zone. However the test did reveal the movement of water from
an area of higher salinity to a pump in production.

6.1.4.3 Other Special Studies/ Reports

In Water Resources Investigation Report 86-4032, Potential for Updip Movement of Saline Water in
the Edwards Aquifer. San Antonio, Texas, U.S. Geological Survey, (Perez), 1986, a computer mod-
elling effort to estimate the magnitude of potential saline water intrusion to the freshwater area of the
Edwards Aquifer was reported. With several simplifying assumptions concerning the geohydrology of
the aquifer, the maximum movement of the “salinity front” predicted by the model was 854 feet over
a 10 year simulation period drawing water levels to lower than the historical minimum.

Report 92-03, Using Geophysical in Aquifer to Estim r Quality alon
Freshwater/Saline-Water Interface (Uvalde to San Antonio, Texas), Edwards Underground Water

District, (Schultz), March, 1992 describes a analysis of geophysical logs near the freshwater/saline-water
interface in the Edwards Aquifer. The purpose of the study was to more clearly delineate the limits of
the freshwater/saline-water interface. The conclusions of the study are summarized as follows:

1) The freshwater/saline-water interface is irregular and extends further south than previously
thought.
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2) The separation between the freshwater and saline water is not a straight vertical plane.
Variation in water quality may occur vertically from zone to zone at one location.

EUWD staff members reported that a review of the water quality data will indicate increases in
dissolved solids levels associated with historic periods of lower Edwards Aquifer levels. These increases
occurred in wells within the freshwater/saline-water interface where elevated dissolved levels occur at
normal aquifer levels.

6.1.5 SpeciaL REGULATION

Beginning in 1970 in response to a perceived public need, limitations on development in the recharge
zone were imposed to protect the water quality of the Edwards Aquifer. Currently and after periodic
revisions the responsibility for enforcement of the “Edwards Aquifer Rules” resides with the TWC. The
rules require submittal of pollution abatement plans for all regulated activities, which are inclusive of
all development related works except single unit residential development on more than five acres.

6.1.6 PANEL DiscussioNs AND CONCLUSIONS

In 1986, in part because of the special problems described above in subsection 6.2.3, the “Edwards
Aquifer Rules” were amended to include regulation of hydrocarbon hazardous material storage and
landfills in the “mransition zone.” The transition zone, as defined by the Edwards Aquifer Rules includes
an area from eastern Medina County east and northeast to the limit of the Edwards Aquifer (San
Antonio Pool) in eastern Hays County. It includes the outcrop areas of the Austin Chalk and other
formations between the Austin Chalk and the Edwards. The transition zone exists geologically in the
western part of the Edwards Aquifer but has not received legal designation under the “Edwards Aquifer
Rules” for regulation of development. The extension of the legal definition of the transition zone to
include this area is currently being proposed.

One panel member felt that the inclusion of bad water line (freshwater/saline-water interface)
information in this text was not relevant. Others disagreed and stated that the potential for movement
of the saline water during periods of low water levels in the Edwards Aquifer has a bearing on the
management to the aquifer.

Another panel member indicated that the movement of the freshwater/saline-water interface historically
has been slight and that the studies indicate little additional movement when water levels fall below
historical lows. The near proximity of the saline water to Comal and San Marcos Springs was noted
by others indicating that even a small movement of the freshwater/saline-water interface could cause
water quality problems in those areas.

The panel generally concurred that surface water quality problems could be addressed with treatment
processes and further discussion in this text was not necessary. One member suggested that a good gage
of surface water quality could be developed by comparing historical water quality data with the stream
standards for water quality set out in the TWC regulatory program.
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TABLE 6.1-1

TECHNICAL DATA REVIEW PANEL

WATER QUALITY CONSTITUENTS ANALYZED BY
UNITED STATES GEOLOGICAL SURVEY, 1990

SELEC (0] co

DISSOLVED ORGANIC CARBON

Specific conductance
PH

Temperature
Alkalinity

Hardness, Total
Calcium, Dissolved
Magnesium, Dissolved
Sodium, Dissolved
Potassium, Dissolved
Sulfate, Dissolved
Chloride, Dissolved

MINOR ELEMENTS

Arsenic, Dissolved
Barium, Dissolved
Cadmium, Dissolved
Chromium, Dissolved
Copper, Dissolved

Iron, Dissolved

PESTICIDES

Perthane, Total

Naphthalenes, Polychlor., total
Aldrin, total

Lindane, total

Chlordane, total

DDD, total

DDE, total

DDT, total

Dieldrin, total

Endosulfan, total

INORGANIC CONSTITU

Fluoride, Dissolved
Silica, Dissolved
Nitrogen, Total
Nitrogen, Ammonjia, Total
Nitrogen, Nitrite, Total
Nitrogen, Nitrate, total

Page 1

S UTRIENTS, AND

Nitrogen, Ammonia + Organic, Total

Nitrogen, NO2+NO3, Total
Phosphorus, Total

Carbon, Organic, Dissolved

Lead, Dissolved
Manganese, Dissolved
Silver, Dissolved
Zzinc, Dissolved
Selenium, Dissolved

Mercury, Dissolved

Heptachlor, total
Heptachlor epoxide, total
PCB, total

Malathion, total
Parathion, total
Diazinon, total

Methyl Parathion, total
2,4-D, total

2,4,5-T, total

Mirex, total
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Table 6.1-1 (Continued)

Endrin, total
Ethion, total
Toxaphene, total

VOILATILE ORGANIC COMPOUNDS
Dichlorobromomethane, total
Carbontetrachloride, total
1,2-Dichloroethane, total
Bromoform, total
Chlorodibromomethane, total
Toluene, total
Benzene, total
Chlorobenzene, total
Chloroethane, total
Ethylbenzene, total
Methylbromide, total
Methylchloride, total
Methylene chloride, total
Tetrachloroethylene, total
Trichlorofluoromethane, total
1,1-Dichloroethane, total

Xylene, total water whole tot rec

ISOTOPES
Tritium, total
H-2/H-1 Stable isotope

Page 2

Silvex, total
total trithion
Methyl trithion, total

1,1-Dichlorcethylene, total
1,1,1-Trichloroethane, total
1,1,2-Trichloroethane, total
1,1,2,2 Tetrachloroethane, total
1,2-Dichlorobenzene, total
1,2-Dichloropropane, total
1,2-Transdichloroethene, total
1,3-Dichloropropene, total
1,3-Dichlorobenzene, total
1,4-Dichlorobenzene, total
2-Chloroethylvinylether, total
Dichlorodifluoromethane, total
CIs 1,3~-Dichloropropene, total
Vinyl Chloride, total
Trichloroethylene, total
Styrene, total

0-18/0-16 Stable isotope
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TABLE 6.1-2
TECHNICAL DATA REVIEW PANEL

CITY WATER BOARD COMPOSITE CONSTITUENT LEVELS
SAN ANTONIO, TEXAS
PRIMARY DRINKING WATER STANDARDS

MCL** 44"

CONSTITUENT* 1987 1988 1989 1990
Metal:
Arsenic <0.00S <0.005 <0.005 <0.007 0.050
Barium 0.018 <0.02 <0.04 <0.06 1.000
Cadmium <0.001 <0.005 <0.005 <0.005 0.010
Chromium <0.004 <0.01 <0.01 <0.01 0.050
Lead <0.003 <0.005 <0.005 <0.005 0.050
Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.002
Selenium <3 <0.005 <0.00S <0.005 0.010
Silver <0.5 <0.01 <0.001 <0.001 0.050
Pesticides:
Endrin <0.0001 <0.0001 <0.0001 <0.0001 0.0002
Lindane <0.00005 <0.00005 <0.00005 <0.00005 0.004
Methoxychlor <0.0001 <0.0005 <0.0005 <0.0005 0.100
Toxaphene <0.0001 <0.001 <0.001 <0.001 0.00s
2,4D <0.01 <0.000S <0.0002 <0.0002 0.100
2,4,5, TP <0.001 <0.0002 <0.0001 <0.0001 0.010
Trihalomethane <0.04 <0.02 0.011 0.011 0.100
(Total)
Radioactivity:
Gross Alpha <2pCi <2pCi < 2 < 2 15
pCci/L
Gross Beta <3pCi <3pCi < 3 < 3 S0
pCi/L
Organics:
Vinyl Chloride <0.002 <0.002 0.0002
1,1 <0.001 <0.001 0.007
Dichloroethylene
1,1,1 <0.001 <0.001 0.2
Trichloroethane
Carbon Tetrachoride <0.001 <0.001 0.00s
Benzene <0.001 <0.001 0.005s
1,2 Dichloroethane <0.001 <0.001 0.00s8
Trichloroethylene <0.001 <0.001 0.005
1,4 Dichlorobenzene <0.001 <0.001 0.07s

* Constituent Levels reported in milligrams per liter (mg/L)

** MCL is the maximum constituent level established by USEPA in compliance with

PL 93-523

+ Radioactivity is measured in pico curies per liter of water (pCi/L)
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70 TECHNICAL AREAS REQUIRING FURTHER STUDY
OR IMPROVEMENT

In the process of reviewing the data presented in this text, the Techmcal Data Revzew Panel

made a listing of those technical areas requiring further study or improvement in data

_ collection techniques. Except where it is specifically noted that the proposed report grew

- out of the consensus of the Panel, this listing consists of suggestions made by individual

" members of the Panel. No attempt was made to prioritize or rank these suggestions. This

listing is set out below with a discussion of each item for purposes of guiding future study

 efforts to appropriate technical areas that will most benefit water management and planmng

R for the reglon. The items are organized according to the prevmus techmcal secuons in this
report. v

Recommendations for technical studies are not to be interpreted as motivated by policy

choices. They were developed in response to the perceived need for additional information

~ that would enable policy processes in the future to evaluate accurately the technical data
- in question.

7.2.1 IRRIGATION ACRES AND WATER APPLICATION RATES

Historically there has not been any legal requirement for reporting groundwater irrigation use acres or
water application rates. Most irrigation wells are not metered, and no consistent or comprehensive
record of irrigated acres exists. Some members felt that the methods for estimating groundwater use for
irrigation need improvement. The record of groundwater irrigation use can be improved with metering
and reporting of groundwater irrigation use and acres irrigated, some members noted.

7.2.2 UNREPORTED INDUSTRIAL USE

The reporting of groundwater use for industrial purposes is also not required by law. The record of
industrial groundwater use examined in this effort indicates that most industries report water use on a
voluntary basis; still, it was noted that some industries have a sporadic record of reporting, indicating
that a less than complete record of industrial groundwater use exists. Some members felt that metering
and reporting would improve the record of industrial groundwater use.

7.2.3 QT1HER UNREPORTED PUMPING

The Panel effort concluded that two Edwards Aquifer wells pumping water into the San Antonio River
have not been included in the historical record of groundwater discharge from the Edwards Aquifer.
These wells are alternately free-flowing and pumped. A one time estimate of 4270 acre feet per year
was made in 1992. The historical record of discharge for these wells is not known. A complete record
of historical water use is necessary for effective management, some members felt, and it was suggested
that these wells be included in future estimates of groundwater use.

7.2.4 Accuracy oF ESTIMATES

The utility of water use estimates for planning purposes can be improved, it was suggested, if the
accuracy of the estimates is stated by the estimator when the data is presented. The precise method-
ologies should be specified, estimations noted where they replace measurements, and the range of
uncertainty associated with either measuring devices or estimation methodologies should be explicitly
stated.

7.2.5 SEPARATION OF REPORTING OF GROUNDWATER USE BY AQUIFER
In some areas of the study region, two aquifers exist and both are being used as groundwater sources.

A good example is in Uvalde County where the Leona Gravel overlies the Edwards Aquifer. In that
area, wells are drilled in both aquifers. The Panel could not ascertain that the entities preparing
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estimates of groundwater use for that area have properly separated the use between the aquifers. The
Texas Water Development Board groundwater estimates do not include an estimate for the Leona
Gravel and probably, according to TWDB, report that use as Edwards Aquifer groundwater discharge.
Some members wanted to see this reporting separated as a way of improving future studies.

7.2.6 REPORTING OF WATER USE

A standardized and detailed mandatory water use reporting system providing consistent and detailed
data would be of great benefit to water management and planning efforts, several members suggested.
This reporting system should include standardized metering and units of measurement with reporting
to a centralized point. Uses should be separated for purposes of better projections of future needs and
the potential for reductions in use. An example of this is municipal use, which could be reported in
categories of residential, commercial, apartment, recreation and other uses.

7.2.7 WATER NEEDS FOR NATURAL SYSTEMS

This is a broad area where relatively little technical information exists. It includes water needs for
natural systems at Comal and San Marcos springs, instream flows in all the study area streams, and bay
and estuary requirements. Definition of these needs is of significance to water management and
planning for the region. The Panel urged that studies be completed on all natural system needs.

The Panel also agreed that an independent scientific study of augmentation of springflows at Comal
and San Marcos springs should be completed. The Panel emphasized that this should be an unbiased
study carried out by hydrologists and biologists and capable of looking in a detailed manner at the
question and that the purpose of the augmentation study would be to examine the feasibility of
augmentation as a method of preserving existing uses, including both the endangered species and
recreational uses of water. The source and amount of water that could be used to augment springs is
an important factor in regional planning efforts, some members felt. Another member expressed the
strong belief that an augmentation study would have to include a derailed biological analysis of the
environment supporting the endangered species, including the narrow levels of temperature, water
quality and water chemistry within which the species can survive. One member suggested the study
also include examination of the feasibility of injecting Canyon Lake water into natural channels that
might carry water to Comal Springs.

7.2.8 EDWARDS AQUIFER GROUNDWATER DIVIDES

More information is needed, some members felt, to define the boundaries of the Edwards Aquifer at
the west end near Brackettville in Kinney County and at the northeast end near Kyle in Hays County.
Additional study is necessary to determine if these groundwater divides move and if they are recharge
or pumpage dependent.

7.3.1 INTERBASIN TRANSFERS

Potential sources of supply from cutside the study area that might be tapped in an interbasin transfer
program should be identified and investigated, some members proposed. No technical studies of region-
wide solutions proposing the use of water from outside the study area were identified in the Panel effort,
though mention of such altematives has been made in policy studies.

7.3.2 RECHARGE ENHANCEMENT

The recharge enhancement potential for the Edwards Aquifer in the Guadalupe and San Antonio
River basins should be investigated as it was in the Nueces Basin, several members urged. A study for
that purpose is currently in progress. One member noted that any assessment of recharge enhancement
should consider the relative location of projects. He mentioned as an example that an acre foot of
recharge in the western part of the aquifer available to all users and the springs may be more valuable

305



306

7 04
REDUCTIONS
IN USE

than an acre foot in the eastern part that only benefits the springs. Another member emphasized the
need to evaluate the environmental impact of recharge projects.

7.3.3 AQUIFER STORAGE AND RECOVERY

Some members proposed studies to evaluate the potential for storage of freshwater in the saline zone
of the Edwards Aquifer for later recovery.

7.3.4 DESALINATION

An evaluation of the potential for treatment of saline water from the Edwards Aquifer for freshwater
use was proposed by some members.

7.3.5 Knrra GaP — EDWARDS AQUIFER

Further study of the geology of the aquifer and groundwater movement in the area of the Knippa Gap
was proposed by one member in order to evaluate the potential for using that natural feature coupled
with engineering solutions for “across the gap’ movement of water to facilitate storage and delivery
options that will improve the utility of the Edwards Aquifer.

7.3.6 ENVIRONMENTAL LIMITATIONS ON RESERVOIR DEVELOPMENT

One member proposed a study of environmental limitations on proposed reservoir developments where
such studies had not been done in the past. This would enable the full costs of all the projects to be
compared more accurately, that member felt, and the likelihood of development to be assessed in the
current framework of increased concern for environmental factors.

7.3.7 CONTROL OF SPRINGFLOW FROM EDWARDS AQUIFER

Some members proposed a study on the technical feasibility of controlling the flow of water from Comal
and San Marcos springs as a means of enhancing groundwater availability while meeting the needs of
the endangered species and the downstream users. This-study would focus solely on the technical and
engineering feasibility of regulating springflow.

7.3.8 TRraNSFERS FrRoM BELOW SPRINGS TO SAN ANTONIO

One member suggested a technical study of the engineering feasibility of capturing water below the
springs during periods of high springflow for transfer to San Antonio for municipal use or for recharge
at some distal point to the springs.

7.4.1 'WATER MARKETS

Water marketing techniques for transferring water between Edwards Aquifer users should be evaluated,
some members proposed. This evaluation should include institutional arrangements and constraints
and economic analysis.

7.4.2  INCENTIVES FOR CONSERVATION
Incentive programs to effect conservation of water use were proposed by some members with emphasis

on conservation in agriculture. Some felt this especially important since farmers had already installed
water conserving technologies to the extent justified for economic reasons.
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7.4.3 GaLLons Per Capita PER Day WATER USE

The Panel felt that if water use as measured in gallons per capita per day (GPCD) is to be used as a
baseline for regulatory reductions in water use, better data on GPCD rates should be developed. A
consistent methodology with proper adjustments for varying conditions between municipalities should
be devised for this purpose. Several Panel members agreed that the desire for better GPCD data did
not mean that existing data is not reliable.

7.4.4 RepucTiONS IN SEASONAL DEMANDS

One member felt that more attention should be given to short term and more drastic demand
management measures. He reasoned that historically steep declines in water levels during critical
periods occur in two to three months coinciding with the irrigation and lawn watering season. Actions
during that period would have a significant impact on springflows. He therefore recommended a study
of the feasibility of demand management measures that could meet such short term needs.

7.5.1 METHOD FOR CALCULATING NATURAL RECHARGE

The Panel recognized the value of current data on natural recharge but proposed that improvements
in the methods for calculating natural recharge for the Edwards Aquifer should be developed, following
the suggestions of USGS staff and TWDB consultants who have worked on this problem. Improve-
ments will require more and better data on rainfall, recharge and runoff characteristics in the recharge
area of the aquifer. Several members noted that the need for better estimates did not negate the value
of the existing estimates for planning purposes.

307



	208_Cover
	208_p1
	208_1
	208_2
	208_3

