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1.1 
PURPOSE 

1.0 'INTRODUCTION 

The Technical Data Review Panel is an independent srudy group broadly representative of a large region 
of South Central Texas that is affected 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 furure 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 srudy 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 oonvened 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 Data Review 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 not a 
scientific panel, charged with answering specific hydrologic or other technical questions or with 
performing original research. Rather it was a group of professionals attempting to assess the data regarding 
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 activities 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 effecrs 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 arc central to any planning or policy development efforts 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 
ORGANIZATION 

1.3 
GROUND RULES 

The Technical Data Review Panel is an assembly of technical representatives from a crosssectionofwater 
usersandrelatedadministrativeagenciesinthestudyarea. (See 1.4forafulldelineationofthesrudyarea.) 
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, alternative 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; 

3. list technical areas requiring further study; 
4. prepare a text 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. 

The group agreed us;x>n a set of ground rules to govern the activities of the Technical Data Review 
Panel. These rules were intended to support a politically unbiased atmosphere for the development 
of the written product. The ground rules, as adopted by the Panel, were as follows: 

1. Members of 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 alternative and would otherwise not have been 
represented. 

2. 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: 

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

4. The goal of the discussions was to identify areas of agreement and disagreement regarding the 
adequacyandreliabilicyoftechnicaldata. The group attempted to identify the specific reasons 
and criteria for evaluation of data, whether positive or negative. 

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

6. There was no voting in the sense of cleAning 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. 

7. The flnal report of the Panel was to reflect the full range of opinion on each issu~ 

8. John Folk-Williams was selected to serve as the Panel's facilitator and to maintain the group's 
mailing list. 

9. Greg Rothe was selected to serve as the Panel's technical 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: April29,June 3,June 24,july 22, August 26 and 
September 23. All meetings were scheduled from 9:30A.M. to 5:00P.M. and were held at 
the Edwards Underground Water District Office • 
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1.4 
STUDY AREA 

Figure 1.1-1 

The study area is generally described by the area of the Guadalupe, San Antonio and Nueces river basins 
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 Anronio-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 purposes of addressing Lake T exana. Figure 1.1-1 outlines the study 
area. 
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Ms. judith Austen 
Air Force Military Water 
Coordinator 
HQATC/DEME 
Building 661 
RandolphAFB, TX 78150-
5001 

Mr. Tom Moreno 
General Manager 
Bexar Metropolitan Water 
District 
POBox3577 
San Antonio, TX 78285 

j.W. "Johnny" Ward 
President 
BMA Countie!' Water 
Control & Improvement 
Dist#l 
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. Dlvid Dlvenport 
Administrator 
Canyon Regional Water 
Authority 
PO Box 188 
Marion, TX 78124 

Mr. Dlvid R. Dennis 
Assistant General Manager 
Cibolo Creek Municipal 
Authority 
POBox930 
Schertz, TX 78154 

Mr. Victor Medina 
Water Superintendent 
City of Corpus Christi 
PO Box9277 
Corpus Christi, TX 78469 

Alternate: 
Mr. Ed Garana 
Assistant Water 
Superintendent 

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

Mr. Rick Cortes 
City Manager 
City of Kirby 
112 Bauman 
Kirby, TX 78219 

Mr. larry Gilley 
City Manager 
City of San Marcos 
630 E. Hopkins 
San Marcos, TX 78666 

Ms. Melissa Millecam 
Governmental and Comm. 
Affairs Coordinaror 
City of San Marcos 
630 East Hopkins 
San Marcos, TX 78666 

Alternates: 
( 1) George Boeker, 
Public Works Director 
(2) Ron Patterson, 
Planning Director 

Mr. James Thurmond 
City Manager 
City of Uvalde 
PO Box799 
Uvalde, TX 78801 

Mr. Joe Fulton 
Director Res. & Enviro. -
Planning Division 
City Public Service 
PO Box 1771 
San Antonio, TX 78296 

Alternate: 
Kim Stoker 

Mr. 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 

Alternate: 
Thomas Hill 

Mr. Gail Boehme 
Representative 
Medina County 
106 Hwy. 90 West 
C1Stroville, TX 78009 

Mr. Oliver Martin 
President 
Medina Co. Underground 
Water Cons. District 
1100 16th Street 
Hondo, TX 78861 

Mr. BobSohn 
General Manager 
New Braunfels Utilities 
PO Box 310289 
New Braunfels, TX 78131-
0289 

Mr.ConMims 
Executive Director 
Nueces River Authority 
POBox349 
Uvalde, TX 78802-0349 

Mr. Jack Willome 
President 
RayCo, Inc. 
PO Box 5250 
San Antonio, TX 78201 

Alternate: 
Herb Quiroga 

Mr. Fred N. Pfeiffer 
General Mamger 
San Antonio River 
Authority 
PO Box 830027 
San Antonio, TX 78283-
0027 

Alternate: 
F. Blair Warren 

Mr. Joe Aceves 
President/CEO 
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 Rathburn 

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

Alternates: 
( I) Tom Pardue 
(2) Chris Powers 

Mr. Jerry L. Morrisey, Ph.D 
Sierra Club 
19631 Encino Way 
San Antonio, TX 78259 

Alternate; 
Mr. Fred Wills 

Mr. Ray Buck 
General Manager 
Springhills Water 
Management District 
PO Box 771 
Bandera, TX 78003-0771 

Ms. Cindy Locffier 
Inflow Coordin:ltor 
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, 
Room407 
Austin, TX 78701 

Alternates: 
( 1) Mr. Leslie Cunningham 
(2) Mr. Steve Cullinan 
U.S. FISh and Wildlife 
Service 
PO Box 1306 
Albuquerque,NM87103 

Mr. Lawrence Friesenhahn 
Uvalde County Represen­
tative 
Rt.l Box63 
Knippa, TX 78870 

Mr. A.M. Rimkus 
Uvalde County Under· 
ground Water Conserva­
tion Dist. Route I, 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 

Mr. Robert Wagner 
General Manager 
Zavala-Dimmitt Water 
Improvement Dist. #] 
PO Drawer 729 
Crystal City, TX 78839 

+ + • + • 

Mr. John Folk-Williams 
Facilitator 
Western Network 
616 Don Gaspar 
Santa Fe, NM 87501 

Mr. Greg Rothe 
Technical Consultant 
POBox668 
1614 Avenue M 
Hondo, TX 78861 
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2.0 WATER DEMANDS AND NEEDS 

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

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

+ Historical demands for surface water belowComal and San Marcos springs and below 
the recharge ione generally in the Guadalupe, San Antonio and Nueces river basins. 

+ Projected future demands for these human activities. . . 
+ Needs of the springs, rivers and bays for water to sustain wildlife habitat and other 

natural systems · 

Thefirstpartofthesectionlooksatthetwoprincipal~o~rcesofhistoricalgroundwaterusedata: 
the U.S~ GeologiCal Survey and the Texas Water Development Board. After explaining the 
methodologies each uses for each category of data, this Pclr.t offer5 samples of the available data 
to illustrate what is available from the agency. Then saillple 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 which are especially high, indicating the need 
for further work to resolve discrepancies. 

Thenextparttakesthesameapproachtohistoricalsurfacewaterdata. Thereisonlyonemajor 
source of this data, the Texas Water Commission, which issues pennits for surface water use 
and collects diversion reports from the pennittees. This is a brief section since the Panel found 
little disagreement with the available data. · · 

Followin~ these two sections on historical water use is ~·tlong discussion concerning the 
projection of future demands made by the Texas Water Development Board. While this agency 
is the orily one that makes detailed projections for the entire study area, it has two major sets 
of data which thePanelexamined. One consists ofworkdonein 1989 for the 1990Texas 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 coneem 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 

1 
1 , 
l 
l 
l 
l 
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l 
l 
l 
l 
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The Texas Water Development Board (TWDB) submits reporting fonns to public water supply systems '1 
and industrial water users annually statewide seeking infonnation on ground water and surface water use J 
fortheyear. ThesefOnnsprovideforthereportingentitytoreportwateruseonamonthlybasis,inaddition 
to other pertinent infonnation relative to the reporting entity's operation. For surface water the reported 
irrigation uses do not include delivery system losses and as such do not represent total diversions. For l'i 
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. lWDB also estimates power, miming, livestock and irrigation uses. . 1 
lWDB 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: l'; 
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 

seepage 47 
for complete table 

HISTORICAL GROUND WATER PUMP AGE BY COUNI1ES FOR REGION 

SOURCE: TEXAS WATER DEVELOPMENT BOARD 
AIL VALUES ARE REPORTED IN AClm-FEETUNITS 

OOUN'IY 1985 1986 1987 1988 1989 

BEXAR 
MUNICIPAL & MIUI'ARY 238,431.13 243,700.62 235,429.08 260,609.01 259,860.07 
MANUFACI'URING 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 
UVESTOCK 138.00 146.00 122.00 127.00 127.00 

BEXAR 1UfAL: 265,520.19 270,831.19 251,565.29 286,820.57 292,731.49 

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

HISTORICAL GROUND WATER PUMP AGE BY AQUIFER R>R REGION 

SOURCE: TEXAS WATER DEVELOPMENT BOARD 
AIL V ALUFS ARE REPORTED Jill ArnE FEET 

AgUIFER NAME 1985 1986 1987 1988 1989 

CARRJZD. wn.cox 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 -lRINTIY 5,598.10 5,793.77 3,007.46 3,598.98 11,253.86 
GULFOOAST 82,927.02 73,846.63 78,188.66 86,329.87 83,236.05 
01HER • UNDIFF. 2,666.19 1,714.20 1,909.14 3,279.11 2,160.52 
QUEelcnY 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 585.91 512.15 549.51 578.11 727.68 
1RINriY 8,689.18 8,974.76 9,827.62 15,480.64 11,549.59 

REGIONAL 1UfALS: 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. 

Figure 2.1-1 is a sample 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 repon an 88 
percent compliance rate for submittal of repons by the 4800 public systems in the state. When reports 
are not furnished 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 waterpumpage 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 repon. In some cases these are new systems which started operations during the 1981-1990 
period. 

The TWDB repon 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 various aquifers based on aquifer maps, well locations 
and depths and other information available to TWDB. 

II 
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Manufacturing 

, 
TWDB provides reponing forms to manufacturing water users similar to those furnished to municipal 1··1 
users. Figure 2.1 ~2 is asampleofthe manufacturing report form. TWDBcannotcompel the manufacturers 
to report on ground water pumpage. These reports are submitted on a voluntary basis. TWDB 
representatives report a 92% compliance rate for reponing. 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 1·
1 Municipal use section. 

Power 

The TWDB obtains reponed pumping data from power generation stations. For steam electric plants l 
using surface waterforcooling, consumptive use is estimated based on powerproductionand 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 obtains reponed pumpage for some mining operations. For those not reponing, estimates l 
are made based on U.S. Bureau of Mines production data convened to water use. 

Irrigation l 
The TWDB makes intensive surveys of irrigation use every five years. The two most recent years are 1984 l! 
and 1989. This water use information is presented in Reoon 329. Surveys of Irrigation in T exac;~ 1958. 
1964. 1969. 1974.1979.1984.1989. The crop acreage and crop water application information is obtained 
for the intensive surveys from Soil Conservation Service (SCS) field office estimates. In other years, 
TWDBobtains irrigationacreagedatafrom the T exasAgricultural Statistics Service and estimates of crop , 
water application rates from the Soil Conservation Service. The Texas Agricultural Statistics Service l 
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 l 
wide and not as precise as the 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 l 
to aquifers by the method described above for Municipal pumpage. Where multiple aquifers are available · 
for irrigation pumpage in a particular area, some well depth information is used by TWDB for assignment 
of the pumpage to the separate aquifers. 

1 
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 reponed pumpage. This information was supplied , ... 
by the Soil Conservation Service and provides crop type, acres irrigated, inches applied, and the resultant 
acre feet of water pumpage. Note that two total crop acres are reponed 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 reponed in Table 2.1~4, is in all cases less than the "Total Crop Acres ~ 

Irrigated." TWDB repons that this difference is explained by double cropping on some acres. Note that 
for Uvalde County, this difference 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. l 

1 
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Livestock 

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

Domestic 

Domestic pumpage is estimated by TWDBusing 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 reponed 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 reponed in the Municipal pumpage category. 

AU Uses - Edwards Aquifer 

Table 2.1-6 presents the Edwards Aquifer components of the total ground water pumpage reponed in 
Table 2.1-1. This information is presented graphically in Figure 2.1-3. 

TEXAS WATER DEVELOPMENT BOARD 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

TOTAL ACRE FEET PUMPAGE (1 OOOs) 
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Figure 2.1-4 

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 2.1A. The estimation methods used by USGS for the various uses follow. 

UNITED STATES GEOLOGICAL SURVEY 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

1 
l 
l 
1 
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The USGS obtains municipal and military pumping records each year from the 1WDB. For an l'' 
explanation ofhow the 1WDBobtainspumping records from users see the explanation in Section 2.1.1.1 
above. The USGS supplements the 1WDB pumping records by contacts with non-reporting entities. 
Generally, the non-reporting entities represent small users. The USGS recategorizes some reported , 
1WDB municipal pumpage into the Industrial category. Hotels and other public type operations are 1 
transferred from the 1WDB Municipal pumpage category to the USGS Industrial category. Likewise, 
the USGS separates private schools, country clubs, and cemeteries from the 1WDB Municipal record, ,,, 
and reports these separately under Miscellaneous pumpage. This resorting of reported pumpage makes 
any direct comparison of the 1WDB municipal pumpage and the USGS municipal and military pumpage 
difficult. , 
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 1WDB 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 has not been reported to 1WDBand has not been included in the USGS j 
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 

/1(/ 
I 

The Dillard's (formerly Joskc'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 zoo. This use has been reponed 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. 

IS 



16 

Sample Data From 
Table 2.1-8 

see pages 63-64 
for complete table 

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

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

1 , 
Year 1989. Remote sensing (satellite photography) was used to develop crop acreage estimates. Crop 1 
water application rates were derived in the same manner as Year 1986. 

Year 1990. Crop acres were estimated by USGS fromASCSrecords. Irrigated acres were adjusted fornon- l 
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 furnishes the individual 
farm data sheets to USGS without identifying the farm. l 
Tables 2.1-8 and 2.1-9 present the calculations of irrigation demands and water application rates as found l' 
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. 

UNITEDSTA1ES GF.OLOOICALSURVEYIRRIGATIONDEMANDCALCULATIONS 
R>R EDWARDS AQUIFER 

SOURCE: USGS FILES 1986- 1991 

OOUNIY 1988 1989 1990 

INOIES AClffi INOIES AClm DilatES AClffi 
ACRES APPUED FEEl' ACUlS APPLIED Fmi' ACRES APPLIED FFlrr 

BEXAR 
Al.PALFA 
OORN 2,800 12.31 A 2,872 1,000 28.31 A 2,359 3,850 20.00 E 6,417 
CXJITON 200 11.00 E 183 669 20.00 E 1,115 400 20.00 E 667 
GRASS FARM 200 10.00 E 167 200 12.00 E 200 
MILO 10.00 E 167 156 9.00E 117 
NURSFRY STOCK 9.00 E 225 300 10.00 E 250 
PBANUTS 19.00 A 1,742 1,100 19.63 E 1,799 
VEGETABU:.S 500 25.00 E 1,042 680 30.00 E 1,700 
WHEAT,OATS 

l 
l 
1 
l 
l 
~ 

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

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 manufacruring pumpage 
for this general category. USGS supplements the TWDB record of contacts with mining, power and 
manufacturing pumpage entities and estimates where necessary. Generally, the smaller users are the non-
reporting entities. 

USGS reports some public system pumpage reported as municipal by TWDB in the USGS Industrial 

l 
l 
1 

category. Hotels operating their own wells are an exampleofpumpage reported by USGS in the Industrial 
category. This resorting by USGS ofTWDB data makes direct comparisons ofTWDB 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 and unreported 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) (pennanendy closed in 1991) 

l 
l 
l 
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Blue Wing 
HotWellst 
J. W.Scott 
F. Vargas 
Misc. Flowing Wells (21) 

Schirmirer 
0. R. Mitchell 
J. L. Nelts 
Aldridge Nursery 

The Farmers Well estimated flow was the majority of the total flow for these wells as tallied in the USGS 
working files. 

Domestic and Uvestock Use 

USGS estimates domestic and livestock pumpage for each county and reports these as a lump sum. It was 
reported by USGS that this estimate, which has been constant for recent years, was originally made based 
U(X>n 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 lWDB. Detailed estimates 
were found for years 1987 and after. For prior years, this pumpage was reponed 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 reponed by USGS in the bulletins for years 1981 through 1983. For this reason, 
Domestic and Livestock and Fish Hatchery uses in Uvalde County are reported as one total in the Uvalde 
County section ofT able 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 comparisonsofUSGS and lWDB reported estimates 
of Municipal and Military, Industrial, Irrigation and Domestic and Livestock pumpage, respectively, for 
the five major EdwardsAquifercounties. Figure 2.1 ~6 presents a graphical comparison of the totalEd wards 
Aquifer pumpage estimates by USGS and lWDBfor years 1985~1989. 

A review ofT able 2.1~10 or Figure 2.1~a comparing the Municipal and Military pumpage as reported 
by USGS and lWDB 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 lWDB. This can 
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 lWDB reported estimates for Carnal, Hays, Medina, and Uvalde Counties. 
One would expect the USGS and lWDBMunicipal and Militarypumpage numbers to be very close, with 
the adjustments made by USGS considered, because USGS begins its reponing process with data fur, 
nished by lWDB. The lWDBdatareported in these tables is the Edwards Balcones Fault Zone (Edwards 
Aquifer) component of total of county ground water pumping reported by lWDB in Table 2.1,2. 
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Sample Data From 
Table 2.1-12 

see page 70 
for complete table 

Table 2.1-11 compares USGS and lWDB estimates of industrial pumpagc from the Edwards Aquifer. 
This comparison is presented in Figure 2.1-6b. The reader is reminded that USGS transfers some pumpage 
reported by lWDB as municipal to this category. Also USGS makes estimates of known industrial 
pumpers not reflected in the lWDB record. lWDB representatives repon that the large increase in 
pumpage in the lWDB record in Comal County in 1987 comes from a first time repon submitted by a 
quarry operation. The Comal County estimate rerurns 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 ofUSGS and lWDB irrigation pumpage estimates from the Edwards 
Aquifer. Figure 2.1-6c also presents this comparison. The Edwards Balcones Fault Zone (Edwards 
Aquifer) component only of total county ground water pumping reponed by TWDB in Table 2.1-2 is used 
in these comparisons. After 1985 the lWDBestimates are higher than USGS, in some years and ooundes 
significantly higher. 

COMPARISON OF1WDB AND USGS 
GROUND WATER PUMPING DATAIUR EDWARDS AQUIFER COUNI'IES 

IRRIGATION USE 
SOURCE: TABLES 2.1·1, 2.1· 7 All V Al..UES REPORTED IN ACRE-FEET OR AS A PERCENT AGE 

YEAR CXXJN1Y tHiS 1WDB (I) PERCENT 
TABLE 2.1-7 TABLE 2.1-1 DIFFERENCE 

1985 BEXAR 16,400 15,949 2.15% 
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 

TOr AI.. 203,000 222,423 -8.73 

1986 BEXAR 7,600 15,613 51.32% 
a>MAL 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 

TOr AI.. 104,100 230,125 -54.16 

Table 2.1-13 compares USGS and lWDB ground water pumping data for com and cotton for 1989. 
This is the only year in which the lWDB 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. Thlc; 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 selected rainfall reponing stations in 
the Edwards Aquifer area from Rulletin 50. Edwards Underground Water District, 1990. A funher 
review ofTables 2.1-5 and 2.1-8 indicates that TWDB carries a consistently higher estimate offorage, 
grain sorghum and small gmin 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 
reponed in Table 2.1-1 plus the TWDB Livestock pumpage reponed in Table 2.1-l is compared to the 
USGS estimate of Domestic and Livestock pumpage which has been consistently reponed 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 

Figure 2.t .. 6a 

COMPARISON OF USGS AND TWDB 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

TOTAL ACRE FEET PUMPAGE (1 OOOs) 
350 ,....--,...--------,...,..,.--,----,___,..-.....,.....-....,...,...,..,....,....,.... 

250 

200 

150 

100 

50 

0 

.. 

~ . . . ~ . . .. . . . .. ......... . 

85 89 85 8985 89 85 89 85 89 

BEXAR COMAL HAYS MEDINA UVALDE 

•usGs 
DTWDB 

COMPARISON OF TWDB AND USGS 
HISTORICAL MUNICIPAL/MILITARY PUMPAGE 
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Figure 2.1-6b 

COMPARISON OF TWDB AND USGS 
HISTORICAL INDUSTRIAL PUMPAGE {1 OOOs AF) 
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COMPARISON OF TWDB AND USGS 
HISTORICAL IRRIGATION PUMPAGE 
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Figure 2.1-6d 

COMPARISON OF TWDB AND USGS 
HISTORICAL DOMESTIC/LIVESTOCK PUMPAGE 
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2.1.1.4 Panel Discussions and Conclusions 

One member emphasized the importance of distinguishing between pumpagc 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. Fanners' 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 that 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 arc certified by all farmers 
participating in the government farm program and that the great majority of all farms arc enrolled in 
the program. 
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Comparing USGS and 1WDB pumping data for irrigation use in the Edwan:fs Counties, many 1 
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 1 
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 1···· 
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 1·· 
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 c) 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 1·· .. 
smaller springs. 

Other members expressed a similar concern about verification of suspect data. It was pointed out that the 
original reporting forms used by 1WDB 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 1WDB 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 

AU 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 (1WC). 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 1WC files for the Guadalupe, San Antonio and Nueccs 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 purposes file annual reports of month! y diversions with the Texas 
Water Commission (1WC). Generally, municipal and industrial uses are metered. 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 summary of actual surface 
water uses in 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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·Spurce: Texas WaJJ:r Commission. Unit: Acre-Feet 

1989 SUMMARY LISTING OF WATER USES 
BY TYPE OF USE FOR . 

GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS 
AND ADJOINING COASTAL BASINS 

~ 

MUNIOPAL INDUSTRIAL IRRIGATION MINlNG HYDRO- RECREATION REOiARGE 

. BASIN No. of Div. No. of Div. No. of Aaes Div. 
Permits Amt. Permits Amt. Permits 

Guadalupe 35 18567 34 . 553047 214 10481 .. (1) (2) (3) 

San Antonio 5 539 2 28175 180 33146 

Nueces 19 107341 5 60917 208 26437 

Lavaca- 0 0 0 0 3 0 
Guadalupe 

San Antonio- 0 0 5 4084 2 110 
Nuec:es 

Nueces- 3 5621 8 809594 48 6796 
Rio Grande 

1UI'AL 62 132068 54 1455817 655 76970 

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

Amt. 

55828 

73600 

30564 

0 

215 

6744 

166951 

No. of Div. 
Permits Amt. 

1 0 

1 272 

1 1 

0 0 

0 0 

0 0 

3 273 

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

UMlTATIONS ON USEOFTIUS DATA 

ELECI'RIC 
No. of Div. No. of Div. No. of Div. 

Permits Amt. Permits Amt. Permits Amt. 

10 1649427 41 62 0 0 
(4) 

0 0 20 307 1 0 

0 0 13 40 3 0 

0 0 0 0 0 0 

0 0 4 17 0 0 

0 0 9 982 0 0 

10 1649427 87 1408 4 0 

<==J r-=='1 1----s ~ 

OiliER lUfAL 

No. of Div. No. of Div. 
Permits Amt. Permits Amt. 

0 0 335 2,276,931 

4 0 213 102,893 

2 0 251 198,863 

0 0 3 0 

0 0 11 4,316 

4 0 72 822,941 

10 0 885 3,405,944 

1. Diversion amounts for induslrial 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, reponed use combines multiple plants using same water. 

="1] 



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 
No. Div. 

BASIN Perm. Amt. 

Ouadalupe 46 182395 
(1) (1) 

San· Antonio 8 72032 

Nucces 27 239419 

Lavaca- 1 0 
Ouadalupe 

San Antonio- 0 0 
Nu~ 

Nueces- 5 7738 
RioOrande 

1UJ'AL 87 501584 

No. Perm. = Number of Permits 
Div. AmL = Diversion Amount 

INDUSTRIAL 
No. Div. Consum. 

Perm. Amt. Div. Amt 

41 613534 131566 
(2) (2) 

s 48936 (5) 

9 258112 (5) 

0 0 0 

s 16,017 (5) 

10 1575838 (5) 
(6) 

54 2512437 131566 

Consum. Div. Amt. = Consumptive Diversion Amount 

IRRIGATION 
No. Acres Div. 

Perm. Amt. 

262 53399 88780 
(3) (3) 

211 58303 102223 

275 48536 79311 

9 3247 4560 

5 606 842 

54 36372 52218 

816 200463 327934 

MININO HYDRO-ELECfRIC llJ:rRJ:~TION RECHAROE 
No.Div. No. Div. Consum. No. Div. No. Div. 

Perm. Amt Perm.Amt. Div. Amt Perm. Amt. Perm. Amt. 

3 156 13 S288S8S 0 54 6959 0 0 
(4) 

1 431 0 0 0 26 480 1 961 

3 17 0 0 0 17 10 3 ·2290 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 4 7780 0 0 

0 0 0 0 0 9 10427 0 0 

7 604 13 5288585 0 110 25656 4 3251 

OiliER 1UfAL 
No. Div. No. Div. Consum. 

Perm. Amt. Perm. Amt. Div. Amt 

4 850 423 6,181,259 403,747 
(1)(2)(3)(4) 

s 0 257 225,063 (5) 

3 0 337 579,159 (5) 

1 1000 10 4,560 0 

0 0 15 25,639 (5) 

5 0 83 1,646,221 (5) 

18 1850 1125 8.661.901 JSJ 

(1) Includes 14 conlracts 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 S permits with non-consumptive rights totalling 
481,968 acre-feet. 

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

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

~ATIONSONUSEOF~DATA 

1 • Separation of consumptive diversion amount from total diversion amount for industrial use is estimated. 
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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 pennits were utilized at about 10% to 50% of the pennitted 
amounts. The exceptions are irrigation use in all the basins which were utilized at a level of 50% w 80% 
and industrial use in the Guadalupe Basin, a large ponion 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 imponant to add information to the table about actual water use, as reponed w the 
TWC. They suggested that without data about water returned to the stream and available for funheruse, 
the picture is distoned. The data reponed 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 PoPULATION AND WAT£R 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 allcitiesover 1000 population for projection years 1990,2000, 2010,2020,2030 and 2040. This 
infonnation 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 infonnation and reponed historical water use information obtained by TWDB. Water use 
projection infonnation developed by lWDB is not directly comparable w historical pumpage informa­
tion because the use projections may not include delivery losses, panicularly 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 cohon-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 is described by TWDB as the highest per capita use rate during 1978-1988 reflecting a period ofbelow 
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 usc 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. 

---------------------------------------------------------------- 15 
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COMAL COUNTY POPULATION PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 
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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 J 
efficient technologies. 

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

for energy production. 

To determine irrigated agriculture water requirements TWDB 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 forT exas irrigation operations. In addition, 1WDB for its 1990 Plan projected a 20 
per cent increase in water use efficiency. Finally, 1WDB projects a continuation of the historical decline 
in irrigated acres recorded from 1985-1989. l 
Livestock water use rates for the classes of livestock are derived from animal nutrition data for daily "Water 
requirements. Forecasts oflivestock production as well as water use rates are the basis for estimating future 
livestock water demand. l 
Figure 2.1-12describes the elements of the TWDBwateruse projection estimates by use category and their 1· , 
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 l 
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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 arc also presented. Both population series prujec­
tionsof water use are found in Table 2.1-20. Figures 2.1-13 through 2.1-17 graphically presentrhisdata 
for the major Edwards Aquifer counties. All of the elements of the estimates and their summations as 
described in Figure 2.1-12 for all projection years arc avai !able for further use 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 
has significant reductions projected in later projection years due to predicted conservation and mandatory 
restrictions on pumpage. 

TEXAS WATER DEVEIDPMENTBOARD WATER USE PROJECI10NS 

SOURCE: Texas Water Plan, 1990 
AU values n:ported in acre-feet 

a>UNfY SERIES 1990 2000 2010 2020 2030 2040 

BEXAR LOW(1) 359729 397506 428989 472827 546094 586817 
IDGH(2) 365656 421081 462450 539687 680179 765614 

a>MAL lDN 18599 21762 24046 26357 28520 29942 
HIGH 18892 23730 27108 30602 35264 38373 

HAYS lDN 18040 22300 26285 30372 34420 36834 
HIGH 18232 24732 31376 37876 44674 48658 

MEDINA lDN 61028 44966 43031 41245 39482 37544 
HIGH 76520 70675 67290 63941 60682 57290 

UVAlDE lDN 86676 64544 62632 60849 59189 57048 
HIGH 108706 100843 96750 92726 88939 84751 

(1) Low Population Series, High per Capita usc, with Conservation 
(2) ·High Population Series, High per Capita usc, 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 I 000 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 reponed above 
in Table 2.1-20 for the counties. , 

TEXAS WATER DEVElDPMENTBOARDWATER USE PROJECilONS 
FOR CITIES OVER 10,000 POPULATION 

Source: Texas Water Plan, 1990 
All values reported in acn:·feet 

COUNTY.oTY SERIES 1990 2000 2010 

BEXAR/SAN ANrONIO HIGH(1) 224208 2S8827 287604 
WW(2) 224032 249417 271234 

COMAUNEW BRAUNFELS HIGH 8820 10200 11822 
IDN 8724 9434 10704 

HAYS/SAN MARCOS HIGH 8554 11756 15432 
IDN 8483 10541 12707 

(I) HIGH SERIFS POPULATION, HIGH PER CAPITA USE WITH CONSERVATION 
('2) WW SERIFS POPULATION, HIGH PER CAPITA USE WITH CONSERVATION 

2.1.3.2 Texas Water Development Board, 1992 Draft Projections 

2020 

328191 
290177 

13236 
\1S62 

18881 
14939 

, 
2030 2040 l 

385520 437894 
309478 334781 

15255 16304l 
12911 13501 . 

22436 24439 
17181 18409l 

l 
The Texas Water Development Board has made revised population projections and water use estimates l 
dated April, 1992, using the 1990 census information. This material js available in DRAFT foon. It has 
not been approved by the Texas Water Development Board. It should also be noted that the 1990 census l.: 
is suspected ofhavingundercounted the population. These April, 1992, projections are based on 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 l 
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. J 
For the 1992 water use projections the TWDBused the same elements of projected wateruse as described 
by Figure 2.1-12 for the 1990 water use projections. In applying the expected municipal conservation 1·· 
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 
not projected to achieve as much additional conservation savings through the projection period as those l ... · .. 
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. 1···. 

TEXAS WATER DEVElDPMENTBOARDWATER USE PROJECilONS 

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

~oo=maY~~---------s=~==~--------~2~oo~o~----~20~1~o----~2~m~o~----~20~3~o----~2~04~o~ 

BEXAR WW(I) 401372 436471 479021 537686 601360 
lUGH ('2) 4192S3 473715 537486 635411 720569 

COMAL IDN 26022 28275 30496 32659 34489 
HIGH 27183 31696 35436 39679 42813 

HAYS IDN 20749 24654 27987 31027 32589 
HIGH 22729 28785 34119 39196 41976 

MEDINA IDN 99071 59491 59653 59971 60158 
HIGH 119240 114839 115193 115699 115990 

UVAlDE IDN 100198 66114 63882 62984 64226 
HIGH 140334 131412 132341 133648 135116 

(I) Low Population Series, High per Capita usc. with Conservation (2) High Population Series, High per Capita use, with Conservation 

l 
l 
~ 

J 

l 
l 
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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 cities over 10,000 population, high and 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. 

1EXAS WATFR DEVEWPMENTBOARDWATFR USE PROJECilONS 
FOR CITIES OVER 10,000 POPULATION 

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

OOUNIY,QlY SERIES 2000 2010 2020 

BEXAR/SAN AN'IONIO lBGH(I) 247067 282259 320833 
JJ:JW (2) 240385 265940 293952 

OOMALJNEW BRAUNFELS HIGH 9692 11376 12693 
IDN 8818 9425 9949 

HAYS/SAN MARCOS HIGH 9351 11453 13232 
IDN 8711 9999 11121 

(I) lBGH SERIES POPULATION, lBGH PER CAPITA USE wrrn OONSERVATION 
(2) JJ:JW SERIES POPULATION, lBGH PER CAPITA USE wrrn OONSERVATION 

2030 2040 

380152 437465 
333489 369674 

14509 15376 
10678 11277 

14939 15819 
12106 12614 

The comparison of the high and low population series projections described above for the 1990 
projections can be observed fromareviewofthe 1992 projections. Municipal, manufacturing, mining and 
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 asH igh, 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: It subtracts from total reported water use 
Heavy Industrial Use and Sales to other providers and then~ 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 idemif1able uses are included 
in the computed county total "other" demands category. 

------------------------------------------------------------------------- 19 



FigUre 2.1 .. 13 
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BEXAR COUNTY WATER USE PROJECTIONS 1 ... 

FROM TWDB 1990 TEXAS WATER PLAN 
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BEXAR COUNTY WATER USE PROJECTIONS 1 .. , 
FROM TWDB 1992 CENSUS DATA 
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Figure 2.1-17 

UVALDE COUNTY WATER USE PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 
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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 ofTWDB. 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 
warned 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 ofGPCD 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 reponed 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 repon 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 effon 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 diston 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 son 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 reponing 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 uncenainties 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. 
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2.2 

WATER NEEDS 
FOR NATURAL 

SYSTEMS 

Some members suggested that an area for furure 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. TWPB 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 narural 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 narural system water needs of 
these other springs is much less significant and has not been the focus of any srudy 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 Associates 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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The critical habitat designation by United States Fish and Wildlife Service Depanment 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 natura\ systems at the , 
springs in this exercise. 

' 

2.2.1.2 Historical Records l 
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 1 Marcos Springs. Refer to Table 2.2-1 for the data sets discussed in the following sections on Comal 
and San Marcos Springs. 

Sample Data From 
ANNUAL SPRINGFLOW DATA SETS l 

Table 2.2-1 COMAL & SAH MARCOS SPRINGS 

see page 112 
UNITS: ACRE-FEET 

l for complete table Cd.l Cd.2 . Cd.3 Cd.4 Cd.5 Col.8 Col. 7 
YEAR USGS GAGE USGS TWOB GBRAISARAICSA USGS GAGE TWOS GBRAISARAICSA 

COMAL RIVER COMALSPRS. COMAL IBBBREPORT SAN MARCOS SAN MARCOS 108&REPOAT 
AT AT SPRINGS COMALSPAS. RIVER FLOW SPRINGS SAN MARCOS 

NEW BRAUN. NEW BRAUN. SPRINGS l (I) (2) (3) (4} (5) (8) (7) 

1850 1811700 1811089 1811041 189760 78492 76492 
11151 1488110 . 148533 148318 1481110 68600 118818 
11152 182400 132102 132450 162460 75051 75102 l 1853 142870 1311051 1341105 142870 117859 117859 
1954 118380 118515 118344 98360 76731 75440 
1855 86820 883n 88120 86820 61162 111148 
18511 (8) 271107 22387 22340 271107 47564 47584 
1857 134740 103148 103388 134740 110280 110270 110270 l 1858 2341180 228347 226452 234080 153440 153440 153440 
11158 229240 227071 228902 229240 116060 116050 116050 
1860 24111110 228821 2304711 2416110 141410 141410 141410 
18111 247860 241785 241715 247860 134260 138260 138260 
11182 113470 1112181 182054 183380 95850 115850 85850 l 1883 150860 1501132 1502110 150800 78710 78710 78710 
1864 134582 138952 137137 134560 70180 70180 70180 
1885 208230 188480 188585 209230 123020 123020 123020 
1858 183430 183122 19286G 183430 111360 111360 111360 

l 1887 136450 131308 131044 136450 77850 77650 77650 
1968 248750 230762 231347 246750 143060 143060 143060 
11160 212340 210839 210547 212340 117820 117820 117820 
1870 226600 221173 2211711 226850 144570 144570 144570 
11171 I WOO 158975 158978 15!1810 91850 81850 111850 

l 11172 264600 225124 225127 2114550 116850 116850 116850 
11173 204000 2711238 278243 294010 158200 158200 158200 
1874. 283800 :ns:~n 275381 283820 133770 133770 133770 
11175 295400 288183 28111117 295430 170080 187390 1117390 
18711 280100 2681105 268809 280110 153140 153140 153140 

l 111n 289700 282831 282835 289690 161710 181550 1111550 
11178 2311000 233488 ~82 239880 117410 87410 87410 
19711 282700 zanz4 287728 282730 144950 144950 IU950 
lUG 207200 208350 208353 207240 85950 85950 85950 
1881 234500 2286811 228690 234460 131000 131000 131000 , 1882 201200 188127 188130 201200 83490 83490 83490 
1883 172000 171102 171105 108250 110340 
1884 111470 111087 111088 72346 72350 
11185 1112540 1114483 184468 132022 136880 
(1) USGS conllnuoua roCGtdlftg llroam gogo 

l (2} USGS aubtracta elllmc~to of wrfac:e dralnago from 130 ~quare miloa ol drainage area 
(3} TWDB data lOt UIOd In Roporl340, Model Rollllemont end ApJIUcallonalor lhe Edwards (Balconoa Fault Zono) 

Aqullor In th• San Anlorllo Ro;lon, Texaa. Toxa1 Wator O.volopmenl Board, July 1992, Draft. 
(41 Ouadlllupo-81anco Rlvor Aulhorhy. San Antonio Rlvor Authority. City ol San Antonio Roport, Wator Availability 

Study lor tho Guadalupe and San Antonio Rlvor Batlna. Etpey Hullon and Aaaociatoo, 1986 

l 15) USGS ccntlnuou1 rocordlngllloom gogo 
I8J USGS IUbtracta 05llmalo olwrlmce dralnogo lrom 83 ~quare miloo ol drainage area 
(7) TWDB data 101 Ulod In Roport 340, Modol Rodnomontand Applicallonolor tho Edwards (Balcone• Faull Zono) 

Aqullor In tho San Antonio Region, Tons, Texae Water Development Board. July 1992. Draft. 
(81 Comal Springe did nol now from June 13 10 Novombor 3, 11158 

l 
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Figure 2.2,lb 

Comal Springs 

The United States Geological Survey (USGS) has maintained a continuous recording gage on the 
Carnal River in New Braunfels to measure the Carnal 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-la-c. Carnal 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 Carnal Springs comiX>nent 
of the Carnal River flow for the period 1928-1989. This data set is derived from the gaged flows for 
the Carnal River at New Braunfels by separating the runoff from the 130 square miles of drainage area 
above the gage from the Coma! 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 (lWDB) is currently 
using as historical record of Carnal 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 furnished 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 a study reiX>rted as WATER AVAILABILITY STUDY FOR THE GUADALUPE 
AND SAN ANTON 10 RIVER BASINS which reported monthly values for Co mal springflow for the 
period 1940 through 1982. This report was prepared by Espey, Huston & Associates (EH&A). The 
annual totals from that table are reiX>rted in Column 4 of Table 2.2-1. Note that this data set agrees 
with the data set in Column 1 for the Coma! River at New Braunfels which includes the runoff from 
the 130 square miles above the gage in addition to the Carnal springflow. 
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600 

500 

400 

300 

200 

100 

0 
1949t950 1951195219531954'195519561957195819591960 196119621963196419651966196719881969 

IFiowa In tho rango 0 to 600 cfa ahownl 

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. 
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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 1 
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 reponed flows are for springflow only. The annual totals for this for San Marcos 1" 
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. 

l 
TWDB has a data set for San Marcos springflows for the period 1940 through 1990 which is presented l 
in Column 6 of the table. For years 1957 (ftrst 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 l .. , 
and 1985. Foryearspriorto 1957 (1940through 1956) TWDBreports that the dataset was taken from 
a Guadalupe Blanco River Authority bulletin, a USGS water supply paper, and information from W.F. 
Guyton and Associates. 

1 
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, l 
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 l 
measurements recorded by USGS to estimated monthly values for San Marcos. 
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Table 2.Z,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 Coma\ 
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 reponed by USGS 
in an annual report prepared for the Edwards Underground Water District tided 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 totalspringflows 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 SPRitlGS REPORTED TOTAL REP. 

SAN MARCOS SPRINGS ANTONIO PEDRO UNDER- SPRINGS SPRINGS SUM OF ltlEUWO MINUS 

SPRINGS SPRINGS SPRINGS FLOW &UNDFL. ESTIMATE BULLETIN SUM OF EST. 

(I) (2) (2) (2) (2) (2) (2) (3) (4) (5) 

------ -- -- ------

11170 385743 2431 4220 11523 15547 (8) 397483 397700 237 

11171 250825 813 1175 1737 11201 272752 272700 -52 

11172 341774 1381 4184 28452 375771 375800 29 
11173 437439 47787 8755 05911 25705 527265 527600 335 

11174 409147 32530 151187 36517 483887 4838110 -87 

1975 458273 34068 8024 44023 540388 540400 12 

19711 422045 343911 11264 40930 503838 503900 282 

11177 444541 71542 9827 9523 45070 580501 580300 -208 

11178 320868 18383 4355 8350 23342 375328 375500 172 

1879 43287 .. 47009 748<4 !15911 211125 522902 523000 98 

1980 302300 4579 2187 8550 10744 328340 328300 -~0 

1981 359888 17028 4818 8209 18384 408104 407300 -804 

1!182 291817 11182 2529 8271 24683 333282 333300 38 

19&:1 277352 117 1062 8182 14721 301434 301800 188 

1884 103433 0 224 8172 2734 172583 172500 -63 
1985 318485 0 0 8102 1080 332887 334000 1333 

11188 355277 4207 2880 (7) (7) 388100 NIA 

11187 448042 42909 8114 C7J C7J (7) 558000 NIA 

11168 302598 13128 101193 3402 C7J C7J (7) 3611800 NIA 

(I) Sum of Comml Sprlngt componanl ol momaurod now 11 Cornell Rlvor al Now Breunlolagogo and San Morcot 

Rivor FIQW al SCI~ Mttcoagaga (valuotln Tabla 2.2-1. calt. 2 and 15) 

(2) Valuoalrom USGS worldnglllot on wmlor uteloportt,ln ramo voate 

(3) Sum of pro'liout columnt 

(4) Excorplod from USGS publlcotlon Compllotlon of Hrdrologlc Dola lor Edwards Aquifer, San Anionic Area. 
Texat. 1889. with 11134-81 Summar~. Bulletin 411. 

(5) Total reported bV USGS In Bulletin 41 mlnutaum olelllmalot ollndlvldualsptlngt 

(61 In .ram• voara Leone Springe and Ltona Underflow estlmelod wporalalv.Jn olhor yoaralogothor 

(7) Loon• Spring• otllmelotnol available In USGS moalor yaara 1888.87.88 
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2.2.2 lNSTREAM FLows 
, 

lnstream flows is the tenn 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 infonnation relative to these minimum instream flow quantities is limited. No published l_-·• 

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 pennitting process for water use pennits. Examples of this include the special 
conditions relative to minimum instream flows that are included in the pennits 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 pennit 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 infonnation 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 EsruARY 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 pennits 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 fonn, presendy 
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 fonn (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 pennits 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 DepartmentofWater 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. Infonnation developed in these reports has been used since that time 
in state agency administration of water use pennit conditions. 
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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 suppon 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. Thb Texas Water Commission (TWC) authority to protect surface 
water quality by regulating point SO!Jrce discharge of pollutants was reviewed, in particular the lWC 
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 RJRTI-IER STUDY AND IMPROVEMENT. 
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TABLE2.1-1 l TECHNICAL DATA REVIEW PANEL 
HISTORICAL GROUNDWATER PUMP AGE BY COUNTIES FOR REGION 

SOURCE: TEXAS WATER DEVELOPMENrBOARD l AIL VALVES ARE REPORTED IN ACRE-FEIIT UNITS 

COUNI'Y 1985 1986 1987 1988 1989 

l ARANSAS 
MUNICIPAL 233.49 256.52 252.03 212.80 200.83 
MANUFAcnJRING 103.64 124.65 150.20 214.68 112.32 

l 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 
IJVPSI'OCK 3.00 3.00 5.00 5.00 5.00 

l ARANSAS 'JUI'AL: 340.15 384.17 407.23 432.48 318.15 

ATASCOSA 
MUNICIPAL 6,261.62 5,126.12 5,111.55 6,338.75 6,735.16 

l MANUFAcnJRING 3.00 3.00 0.00 0.00 0.00 
POWER 3,950.15 5,550.48 5,626.34 6,352.47 5.15 
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 

l lJVPSI'OCK 201.00 176.00 151.00 156.00 154.00 
ATASCOSA 'JUI'AL: 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 
MANUFAcnJRING 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 

l IRRIGATION 89.00 108.00 162.00 162.00 133.00 
IJVPSI'OCK 229.00 213.00 228.00 265.00 262.00 

BANDERA 'JUI'AL: 1,495.91 1,533.45 1,633.76 1,746.11 1,812.66 

BEE l MUNICIPAL 2,559.01 1,619.02 1,603.15 1,653.18 1,699.58 
MANUFAcnJRING 1.11 1.11 1.11 1.11 1.11 
POWER 0.00 0.00 0.00 0.00 0.00 

l MINING 121.00 24.89 20.00 21.00 20.00 
IRRIGATION 718.00 980.00 654.00 980.00 2,232.00 
IJVPSI'OCK 103.00 109.00 103.00 112.00 109.00 

BEE 'JUI'AL: 3,502.18 2,734.02 2,381.26 2,767.29 4,061.69 

BEXAR l 
MUNICIPAL& Mll.ITARY 238,431.13 243,700.62 235,429.08 260,609.01 259,860.07 
MANUFAcnJRING 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 , 
MUIIlNG 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 
lJVPSI'OCK 138.00 146.00 122.00 127.00 127.00 

BEXAR 'JUI'AL: 265,520.79 270,831.19 251,565.29 286,820.57 292,731.49 , 
CAlDWElL 

MUNICIPAL 2,588.31 2,784.08 2,631.72 2,716.56 2,613.18 
MANUFAcnJRING 0.00 0.00 0.00 0.00 0.00 l 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 
UVESI'OCK 74.00 81.00 80.00 84.00 82.00 l CAlDWElL 'JUI'AL: 2,833.31 3,010.72 2,884.72 2,910.55 2,869.18 
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r TABLE 2.1-1 (Continued) Page 2 

r COUNTY 1985 1986 1987 1988 1989 

CAI.JiOUN 
MUNICIPAL 570.65 523.00 515.82 479.15 392.95 

r MANUFACIURING 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 

r liVFSI'OCK 232.00 191.00 161.00 170.00 177.00 
CAIRO UN 'IUI'AL: 4,057.76 3,844.11 3,401.93 4,442.26 4,140.43 . 

CO MAL 

r MUNICIPAL 11,867.34 13,080.19 12,919.92 12,168.64 12,680.21 
MANUFACIURING 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 

r IRRIGATION 0.00 385.00 385.00 385.00 481.00 
UVESTOCK 222.00 222.00 233.00 258.00 256.00 

COMAL 'IUI'AL: 14,105.68 15,613.39 20,382.24 19.308.34 15,448.26 , DE wriT 
H MUNICIPAL 4,260.56 4,008.59 4,164.88 4,183.12 4,366.16 
t_ MANUFACIURING 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 

u UVESTOCK 205.00 178.00 177.00 181.00 178.00 L 

DE wriT 'IUI'AL: 4,875.56 4,421.84 4,664.11 4,692.15 4,948.45 

r DIMMIT 
t MUNICIPAL 2,220.42 2,346.84 2,121.47 2,573.33 2,684.55 

MANUFACIURING 0.00 0.00 0.00 0.00 0.00 

r 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 
1IVFSI'OCK 633.00 596.00 841.00 795.00 783.00 

r DIMMIT 'IUI'AL: 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 
MANUFACIURING 0.00 0.00 0.00 0.00 0.00 r 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 
UVESTOCK 104.00 129.00 107.00 112.00 111.00 

DUVAL 'IUI'Al..: 6,064.02 5,175.52 8,492.74 7.295.93 7,745.24 r FRIO 
MUNICIPAL 2,713.56 2,689.51 2,489.71 3,025.75 3,336.64 
MANUFAC11JRING 12.00 12.00 0.00 0.00 0.00 

r 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 
UVESTOCK 119.00 107.00 111.00 109.00 107.00 

r FRIO 'IUI'AL: 52,031.20 70,105.34 69,051.17 90,335.36 100,132.60 

GOUAD 
MUNICIPAL 808.59 836.24 864.62 891.98 931.12 r MANUFACIURING 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 

r UVESTOCK 131.00 105.00 97.00 85.00 84.00 
GOllAD 'IUI'AL: 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 , 
COUNIY 1985 1986 1987 1988 1989 

CJOIIlZALES l 
MUNICIPAL 1,367.70 1,327.57 1,748.66 2,060.13 1,976.41 
MANUFACIURING 90.00 90.00 0.00 0.00 0.00 
POWER 0.00 0.00 0.00 0.00 0.00 l MINING 18.00 0.00 20.00 21.00 21.00 
IRRIGATION 940.00 840.00 976.00 1,429.00 1,335.00 
UVESroCK 382.00 404.00 401.00 377.00 384.00 

GONZAlES TOI'AL: 2,797.70 2,660.56 3,145.67 3,889.14 3,717.41 1 
GUADALUPE 

MUNICIPAL 1,290.92 1,077.03 478.69 1,078.94 1,568.83 
MANUFACIURING 92.08 104.08 92.07 92.07 92.07 1 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 
UVESTOCK. 86.00 101.00 97.00 103.00 101.00 .1 GUADALUPE TOI'AL: 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 l MANUFACIURING 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 l UVESTOCK. 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 

1 MUNICIPAL 2,185.29 2,226.28 2,080.03 2,229.65 2,471.96 
MANUFACIURING 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 

l IRRIGATION 1,875.00 2,500.00 2,420.00 2,137.00 895.00 
UVF.STOCK 86.00 82.00 80.00 80.00 79.00 

JIM WELLS TOI'AL: 4,381.29 5,031.45 5,004.03 4,851.65 3,838.95 

KARNES l MUNICIPAL 2,571.53 2,434.36 2,529.68 2,225.60 2,654.91 
MANUFACIURING 41.71 30.41 46.37 46.03 122.57 
POWER 0.00 0.00 0.00 0.00 0.00 

l 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 
UVF.STOCK 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 

l KINNEY 
MUNICIPAL 1,051.49 1,082.51 1,057.72 1,197.86 1,409.22 
MANUFACI'URING 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 
UVFSI'OCK 375.00 454.00 506.00 544.00 496.00 

l KINNEY TOI'AL: 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 
MANUFACIURING 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 
UVFSI'OCK 134.00 148.00 164.00 169.00 172.00 l KLEBERG TOI'AL: 6,791.31 7,609.22 6,797.10 6,804.30 6,972.13 
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r TABLE 2.1-1 (Continued) Page 4 

r COUNIY 1985 1986 1987 1988 1989 

LASAllE . 

MUNICIPAL 964.07 9S2.2S 1,030.12 1,161.64 1,302.28 

r MANUFAC11JRJNG 0.00 0.00 0.00 0.00 0.00 
POWER 0.00 0.00 0.00 0.00 0.00 

c. MINING 86.35 90.99 131.27 177.13 189.73 
1RRIGATION 3,003.00 2,666.00 2,467.00 2,426.00 6,051.00 

r UVESTOCK 104.00 105.00 101.00 100.00 99.00 
lASAll£ 'JUJ'AL: 4,157.42 3,814.24 3,729.39 3,864.76 7,642.01 . 

UVEOAK 

r MUNICIPAL 625.92 766.23 754.86 791.90 977.82 
MANUFAC11JRJNG 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 

r IRRIGATION 2,SSO.OO 1,110.00 1,049.00 1,419.00 841.00 
UVESTOCK 450.00 S3S.OO 577.00 603.00 594.00 

. 

UVEOAK 'JUJ'AL: 5,934.92 4,395.20 4,292.19 5,264.37 4,854.98 

r MAVERICK 
MUNICIPAL 4SS.28 212.79 297.45 33.27 329.66 
MANUFAC11JRJNG s.oo s.oo 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 r IRRIGATION 2,103.00 0.00 0.00 5266.00 600.00 
UVESTOCK 237.00 239.00 178.00 117.00 115.00 

MAVERICK 'JUJ'AL: 3,049.28 456.79 711.46 5,649.27 1,262.66 

r MEDINA 
. MUNICIPAL 4,982.95 5,408.50 4,897.68 5,743.18 6,475.85 

MANUFACI1JRING 0.00 0.00 0.00 0.00 0.00 
POWER 0.00 0.00 0.00 0.00 0.00 

r 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 

L UVESTOCK 136.00 134.00 161.00 173.00 152.00 
MEDINA 'JUJ'AL: 62,587.95 100,424.49 87,027.69 100,095.36 119,835.84 r M~ 

MUNICIPAL 138.22 130.83 186.52 199.37 177.86 
MANUFAC11JRJNG 0.00 0.00 0.00 0.00 0.00 

r 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 
UVESTOCK 42.00 44.00 46.00 49.00 49.00 

r M~ 'JUJ'AL: 409.22 412.63 591.52 632.37 465.86 

L NUECES 
MUNICIPAL 1386.01 385.78 32S.7S 333.66 375.04 r MANUFAC11JRJNG 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 

r UVESTOCK 33.00 129.00 32.00 137.00 135.00 
NUECES 'JUJ'AL: 4,244.75 2,885.96 2,475.10 3,341.91 1,290.41 

REFUGIO 

r MUNICIPAL 1,279.93 1,343.17 1,371.36 1,244.17 1,296.91 
MANUFAC11JRJNG 0.00 0.00 0.00 0.00 0.00 
POWER 0.00 0.00 0.00 o:oo 0.00 
MINING 134.12 115.42 51.72 51.65 76.73 

r IRRIGATION so.oo so.oo so.oo 100.00 0.00 
UVESTOCK 53.00 42.00 53.00 67.00 57.00 

REFUGIO 'JUJ'AL: 1,517 .OS 1,550.59 1,526.08 1,462.82 1,430.64 
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TABLE 2.1-1 (Continued) Page 5 , 
CQUIIfi'Y 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 

l IRRIGATION 1,664.00 2,000.00 1,666.00 2,050.00 1,233.00 
UVESTOCK 120.00 97.00 81.00 72.00 72.00 

SAN PATRICIO 1UfAL: 3,543.55 3,850.12 3,374.18 3,484.06 2,695.22 

UVAlDE l MUNICIPAL 5,623.13 5,192.35 4,913.30 5,984.51 6,400.72 
MANUFACIURING 306.12 328.37 334.51 334.51 362.13 
POWER 0.00 0.00 0.00 0.00 0.00 

l 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 
UVESTOCK 2543.00 2652.00 2253.00 1909.00 2016.00 

UVAlDE 'IUl'AL: 158,231.63 128,333.92 106,529.41 140,175.63 160,554.45 

l VICTORIA 
MUNICIPAL 12,926.50 12,344.30 12,043.22 12,527.91 12,306.07 
MANUFACIURING 721.53 600.01 626.79 491.48 515.12 
POWER 3,707.45 3,306.43 2,719.09 2,320.67 1,472.78 l 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 
UVESTOCK 702.00 682.00 711.00 744.00 174.00 

VICTORIA 1UfAL: 32,265.47 26,193.28 29,311.10 35,532.06 35,720.97 1 
WEBB 

MUNICIPAL 337.41 265.17 228.68 223.17 741.12 
MANUFACIURING 10.74 9.94 0.00 8.01 3.68 l 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 
UVESTOCK 178.00 191.00 194.00 204.00 200.00 l WEBB 1UfAL: 655.59 564.67 614.33 753.78 1,386.80 

WR.SON 
MUNICIPAL 2,944.56 2,958.33 3,388.41 3,558.50 3,971.24 l MANUFACIURING 166.96 139.29 93.00 75.79 42.63 
POWER 0.00 0.00 0.00 0.00 0.00 
MINING 309.00 0.00 217.00 300.00 281.00 
IRRIGATION 6,174.00 6,257.00 6,734.00 8,245.00 9,139.00 l UVESTOCK 162.00 181.00 167.00 167.00 165.00 

Wll.SON rorAL: 9,756.52 9,535.62 10,659.41 12,346.29 13,598.87 

'ZAVAlA l MUNICIPAL 2,199.06 2,411.79 2,422.76 2,686.09 2,610.60 
MANUFACIURING 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 1 IRRIGATION 94,200.00 39,865.00 34,968.00 74,621.00 92,370.00 
UVESTOCK 113.00 92.00 83.00 69.00 68.00 

'ZAVAlA rorAL: 97,560.08 43,249.16 38,435.78 78,390.60 96,378.17 

REGIONAL 1UfALS: 1 MUNICIPAL 336,542.22 340,184.52 330,607.42 361,439.42 366,961.47 
MANUFACIURING 12,251.62 132,365.00 11,174.07 13,051.15 11,359.28 
POWER 9,336.08 103,229.00 9,711.85 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 
UVFSI'OCK. 9,723.00 94,330.00 9,917.00 9,103.00 9,028.00 

GRAND1UrAL 849,492.08 818,492.43 750,814.05 920,489.02 1,001,423.86 l 
UMITATIONS ON USE OF TinS DATA 

l 1. This data is estimated pumpage 
2. Estimation methods vary in accuracy 
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TABLE2.1-2 
TECHNICAL DATA REVIEW PANEL 

HISTORICAL GROUNDWATER PUMP AGE BY AQUIFER FOR REGION 

SOURCE: TEXAS WATER DEVa.OPMENT BOARD 
AIL VAWES ARE REPORTFD IN ACRE FEEr 

AQU!FER NAME 1985 1986 1987 1988 1989 

CARR1ZO- WllL'OX 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 

amER- UNDIFF. 2,666.19 1,714.20 1,909.14 3,279.11 2,160.52 

QUEENOTY 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 1UI'ALS: 849,492.08 8181492.43 750,814.05 920,489.02 11001,423.86 

UMITATIONS ON USE OF TinS 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 

lllSTORICAL MUNICIPAL PUMP AGE FROM EDWARDS AQUIFER 

SOURCE: TEXAS WATER DEVELOPMENI' BOARD 
AIL VALUES ARE REPORTED IN ACRE-FEET UNITS 

OOUNIY PUMPER NAME 1981 

ATASCI::SA CTYOFLYIU 432.14 

ATASCI:JSA 'JUrAL: 432.14 

BEXAR AIR FORCE VJU..AGE n 

ATASCOSA RURAL WATER SYS'JEM 409.61 

AUSTINHWY WATER SUPPLY CORP. 65.51 

BAPI1STCHD..DREN'S HOME 6.76 

BEXAR CO. WCID 16 643.48 

BEXAR COUN1Y WCID# 10 1,158.11 

BEXAR ME1ROPOLrrANWDCAS11.E 
HIU..S 2,091.53 

ME'IROPOLrrAN\VD.SOtrlH SIDE 13,118.86 

BROOKDALEMHP 

CADII.l.ACWATER SUPPLY CORP. 4S.03 

CTYOF Al.AMOHEIGHIS 2,488.46 

C'IYOFCONVERSE 551.26 

C'IYOFKJRBY 151.50 

C'IYOFLEON VAUBY 877.37 

1982 

404.53 

404.53 

503.79 

71.18 

7.02 

740.36 

1,437.58 

2,566.43 

14,390.26 

S4.9S 

2,607.24 

802.36 

93S.23 

1,033.3S 

1983 1984 

411.40 517.97 

411.40 517.97 

514.94 658.97 

65.19 75.67 

7.31 6.77 

511.43 52.73 

1,309.97 1,605.19 

2,432.34 2,151.59 

13,750.80 13,930.53 

53.62 

2,889.74 

1,017.14 

1,082.10 

967.49 

. :'>'! 
c._...dJ 

11.50 

63.64 

3,647.83 

1,271.26 

1,323.85 

1,223.12 

1985 1986 

510.21 495.16 

510.21 495.16 

583.95 754.30 

64.65 60.61 

6.51 7.15 

697.01 623.15 

1,327.58 1,431.00 

2,132.53 2,340.13 

12,881.71 12,773.44 

11.12 11.76 

S0.14 S5.42 

2,27S.66 2,631.25 

1,20S.69 1,216.06 

1,674.34 1,334.98 

1,131.13 1,191.34 

1987 

471.01 

471.01 

137.06 

750.83 

66.20 

7.27 

694.51 

1,437.38 

2,093.87 

12,347.56 

13.31 

55.92 

2,158.31 

1,314.0S 

1,138.56 

1,179.67 

~ 
~ 

1988 1989 1990 

582.15 670.16 551.86 

582.15 670.16 551.86 

147.19 148.83 139.86 

903.80 760.33 601.71 

66.54 76.32 55.13 

7.33 7.27 6.39 

689.76 629.35 559.10 

1,588.78 1,636.17 1,330.32 

2,495.88 2,469.68 2,016.32 

13,316.37 14,927.11 13,801.24 

18.33 13.93 12.37 

74.15 15.03 S7.08 

2,826.33 2,593.83 2,233.8S 

1,498.71 1,483.2S 1,226.61 

1,247.81 1,240.7S 1,079.94 

1,299.02 1,324.28 1,146.11 
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TABLE 2.1-3 (Continued) Page 2 

COUNI'Y PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

C1Y OFSOIER1Z 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 

OlYOFSEUdA 134.49 125.01 

C'IYOFSHA VANOPARK 455.91 485.31 520.91 665.86 702.60 702.15 736.58 949.48 939.95 839.69 

C1Y OF UNIVERSAL 01Y 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 

roUNIRYOAKSMHP 10.31E 8.68 5.85 23.51 

Dlll..ARDS BUYING OFFICE 305.66 305.66 259.01 173.09 181.37 163.26 153.44 

Fl.M V Al.l.EY WA 11lR CO 12.73 17.28 22.63 47.42 49.77 50.31 47.28 61.00 49.69 44.96 

GERONIMO R>RESTWATER CO 52.67E 53.9SE 5l.25E 54.92 48.73 55.24E S5.24E 60.76E 62.59E 63.18 

GERONIMO VILLAGE 38.12E 39.90E 37.90E 49.45 63.94 61.16 57.34 75.23 11.15 60.13 

HASKlN WATER SUPPLY. INC. 69.81 82.89 85.23 90.78 78.39 82.72 15.54 93.37 96.20 19.55 

HllLalUNIRY WA'JllRWORKS CO. 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 2,155.21 2,585.33 

HOLY ataiS CEME'JERY 206.60 193.34 65.18 373.42 62.97 187.08 239.13 389.17 491.08 159.91 

LACKLANDOlYWC.COLUMBW 
BIGCOUNIR 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 

I.ACKLANDC'IY WC.PARK VILLAGE WC 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 1RAII.ER PARK 20.30 20.30 20.30 52.08 50.84 47.19 42.14 46.15 39.15 32.05 

UVHOAK PUBUC l1I1UJY DJSJ". 792.29E 921.23 1,222.18E 2,388.25E 2,220.60 738.71 663.23 524.38 601.34 1,216.76 

MEADOWOOD AatES 56.01E 42.47 63.78 51.52 50.62 47.31 48.S7E 56.78E 57.91 

MENGERHOIEL 292.16E 291.54E 186.64 69.08 62.23 80.82 81.44 101.22 

MOBILC'IYWA'JllRSYS'mM-BULVERDE 30.06 35.44 37.99 22.43 21.18 24.68 19.32 22.59 23.30E 75.63E 

NOR1H BREEZE MOBILE HOME PARK 2.77 1.21 3.00 

NOR1HSAN ANTONIO WA 11lR WORKS 35.13 38.03 31.62 43.82 46.01 55.14 79.12 65.42 77.14E 55.48 

... ... 
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TABLE 2.1-3 (Continued) 

COUNIY PUMPER NAME 

OAK HILLS OOUN1RYQ.UB 

OUR U\DYOF1HE LAKE UNIVERSITY 

PARKMAIN1CNANCE • 
HILDEBRANDIWOODLA WN 

RIO MEDINA WATER OORP. 

SAN ANTONIO CITY WATER BOARD 

SAN ANTONIOOOUN1RYa.UB 

SAN ANIONIOZOO 

SAN FERNANDO rnMETARY 

SANFERNANDOWATEROO. 

SOU1HWESTJSD 

SOU1HWESTRESEAROJ INS1TIVIE 

Sf. ANIHONY IBGH SOJOOL 

Sf. MARYS UNIVERSITY 

SUNSET MEMORIAL PARK 

1RAILER CITY WATER 00. 

U.S. AIR FORCE· KELLY 

U.S. AIR FORCE· LACKLAND 

U.S. AIR FORCE· RANDOLPH 

U.S. ARMY· FORT SAM HOUSTON 

VAIL'S MOBD..E HOME PARK 

BEXAR roTAL: 

~ 
~ 

1981 1982 

193.95 198.2S 

77.28 15.40 

941.81£ 988.90£ 

51,621 .62(1) 182,182.53 

387.65E 425.49 

2,984.06 2,984.06 

14.70 39.S7 

439.67 490.58 

1,614.11 

24.17 27.71 

30.05 

169.27 271.63 

24.20£ 

3,978.71 4,205.17 

4,205.71 3,824.67 

1,267.40 1,668.66 

3,598.73 4,470.66 

110,166.56(1) 239,8SS.01 

1983 1984 1985 

188.34£ 216.S9E 21.00 

9S.2S 96.11 80.93 

939.46£ 1,444.59 145.10 

170,497.56 191,429.79 175,313.47 

444.41 434.95 439.68 

2,984.06 2,984.06 2,984.06 

23.93 40.36 20.SO 

451.19 510.02 472.18 

0.77 38.32£ 

699.71 

29.37 31.98 34.02 

29.98 17.91 37.60 

222.73 318.18 233.92 

22.99£ 26.43E 19.71E 

4,306.11 4,124.95 4,185.96 

3,926.44 4,582.89 5,327.20 

1,472.60 1,781.37 1,144.95 

3,782.66 4,530.94 4,020.14 

226,SS4.81 256,081.26 234,441.31 

1986 

204.69 

8S.OI 

102.13 

38.52 

179,292.19 

437.31 

2,984.06 

12.23 

729.70 

38.36£ 

699.71 

24.65 

32.13 

183.25 

18.78E 

4,209.72 

5,020.92 

1,370.37 

3,834.85 

239,790.77 

1987 

193.03 

80.48 

92.96 

31.80 

170,115.18 

438.50 

2,984.06 

16.45 

446.66 

38.36£ 

699.71 

19.40 

24.01 

73.02 

3,764.84 

1,152.66 

1,639.61 

3,628.89 

230,797.44 

,;! 
'---"'!ill 

1988 

206.54 

96.69 

SII.S2 

42.15 

190,737.65 

174.93 

2,984.06 

47.00 

467.40 

64.15£ 

700.41 

81.99 

47.70 

273.61 

12.96E 

3,997.50 

4,548.21 

1,872.10 

4,252.17 

0.67 

254,641.26 

Page 3 

1989 1990 

210.83 221.94 

96.78 95.31 

1,045.72 1,074.11 

44.11 32.88 

189,159.62 170,419.39 

267.64 242.44 

2,984.06 2,984.06 

47.96 18.83 

461.05 411.65 

38.36E 64.15£ 

920.67 920.67 

72.64 19.52 

36.73 43.80 

282.68 263.16 

13.61E 14.83 

3,926.56 3,565.78 

4,203.86 3,299.49 

2,016.97 1,494.21 

4,348.41 4,340.10 

0.58 0.58 

255,442.83 230,447.68 
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TABLE 2.1-3 (Continued) Page 4 

COUNfY PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

COMAL CTY OF GARDEN RIDGE 487.44 468.1 I 397.25 

ClTY OF MARION 5.89 149.14 128.90 140.40 163.25 181.32 191.49 187.20 183.08 150.71 

ClTY OF NEW BRAUNFELS 7,956.49 7,522.25 7,859.38 8,936.95 9,053.70 9,917.70 8,846.99 8,114.67 8,544.48 7,783.00 

GREEN V AILEYWIR 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 

NORlHWOOilS WATERSYS'IEM 5.02 8.02 8.14 19.09 22.73 21.17 22.89 29.52 32.66 24.76 

ROCKR>RD PLACE MHP 11.45 11.20 13.26 8.78 

TBARM 1ENNlS VJll.AS 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 8,770.68 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 

AZrEC VllLAGE WATER CO. 13.50 12.97 21.79 26.56 20.04 22.19 

ClTYOF KYLE(2) 448.92 531.29 536.31 573.01 582.15 542.72 474.77 469.48 499.19 512.85 

ClTY OF SAN MARCOS 5,245.19 5,661.70 5,555.93 6,238.17 6,120.62 6,082.99 6,562.16 6,761.41 6,373.60 5,464.26 

COUNIY LINE WA1ER SUPPLY CORP. 26.83 76.1 I 88.91 80.20 75.99 

CRYSTAL CLEAR W1R. SUPPLY CORP (3) 418.08 770.29 791.49 790.09 815. I 9 983.06 1,042.64 1,123.46 I ,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 

ELIMWATERCOMPANY INC. 51.85 58.99 64.48 95.03 97.72 88.48 81.88 11.55 80.79 81.12 

K&.H WATERSYS'IEM 2.35E 1.55 1.48E 1.66E 1.69E 

K&L WATER SUPPLY 17.97 16.18E 25.15 23.89E 24.37E 132.11 

~COWATERSYSfEM 5.59 6.48 6.05 8.14 6.94 

"' 
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TABLE 2.1-3 (Continued) Page 5 

COUNfY 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 00.(2) 18.48 29.63 44.91 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 

SCHUUEMHP 1.55 1.84 2.19 3.31 4.44 

SOU'IHWESTTEX. Sf ATE UNIV. 1,146.33 1,131.20 994.69 970.24 831.19 797.32 726.49 694.89 707.23 943.23 

SUNNY ACRESMOBn.EPARK 5.26 7.80 6.61 7.75 6.41 1.95 6.17 5.14 5.44 4.55 

HAYS1UTAL: 1,656.08 8,548.98 8,359.68 9,227.71 9,059.61 9,278.94 9,825.11 10,543.62 10,673.60 9,701.36 

MEDINA C1Y OFCASJROVJLl..E 692.25 617.43 600.83 943.93 595.11 579.61 554.15 899.14 962.54 783.52 

01YOFDEVINE(4) 695.31 787.87 771.11 823.28 790.61 819.98 673.28 797.07 915.66 639.47 

C1YOFHONDO 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 

C1Y OFLA OOSTE 179.33 189.58 191.62 243.44 230.99 204.56 154.61 185.31 259.12 230.71 

C1Y OFNATAUA 111.74 104.61E 118.05E 215.66 248.72 274.32 232.03 221.44 311.58 294.19 

CWEKWOODWATERSUPPLY 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. 380.19 380.09 316.45 478.48 393.52 600.51 495.61 577.86 596.11 529.47 

f«GHWAY90RANCH WATER 00. 29.53 21.99 37.81 45.38 36.71 35.45E 37.01E 34.22 62.30 47.99 

MEDINA RIVER WESTWS 53.69 130.72 84.85 106.35 45.52 

MEDINA V AU.EYinGHSCHOOL 71.95 19.95 10.73 27.39 28.52 

MEDINA V AU.EY MOBn.E HOME PARK 7.90 13.07 15.15 18.65 11.52 21.63 21.83 4.20 8.64 15.76E 

'~ 
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TABLE 2.1-3 (Continued) Page 6 

COUNIY PUMPER NAME 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

NEW ALSACE WATER CO. 3.44E 3.79E 11.78£ 11.78£ 15.41£ 15.18£ 18.94 

RIO MEDINA WATER CORP. 11.91 12.72 11.02 

RIO MEDINA WATER CORP. 29.03 60.65 63.16 24.59 2o.93 33.00 39.00 30.27 

WEST MEDINA WSC 78.25 74.21 96.66 109.27 91.31 

YANCEYWATERSUPPLY CORP. 98.07 92.16 55.54 324.91£ 406.42£ 438.93£ 426.27£ 469.74£ 493.23£ 601.50E 

ZlNSMEYER lRAII..ER PARK 2.72 3.22E 2.23E 2.27E 2.32E 

MEDINA 1UfAL: 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 C11Y OF SABINAL 397.96 484.79 442.35 510.54 460.77 274.30 332.10 507.06 540.66 418.03 

arYOFUVAlDE 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 MOBR.E HOME VIlLAGE 3.31E 2.82E 

SLEEPY OAKS WATER SYSTEM 1.17 3.66 3.47 3.25 3.42 15.04 13.78 

SOUIHWESTTEXASJR. COllEGE 66.50 25.65 38.85£ 39.85£ 75.95 62.07 61.57 77.81 62.30 

lOWN OF KNIPPA 251.32 298.45£ 80.42 122.31 130.48 130.32 112.03 93.08 107.47 81.69 

UVALDEWATERSUPPLY INC. 71.34£ 79.59£ 75.61£ 87.28 89.27E 72.94 99.12£ 104.70£ 109.94£ 93.45E 

UVALDE1UfAL: 4,925.32 5,401.22 4,769.11 5,785.81 4,980.82 4,696.77 4,399.26 5,500.12 5,868.35 4,724.79 

1UfALFOR 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 

U'l 
w 

E VALUESESTIMATEDBY1WDB, USGS,OR1DWR 
(1) DATAASRECEIVFDFROM1WDB 
(2) PUMP AGE MAY IMPACT BARTON SPRINGS SEGMENT 
(3) INCLUDES 2 CRYSfALCLFAR WATER CORP. WEU.S IN COMALCOUNTY 
(4) INCLUDES WATER PUMPED FROM CARRI1D AQUIFER 

~ATIONSONUSEOF~DATA 

1 . This data is estimated pumpage 
2. All municipal uses may not be included 
3. Generally, this table indicates well location; county of use may differ 
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TABLE2.1-4 

TECHNICAL DATA REVIEW PANEL 
DATA FROM SURVEYS OF IRRIGATION IN TEXAS 

1958, 1964, 1969, 1974, 1979, 1984 and 1989 (Report #329) 

SOURCE: TEXAS WATER DEVFLOPMENTBOARD 

(DATA PRESENTED FOR 1984AND 19890NLY; 
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) 

Coun!I 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 36,170 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 Witt 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 
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TABLE 2.1-4 (Continued) 

County Year 

Goliad 1984 
1989 

Gonzalez 1984 
1989 

Guadalupe 1984 
1989 

Jim Wells 1984 
1989 

Kames 1984 
1989 

Kleberg 1984 
1989 

La Salle 1984 
1989 

Live Oak 1984 
1989 

Me Mullen 1984 
1989 

Maverick 1984 
1989 

Nueces 1984 
1989 

Refugio 1984 
1989 

San Patricio 1984 
1989 

Victoria 1984 
1989 

..., 1-----~ 

AU Irrigation 
(On-Farm Use) 

Acres Acre Feet 

992 327 
799 546 

2,395 1,636 
3,312 2,225 

5,728 7,443 
2,488 2,397 

s.sos 2,648 
1,895 895 

1,109 1,775 
1,183 619 

600 373 
906 407 

6,510 10,893 
6,270 6,401 

1,230 1,533 
1,911 1,859 

0 0 
0 0 

40,194 85,869 
50,800 103,616 

3,400 2,500 
3,040 1,356 

50 17 
0 0 

6,428 3,555 
3,277 1,233 

6,293 20,334 
4,894 18,377 

~ I -1 ~ ~ ~ 

Surface Woter Ground Water 
Supplied Supplied 

(On-Farm Use) (On-Farm Use) 
Acres Acre Feet Acres Acre Feet 

912 304 80 23 
533 382 266 164 

860 498 1,405 1,008 
1,400 868 1,792 1,297 

2,520 3,487 3,208 3,956 
1,052 1,038 1,436 1,359 

0 0 5,505 2,648 
0 0 1,895 895 

157 107 952 1,668 
798 337 385 282 

60 40 460 280 
174 29 732 378 

700 1,275 4,970 8,362 
520 347 5,550 5,798 

260 433 970 1,100 
470 1,018 1,441 841 

0 0 0 0 
0 0 0 0 

39,300 84,162 894 1,407 
50,500 103,016 300 600 

1,300 542 2,100 1,958 
1,960 816 1,080 540 

0 0 50 17 
0 0 0 0 

40 13 6,388 3,542 
0 0 3,277 1,233 

160 133 6,133 20,201 
160 133 4,734 18,244 

~ ~ ~ ~ f~=j 
~ ~ 1- -) 

Page 2 

Irrigation Using Surface Irrigation Sprinkler 
Combined Supplied Source Wells System 

(On-Farm Use) 
Acres Acre Feet Percent Number Acres 

0 0 0 3 430 
0 0 0 12 728 

130 130 38 45 2,265 
120 60 35 46 3,130 

0 0 0 35 5,080 
0 0 0 38 2,136 

0 0 0 42 3,865 
0 0 53 1,875 

0 0 0 11 1,104 
0 0 0 11 1,178 

80 53 60 5 300 
0 0 0 6 626 

840 1,257 30 40 6,510 
200 256 1 30 6,270 

0 0 0 8 1,230 
0 0 0 21 1,897 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 14 640 
0 0 0 15 0 

0 0 0 14 0 
0 0 0 6 0 

0 0 0 2 0 
0 0 0 2 0 

0 0 0 100 54 
0 0 0 73 50 

0 0 0 65 160 
0 0 0 65 200 
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3 TABLE 2.1-4 (Continued) Page 

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

Countl: Year Acres Acre Feet Acres 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 

SUBTOI'AL: 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 

Co mal 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 4,361 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 

SUBTOI'AL: 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 
TOI'AL: 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 8091287 102:325 204,191 275,550 587,167 10,576 17,904 388 2,848 164:647 

LIMITATIONS ON TilE USE OF THIS DATA 
1. This data is estimated, most irrigation use is not metered 
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TABLE2.1-5 
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 

SURFACE WATER SOURCE GROUND WATER SOURCE 

COUNfY 1984 1989 1984 1989 

INCIFS AClm INCHES A am INCHES ACRE INOIES ACRE 
ACRES APPLIED R:ET ACRES APPLIED R:ET ACRES APPLIED FEET ACRES APPLIED R:ET 

BEXAR 
AU.01HER CUPS S16 so 21SO 649 46 2488 
OORN 271S 30 6788 1980 30 49SO S397 30 13493 39SO 30 987S 
cxmoN 80 14 93 
R>RAGECROPS & ENSlLLAGE 7S2 10 627 280 16 373 214 10 178 380 16 S01 
GRAIN SORGHUM 131 20 218 120 24 240 296 20 493 
O'lliERGRAlN 860 10 717 
O'JHERPERMNTHA Y,PASTURE 4307 IS S384 3S43 18 5315 2696 15 3370 3820 18 S730 
PEANUIS 676 30 1690 589 30 1472 
SOYBEANS 20 16 27 
VEGETABLES (DEEP) 480 2S 1000 180 28 420 804(1) 2S 1675 788(3) 28 1839 
VEGETABLES(SHAU.DW) 320 20 533 110 24 220 S36(2) 20 893 440(4) 24 880 

BEXAR TOTALS: 
TOT CROP AaulSJRRIGATED 9565 6213 10839 11012 
AaulSJRRIGATED-CO MAP 9565 6213 10499 10682 
TOTALAClmFEET 15267 11518 23449 23404 

COMAL 
AUAI.PA 8 10 7 
All. 01liER atOPS II 16 15 7 4 2 
OORN 60 13 6S 45 14 53 
FORAGE CROPS & ENSlLLAGE 37 14 43 136 14 159 17 10 14 
O'lliERGRAlN 80 s 33 ss 4 18 
O'JHERPERMNTHA Y,PASTURE 78 16 104 36 3 9 176 IS 220 222 21 389 
PECANS 10 2 2 
WHFAT 16 6 8 

COMAL TOTALS: 
TOT CROP AaulSJRRIGATED 115 36 489 354 
ACRESJRRIGATED.CO MAP 115 36 409 3S4 
TOTAL ACRE FEET 147 9 S02 483 

BOOHSW&GW 

1984 1989 

INCHES ACRE INCHES ACRE 
AaulS APPLIED FEET ACRES APPLIED FEET 

400 30 1000 

40 30 100 so 28 117 

40 450 
40 450 

100 1117 
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TABLE 2.1-5 (Continued) 

SURFACE WATER SOURCE 
COUNTY 1984 1989 

INOIES AClm INCHES AClm 
Ac:RB APPUED R:lrr Ac:RB APPilED R:lrr 

HAYS 
AU.0111ER CUPS 15 
R>RAGECROPS& ENSIUAOE 430 
01liER <ROIARD 
O'IHERPERMNTHA Y,PASJ1JRE 359 

HAYS 'IUI'ALS: 
'lUI' CROP AatESJRRIGATED 864 
AatESIRRIGA~MAP 864 
'IUI'ALACREFEET 

KINNEY 
CXlRN 
CX1ITON 
R>RAGECROPS& ENSIUAOE 431 
GRAIN SOROHUM 
01liER GRAIN 
01HER PERMNTHA Y,PAS'IURE 
PECANS 
VEOETABLF.S (DEEP) 90 
VEOETABLF.S (SHAllOW) ISO 
WHFAT 

KINNEY'IUI'ALS: 
'lUI' CROP AatES JRRIOATED 671 
AatESJRRIOA~MAP 671 
'IUI'ALACREFEET 

MEDINA 
ALFALFA 
AU.0111ER CROPS 100 
CXlRN 3000 
COI10N 100 
R>RAOECROPS & ENSIUAOE 2500 
GRAIN SOROHUM 1500 
0111ERGRAIN 100 
01liER <ROIARD 
O'IHERPERMNTHA Y,PASJ1JRE 4700 
PEANU1S 
PECANS 1000 
SOYBEANS 400 
VEOETABLES (DEEP) 200 
VEOETABLES(SHAU.OW) 180 
VINEYARD 

.____jJ ~ ._j) __j} ._,j 

30 
s 

12 

24 

20 
16 

40 
42 
30 
26 
26 
17 

34 

34 
26 
18 
18 

;:1 
...____,jJ 

188 
200 

359 

747 

862 

150 
200 

1212 

333 
10500 

250 
5417 
3250 

142 

13317 

2833 
867 
300 
270 

_____jJ 

15 

16 
176 

267 
267 

360 
366 

12 

738 
738 

250 
4000 

100 
3500 
1850 
400 

5000 

1300 
700 
400 
300 

11 
c__dl 

22 138 

12 16 
10 147 

301 

30 900 
30 915 
36 36 

1851 

41 854 
43 14333 
30 250 
28 8167 
28 4317 
19 633 

20 8333 

34 3683 
27 1515 
18 600 
18 450 

~ 

GROUNDWATER SOURCE 
1984 1989 

INCHES A CUi INOIES AClm 
ACRFS APPUED FEEl' Ac:RB APPUED FEr 

45 

116 

161 
161 

1666 

2004 
100 

80 
127 

12 

30 
200 

4219 
4035 

20 
30 

10353 
1343 
4000 
1500 
300 

4500 
2080 
850 

1300 
300 
260 

.. 
~ 

2 

4 

14 

30 

24 
24 
18 
24 
36 

16 
18 

30 
40 
38 
28 
30 
22 
18 

30 
14 
34 
24 
20 
20 
20 

.__j) 

15 

135 

150 

4165 300 
1000 

4008 2725 
200 60 
120 80 
254 200 

36 

40 300 
300 

4665 
4361 

9123 

so 250 
100 80 

32785 18419 
3134 4209 

10000 4000 
13750 927 

450 315 
12 

11250 295 
2427 1105 
2408 950 
2600 1400 
500 300 
433 260 

3 

~ 
..____.&;!~ 

32 800 
26 2167 
28 6358 
28 140 
20 133 
24 400 

20 500 

10498 

31 646 
40 267 
39 59862 
28 9821 
80 26667 
22 1699 
18 473 
12 12 
20 492 
14 1289 
34 2692 
25 2917 
20 500 
20 433 

.____j .__j) 

Page 2 

BOJHSW&GW 
1984 1989 

JNOIES AClm INOIES Affi£ 
AatES APPLlED Fmi' ACUlS APPUED RlHI' 

2224 38 7043 2224 38 7043 

20 

.___j) ,__J ~ .__,jl .___j 
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TABLE 2.1-5 (Continued) 

SURFACE WATER SOURCE 
COUNIY 1984 1989 

INOIFS ACRE INCHES ACRE 
ACU:S APPUED fEEr ACU:S APPUED fEEr 

WHEAT 200 17 283 400 19 633 

MEDINA TOTALS: 
TOTQOP AOU:.SlRRIGA'JCD 13980 18200 
Aaf.S JRRIGA'IED-CO MAP 18090 
TOTAL ACRE FEET 37762 43828 

UVAlDE 
AU AUA 
AlJ.arHER QOPS 
ami 
amoN 660 6 330 
R>RAGEQOPS & ENSILU.GE 200 6 100 
GRAIN SORGHUM 
OIHERGRAJN 
011-ffiR on.aoPS 
01HER ORCHARD 
O'JHER PERMNTHA Y, PASTURE 410 18 615 
PECANS 480 24 960 250 24 500 
SOYBEANS 
VOOETABLES(DEEP) 
VOOETABLES(SHAlLOW) 
VINEYARD 
WHEAT 

UVAlDE TOTALS: 
TOT QOP ACRESIRRIGA'JCD 1150 250 
AQES JRRIGA'IED-CO MAP 1150 250 
TOTAL ACRE FEET 2005 500 

EDWARDS AQUIFER TOTALS: 
TOTQOP ACRES IRRIGATED: 26945 25104 
ACUiS IRRIGATEDJCO MAP: 12965 25594 
TOTAL ACRE FEET: 57140 58001 

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

l.JMITATIONS ON USEOF1HIS DATA 
1. Acres are estimated. crop water application rates are estimated 
2. Irrigation use is not generally metered 

~ FCC"'' r~---jJ I I f=='~ I ~ r------,'j ' 'I ~ t--~--, 

Page 3 

GROUND WATER SOURCE BOIHSW&GW 
1984 1989 1984 1989 

INCHES ACRE INOIFS ACRE INCHES ACRE INCHES A CUi 
ACU:S APPLIED fEEr ACU:S APPUED fEEr ACRES APPUED FEEl' ACRES APPLIED FaiT 

1000 18 1500 1199 18 1799 

38384 33721 2224 2224 
30804 333 81 2224 22 24 

81390 107770 7043 7043 

so 20 83 150 30 375 
2S 18 38 600 18 900 

22705 35 66223 21450 30 53625 500 35 1458 
13273 30 33183 20356 30 50890 700 30 1750 
3000 18 4500 3100 20 5161 
3200 24 6400 1529 24 3058 
500 16 667 7283 20 12138 
184 18 276 

20 16 27 12 12 12 
2500 18 3150 300 18 450 
550 24 92 550 24 1100 
231 2S 481 154 25 321 

1000 24 2000 1000 24 2000 
8000 24 16000 6000 24 12000 
100 20 167 

7000 20 11667 5512 30 13780 

62338 68084 1200 
48420 48782 1200 

145554 155816 3208 

111884 117836 3464 2674 
94328 97560 3464 2674 

260168 297971 10351 8160 



TABLE2.1-6 
TECHNICAL DATA REVIEW PANEL 

IDSTORICAL GROUNDWATER PUMP AGE FROM EDWARDS AQUIFER 

SOURCE: TEXAS WATER DEVELOPMENT BOARD 
AIL V AWES ARE REPORTED IN ACRE-FEEl' UNITS 

COUNTY 

BEXAR 
MUNICIPAL 
MANUFAC11JRING 
POWER 
MINING 
IRRIGATION 
UVPSTOCK 

BEXAR 1UfAL: 

CO MAL 
MUNICIPAL 
MANUFACIURING 
POWER 
MINING 
IRRIGATION 
UVPSTOCK 

COMAL 1UfAL: 

HAYS 
MUNICIPAL 
MANUFACIURING 
POWER 
MINING 
IRRIGATION 
UVPSTOCK 

HAYS 1UfAL: 

MEDINA 
MUNICIPAL 
MANUFAC11JRING 
POWER 
MINING 
IRRIGATION 
UVPSTOCK 

MEDINA 1UfAL: 

UVAlDE 
MUNICIPAL 
MANUFAC11JRING 
POWER 
MINING 
IRRIGATION 
UVPSTOCK 

UVAlDE 1UfAL: 

REGIONAL 1UfALS: 
MUNICIPAL 
MANUFACilJRING 
POWER 
MINING 
IRRIGATION 
UVF.STOCK 

GRAND1UfAL 

1985 

236,467.06 
3,610.11 
1,244.05 
2,357.00 

15,949.00 
50.00 

259,677.22 

10,683.43 
1,055.34 

0.00 
960.64 

0.00 
1.00 

12,700.41 

10,335.83 
1,234.60 

0.00 
18.00 
0.00 

834.00 
12,422.01 

3,723.09 
0.00 
0.00 

90.00 
56,905.00 

64.00 
60,782.09 

5,145.82 
306.12 

0.00 
300.00 

149,459.00 
1,832.00 

157,043.32 

266,355.23 
6,206.17 
1,244.05 
3,725.64 

222,313.00 
2,781.00 

502,625.05 

UMITATIONS ONUSEOFTIUS DATA 
1 . This data is estimaled pumpage 
2. Estimation methods vary in accuracy 

1986 

241,335.45 
4,416.89 
1,219.43 
1,557.99 

15,613.00 
53.00 

264,195.69 

11,717.84 
980.51 

0.00 
945.69 
385.00 

1.00 
14,030.04 

10,953.11 
1,080.38 

0.00 
814.92 

0.00 
675.00 

13,523.11 

4,101.30 
0.00 
0.00 
0.00 

94,180.00 
63.00 

98,344.73 

4,819.91 
328.37 

0.00 
333.51 

119,828.00 
2,153.00 

127,462.49 

272,927.61 
6,806.15 
1,219.43 
3,652.11 

230,006.00 
2,945.00 

517,556.06 

1987 . 

232,950.73 
2,832.63 
1,113.71 
1,187.00 

12,172.00 
44.00 

250,300.19 

11,440.13 
1,013.33 

0.00 
5,830.74 

385.00 
1.00 

18,670.25 

11,775.00 
998.28 

0.00 
0.00 
0.00 

1,047.00 
13,819.86 

4,462.19 
0.00 
0.00 

79.69 
81,049.00 

76.00 
85,666.58 

4,527.80 
334.51 

0.00 
104.00 

98,925.00 
1,735.00 

105,625.91 

265,155.85 
5,178.75 
1,113.71 
7,201.43 

192,531.00 
2,903.00 

474,082.79 

1988 

256,926.21 
2,958.46 

740.96 
1,304.00 

14,659.00 
46.00 

276,634.95 

10,586.33 
898.70 

0.00 
945.69 
385.00 

1.00 
12,816.88 

12,362.79 
1,481.93 

0.00 
795.46 

0.00 
768.00 

15,408.94 

5,296.43 
0.00 
0.00 

83.08 
93,354.00 

92.00 
98,825.76 

5,617.65 
334.51 

0.00 
381.88 

131,566.00 
1,411.00 

139,310.77 

290,789.41 
5,673.60 

740.96 
7,201.43 

239,964.00 
2,318.00 

542,997.30 

• "1989 

257,049.65 
2,863.84 

738.51 
1,172.00 

22,753.00 
46.00 

284,622.59 

10,908.78 
1,085.05 

0.00 
945.69 
481.00 

1.00 
13,421.67 

12,465.22 
703.61 

0.00 
0.00 
0.00 

675.00 
13,844.68 

6,287.93 
0.00 
0.00 

77.29 
112,214.00 

41.00 
118,649.95 

5,996.14 
362.13 

0.00 
399.00 

151,378.00 
1,525.00 

159,659.87 

292,707.70 
5,014.60 

738.50 
738.50 

286,826.00 
2,288.00 

590,198.70 

60 ---------------------------------------------------------------------

1 
l 
l 
l 
l 

l 
l 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 



TABLE2.1-7 
TECHNICAL DATA REVIEW PANEL 

ANNUAL PUMP AGE FROM THE EDWARDS AQUIFER AS 
REPORTED BY UNITED STATES GEOLOGICAL SURVEY 

SOURCE: EDWARDS UNDERGROUND WATER DISTRICT 
BULLETINS 41-50 AND USGS FILES 

AIL VALUES REPORTED IN ACRE-FEEl' 

COUNIY 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, Lives10Ck(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 

CO MAL 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, LivesiOCk 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 tOO 
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 

"" 
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TABLE 2.1-7 (Continued) Page 2 

COUNIY 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 

WAIDE 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 All Uses 77,400 96,200 84,700 141,900 140,500 68,000 33,300 116,500 136,700 105,800 

ALL COUNTIES 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 1UfAL 386,200 453,400 418,500 529,600 522,300 429,400 364,400 540,000 542,500 489,400 

(1) Includes unconttolled 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. 

UMn'ATIONS 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. 

n 
~ 
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TABLE2.1-8 
TECHNICAL DATA REVIEW PANEL 

UNITED STATES GEOLOGICAL SURVEY IRRIGATION DEMAND CALCULATIONS 
FOREDWARDSAQU~R 

1986- 1991 

SOURCE: USGS FILES 

COUNIY 1986 1987 1988 1989 1990 1991 

INCHES A~ INCHES ACRE INCHES ACRE INCHES ACRE INCHES ACRE INOIES ACRE 
ACRES APPUED R!EI' ACRES APPIJED FBrr ACRES APPllED R!EI' ACRES APPIJED FBrr ACRES APPLIED FEEl' ACRES APPUED F8IT 

BFXAR 
ALFALFA 100E 20.00 E 17 
CORN 4,800 15.05 A 6,020 2,880 4.30 A 1,032 2,800 12.31 A 2,872 1,000 28.31 A 2,359 3,850 20.00 E 6,417 5,761 15.50 E 7,441 
CX7ITON 100 11.00 E 92 200 14.00 E 233 200 11.00 E 183 669 20.00 E 1,115 400 20.00 E 667 526 7.00 E 307 
GRASS FARM 200 10.00 E 167 200 12.00 E 200 200E 12.00 E 200 
MILO 200 10.00 E 167 156 9.00 E 117 476 10.00 E 397 
NURSERY STOCK 300 9.00E 225 300 10.00 E 250 300E 10.00 E 250 
PEANUI'S 600 12.00 E 600 600 12.00 E 600 1,100 19.00 A 1,742 1,100 19.63 E 1,799 1,100 16.60 E 1,521 
VEGETABLES 500 22.00 E 917 500 25.00 E 1,042 500 25.00 E 1,042 680 30.00 E 1,700 700E 20.00 E 12 
WHEAT,QATS 15 9.00 E II 

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 

CX>MAL 
AIL CROPS 220 

CX>MAL TOTAL: 220 

HAYS 
AU. CROPS 110 

HAYS TOTAL: 110 

KINNEY 
HAY 100 25.00 E 208 100 20.00 E 167 1,113 556 

KINNEY TOTAL: 100 208 100 167 1,113 556 

MEDINA 
ALFALFA 217 35.00 E 634 IOOE 9.JOE 76 
CORN 18,000 19.22 A 28,830 4,633 5.38 A 2,077 25,400 32.00 E 67,733 9,046 38.91 A 29,331 24,977 23.54 A 48,997 14,513 8.42 A 10,183 
00110N 1,800 13.00 E 1,950 1,900 14.72 A 2,331 2,000 22.74 A 3,790 12,067 31.10 A31,274 4,783 24.37 A 9,713 4,335 12.82 A 4,631 

0. 
w 
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TABLE 2.1-8 (Continued) Page 2 

COUNI'Y 1986 1987 1988 1989 1990 1991 
INCHPS ACRE JNQIES ACRE INams ACRE JNQIES A au! INams ACRB INCHES ACRE 

ACRES APPllED FEET' ACRES APPUED FEET ACRES APPUED FEEl' AelmS APPUED FEET ACRES APPllED FFEI' ACU!S APPUED I'FEr 

HAY 2,000 20.00 E 3,333 2,000 20.00 E 3,333 0.00 163 
MJl.O 1,369 9.00E 1,027 1,434 9.08 A 1,085 1,508 5.41 A 687 
ORClfARD so 10.00 E 42 SOB 10.00 E 42 
PAS1URE1 320 40.00 E 1,067 320 40.00 E 1,067 320 40.00 E 1,067 
PAS1URE2 300 10.00 E 250 620 10.00 E 517 620 10.00 E 511 
PBANUIS 1,400 12.00 E 1,400 1,400 12.00 E 1,400 ISO 19.63 E 245 ISO 16.60 B 208 
SESAME 217 35.00 E 634 600E 11.85 A 593 
VEGETABI...ES 250 25.00 E 521 250 25.00 E 521 300 10.62 A 265 1,322 8.80A 969 
WHF.AT soo 10.00 E 417 1,160 12.00 E 1,160 1,462 12.00 E 1,462 
WHBAT.OATSIRYE 700 10.00 E 583 1,958 8.00 E 1,305 417 9.00E 313 

MEDINA TOTAL: 23,950 36,451 10,883 10,245 30,549 15,021 23,010 63,335 34,592 63,236 23,935 19,449 

UVAIDB 
ALFALFA 300 42.00 E 1,050 477 40.00 E 1,590 470 40.00 E 1,567 470 37.50 A 1,469 
BEETS 25 5.33 A 11 
BROCCOU so 25.33 A 106 
CABBAGB 392 36.33 A 1,187 
OORN 16,300 30.56 A 41,51 0 9,900 7.83 A 6,460 20,440 40.16 A 68,406 15,863 45.02 A 59,513 23,752 26.79 A 53,026 10,811 23.69 A21,343 
amoN 7,900 20.50 E 13,496 6,700 20.19 A 11,273 11,900 22.65 A 22,461 18,776 31.15 A 48,740 14,300 26.50 A 31,579 4,956 26.21 A 10,825 
GREEN BEANS 437 23.84 E 868 
HAY 1,000 25.00 E 2,083 1,000 22.00 E 1,833 3,556 12.00 E 3,556 
HAY (COASI'AL) 3,556 12.00 B 3,556 
MELONS*,(;UCUMBER 2,511 23.14 A 4,842 
MIL01 500 8.00B 333 1,366 17.68 A 2,013 1,828 12.00 B 1,828 
MIL02 300 12.00 E 300 
ONIONS 863 25.35 A 1,823 
PASTURE 560 8.00E 373 
POTATOES,(;ARROTS 352 22.66E 665 
SESAME 2,464 12.23 A 2,511 
SORGHAM 1,800 8.00 E 1,200 
SOYBEANS 400 12.00 E 400 200 10.00 E 167 
SPJNAOi 1,291 8.00E 861 
VEGETABI...ES 1,000 25.00 E 2,083 1,000 25.00 E 2,083 2,000 38.78 A 6,463 1,400 22.50 A 2,625 
WHEAT 1,000 10.00 E 833 6,544 15.45 A 8,425 12,374 17.34 A 17,881 9,027 8.31 A 6,251 
WHEAT.OATSIRYE 3,500 10.00 E 2,917 2,770 11.02 A 2,544 

UV AIDE TOTAL: 27,200 60,005 23,900 25,166 42,384 107,838 47,490 127,724 51,015 97,601 36,332 51,995 

EDWARDS AQUIFER TOTAL: 51,250 104,293 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. 
• Watennelon and Cantaloupe . 
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TABLE2.1-9 
TECHNICAL DATA REVIEW PANEL 

UNITED STATES GEOLOOICAL SURVEY- IRRIGATION 
WATER APPLICATION CALCULATIONS BY CROP TYPES 

1986- 1991 
SOURCE: USGS FILES 
(AlL V AWES IN INCHES) 

CORN COTJ'ON VEOETABLES MILO WHEAT PEANUTS 

YEAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR 

1986 - Cakulali0111 of avcnse waw applic:alions not available. --

1987 3.90 8.94 3.40 21.90 17.70 
4.13 6.29 5.13 11.29 11.74 
us 5.38 11.60 
1.(/J 2.23 12.12 
6.S4 5.91 31.30 
7.9S 4.91 30.04 
5.43 3.85 35.40 

11.54 5.411 17.90 
8.62 14.37 
8.76 21.70 

14.80 30.95 
8.39 11.04 

Avaase 12.18 12.18 
AppUealion 
Rm: 7.83 5.38 4.30 20.19 14.72 

1911 73.54 36.30 21.30 46.32 25.00 38.85 4.3 17.33 
55.43 47.40 21.37 27.30 30.50 41.70 20.(/J 
36.46 52.60 17.70 21.67 
61.20 36.00 24.60 21.25 
38.70 23.40 21.70 23.37 
11.20 17.40 11.20 19.39 
40.40 21.30 11.40 18.00 
31.20 21.70 21.00 
40.10 
48.50 
22.90 
24.40 

Avcrase 38.00 
Appllcalion 

19.00 Rm: 40.16 32.00 21.31 22.65 22.74 38.78 4.3 

1989 24.00 38.03 29.11 32.20 32.00 7.2 19.10 25.80 
40.00 101.50 29.20 30.10 30.10 22.00 
30.70 33.30 30.40 31.00 19.30 23.80 
55.00 23.90 30.18 26.90 12.60 
35.00 24.91 31.70 9.20 
29.20 21.24 37.10 
42.20 35.40 28.00 
70.20 30.38 31.50 

0. 

"' 
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TABLE 2.1-9 (Continued) Page 2 

CORN CO'ITON VEGETABLES MILO WHEAT PEANUrs 
YEAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR UVALDE MEDINA BEXAR 

78.90 39.70 
45.01 

Avcnse 34.62 
Application 
Ra!e: 45.02 38.91 31.15 31.10 34.58 7.2 17.34 25.80 

1990 30.78 44.89 25.39 25.17 4.10 12.62 17.68 9.08 8.68 
19.87 15.69 26.14 33.74 8.07 8.62 7.95 
19.70 25.26 24.30 17.79 52.69 
18.09 18.58 20.27 20.50 25.28 
41.52 20.68 26.48 24.63 
30.78 16.66 26.51 

20.23 34.86 
12.45 27.34 
1:rl 

39.51 
18.44 
14.66 
49.33 
43.37 
15.81 

Avcnse 22.81 
Application 

26.50 Ra:.c: 26.79 23.54 24.37 22.50 10.62 17.68 9.08 8.31 

1991 (1)(2) 47.18 8.33 22.50 6.02 (1) 8.80(2) SA1 
37.14 9.14 24.00 13.22 
22.67 7.07 24.00 20.44 
28.50 8.44 24.00 19.36 
12.00 10.93 24.00 13.97 
12.00 11.25 46.67 23.24 
12.00 10.37 23.79 15.80 
18.00 5.18 20.80 6.44 

9.78 14.2tt 
9.78 12.80 
4.00 7.78 

10.49 6.67 
Avcnse 4.79 5.91 
Appliulion 
RaiC(3): 23.69 8.42 26.21 12.82 8.80 5A7 

(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, Watennelons, 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 

UMII'ATIONS ONUSEOFTIBS DATA 
1 • Crop water application rates are estimated based on a limile4 sample. 



r 
r TABLE 2.1-10 . 

TECHNICAL DATA REVIEW PANEL 

r COMPARISON OF 1WDB AND USGS 
GROUNDWATER PUMPING DATA FOR EDWARDS AQUIFER . 

MUNICIPAL AND MILITARY PUMP AGE 

r SOURCE: TABLES 2.1-1. 2.1-7 
AIL VALUES REPOIITED IN ACRE-FEET OR AS A PERCENJ'AGB . 

YEAR roUNIY USGS(1) 1WD8(2) PERCENT 

r TABLE2.1-7 TABLE2.1-1 DIFFERENCE 

1981 BEXAR 203,500 110,166.56 (3) 45.86% 
roMAL 11.000 9,018.14 18.01 

r HAYS 8,100 7,656.08 5.48 
MEDINA 4,300 3,911.75 9.03 . 

UVAlDE 4,900 4,925.32 -0.51 

r 'IUI'AL 231,800 135,677.85 (3) 41.46 
. 

1982 BEXAR 238,700 239,855.01 -0.48% 
a> MAL 11,200 8,770.68 21.69 

r HAYS 8,800 8,548.98 2.85 
MEDINA 4,600 4,246.52 7.68 
UVAlDE 5,400 5.401.22 -0.02 

r 'IUI'AL 268,700 266,822.41 0.69 

1983 BEXAR 219,600 226,554.81 -3.06% 
roMAL 11,500 9,193.87 20.05 

r HAYS 9,000 8,359.68 5.56 
MEDINA 4,300 3,991.03 0.02 
UVAlDE 4.800 4,769.11 0.64 

r 'IUI'AL 249.200 252,868.50 -1.45 
. 

1984 BEXAR 252.000 256,081.26 1.59% 
a> MAL 13.400 10,443.65 22.06 

r HAYS 10,200 9.227.71 9.53 
MEDINA 5,800 5,430.68 6.36 . 

UVAlDE 5,700 5,785.85 1.48 

~ 'IUI'AL 287,100 286,969.15 0.04 

~ 1985 BEXAR 232,100 234,441.31 -1.00% 
roMAL 11,200 10,357.03 7.53 

r HAYS 10,000 9,059.67 9.40 
MEDINA 5,400 4,701.96 12.93 . 

UVAlDE 4,900 4,980.82 -1.62 

r 'IUI'AL 263,600 263,540.79 0.02 
. 

1986 BEXAR 233,300 239,790.77 -2.71% 
OOMAL 13,600 11,432.11 15.94 

r HAYS 9.900 9,278.94 6.27 
MEDINA 4,800 5,155.17 -6.89 
UVAlDE 4,700 4,696.77 0.07 

r 'IUI'AL 266,300 270,353.76 -1.49 
. 

1987 BEXAR 227,500 230,797.44 -1.43% 
a> MAL 13,300 10,547.08 20.70 

r HAYS 10,800 9,825.11 9.03 
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TABLE 2.1-10 (Continued) Page 2 

YEAR COUNTY USGS(1) 'IWDB(2) PF.R.CE.Nr 
TABLE2.1-7 TABLE2.1-1 DIFFERENCE 

MFDINA 4,900 4,648.79 5.13 
UVAlDE 4,400 4.399.26 0.02 

rorAL 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 

rorAL 286,200 286,532.32 -0.11 

1989 BEXAR 248,000 255,442.83 -2.91% 
CO MAL 13,600 10,777.85 20.75 
HAYS 10,800 10.673.60 1.17 
MFDINA 7,100 6.227.93 12.28 
UVAlDE 5,700 5,868.35 -2.87 

1UfAL 285,200 288.990.56 -1.31 

1990 BEXAR 224,600 230,447.68 -2.53% 
CO MAL 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 

1UfAL 2541900 2591867.06 -1.91 

(1) USGSEXCLUDESCEMETERIES,PARKSANDCOUNrRYCLUBSFROMMUNICJPALANDR.EPORTSSEPARATELY 
UNDER MISCELLANEOUS USES. 

(2) INCLUDES EDWARDS AQUIFER PUMPING DATA ONLY. 
(3) DATAASFURNISHEDBY'IWDB. 

IJMITATIONSONUSEOFTIIISDATA 
1. See source tables for limitations. 
2. This datil is estimated pumpage. 
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TABLE 2.1-11 
TECHNICAL DATA REVIEW PANEL 
COMP~ONOFTWDBANDUSGS 

GROUNDWATER PUMPING DATA FOR EDWARDS AQUIFER COUNTIES 
INDUSTRIAL USE 

SOURCE:TABLB21-6&TWDB'SBDWARDSAQUIFERCOMPONENTOFTABLB21-2 
AIL VALUES REPORTED IN Ac:ll&FEEI'ORAS APFRCENTAGE 

YEAR COUNIY USGS TWDB(1) PERCENI' 
TABLE21-7 TABLE21-1 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 
MFDINA 0 90.00 -100.00 
UVALDE 600 606.12 -1.01 

'IOI'AL 16,100 11,175.86 30.58 

1986 BEXAR 10,900 7,194.31 34.00% 
a> MAL 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 

'IOI'AL 17,000 11,713.69 31.09 

1987 BEXAR 8,000 5,133.34 35.83% 
a> MAL 9,400 6,844.07 27.19 
HAYS 1,000 998.28 0.17 
MEDINA 0 19.69 -100.00 
UVAlDE 300 438.51 -31.59 

'IOI'AL 18,700 13,493.89 27.84 

1988 BEXAR 7,500 5,003.42 33.29% 
a> MAL 9,100 1,844.39 79.73 
HAYS 1,500 2,217.39 -34.14 
MEDINA 0 83.08 -100.00 
UVAlDE 700 716.39 -31.59 

'IOI'AL 18,800 9,924.67 47.20 

1989 BEXAR 8,200 4,174.35 41.78% 
a> MAL 13,300 2,030.74 84.73 
HAYS 700 703.61 -0.51 
MEDINA 0 11.29 -100.00 
UVAlDE 700 761.13 -8.03 

'IOI'AL 22.900 8 347.12 63.54 

(1) TWDB INDUSTRIAL USE INCWDES MINING, MANUFACilJRING AND POWER GENERATION. INCLUDES 
EDWARDS AQUIFFR PUMPING DATA ONLY. 

LIMlTATIONS ONUSEOF11DS DATA 
1. See source tables for limitations. 
2. This data is estimated pumpage. 
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TABLE 2.1-12 
TECHNICAL DATA REVIEW PANEL 
COMPARISON OF 1WDB AND USGS 

GROUND WATER PUMPING DATA FOR EDWARDS AQUIFER COUNTIES 
IRRIGATION USE 

SOURCE: TABLES 2.1-1, 21-7 
AU. VALUES REPORTED IN ACRE-FEEl' ORAS A PERCENTAGE 

YFAR CXlUNIY USGS 1WDB(1) PERCENT 
TABLE2.1-7 TABLE2.1-1 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 

1UfAL 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 

1UfAL 104,100 230,125 -54.76 

1987 BEXAR 2,900 12,172 -76.17% 
CO MAL 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 

1UfAL 40,900 192,580 -63.19 

1988 BEXAR 8,500 14,659 -42.02% 
COMAL 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 

1UfAL 193,100 240,028 -19.55 

1989 BEXAR 4,400 22,753 -80.66% 
CO MAL 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 

1UfAL 196,200 287 083 -31.65 

(l) Includes Edwards Aquifer pumping data only. 

~ATIONSONUSEOFTinSDATA 

1. See source tables for limitations. 
2. This dala is estirnaled pumpagc. 
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TABLE2.1-13 
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 VAUJES REPORTED IN ACRE-FEET 

BEXAR COUNTY MEDINA CQUIIlfY UV AlDECQUIIITY 

CROP SOURCE INCHES ACRE INCHES ACRE INCHES 
ACRES APPUED FEET ACRES APPUED FEET ACRES APPUED 

CORN USGS 1,000 28.31A 2,359 9,046 38.91A 29,331 15,863 45.02A 
1WDB 3,950 30.00E 9,875 18,419 39.00E 59,862 21,450 30.00E 

canuN USGS 669 20.00E 1,ll5 12,067 31.10A 31,274 18,776 31.15A 
1WDB 80 14.00E 93 4,209 28.00E 9.821 20.356 30.00E 

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

A= A VERAGEOF FIElD DATA USED 
E= ESTIMATED BY SCS FOR TWDB 

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

ACRE 
FEET 

59,513 
53,625 

48,740 
50.890 

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 1 
RAINFALL RECORD FOR SELECTED GAGES 

Calendar Brackettville Uvalde Sabinal Rondo San Antonio BOerne New Braunfels San fl4iFCOS J 
ear 

1934 16.70 18.07 23.97 27.65 26 • .78 30.80 35.67 l 1935 41.17 48.21 58.73 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 l 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 6/11.37 34.83 38.46 31.12 42.08 44.65 

l 1943 f/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 - 26.60 29.57 30.46 33.50 39.38 C/31. 74 
1946 19.10 26.41 ~/14.16 29.65 45.17 45.62 61.60 - 52.24 

J 1947 c/22.92 22.67 18.98 17.32 21.89 27.52 27.53 
1948 §120.02 18.31 28.82 23.64 23.77 f/19.88 ~/21.27 

1949 31.32 34.41 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 

l 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 l 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 46.51 
1958 45.37 39.03 41.18 41~60 39.69 40.94 36.40 39.08 
1959 27.51 31.51 27.02 30.68 24.50 35.64 40.45 43.47 l 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 _l 
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 f/29.88 31.91 30.40 35.14 35.97 37.13 l 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 ~2.30 
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 l 1973 30.61 30.85 f/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 6/25.84 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 l 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 f/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 ~/24.45 23.33 f/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 6/ 5.76 23.67 - 21.94 41.43 37.77 37.26 - 33.54 
1986 27.44 c/29.86 C/29.62 C/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 f/ 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 1 1990 £/38.24 24.73 30.06 27.01 38.31 42.51 !!/24.58 f/35.14 

Years of record 92 90 73 88 117 88 95 90 available 

l Long-term 21.16 24.15 25.14 28.27 27.37 32.82 32.07 33.60 avera e 

a/ Precipitation data from the U.S. Department of Agriculture {1934-40) and U.S. Department of Commerce {1941-90). 
§I Partial record not included in long-term average; missing more than 1 month. 

l £/ Partial record not included in long-term average; missing 1 month. 

Reprinted from !ulletin 50, C2meltatlon of H~rol~lc Data f2t Sb! gdwa~s 6~f!t1 ~an Ant2nf2 6t!a
1 

Iexas, 
1990 with 1934·1990 SU1111arv, 1991, prepared for Edwards UndergrOWld Water Dlatr ct by United Statea Geological 

l Survey 
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r TABLE 2.1-15 

TECHNICAL DATA REVIEW PANEL 

r COMPARISON OF 1WDB AND USGS DOMESTIC AND LIVESTOCK PUMP AGE 
FORTHEEDWARDSAQUWER 

SOURCE: TABLES 2.1-1, 2.1-7 

r AlL UNITS REPOR'IED IN ACRE FEET OR AS A PERCENTAGE 

USGS(2) TEXAS WATER DEVEWPMENTBOARD (1) 
YEAR roUNrY PERCENT 

r DOMES11C DOMESTIC UVESTOCK 1UfAL DIFFERENCE 
AND UVESIOCK 

1985 BEXAR 248 138 386 -100% r roMAL 0 222 222 -100 
HAYS 499 1,260 1,759 -100 
MEDINA 57 136 193 -100 
UVAlDE 553 2,543 3,096 -100 r 'IUI'AL: 1,357 4,299 5,656 -100 

1986 BEXAR 262 146 408 -100% 
COMAL 0 222 222 -100 

r HAYS 660 738 1,398 -100 
MEDINA 48 134 182 -100 
UVAlDE 449 2,652 3,101 -100 
'IUI'AL: 1,419 3,892 5,311 -100 

r 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 r MEDINA 700 54 161 215 69.29 
UVAlDE 2,800 468 2,253 2,721 2.82 
'IUI'AL: 26,700 2,392 4,254 6,646 75.10 

r 1988 BEXAR 21,500 287 127 414 98.07% 
a> MAL 700 0 258 258 63.14 
HAYS 800 654 827 1,481 -45.98 
MEDINA 700 0 173 173 75.29 

r UVAlDE 2,500 426 1,909 2,335 6.60 
1UI'AL: 26,200 1,367 3,294 4,661 82.20 

1989 BEXAR 21,500 266 127 393 98.17% 

r CO MAL 700 96 256 352 49.71 
HAYS 500 743 734 1,417 -66.15 

I 
' 

MEDINA 700 114 152 266 62.00 
UVAlDE 2,600 465 2,016 2,481 4.58 

r 'IUI'AL: 26,000 1,684 3,285 4,969 80.88 

1990 BEXAR 21,500 100% 
roMAL 700 100 

1f'A 
HAYS 300 100 
MEDINA 700 100 [ UVAlDE 2,700 100 
1UI'AL: 25,900 100 

r (1) INCWDES EDWARDS AQUIFER PUMPING DATA ONLY. 
(2) DETAIL ESTIMATE OF USGS UVESTOCK AND DOMFSTIC NOI' AV AILABIE UNI1L 1987. 

r ~ATIONSONUSEOF~DATA 

1. This data is estimated pumpage. 
2. Estimation methods vary between USGS and TWDB. 
3. See source tables for limitations. 

r 
r 73 
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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) 

Slate Priority Diversion 
Master II County Applicant Date Stream name Use Amount Acreage Remarks 

3846 89 CITY OF GONZALES 19800225 GUADAWPE 5 796363 0 

5488 94 GUADAWPE-Bl.ANCO R A TP-1 19140401 GUADAWPE 5 663892 0 LAKE DUNlAP 

5488 94 GUADAWPE-Bl.ANCO RA TP-3 19140401 GUADAWPE 5 659995 0 LAKE MCQUEENEY 

5488 94 GUADAWPE-Bl.ANCO R A TP4 19140401 GUADAWPE 5 655323 0 LAKE PLACID 

5488 94 GUADAWPE-Bl.ANCO RA TP-5 19140401 GUADAWPE 5 624781 0 LAKE NOLTE 

5172 89 GUADAWPE-Bl.ANCO RA H4 19260916 GUADAWPE 5 585599 0 LAKEGONZAI.ES H4 

5172 89 GUADAWPE-Bl.ANCO RA H-5 19260916 GUADAWPE 5 574832 0 LAKE WOOD H-5 

3853 62 JOHN MCNEILL 19820517 GUADAWPE 5 538560 0 

5485 235 CEN'IRAL POWER & UGHTCO 19510815 GUADAWPE 2 209189 0 ax>UNGPOND 

3824 46 NEW BRAUNFELS t.nnii"'ES 19140601 a> MAL 2 139198 3418 

3824 46 NEW BRAUNFELS UI1UI1ES 19140601 a> MAL 5 124870 0 

3859 235 SOUI'HTEXAS ELECTRIC COOP INC 19640218 GUADAWPE 2 110000 1900 

5178 29 GUADAWPE-Bl.ANCO RA ET AL 19540505 GUADAWPE 106000 0 IND & IRR- AMEND 4/17/91 

3865 105 AQUARENA SPRINGS CORPORATION 18950904 SANMAROOS 5 64370 0 

3861 235 EI DUPONT DE NEMOURS 19480816 GUADALUPE 2 60000 33000 

2074 46 GUADALUPE-BLANCO RIVER AUI'H 19560319 GUADAWPE 35125 0 12/31/2000 

5117 29 GUADAWPE-Bl.ANCO RA ET AL 19440103 GUADAWPE 3 32615 21308 MUN&IND 

5486 235 CEN'IRAL POWER & UGHJ'CO 19520107 GUADAWPE 2 20000 0 COLETO CR- & CO 088 

NOJ'E: TinS DATA IS AV AD..ABLE FOR ALL PERMITS INTHEGUADAWPE. SAN ANI'ONIO AND NUECES RIVER BASINS AND ADJOINING a>ASTALBASINS. 
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Source: Texas Water Commission, Unit: Acre-Feet 

TABLE 2.1-17 
TECHNICAL DATA REVIEW PANEL 

1989 SUMMARY USTING OF WATER USES 
BY TYPE OF USE FOR 

GUADALUPE, SAN ANTONIO, NUECES RIVER BASINS 
AND ADJOINING COASTAL BASINS 

MUNIClPAL JNDUSfRIAL IRRIGATION MINING HYDRO- RECREATION RECHARGE 

BASIN No. of Div. No. of Div. No. of Acres Div. 
Permits Amt. Permits Amt. Permits 

Guadalupe 35 18567 34 553047 214 10481 
(1) (2) (3) 

San Antonio 5 539 2 28175 180 33146 

Nueces 19 107341 5 60917 208 26437 

Lavaca- 0 0 0 0 3 0 
Guadalupe 

San Antonio- 0 0 5 4084 2 110 
Nueces 

Nueces- 3 5621 8 809594 48 6796 
Rio Grande 

lUTAL 62 132068 54 1455817 655 76970 

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

Amt. 

55828 

73600 

30564 

0 

215 

6744 

166951 

No. of Div. 
Permits Amt. 

1 0 

1 272 

1 1 

0 0 

0 0 

0 0 

3 273 

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

UMITATIONS ON USEOF1HIS DATA 

El..ECfRIC 
No. of Div. No. of Div. No. of Div. 

Permits Amt. Permits Amt. Permits Amt. 

10 1649427 41 62 0 0 
(4) 

0 0 20 307 1 0 

0 0 13 40 3 0 

0 0 0 0 0 0 

0 0 4 17 0 0 

0 0 9 982 0 0 

10 1649427 87 1408 4 0 

OiliER. 1UTAL 

No. of Div. No. of Div. 
Permits Amt. Permits Amt. 

0 0 335 2,276,931 

4 0 213 102,893 

2 0 251 198,863 

0 0 3 0 

0 0 11 4,316 

4 0 72 822,941 

10 0 885 3,405,944 

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 . 



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 
No. Div. 

BASIN Penn. Amt. 

Guadalupe 46 182395 
(1) (1) 

San AnlOJlio 8 72032 

Nueces 27 239419 

Lavaca- 1 0 
Guadalupe 

San AnlOJlio- 0 0 
Nucc:es 

Nueces- 5 7738 
Rio Grande 

'IUfAL 87 501584 

No. Penn. =Number of Permits 
Div. Amt. = Diversion Amount 

INDUSTRIAL 
No. Div. Consum. 

Perm. Amt. Div. Amt 

41 613534 131566 
(2) (2) 

5 48936 (5) 

9 258112 (5) 

0 0 0 

5 16,017 (5) 

10 1575838 (5) 
(6) 

54 2512437 131566 

Consum. Div. Amt. = Consumptive Diversion Amount 

IRRIGATION 
No. Acres Div. 

Perm. Amt. 

262 53399 88780 
(3) (3) 

211 58303 102223 

275 48536 79311 

9 3247 4560 

s 606 842 

54 36372 52218 

816 200463 327934 

MINING HYDRO.ELECI'RIC llPriU:;.A.TION RECHARGE 
No.Div. No. Div. Consum. No. Div. No. Div. 

Perm. Amt Penn.AmL Div. Amt Perm. AmL Penn. Amt. 

3 156 13 5288585 0 54 6959 0 0 
(4) 

1 431 0 0 0 26 480 1 961 

3 17 0 0 0 17 10 3 2290 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 4 7780 0 0 

0 0 0 0 0 9 10427 0 0 

7 604 13 5288585 0 110 25656 4 3251 

OlliFR 'IUfAL 
No. Div. No. Div. Consum. 

Perm. Amt. Penn. Amt. Div. Amt 

4 850 423 6,181,259 403,747 
(1 )(2)(3)(4) 

5 0 257 225,063 (5) 

3 0 337 579,159 (S) 

1 1000 10 4,560 0 

0 0 IS 25,639 (5) 

s 0 83 1,646,221 (5) 

18 1850 1125 8 661 901 (5) 

(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 S permits wilh 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. 
(S) Consumptive and non-consumptive components not separated. 
(6) Includes 1,573,598 acre-feet from bays and estuaries. 

UMli'A110NSONUSEOFTIUSDATA 
1 . Separation of consumptive diversion amount from total diversion amount for industrial use is estimated. 

. ,:1 
~ 
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SOURCE: TWDB, TEXAS WATER PLAN 1990 
UNII'S: POPUlATION IN NUMBER OF PERSONS 

TABLE 2.1-19 
TECHNICAL DATA REVIEW PANEL 

POPULATION AND POPULATION PROJECTIONS 

1980 (1) 1985 (2) 1990 (3) 1990PROJECTED 2000PROJECTED 2010PROJECfED 2020PROJECfED 2030PROJEcriON 2040PROJECfiON 

ACIUAL ACIUAL ACilJAL I.DW (4) HIGH (5) lDW 

ARANSAS 14,260 17,482 

ATASCOSA 25,055 28,524 

BEE 26,030 27,271 

CAWWEI.L 23,637 27,338 

CAlJfOUN 19,574 21,673 

DEWTIT 18,903 20,200 

DIMMfl' 11,367 11,889 

DUVAL 12,517 13,327 

FRIO 13,785 14,212 

OOlJAD 5,193 5,625 

GONZALES 16,883 18,840 

17,982 

30,533 

25,135 

26,392 

19,053 

18,840 

10,433 

12,918 

13,472 

5,980 

17,205 

18,844 

31,369 

27,389 

30,302 

21,216 

18,888 

11,558 

13,116 

14,319 

6,058 

18,598 

18,992 

31,567 

27,479 

30,490 

21,373 

18,961 

11,616 

13,289 

14,582 

6,084 

18,821 

21,525 

36,263 

30,359 

32,857 

24,459 

19,950 

13,582 

14,297 

16,554 

6,637 

19,138 

HIGH 

21,839 

36,659 

30,726 

36,725 

25,299 

20,442 

14,197 

14,800 

17,087 

7,042 

19,417 

lDW HIGH ww 

24,677 25,174 27,845 

40,325 41,398 43,948 

33,093 33,960 36,045 

34,724 38,818 36,686 

27,881 29,602 31,563 

21,100 22,006 22,388 

15,900 17,465 18,467 

15,575 16,449 16,887 

17,718 19,358 19,213 

7,259 7,813 7,939 

20,105 21,049 21,974 

HIGH 

29,691 

45,228 

38,243 

42,749 

34,408 

23,509 

20,611 

17,976 

21,603 

8,757 

24,760 

ww HIGH lJJW 

31,786 35,108 33,972 

47,034 49,331 48,658 

39,659 43,114 41,604 

39,752 47,564 41,379 

34,740 38,764 36,453 

23,561 24,823 24, 171 

20,962 23,634 22,338 

18,125 19,303 18,719 

20,117 23,471 20,584 

8,510 9,635 8,810 

25,194 29,157 26,982 

HIGH 

38,190 

51,525 

45,786 

50,175 

41,149 

25,506 

25,313 

20,001 

24,474 

10,107 

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 

JJMWEU.S 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 

KLFBERG 33,358 34,495 30,274 32,015 32,166 34,303 35,439 37,605 40,206 42,085 47,724 48,263 56,476 51,693 61,459 

LASAllE 5,514 5,151 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 

UVEOAK 9,606 9,549 9,556 9,094 9,284 9,459 9,851 9,756 10,264 9,847 10,526 9,918 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 95,937 109,759 102,817 119,857 
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TABLE 2.1-19 (Continued) Page 2 

1980 (1) 1985 (2) 1990 (3) 1990 PROJECTED 2000 PROJECTED 2010 PROJECTED 2020 PROJECfED 2030 PROJEcriON 2040 PROJECTION 
COUNIY ACIUAL ACIUAL ACIUAL IJJW HIGH IJJW HIGH IJJW HIGH IJJW HIGH IJJW HIGH IJJW 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 

SAN PATRICIO 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 

VICI'ORIA 68,807 75,499 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 35,508 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 

SUB'IUI'AL: 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 

CO MAL 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 

SUB'IUI'AL: 1,111,445 1,286,831 1,353,492 1,436,447 1.439,057 1,703,373 1,776,968 1,973,24l 2,111,816 2,266,126 2,572,583 2,634,373 3,265,919 2,841,545 3,684,479 

REGIONAL 

TOfALS: 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 ATJ'ORNEY GENERAL OF TEXAS REDISTRICTING REPORT, 3tr//91 
(4) LOWPOPULATIONSERIES 
(5) HIGH POPULATION SERIES 

LJ : ]) 
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r TABLE 2.1-20 

TECHNICAL DATA REVIEW PANEL 
1EXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS , 

[ SOURCE: Texas Water Plan, 1990 
. 

All values reported in acre-feet 

r OOUNIY SERIES 1990 2000 2010 2020 2030 2040 

ARANSAS LDW (1) 4343 4770 5144 5604 6338 6767 

r lDGH(2) 4375 4850 5283 6021 7071 7690 

ATASCOSA lJJW 68551 58102 56251 55551 54906 54075 
lDGH 84040 83642 80327 78002 75938 73664 

r BEE lJJW 7219 1515 7667 7887 8335 8565 
lDGH 7338 7736 7896 8296 8915 9246 

r BEXAR lJJW 359729 397506 428989 472827 546094 586817 
lDGH 365656 421081 462450 539687 680179 765614 

CAlDWElL LOW 7832 8146 8191 8330 8717 9059 

r HIGH 7925 8861 8932 9383 10132 10628 

CAUIDUN LOW 59148 84220 85906 89369 92840 96685 
lDGH 67717 105937 112030 118844 124564 131095 

r OOMAL LOW 18599 21762 24046 26357 28520 29942 
lDGH 18892 23730 27108 30602 35264 38373 

DEWnT LOW 6287 6651 6637 6733 8902 8999 r lDGH 6401 6841 6902 14039 14248 14380 

DIMIIT LOW 17510 13961 13872 13904 14009 13892 
HIGH 21318 20359 20089 19829 19656 19227 r DUVAL lJJW 8383 8479 8161 8202 8407 8517 
lDGH 8697 8857 8599 8672 8894 9012 

r FRIO lJJW 92907 66099 62350 58854 55262 51726 
HIGH 118038 107529 101441 95424 89445 83522 

GOUAD lJJW 17857 19125 19135 19179 19234 19266 

r HIGH 17923 19253 19284 19365 19468 19526 

LOW 11348 12013 12180 12575 13332 13859 
HIGH 11615 12389 12781 13708 13332 15840 

r GUADALUPE LOW 18946 21128 22607 24236 26278 27467 
HIGH 19557 22980 25524 27527 31270 33592 

r HAYS lJJW 18040 22300 26285 30372 34420 36834 
HIGH 18232 24732 31376 37876 44674 48658 

JIMWEU.S lJJW 13880 14110 14542 15225 16084 16531 

r HIGH 14288 14843 15537 16661 18123 18933 

KARNES LOW 6320 6576 6566 10620 10735 16326 
HIGH 6570 6909 10975 16608 26833 30478 

r KINNEY LOW 8440 6502 6239 6001 5774 5531 
HIGH 10344 9658 9221 8788 8392 7974 

r 
r 79 
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TABLE 2.1-20 (Continued) Page 2 

COUNTY SERIES 1990 2000 2010 2020 2030 2040 
, 

KLEBFRO IJJW 9857 9847 9991 10502 11526 13557 
HIGH 9938 10121 10529 12078 14571 16393 ] 

LAS.AI.U IJJW 8660 6835 6615 6428 6261 6048 
HIGH 10568 10010 9625 9253 8898 8502 

UVEOAK IDW 8448 7877 7415 9798 15319 15337 J 
HIGH 8839 8361 10443 15859 17908 22945 

MAVERICK. IJJW 69039 52358 51647 51347 50884 49557 l HIGH 86629 81560 79280 77780 76444 73944 

MO.ruU.EN IJJW 1643 1766 1777 2925 3800 4821 
HIGH 1645 1780 1792 2948 3832 481i'7 l 

MFDINA IDW 61028 44966 43031 41245 39482 37544 
HIGH 76520 70675 67290 63941 60682 57290 

NUECES IJJW 112204 117584 120961 130773 147461 157921 ] 
HIGH 113618 123184 131883 149867 173263 188658 

REFUGIO IDW 2459 2439 2301 2168 2067 2033 l HIGH 2477 2469 2329 2196 2097 2063 

SAN PATRICIO IJJW 21679 27016 29444 31824 34368 36622 
HIGH 22276 30207 34673 39461 43788 47992 ] 

UVAlDE IJJW 86676 64544 62632 60849 59189 57048 
HIGH 108706 100843 96750 92726 88939 84751 

VICI'ORIA IJJW 77419 79661 83104 87301 92195 96958 1 HIGH 82518 87115 94713 104071 112968 121955 

WEBB IJJW 43467 47545 52155 57618 65019 69113 ] HIGH 46134 53015 58772 66426 74663 79179 

WILSON IJJW 21859 17716 17153 16678 16412 16041 
HIGH 26571 25559 24648 23877 23421 22772 

1 'ZAVALA IDW 71044 50423 47738 45238 42780 40308 
HIGH 90298 82543 78103 73849 69751 65766 

(1) Low Population Series, High per Capha use, with Conservation l (2) High Population Series, High per Capila use, with Conservation 

J , 
, 
, 
, 
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TABLE 2.1-21 
TECHNICAL DATA REVIEW PANEL 

POPULATION AND POPULATION PROJECTIONS FOR 
CITIES OVER 10,000 IN POPULATION 

SOURCE:1WDB 1990WATERPLAN 
POPUlATION IN NUMBER OF PERSONS 

COUNI'Y CITY SERIES 1980 1985 1990 2000 2010 2020 2030 2040 

BEE BEEVH.l.E AcnJAL 14574 15442 
IJJW 16355 18007 19669 21071 22716 23893 
IUGH 16409 18225 20185 22356 24761 26295 

BEXAR R>RT SAM HOUS'IUN AcnJAL 15638 15638 
IJJW 15625 15069 14747 13826 12553 11955 
IUGH 15638 15638 15638 15638 15638 15638 

BEXAR UVEOAK AcnJAL 8183 9261 
ww 10967 15211 17488 19261 20544 22223 
IUGH 10976 15785 18544 21785 25592 29068 

BEXAR SAN ANTONIO AcnJAL 785880 884216 
IJJW 986208 1157302 1330451 1465234 1562695 1690461 
IUGH 986982 1200965 1410751 1657183 1946662 2211124 

BEXAR UNIVERSAL CITY AcnJAL 10720 12246 
IJJW 14066 19247 22129 24370 25993 28117 
IUGH 14078 19974 23465 27563 32380 36718 

CAUIOUN PORT lAVACA AcnJAL 10911 11968 
IJJW 11963 14690 16766 18996 20439 21199 
IUGH 12052 15195 17801 20709 22807 23930 

CO MAL NEW BRAUNFELS AcnJAL 22375 26849 
IJJW 31081 35428 42495 48478 53010 55173 
IUGH 31424 38305 46932 54092 62344 66629 

GUADALUPE SEGUIN AcnJAL 17854 19647 
IJJW 22247 23953 25812 29132 31165 32892 
IUGH 22584 26209 29625 33487 37852 41072 

HAYS SAN MARCOS AcnJAL 23420 27338 
IJJW 32636 42747 54472 65927 75819 81240 
IUGH 32910 47671 66154 83321 99008 107849 

CD 
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TABLE 2.1-21 (Continued) Page 2 

COUNIY QTY SERIES 1980 1985 1990 2000 2010 2020 2030 ____1_040 

JIM WElLS AUCE ACIUAL 20961 22425 
IDW 21260 22523 25002 27459 29801 30943 
HIGH 21594 23618 26786 30379 34221 36204 

KLEBERG KINGSVDJ..E ACIUAL 28808 29422 
IDW 27344 29316 32213 35948 40829 43729 
HIGH 27473 30287 34442 40765 47777 51991 

MAVERICK FAGLEPASS ACIUAL 21407 25255 
IDW 29374 36565 47191 59192 69111 74067 
HIGH 30287 38781 50369 65241 79069 86343 

NUECES CORPUS CHRISTI ACIUAL 231999 259793 
IDW 270147 297749 329432 376396 444435 482109 
HIGH 271810 306180 351142 425706 515167 565807 

NUECES ROBSTOWN ACIUAL 12100 13212 
IDW 13229 13007 13673 14844 16653 18066 
HIGH 13311 13376 14575 16789 19304 21203 

SAN PATRICIO POR1LAND ACIUAL 12023 12481 
IDW 13100 15785 17878 19730 21427 22324 
HIGH 13216 16427 18814 21545 23820 25040 

UVAlDE UVALDE ACIUAL 14178 15945 
IDW 17346 22772 28015 32885 36822 39363 
HIGH 17530 23027 28332 33365 37477 40128 

VICI'ORIA VICI'ORIA ACIUAL 50695 55980 
IDW 56772 66372 74095 78488 83829 88520 
HIGH 57733 68558 77880 87299 96356 103440 

WEBB LAREDO ACIUAL 91449 112314 
IDW 130136 160701 191708 223648 258429 277705 
HIGH 133128 170232 207613 250633 289782 311490 

--.J] ~ ~ ~ I • •••• : ~_JI '.__J '..__11 ~ i___JJ ~ '--.J ~J I~ ...... :· ~ ~ ~~ LJI I~ LoJI 
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TABLE 2.1-22 
1ECHNICAL DATA REVIEW PANEL 

1EXAS WA 1ER DEVEWPMENT BOARD WA 1ER USE PROJECTIONS 
FOR CITIES OVER 10,000 POPULATION 

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

CITY 

BEE BEEVD.l.E 

BEXAR RlRT SAM HOUSTON 

BEXAR I.ACKl.AND AFB 

BEXAR LE'DNVAUEY 

BEXAR SAN ANfONIO 

BEXAR UNIVERSAL CITY 

CAUIOUN PORT lAVACA 

CO MAL NEW BRAUNFELS 

GUADAWPE SEGUIN 

HAYS SAN MARCOS 

JIMWEU..S AUCE 

KLEBERG KINGSVD.l.E 

MAVERICK FAGLEPASS 

CORPUS CHRISTI 

NUECES ROBSTOWN 

SANPATRICIO PORTlAND 

UVAlDE UVAlDE 

VICfORIA VICfORIA 

SERIES 

JHGH(1) 
LOW(2) 

HIGH 
I.DW 

HIGH 
I.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
I.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
I.DW 

HIGH 
I.DW 

HIGH 
l.DW 

HIGH 
l.DW 

HIGH 
I.DW 

HIGH 
I.DW 

HIGH 
I.DW 

1990 2000 2010 2020 2030 2040 

2670 2814 2948 3172 3513 3730 
2661 2780 2872 2989 3231 3390 

4714 4472 4230 4109 4109 
4710 4309 3989 3633 3299 

5042 4784 4525 4396 4396 
5038 4610 4267 3887 3529 

2166 2949 3277 3740 4393 
2164 2842 3090 3306 3527 

4109 
3142 

4396 
3361 

4990 
3815 

224208 258827 287604 328191 385520 437894 
224032 249417 271234 290177 309478 334781 

3105 4179 4644 5299 6225 7071 
3102 4027 . 4380 4685 4997 5406 

1856 2220 2460 2780 3062 3213 
1842 2146 2317 2550 2744 2846 

8820 10200 11822 13236 15255 16304 
8724 9434 10704 11862 12971 13501 

4933 5431 5807 6377 7208 7821 
4859 4964 5060 5547 5935 6263 

8554 11756 15432 18881 22436 24439 
8483 10541 12707 14939 17181 18409 

6438 6681 7167 7896 8895 9410 
6339 6371 6690 7137 7746 8043 

5563 5819 6259 7197 8435 9179 
5537 5632 5854 6346 7208 7720 

5987 7273 8936 11243 13626 14880 
5807 6857 8372 10201 11910 12764 

65599 
65197 

2031 
2018 

1804 
1788 

70104 76053 
68174 71351 

1936 1996 
1883 1872 

2128 2305 
2044 2190 

89568 108391 119046 
79194 93509 101435 

2233 2568 2820 
1974 2215 2403 

2564 2835 
2348 2550 

2980 
2657 

5782 7205 8386 9594 10776 11538 
5721 7126 8292 9456 10588 11318 

10404 11721 12595 13714 15138 16251 
10231 11347 11983 12331 13169 13907 

------------------------------------------------------------------ 83 



TABLE 2.1-22 (Continued) 

CITY 

WEBB LARFDO 

SERIES 

HIGH 
lJJW 

1990 2000 

31696 38451 
30984 36299 

(1) lnGH SERIES POPULATION, HIGH PER CAPITA USE WliH CONSERVATION 
(2) LDW SERIES POPULATION, HIGH PER CAPITA USE WliH OONSERVATION 

2010 

44360 
40962 

2020 

52022 
46421 

Page 2 

2030 2040 

60148 64654 
53640 57641 

84 ------------------------------------------------------------------
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TABLE 2.1-23 
TECHNICAL DATA REVIEW PANEL 

POPULATION AND POPULATION PROJECfiONS FROM 
1WDB 1992 DRAFT PROJECfiONS 

SOURCE: TEXAS WATFR DEVELOPMENT BOARD 
UNIT'S: POPUlATION IN NUMBER OF PERSONS 

1980 (1) 1985 (2) 1990 (3) 2000 PROJECI'ED 2010 PRO.JEcrED 2020 PROJECTED 2030 PROJECilON 2040 PROJECilON 

ACIUAL ACIUAL ACIUAL WW (4) HIGH (5) lDW HIGH lDW HIGH lDW IBGH lJJW HIGH 

ARANSAS 14,260 17,482 

ATASCOSA 25,055 28,524 

BANDERA 7,084 8,905 

BEE 26,030 27,271 

17,892 20,202 

30,533 36,053 

10,562 13,012 

25,135 27,128 

21,203 

37,785 

13,820 

28,402 

22,820 

40,810 

16,612 

28,575 

25,158 

44,108 

18,638 

30,519 

25,281 

44,574 

18,173 

30,032 

29,667 

49,394 

20,563 

32,686 

27,505 

48,163 

19,293 

32,148 

34,984 

54,480 

21,848 

35,485 

29,578 

49,434 

19,959 

34,366 

39,888 

59,580 

22,507 

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 

CALDWFJ.L 23,637 

CAUIOUN 19,574 

a>MAL 36,446 

oowrrr 18,903 

DIMMIT 11,367 

IXNAL 12,517 

FRIO 13,785 

ClOUAD 5,193 

OONlALES 16,883 

GUADALUPE 46,708 

27,338 

21,673 

46,159 

20,200 

11,889 

13,327 

14,212 

5,625 

18,840 

54,606 

HAYS 40,594 56,027 

J1M WElLS 36,498 40,330 

KARNES 13,593 13,441 

KINNEY 2,279 2,421 

KLEBERG 33,358 34,495 

26,392 

19,053 

51,832 

18,840 

10,433 

12,918 

13,472 

5,980 

17,205 

64,873 

65,614 

37,679 

12,455 

3,119 

30,274 

29,007 

21,978 

65,224 

19,256 

10,914 

13,657 

15,730 

6,506 

17,851 

78,955 

85,511 

40,989 

12,588 

3,307 

32,526 

30,112 

22,548 

68,754 

19,485 

11,396 

14,137 

16,331 

6,618 

18,023 

86,388 

32,343 

25,024 

78,824 

19,596 

11,540 

13,823 

16,998 

6,969 

18,286 

35,216 

26,493 

86,446 

20,040 

12,143 

14,599 

18,307 

7,182 

18,603 

35,615 40,662 38,200 44,838 40,324 48,183 

27,274 29,832 28,971 32,633 30,352 34,827 

92,146 103,929 105,502 121,548 116,381 136,106 

19,906 20,553 20,319 21,276 20,659 21,942 

12,013 12,752 12,187 13,073 12,259 13,296 

14,029 14,934 14,565 15,512 15,238 16,230 

18,157 19,958 19,420 21,712 20,740 23,628 

7,337 7,627 7,830 8,246 8,258 8,805 

18,434 18,883 18,567 19,179 18,800 19,538 

96,611 110,879 111,482 128,148 116,108 141,019 122,824 153,368 

95,359 111,350 135,229 134,896 170,486 153,844 200,895 163,285 216,766 

41,411 42,254 43,231 42,186 43,757 41,977 44,314 41,477 44,666 

13,116 12,860 13,564 13,016 13,797 13,228 14,085 13,312 14,207 

3,409 3,567 3,738 3,801 4,007 3,964 4,262 4,023 4,370 

33,370 35,886 36,904 38,064 39,315 40,729 42,324 42,698 44,739 
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TABLE 2.1-23 (Continued) 

1980 (1) 1985 (2) 1990 (3) 2000 PROJECTED 2010 PROJECTED 2020 PROJECTED 
a>UNIY ACIUAL ACIUAL ACIUAL LOW(4) HIGH(5) LOW HIGH LOW HIGH 

lASAllE 5,514 5,757 5,254 5,417 5,863 6,013 6,508 6,494 7,029 

UVEOAK 9,606 9,549 9,556 10,158 10,579 10,757 11,317 10,793 11,527 

MAVERICK 31,398 36,895 36,378 46,617 49,475 55,388 61,711 64,967 75,071 

MEDINA 23,164 25,077 27,312 31,164 31,774 35,148 36.421 37,802 39,815 

McMUlLEN 789 970 817 921 998 973 1,063 915 1,041 

NUECES 268,215 297,018 291,145 334,255 339,413 374,451 386,134 406,471 427,119 

REFUGIO 9,289 8,729 7,976 7,457 7,939 7,904 8,415 8,147 8,780 

SAN PATRICIO 58,013 61,764 58,749 68,628 70,933 78,033 83,176 86,153 94,530 

UVAlDE 22,441 24,651 23,340 26,729 27,518 30,027 31,662 32,970 35,462 

VICIURIA 68,807 75,499 74,361 85,721 87,180 96,996 100,334 105,323 110,685 

WEBB 99,258 118,124 133,239 171,958 183,912 208,966 234,972 248,763 291,521 

WR.SON 16,756 18,905 22,650 28,547 30,064 34,168 37,221 37,687 41,839 

7A.VAIA 11,666 12,046 12,162 13,266 13,607 14,130 14,939 15,071 16,164 

REGIONAL 

TOI'ALS: 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 

(1) U.S. BUREAU OF CENSUS 
(2) U.S. BUREAU OF CENSUS 
(3) U.S. BUREAU OF CENSUS FROM ATI'ORNEY GENERAL OF TEXAS REDISTRICTING REPORT, 3!27/91 
(4) I.DW POPUlATION SERIES 
(5) HIGH POPULATION SERIES 

2030 PROJECTION 
LOW HIGH 

6,832 7,395 

10,787 11,674 

73,877 87,814 

40,182 42,855 

883 1,030 

440,158 472,085 

8,440 9,096 

92,921 103,216 

36,212 39,637 

111,239 118,748 

291,805 354,938 

40,443 45,890 

16,135 17,672 

4,073,186 4:6531231 

Page 2 

2040 PROJEcnON 
I.DW HIGH 

7,064 7,646 

10,756 11,714 

83,083 101,325 

41,753 44,859 

858 1,013 

473,552 518,667 

8,609 9,278 

98,010 109,421 

39,682 44,132 

117,219 127,172 

340,095 427,117 

42,443 49,583 

17,406 19,416 

4,491,665 5,293,136 

I~ 1 m 
~ 
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TABLE 2.1-24 
TECHNICAL DATA REVIEW PANEL 

r TEXAS WATER DEVELOPMENT BOARD WATER USE PROJECTIONS 

SOURCE: TWDB, 1991 Projections based on 1990 Census Data 

r 
All values reported in acre-feet 

( OOUNTY SERIES 2000 2010 2020 2030 2040 

ARANSAS lDW(1) 4598 4954 5256 5609 5982 r HIGH(2) 4815 5447 6135 7115 8005 

ATASCOSA l.DW 70085 52678 54090 60656 61864 

" 
HIGH 72368 65656 69782 76559 83341 

f BANDERA LOW 2833 3214 3292 3396 3437 
HIGH 2982 3507 3635 3756 3816 

r BEE LOW 8114 8086 8089 8271 8453 
HIGH 8293 8370 8445 8731 9012 

BEXAR LOW 401372 436471 479021 537686 601360 r HIGH 419253 473715 537486 635411 720569 

CAlDWElL l.DW 7725 7956 8159 8385 8588 
HIGH 7045 7509 7990 8434 8771 

r l.DW 83133 87422 93311 99396 106040 
" HIGH 100953 110581 121922 130488 141337 

r CO MAL LOW 26022 28275 30496 32659 34489 
HIGH 27783 31696 35436 39679 42813 

DEwriT l.DW 6665 6573 6460 6464 6467 

r HIGH 9668 9629 9567 9645 9715 

DIMMIT LOW 14580 12786 12392 12316 12344 . 

HIGH 16528 16669 16194 16282 16348 

r DUVAL l.DW 9757 9317 9103 9089 9120 
HIGH 10863 10458 10254 10253 10294 

r FRIO l.DW 87192 58329 58465 58603 58870 
HIGH 97277 90938 86887 82821 78700 

GOlJAD LOW 18717 18729 18722 18764 1~798 

r HIGH 18929 18955 18958 19012 19067 

GONZALES LOW 11305 11423 11464 11594 11759 
HIGH 12172 12407 12625 13007 13423 

r GUADAWPE l.DW 22761 25199 27026 27751 28736 
HIGH 24635 28247 30615 32859 34998 

r HAYS l.DW 20749 24654 27987 31027 32589 
HIGH 22729 28785 34119 39196 41976 

JIM WEllS l.DW 12056 11904 11557 11411 11165 

r HIGH 12735 12692 12465 12466 12394 

l.DW 5766 5562 5424 5408 5395 
. 

HIGH 5860 5713 5622 5659 5669 

r 
r 87 
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TABLE 2.1-24 (Continued) Page 2 

COUNIY SERIES 2000 2010 2020 2030 2040 J 
KINNEY liJW 8225 7390 7404 7421 7431 

HlGH 9848 9417 8964 8539 8096 J 
KLEBERG lDW 10010 10252 10259 10497 10658 

HlGH 10381 10650 10690 10986 11223 

lASAIU lDW 8177 6990 7027 7074 7093 l 
HlGH 7386 7373 7333 7302 7245 

UVEOAK liJW 8174 8191 8183 8232 8282 l HlGH 8811 8871 8895 8968 9025 

MAVERICK liJW 92726 93807 95188 96289 97660 
HlGH 100356 100487 100695 101133 101625 J MCMUU.EN liJW 1772 1804 1794 1801 1805 
HlGH 1784 1817 1812 1821 1827 

MEDINA liJW 99071 59491 59653 59977 60158 i 
HlGH 119240 114839 115193 115699 115990 

NUECES liJW 125255 131478 138048 146054 154462 , 
HlGH 130241 140106 150346 162209 174738 

- _j 

REFUGIO liJW 2000 1999 1968 1984 1978 
HlGH 2143 2142 2126 2142 2137 ., 

SAN PATRICIO lDW 24822 27830 30570 34135 37947 _1 
HlGH 28210 34047 40305 46448 51879 

UVAlDE lDW 100198 66114 63882 62984 64226 J HlGH 140334 131412 132341 133648 135116 

VICI'ORIA lDW 89559 95924 102911 109760 117463 

J HlGH 94934 106008 123778 134850 147704 

WEBB liJW 50201 56649 63379 72061 81843 
HlGH 53562 63081 73244 85881 100880 

l WilSON liJW 14285 13772 14052 14407 14631 
HlGH 16438 17172 17456 17861 18189 

'ZAVAlA liJW 65172 48299 48531 48715 49177 l HlGH 85799 71172 66584 67203 67933 

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

] (2) High Population Series, High per Capiaa use, with Conservation 

1 
1 
1 
l 
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SOURCE: TWDB, 1992 DRAfT PROJECfiONS 
POPULATION IN NUMBER OF PERSONS 

a>UNIY CITY 

BEE BEEVD.l.E 

BEXAR R>IIT SAM HOUSTON 

BEXAR UVEOAK 

BEXAR SANAN'JONIO 

BEXAR UNIVERSAL CITY 

CAI.HOUN PORT lAVACA 

COMAL NEW BRAUNFELS 

GUADALUPE SCHERTZ 

GUADALUPE SEGUIN 

TABLE 2.1-25 
TECHNICAL DATA REVIEW PANEL 

POPULATION AND POPULATION PROJECTIONS FOR 
CITIES OVER 10,000 IN POPULATION 

SERIES 1980 1985 1990 2000 2010 

AcruAL 14574 15442 13547 
IDW 14835 15771 
IHGH 15658 17027 

AcruAL 15638 15638 12000 
IDW 11998 11928 
IHGH 12000 12000 

AcruAL 8183 9261 10023 
IDW 11633 13648 
IHGH 12001 14584 

AcruAL 785880 884216 935933 
IDW 1067670 1230136 
IHGH 1097349 1305620 

AcruAL 10720 12246 13057 
IDW 14968 17492 
IHGH 15429 18665 

AcruAL 10911 11968 10886 
ww 12120 13547 
IHGH 12387 14235 

AcruAL 22375 26849 27091 
IDW 30048 33259 
IHGH 33023 40460 

AcruAL 7243 7805 10012 
ww 13404 14862 
IHGH 13457 15212 

AcruAL 17854 19647 18853 
IDW 20218 21370 
IHGH 20298 21873 

2020 2030 2040 

16713 18080 19514 
18922 20731 22701 

11890 11674 11380 
12000 12000 12000 

15889 18568 21005 
17593 21391 25152 

1410880 1626882 1823333 
1548224 1854525 2157699 

20301 23657 26709 
22435 27194 31905 

14601 15395 16042 
15799 17111 18138 

36403 39556 42124 
46633 53747 57434 

16252 18196 19507 
16898 19102 20727 

23742 25157 26236 
24686 26410 27876 
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TABLE 2.1-25 (Continued) 

COUNJ'Y CITY 

HAYS SAN MARCOS 

JIMWEU.S AUCE 

KLEBFRG KINGSVD.l.E 

MAVERICK EAGLE PASS 

NUECES CORPUS CHRISTI 

NUECES ROBSTOWN 

SAN PATRICIO POR1LAND 

UVALDE UVALDE 

VICJ'ORIA VICIORIA 

WEBB LAREDO 

:_j 

SERIES 

ACIUAL 
IDW 
IDGH 

ACIUAL 
IDW 
IDGH 

ACIUAL 
IDW 
IDGH 

ACIUAL 
IDW 
IDGH 

ACIUAL 
IDW 
lnGH 

ACIUAL 
IJJW 
IDGH 

ACIUAL 
IDW 
lnGH 

ACIUAL 
IDW 
IDGH 

ACIUAL 
IJJW 
IDGH 

ACIUAL 
IDW 
IDGH 

il 
..__J 

1980 1985 

23420 27338 

20961 22425 

28808 29422 

21407 25255 

231999 259793 

12100 13212 

12023 12481 

14178 15945 

50695 55980 

91449 112314 

Page 2 

1990 2000 2010 2020 2030 2040 

28743 
33810 40393 46392 51219 53624 
36320 46477 55459 63205 67250 

19788 
21558 22235 22198 22100 21820 
22479 23453 23834 24132 24220 

25276 
27816 31168 33342 36001 37965 
28658 32184 34590 37592 40002 

20651 
27432 33241 35228 45486 51583 
29457 37428 46277 54716 63665 

257453 
295875 335072 364905 396293 427407 
302426 345957 384144 426040 469442 

12849 
14146 15268 16162 17102 18034 
14290 15594 16738 17993 19293 

12224 
13474 14794 15935 16885 17600 
13797 15517 17111 18331 19202 

14729 
17955 21638 24971 28787 32851 
17984 21705 25076 28949 33091 

55076 
64093 73032 79634 84324 89065 
65250 75679 83885 90278 96956 

122899 
158180 191428 227887 267317 309748 
169176 215252 267056 325150 391272 
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llJ' ,- TABLE2.1-26 
-- TECHNICAL DATA REVIEW PANEL 

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

Source: Texas Water Development Board, 1992 Projections 

r-
All values reported in acre-feet 

OOUNlY CITY SERIES 2000 2010 2020 2030 2040 

ft!l!ll BEE BEEVIU...E HIGH(l) 2473 2556 2692 2903 3102 

t LOW(2) 2360 2367 2396 2532 2667 

BEXAR FORT SAM HOUS1UN HIGH 3508 3374 3253 3199 3159 

r ww 3508 3354 3223 3112 2996 

BEXAR UVEOAK HIGH 2473 2842 3252 3882 4536 
ww 2398 2660 2937 3390 3788 

r BEXAR SANANfONIO HIGH 247067 282259 320833 380152 437465 
ww 240385 265940 293952 333489 369674 

r BEXAR UNIVERSAL CITY HIGH 3405 3910 4473 5361 6218 
ww 3303 3664 4070 4664 5206 

CAUIOUN PORT LAVACA HIGH 1873 2025 2141 2262 2357 

r ww 1833 1942 1979 2052 2084 
. 

a> MAL NEW BRAUNFELS HIGH 9692 11376 12693 14509 15376 
ww 8818 9425 9949 10678 11217 

r GUADAWPE SCHER1Z HIGH 2804 3033 3218 3595 3854 
ww 2793 2963 3095 3424 3627 

r GUADAWPE SEGUIN HIGH 4365 4484 4811 5059 5271 
lJJW 4348 4381 4627 4847 4967 

HAYS SANMAROOS HIGH 9357 11453 13232 14939 15819 

r ww 8711 9999 11121 12106 12614 

JIM WEllS AUCE HIGH 6043 6069 5954 5947 5887 
ww 5796 5753 5545 5446 5279 , 

KLEBERG KINGSVIll..E HIGH 5714 6129 6316 6737 7080 

'--
lJJW 5546 5935 6088 6452 6719 

r MAVERICK FAGLEPASS HIGH 5642 6792 7983 9316 10697 
ww 5285 6032 6116 1745 8125 

. 

NUECES CORPUS CHRISTI HIGH 72156 79442 85629 93537 102013 
lJJW 70593 76943 81341 87006 92879 r NUECES ROBSTOWN HIGH 2113 2183 2231 2338 2442 
ww 2092 2138 2154 2222 2283 

r SAN PATRICIO FOR TIANO HIGH 1824 1947 2032 2115 2172 
ww 1796 1856 1892 1948 1991 

UVAillE UVAlDE HIGH 5802 6710 7444 8496 9674 

r lJJW 5792 6690 7412 8448 9604 

VICI'ORIA VICI'ORIA HIGH 11548 12885 13719 14562 15422 
ww 11415 12435 13023 13602 14167 

r 
r 91 



TABLE 2.1-26 (Continued) 

ClTY 

WEBB 

SERIES 

HIOH 
lDW 

2000 

39416 
36854 

2010 

47740 
42457 

(1) lllOH SERIES POPULATION, HIGH PER CAPri' A USE wrrn CONSERVATION 
(2) IJ:JW SERIES POPULATION, HIGH PER CAPITA USE wrrn CONSFRVATION 

2020 

56837 
48501 

2030 

68108 
56293 

Page 2 

2040 

81520 
64535 

92-------------------------------------------------------
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t TABLE 2.1-27 PAGE 1 

TECHNICAL DATA REVIEW PANEL 

[ PROJECTIONS OF PER CAPITA WATER USE 

Source: Texas Water Development Board, 

r 1990 Texas Water Plan 
Units: Gallons Per Capita Per Day 

L 

r 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 t 381 362 342 332 332 332 H/CONSERVATION 

r 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 

r 070 BRACKETTVILLE 336 336 336 336 336 336 AVG GPCD 
377 377 377 377 377 377 HIGH GPCD 
328 311 294 286 286 286 A/CONSERVATION 
368 349 330 

P"' 
320 320 320 H/CONSERVATION 

(· 100 CASTLE HILLS 277 277 277 277 277 277 AVG GPCD 
L 

317 317 317 317 317 317 HIGH GPCD 
270 256 242 235 235 235 A/CONSERVATION r 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 r 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 

r 250 250 250 250 250 250 HIGH GPCD 
188 179 169 164 164 164 A/CONSERVATION 
244 231 219 213 213 213 H/CONSERVATION 

r 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 

r 162 DEVINE 155 155 155 155 155 155 AVG GPCD 
179 179 179 179 179 179 HIGH GPCD 
151 143 136 132 132 132 A/CONSERVATION 

r 175 166 157 152 152 152 H/CONSERVATION 

r 
r 
r 
"" t 93 
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TABLE 2 .1-27 PAGE 2 1 

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 r!;I;J 

242 229 217 211 211 211 A/CONSERVATION J 
269 255 242 235 235 235 H/CONSERVATION 

2.81 HOLLYWOOD PARK 330 330 330 330 330 330 AVG GPCD l 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 J 
291 291 291 291 291 291 HIGH GPCD 
227 216 204 198 198 198 A/CONSERVATION 
284 269 255 247 247 247 H/CONSERVATION J 

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 l 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 l 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 , 175 175 175 175 175 175 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 l 320 320 320 320 320 320 HIGH GPCD 
246 233 221 214 214 214 A/CONSERVATION 
312 296 280 272 272 272 H/CONSERVATION 

l 353 LEON VALLEY 110 110 110 110 110 110 AVG GPCD 
140 140 140 140 140 140 HIGH GPCD 
107 102 96 94 94 94 A/CONSERVATION 

1 137 130 123 119 119 119 H/CONSERVATION 

361 LIVE OAK 131 131 131 131 131 131 AVG GPCD 
166 166 166 166 166 166 HIGH GPCD 

1 128 121 115 111 111 111 A/CONSERVATION 
162 154 145 141 141 141 H/CONSERVATION 

l 
l 
1 
1 

94 l 



r ' 

r TABLE 2.1-27 PAGE 3 

r CITY 1990 2000 2010 2020 2030 2040 

r 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 

r 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 r 

~ 430 NEW BRAUNFELS 231 231 231 231 231 231 AVG GPCD 
257 257 257 257 257 257 HIGH GPCD 
225 214 202 196 196 196 A/CONSERVATION r 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 

r 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 
I' 107 102 96 94 94 94 A/CONSERVATION 
L 147 140 132 128 128 128 H/CONSERVATION 

r 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 

r 492 RANDOLPH AFB 300 300 300 300 300 300 AVG GPCD 
L 377 377 377 377 377 377 HIGH GPCD 

293 278 263 255 255 255 A/CONSERVATION 

r 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 

r 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 

r 208 208 208 208 208 208 HIGH GPCD 
180 171 162 157 157 157 A/CONSERVATION 
203 192 182 177 177 177 H/CONSERVATION 

r 
\:. 

r 
r ._ 

r 
r 95 
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TABLE 2.1-27 PAGE 4 J 

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

l 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 l 
182 182 182 182 182 182 HIGH GPCD 
139 132 125 122 122 122 A/CONSERVATION 

J 177 168 159 155 155 155 B/CONSERVATION 

600 TERRELL BILLS 185 185 185 185 185 185 AVG GPCD 

J 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 l 
202 202 202 202 202 202 HIGH GPCD 
155 147 139 135 135 135 A/CONSERVATION 
197 187 177 172 172 172 H/CONSERVATION R!J 

~ l 
616 UVALDE 267 267 267 267 267 267 AVG GPCD 

302 302 302 302 302 302 HIGH GPCD l 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 l 
228 228 228 228 228 228 HIGH GPCD 
191 181 172 167 167 167 A/CONSERVATION 
222 211 200 194 194 194 H/CONSERVATION l 

744 SHAVANO PARK 292 292 292 292 292 292 AVG GPCD 
361 361 361 361 361 361 HIGH GPCD l 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 l 140 140 140 140 140 140 HIGH GPCD 
107 102 96 94 94 94 A/CONSERVATION 
137 130 123 119 119 119 H/CONSERVATION l 

l 
1 
l 

96 l 
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L TABLE 2.1-27 PAGE 5 

r RURAL 1990 2000 2010 2020 2030 2040 

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

r 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 r 231 219 207 201 201 201 H/CONSERVATION 

. 

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

r 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 

r 136 129 122 118 118 118 H/CONSERVATION 

136 KINNEY 182 182 182 182 182 182 AVG GPCD 

r 194 194 194 194 194 194 HIGH GPCD 
177 168 159 155 155 155 A/CONSERVATION 
189 179 170 165 165 165 H/CONSERVATION 

r 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 

r 127 120 114 111 111 111 H/CONSERVATION 

232 UVALDE 118 118 118 118 118 118 AVG GPCD 

r 128 128 128 128 128 128 HIGH GPCD 
115 109 103 100 100 100 A/CONSERVATION 
125 118 112 109 109 109 H/CONSERVATION 

r 
r 
t 

r 
r 
r 
r 97 
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TABLE 2.1-28 
TECHNICAL DATA REVIEW PANEL 

PROJECTIONS OF PER CAPITA WATER USE 

PAGE 1 

source: Texas Water Development Board, 
1992 Draft Projections 

units: Gallons Per Capita Per Day 

CITY # 

004 
004 
004 
004 

004 
004 
004 
004 

034 
034 
034 
034 

034 
034 
034 
034 

070 
070 
070 
070 

070 
070 
070 
070 

761 
761 
761 
761 

761 
761 
761 
761 

2000 2010 2020 2030 2040 SERIES CITY NAME 

AVG 
HIGH 
A-C 
H-C 

317 317 317 
392 392 392 
306 296 285 
379 365 352 

317 317 HIGH POP ALAMO HEIGHTS 
392 392 
282 279 
349 347 

AVG 
HIGH 
A-C 
H-C 

317 
392 
306 
379 

317 317 317 
392 392 392 
296 285 282 
365 352 349 

317 LOW POP ALAMO HEIGHTS 
392 
279 
347 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

187 187 
221 221 
179 171 
212 203 

187 187 
221 221 
179 171 
212 203 

187 187 187 
221 221 221 
164 161 159 
195 192 189 

187 187 187 
221 221 221 
164 161 159 
195 192 189 

HIGH POP BALCONES HEIGHTS 

LOW POP BALCONES HEIGHTS 

AVG 332 
HIGH 377 
A-C 322 
H-C 365 

332 332 
377 377 
311 301 
353 341 

332 332 HIGH POP BRACKETTVILLE 
377 377 
298 295 
338 335 

AVG 332 
HIGH 377 
A-C 321 
H-C 365 

332 332 
377 377 
311 301 
353 341 

332 332 LOW POP BRACKETTVILLE 
377 377 

AVG 110 110 
HIGH 139 139 
A-C 103 95 
H-C 131 122 

AVG 110 110 
HIGH 139 139 
A-C 103 95 
H-C 131 122 

298 295 
338 335 

110 110 
139 139 

90 88 
116 114 

110 110 
139 139 

90 88 
116 114 

110 HIGH POP BUDA 
139 

87 
113 

110 LOW POP BUDA 
139 

87 
113 

, 
] 

l 
l 
l , 

j 

1 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 



r 

r 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

r 
r 
r 
r 

CITY # 

100 
100 
100 
100 

100 
100 
100 
100 

101 
101 
101 
101 

101 
101 
101 
101 

107 
107 
107 
107 

107 
107 
107 
107 

131 
131 
131 
131 

131 
131 
131 
131 

AVG 
HIGH 
A-C 
H-e 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-e 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-e 

AVG 
HIGH 
A-C 
H-C 

TABLE 2.1-28 PAGE 2 

2000 2010 2020 2030 2040 SERIES CITY NAME 

261 261 261 261 261 HIGH POP CASTLE HILLS 
317 317 317 317 317 
253 246 239 237 234 
308 299 291 288 286 

261 261 261 261 261 LOW POP CASTLE HILLS 
317 317 317 317 317 
253 246 240 237 234 
308 299 291 288 286 

246 246 246 246 246 HIGH POP CASTROVILLE 
312 312 312 312 312 
235 225 215 212 210 
299 286 274 271 269 

246 246 246 246 246 LOW POP CASTROVILLE 
312 312 312 312 312 
235 225 215 212 210 
299 286 274 271 269 

186 186 186 186 186 HIGH POP CHARLOTTE 
246 246 246 246 246 
179 170 163 160 158 
237 226 217 214 212 

186 186 186 186 186 LOW POP CHARLOTTE 
246 246 246 246 246 
179 170 163 160 158 
237 226 217 214 212 

AVG 121 
HIGH 162 
A-C 113 
H-e 153 

121 121 121 
162 162 162 
105 99 97 
143 136 134 

121 HIGH POP CONVERSE 
162 

96 
133 

AVG 121 
HIGH 162 
A-C 113 
H-e 153 

121 121 121 
162 162 162 
106 100 98 
144 136 134 

121 LOW POP CONVERSE 
162 

96 
133 

99 



l 
TABLE 2.1-28 PAGE 3 1 

CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME l 
162 AVG 159 159 159 159 159 HIGH POP DEVINE 

162 HIGH 179 179 179 179 179 l 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 l 162 HIGH 179 179 179 179 179 
162 A-C 152 144 137 134 132 
162 H-C 171 162 155 152 149 

l 
769 AVG 198 198 198 198 198 HIGH POP DRIPPING SPRINGS 
769 HIGH 218 218 218 218 218 l 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 l 769 HIGH 218 218 218 218 218 
769 A-C 189 180 173 171 170 
769 H-C 209 199 191 189 188 

l 
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 

l 771 HIGH 449 449 449 449 449 
771 A-C 380 367 356 353 352 
771 H-C 434 419 406 403 402 

l 
211 AVG 235 235 235 235 235 HIGH POP FORT SAM HOUSTON 
211 HIGH 270 270 270 270 270 

l 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 l 211 A-C 227 219 210 207 204 
211 H-C 261 251 242 238 235 

1 
l 
l 
l 

100 l 



r 

r 
r 

r 
r 
r 

r 
L 

r 
r 
r 

r 
r 
r 
r 

CITY # 

773 
773 
773 
773 

773 
773 
773 
773 

777 
777 
777 
777 

777 
777 
777 
777 

778 
778 
778 
778 

778 
778 
778 
778 

281 
281 
281 
281 

281 
281 
281 
281 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

TABLE 2.1-28 PAGE 4 

2000 2010 2020 2030 2040 SERIES CITY NAME 

266 266 266 266 266 HIGH POP GARDEN RIDGE 
303 303 303 303 303 
255 245 236 234 232 
291 279 269 267 265 

266 266 266 266 266 LOW POP GARDEN RIDGE 
303 303 303 303 303 
256 245 236 234 232 
291 279 269 267 265 

AVG 184 184 184 184 184 HIGH POP HELOTES 
HIGH 208 208 208 208 208 
A-C 176 167 160 157 156 
H-C 199 189 181 179 177 

AVG 184 184 184 184 184 LOW POP HELOTES 
HIGH 208 208 208 208 208 
A-C 176 167 160 158 156 
H-C 199 190 182 179 177 

AVG 337 337 337 337 337 HIGH POP HILL COUNTRY VILLAGE 
HIGH 351 351 351 351 351 
A-C 326 315 306 303 301 
H-C 340 328 318 316 314 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

337 337 337 337 337 LOW POP HILL COUNTRY VILLAGE 
351 351 351 351 351 
326 315 306 303 301 
340 328 318 316 314 

375 375 375 375 375 HIGH POP HOLLYWOOD PARK 
476 476 476 476 476 
363 350 339 337 335 
460 444 430 427 425 

375 375 375 375 375 LOW POP HOLLYWOOD PARK 
476 476 476 476 476 
363 351 339 337 335 
460 444 430 427 426 

------------------------------------------------------------------101 
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TABLE 2.1-28 PAGE 5 

l 
CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME 

282 AVG 241 241 241 241 241 HIGH POP HONDO l 
282 HIGH 291 291 291 291 291 
282 A-C 232 222 213 210 208 

l 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 

l 282 A-C 232 222 213 211 208 
282 H-C 280 269 258 255 252 

9 

309 AVG 169 169 169 169 169 HIGH POP JOURDANTON J 
309 HIGH 224 224 224 224 224 
309 A-C 161 153 146 143 141 
309 H-C 214 204 195 192 190 l 
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 l 309 H-C 214 204 195 192 191 

325 AVG 137 137 137 137 137 HIGH POP KIRBY l 
325 HIGH 186 186 186 186 186 
325 A-C 130 122 115 113 111 
325 H-C 177 167 159 157 155 l 
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 l 325 H-C 177 168 160 157 155 

"1 
330 AVG 118 118 118 118 118 HIGH POP KYLE J 
330 HIGH 170 170 170 170 170 
330 A-C 112 105 100 97 95 
330 H-C 162 153 146 144 141 l 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 l 330 H-C 162 154 146 144 141 

l 
l 
l 

102 l 



r 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

CITY # 

331 
331 
331 
331 

331 
331 
331 
331 

786 
786 
786 
786 

786 
786 
786 
786 

353 
353 
353 
353 

353 
353 
353 
353 

361 
361 
361 
361 

361 
361 
361 
361 

AVG 
HIGH 
A-C 
H-e 

AVG 
HIGH 
A-C 
H-e 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-e 

TABLE 2.1-28 

2000 2010 2020 2030 2040 

286 286 286 286 286 
363 363 363 363 363 
277 267 258 255 252 
351 339 327 324 321 

286 286 286 286 286 
363 363 363 363 363 
277 267 258 255 252 
351 339 327 324 321 

197 197 197 
227 227 227 
188 178 171 
217 206 198 

197 197 
227 227 
169 167 
196 194 

197 197 197 197 197 
227 227 227 227 227 
188 178 171 169 167 
217 206 198 196 194 

PAGE 6 

SERIES CITY NAME 

HIGH POP LACKLAND AFB 

LOW POP LACKLAND AFB 

HIGH POP LACOSTE 

LOW POP LACOSTE 

AVG 110 
HIGH 139 
A-C 104 
H-e 132 

110 110 110 
139 139 139 

98 92 89 
124 118 115 

110 HIGH POP LEON VALLEY 
139 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-e 

110 110 110 
139 139 139 
104 98 92 
132 125 118 

114 114 114 
194 194 194 
107 100 93 
184 174 165 

AVG 114 
HIGH 194 
A-C 107 
H-e 184 

114 114 
194 194 
100 94 
174 165 

86 
112 

110 110 LOW POP LEON VALLEY 
139 139 

89 86 
115 112 

114 114 HIGH POP LIVE OAK 
194 194 

91 89 
162 161 

114 114 LOW POP LIVE OAK 
194 194 

91 89 
163 161 

--------------------------------------------------------------------103 



l 
TABLE 2.1-28 PAGE 7 1 

CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME l 
374 AVG 181 181 181 181 181 HIGH POP LYTLE 

l 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 l 374 HIGH 202 202 202 202 202 
374 A-C 173 164 157 154 152 
374 H-C 193 184 176 173 171 

j 
J 

425 AVG 110 110 110 110 110 HIGH POP NATALIA 
425 HIGH 155 155 155 155 155 l 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 l 425 HIGH 155 155 155 155 155 
425 A-C 104 97 91 89 86 
425 H-C 147 139 132 129 126 

"9 
J 

l 
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 J 430 H-C 262 251 243 241 239 

430 AVG 237 237 237 237 237 LOW POP NEW BRAUNFELS l 430 HIGH 271 271 271 271 271 
430 A-C 229 221 213 211 208 
430 H-C 262 253 244 241 239 

l 
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 J 440 H-C 219 210 201 198 196 

440 AVG 188 188 188 188 188 LOW POP OLMOS PARK 1 440 HIGH 228 228 228 228 228 
440 A-C 180 172 165 162 160 
440 H-e 219 210 201 198 196 

l 
l 
l 
l 

104 
, 



r 
r 
r 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 

r 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 

t 473 A-C 128 121 114 112 110 
473 H-e 170 161 154 151 149 

r 483 AVG 199 199 199 199 199 HIGH POP POTEET 
483 HIGH 264 264 264 264 264 

r 483 A-C 190 182 175 172 170 
483 H-e 253 242 233 230 228 

483 AVG 199 199 199 199 199 LOW POP POTEET 
483 HIGH 264 264 264 264 264 r 483 A-C 190 182 175 172 170 
483 H-e 253 243 233 231 228 

r 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 r 492 H-e 365 353 341 338 335 

492 AVG 322 322 322 322 322 LOW POP RANDOLPH AFB 
492 HIGH 377 377 377 377 377 

r 492 A-C 312 302 292 289 285 
492 H-C 365 353 341 338 335 

r 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 

r 526 H-e 228 218 209 207 205 

526 AVG 189 189 189 189 189 LOW POP SABINAL 
526 HIGH 238 238 238 238 238 

r 526 A-C 181 173 165 163 161 
526 H-e 228 218 210 207 205 

r 
r 
t 

r 
r lOS 
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TABLE 2.1-28 PAGE 9 

CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME l 
530 AVG 184 184 184 184 184 HIGH POP SAN ANTONIO , 
530 HIGH 208 208 208 208 208 J 
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 l 530 HIGH 208 208 208 208 208 
530 A-C 178 171 164 161 159 
530 H-C 201 193 186 183 181 9 

1 
"l 

537 AVG 217 217 217 217 217 HIGH POP SAN MARCOS l 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 l 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 196 196 196 196 196 
543 A-C 149 142 135 133 131 J 
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 l 
543 A-C 149 142 135 133 131 
543 H-C 186 178 170 168 166 

l 
744 AVG 318 318 318 318 318 HIGH POP SHAVANO PARK 

l 744 HIGH 404 404 404 404 404 
744 A-C 305 292 281 278 276 
744 H-C 388 372 358 355 353 

744 AVG 318 318 318 318 318 LOW POP SHAVANO PARK l 744 HIGH 404 404 404 404 404 
744 A-C 305 292 281 278 276 
744 H-C 388 372 358 355 353 , 

1 
l 
l 

106 l 
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TABLE 2.1-28 PAGE 10 

r CITY # 2000 2010 2020 2030 2040 SERIES CITY NAME 

r 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 

r 747 H-C 132 125 118 115 112 

l__ 
747 AVG 110 110 110 110 110 LOW POP SOMERSET 
747 HIGH 139 139 139 139 139 

r 747 A-C 104 98 92 90 86 
747 H-C 132 125 118 115 112 

r 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 

r 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 

r 802 A-C 126 118 112 110 108 
802 H-C 137 129 123 121 119 

r 600 AVG 183 183 183 183 183 HIGH POP TERRELL HILLS 
600 HIGH 207 207 207 207 207 
600 A-C 176 168 161 158 155 

r 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 

r 600 A-C 176 168 161 158 155 
600 H-C 199 190 182 179 177 

r 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 

r 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 

r 614 A-C 161 153 146 143 141 
614 H-C 197 187 179 176 174 

r 
r 
r 
r . 107 



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 B-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 

108--------------------------------------------------------------------

l 
1 
l 
""') 

j 

l 
l 
l 
l 
j 

j 

l ., 
l 

l 
j 
l 

l 

l 
l 
1 
l 



r 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

COUNTY 

007 
007 
007 
007 

007 
007 
007 
007 

OlS 
OlS 
OlS 
OlS 

OlS 
OlS 
OlS 
OlS 

046 
046 
046 
046 

046 
046 
046 
046 

lOS 
lOS 
lOS 
lOS 

lOS 
lOS 
105 
lOS 

TABLE 2.1-28 PAGE 12 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

2000 2010 2020 2030 2040 SERIES COUNTY NAME 

111 111 111 
123 123 123 
104 97 92 
116 108 103 

111 
123 

89 
100 

111 
123 
105 
116 

111 111 111 
123 123 123 

98 92 90 
109 103 100 

111 HIGH POP ATASCOSA 
123 

88 
98 

111 LOW POP ATASCOSA 
123 

88 
98 

AVG 189 189 189 189 189 HIGH POP BEXAR 
HIGH 240 240 240 240 240 
A-C 180 171 164 162 161 
H-C 229 219 210 208 206 

AVG 
HIGH 
A-C 
H-C 

AVG 
HIGH 
A-C 
H-C 

189 189 189 189 189 LOW POP BEXAR 
240 240 240 240 240 
180 172 165 162 161 
229 219 210 208 206 

149 149 149 149 149 HIGH POP COMAL 
189 189 189 189 189 
141 133 126 124 123 
179 170 162 160 159 

AVG 149 
HIGH 189 
A-C 141 
H-C 179 

149 149 149 149 LOW POP COMAL 
189 189 189 189 
133 126 124 123 
170 162 160 159 

AVG 124 124 124 124 124 HIGH POP HAYS 
HIGH 134 134 134 134 134 
A-C 116 108 103 101 100 
H-C 126 117 112 110 109 

AVG 124 124 124 124 124 LOW POP HAYS 
HIGH 134 134 134 134 134 
A-C 117 109 103 102 100 
H-C 126 118 112 111 109 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 

COUNTY RURAL 
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, 
COUNTY 2000 2010 2020 2030 2040 SERIES COUNTY NAME 

136 AVG 187 187 187 187 187 HIGH POP KINNEY COUNTY RURAL l 
136 HIGH 218 218 218 218 218 
136 A-C 179 171 164 161 159 l 136 H-C 209 200 191 189 187 

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

l 136 HIGH 218 218 218 218 218 
136 A-C 180 171 163 161 159 
136 H-C 210 200 191 189 186 

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

l 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 l 163 HIGH 147 147 147 147 147 
163 A-C 118 111 105 102 100 
163 H-C 139 131 124 122 120 

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

l 232 HIGH 127 127 127 127 127 
232 A-C 111 105 99 96 92 
232 H-C 120 114 108 105 101 

232 AVG 117 117 117 117 117 LOW POP UVALDE COUNTY RURAL l 
232 HIGH 127 127 127 127 127 
232 A-C 111 105 99 96 92 

l 232 H-C 121 114 108 105 101 

l 
l , 
l 
l 
l 
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YEAR 

1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 (8) 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

UNITS: ACRE-FEET 

Col.1 
USGS GAGE 

COMALRIVER 
AT 

NEW BRAUN. 
(1) 

138200 
173700 
146200 
191000 
195300 
225500 
230130 
244130 
271280 
259190 
265400 
166140 
208430 
260720 
265140 
247490 
254940 
270840 
276320 
257900 
201120 
212020 
189700 
148860 
162400 
142870 
98360 
66820 
27997 

138740 
234080 
229240 
241690 
247960 
193470 
150800 

TABLE2.2-1 

Technical Data Review Panel 
ANNUAL SPRINGFLOW DATA SETS 
COMAL & SAN MARCOS SPRINGS 

Page 1 

Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 
USGS TWDB GBRA/SARAICSA USGS GAGE TWDB GBRA/SARA/CSA 

COMAL SPAS. COMAL 1986 REPORT SAN MARCOS SAN MARCOS 1986 REPORT 
AT SPRINGS COMAL SPAS. RIVER FLOW SPRINGS SAN MARCOS 

NEW BRAUN. 
(2) 

227939 
236119 
260078 
251464 
248279 
218022 
201808 
248424 
252839 
246976 
250740 
260802 
259716 
255156 
200650 
207092 
189069 
148533 
132102 
139051 
98515 
663n 
22367 

103148 
226347 
227071 
229821 
241765 
192181 
150632 

(3) 

228073 
236280 
260816 
250764 
248354 
217872 
202412 
248568 
252958 
248789 
251488 
260755 
260045 
254828 
201071 
207306 
189041 
148318 
132450 
138905 
98344 
66120 
22340 

103388 
226452 
226992 
230479 
241715 
192054 
150290 

(4) 

208430 
260720 
265140 
247490 
254940 
270840 
276320 
257900 
201070 
212020 
189700 
148860 
162400 
142870 
98380 
66820 
27997 

138740 
234080 
229240 
241690 
247960 
193380 
150800 

(5) 

110280 
153440 
116080 
141410 
138260 
95850 
78710 

(8) 

76989 
132776 
111900 
96332 

134096 
138043 
150511 
125416 
76250 
87081 
76492 
68600 
75051 
97859 
76731 
81162 
47564 

110270 
153440 
118050 
141410 
138260 
95850 
78710 

SPRINGS 
(7) 

76989 
132776 
111900 
96332 

134096 
138043 
150511 
125416 
76250 
86461 
76492 
68618 
75102 
97859 
75449 
61148 
47564 

110270 
153440 
116050 
141410 
138260 
95850 
78710 

--------------------------------------------------------------------111 
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TABLE2.2-1 Page2 1 

Col.1 Col.2 Col.3 Col.4 Col.5 Col,6 Col,7 

YEAR USGS GAGE USGS TWOB GBRAISARAICSA USGS GAGE TWDB GBRAISARAICSA , 
COMALRIVER COMALSPRS. CO MAL 1986REPORT SAN MARCOS SAN MARCOS 1986REPORT 

' 

AT AT SPRINGS COMALSPRS. RIVER FLOW SPRINGS SAN MARCOS 

NEW BRAUN. NEW BRAUN. SPRINGS 

l (1) (2) (3) (4) (5) (6) (7) 

1964 138562 136952 137137 138560 70180 70180 70180 l 
1965 209230 188490 188585 209230 123020 123020 123020 
1966 193430 193122 192969 193430 111360 111360 111360 

l 1967 138450 131306 131044 138450 77650 77650 77650 

1968 246750 230762 231387 246750 143060 143060 143060 

1969 212380 210639 210547 212380 117820 117820 117820 
1970 226600 221173 221176 226650 144570 144570 144570 

l 1971 159800 158975 158978 159810 91850 91850 91850 
1972 264600 225124 225127 264550 116650 116650 116650 
1973 294000 279239 279243 294010 158200 158200 158200 
1974 283800 275377 275381 283820 133770 133770 133770 

l 1975 295400 286183 286187 295430 170090 167390 167390 
1976 280100 268905 268909 280110 153140 153140 153140 

1977 289700 282831 282835 289690 161710 161550 161550 

1978 239900 233488 233492 239880 87410 87410 87410 

l 1979 292700 287724 287728 292730 144950 144950 144950 
1980 207200 206350 206353 207240 95950 95950 95950 
1981 234500 228686 228690 234460 131000 131000 131000 
1982 201200 198127 198130 201200 93490 93490 93490 

1 1983 172000 171102 171105 106250 110380 
1984 91470 91087 91088 72346 72350 
1985 192540 184463 184466 132022 136880 
1986 214200 209807 209811 145470 145470 

l 1987 271600 262522 262526 183520 183520 
1988 201000 200598 200601 102000 102020 
1989 118300 118317 72520 
1990 60850 

l AVERAGES 

1928-88 209557 l 1934-88 212965 206475 206523 
1940-82 204526 204581 212417 111391 111349 
1957-88 121922 122113 

(1) USGS continuous recording stream gage l 
(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 1992, 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 Baalns, Espey Huston and Associates, 1986 
(5) USGS continuous recording stream gage 

(6) USGS subtracts estimate of surface drainage from 93 square miles of drainage area l (7) TWDB data set used In Report 340, Model Refinement and Applications for the Edwards (Balcones Faull Zone) 
Aquifer In the San Antonio Region, Texas, Texas Water Development Board, July 1992, Draft. 

(8) Comal Springs did not llow from June 13to November 3, 1956 

l 
1 
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TABLE2.2-2 

Technical Data Review Panel 
ANNUAL SPRING FLOW DATA- ALL SPRINGS 

SOURCE: UNITED STATES GEOLOGICAL SURVEY 
UNITS: ACRE-FEET 

COMAL 
LEONA SPRINGS 

Page 1 

TOTAL TOTAL DIFFERENCE 

PLUS HUECO SAN SAN SPRINGS REPORTED TOTAL REP. 
SAN MARCOS SPRINGS ANTONIO PEDRO UNDER- SPRINGS SPRINGS SUM OF IN EUWD MINUS 

SPRINGS 
(1) 

SPRINGS SPRINGS FLOW 
(2) 

& UNDFL. ESTIMATE BULLETIN SUM OF EST. 
(2) (2) (2) (2) (2) (3) (4) (5) 

1970 365743 2431 4220 9523 15547 (6) 397463 397700 237 
1971 250825 813 1175 8737 11201 272752 272700 -52 
1972 341774 1381 4164 28452 375771 375800 29 
1973 437439 47767 6755 9599 25705 527265 527600 335 
1974 409147 32536 5687 36517 483887 483800 -87 
1975 456273 34068 6024 44023 540388 540400 12 
1976 422045 34399 6264 40930 503638 503900 262 
1977 444541 71542 9827 9523 45076 580508 580300 -208 
1978 320898 18383 4355 8350 23342 375328 375500 172 
1979 432674 47009 7494 9599 26125 522902 523000 98 
1980 302300 4579 2167 8550 10744 328340 328300 -40 
1981 359686 17026 4818 8209 18364 408104 407300 -804 
1982 291617 6162 2529 8271 24683 333262 333300 38 
1983 277352 117 1062 8182 14721 301434 301600 166 
1984 163433 0 224 6172 2734 172563 172500 -63 
1985 316485 0 0 8102 8080 332667 334000 1333 
1986 355277 4207 2860 (1) (7) 388100 N/A 
1987 446042 42909 8114 (1) (1) (7) 558000 N/A 
1988 302598 13126 10993 3492 (1) (1) (7) 369800 N/A 

(1) Sum of Comal Springs component of measured flow at Comal River at New Braunfels gage and San Marcos 
River Row at San Marcos gage (values in Table 2.2-1, cola. 2 and 5) 

(2) Values from USGS working Iiies 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 Leona Springs and Leona Underflow estimated separately, in other years together 

(1) Leona Springs estimates not aveilable in USGS Iiies for years 1986, 87,88 

------------------------------------------------------------\13 
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TABLE 2.2-3 

, 
Technical Data Review Panel , UNITED STATES GEOLOGICAL SURVEY 

STREAM GAGES IN GUADALUPE, SAN ANTONIO AND NUECES BASINS 

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

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

4/56-pres. 

l 1920 Nueces R.' Uvalde 1861 10/27-pres. 

1930 Nueces R.' Asherton 4082 10/39-pres. 

1940 Nueces R.' Cotulla 5171 11/23-pres. l 
1942 san Casimiro c., Freer 469 1/62-pres. 

1945 Nueces R.' Tilden 8093 12/42-pres. l 1946 Nueces R.' Simmons 8561 4/65-9/77 

1950 Frio R., concan 389 11/23-9/29, 

l 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. l 2000 Hondo c., Tarpley 95.6 9/52-pres. 

2005 Hondo c., Hondo 132 8/52-10/64 

l 2007 Hondo c., Hondo 149 10/60-pres. 

2015 Seco c. ,Utopia 45.0 5/61-pres. 

2020 Seco c., Utopia 53.2 8/52-9/61 l 
2025 Seco c., D'Hanis 87.4 8/52-10/64 

2027 Seco c., D'Hanis 168 10/60-pres. l 2040 Leona R., Uvalde spring 1/39-9/65 

2055 Frio R.' Derby 3429 8/15-pres. 

1 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, l 5/32-8/81 

2075 Atascosa R., McCoy 530 8/51-8/57 

2080 Atascosa R. ,Whitsett 1171 10/25-4/26, l 6/32-pres. 

2100 Nueces R., Three Rivers 15427 7/15-pres. 

l 

114 l 
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Table 2.2-3 

2104 

2110 

Lake 

Lake 

Guadalupe 1655 
River 

1660 

1670 

1675 

1677 

1978 

1685 

1690 

1700 

r San Antonio 

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., Springf1ow 
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. 

r 
r 
r 
r 
r 
r ----------------------------------------------------------------115 
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Guadalupe 

1860 

1865 

1885 

1888 

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. 

116-------------------------------------------------------------------
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TEXAS WATER DEVELOPMENT BOARD 
P.O. BOX 13231, CAI'Il'OL STAliON 

AUSTIN, TEXAS 78711·3231 

SURVEY OF GROUND AND SURFACE WATER USE FOR THE 
CALENDAR YEAR ENDING DECEMBER 31, 

TWOB CODE NO. Figure 2.1-1 

DUPLICATE 
RETAIN FOR 
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 

Please indicate any changes in name and address or ownership. 

I. GROUND (WELL) WATER USE: Phkl.e A11Swer lhlt loi!Owong quw..licn~ il yc..r used ground wa1ur lot lho& s~slunt tonc~uc~Ing gn,und walur 
~~~ lrcm ctlturs). 

"""''" 
.... 
.... 
... 

A Ccunlytres) In •hleh IIIIS srstem operales ___________________________________ _ 

B. II wae&r w~ls art! Ownod, operalecJ. ot ~lot u!oe ill lh>s !.y~lam. pluasll c:omplele lhe lcllowong: Number cl a.c:IJve wulls and counly(IU51 whuoe 

lot:.llod ; illdC!ive (IM op«rab!el---------------

C. " you putehasoo waU waluf !rom olhur!. lot us.. en Utos sysll!Rt. ploase name supptoer(sl•--------------------

0. Was purchased water raw 00111oa11!d 0? II bOih,'l'o raw % trealed ____ _ 

E. Pltlar.e complulo lh" lcllowong ldbltl. lndoealo lho lotal quan~ly (gallons) ol ground wal"' !!!!•chased from others !~ lhe amounl !hal was !!!~.:!~rod. 

F. 
G . 

S..ll·supptouel walur •• Ill<! lolal quanlrly produced hom wells owned, operaled or leased ondudrng any wat11r sOld to oth.,rs. II ycu purchaSU<I w&!l 

water !rom suvur&l wpptours. pluase p10vod11 scpa~ale voll.rnws 101 eaCh on acll1oloonal papon . 

Shf~lt.L) f" .. hl.nA~U r.cut4IU !loi..U-~'l.4fU .._.IHC.tt.\.'Jll) MUitiU !.tU tiol,.,lhl ~l ... 1~1l 

... , 
'""' .... .. .... 

... -..., 
Total gr01.1nd wa1e1 irotake c!unng th11 calendar year lot: . S..lt·Supplied Purchased 

liow dod YOI.I lllltVO at tho oround wat&r UStl logurus WhiCh you provoc!od above? mnsler meter [J custom•" 01111ers [] Obtlntaltld lJ 0111111 D 

II. SURFACE WATER USE: Phtusu an•wur thu touuwrug qut!•ban• rl yau used surlac.! water ror Uris sy~lem (onct .. dlug sutldc" .. ai<U 

~·'!!'~ !ram uth&rs) . 

A. Counly(oos) ill wtlleh 1~ sySIOfll operatu!i----------------------------------

8. ~~~!16d surface walt!! !rom a !>tream. river, pond, lake and/or reservoor lor use in thrs syslem. please name lllu couroty 

----------------------:stream, reservou, etc·--------------------

C. 11 you purchaSed surtiSUt wdlur 1r01n Olhurs 101 """' on llliS syslcm, pleasa name suppller(Sl-------------------
0. Was purcha~ed water raw 0 01 truated 0? II both,% raw %treated ____ _ 

E. PIOaS<r compiOtll lhlt lollowmg lablu. lndocat& 1n11 total quantoly (gallons) ol surface water purehast<d !rom others and lltu amounl that was 

Sllll·"'pp!uld. So~·wpphed wa1er IS tho IGiiol quanloty of raw watur you c!Nertr.d ondudmg any water sold ta otltets. II you purdrascrd surlaco Wdlut 

Item several suppl«frs. plttas.. ptovo<lu 5QPlllalo vO!urnus lor uath on addluonal papo.r. 

-
. ... 

F. Total surtaco watur illluko dunng lhu r~dund;or yoarlor: Seli·Supplled __________ ; Purehasucl _________ _ 

G. How dod you liiiiVII ut the surtQCd wator u»e togures which you providltd above' mastl'r llltlter 0 custottlur rnutors[lestom.ltud0 olhur 0 

l'NilllllfolO~" tlluv. ICI·UI •·. 1 
....,~ .. ,... 

OVER 

----------------------------------------------------------------117 



Ill. WATER SALES: Plaaoo liSI Die namaa. 1oca11011 ICOUIIIyliesll. and IIMI quanbt•es of watar you sold duiiiiO lllo yoar lo: 

A. tnduslrial or c:cmmsn:iill firms who purc:huod 10 miJilon gaUons or moro lrom vour svstom, (or any tum whO you f11ol placua o moro than ovurogv 
demand on your eupply), and 

B. l'lltlliC waluf s.,slsms who purchalod all or pan of ltooit Sllpply frorn you and opurillO oubide your dlrlld GONICO area (~e. otttur alios, wa111r cl>suoc:ts. 
pnvato wel8t c:ompartlos, Ole.) 

Please indlcale treated .. raw fresn wala. Use ~lional paper o1 needed. lncluclo ll1wO iiiiiOUtliS in quoaiiOnG land II. 

C. Plewa ll1dicaiO Die IOial quanl<ly lliiiOcl 10 yo.a CU$10m0t& cluring lho pas! Ci1lend!u yoar _______________ .JI.!:!Ga!i!,ll011S~!!jl 

IV. PUBUC WATER SUPPUERS: Plu.nu eonlplolu pan' a~ 10 11w1 ~yslum. !WSj)OtllMn llllould no! ltlCiuW •ntOfnldtiOI'I 101 ott>or 
wt!Oiolllllu water cus10n101s rou bs!OCI on Ill \WlliUt ~~ abovO. 

A. ESI!maliiCIIOial papulalion SOMlCI clrec:lly by lhiS aystom'-------------------------8. Talid numbot of SOIIV1QO- aenred ~by !Ius r..,s~um _______________________ _ 

C. Tllllol numt1ut 01 S411V1Ca COM<:CiiatiS S4IMid Oituclly by you ~ oty bmlls---------------------
D. Ptm:etttage of IOial -victr c;onnedJOn$ thai atu molctOCI 'll.. 

E. PIJfcuntagfo 01 lhO lolill IIIIIVICO _._ 11\al ato r~ '!'.; o:umtllllfaul %; lftdullliOII %. 

F. Was ~ nucussarr 10 p1ae0 w- uatr rUIIroc:tJOnS iniO !llloc:t C:..rtng Utu ~"~" yoar'l Y11s 0 No 0 
11 VJ~i, what was lllu pnm.uy reason{~)? (II !nadoquaiB ~r 0; (2) lnadoqu.lld aiOfaCI<I 0: (3) !naduquaiO Uoallnanl luclblltlll 0: (4) olhul 
(~)1 ______________________________ ~--~------------------------------

G. Dotrs !IllS sysletn'o SetVow !lnos ulllend 11110 sovoral counlluS? Yes 0 No 0 
11 w. piOasa indlc:aiO lhll OOIIlmaled ru.mbcr of comucllct11> "' oadl CDUI\Iy. 

County _______ No eonnea.ons ________ : Countr·------No. Connecllona _____ _ 
Counlr No. ConnuciJons : County No. Connac:llons ______ _ 

H. Coos !Ills syslom d!lec:Or lfi!Vu "" IIICOIJIOiallld aly(IIIS) nol ruftucled "' tho sysWm name as shown on p;sgv ono ol lhls rupon? Yn l] No0 
I! m, ptoaso name lho dlC:Oipotaled coly(~~ta) and lho ualimat8d numbclf ot ccnnorcbOn$ !IUIVOCI in eaa• oty·-----·-------

I. U the pnmarr use of wa!Of supp11t1c1 or b system 1:1 1101 lot noomal r~ or rustelunMI tAO. p!udw llllt<.dld M P'llllisfJ u:.cr l• " - etld 01 

norHOSidelll use. apao1m11111 .. ollar blllg. II1>Wiy II1Siallabon. golf courso. cemrllurr. etc 1-----------------
J. a treateG wastuooa~et ls-aQ<t elllliuod) from your planl IS tuuscd lirocllr by you or IS sold tor utholr reuso. proaw iii¢C.liO tho ~ 111 Qolil.lriS 

tnal IS used fur: 

(II lnduSirial-----------: (2) lmgaliOn (tncludillg prull$, gall COUISOS, utc.l-----------­
(3) Olnut (spealy) Dr wt1om aro tltusu aniOUI\Is wuoJ?·---------------

WATER RATE SCHEDULE 

Plo.lse make anr addiiiOnal commeniS you mar 1oo1 Will bo o1 3$5lllo1nCO to lA "' raldot$lallding your P'IISOI\I and lututo water noec11 ano wator 

~·---------------------------------------------------------------

To assuro our addresstng futuro corrospundanco 10 tho prcpot petSon, ploaso trpo or pnn1 tho !ollowlnO: 
a,. _____ ~~---------:-:-----------::---------~~--

,..,"., ldlo I'IIOiltt D.uu 

11&-----------------------------------------------------------------------
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TEXAS WATER DEVELOPMENT BOARD 
P.O. UOX 132JI. CAI'ITOLSfAlltJN 

AUSTIN,lEXAS 78711·:1231 

SURVEY OF GROUND AND SURFACE WATER USE FOR 
CALENDAR YEAR ENDING DECEMBER 31, 

TWDB CODE NO. 
Figure 2.1-2 DUPLICATE 

RETAIN FOR 
YOUR FILES 

SURVEY OF GROUND AND SURFACE WATER USE 
INDUSTRIAL USE r-------------------, 

CONVERSION FACTORS 

1 Acre Foot= 325,851 Gallons 
1 Cubic Foot" 7.48t Gallons 

Please indicate any changes in name and address or ownership. 

I. GROUND (WELL) WATER USE: l'lua$U answur lhu luiiO .. uog <juu~llOu~ ol you u:.U<l or~un<l w.llur at \hiS ldO~Iy (oncluc!ony gru~;nd wat~r 
~~'!~ hom um .. rsr. 

....... 

.... 

A. Ccunty(IIIS) on wl'l!Ch lh1S plant IS lOCated 

B. !!Jeu own, !!9:!!!!!!!!. or loaso watttr wolls lor u ... o.t lhl$ plan\ silo, pluasot c:ompluto lho lollo"'ing: Numl>tlr ol OC\rvu wolls and ccvntyloas) whole 

tocutecl ; •naclive (bul oporalll~t) ----------------

C !'..l'9!LJ!IICIIasecl "!!!l!..~.!!.!!!.!.l•om Olhorsler \hiS plan\, please name suppllor(sl-----------------------

0. Wus purchased walur raw Oor \rualud 0? II both,% raw 'l'olrt~alocl ____ _ 

E. PIODiiU compltilo '"" lotlowing labltt. tndiCato lhO IOldl quanlily (gallons) ol urouml watur eurC\1.~ hom othors .rnd llott amount lh~l was !!!!!: 
~oiKI. Sull·suppbecl watur 111 thu total quantl\y proclucu<l Iron• wulls ownucl, opuratucl or ttta:;ud r11Ciuc!ong uny watur sold to others. II you 

purcha>ucl wBII watur trem suvllral supplours. please provoclu suparatu volumob '"' uac\1 un UOcloloOttill papur 

l'lt~U.IIA:.l-0 btLt~ll.O 

... , .... 

...... 
.... 

F. Tutal Qlound watH1 ontaku eluting thu calf:ndar year lor: Seii·Supp\lltcl __________ ; Purchas41d _________ _ 

G. IIOw did you anOYo al lho ground water use fogwes whidl you proVldecl abov11'1 m.tstH1 mctur 0 cu!>lomer mult:t$ 0 estrmat..cl 0 other I] 

II. SURFACE WATER USE: Please answer th" !ol!ownl!J questoons o! you used surl~cu wahrr .ol 1\us lacohty (oncludong surtal!fl watur 
~a""d trurn otllers). 

.... 

.... 

... 

A. Counly\1115) in Which tills plant is iocdted-----------------------------------

B. ~o.culud surlace wator lrurn a wuam, nvur, pond, tak11 .tnd.'ur a reservoll lor usu at th1s plant soto. ptuase namo tnu courlly 
________________ ;stream, reservou. ollc. _________________________ _ 

C. IIJ~tchas~'L!!!!!!! !rom othors lor use at IItts plantsrte, ptoase namo supploor(sl------------------

0. Wa~ purchased wat"r raw 0 or treat11d 0? II both.% raw % treatoo _____ _ 

E. Pluaso cornplolu the following tablu. lndicato lhu tol.tl quantity (gallons) ol surl,.cu watur l!!!~c;,hasod !rom olhers !'.!!~ the amount that 

was ~'!1\:~!il'W~.· Soll·supploucl wator os thu tolal quantity of raw walor you dtvortoo inclutlono .tny waler sold to othuts. II you purchasu<l 

..ufiil.tl watur lrom sevoral supplln1s. please provide s..parale volumes tor each en adcl<uunal papur. 

.... ...... .. ... ., . 
.... . .. 

.... 
.... 

F rot.al SUIIUCU """'' mldlw douli'{J lhu c.altrml.tr )Uat tor· S..II·Sul'llfllhucl""""'-----------, Purd...,.UQ.---------­
(i How did you artiYit at tne 5Uflaa. walllf uS& hgw..s which you proVldtrd above? m.t!>tur nl8tH1 0 customor niUI~trs (J ostomatu<l 0 othur 0 

- Ill. SALINE WATER USE: 

A Total ..alinlt wa1111 LRiako dunrtg lh8 calendar year (gnllons). 
B. Source ol sall/lU wat&r . Coumy(...SI "' whocll waler was uwcl ____________ _ 

C. HOw dod yuu arnvo al lho sa~ue wator l;gur..s whteh you pruvodt!d abovu7 nMltur [1 ttSILRiallld 0 
TWO&Obh98tllov &J 3~ ~~~ OVER 

........ .:·~::··:·":"-----------------------------------------------------------------------------------------------------119 



. 

IV. SEWAGE OR WASTEWATER USE: Reuse ot w<b!ewat.u tram your ptant or aoo•her trualmmlt syslem s.a:~r <ts a murucip.lr l>UWuge 
1re.1tment laQbty (lroalmtlnt inc:ludeS any process llealSSaiJ 10 make w.lSiawatet rWfMible). 

A. Tala! lre.lled wastewater used d<irlfl9 calendaJ year (Olaeluellng in·plant recirQllation)r----------------(gallons). 
8. From ~11ur plant: %; Fr11rn other sources '!' •. 

C. Name Ill Other S®rCO(SI•----------------------:-::----:::::-----------
0. How did ~ou amve at lhfl traatod wastewater l~gunts whiCh you proviCieel above? meter 0 estimated 0 

I 27 28 2'1 :10-:IZ J3·3S J6 37 Jd 41 fo ~»o ldlod IP bf TWDI:t 

V. WATER SALES {If Applicable): Pi<Jasu ltsJ ""' uanws Ill watur purchasc.rs, lh8il loc.ltiun [county(•usJI, und Uou qu.tnhU!IS ol lrosrr watou 
you sold to lhflm lkir"'ll thu ca!erodar ycldr. Pluaw mo.care treated or raw wJior. Usu addlliunal flili"Jf 
d roec.ossaoy. _ .. ""' ....... 

NOTE: The above quantities should bo il1cll.ded in the amounl$ you inclicaJad in quosuons I and II. 

VI. WATER USE CATEGORIES: 01 tho lroSh water, sat1ne water, and Uualud wasrewateo you Withdraw or purChase, what pom:ont is 
eshmated to be used 1n each ol tho lollow.ng watur use catllgurius Jppt.c.obla tu ycur plant? 

CATEGORY %GROUND WATER %SURFACE WATER %SAUNE %TREATED WASTEWATER 

COUllng. C:""'"'""'"tt A Hcololl)tlraiiO<o 

Proc::vu & WaiSI-n 

llGolur fllcld 

Ao~IQ 

SaM<Ilt & [huduliQ 

~r 

TOTAL tOO% 100% 10004 100'1. 

VII. COOLING SYSTEMS: Pl&ase urdiCale ttoe puro:ant ol cooblog arid axltltinsong woter dolstrobed ahOvo handlud by eac:h sysltlm lor lliiCh 
IN~ter scurc:o:. 

SYSTEM %GROUND ANDIOR SURFACE %SALINE WATER 'Yo TREATED WASTEWATER 

l:.xltl'IJ '"""'''' 
Pondt•o 

0.11.AJlhraugh 

01tlt'!f 

TOTAL 100% 100% 100% 

VIII. ADDITIONAL INFORMATION 

(or ma1or products. manuladuredl------------------
8. Tuto~t nurnbllr ol ~tmplcyttus at thrs tlll:lhty ___________ . Tooal number cl produo.1oo employuu~------------

C. Was fresh wat&r rucirctltated at thiS lac.ltly? Yes 0No0 
D. w .. s .,rttctric powon guooratud at this laallly (lcr in plant uSfl or salu)? Yes 0 No 0 
E. l'i<JaM chadl the type(SI 111 wastewater d•sP<Y.oal system(G) used at lhls plant; (II onslte wastuwater plant 0; (21 septiC tank(s) 0; (3) inJII<:IIOrl 

wl!ii(SI 0; (4) aty or rug10nal 0 Plllnse naooo. rt (41----------------------------
F. Wl.ot quarlldy ot lrush watur wu CCIII~umed and lheruiOio not rellrlned to a WdSttiWatur llaaUnllld sysltlllr (public or prrvatu) or to a walttr CCIIIIW 

tuiCiudlng toss 10 product, ovaporatoon, llljOdiOil. die.). (gallons) 

G. f'luasu moake any addol10114t comments that may bu ot a~srstancu 10 us on undurstundmg your pres.ent and tuturu water nlltlds and wutor 

problems. Pto~asu use acldlllonal lldil"r d necessary.---------------------------------

T11 assure our adelressm!) tuturu corrU$pond<:IICtl 10 1110 propon person. pk>ase Cllmjll81e tho lc!IOWing· 

Bt·------~N~dn-,-.. -----------~T~~~tu------------~Pt~,.-,.-u-------------~D-.ol-fl----

120--------------------------------------------------------------------
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TEXAS WATER DEVELOPMENT BOARD 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

TOTAL ACRE FEET PUMPAGE (1 OOOs) 
300~~~~~--~~~~~~~ 

0 
85 8985 8985 8985 8985 89 

BEXAR COMAL HAYS MEDINA UVALDE 

~ Figure 2.1-3 



~ UNITED STATES GEOLOGICAL SURVEY 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

TOTAL ACRE FEET PUMPAGE (1 OOOs) 
350 

0 
81 9081 9081 9081 9081 90 

BEXAR COMAL HAYS MEDINA UVALDE 

Figure 2.1-4 

~FISH HATCH 

FLOW. WELLS 

INDUSTRIAL 

BIRRIGATION 

~1~~! MUNI/MILI 

.MISC. 
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EDWARDS AQUIFER WELLS WHICH DISCHARGE 
INTO THE SAN ANTONIO RIVER 

IH410 

IH410 

FIGURE Z. 1 -5 

PREPARED BY THE EDWARDS UNDERGROUND WATER DISTRICT 

Ill 
I 

r -------------------·23 



~ COMPARISON OF USGS AND TWDB 
HISTORICAL EDWARDS AQUIFER PUMPAGE 

TOTAL ACRE FEET PUMPAGE (1 OOOs) 
350~~~~~~~~~~~~~~~ 

300 

250 

200 

150 
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50 

0 
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BEXAR COMAL HAYS MEDINA UVALDE 

USGS 

DTWDB 

Figure 2.1-6 
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COMPARISON OF TWDB AND USGS 
HISTORICAL MUNICIPAL/MILITARY PUMPAGE 

EDWARDS AQUIFER PUMPAGE (1 OOOs AF) 
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~ Figure 2.1-6a 
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~ COMPARISON OF TWDB AND USGS 
HISTORICAL INDUSTRIAL PUMPAGE (1 OOOs AF) 

Thousands 
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Figure 2.1-6b 
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COMPARISON OF TWDB AND USGS 
HISTORICAL IRRIGATION PUMPAGE 

EDWARDS AQUIFER PUMPAGE (1 OOOs AF) 
160 ················. 

140 1·· · ·::tiWI.III~IIH. 

1 20 '. ~""'" ,.::;,;:," 

1 00 I ... ,· :o":o·•·.::.:: 

80., 

60[. ' .. 

40 ,,~···· 

20 

0 
85 89 85 89 85 89 85 89 85 89 

BEXAR COMAL HAYS MEDINA UVALDE 

USGS 

DTWDB 

S FIGURE 2.1-6C 



~ COMPARISON OF TWDB AND USGS 
HISTORICAL DOMESTIC/LIVESTOCK PUMPAGE 

EDWARDS AQUIFER PUMPAGE (1 OOOs AF) 
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Figure 2.1-6d 
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BEXAR COUNTY POPULATION PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

PEOPLE (Thousands) 
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~ Figure 2.1-7 



~ COMAL COUNTY POPULATION PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

PEOPLE (Thousands) 
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Figure 2.1-8 
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HAYS COUNTY POPULATION PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

PEOPLE (Thousands) 
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~ MEDINA COUNTY POPULATION PROJECTS 
FROM TWDB 1990 TEXAS WATER PLAN 

PEOPLE (Thousands) 
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TEXAS WATER DEVELOPMENT BOARD 
WATER USE PROJECTIONS 
FIGURE 2.1-12 Projections 

Each Use 
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r- Population­

Series 

Municipal 
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High {Conservation-- (value) 

Per Capita 
Use With _ (value) 

Conservation 

Without . __ (value) 
Average { Conservation 
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Use With . -- (value) 
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1-------------Manufacturing- (value) 

1-----------Steam Electric - (value) 

L----------- Irrigation --- (value) 

1------------------ Mining --- (value) 
Projections-

1----------------- Livestock-- (value) 
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I (value) I 
I I 
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I I 
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Value In 
= Tables 2.1·20, 

2.1·22, 2.1-24, 2.1-26 

Value In 
= Tables 2.1-20, 

2.1-22, 2.1-24, 2.1·26 



~ BEXAR COUNTY WATER USE PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

WATER USE PROJECTIONS (1 OOOs AF) 
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Figure 2.1-13 
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· UVALDE COUNTY POPULATION PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

PEOPLE (Thousands) 
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~ COMAL COUNTY WATER USE PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

WATER USE PROJECTIONS {1 OOOs AF) 
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HAYS COUNTY WATER USE PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

WATER USE PROJECTIONS (1 OOOs AF) 
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S Figure 2.1-15 
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~ MEDINA COUNTY WATER USE PROJECTIONS 
FROM TWDB 1990 TEXAS WATER PLAN 

WATER USE PROJECTIONS (1 OOOs AF) 
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Figure 2.1-16 
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Figure 2.2-la 
Comal River at New Braunfels daily flow 
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Figure 2.2-lc 

Comal River at New Braunfels daily flow 
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San Marcos Springflow at San Marcos 
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Figure 2.2-2b 

San Marcos Springflow at San Marcos 
USGS Station 08170000 
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Introduction 

3.1 
REFERENCE 
MATERIALS 

3.0 SOURCES OF SUPPLY 

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 aU 
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 consl:raints, 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 to 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 stricdy 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. 

It is 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 particular project.cited in these 
studies. · 

3.1.1 Technical Studies 

T wenty~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 (lWDB) 
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 ExiSTING SuRFACE WATER SoURCES AND SUPPLY SYsTEMs l 
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 T exana. 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. Reponed 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 reponed yields for existing and potential undeveloped reservoir projects l 
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 _ J 
the drought of record without a shonage. A reservoir may be operated to accept shonages in favor of 
increasing the "average annual yield." The average annual yield is defined as the long term average 1·., 
supply from the project that can be obtained by divening greater amounts during abundant water 
periods and divening lesser amounts during dry periods. This difference in operation generally means 
that average annual yield is higher than frrm yield. 

l Canyon LaJre 

The property and fadilities at Canyon Lake are owned and operated by the Corps of Engineers (COE). J 
The Guadalupe-Blanco River Authority (GBRA) paid for and controls the conservation storage pool 
in the lake below elevation 909.0 feet MSL under Cenificate of Adjudication No. 18-2074 issued by 
the Texas Water Commission. The federal government paid for and controls the flood control function 1·· 
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 l·· .. 
accordance with the conditions of the cenificate of adjudication for water supply purposes. When the 
water elevation in the reservoir is above 909.0 feet MSL (in the flood pciol) 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. l 
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 total30,200 acre feet per year. 

l , 
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~f-river supplies are not available. 

1 
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 l ... 
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 1 
hydroelectric rights. Without this subordination, the yield under historical conditions would fall 
between 36,000 and 40,000 acre feet. 
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Sample Data From 
Table 3.2.1 

see pages 194-197 
for complete table 

Basin: 

Project: 

Study: 

Firm Yield 
1ac1:e feet/yearl 

61,000 

37,500 

30,300 

27,000 

27,000 

26,000 

24,500 

24,000 

15,900 

EXISTING SURPACB WATER SOURCBS AND SUPPLY 
SYSTBHS IH TBB STUDY AREA 

Guadalupe 

can)'On Reservoir 

Espey Huston and Associates. Wate~: Availability fo~: 
the Guadalupe and San Antonio River Bagina. 1986. 

condition a 

- 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 (preoent condition - 1986) 
- Applewhite Reservoir in operation 

- Zero spring flows 
- San Antonio return flowo equal 135,000 

acre-feet per year 
- Applewhite and COleto Creek in operation 

- Spring flows equal 273,872 acre-feet pe!: year 
- San Antonio return flowo equal 170,000 

acre-feet per year 
- City of San Antonio rouoe equals 100,000 

aero-feet per year 

- Spring flows equal 273,872 acre-foot per year 
- San Antonio return flowo at 116,280 

acre-feet per year net 
-City of San Antonio reuoo equals to 153,720 

aero-feet 

- 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 equa.l 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 
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Medina lAke 
1 

Medina Lake is owned and operated by the Bexar~Medina~Atascosa Water Control and improvement 1 
District No. 1 (BMA) under the conditions ofCenificate of Adjudication No. 19~2130. The ccnificate 
of adjudication allows the diversion of 66,000 acre~feet per year from the total impoundment of 23 7,800 
acre~ feet. A minor amount of the penni ned diversion is for municipal and domestic uses, the majority l 
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 divent.-d into an open canal for delivery to the 
irrigation farmers within the BMA Irrigation District. 

l 
The nonnal approach to operation by BMA is to draw down reservoir storage on an as~needcd basis. l 
When the reservoir supply is depleted the irrigation fanners accept the shonage. The reservoir supply 
has been depleted in the history of operation of the irrigation system under this operating criteria, the l' 
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 
reponed amounts before 1957. The reservoir was empty or near empty during the seven years in the l--., 
drought period 1950-1956, with only 5850 acre feet of diversions reponed in 1953. 

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

lAke Corpus Christi 

l 
l 

Lake Oxpus Christi is owned and operated by the City of Corpus Christi. Releases from the reservoir 1 
arc made downstream to the Calallen diversion facility where the water is divened for potable 
treatment and raw water uses. Lake Corpus Christi is operated as a system with Choke Canyon 

1 
__ 

Reservoir. 
J 

The pennit for the reservoir, Ceniflcate 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 ccnificate l-. 
of adjudication authorizes diversion of 4,872 acre-feet of water from Calallen Reservoir on the Nucces 
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 l-" 
and mining. 

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

The pennit, Certificate of Adjudication No. 3214A, for Choke Canyon Dam and Reservoir, has a 
priority date of 1976. The cenificate of adjudication authorizes the impoundment of 700,000 acre feet 

, 
of water and authorizes the usc of78,730 acre feet of water annually for industrial purposes and 59,770 1···-,, 

acre-feet annually for municipal uses and minor amounts for irrigation use. The project is owned by 
the City ofCorpus Christi (80%) and the Nueces River Authority (20%). A minor ponion of the 
Corpus Christi share has been sold to the City of Three Rivers. l 
The penn it 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 Nueccs and Corpus Christi bays and other 1 
receiving estuaries. This requirement has been funher addressed in recent negotiations between the 
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on an interim five year plan now in effect under which a firm dem<md has been pur on the LCC\CX:: 
System of 97,000 acre-feet per year to be delivered into Nueces Bay with a credit for wastewater rerum 
flows, currently 6,000 acre-feet per year. These releases arc made on a monthly regimen with 700,.6 of 
the release to occur in May, June, September and October. 

Current water use from the LCC\ CX:: 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 ct'i 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 T exana is owned and operated by the Lavaca-Navidad River Authority (L-NRA). The project 
was constructt.>d 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 of75,000 acre feet of yield annually. 
L-NRA presently has water sales contracts for 32,000 acre feet per year. 

In June 1992, L-NRA executed an 18 month option agreement with the Port Authority of O>rpus 
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 OJmfort for 11,800 
acre-feet per year. 

Upper Guadalupe Reserooir 

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

Coleto Creek Reserooir 

OJleto Creek Reservoir is dedicated for service as a cooling reservoir for Central Power and Light 
OJmpany's Coleto Creek 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 neces..o;ary, 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/ J.K. Spruce Power Station. As in the case of OJleto Creek 
Reservoir, no additional water supply is available from the reservoir when it is operated for its design 
purposes. 

Victor Braunig Lake 

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

Other Sources 

One report, Hays Counrv Water and Wasrewater Study, by HDR Engineering, Inc., identified Lake 
Travis on the Colorado River as a source for northern Hays O:>unty 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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Sample Data From 
Table 3.2 .. 2 

see pages 199 .. 210 
for complete table 

3.3 
WATER REUSE 

San Marcos River as sources for Wimberly and San Marcos, respectively. This report analyzed facilities 1 
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 reponed l: 
further in this text. 

3.2.2 POTENTIAL UNDEVELOPED SURFACE WATER SoURCE AND SUPPLY SYSTEMS WnHIN SnmY AREA 

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

Clopton Crossing Lockhart 
Cuero I 
Cuero I and Lindenau (combined) 

Lindenau (Cuero II) 
Applewhite 

Cibolo 
Simmons 
Indian Creek 

Goliad 
Harris 
Bluntzer 

R & M Dam and Reservoir 
Cotulla Diversion Dam 

Cotulla Reservoir 
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: 

Stream: 

Project: 

Project Size: 

Study: 

Firm Yield 
lacre-feet/yearl 

219,000 

207,000 

194,000 

Guadalupe 

Guadalupe ~ivar and Sandiaa Creak 

CUero I and Lindanau Reservoirs 

same as for Individual Reservoirs 

Espey Huston and Associates, watar Availability Study for 
tba Guadalupe and San Antqnig Biyer Basins, 1986. 

Conditiqng 

- Historical spring flows (1940 - 1982) 
- San Antonio return flows equal 135,000 acre-feat 

per year 
- Pull bay and estuary requirements 

- Spring flows aqual 273,872 acre-feet per year . 
- San Antonio return flows equal 170,000 acre-feet 

par year 
- San Antonio reuse equals 100,000 acre-feat 

par year 

- Historical spring flows (1940 - 1982) 
- San Antonio return flows equal 135,000 acre-feet 

par year 
- Pull bay and estuary requirements 
- Pull development of Goliad, Clopton and Lockhart 

projects 

3.3.1 ExiSTING WATER REusE PRoJECTS 

, 
l 
l 
l 
l , 
l 
l 
l 
l 
l 
1 , 
l 

San Antonio City Public Service Board's Lakes Braunig and Calaveras were constructed as a part of l 
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· 
City of Uvalde 
Kelly AFB 
Cioolo Creek Municipal Authority • 
Cioolo Creek Municipal Authority • 
San Antonio River Authority 

Gray water reuse system 
Wastewater reuse for golf course and park 
Wastewater reuse for golf course 
Wastewater reuse for golf course on Randolph AFB 
Wastewater reuse for golf course in Selma 
Recycling water through the flood control runnel 
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 wastewater 
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 treaonent of the wastewater was 
proposed to improve the quality for reuse. 

The Reoon on the Feasibility of Desalination and Wastewater Reuse for the City of Comus Chrisi. 
~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 Water Management Plan ysing Braunig and Calaveras Lakes 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 II 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 III adds Salado 
Creek Wastewater Treaonent Plant effluent to the reuse stream described for Phase II. 

3.4 3.4.1 ExiSTING UNDERGROUND STORAGE AND REcoVERY PROJECTS 

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

RECOVERY 
The Alamo Water Reuse and Conservation District sponsored a study by CH2M HILL and others 
titled Carrizo Rechame 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 PoTENTIAL 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. 

------------------------------------------------------------------165 



3.5 
RECHARGE 

3.5.1 ExiSTING RECHARGE PROJECTS 
l 

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. l 
Existing flood control structures in the San Antonio and Guadalupe Basins on Salado Creek ( 13 ), Dry 
Carnal 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 

l 
two river basins above the downstream edge of the Edwards Aquifer Recharge Zone. No information l··.· 
was k>und on the annual recharge enhancement provided by these structures. 

l 
l 

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 fulling 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 in Bulletin 49, Compilation of Hvdroloeic Data for the Edwards 
AQuifer. San Antonio Area. Texas. 1989. with 1934-89 Summary that the average annual recharge of l .. 
the 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 l 
Medina Lake system in place. 

Espey Huston and Associates (1989) developed curves similar to Lowry's based on a period of record l 
1922 • 1933 and 1957 • 1973 as a part of the Medina Lake Hydroloey Stydy. 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. l 
3.5.2 PonN11AL UNDEVELOPED RECHARGE PRoJECTS 

The Re2ional Water Supply Plannin2 Study Pha~ III Recharge Enhancement • Nueces River Basin l 
and the earlier 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 l. 
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 l·· ... 
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 I 
structures. They are the proposed Mantell (Nueces River), Concan (Frio River), Upper Dry Frio, Upper , 
Sabinal, Upper Seco, Upper Hondo, and Upper Verde projects. J 

For those same streams a Type II project was also evaluated. These projects are proposed for l .... 
construction on the recharge zone k>r 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 

1 
... ,. 

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 1 
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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be made available for recharge, the study found, if the water rights of the Lake OJrpus Christi\ Choke 
Canyon System arc not honored by the projects' opemtion. It wa<; estimated that not honoring these 
rights would have a minimal impact on the yield of the LCC\CC System. 

3.6 3.6.1 EXISTING DESALINATION PROJECTS 

DESALINATION 

3.7 
COST OF 

SOURCES 
OF SUPPLY 

Table 3.7 .. 1 

In a repon titled "Desalting in Texas A Status Report: by Texas Water Development &ard dated May, 
1992 six desalination projects in the study area arc identified. lnfonnation on these projects as 
excerpted from the repon is presented in Table 3.6-1. 

3.6.2 POTENTIAL UNDEVEWPED DEsALINATION PROJECTS 

The Repon on the Feasibility of Desalination and Wastewater Reuse for the City of Comus Christi. 
Texas prepared by Stone & Webster Engineering OJrpomtion in 1984 addressed the desalination of 
seawater and brackish groundwater and reponed that both are feasible with proven treatment methods. 

3.7.1 EXISTING PROJECTS 

3.7.1.1 Surface Water 

Table 3. 7-1 presents pcninent information relative to the four existing regional surface water supply 
systems. 

Pro~ 

Canyon RCSCJVOir 

Medina L:!kc System 

Choke Canyon Reservoir 

Lake Corpus Christi 

Choke Canyon/ 
Lake Corpus Christi 

LakeTe.ana 

(I) See spcci:JJ c:ondiliom. 
(2) Fum yield 

EXISTING SURFACE WATER SOURCES 

Pamiacd Cakulatm Com mined 
Annu3l Annu:al Annu:al 
Yldd Yic:kl(s) Yldd 

acre-feet ~feet acre-feet 

50.000(1) 24,000 10 (2) 30.200 
61.000 

66,000 0(2) all (S) 
27,500(3) 
55,704 (4) 

139,000 (7) (7) 

300.000 (7) (7) 

252.000 169,700 to 221,000 (8) 
2S2,D00(2) 

75,000 82.64SQl 32,000j9l 

(3) Fum yield a1 Medina L:!kc not c:onsidering losses a1 Diversion Lake 
(4) Maximum a•uase annual yield based on current operation 
(S) Subjlx:lto availability 
(6) Willet paid Cor witb ~ 131C or SIO per acre plus S8 per acre for each iniplion 
(7) See Choke Canyon.otakc Corpus Christi below 

COSI or 
Annu:al Wa:t::t 
Yldd ~ 

Sla=-fcct To 

53.03 A 

(6) B 

(7) (7) 

(7) (7) 

34.52 c 

4S.00j10l D 

(8) 130,000 acre-feet 10 municipal and industri:J.I uses: 97.000 acre-feet 10 Nueces Bay,lcss rewm flows (6000 acre 
feet al pracnt) . 

(9) Addilional41.288 acre-feel under contract to sell10 Port Authority or Corpus Christi 
(10) Program incte:ISCS 10 S6S per acre-fool by year 2004 

A 
-New BllWIIfels 
-San Marcos 
·Seguin 
..(iOtllalcs WSC 
-Spring Hill WSC 
-Calhoun County WSC 
-Union Carbide 
-O:nlr.ll Power and Liglu 
Co. 

B C D 
·Approximately 1800 land At l..:llte Corpus Christi: -Fonnosa Plastics 
owners ·Malbis, Beeville .t Alice 

AI Corpus Christi Wl1': 
·Corpus Christi, San 
Paaiclo MWD, Koch 
Relining eo., and 
Hocchsl.Cclancse Co. 
At Choke Canyon 
Reservoir: 
·Thtcc Riven. Diamond 
Shamrock and1P&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 .1.4 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 

. 1 
1 ' 

I 

l 
l 
1 
l 
l 
l 
l 
l 
l 

J 

In the report titled Desalting in Texas A Sn1dy Reoort by the Texas Water Development Board dated l 
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 

1 
.. 

treatment of sea water was reported to cost$4.00 to $4.75/1000 gallons ($1300 ro$1550 peracre#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. 
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Note that Tables 3. 7 ·2 and 3. 7 • 3 also include infonnation from lWDB on yields and consouction 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 disproponionate increases in cost over time. In addition TWDB staff makes independent reservoir 
yield analyses. Generally, lWDB data should be reflective of previous work by oth~ with minor adjust· 
ments in costs and yields. lWDB does not maintain a data bao;e 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 repon. In some cases great 
detail is given. In others, only gross numbers are reponed without detail. 

2) Environmental costs have increased significantly over the period 1965 • 1992. Earlier reponed 
estimates gave little consideration to environmental costs. Later estimates did. Likewise, yield 
calculations in later reports have to take into account water R-quirements to be met 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 
reponed. 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 selected City of Corpus Christi 
wastewater treatment plants could be given teniary treatment Clime softening) and delivered to 
industries within the city for $1.95 to $.66 per 1000 gallons ($635 to $215 per acre-foot) for 2240 to 
17,920 acre-feet per year, respectively. 

Black and Veatch ( 1990) reponed 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 CalaverclS and then treated to 
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-feet per year for a unit cost of$345 
per acre-foot. 

3.7.2.3 Underground Storage and Recovery 

CH2M HILL ( 1991) reponed 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 Arascosa County. The storage 
function would be completed with spreader basins in the aquifer recharge zone: recovery by wells. 

The same study reponed 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 
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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 T ypc 
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 (or 

the Type II 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. 

SOURCE TTPB 

S"rfaeo Water 

Water Ro"ao 

Stor59o and 
Rocovory 

Jloeha"90 

Do..alination 

COMPARISON OF UNIT COSTS - EXISTING SOURCES OF SUPPLY 

PROJECT UNIT COST NOTES 
S/IICIIE-FOOT 

Lako Toxana 45.00 Eotablhllod rata 

Ca.nyo.n Roaonoi" 53.03 Eatabliallod ratg 

L4ko COrpu11 Cbrloti\ 34.52 Eat,.bliahud uta 
Cboko C4Ayon Rosorvoir 

lloclina L4ko 

City ot Public SOrvico 
Board-I.akoo Bnuni9 and 
C&lavora• 

(ftO OX10tlft9 projocto) 

Edwardo Undo"9"ou•.cl 
Water Diatrict Projoct" 

Cno co11t lntormlltion on 
ox1Dt1D9 projocto) 

11.33 

60.00 

38.74 

a .. ood on $10 por acrg nat rato 
plull 3 vatgrlft90 e $8 aach tor 3 
aero-foot 

lncludoo $50 por aero toot to 
City ot San llntonio and $10 por 
aero toot pw:opin9 coat-­
Facilit.ioa coot not. inlcudod 

Conatruction Coat only 
aMuali&od at .B\. tor 20 yaaro 
tor avera9e rochar9e ot soco 
aero-foot 

1 I 
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3.8 
PANEL 

DISCUSSIONS 
AND 

CONCLUSIONS 

Table 3.7 .. 7 

Panel members were concemL'<i 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 alternatives 
for development on a least cost basis. Other factors relative to new project development to be 
considered as a pan of alternative 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 tor 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 arc very detailed in some reports, only general in others. Environmental costs are 
a larger pan 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 ac; 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 OP COST COST 

DATA $/AC-FT INCLUDES 
0 & M 

Major Clopton Eopey 287 No No limiting factors cited/ 
Surface Croooing Huston Environmental considerations 
Water 1986 not addressed 
Projects 

Cuero I Espey 141 to Yes Mitigation required, no 
Reservoir Huston 255(1) known endangered species/ 

1986 

TWDB 216 No No information, data only 
1990 

Lindenau Espey 296 to Yes Mitigation required, no 
Reservoir Huston 327(1) known endangered specieo/ 
(Cuero II) 1986 

TWDB 266 No No information, data only 
1990 

cuero I and Espey 301 to Yes Same as for separate 
Lindenau Huston 339(1) projects 
Roaorvoira 1986 

Applewhite Preeae & 168 No Minimum yield during 
Reservoir Nichola critical periods equal 7700 

1988 acre-feet pe~ year when 
operated for scalping/ 

TWDB 639 No No information, data only 
1990 

Cibolo Creek Espey 834 Yes Environmental considerations 
Rosorvoir Huston not addressed/ 
(Lower) 1986 

Cibolo Creek Lockwood 208 to Yes Environmental considerations 
Reoorvoir Andrews & 323(1) not addressed/ 
(Upper) Newman 

1965 

Goliad Bopoy 211 to Yes Environmental considerations 
Huston 465(1) not addresoed/ 
1986 

TWDB 180 No No information, data only 
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Table 3.7 .. 7 
(continued) 

Water 
Reuse 
Projects 

Storage 
and 
Recovery 

Bluntzer Rauechnber 
Reaervoir 1985 

R & M Rauachunber 
Reservoir 1985 

Simmons Rauachunber 
Pump Station 1985 

COtulla BuRGe 
Diversion 1983 
and 
Canal 

Palmetto HDR 
Bend-Stage Engineering 
II 1991 

Lake Texana HDR 
and Palmetto Engineering 
Bend-Stage 1991 
II 

Lake Texana HDR 
and Garwood Engineering 
Irrigation 1991 

Alamo Water AWCRD 
conservation 1991 
and Reuse 
Diatrict 

City of Stone 5 
COrpus Webster 
Christi 1984 

City of Black & 
San Antonio Veatch 

1990 

Alamo Water CH2M HILL 
conservation 1991 
and Reuse 
District 

743 to Yea 
4500(1) 

403 to Yea 
2891(1) 

52 to Yee 
122(1) 

1303 Yea 

176 to Yes 
196(1) 

245 to Yes 
278(1) 

746 to Yes 
175(2) 

200 to Yes 
350(2) 

215 to Yes 
635(2) 

345 to Yes 
425(2) 

464 Yes 

717 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, 
industries, 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 

l , 
l 
1 
l 
l 
l 
l 

Wastewater effluent treated, 
cycled through Lakes Braunig 
and Calaveras and treated l' 
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 

l 
l 

l , 
j 

l 
l 
l 
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TABLE 3.1-1 
TECHNICAL DATA REVIEW PANEL 

Page 1 

TECHNICAL STUDIES FOR SECTION 3.0 SOURCES OF SUPPLY 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

PUrpose: 

TS-1 

Water for Texas 

Texas Water Development Board 

Texas Water Development Board 

December, 1990 

State 

Assess current and future water needs and 
supplies of the State. 

Projects Addressed: Canyon 
Coleto Creek 
Lindenau 

Applewhite 
Goliad 
Corpus Christi 
Choke Canyon 
Texana 

Report: 

Title: 

Author: 

Sponsors: 

Date: 

Study Area: 

Purpose: 

Projects Addressed: 

Cuero I and Lindenau 
Medina 

TS-2 

Water Availability Study for the Guadalupe and 
San Antonio River Basins 

Espey, Huston & Associates, Inc. 

San Antonio River Authority 
Guadalupe-Blanco River Authority 
City of San Antonio 

February, 1986 

Guadalupe and San Antonio River Basins 

Evaluate surface water supplies in 
Guadalupe and San Antonio Basins. 

Canyon 
Clopton Crossing 
Lockhart 
Cuero I 

Lindenau 
CUero I and Lindenau 
Cibolo 
Goliad 

the 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsors: 

Date: 

study Area: 

Purpose: 

TS-3 

Hays County water and Waste water Study 

HDR Engineering, Inc. 

Hays County Water Development Board 

May 1989 

Hays County, Texas 

Page 2 

Evaluate water supply alternatives for Hays 
County cities and communities 

Projects Addressed: Canyon Lake 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

Lake Travis 
Blanco River 
City of Austin 
San Marcos River 

TS-4 

Medina Lake Hydrology Study 

Espey, Huston and Associates, Inc. 

Edwards Underground Water District 

March, 1989 

San Antonio River Basin 

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: 

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 

Date: December, 1982 

Study Area: Nueces River Basin 

Purpose: Investigate the availability of surface water 
supply in the Nueces River between the 
Balcones Fault Zone and Three Rivers. 

Projects Addressed: Simmons, Harris, and Indian Creek 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

TS-6 

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. 

Projects Addressed: Lake Corpus Christi Bluntzer Dam 
Choke Canyon Reservoir Simmons 
R & M Dam and Reservoir 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

TS-7 

Applewhite Project 

City Water Board 

City Water Board 

December, 1988 

Applewhite 

Page 4 

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

Projects Addressed: Applewhite 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

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 system. 

Projects Addressed: Lake Texana 
Palmetto Bend Stage 2 
Garwood Irrigation District 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

Projects Addressed: 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

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 

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 land 
resources to meet long term problems and needs 
in the Nueces River Basin and adjacent coastal 
region 

Projects Addressed: Multiple projects for recharge, irrigation and 
municipal and industrial uses 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

Projects Addressed: 

Page 6 

TS-11 

Regional Water Supply Planning Study - Phase I 
Nueces River Basin 

HDR Engineering, Inc. 

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

February, 1991 

Nueces River Basin 

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

Montell (Nueces River) 
Lower Frio River 
Concan (Frio River) 
Upper Sabinal River 
Upper Seco Creek 
Upper Hondo Creek 
Upper Verde Creek 

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

Indian Creek (Nueces Basin) 
Leona River 

Elm Creek 
Quihi Creek 

Lake Corpus Christi 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

PUrpose: 

TS-12 

Master Plan 1991 

Alamo Water Conservation and Reuse District 

Alamo Water Conservation and Reuse District 

May 1991 

Bexar County 

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

Projects Addressed: Reuse Water Distribution Facilities in San 
Antonio 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Page 7 

TS-13 

Water Management Plan using Braunig and 
Calaveras Lakes 

Black & Veatch 

San Antonio City Public Service Board 

Date: March 1990 

Study Area: South San Antonio 

Purpose: 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 

Projects Addressed: Braunig Lake 
Calaveras Lake 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

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 
recovery project in the Carrizo Aquifer. 

and 

Projects Addressed: Carrizo Recharge and Recovery Project 
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Table 3.1-1 

Report: 

Title: 

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, City 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. 

Montell (Nueces River) 
Upper Dry Frio River 
Concan (Frio River) 
Upper Sabinal River 
Upper Seco Creek 
Upper Hondo Creek 
Upper Verde Creek 

Leona River 
Little Blanco Creek 
Lower Sabinal 
Lower Seco 
Lower Hondo 
Lower Verde 
Elm Creek 

Indian Creek (Nueces River) 
Leona River 

Quihi Creek 
Lower Dry Frio River 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

TS-16 

Phase I Edwards Underground Water District 
Storage Release Recharge Facility Evaluation 

Camp Dresser and McKee, Inc. 

Edwards Underground Water District 

August, 1985 

Frio River upstream of Edwards Aquifer 
Recharge Zone 

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

Projects Addressed: Dry Frio River Concan (Frio River) 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

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. 

Projects Addressed: Medina Lake System 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

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. 

Projects Addressed: Desalination and Wastewater Reuse Facilities 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

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 • 

Projects Addressed: Palmetto Bend Stage I (Lake Texana) 
Palmetto Bend Stage II 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Purpose: 

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 
hydroelectric rights to Canyon Lake 

GBRA 

Projects Addressed: Canyon Lake 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

Page 11 

TS-21 

Desalting in Texas A Status Report 

Texas Water Development Board 

Same as Author 

1992 

State 

Compile information on existing desalination 
plants in Texas 

Projects Addressed: Eighty-nine plants 

Report: 

Title: 

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 
wastewater 
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Table 3.1-1 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

Page 12 

TS-23 

Storage and Irrigation Facilities Technical 
Report 

u.s. Department of Interior, 
Reclamation 

Bureau of 

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: 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

TABLE 3.1-2 
TECHNICAL DATA REVIEW PANEL 

MASTER PLANS 

MP-1 

Page 1 

Regional Water Plan for the Guadalupe River 
Basin 

Guadalupe- Blanco River Authority, 
Engineering, Inc. 

Guadalupe-Blanco River Authority 

January 1991 

Guadalupe River Basin 

HDR 

Assess current and future water needs and 
supplies in the Guadalupe Basin. 

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: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

Report: 

Title: 

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 joining 
Coastal Basins 

Task force findings, report and 
recommendations on water supply issues for 
Coastal Bend (Corpus Christi area). 
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Table 3.1-2 

Report: 

Title: 

Author: 

Sponsors: 

Date: 

Study Area: 

Purpose: 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

Study Area: 

Purpose: 

Paqe 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. 
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Report: 

Title: 

Authors: 

Sponsor: 

Date: 

study Area: 

Purpose: 

Report: 

Title: 

Author: 

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, 
Engineering, Inc. 

Guadalupe-Blanco River Authority 

January 1991 

Guadalupe River Basin 

HDR 

Assess current and future water needs and 
supplies in the Guadalupe Basin. 

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: 

Purpose: 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

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 joining 
Coastal Basins 

Task force findings, report and 
recommendations on water supply issues for 
Coastal Bend (Corpus Christi area). 
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Report: 

Title: 

Author: 

Sponsors: 

Date: 

study Area: 

Purpose: 

Report: 

Title: 

Author: 

Sponsor: 

Date: 

study Area: 

Purpose: 

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. 
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Basin: 

Project: 

Study: 

TABLE 3.2-1 
TECHNICAL DATA REVIEW PANEL 

EXISTING SURFACE WATER SOURCES AND SUPPLY 
SYSTEMS IN THE STUDY AREA 

Guadalupe 

Canyon Reservoir 

Page 1 

Espey Huston and Associates. Water 
Availability for the Guadalupe and San Antonio 
River Basins. 1986. 

Firm Yield 
<acre feet/year) Conditions 

61,000 

37,500 

30,300 

27,000 

27,000 

- 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 
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Table 3.2-1 

26,000 

24,500 

24,000 

15,900 

study: 

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. 
Texas. 1990. 

Water for 

Projected Supply for Year 2000 equals 50,000 acre-feet per year. 
This is the original permitted water supply amount. 

Study: 

Firm Yield 
Cacre-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 

Project: 

study: 

Firm Yield 
Cacre-feet/yearl 

0 

Page 3 

Medina Lake 

Espey Huston and Associates, Inc. Medina Lake 
Hydrology Study. 1989. 

Conditions 

- Historical flows (1940-1986) 

Maximum Average Annual Yield 
Cacre-feet/yearl 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. 
Texas. 1990. 

Water for 

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: 

Firm Yield 
(acre-feet/year) 

27,500 

29,500 

U.S. Department of Interior, Bureau of 
Reclamation. Storage and Irrigation 
Facilities Technical Report. 1992. 

Conditions 

- Irrigation demand pattern 
- Recharge to Edwards Aquifer simulated at 

average of 60,000 acre-feetjyear 
- Losses in Diversion Reservoir and past 

Diversion Dam were not considered 

- 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-feetjyear 
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Table 3.2-1 
0 

Basin: 

Project: 

Study: 

Firm Yield 
Cacre-feet/yearl 

187,800 

220,000 

study: 

Firm Yield 
Cacre-feet/year) 

252,000 

237,000 

Page 4 
- Diversion at Diversion Dam 
- Losses in Diversion Reservoir and past 

Diversion Dam considered 

Nueces 

Lake Corpus Christi/ Choke canyon 

HDR Engineering, Inc. Regional Water Supply 
Planning study - Phase I Nueces River Basin. 
1991. 

Conditions 

- Phase II operating policy 
- All prior water rights honored 
- 1990 sediment condition {169,700 

acre-feet firm yield at 2040 
sediment conditions) 

- Phase IV operating policy 
- All prior rights honored 
- 1990 sediment conditions {197,500 

acre-feet firm yield at 2040 
sediment conditions) 

Bureau of Reclamation. Nueces River Basin. A 
Special Report. 1983 

Conditions 

- Year 2010 stream flow and sediment 
conditions 

- Downstream water rights were not 
considered 

- Year 2010 stream flow 
sediment conditions 

- Downstream water 
considered 

and Year 2070 

rights not 

Study: Texas Water Development Board. 
1990. 

Water for Texas. 

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 re~urn 
flows. 
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Table 3.2-1 

Basin: 

Project: 

Study: 

Firm Yield 
Cacre-feet/yearl 

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 

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 
Cacre-feet/yearl Conditions 

82,645 - 1985 conditions 

105,745 to 149,645 -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. 

92,345 to 105,745 -with varying amounts of supplemental 
diversion of unappropriated Colorado 
River water and varying pumping 
rates. 

114,645 to 154,845 - with varying combinations of Garwood 

study: 

Irrigation purchases and diversions 
of unappropriated Colorado ·River 
Water 

Texas Water Development Board. 
Texas. 1990. 

Water for 

Projected Supply for Year 2000 equals 75,000 acre-feet. This is 
the permitted water supply from the reservoir. 
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Page 1 
TABLE 3. 2-2 

TECHNICAL DATA REVIEW PANEL 
POTENTIAL UNDEVELOPED SURFACE WATER SOURCES 

IN THE STUDY AREA 

Basin: 

Stream: 

Project: 

Project Size: 

Study: 

Guadalupe 

Blanco River 

Clopton Crossing Reservoir 

285,000 Acre-Feet, 6000 Acres 

Espey Huston and Associates. 
Study for the Guadalupe and 
Basins. 1986 . 

Water Availability 
San Antonio River 

Firm Yield varies from 34, ooo to 35, ooo for four scenarios of 
varying spring flows, San Antonio reuse and San Antonio return 
flows . 

Basin: 

Stream: 

Project: 

Project Size: 

study: 

Guadalupe 

Plum Creek 

Lockhart Reservoir 

55,600 Acre-Feet, 2950 Acres 

Espey Huston and Associates. 
Study for the Guadalupe and 
Basins. 1986. 

Water Availability 
San Antonio River 

Firm Yield is 7700 acre-feet per year for three scenarios of 
varying spring flows, San Antonio return flows and San Antonio 
reuse. 

Basin: 

Stream: 

Project: 

Project Size: 

study: 

Firm Yield 

Guadalupe 

Guadalupe 

Cuero I Reservoir 

1,150,000 Acre-Feet, 41,500 Acres, Elevation 242.0 
MSL 

Espey Huston and Associates. 
Study for the Guadalupe and 
Basins. 1986. 

Water Availability 
San Antonio River 
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Table 3.2-2 
(acre-feet/year> 

272,000 

2411000 

1861000 

185,000 

173,000 

1721000 

1591000 

1581000 

151,000 

Page 2 
Conditions 

- No bay and estuary requirements 
- Historical spring flows (1940 

1982) 
- San Antonio return flows equal 

135 1000 acre-feetjyear 

- 50% subordination of Calhoun Canal 
water rights 

- Full bay and estuary requirements 
- San Antonio return flows equal 

135,000 acre-feetjyear 
- Historical springflows (1940 - 1982) 
- Full bay and estuary requirements 
- Operating with Lockhart Reservoir 
- San Antonio return flows equal 

135,000 acre-feetjyear 

- Historical springflows (1940 - 1982) 
- Full bay and estuary requirements 
- Operating with Cibolo Reservoir 
- san Antonio return flows equal 

135,000 acre-fe·et 

- 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 1872 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 1720 

acre-feet per year 

Historical spring flows (1940 
1982) 

- San Antonio return flows equal 
135 1000 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 1565 acre-feet 
per year 
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Table 3.2-2 Page 3 

Basin: Guadalupe 

- San Antonio return flows equal 
170,000 acre-feet per year 

- San Antonio reuse equals 100,000 
acre-feet per year 

Stream: sandies Creek 

Project: Lindenau (Cuero II) 

Project Size: 600,000 Acre-Feet, 26,900 Acres, Elevation 232.0 
MSL 

study: Espey Huston and Associates. Water Availability 
study for the Guadalupe and San Antonio River 
Basins. 1986. 

Firm Yield 
Cacre-feet/yearl 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. 1986. 

Firm Yield 
Cacre-feet/yearl 

219,000 

207,000 

194,000 

Conditions 

Historical spring flows (1940 
1982) 

- San Antonio return flows equal 
135,000 acre-feet per year 

- Full bay and estuary requirements 

- 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 

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 

, 
J 

l 
l 
] 

l 
J 
J 
.l 
] 

l 
l 
l , 

Projected supply for Year 2040 equals 208,000 acre-feet per year. 1: 
It was not indicated if this is a firm yield amount. 
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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 Board. 
December, 1988. 

Applewhite Fact Sheet. 

Average Yield 
<acre-feet/year> 

53,017 

48,000 

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 Lake study. 1989 

Firm Yield 
Cacre-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 
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Table 3.2-2 Page 7 

Study: Espey Huston and Associates. 
study for the Guadalupe and 

Water Availability 
San Antonio River 

Basins. 1986. 

Firm Yield 
Cacre-feet/yearl 

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 

Firm Yield 
<acre-feet/year> 

14,400 

124,900 

Basin: Nueces 

Stream: Nueces 

Page 8 

Conditions 

- Honoring Choke Canyon and Lake 
Corpus Christi water rights 

- Impounding all inflows 
- Loss of 120,000 acre-fees per year 

of firm yield in Lake Corpus 
Christi/Choke Canyon system 

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) 

4,400 

51,700 
(net 9700) 

Basin: 

Stream: 

Nueces 

Nueces 

Project: Indian Creek 

Conditions 

Honoring Choke Canyon and Lake 
Corpus Christi water rights 

- Impounding all inflows 
- Loss of 120,000 acre-feet per year 

of firm yield in Lake Corpus 
Christi/Choke Canyon System 

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) 

0 

Conditions 

- Honoring Choke Canyon and Lake 
Corpus Christi water rights 

- Honoring Lake Corpus Christi/Choke 
Canyon water rights 
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Table 3.2-2 

13,300 

Basin: 

Stream: 

Nueces 

Nueces 

Page 9 

- Impounding all inflows 
- Loss of 11,000 acre-fees per year of 

firm yield in Lake Corpus 
Christi/Choke Canyon System 

Project: Bluntzer Reservoir 

Study: Rauschuber D. G., and Associates, Inc. Final 
Report - Potential for Develooment of Additional 
Water Supply from the Nueces River Between Simmons 
and Calallen Diversion Dam. 1985. 

Firm Yield 
(acre-feet/year) 

4,500 to 27,250 

Basin: Nueces 

Stream: Nueces 

Conditions 

- Net gain when operated as a system 
with Lake Corpus Christi/Choke 
Canyon System 

- Net gain varies with selected 
reservoir system 

Project: R & M Reservoir 

Project Size: 986,000 Acre-Feet, 31,000 Acres 

Study: 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. 

Firm Yield 
Cacre-feet/yearl 

9500 to 68,300 

Conditions 

- Net gain when operated as a system 
with Lake Corpus Christi/Choke 
Canyon System 

- Net gain varies with selected 
reservoir system 

----------------------------------------------------------------------207 



Table 3.2-2 Page 10 

Basin: Nueces 

Stream: Nueces 

Project: Simmons Pump Facility 

study: Rauschuber D. G., and Associates, Inc. Final 
Report - Potential for Development of Addi tiona! 
Water Supply from the Nueces River Between Simmons 
and Calallen Diversion Dam. 1985. 

Firm Yield 
Cacre-feet/yearl 

6,000 to 14,000 

Basin: Nueces 

Stream: Nueces 

Conditions 

- Pumping from Nueces River to Choke 
Canyon Reservoir 

- Net gain when operated as a system 
with Lake Corpus Christi/Choke 
Canyon System 
Net gain varies with pump station 
size 

Project: Cotulla Reservoir 

Project Size: 341,000 Acre-Feet, Elevation 447.5 MSL 

study: Bureau of Reclamation. Nueces River Basin. 1983. 

Firm Yield 
Cacre-feet/yearl 

2000 

2500 (net) 

17,000 

Conditions 

- 2000 acre-feet diverted at Cotulla 
-Total system yield is 252,000 acre-

feetjyear 

- 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 

- Cotulla reservoir operated as a 
system with Choke Canyon and Lake 
Corpus Christi 
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Table 3.2-2 

18,300 

Basin: 

Stream: 

Nueces 

Nueces 

Page 11 

- Diversion at Cotulla 
Total system yield is 269,400 acre­
feet/year 

- 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 

Project: Cotulla Diversion Dam and Canal 

study: Bureau of Reclamation. Nueces River Basin. 1983 

Firm Yield 
(acre-feet/year> 

15,900 (net) 

Conditions 

- Diversion from Nueces River to Frio 
River 

- 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-

feetjyear 

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 Proiect. Texas. 1974 

Firm Yield 
Cacre-feet/year) 

30,000 

Conditions 

- 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: 

Stream: 

Project: 

Study: 

Lavaca-Navidad 

Navidad River 

Lake Texana and Garwood Irrigation System 

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. 
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TABLE 3.6-1 
TECHNICAL DATA REVIEW PANEL 

EXISTING DESALINATION PROJECTS 

TEXAS WATER DEVELOPMENT BOARD 

LOCATION OPERATOR CAPACITY STATUS TYPE FEED USE 
~~------------------------------------------------------------------------------~----tc Corpus Christi 

~ Corpus Christi 

r George West 

r Rockport 

r San Antonio 

r Three Rivers 

r 
r 
r 
r 
r 
r 
r 

Lamda Division 
of Veeco 

Central Power 
and Light 

u.s. Steel 
Corporation 

Aransas Co. 
MUD No. 1 

University of 
Texas Medical 
center 

Wyoming Minerals 
Corporation 

216,000 Operating Reverse 
gal/day Osmosis 

108,000 
gal/day 

? 

125,000 
gal/day 

40,000 
gal/day 

576,000 
gal/day 

Operating 

Operating 

Out of 
Service 

Operating 

Operating 

Reverse 
Osmosis 

Reverse 
Osmosis 

Reverse 
Osmosis 

Reverse 
Osmosis 

Reverse 
Osmosis 

Inland 
Fresh 
Water 

Inland 
Fresh 
Water 

Waste­
Water 

Inland 
Brackish 
water 

Inland 
Fresh 
Water 

Waste­
Water 

Industrial 

Power 

Industrial 

Municipal 

Industrial 

Industrial 

--------------------------------------------------------------211 



Project 

Canyon Reservoir 

Medina Lake System 

Choke Canyon Reservoir 

Lake Corpus Christi 

Choke Canyon/ 
Lake Corpus Christi 

LakeTexana 

(1) See special conditions. 
(2) Firm yield 

TABLE3.7-1 
TECHNICAL DATA REVIEW PANEL 

EXISTING SURFACE WATER SOURCES 

Penniued 
Annual 
Yield 

acre-feet 

50,000 (1) 

66,000 

139,000 

300,000 

252,000 

75.000 

Calculated 
Annual 
Yield(s) 
acre-feet 

24,000 to (2) 
61,000 

0(2) 
27.500 (3) 
55,704 (4) 

(1) 

(1) 

169,700 to 
252,000(2) 

82.645(2) 

Committed 
Annual 
Yield 

acre-feet 

30.200 

all (5) 

(1) 

(1) 

221,000 (8) 

32.000 (9) 

(3) Fann 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 
(J) See Choke Canyon/Lake Corpus Christi below 

Cost of 
Annual 
Yield 

$(acre-feet 

53.03 

(6) 

(1) 

(1) 

34.52 

45.00 (10) 

Water 
Delivered 

To 

A 

B 

(1) 

(1) 

c 

D 

(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) Additional41,288 acre-feet under contract to sell to Port Authority of Corpus Christi 
(10) Program increases to $65 per acre-foot by year 2004 

A 
-New Braunfels 
-San Marcos 
-Seguin 
-Gonzales WSC 
-Spring Hill WSC 
-Calhoun County WSC 
-Union Carbide 
-Central Power and Light 
Co. 

B 
-Approximately 1800 land 
owners 

c 
At Lake Corpus Christi: 
-Mathis, Beeville & Alice 
At Corpus Christi WTP: 
-Corpus Christi, San 
Pabicio MWD, Koch 
Refining Co., and 
Hoechst-Celanese Co. 
At Choke Canyon 
Reservoir: 
-Three Rivers. Diamond 
Shamrock andTP&WD 

D 
-Formosa Plastics 

212--------------------------------------------------------------------
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TABLE3.7-2 
TECHNICAL DATA REVIEW PANEL 

COMPARISON OF UNIT COSTS- POTENTIAL UNDEVELOPED SURFACE WATER PROJECfS 

ANNUAL 
CONSTR.UcnON C05I' OPERATING and MAIN1ENANCE COST rorAL 

Soun:e Annual Firm Original Updated (1192) Annualized Annual Unit Original Updated Annual Annual 
ofDala Yield Estimate Estimate Estimale Cost Estimale Estimate Estimate Unit Cost Unit Cost 

Project (year) acre-feet $X 1000 Sx1000 $X 1000 $/acre-foot $X 1()00 $X 1000 Estimale Estimale 
(R> (R> (2) (C) (3> <C) <9 (R> (4) $X 1000(9 $X 1000(C) 

GUADALUPE BASIN 

Clopton 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 to 133 1,683 2,120 14 to 8 255 to 141 
(1986) 272,000 

'IWDB 145,000 304,620 312,247 31,350 216 Operating and maintenance costs 216 (5) 
(1990) not available 

Lindenau (Cuero m Espey-Huston 100,000 to 244,681 279,177 28,029 280 to 262 2,932 3,694 37 to 34 327 to296 
Resevoir (1986) 107,000 

1WDB 107,000 276,410 283,330 28,446 266 Operating and maintenance costs 266 (5) 
(1990) not available 

Cuero I & Undenau Espey-Huston 194,000 to 522,481 596,142 59,853 308 to 273 4,829 6,084 31 to 28 339 to 301 
Resevoirs (1986) 219,000 

SAN ANJONIOBASIN 

Applewhile Reservoir Freese & Nichols 48,000 (1) 75,100 80,570 8,069 168 (I) 
(1988) 

1WDB 14,900 92,510 94,826 9,520 639 Operaling and maintenance costs 639 (5) 
(1990) not available 

SAN ANJONIOBASIN 

Cibolo Creek Espey-Huston 30,000 200,457 228.718 22,963 765 1,642 2,069 69 834 
Reservoir (Lower) (1986) 

...., 
w 
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A TABLE 3.7-2 (Continued) 

Source Annual Firm 
ofDara Yield 

Project (year) acre-feet 

!!~ 

Cibolo Creek Lockwood 18,800 to 
Reservoir (Upper) Andrews& 24,500 

Newnam 
(1965) 

Goliad Reservoir Espey-Huston 54,000 to 
(1986) 119,000 

1WDB 148,400 
(1990) 

NUECES BASIN 

Bluntzer Reservoir Rauschuber 4,500 to 
(1985) 27,250 

R & M Reservoir Rauscbuber 9,500 to 
(1985) 68,300 

Simmons Pump Rauschuber 6,000 to 
Facility (1985) 14,000 

Cotulla Reservoir BuRec 2,000 to 
(1983) 2,SOO(net) 

Cotulla Diversion BuRec 15,900 
Canal (1983) 

LA VACA-NA VIDAD BASIN 

Palmeuo Bend • BuRec 30,000 
Stage U (1974) 

HDR 43,555 to 
Engineering 48,172 
(1991) 

CONSTR.UcnON cosr 
Original Updated (1/92) Annualized Annual Unit 
Estimate Estimate Estimate Cost Estimate 
$X 1000 $X 1000 $X 1000 S/ac:re-foot 

!!l ~2~~q m~q ~q 

11,300 to 50,174 to 5,037 to 205 to 320 
13,500 59,943 6,018 

172,424 196,733 19,752 365 to 166 

254,490 265,987 26,705 180 

173,413 197,942 19,873 4,416 to 
729 

236,322 269,750 27,083 2,851 to 
397 

6,378 7,280 731 122 to 52 

183,142 213,871 21,472 10,736 to 
8,589 

176,290 205,869 20,669 1,300 

Construction estimate not available 

75,243 76,928 7,723 177 to 160 

OPERATING and MAIN'ICNANCE COSf 

Original Updated Annual 
Estimate Estimate Unit Cost 
$X 1000 $X 1000 Estimate 

ml "~4r $X IOOO(q 

IS 66 3 

4,272 5,383 100 to 45 

Operating and maintenance costs 
not available 

300 

300 

83 

32 

800 

379 

379 

115 

44 

815 

~ 
~ 

84 to 14 

40 to 6 

57 to 46 

3 

19 to 16 

Page 2 

ANNUAL 
'IUI'AL 

Annual 
Unit Cost 
Estimate 

$X 1000Cq 

208 to 323 

465 to 211 

180 (S) 

4,500 to 
743 

2,891 to 
403 

10,791 to 
8,635 

1,303 

196 to 176 
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TABLE 3.7-2 (Continued) 

Source Annual Firm 
of Data Yield 

Project (year) acre-feet 
(R> 

a>N5fRUCflON COST 

Original 
Estimate 
$X 1000 

(R> 

Updated (1/92) Annualized 
Estimate Estimate 
$ X 1000 $ X 1000 
(2) <C) (3) <C) 

Annual Unit 
Cost Estimate 

$/acre-foot 
<C) 

Lake Texana and HDR 44,396 to 112,653 115,177 11,563 260 to 229 
Palmetto Bend - Engineering 50,389 
Stage ll (1991) 

Lake Texana and HDR 23,100 
Garwood Irrigation Engineering 38,100 

(1991) 70,100 

(1) Annual average supply, not a fum yield 

10,450 
41,129 

109,571 

10,684 
42,050 

111,571 

(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 repon 

UMITATIONS ON USEOFTHIS DATA 
1. Quality of cost estimates vary greatly, from general to detailed. 

1,073 
4,222 

11.202 

2. Year of original cost estimates vary, index for updating costs may not be valid over long term. 

46 
111 
160 

, __ ,, 
~ 

t __ ,1 l.,.. _____ j 

OPERATING and MAINTENANCE COST 

Original 
Estimate 
Sx1000 

(R> 

800 

640 
395 

1,046 

Updated 
Estimate 
$X 1000 

"(4)" 

815 

652 
402 

1,065 

Annual 
Unit Cost 
Estimate 

$X 1000(C) 

18 to 16 

28 
11 
15 

·------; r"'=j 

Page 3 

ANNUAL 
rorAL 

Annual 
Unit Cost 
Estimate 

s X 1000(C) 

278 to 245 

74 
122 
175 

3. Environmental costs have increased over time span or cost estimates; estimates may not include sufficient environmental costs, especially earlier estimates. 
4. Variation in calculated yield causes unit costs to vary. 

=, 



TABLE3.7-3 
TECHNICAL DATA REVIEW PANEL 

COMPARISON OF UNIT COSTS- POTENTIAL UNDEVELOPED DELNERY SYSTEMS 

CONS'IRUCDON COST 

Annual 
Throughput 

Source of Dala Delivered acre-feet 
PROJECT ~~earl To ~Rl 

Canyon Reservoir 1WDB San Marcos 19,000 
(1990) 

Cuero I Reservoir Espey-Huston Cibolo Reservoir 188,000 
(1986) (Lower) 

Cuero I Reservoir 1WDB San Antonio 172,400 
(1990) 

Lindenau (Cuero D) Espey-Huston Cibolo Reservoir 107,000 
Resevoir (1986) (Lower) 

Cuero I & Lindenau Espey-Huston Cibolo Reservoir 219,000 
Resevoirs (1986) (Lower) 

Medina Lake 1WDB San Antonio 28,500 
(1990) 

Goliad Reservoir 1WDB San Antonio 148,400 
(1990) 

Lake Texana 1WDB Corpus Christi 30,000 
~19902 

(1) Using Engineering News- Record Building Cost Index, March 30, 1992 
(2) Interest rale 8%, 20 year payment; factor= 0.1004 

Original Upda!ed 
Estimate Estimate 
$X 1000 $X 1000 

m2 ~12 ~q 

23,300(4) 23,883 

116,687 133,138 

125,000(4) 179,586 

70,662 80,624 

103,283 117,844 

44,500(4) 45,614 

158,600(4) 165,571 

89,700(5) 91,946 

(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 mainlenance costs not included 
(C) Value calculaled by Technical Data Review Panel 
(R) Value taken from technical repon 

LIMn'ATIONS ONUSEOF111IS DATA 
1. Quality of cost estimates va,y greatly, from general to detailed. 

Annualized Annual Unit 
Estimate Cost Estimale 
$X 1000 $/acre-foot 
~22~q ~q 

2,398 126 

13,367 71 

18,030 105 

8,094 15 

11,832 54 

4,580 161 

16,322 110 

9,231 308 

OPFRATING AND MAJNrENANCE 
COST 

Original Updated Annual 
Estimale Estimale Unit Cost 
$X 1000 $X J()()(} Estimale 

~Rl ~32 $X IOOO~q 

Operating and maintenance costs 
not available. 

8,241 10,384 55 

Operating and mainlenance costs 
not available. 

5,252 6,618 62 

10,257 12,424 59 

Operating and maintenance costs 
not available. 

Operating and maintenance costs 
not available. 

Operating and mainlenance costs 
not available. 

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, 
~ ~ ~ ~ ~ ~_j ~ ..___j ~ _____j ~ ~ '-_j ~ ._____j 

1UfAL 

Annual 
Unit Cost 
Estimale 

$X IOOO(q 

126 (6) 

126 

105 (6) 

127 

113 

161 (6) 

110 (6) 

308 (6) 
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r TABLE 3.7-4 
TECHNICAL DATA REVIEW PANEL 

SUMMARY OF NUECES BASIN RECHARGE ENHANCEMENT PROJECfS 
TYPE 1 RESERVOIRS (1) r 100% Conservation Capacity 

r 
r 
r 
r 
r . 

' 

r 
r 
r 
r 
r I 

I 

r 
. r 
r . 

r 
r 

Recbarge Cost/Unit Recharge Cost/Unit 
Project Percent Enhance- Recharge Enhance- Recharge 

Capacity ment Enhance- ment Enhance-
(acftlyr) ment (acftlyr) ment 

($/acftlyr) ($/acftlyr) 

Upper Dry Frio 100 9,420 330 2,900 1,072 

Upper Verde 100 4,600 339 1,390 1,120 

Upper Sabinal 100 14,670 357 2,520 2,078 

Upper Hondo 100 8,360 361 1,140 2,647 

Mantell 100 34,200 381 9,200 1,415 

Upper Seco 100 3,820 398 290 5,246 

Concan 100 12,210 486 3,085 1,925 

Total 87,280 20,525 

Optimum Conservation Capacity 

Recharge Cost/Unit Recharge Cost/Unit 
Project Percent Enhance- Recharge Enhance- Recharge 

Capacity ment Enhance- ment Enhance-
(acftlyr) ment (acftlyr) ment 

($/acftlyr) ($/acftlyr) 

Upper Sabinal 10 10,080 163 2,520 650 

Upper Verde 2S 3,990 210 1,390 603 

Concan 10 8,190 217 3,085 577 

Upper Dry Frio 10 5,840 221 2,630 491 

Montell 10 26,370 240 9,200 688 

Upper Hondo 10 4,700 248 1,140 1,024 

Upper Seco so 3,410 335 290 3,944 

Total 62,580 20,255 

(1) Hononng au downstream water rights . 
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TABLE 3.7-5 
TECHNICAL DATA REVIEW PANEL 

SUMMARY OF NUECES BASIN RECHARGE ENHANCEMENT PROJECTS 
TYPE 2 RESERVOIRS (1) 

100% Conservation Capacity 

Recharge Cost/Unit Recharge 

Project Petee0t Enhance- Recharge Enhance-

I 
Capacity meot Enhance- ment 

(acftlyr) ment (acftlyr) 
($/acftlyr) 

Lower Sabinal 100 18,400 145 2,770 

Lower Verde 100 6,220 215 1,980 

Lower Hondo 100 9,420 255 1,190 

Lower Frio 100 14,400 267 3,180 

Indian Creek 100 34,500 306 14,600 

Lower Dry Frio 100 6,170 422 1,360 

Lower Seco 100 5,420 463 290 

Elm Creek 100 670 662 120 

Little Blanco 100 390 811 100 

Quihi Creek 100 150 911 30 

Leona River 100 280 1,318 60 

Blanco 100 370 110 

Total 96,210 25,790 

Cost/Unit 
Recharge 
Enhance-

ment 
($/acft/yr) 

965 

676 

2,021 

1,211 

630 

1,387 

7,632 

2,584 

2,583 

4,057 

4,253 

4,434 

218---------------------------------------------------------------
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TABLB 3.'7-5 

r Optimum Conservation Capacity 

r ' 

r . 

r 
r 
r . 

. 

r 
. r 

[ 

r 
r 
r 
r 
r 

1 

Project Perceot 
Capacity 

Lower Sabinal 10 

Lower Frio 10 

Lower Verde 10 

Lower Hondo 10 

Indian Creek 2S 

Lower Dry Frio 2S 

Lower Seco 10 

Elm Creek 100 

Little Blanco 100 

Quihi Creek 100 

Leona River 100 

Blanco 100 

Total 

Hononn au downstream n lhts ex g g cep 

PAGE2 

Recharge Cost/Unit Recharge Cost/Unit 
Enhance- Recharge Enhance- Recharge 

meot Enhance- ment Enhance-
(acftlyr) meot (acftlyr) ment 

($/acftlyr) ($/acftlyr) 

7,720 66 2,300 221 

5,940 114 2,020 337 

3,1SO 134 1,380 306 

3,930 1SO 1,190 494 

26,500 213 12,920 437 

4,090 216 1,360 650 

2,520 238 290 2,069 

670 463 120 2,584 

390 662 100 2,583 

ISO 811 30 4,051 

280 911 60 4,253 

370 1,318 110 4,434 

55,110 21,880 

t Lake C01 us Cbnstt rp Choke Can on S stem. y y 

r ------------------------------------------------------------------219 



SOURCE TYPE 

Surface Water 

Water Reuse 

Storage and 
Recovery 

Recharge 

Desalination 

TABLE 3.7-6 
TECHNICAL DATA REVIEW PANEL 

COMPARISON OF UNIT COSTS - EXISTING SOURCES OF SUPPLY 

PROJECT 

Lake Texana 

Canyon Reservoir 

Lake COrpus Christi\ 
Choke canyon Reservoir 

UNIT COST 
$/ACRE-FOOT 

45.00 

53.03 

34.52 

NOTES 

Established rate 

Established rate 

Established rate 

1 
j 

l 
l 
l 
l 
l 

Medina Lake 11.33 Based on $10 per acre flat rate l 
plus 3 waterings @ $8 each for 3 
acre-feet 

City of Public Service 
Board-Lakes Braunig and 
Calaveras 

(no existing projects) 

Edwards Underground 
Water District Projects 

(no cost information on 
existing projects) 

60.00 

38.74 

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 

l , 
l 
l 
l 
l 
1 , 
1 
l 
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TABLE 3.7-7 
TECHNICAL DATA REVIEW PANEL 

Page 1 

r COMPARISON OF UNIT COSTS - POTENTIAL UNDEVELOPED SOURCES OF SUPPLY 

r SOURCE 
TYPE 

r Major 
Surface 
Water r Projects 

r 

r 

r 

r 
r ' 

r 

r 

PROJECT 

Clopton 
crossing 

cuero I 
Reservoir 

Lindenau 
Reservoir 
(Cuero II) 

Cuero I and 
Lindenau 
Reservoirs 

Applewhite 
Reservoir 

Cibolo Creek 
Reservoir 
(Lower) 

Cibolo creek 
Reservoir 
(Upper) 

Goliad 

Sluntzer 
Reservoir 

R & M 
Reservoir 

SOURCE 
OF 
DATA 

Espey 
Huston 
1986 

Espey 
Huston 
1986 

TWOS 
1990 

Espey 
Huston 
1986 

TWOS 
1990 

Espey 
Huston 
1986 

Freese & 
Nichols 
1988 

TWOS 
1990 

Espey 
Huston 
1986 

Lockwood 
Andrews & 
Newman 
1965 

Espey 
Huston 
1986 

TWOS 

Rauschnber 
1985 

Rauschunber 
1985 

UNIT UNIT LIMITING FACTORS/NOTES 
COST COST 
$/AC-FT INCLUDES 

0 & M 

287 No No limiting factors cited/ 
Environmental considerations 
not addressed 

141 to Yes Mitigation required, no 
255 (1) known endangered species/ 

216 No No information, data only 

296 to Yes Mitigation required, no 
327(1) known endangered species/ 

266 No No information, data only 

301 to Yes Same as for separate 
339(1) projects 

168 No Minimum yield during 
critical periods equal 7700 
acre-feet per year when 
operated for scalping/ 

639 No No information, data only 

834 Yes Environmental considerations 
not addressed/ 

208 to Yes Environmental considerations 
323(1) not addressed/ 

211 to Yes Environmental considerations 
465(1) not addressed/ 

180 No No information, data only 

743 to Yes Reduced bay inflows, 
4500(1) elevated bay salinity/ 

403 to Yes Reduced bay inflows, 
2891(1) elevated bay salinity/ 

r ------------------------------------------------------------------221 



Table 3.7-7 

Water 
Reuse 
Projects 

Storage 
and 
Recovery 

Simmons 
Pump Station 

Cotulla 
Diversion 
and 
Canal 

Palmetto 
Bend-Stage 
II 

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 

Rauschunber 
1985 

BuRec 
1983 

HDR 
Engineering 
1991 

HDR 
Engineering 
1991 

HDR 
Engineering 
1991 

AWCRD 
1991 

Stone & 
Webster 
1984 

Black & 
Veatch 
1990 

CH2M HILL 
1991 

52 to 
122(1) 

1303 

176 to 
196(1) 

245 to 
278(1) 

746 to 
175(2) 

200 to 
350(2) 

215 to 
635(2) 

345 to 
425(2) 

464 

717 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Page 

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 costas are reported 
from a staff analysis, 
wastewater delivered to 
San Antonio River in 
Brackenridge Park, 
industries, 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 

, 
, 
J 
l 
J 
l , 
l 
1 
l 

Wastewater effluent treated, _,:,.', 
cycled through Lakes Braunig 
and Calaveras and treated 
for potable use by City 
Water Board, unit cost l' 
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 

1 
1 
l , 
1 
~ 
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r Table 3. 7-7 Page 3 

r Recharge Nueces Basin HDR 
Engineering 
1991 

66 to 
1318(3) 

Yes Less water (at higher cost) 
available during critical 
periods/ Honoring all 
downstream rights except 
Lake Corpus Christi/Choke 
Canyon; average conditions, 
Type II projects, optimum 
conservation capacity 

. r 
r . 

r 
IT 

HDR 
Engineering 
1991 

330 to 
486(3) 

Yes Less water (at higher cost) 
available during critical 
periods/ Honoring all 
downstream rights, average 
conditions, Type ~ projects, 
optimum conservation 
capacity r Desalination City of 

Corpus 
Christi 

Stone & 
Webster 
1984 

352 to 
782(2) 

Yes Brackish groundwater, unit 
cost varies with volume 
treated 

r stone & 1218 
Webster 
1984 

Unit cost varies with varying reservoir yield 
Unit cost varies with varying amounts used 
Unit cost varies with separate recharge projects 

Seawater 

LIMITATIONS ON USE OF THIS DATA rl. 
2. 

r . 3. 

~4. 

t 

r 

r 
r 
r 

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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4.0 REDUCTIONS IN USE 

Introduction 

4.1 GENERAL 
4.1.1 RESEARCH MATERIALS 

4.1.2 TEXAS WATER DEVELOPMENf BoARD 

4.2 USES 
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4.3 REDUCTION MEASURES 
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4.4 REDUCTION AMOUNTS 
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4.4.1.1 Texas Water Development Board Methodology 
4.4.1.2 Texas Water Commission 
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4.4.2.2 Edwards Underground Water District 
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4.4~2 Summary of Per Capita Water Use in Edwards Aquifer Counties, Texas Water Development Board 

4.4~3 Projections of Water Savings, Texas Water Development Board, "Advanced Case" 

4.4·4 Advanced Water Conservation Measures, Texas Water Development Board 

4.4-5 Projections of Water Savings from Conservation and Reuse, Texas Water Commission 

4.4-6 Projected Municipal Water Savings, Regional Water Resources Plan 

SECTION 4.0 LIST OF FIGURES 

4.4-1 Percem of Total Use That is Seasonal Use, Texas Water Development Board. 

4.4·2 Texas Water Development Board Derivation of Water Use Projections for Counties 

226--------------------------------------------------------------------

] 

J 
1 
J 
l 
l 
1 
l 
] , 
J 
l 
] 

, 
l 
l 
1 , 



r 
r 
r 
r 
r . 

r . 

r . 

. r 
r . 

r 
r 
r 
r 
r 
r 
r 
r 

Introduction 

4.0 REDUCTION IN USE 

This section addresses measures available for reduction in water use in two general categories. 
They are 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 equipment and operations. Droughtmanagementis 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 4.1.1 RESEARCH MATERIALS 

GENERAL 
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 p::>tential 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 Christi developed a program in resp::>nse to the 1984drought 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 p::>ints. The San Antonio emergency ordinance sets percentage reductions of water use 
as voluntary goals but requires the use of cenain 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 shan 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 J 
irrigation uses in the local area. Historical infonnation 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 tenn associated with the application of j•_ 
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) A significantamountofdatafromcasestudies and generalized reports outside the study area that 
must be discovered and researched. This data will require adjustment for applicability to local 
conditions of water use. 

2) Aninsignificantamountofprovenlocaldata,withthecriticalperiodexceptionsnotedabove,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 

Omditions 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. 

The studies which address a larger area tend to generalize savings in 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 for only 12~ 13% of total 
use, may not work as effectively in Uvalde, where seasonal use iscloserto30%of total water use. It should 
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 
as manufacturing, mining, power, irrigation and livestock. Less research 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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4.2 
USES 

4.3 
REDUCTION 

MEASURES 

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 focus on 
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 progrcUn of research on conservation 
programs in practice across the nation to project reductions in water usc as a part of the overall water use 
projections published periodically as the Texas Water Plan. This ongoing research by TWDB represents 
the only existing comprehensive effort to apply experience in other areas (within and outside the stare) 
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 
reductions in use were "personalized" for each city taking into account specifics 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 estimates of 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 
category is for the purpose of acquainting the reader with the range of uses that may be reduced and is not 
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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Table4.2-1 

MUNICIPAL 

MANuFACTURING 

IRRIGATION 

LIVESTQCK 

WATER USES 

Reoidontial In-Home 

Residential - OUtaido 

commorcial Building Operationo 

- Fleet Operations 

- Operation Specific 

Public - Aeathot~c 

- Firefighting 
- Utility and Streets 

Parka and Golf Courses 

Inatitutional - Building Operations 

Procooo 

Building 
Operations 

Cooling 

Procooo 

Process 

Sanitary 

- Landscape 

Heat Tranufer 
- Waohdown 
- Cooling Towers/Heating 

Sanitary 
Food Service 

- Landscape 

- Generation 

Boiler Food 
- Environmental Control 

Sanitary 
- Landscape 

- Washing 

Crop Production 

Liveotock Watering 

Toilet 
Shower/Bath 
Diohwashar 
Clotheawashe 
r 
0 t h a r 
Personal 

Lawn 
Garden 
Pools and 
Spas 
Car Washing 

Cooling 
Towers/Heat! 
ng 
Laundry and 
Food service 
Sanitary 

Washing 

Car Washing 
-water 

Parks/Recrea 
tion 
Brewings 
Nursery 
Feedlots 
Pr.oduct 
Preparation/ 
washing 

- Other 

Fountains 
Zoos 
River walk 

Flushing 
Water and 
Sower 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 

RETROFIT 

ORDINaNCES/RULES/LAWS 

ECONOMIC 

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 

Participation 

WATER UTILITY OPERATIONS Change Operations 

Improve Facilities 

Participation 

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 

Penalties 
Fines 

Voluntary 
Mandatory 

Leak Detection 
Meter Repair 
Water Audits for 
Customers/Utility 
Pressure Reduction and 
Control 
Treatment 
Proc:esaes/Washdown 

Leak Correction 
Construction Techniques 

Voluntary 
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4.4 
REDUCTION 

AMOUNTS 

4.4.1 CoNSERVATION 

, 
J 

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 j·, 
are not projected to be reduced by conservation measures. Following is a description of the 1WDB 
methodology applied to compute the expected reductions in use from conservation measures and for 
municipal uses the resultant prediction of water savings. J 
Municipal 

The methodology used in calculating the expected reductions in municipal water use occurring from the J 
application of conservation measures can be found in working papers at the Texas Water Development 
Board. These papers were prepared asapartofthe processofdevelopingthe 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 1WDB. 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 .J 
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 1WDB to save water as follows: 

Fixrure 
Toilets 
Shower heads 
Faucet aerators 
Urinals 
Fountains 

Savings OpeD 
11.5 
4.0 
2.0 

.3 
.J. 

Total 17.9 = 18GPCD 
( GPCD = gallons per capita per day) 

l 
] 

J 
J 

Plumbing fixtures water savings are given in GPCD rather than percentage because each city has a J 
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. 1WDB assumed that new housing, 1"'_· 

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 of20% of existing housing stock in each decade, but then used 90% of this number, _'1 
according to 1WDB working papers, in order "to be conservative." _ J 

Water use patterns for many cities were examined by TWDB for purposes of determining the amount of j·· 
water use attributable to seasonal use. In the study area the percent of total use attributable to seasonal 
use varies fiom aoout 15% in the coastal or &Jutheastem part to 30% in the western ran:. See Figure 4.4· I. 

Education, xeriscape, irrigation audits, water rates and ordinances addressing landscape installation and J 
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.lWDB 
used conservative values of?% reduction during normal years and 1 0.5%duringdroughtyears. This factor l 
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 oflegislation, 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 

PERCENT OF TOTAL AVERAGE MUNICIPAL 

USE THAT IS SEASONAL USE 

FOR AVERAGE YEAR 

Commercial water use accounts for approximately 30% of all non,industrial municipal use. This 
percentage is higher for larger cities which tend to be regional commercial centers having a greater ponion 
of commercial to residential water use than outlying and smaller cities. Sanitary uses are 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 equipment operation, etc. 1WDBaddsa 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 0.5 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 1WDB to 
occur by 2000, two-thirds by 20 lOand 1 OOpercent 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· 
half of the predicted reduction was subtracted for full operation of a conservation program, lesser amounts 
for partial conservation programs in place. To summarize, 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 
programs. 
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Sample Data From 
Table4.+1 

see pages 246-247 
for complete table 

j 
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 J 
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 j':

1 

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 J 
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 7 4112 acre-feet per year for projection 
periods 2000 and 2040, respectively. These cities over 10,000 population represent approximately 78% J"\ 
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 Use 2000 2010 2020 2030 2040 

BEXAR SAN ANTONIO W/0 Cons. 255671 304196 360721 432086 502722 
High perfcap 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 usesofwaterare separated into five categories: pulp and 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 valuesofwateruse are 

] , 
J 
l 
l 
J 
J 
_, 

not presented in the 1992 Draft Proiections. As with the municipal use credit was given for conservation 
programs in place at the time of th~ projections to reduce the total projected conservation savings. l 
Irrigation 

l 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 
~~ l 
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). 

l 
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Table4A·3 

Other Uses 

TWDB did not predict reductions in water use associated with power, mining or livestock uses. 1WDB 
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. 
Mining in the study area is generally limited to sand and gravel operations, and TWDBexpecrsno 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 usc reductions from 
conservation as programmed in the 1992 Draft Projections. In addition the "advanced case" includes a 
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 assumptions regarding ordinances and 
programs are listed in Table 4.4·4. 

PROJECTED WATER SAVINGS - 11 ADVANCED CASE11 CONSERVATION 

Year Use Average Average High High 
Case• Caoe• Case•• Case•• 

savings savings Savings Savings 
(1000 ac-ft) ' (1000 ac-ft) ' 

1995 Municipal 19.6 6.0 24.7 6.5 
Manufacturing ....2....i L _Q.d. L 

20.0 8.0 25.1 8.5 

2000 Municipal 41.8 11.3 53.5 12.4 
Manufacturing ....Ll _j_ ....Ll _5_ 

43.0 16.3 54.7 17.4 

2010 Municipal 73.6 16.6 87.3 17.0 
Manufacturing ...a....l ..:z._ ...a....l _7_ 

75.8 23.6 89.5 24.0 

2020 Municipal 109.5 20.2 126.2 20.6 
Manufacturing _1....! !L _1....! lQ_ 

113.3 30.2 130.0 30.6 

2030 Municipal 152.6 22.2 176.0 22.2 
Manufacturing _hl lL _hl .!.L 

158.3 34.2 181.7 34.2 

2040 Municipal 173.7 22.4 201.4 22.5 
Manufacturing ___L.Q li,_ ____L.Q ll-

182.7 37.4 210.4 37.5 

• Average case representa water uae during average perioda, CPCD a 188 for 
Edward a 

Aquifer users from hiatorical information 

•• High caae repreeenta water use during dry perioda, CPCD = 217 for Edwards 
Aquifer users from hiatorica1 information 
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Table4.4-4 ADVANCED WATER CONSERVATION MEASURES FOR THE AREA 
Seasonal Use 

Measure Enact a strict landscape ordinance and programs 

A five day watering schedule 
Water scheduling and audits of all commercial 
landscapes 
water waste fines 
Extensive xeriscape programs !~eluding 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 
Results 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 Enact Plumbing Code and Retrofit Ordinances 

Results 

Require all buildings sold to be retrofitted with SB 
587 fixtures before sale 
Provide rebates of up to $100 per toilet and give 
away showerhead& 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 
262,000 homes and apartments 
504,000 homes and apartments 

Other Measures 

by 1995 
by 2000 
by 2010 

Measure Leak detection, commerc~al water conservation, and 
education programs to change personal water use 
habits and encourage the purchase of effective 

Results 
appliances 
2.0 percent 
3.0 percent 
6.0 percent 
7.5 percent 
8.0 percent 
8.0 percent 

4.4.1.2 Texas Water Commission 

savings by 
savings by 
savings by 
savings by 
savings by 
savings by 

1995 
2000 
2010 
2020 
2030 
2040 

J 
] 

J 
] 

l 
J 

l 
l 

] 

In a paper titled "A voiding 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 _1 
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 l"·_._' 

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. l 
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 for all uses, quantitative and time-specific goals for conservation and reuse, and specification 
of policies, programs and enforcement measures to achieve the goals. 

+ 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. 

l 
1 
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Tahle4.+5 
WATER SAVINGS FROM CONSERVATION MEASURES 

IMPLEMENTED IN THE EDWARDS AQUIFER BALCONES FAULT ZONE REGION 

SECTOR 

Municipal {1) 
and Industry 

Agriculture 

Aquaculture 

TEXAS WATER COMMISSION (1) 

ESTIMATED 
ACHIEVABLE WATER 
SAVINGS {AC-FT) 

45,000 to 68,000 

40,000 to 52,000 

3,000 to 5,000 

PERCENTAGE 
REDUCTION 

17\ to 25\ 

17\ to 22\ 

20\ to 33\ 

88,000 to 125,000 17\ to 23\ 

CONSERVATION 
MEASURES 

>plumbing retrofit/ 
replacement 

>reduce seasonal outdoor 
water use: 

-conservation pricing 
-xoriscape programs 
-media campaign 

>rOUIIO 

>conversion to best 
technology 

>use of best management 
practices 

>reuoe 

{1) Reprinted from Avoiding Disaster: An Interim Plan to Manage the Edwardg 
Aguifgr, Texas ~ater Commission, 1992. 

(2) Additional savings potentially possible from strategies for reducing 
unaccounted-for water in distribution systems and from commercial/industrial 
audit programs. 

+ Minimum water efficiency standards would be established for all new development using 
water from the Edwards Aquifer. 

+ An emergency 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 effon included 
an analysis of 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 
panicular 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. 

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 7 4,112 acre-feet per year for the cities over 
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AND 
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j 
10,000 population using water from the EdwardsAquiferfor 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 ach\eva.b\e l 
water savings for the Edwards Aquifer in the municipal and industrial sector associated with conservation 
and reuse. In the "advancedcase"TWDBexpectsconservation 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. J 
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. 1WDB 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 1WDB 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 of217 gallons per capita per day ( GPCD) fortotal 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 rates. 
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 usc 
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 usc 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 three stages of 
declining Edwards Aquifer levels. A founh 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. 

] 

J 
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l 

l , 
J 

_, 
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 

1 
... 

measures. The achievable potential is thought by this member to be higher than the projections of 
conservation savings reflected in the 1WDB 1992 Draft Projections and more accurately reflected in the 
TWC projections given in this text. The TWDB 1992 Draft Proiections do not include more stringent 
or regulatory induced conservation. The TWDB "advanced c~" described above does include a more l 
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 usc savings projected by TWDB to be low. 

l 
l 
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The absenceofsufficientdataon 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 
applicable to the region, none were pointed out. It should be noted that not all cities are represented on 
the panel. 
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TABLE 4.2-1 

TECHNICAL DATA REVIEW PANEL l 
WATER USES ] 

MUNICIPAL Residential In-Home Toilet 
Shower/Bath l Dishwasher 
Clothes-
washer 
Other l Personal 

Residential Outside Lawn 
Garden l Pools and 
Spas 
car Washing 

Commercial Building Operations cooling l Towers/Heat-
ing 
Laundry and l Food Service 
Sanitary 

Fleet Operations Washing , 
Operation Specific Car Washing 

Water 
Parks/Recrea 

l tion 
Brewings 
Nursery 
Feedlots 

l Product 
Preparation/ 
Washing 
Other 

l 
Public Aesthetic Fountains 

l Zoos 
River walk 

Firefighting 
Utility and streets Flushing 

l Water and 
Sewer Mains 
water and 
Sewer Plant 

l Process and 
Washdown 
Construction 

Parks and Golf Courses , 
Institutional Building Operations Cooling 

Towers/Heat-
ing 

l Laundry and 

141 l 
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Table 4.2-1 

MANUFACTURIHG Process 

Building 
Operations 

~ COoling 

Process 

MINING Process 

Sanitary 

IRRIGATION Crop Production 

LIVESTOCK Livestock Watering 

Landscape 

Beat Transfer 
Washdown 
COoling Towers/Heating 

Sanitary 
Food Service 
Landscape 

Generation 

Boiler Feed 
Environmental Control 
Sanitary 
Landscape 

Washing 

Page 2 

Food Service 
Sanitary 
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EQUCATION 

RETROFIT 

ORDINANCES/RULES/LAWS 

ECONOMIC 

Page 1 
TABLE 4.3-1 

TECHNICAL DATA REVIEW PANEL 

WATER USE REDUCTION MEASURES 

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 

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 OPEBATIONS Change Operations 

Improve Facilities 

Participation 

Penalties 
Fines 

Voluntary 
Mandatory 

Leak Detection 
Meter Repair 

Page 2 

Water Audits for 
Customers/Utility 
Pressure Reduction and 
Control 
Treatment 
Processes/Washdown 

Leak Correction 
Construction Techniques 

Voluntary 
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TABLE4.4-1 

TECHNICAL DATA REVIEW PANEL 
J 

PROJECTIONS OF PERCENTAGE REDUCTIONS IN MUNICIPAL WATER USE 
] CITIES OVER 10,000 IN POPULATION 

SOURCE: TEXAS WATER DEVEIDPMENTBOARD, 1992 DRAFf PROJECTIONS· HIGH POPULATION SERIES 
UNrrS: WATER USE IN ACRE-FEEl' J 
Counti Citi Water Use 2000 2010 2020 2030 2040 

BEE BEEVD.l.E Without Conservation 2613 2842 3158 3460 3789 l 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 l 
BEXAR FORT SAM 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 UVEOAK. 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 l BEXAR SANANfONIO 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 UNIVERSAL CITY Without Conservation 3560 4307 5177 6275 7362 

l 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 

l Percentage Reduction 4.92 10.55 14.80 16.89 18.30 

CO MAL 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 

1 GUADAUJPE 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 

l Percentage Reduction 5.07 9.19 13.26 14.28 15.31 

GUADALUPE SEGUIN Without Conservation 4547 4900 5530 5917 6245 

l 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 

l 
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TABLE 4.4-1 (Continued) Page 2 

r Countl: Cit~ Water Use 2000 2010 2020 2030 2040 

HAYS SAN MARCOS Without Conservation 9683 12391 14785 16850 17928 

r 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 AUCE Without Conservation 6270 6541 6648 6731 6755 t 

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 KINGSvnLE Without Conservation 5971 6705 7207 7832 8334 
lf'i1 high per capita use With Conservation 5714 6129 6316 6737 7080 
N Difference 257 576 891 1095 1254 
L 

Percentage Reduction 4.30 8.59 12.36 13.98 15.04 
tpl 

& 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 

r Percentage Reduction 5.52 10.49 14.91 16.01 17.12 

NUECES CORPUS CHRISTI Without Conservation 74188 84867 94235 104513 115160 

r 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 
L high per capita use With Conservation 2113 2183 2231 2338 2442 

Difference 112 245 375 464 562 

r Percentage Reduction 5.03 10.09 14.38 16.55 18.70 

SAN PATRICIO POR11.AND Without Conservation 1932 2173 2396 2567 2689 

• high per capita use With Conservation 1824 1947 2032 2115 2172 
F .. Difference 108 226 364 452 517 
L 

Percentage Reduction 5.59 10.40 15.19 17.60 19.22 

r UVAlDE UVAWE Without Conservation 6043 7294 8427 9728 11120 
"- high per capita use With Conservation 5802 6710 7444 8496 9674 

Difference 241 584 983 1232 1446 

tlm Percentage Reduction 3.98 8.00 11.66 12.66 13.00 [ 
VICJ'ORIA VICJ'ORIA Without Conservation 12060 13987 15504 16685 17920 

r 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 

r WEBB LAREDO Without Conservation 41311 52563 65213 79399 95545 
~'' high per capita use With Conservation 39416 47740 56837 68108 81520 L 

Difference 1895 4823 8376 11291 14025 

r Percentage Reduction 4.58 9.17 12.84 14.22 14.67 

Tai'AL OF ALL CITIES Without Conservation 453231 537466 628820 737446 845447 
high per capita use With Conservation 437275 497209 558743 647017 734070 r Difference 15956 40257 70077 90429 111377 

Percentase Reduction 3.52 7.49 11.14 12.26 13.17 
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county 
Major City 

Bexar 
San Antonio 

Uvalde 
Uvalde 

Medina 
Hondo 
Devine 

Comal 
New Braunfels 

Hays 
San Marcos 

Regional 
(Weighted Avg. 

TABLE 4.4-2 
TECHNICAL DATA REVIEW PANEL 

Summary of Per Capita Water Use 
in the Five Major Counties 

in the Edwards Aquifer Region 

Average 
Average High Winter 

GPCD GPCD GPCD 

187 217 148 
184 208 146 

222 259 166 
255 300 175 

173 207 130 
244 291 165 
159 179 112 

198 235 153 
237 271 173 

169 185 142 
217 238 178 

188 217 148 

Average High 
Season Season 

GPCD GPCD 

39 69 
40 62 

56 93 
80 125 

43 77 
79 126 
47 67 

45 82 
64 98 

27 43 
39 60 

40 69 
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TABLE 4.4-3 
TECHNICAL DATA REVIEW PANEL 

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-ft) " 

1995 Municipal 19.6 6.0 24.7 6.5 
Manufacturing 0.4 L 0.4 _2_ 

20.0 8.0 25.1 8.5 

2000 Municipal 41.8 11.3 53.5 12.4 
Manufacturing ....!4 _5_ ...1..:.2. _5_ 

43.0 16.3 54.7 17.4 

2010 Municipal 73.6 16.6 87.3 17.0 
Manufacturing ~ _7_ ...l..:.Z _7_ 

75.8 23.6 89.5 24.0 

2020 Municipal 109.5 20.2 126.2 20.6 
Manufacturing 3.8 .!!L_ 3.8 .!!L_ 

113.3 30.2 130.0 30.6 

2030 Municipal 152.6 22.2 176.0 22.2 
Manufacturing 5.7 ll_ 5.7 ll.._ 

158.3 34.2 181.7 34.2 

2040 Municipal 173.7 22.4 201.4 22.5 
Manufacturing 9.0 1.5_ 9.0 lL_ 

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 

Seasonal Use 
Measure Enact a strict landscape ordinance and programs 

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 
Results 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 Enact Plumbing Code and Retrofit Ordinances 

Results 

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 
262,000 homes and 
504,000 homes and 

Other Measures 

apartments by 1995 
apartments by 2000 
apartments by 2010 

Measure Leak detection, commercial water conservation, and 
education programs to change personal water use 
habits and encourage the purchase of effective 

Results 
appliances 
2.0 percent 
3.0 percent 
6.0 percent 
7.5 percent 
8.0 percent 
8.0 percent 

savings 
savings 
savings 
savings 
savings 
savings 

by 
by 
by 
by 
by 
by 

1995 
2000 
2010 
2020 
2030 
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 

SECTOR 

Municipal (1) 
and Industry 

Agriculture 

Aquaculture 

TEXAS WATER COMMISSION (1) 

ESTIMATED 
ACHIEVABLE WATER 
SAVINGS (AC-FT) 

45,000 to 68,000 

40,000 to 52,000 

3,000 to 5,000 

88,000 to 125,000 

PERCENTAGE 
REDUCTION 

17% to 23% 

CONSERVATION 
MEASURES 

>plumbing retrofit/ 
replacement 

>reduce seasonal outdoor 
water use: 

-conservation pricing 
-xeriscape programs 
-media campaign 

>reuse 

>conversion to best 
technology 

>use of best management 
practices 

>reuse 

(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 
1988 REGIONAL WATER PLAN 

, 
1 

Est. Unit cost target Application total 'fotal Cost Per Acco•pl1shed l 
Vult or Popa1at1on late Savings Cost AF Saved by 

Action 

savings total Cost (EUVD) (EUVD) AF/YI . $/II 
:::::::::::aa:a:aaa::a:aaa:a::::::a:::::::::::::::::::::::::aa:::::::::::::::::::::::::a:::::::::::::::::::::::::::::::~:::: ~ 

SUPPOitlVI PIOGIAKS (all residents yr 2000) 
Publ1c Ed. 1.0 gpcd $200,000 1,636,313 751 1,315 $200,000 $US Education 
School Ed. 1.0 gpcd $200,000 1,636,373 751 1,375 $200,000 $US Education l 
Prlclng 

1,636,313 1001 6,U6 $0 tua. Bloct 3.5 gpcd 
Seaa. Block 2.0 gpcd 1,636,373 1001 3,666 $0 
Penalty .5 gpcd 1,636,313 101 91 $0 

teat Detection Prograas $3000/alle 1001 600 $150,000 

lEV COISJIUC'flOI (housing u~its constructed batveen 1990 and 2000) 
LF foUets 10 gpcd $0 277,2.70 lOOS 3,106 $0 
LF Shover 6.7 gpcd $0 277,270 1001 2,081 $0 
II Dlshvasher 2.0 gpcd $0 2.77,270 lOGS 621 $0 
Pipe Insulation 2..0 gpcd $0.62/ft 277,270 lOOS 621 $99,400 
Pres legalatton 3.0 gpcd $70.00 277,270 50S (65 $17,700 
Faucet Aerator .s gpcd $2.00 27'1,270 lOOS 155 $7,300 
IE lashing Hach 5.0 gpcd $70.00 27'1,270 75S 1,164 $66,000 
Gray Vater Sys. 2.77,270 volautary 

Landscape Kea~ures for lev Construction (housing units constructed between 1990 and 2000) 
Ll Landscape 2j.0 gpcd $2000/boae 277,270 751 5,591 $10,903,000 
LV Irrlg 13,0 ·gpcd .$1500/holl 27'1,2.70 75S 3,028 $8,236,000 
U. Sensors s.o gpcd $1200/boae 27'1,270 75S 1,16j $6,600,000 

iE'fROFI! DEVICES (housing units built before 1990) 
s. Flov lest 6.7.gpcd. $0.50 1,359,103 
toilet Daas f.S gpcd $10.00 1,359,103 
Pressure legal. 3.0 gpcd $70.00 1,359,103 
Faucet Aerators .s gpcd $2.00 · 1,359,103 
Pipe Insulation o.s gpcd $0.67/ft 1,359,103 
lepl !oilets 10. gpcd $300 1,359,103 

50S 
50S 
50S 
50S 
ISS 
25S 

Landscape Irrigation (housing anlts constructed before 1990) 
latering Prg 3.0 gpcd $100,000 1,359,103 sos 
Irrtg·Sched 3.0 gpcd $100,000 1,359,103 50S 

PUBLIC FACILI!T IE!IOFI! (all public facilities) 
!oilat Daas 1 g/f1ush $10.00 lOGS 
Faucet Aerators .s gpa $2..00 lOGS 
Auto Faucet $25.00 lOOl 
LF Shovers 1.5 gpa $15.00 lOOl 

Pabltc Facility Laadscapes (all public facilities) 
Irr1g Schad 201 raduct1oo 1a seasoaal OAF vater 1001 

5,100 
3,t30 
2,280 

380 
115 

3,806 

2,28( 
2,284 

700 
so 
50 

325 

2,500 

$6,000 
$(8,000 
$87,000 
$18,000 
$9,000 

$339,000" 

$100,000 
$100,000 

$9,800 
$2,000 
$5,000 
$2,000 

$25,000 

$0 
$0 
$0 

$2.50 

$0 
$0 
$0 

$1600 
$380 
$t10 
$570 

$19,500 
$27,200 
$56,700 

$12 
$UO 
$380 
$f70 
$820 
$890 

$(3 
$«3 

$140 
$380 
$900 
$60 

$10 

Policy Change 
Policy Change l ... 
Policy Change .. 

Halnt Policy 

Ordinance 
Ordinance 
Ordinance 
Ordinance 
Ordinance 
Ordinance 
Ordinance 
Incentive 

Ordinance 
Ordinance 
Ordinance 

l 
1 
l 
l 
l 

Retrofit Ord.l 
Retrofit Ord. · 
Betroflt Ord. 
Retrof 1 t Ord ·l•• 
Retrofit Ord. 
Retrofit Ord. 

Education 
Education 

l 
1 

Govt Replace l ... 
Govt. Replace . : 
Govt Replace 
Govt Replace 

l 
Na1nt Polley 

Reprinted from Bulletin 50, Compilation of Hydrologic Data for the Edwards Aquifer. San Antonio Area. Texas, 
1990 with 1934·1990 Summary, 1991, prepared for Edwards Underground ~ater Dfstrfct by United States Geological Survey 

252----------------------------------------------------------- l 



==, ~ r-, ,., r-=, ~ """"'"I ~ ' """fJ ~ ~""=j '""""'J ' ""'I 1 """",J """""""'J r·, """"""'j """'""'I -==, 

..., 
"' w 

35 

SOURCE: TEXAS WATER DEVELOPMENT BOARD 

PERCENT OF TOTAL AVERAGE MUNICIPAL 

USE THAT IS SEASONAL USE 

FOR AVERAGE YEAR 

FIGURE 4.4-1 



TEXAS WATER DEVELOPMENT BOARD 
WATER USE PROJECTIONS 
FIGURE 4.4-2 

High 
..-- Population­

Series 

Municipal 

Projections 
Each Use 

Without 
High {Conser~ation -- (value) 

Per Capita 
Use With _ (value) 

Conservation 

Without --(value) 
Average { Conservation 
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Introduction 

5.1 
UNITED 
STATES 

GEOWGICAL 
SURVEY 

5.0 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. 1his 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 rainfalVrunoff/recharge relationship throughout the 
aquifer recharge area. 

5.1.1 M.ElHODS 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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For streams that begin above and cross the recharge area, recharge to the Edwards Aquifer is estimated l 
using the stream flow data rollected 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 l 
cross the recharge area are the Nueces#West Nueces and Frio#Dry Frio river systems, Sabinal River, 
Sero Creek, Hondo Creek and Blanro River. These basins are sufficiently instrumented with rainfall 
and stream gages to apply this method. l 
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 1 
zone the equation is: 

R = (Qu • Ql) CF (equ. 1) 
R =Recharge 
Qu = flow at upper streamflow gage 
Ql = flow at lower streamflow gage 
CF = factor to ronven day second feet to acre#feet 

l 
l 

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 ro the stream within a shon distance (less than a kilometer) is 
ronsidered rejected. 1 
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Figure 5.1 .. 2 

For months when measurable rain produces runoff, the estimation method is considerably more 
complicated. The recharge equation then is: 

R = (Qu + SI - Ql) 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 Eon 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. 
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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 inAltration components is given as Qtu 
in Equation 3 following. Then SI, the floodflow and recharge or direct inAltration 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 (Qtu)DAR (equ. 3) where: 
SI = Runoff and direct inAltration in the recharge area 
RF = Rainfall correction factor 

Average rainfall in the rechame zone· 
Average rainfall in the catchment area 

DAR = Drainage area ratio 
Drainage area of rechwge zone 
Drainage area of catchment zone 

Qru = Sum of flood flow and recharge components for catchment area 

Equation 2 is then solved for the gaged basins. 

, 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
1 
l , 

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 j 
of the two basins. 

262-------------------------------------------------------------------- l 



r 
r 

r 
r 
r 
L 

r 
r 
r ' 

r 
r 
r 
r 
r 
r 
r 
r 

5.2 

A third method is used in several basins that are too large for the second method but are not fully 
insttumented. 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 detennined for 
the adjacent insttumented 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 consttucted 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 1934to 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 Nan1ral 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 JlESlJLTS 

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 50. Compilation of Hvdrologic Data for the Edwards 
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. 

TEXAS WATEil 5.2.1 MElliODS OF REcHARGE CALCUlATION 

DEVELOPMENT 
BOARD In 1991 the Texas Water Development Board, the Nueces River Authority, the City of Corpus Christi, 
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5.3 
EDWARDS 

UNDER .. 
GROUND 

WATER 
DISTRICT 

the Edwards Underground Water District and the South Texas Water Authority engaged a consultant, 
J 

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 j 
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 repon, Regional Water Syooly Planning Srudy--Phase I. 
Nueces Riyer 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 is a 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 convening the water supply in the lake from irrigation use to recharge of the Edwards Aquifer. The 
repon was published as Medina Lake Hydrology Srudy, Espey, Huston & Associates, 1989. This repon 
is funher described in Section 3.0 SOURCES OF SUPPLY. 

EH&A, after an extensive analysis described in Appendix B of the referenced repon 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 
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Table 5.3 .. 1 

HISTORICAL RECHARGE - MEDINA RIVER 

SOURCE: EDWARDS UNDERGROUND WATER DISTRICT 
UNITS ACRE FEET 

Yoar Hodina Lako Dlvoroion Lako 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 

1970 33,504.8 16,857.9 50,362.7 

1971 32,671.1 16,670.4 49,341.5 

1972 36,105.1 16,896.0 53,001.1 

1973 36,196.9 16,896.0 53,092.9 

1974 36,o:n.1 16,896.0 52,917.1 

1975 36,055.4 16,896.0 52.951.4 

1976 35,590.5 16,896.0 52,486.5 

1977 35,773.6 16,896.0 52,6~9.6 

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 35,628.8 16,896.0 52,524.8 

1982 3!>,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 28,583.7 16,611.5 45,195.2 

1986 31,834.3 16,766.6 48,600.9 

toTAL 1,381,256.5 749,011.6 2,130,268.1 

AVEIWl! 30,027.3 16,282.9 46,310.2 

Ropr1ntod f~ Medina lokg Hydrplpqy Studv, 1989, proparod for !dvardG Ondorground 
Wator Diotrict by Eopoy Huoton and ADOOC1DtOD 

LIMITATIONS ON THE USE OF THIS DATAl 
BDR Eng1noor1ng, Inc. roporta that thooo ootUnatoo havo a rango of uncortainty of 15•20\ for dry 
yoaro and 25\ for vot yoaro. 
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5.4 
COMPARISONS 

Figure 5.4,1 

Lowry's earlier analysis) was made difficult by the lack of flow data associated with the reservoir J 
operations, i.e., inflow to the lake, downstream flows and diversions. After extensive analysis, including 
a re,creation ofLowry'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 opemtion 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 avemge 
of 26.3% more or I 02,000 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. OJmparing 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 Repon that the difference in USGS 
and TWDB estimates occurs 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 concerns about the other's method. USGS represenra, 
rives 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. 
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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 

Nueces-West Nueces Rivers 

Frio-Dry Frio Rivers 
Leona River and Blanco Creek 

Sabinal River 
Adjacent area: 

Little Blanco, Holton 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 Leona Creeks 

East and West Prongs 
Dry Comal Creek 

Blanco River and adjacent area: 
Blanco River 
Sink, Purgatory, York and 
Alligator creeks 

METHOD USED TO ESTIMATE RECHARGE 

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 fran 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 fran nearby streamflow stations times area 
and adjusted for the same proportion of runoff estimated 
to be recharge in Dry Comal Creeks basin 
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Table 5.1-2 

~:·. 

'-

Technical Data Review Panel 

~ RECORD OF ESTIMATED RECHARGE TO THB EDWARDS AQUIFER 

l (thousands of acre-feet) 

Sourcet United States Geological Survey 

r til en- lluires:wsl Frto-Dry Sabinal Area between Red ina Area bet~teen Cibolo Creek Blanco 
dar Hueces Frto Rtver Sabinal River River Hedtna River ba- ond Dry River Total 

year River basin River basin and Medina basin sin and Cibolo tomal Creek basin 
basin ~/ ~I River basins ~I ~I Creek basin ~/ basins ~I 

r 1934 8.6 27.9 7.5 19.9 46.5 21.0 28.4 19.8 179.6 
1935 411.3 192.3 56.6 166.2 71.1 138.2 182.7 39.8 1,258.2 

r 1936 176.5 157.4 43.5 142.9 91.6 108.9 146.1 42.7 909.6 "" 1937 28.8 75.7 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 

r 1939 227.0 49.5 17.0 33.1 42.4 9.3 9.6 I 1.1 399.0 
1940 50.4 60.3 23.8 56.6 38.8 29.3 30.8 18.8 308.8 
1941 89.9 151.8 50.6 139.0 54.1 116.3 191.2 57.8 850.7 
1942 103.5 95.1 34.0 84.4 51.7 66.9 93.6 28.6 557.8 
1943 36.5 42.3 11.1 33.8 41.5 29.5 58.3 20.1 273.1 

~ 1944 64.1 76.0 24.8 74.3 50.5 72.5 152.5 46.2 560.9 

t 1945 47.3 71.1 30.8 78.6 54.8 79.6 129.9 35.7 527.8 
1946 80.9 54.2 16.5 52.0 51.4 105.1 155.3 40.7 556.1 
1947 72.4 77.7 16.7 45.2 44.0 55.5 79.5 31.6 422.6 
1948 41.1 25.6 26.0 20.2 14.8 17.5 19.9 13.2 178.3 

r 1949 166.0 86.1 31.5 70.3 33.0 41.8 55.9 23.5 508.1 
[ 1950 41.5 35.5 13.3 27.0 23.6 17.3 24.6 17.4 200.2 

1951 18.3 28.4 7.3 26.4 21.1 15.3 12.5 10.6 139.9 
1952 27.9 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 r 1954 61.3 31.6 7.1 11.9 25.3 4.2 10.0 10.7 162.1 
1955 128.0 22.1 0.6 1.7 16.5 4.3 3.3 9.5 192.0 
1956 15.6 4.2 1.6 3.6 6.3 2.0 2.2 8.2 43.7 
1957 108.6 133.6 65.4 129.5 55.6 175.6 397.9 76.4 1,142.6 
1958 266.7 300.0 223.8 294.9 95.5 190.9 268.7 70.7 1,711.2 r 1959 109.6 158.9 61.6 96.7 94.7 57.4 77.9 33.6 690.4 
1960 88.7 128.1 64.9 121.0 104.0 89.7 160.0 62.4 824.8 
1961 85.2 151.3 57.4 105.4 88.3 69.3 110.8 49.4 717 .I 
1962 47.4 46.6 4.3 23.5 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 r 1964 126.1 57.1 16.3 61.3 43.3 35.8 51.1 22.2 4JJ.2 
1965 97.9 83.0 23.2 104.0 54.6 78.8 115.3 66.7 623.5 
1966 169.2 134.0 37.7 78.2 50.5 44.5 66.5 34.6 615.2 
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 55.4 60.2 99.9 46.6 610.5 
t 1970 112.6 141.9 35.4 81.6 68.0 68.8 113.8 39.5 661.6 

1971 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 97.6 237.2 211.7 82.2 1,486.5 r 1974 91.1 135.7 36.1 115.3 96.2 68.1 76.9 39.1 658.5 
1975 71.8 143.6 47.9 195.9 93.4 138.8 195.7 85.9 973.0 
1976 150.7 238.6 68.2 182.0 94.5 47.9 54.3 57.9 894.1 
1977 102.9 193.0 62.7 159.5 77.7 97.9 191.6 66.7 952.0 

r 1978 69.8 73.1 30.9 103.7 76.7 49.6 72.4 26.3 502.5 
1979 128.4 201.4 68.6 203.1 89.4 85.4 266.3 75.2 1,117.8 
1980 58.6 85.6 42.6 25.3 88.3 18.8 55.4 31.8 406.4 
1981 205.0 365.2 105.6 252.1 91.3 165.0 196.8 67.3 1,448.4 
1982 19.4 123.4 21.0 90.9 76.8 22.6 44.8 23.5 422.4 
1983 79.2 85.9 20.1 42.9 74.4 31.9 62.5 23.2 420.1. r 1984 32.4 40.4 8.8 18.1 43.9 11.3 16.9 25.9 197.9 . 1985 105.9 186.9 50.7 148.5 64.7 136.7 259.2 50.7 1,003.3 

"- 1986 188.4 192.8 42.2 113.6 74.7 170.2 267.4 44.5 1.153.7 
1987 308.5 413.3 110.7 405.5 90.4 229.3 270.9 114.9 2.003.6 

r 1988 59.2 117.9 11.0 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 71.8 41.3 1,123.2 

~vtMGL 111.1 . 119.9 lB.& 9B.O &0.7 &7.2 103.5 ]7.8 &36:7 

r a/ Olrrerences may occur due to rounding procedures. 
§I Includes recharge From 1aged end unga2ed areas ~lthln the basin. 
fl Recharge lo Edwards aqu rer rro. the edina River basin consists entirely or losses rrom Hedlna lake (Puente, 

1918, p. 23), . 

r Reprinted from Bull~~jn 50, Cgmel!a~jon of H~rolggic Data for the Edwards agyffer, ~~~ Bntgolo area, Texas, 
199D whh 1934·1990 Sl.m'll8ry, 1991, prepared for Edwards Underground Water District by Unl ted States Geological 
Survey 
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TABLE 5.2-1 J TECHNICAL DATA REVIEW PANEL 

RECORD OF ESTIMATED RECHARGE TO THE EDWARDS AQUIFER 

J NUECES RIVER BASIN 

SOURCE: TEXAS WATER DEVELOPMENT BOARD 
UNITS . ACRE FEET ] . 

YEAR NUECES FRIO SABINAL HONDO, SECO TOTAL 
BASIN BASIN BASIN AND VERDE J BASINS 

1934 32889 34733 9383 35751 112756 

1935 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 J 
1941 102464 143376 44657 149606 440103 

1942 79296 85483 26855 70992 262626 , 
1943 53958 45464 14284 36531 150237 

1944 96031 103685 22108 59902 281726 J 1945 58175 96568 27181 77859 259783 

1946 105067 78828 22448 55891 262234 

1947 100972 81214 19759 45056 247001 j 
1948 55926 50832 12338 24536 143632 

1949 116471 111923 28351 84020 340765 J 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 1 
1955 205474 30774 3206 11715 251169 

1956 25319 9345 4224 19828 58716 , 
1957 104250 92879 22490 125602 345221 

1958 199766 255735 70117 228570 754188 

l 1959 104504 172540 51863 102333 431240 

1960 95579 133568 60338 118523 408008 

l 
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Table 5.2-1 

YEAR 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

AVERAGE 

NUECES 
BASIN 

123931 

57671 

47126 

134656 

114710 

123092 

82245 

95065 

120252 

77417 

167028 

62963 

146650 

45291 

68271 

123277 

18157 

63320 

87809 

52312 

99236 

40941 

91758 

55405 

91366 

96000 

91216 

52841 

45222 

88744 

FRIO 
BASIN 

163843 

53458 

38198 

67406 

90686 

100837 

139032 

183488 

116967 

124183 

178302 

126817 

210451 

142177 

127406 

250626 

180811 

80599 

152844 

68291 

236963 

100673 

80656 

46221 

172152 

134742 

288401 

97972 

49915 

111739 

SABINAL 
BASIN 

52613 

5202 

6559 

19902 

44792 

33251 

39003 

75500 

35794 

33424 

32839 

44298 

56717 

41640 

43110 

65417 

60106 

37764 

52182 

23481 

79443 

22684 

26657 

16221 

55982 

46738 

77781 

16541 

8282 

32581 

HONDO, SECO 
AND VERDE 

BASINS 

91190 

13843 

7290 

75919 

98619 

77539 

75835 

193375 

97605 

77191 

124244 

128544 

269403 

83499 

152369 

183978 

127797 

77687 

188737 

29748 

216121 

38100 

51331 

26483 

175471 

144759 

294862 

19013 

13843 

92998 

Page 2 

TOTAL 

431577 

130174 

99173 

297883 

348807 

334719 

336115 

547428 

370618 

312215 

502413 

362622 

683221 

312607 

391156 

623298 

386871 

259370 

481572 

173832 

631763 

202398 

250402 

144330 

494971 

422239 

752260 

186367 

117262 

3260 

Reprinted from Regime Water Supply Planning Study - Phase I Nueces River r 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. 

r 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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TABLE 5.3-1 
TECHNICAL DATA REVIEW PANEL 

HISTORICAL RECHARGE - MEDINA RIVER 

SOURCE: 
UNITS : 

EDWARDS UNDERGROUND WATER DISTRICT 
ACRE FEET 

Year Medina Lake Diversion Lake 

1940 35,537.9 16,894.7 

1941 36,115.7 16,896.0 

1942 35,978.4 16,896.0 

1943 34,404.4 16,827.4 

1944 33,524.5 16,843.5 

1945 34,802.9 16,891.8 

1946 34,094.1 16,863.8 

1947 35,209.1 16,874.8 

1948 32,306.6 16,656.8 

1949 30,322.2 16,590.9 

1950 27,702.7 16,307.8 

1951 23,847.4 16,020.4 

1952 20,040.7 15,766.4 

1953 16,689.2 15,513.1 

1954 12,843.6 14,023.8 

1955 4,883.9 7,375.4 

1956 2,074.8 1,662.9 

1957 18,510.7 12,521.9 

1958 35,252.4 16,896.0 

1959 36,051.0 16,896.0 

1960 35,989.3 16,896.0 

1961 35,781.1 16,896.0 

1962 31,481.9 16,611.7 

1963 22,749.4 15,925.0 

1964 14,771.1 14,680.7 

1965 23,457.7 16,121.9 

1966 23,584.8 16,137.3 

1967 19,041.5 15,730.9 

1968 29,568.6 16,737.4 

1969 30,137.4 16,616.7 

Page 

Total 

52,432.6 

53,011.7 

52,874.4 

51,231.8 

50,368.0 

51,694.7 

50,957.9 

52,083.9 

48,963.4 

46,913.1 

44,010.5 

39,867.8 

35,807.1 

32,202.3 

26,867.4 

12,259.3 

3,737.7 

31,032.6 

52,148.4 

52,947.0 

52,885.3 

52,677.1 

48,093.6 

38,674.4 

29,451.8 

39,579.6 

39,722.1 

34,772.4 

46,306.0 

46,754.1 
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Table 5.3-1 Page 2 
r' 
t Year Medina Lake Diversion Lake Total 

r 1970 33,504.8 16,857.9 50,362.7 

1: 1971 32,671.1 16,670.4 49,341.5 
~ 

1972 36,105.1 16,896.0 53,001.1 
~ 1973 36,196.9 16,896.0 53,092.9 I' 

L 
1974 36,021.1 16,896.0 52,917.1 

r 1975 36,055.4 16,896.0 52,951.4 ,. 
I 

16,896.0 1976 35,590.5 52,486.5 

r 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 {i 

l 
1981 35,628.8 16,896.0 52,524.8 

c 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 r 1985 28,583.7 16,611.5 45,195.2 t 
1986 31,834.3 16,766.6 48,600.9 

~ TOTAL 1,381,256.5 749,011.6 2,130,268.1 
u AVERAGE 30,027.3 16,282.9 46,310.2 

1PI 
I' 
L 

Reprinted from Medina lake Hydrology Study, 1989, prepared for Edwards Underground 
~ Water District by Espey Huston and Associates 

!i 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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TABLE 5.4-1 
TECHNICAL DATA REVIEW PANEL J 

COMPARISON OF EDWARDS AQUIFER RECHARGE ESTIMATES 
NUECES RIVER BASIN 

J 
SOURCE: TABLES 5.1-2 AND 5.2-1 
UNITS . ACRE FEET l . 

YEAR TEXAS WATER UNITED STATES DIFFERENCE 
DEVELOPMENT BOARD GEOLOGICAL SURVEY USGS - TWDB ] 

1934 112756 63900 -48,856 

1935 821231 826400 5,169 

_1 1936 591363 520300 -71,063 

1937 187841 187300 -541 

1938 201744 207800 6,056 
, 
__j 

1939 349832 326600 -23,232 

1940 205687 191100 -14,587 J 1941 440103 431300 -8,803 

1942 262626 317000 54,374 

.1 1943 150237 123700 -26,537 

1944 281726 239200 -42,526 

1945 259783 227800 -31,983 j 
_\ 

1946 262234 203600 -58,634 

1947 247001 212000 -35,001 ] 
1948 143632 112900 -30,732 

1949 340765 353900 13,135 

j 1950 144837 117300 -27,537 

1951 138365 80400 -57,965 

1952 95687 77000 -18,687 j 
1953 99831 44100 -55,731 

1954 85996 111900 25,904 l 1955 251169 158400 -92,769 

1956 58716 25000 -33,716 

l 1957 345221 437100 91,879 

1958 754188 1085400 331,212 

1959 431240 426800 -4,440 J 1960 408008 408700 692 

1961 431577 399300 -32,277 j 

276 l 
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YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

TEXAS WATER 
DEVELOPMENT BOARD 

130174 

99173 

297883 

348807 

334719 

336115 

547428 

370618 

312215 

502413 

362622 

683221 

312607 

391156 

623298 

386871 

259370 

481572 

173832 

631763 

202398 

250402 

144330 

494971 

422239 

752260 

186367 

117262 

AVERAGE 326062 
LIMITATIONS ON THE USE OF THIS DATA: 
See notes on Tables 5.1-2 and 5.2-1 about 

Page 2 

UNITED STATES DIFFERENCE 
GEOLOGICAL SURVEY USGS - TWDB 

121800 -8,374 

82000 -17,173 

260800 -37,083 

308100 -40,707 

419100 84,381 

315300 -20,815 

571900 24,472 

348400 -22,218 

371500 59,285 

670600 168,187 

456600 93,978 

857800 174,579 

378200 65,593 

459200 68,044 

639500 16,202 

518100 131,229 

277500 18,130 

601500 119,928 

212100 38,268 

927900 296,137 

254700 52,302 

228100 -22,302 

99700 -44,630 

492000 -2,971 

597000 174,761 

1298000 545,740 

219000 32,633 

127139 9,877 

357674 31,612 

accuracy of data. 

r ------------------------------------------------------------------177 



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 52,874.4 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 

J 
Page 1 J 

J 
] 

l 
J 
] 

J 
J , 
J 
] 

, 
_J , 
1 , 
1 
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Table 5.4-2 Page 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 

UNGAGED DRAINAGE AREA 

ECHARGE AREA: 
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Fiqure 5.1-2 

GRAPHICAL SEPARATION OF A HYPOTHETICAL 
HYDROGRAPH FOR ESTIMATING THE 
COMPONENTS OF DIRECT PRECIPITATION 
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lntToduction 

6.1 
EDWARDS 
AQUIFER 

6.0 WATER QUALITY 

This section addresses water quality in terms of potential constraints on use of water sources 
avaiJable 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 srudy 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 OF 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 effon. Groundwater quality data for the other aquifers 
in the study area is available from the 1NRIS. 

6.1.1 GENERAL CoNDITIONS OF WATER QUAUlY 

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 WAnR QUAU'IY DATA J 
This effort will not attempt to accumulate and present the extensive record of water quality data for _1_'_ 

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, Chemical and Bacteriological Duality of Water at 
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 J 
annual bulletins prepared by USGS for EUWD. 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, Hydrochemical Data ror the Edwards Aquifer in rhe San Antonio Area. 
~.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 Chemi§trv of the 
Edwards Aquifer to Hydrweoloi,Vand Land Use. San Antonio Region. Texas. United States 
Geological Survey, (Buzka), 1987. 

3. Open File Report 85-182, Statistical Summarv of Water Duality Data <Allecred from 
Selected Wells and Springs in the Edwards Aquifer near San Antonio. 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 

J 
J 
l 
J 
J 
] 

l 
The Edwards Aquifer Research and Data Center (EARDC) has a significant but irregular program of J 
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 conttaos to \')enctm. 
The EARDC does not have any continuing programs in place to monitor long term water quality 1 
changes in the Edwards Aquifer. 

6.1.2.3 Municipal Water Purveyors J 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 G.>mmission. Each municipal water purveyor has a record l· 
of water quality data for that purveyor•s System according to the regulatory requirements fur testing. The 
requirements in effect ror sampling and testing are continually changing, generally requiring monitor-
ing of an increasing number of water quality constituents with time. · l 
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Table 6.1-1 

WATER QUALITY CONSTITUENTS ANALYZED BY 
UNITED STATES GEOLOGICAL SURVEY, 1990 

SELECTED PROPERTIES. COMMQH IHOBGANIC CONSTITUENTS. NUTRIENTS. AHD 
DISSOLVED OBGAHIC CARBQH 
Specific conductance 

PH 

Temporaturo 

Alkalinity 

Ho.rdnooa, Total 

Calcium, Diaaolvad 

Kaqnoaium, Dioaolved 

Sodium, Dieeolvod 

Potaooium, Diooolved 

Sulfate, Diooolved 

Chloride, Dioaolved 

MINOR ELEHEHTS 
Araenic, Diaoolved 

Barium, Dioaolved 

Cadmium, Diaaolvad 

ChromiWII1 Dieaolvod 

coppor, Dieoolved 

Iron, Dioaolvad 

PESTICIDES 

Perthano, Total 

Naphthalenes, Polychlor., total 

Aldrin, total 

Lindane, total 

Chlordane, total 

DDD, total 

DDE, total 

DDT, total 

Dieldrin, total 

Endooulfan, total 

Endrin, total 

Ethion, total 

Toxaphene, total 

yoLATILE ORGAniC CQMPOYNDS 
Dichlorobromometbane, total 

Carbontetrachloride, total 

1,2-Dichloroathane, total 

Brcmoform, total 

Chlorodibrcmomothane, total 

Toluene, total 

Ben&ono, total 

Chlorobon:ene, total 

Chloroothane, total 

Ethylbenzane, total 

Kothylbromide, total 

Hathylchloride, total 

Methylene chloride, total 

Tetrachloroethylene, total 

Trichlorofluoromotbane, total 

1,1-Dichloroethane, total 

Xylene, total water whole tot rae 

ISOTQPES 
Tritium, total 

H-2/H-1 stable iaotopo 

Fluoride, Diaoolvod 

Silica, Diaaolvod 

Nitrogen, Total 

Nitrogen, Ammonia, Total 

Nitrogen, Nitrite, Total 

Nitrogen, Nitrate, total 

Nitrogen, Ammonia + Organic, Total 

Nitrogen, N02+N03, Total 

Phoophorua, Total 

Carbon, Organic, Diooelved 

Lead, Diooolvod 

Manqaneoe, Diooolved 

Silver, Diaoolved 

line, D1D11olved 

Selenium, Dioaelvod 

Mercury, Dioaelved 

Boptachler, total 

Heptachlor epoxide, total 

PCB, total 

Malathion, total 

Parathion, total 

Dl.azl.non, total 

Methyl Parathion, total 

2,4-D, total 

2,4,5-T, total 

Kirex, total 

sUvex, total 

total trithion 

Kothyl trl.thion, total 

1,1-Dichloroethylene, total 

1,1,1-Trichloroethane, total 

1,1,2-Trichloroethane, total 

1,1,2,2 Tetrachloroethane, total 

1,2-Dichlorobonzene, total 

1,2-Dichloropropane, total 

1,2-Tranodichloroethene, total 

1,3-Dichloropropene, total 

1,3-Dichlorobenzene, total 

1,4-Dichlorobonzeno, total 

2-cbloroothylvinylethor, total 

Dichlorodifluoromethane, total 

CIS 1,3-Dichloropropone, total 

Vinyl Chloride, total 

Trichloroethylene, total 

Styrene, total 

o-18/o-16 Stablo iootopo 

------------------------------------------------------------------189 



Table 6.1-2 J 
CITY WATER BOARD COMPOSITE CONSTITUENT LEVELS 

SAN ANTONIO, TEXAS l 
PRIMARY DRINKING WATER STANDARDS 

II CONSTITUENT* 1987 1988 1989 1990 MCL** II 
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 <0.005 <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 <0.005 <0.005 0.010 

Silver <0.5 <0.01 <0.001 <0.001 o.oso J 
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 o.oos 

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) l 
Radioactivity: 

Gross Alpha <2pCi <2pCi < 2 < 2 15 
pCi/L ] 

Gross Beta <3pCi <3pCi < 3 < 3 50 
pCi/L 

Organics: 

Vinyl Chloride :<o;oo2 <0.002 0.0002 
J 

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 0.005 

Benzene <0.001 <0.001 0.005 l 
1,2 Dichloroethane <0.001 <0.001 o.oos 

Trichloroethylene <0.001 <0.001 0.005 

1,4 Dichlorobenzene <0.001 <0.001 0.075 

, 
- J 

• 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) 1 

l 
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 reponed 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 size of the municipal water purveyor. The 
three principal classes of purveyors are: systems serving fewer than 3,300 pt'Ople, 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, 
turbidity, 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 relics on the USGS program of 
sampling and testing Edwards water, as described above in 6.1.2.1. All data from previous lWDB 
testing and from the USGS program are available in the TNRIS computerized data bank. 

The Texas Water G>mmission (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 pcrfonns intensive surveys in areas 
where water quality problems are known to exist. For example, the San Antonio River and its 
tributaries in Bexar G>unty, 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 Oualitv lnvcntoO' Reoort 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 LocALIZED CoNTAMINANT PRoBLEMs 

Three instances of contamination of the Edwards Aquifer by point· source pollutants have been 
reponed. 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 fonnations 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 ofT aylor Slough and Highway 90 in Uvalde, Texas, the Edwards Aquifer was contaminated 
with tetrachloroethylene from a site occupied by a commercial cleaning service. In this area 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 nor be used for drinking water at present. No public wells were affected. This 
information was taken from a report, lnveS(igation of Volatile Organic Comoounds in Groundwater 
Uyalde. 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 
A venue Landfill, an out of use landfill in a quarry pit in northern San Antonio. After the contamination 
was discovered the site WdS capped and contoured to minimize surfucc infiltration of water and leachate 
recovery wells were installed. No public or private wells are affected by this contamination. This 
infonnation was reponed 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 _'1 
the intersection of Thousand Oaks Blvd. and Jones-Maltsberger 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 wne J 
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/SALJNE .. WATER INTERFACE 

The freshwater/saline-water interface defines the southern and southeastern limit of the freshwaterwne ] 
of the Edwards Aquifer. The potential for movement of saline-water into the freshwater wne during 
periods of lower levels in the aquifer has been a long-standing water quality concern. 
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Historically the freshwater/saline-water interface has been defined as the "bad water line," a line drawn 
1 

where dissolved solids levels in the aquifer equallOOO mg/1, generally a level of dissolved solids above 

1 
... 

which the water is unusable for human or agricultural uses. The normal dissolved solids levels in the 
aquifer are 250-300 mg/1. 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 horiwntally down gradient. 1 
Significant studies of the freshwater/saline-water interface are described following. 
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6.1.4.1 Bad Water Line Experiment, San Antonio, Texas 

In this srudy 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. Omstruction 
and TesringofMonitor Wells for the Edwards Aquifer Bad Water Line Exoerimcnt, William F. Guyton 
and Associates, Inc., November 1986, and Hydrologic Data from a Study of the Freshwater Zemel 
Saline-Water Zone Interface in the Edwards Agujfer. San 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 Carnal and San Marcos Springs. Significant findings from this 
effort are reported in the Executive Summary ofReport 92-02, Inve§tigation ofFreshwater/Saline-Water 
Interface in the Edwards Aguifer in New Braunfels and San Marcos. Texas, Edwards Underground Water 
District, May 1992, and are summarized following. 

At New Braunfels and San Marcos the saline water ( 1000 mg/1 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 Carnal 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 Uodip Movement of Saline Water in 
tbe Edwards Agujfer. San Antonio. Texas, U.S. Geological Survey, (Perez), 1986, a computer mod­
elling effort to estimate the magnirude of potential saline water intruSion to the freshwater area of the 
Edwards Aquifer was reponed. 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 Logs in the Edwards Agyifer to Estimate Water Ouality along the 
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 srudy was to more clearly delineate the limits of 
the freshwater/saline-water interface. The conclusions of the srudy 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. J 
Variation in water quality may occur vertically from zone to zone at one location. 

EUWD staff members reponed 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 1WC. 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 6.2J, the "Edwards 
Aquifer Rules" were amended to include regulation of hydrocarbon hazardous material storage and 
landfills in the "transition zone." The transition zone, as defined by the Edwards Aquifer Rules includes 
an area from eastern Medina O>unty east and northeast to the limit of the Edwards Aquifer (San 
Antonio Pool) in eastern Hays O>unty. 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 pan 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 O>mal 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 funher discussion in this text was not necessary. One member suggested that a go00 gage 
of surface water quality could be developed by com(ming historical water quality data with the stream 
standards for water quality set out in the 1WC regulatory program. 
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TABLE 6.1-1 
TECHNICAL DATA REVIEW PANEL 

WATER QUALITY CONSTITUENTS ANALYZED BY 
UNITED STATES GEOLOGICAL SURVEY, 1990 

Paqe 1 

SELECTED PROPERTIES. COMMQN INORGANIC CONSTITUENTS. NUTRIENTS. AND 
DISSOLVED ORGANIC CABBON 

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 

Fluoride, Dissolved 

Silica, Dissolved 

Nitrogen, Total 

Nitrogen, Ammonia, Total 

Nitrogen, Nitrite, Total 

Nitrogen, Nitrate, total 

Nitrogen, Ammonia + Organic, Total 

Nitrogen, N02+N03, Total 

Phosphorus, Total 

Carbon, Organic, Dissolved 

Lead, Dissolved 

Manganese, Dissolved 

Silver, Dissolved 

Zinc, 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 

VOLATILE 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 

Silvex, total 

total trithion 

Methyl trithion, total 

Page 2 

1,1-Dichloroethylene, 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 

o-18/0-16 Stable isotope 
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r TABLE 6.1-2 
TECHNICAL DATA REVIEW PANEL 

r CITY WATER BOARD COMPOSITE CONSTITUENT LEVELS 
SAN ANTONIO, TEXAS 

PRIMARY DRINKING WATER STANDARDS 

r CONSTITUENT* 1987 1988 1989 1990 MCL** 

Metal: 

r 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 <0.005 <0.005 <0.005 0.010 r Chromium <0.004 <0.01 <0.01 <0.01 0.050 

Lead <0.003 <0.005 <0.005 <0.005 0.050 

r Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.002 

Selenium <3 <0.005 <0.005 <0.005 0.010 

r Silver <0.5 <0.01 <0.001 <0.001 0.050 

Pesticides: 

r Endrin <0.0001 <0.0001 <0.0001 <0.0001 0.0002 

Lindane <0.00005 <0.00005 <0.00005 <0.00005 0.004 

rpm Methoxychlor <0.0001 <0.0005 <0.0005 <0.0005 0.100 
!I 

Toxaphene <0.0001 <0.001 <0.001 <0.001 0.005 L 

r 2,4D <0.01 <0.0005 <0.0002 <0.0002 0.100 

L 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 

r (Total) 
' 

Radioactivity: 

r Gross Alpha <2pCi <2pCi < 2 < 2 15 
pCi/L 

Gross Beta <3pCi <3pCi < 3 < 3 50 r pCi/L . 

Organics: 

r Vinyl Chloride <0.002 <0.002 0.0002 

1,1 <0.001 <0.001 0.007 
Dichloroethylene 

r 1,1,1 <0.001 <0.001 0.2 
Trichloroethane 

carbon Tetrachoride <0.001 <0.001 0.005 r . 
Benzene <0.001 <0.001 0.005 

1,2 Dichloroethane <0.001 <0.001 o.oos 
p 
t Trichloroethylene <0.001 <0.001 0.005 

1,4 Dichlorobenzene <0.001 <0.001 0.075 

r * 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 pica curies per liter of water (pCi/L) 
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7.0 TECHNICAL AREAS REQUIRING FURTHER STUDY 
OR IMPROVEMENT 

7.1 Introduction 

7.2 WATER REQUIREMENTS 

7 .2.1 'IRRIGATION ACRES AND WATER APPLICATION RATES 
7 .2.2. UNREPORTED lNoUS'IRIAL USE 

7 .2.3 OrliER UNREPORTED PuMPING 
7 .2.4 ACCURACY OF EsTIMATES 
7.2.5 SEPARATION OF REPORTING OF GROUNDWATER 

USE BY AQUIFER 
7 .2.6 REPORTING OF wATER USE 
7 .2. 7 WATER NEEDS FOR NATIJRAL SYSTEMs 

7 .2.8 Eow ARDS AQUIFER GRoUNDWATER DMDES 

7.3 SOURCES OF SUPPLY 
7 .3.1 INTERBAsiN TRANSFERs 
7 .3.2 RECHARGE ENHANCEMENT 
7 .3.3 AQUIFER STORAGE AND REcoVERY 

7 .3.4 DELALINA TION 
7.3.5 KNIPPA GAP- EDWARDS AQUIFER 
7.3.6 ENVIRONMENTAL LIMITATIONS ON 

'RESERVOIR DEvELoPMENT 

7.3.7 CONTROL OF SPRINGFLOW FROM EDWARDS AQUIFER 
7 .3.8 TRANSFERs FROM BELOw SPRINGS TO SAN ANToNio 

7.4 REDUCTIONS IN USE 

7.4.1 WATER MARKETs 
7.4.2 INCENTIVES R>R CoNSERVATION 

7.4.3 GALWNS PER CAPITA PERDAY WATER USE 
7 .4.4 REDUCTIONS IN SEASONAL DEMANDs 

7.5 NATURAL RECHARGE 

7 .5.1 ME'!Hoo R>R CALCULATING NATIJRAL REcHARGE 
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7.1 
Introduction 

7.2 
WATER 

DEMANDS AND 
NEED 

7.0 TECHNICAL AREAS REQUIRING FURTHER STUDY 
OR IMPROVEMENT 

In the process of reviewing the data presented in this text, the Technical Data Review 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 ofeach item for purposes of guidi:ng futUre study 

· efforts to appropriate technical areas that will most benefit water management and planning 
for the region. The items are ·organized accerding to the previous technical seCtions in this 
report. 

Recommendations for technical studies are not to be interpreted as motivated by policy 
choices. They were developed in response to the perceived need for additionalinformation 
that' would enable policy processes in the future to evaluate accurately the technical data 
in· question. 

7.2.1 lruuGATION ACRES AND WATER APPLICATION RATES 

Historically there has not been any legal requirement for reponing 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 reponing of groundwater irrigation use and acres irrigated, some members noted. 

7 .2.2 UNREPORTED INDUSTRIAL UsE 

l 
l 
l 
l 
l 
l 
1 
l 
l 

The reporting of groundwater use for industrial purposes is also not required by law. The record of 
industrial groundwater use examined in this effon indicates that most industries repon water use on a l 
voluntary basis; still, it was noted that some industries have a sporadic record of reponing, indicating 
that a less than complete record of industrial groundwater use exists. Some members felt that metering 
and reponing would improve the record of industrial groundwater use. l 
7 .2.3 OrnER UNREPORTED PUMPING 

The Panel effon 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 

l 
l 
1 
l 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 

1
. 

uncertainty associated with either measuring devices or estimation methodologies should be explicitly 
stated. 

7.2.5 SEPARATION OF REPORTING OF GROUNDWATER UsE BY AQUIFER l 
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 1 
area, wells are drilled in both aquifers. The Panel could not ascenain that the entities preparing 
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7.3 
SOURCES OF 

SUPPLY 

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 WAn:R 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 WAn:R NEEDS FOR NATIJRAL SYSTEMS 

This is a broad area where relatively little technical information exists. It includes water needs for 
natural systems at G>mal 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 detailed 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 G>mal Springs. 

7.2.8 EDWARDS AQUIFER GROUNDWATI:R DIVIDES 

More information is needed, some members felt, to define the boundaries of the Edwards Aquifer at 
the west end near Brackettville in Kinney G>unty 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 INn:RBASIN TRANSFERS 

Potential sources of supply from outside 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 alternatives 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 
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7.4 
REDUCTIONS 

IN USE 

than an acre foot in the eastern part that only benefits the springs. Another member emphasized the 1 
need to evaluate the environmental impact of recharge projects. 

7.3.3 AQUIFER STORAGE AND REOOVERY 

Some members proposed studies to evaluate the potential for storage of freshwater in the saline zone l·'~ 

of the Edwards Aquifer for later recovery. 

7.3.4 DESAUNATION 

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 I<Nn>PA GAP - EDWARDS AQUIFER 

l 
l 

Further study of the geology of the aquifer and groundwater movement in the area of the Knippa Gap l 
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. l 
7.3.6 ENVIRONMENTAL LIMITATIONS ON RESERVOIR DEVELOPMENT 

One member proposed a study of environmental limitations on proposed reservoir developments where l 
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 l·. 
current framework of increased concern for environmental factors. 

7.3.7 CoNTROL oF SPRINGFLOW FROM EDWARDS AQUIFER l 
Some members proposed a study on the technical feasibility of controlling the flow of water from Co mal 
and San Marcos springs as a means of enhancing groundwater availability while meeting the needs of l 
the endangered species and the downstream users. This study would focus solely on the technical and 
engineering feasibility of regulating springflow. 

7.3.8 TRANSFERS FROM BEIDW SPRINGS TO SAN ANTONIO l 
One member suggested a technical study of the engineering feasibility of capturing water below the i 
springs during periods of high springflow for transfer to San Antonio for municipal use or for recharge 1 
at some distal point to the springs. 

7.4.1 WATER MARKETS l 
Water marketing techniques for transferring water between Edwards Aquifer users should be evaluated, 
some members proposed. This evaluation should include institutional arrangements and constraints 1 
and economic analysis. 

7.4.2 INCENTIVES FOR CONSERVATION l 
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 l. · 
water conserving technologies to the extent justified for economic reasons. 

l 
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7.5 
NATURAL 

RECHARGE 

7.4.3 GALLONS PER CAPITA PER DAY WATER UsE 

The Panel felt that if water usc 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 REDUCTIONS IN SEASONAL DEMANDs 

One member felt that more attention should be given to shan 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 shan term needs. 

7.5.1 MErnOD FOR CALCULATING NAWRAL 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. 
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