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EXECUTIVE SUMMARY

The principal goal of this Partners for Environmental Progress (PEP) program is to outline a long-
term economic development strategy for a two-county study area encompassing Karnes and Wilson
Counties. While this study is primarily intended to develop a regional economic development paradigm
based on individual and collective strengths of each participating municipality, it can serve as a prototype
for economic development studies in other rural regions in Texas.

This PEP study has three components: a Geographic Information Systems (GIS) survey, and a
hydrogeologic study covering Atascosa, Frio, Kames and Wilson Counties, and an economic analysis of
the two-county study area consisting of Frio and Atascosa Counties.

1. Geographic Information System (GIS) Survey

As part of the hydrologic modeling needs by Morgan Environmental Consulting Associates
(MECA), AACOG collected the following data sets: geology related to aquifer formations, well
locations, rainfall amounts over time, average temperatures over time, stream flow, weather station
locations, and land use. In this study, the groundwater data were stored at AACOG in vector format
using a program called ArcInfo.

2, Hydrogeologic Study

Surface water for the four county study area is provided by stream drainage within two large-area
basins: the San Antonio Basin covering Wilson and Karnes counties and the Nueces River Basin flowing
through Frio and Atascosa Counties. Stream flow data were gathered for the study area for 1990. None
of these streams are impounded for water storage within the project area.

Utilizing existing reservoirs or constructing future impoundment structures can be a complex and often
costly experience, especially for interbasin transfers. An alternate scenario is to use existing groundwater
supplies if there is sufficient quantity.

A vast amount of water is captured underground in major and minor aquifers throughout the four
counties. Using existing groundwater is much cheaper than traditional impoundment of surface streams.
Significant future amounts of water could and should come from groundwater supplies. This will require
“proper” management of not only the water but also of the uses of the water. In areas where
groundwater supplies are threatened and surface water opportunities are nonexistent, alternate strategies
for land use may help reallocate existing water for municipal uses.

Wilson & Atascosa Counties: Wilson and Atascosa Counties are blessed with the prolific Carrizo Sand.
While currently overdrafted, it can probably be exploited at greater rates. Because of its tremendous size,
this aquifer can likely withstand twice the pumping rates in the participating cities and experience water
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level declines in the range of 40-50 feet over the next 20 years in the northern two-thirds of these two
counties. Management and estimation of an acceptable rate of decline is essential. Less is known about
recent water level declines for the lower third. The Queen City and Sparta Sand show potential for more
development in the central and southern parts of Wilson and Atascosa.

Frio County: Frio County has experienced large declines in groundwater levels (less permeability, less
recharge and not as thick, hence less storage), and future projections are even more pessimistic.
Accordingly, caution should be exercised in expanding future water withdrawal. More data are needed
about the other aquifers, i.e., the Queen City and the Sparta Sand, especially for the eastern half which
has potential as a resource. Also, the Wilcox needs to be examined in the northern part of the county.
Karnes County: The upper one third of Karnes County can still make use of the Carrizo, but there are
concerns about the temperature of the water as well as proximity to the “bad water line”. Greater
potential use does exist but more data are needed. For the lower two-thirds of the county, the greatest
potential for groundwater development is the Catahoula Tuff and especially the Oakville Sandstone based
on known thicknesses and limited data on permeability. It was difficult to access their full potential
because so little data were available.

In summary, even though there continues to be data gaps necessary for a complete evaluation of
the groundwater resources in the study area, it is clear from this investigation that large quantities of
groundwater supplies exist. Competition for these supplies will always exist for agricultural, municipal,
and industrial needs. To help secure appropriate supplies for municipal needs, there should be more
coordination among the various communities. This coordination effort should, minimally, include sharing
all groundwater information available for incorporation into a GIS which could be housed at AACOG for
updated modeling, recording changes, and development of future scenarios. This study has begun this
process, but more local participation is needed. Sharing groundwater information to understand the full
potential for groundwater development in this area is critical to the future of these municipalities. '

3. Economic Analysis
Three water supply and quality alternatives are analyzed herein:

1. Thonhoff Regional Water Plan. This alternative examines the creation of three regionalized
systems within the initial four-county AACOG project area and proposes connecting infrastructure
and shared water supplies.

2. Thonhoff Autonomous Plan. This alternative assumes each participating municipality will remain
autonomous which requires upkeep of existing systems, replacement of water supply and
infrastructure necessary to maintain current capacity, and construction of new supply and
infrastructure to meet future demands.

3. Aquifer Optimization Plan. In this final alternative, recommendations for the participating
municipalities in Karnes and Wilson Counties are proposed given each municipality's current and
future needs and resource base.
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We propose that participating municipalities within the study area remain self-reliant, that is,
optimize their aquifers, in water supply/quality interests given each municipality's current and future
requirements and resource base. This approach differs from the Thonhoff Autonomous Plan in that each
municipality is encouraged to optimize their aquifer resources, e.g., employing one well to tap multiple
aquifers concurrently. For decision makers to make an educated guess so that aquifers are optimized,
the GIS/Hydrogeology portions of this study are invaluable. Thus, decision makers are provided data
on aquifers beneath each municipality.

The immediate benefit to provincial control of water supply is self-reliance. To be sure,
independence is ideal but it is clear that while some municipalities will benefit from a sovereign approach,
others will gain from a regional arrangement. Irrespective of choices made by decision makers, each
municipality is free to choose according to their needs. The function of the Corps of Engineers is not to
presume to tell municipalities what is best for them. Rather, it is illuminate the choices available to each.

The main difficulty with a sovereign approach, however, is the existing groundwater law in
Texas. Groundwater, like oil, is treated with the English Rule, or Rule of Capture principle, giving land
owners the "property rights" to all water extracted from under the owner's land. Since groundwater does
not recognize property lines, one can foresee the potential of one land owner encroaching the "property
rights” of another. Tietenberg refers to this type of resource as a common property resource. Common
property resources are those that can be exploited on a "use it or lose it" basis. Texas groundwater law
virtually insures that dramatic "drawdown" events can and will result from overpumping. When this
occurs, surrounding wells may go dry which potentially induces disputes, legal action, and expensive
resolutions.

To optimize aquifer usage for each municipality we recommend the development of a Municipal
Groundwater Co-operation (see Section 6.1). In this co-operation all municipalities will have equal
representation thereby maximizing both individual (municipal) and collective (county) benefits. This
group will not have a regulatory mission, but will function as a groundwater data collection and record
maintenance co-operation. Each municipality in the group could contribute annual dues so that a fuil-time
group coordinator can collect, synthesize, and maintain essential data, e.g., location and number of wells,
and pumping rates. Benefits of the co-operation include accessible and credible data on each aquifer.

During the course of this study, for example, several data gaps impeded the forward progress of the
GIS/Hydrogeologic portions of this report. The institution of a Municipal Groundwater Co-operation
would expedite any future groundwater studies by readily furnishing reliable data.
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1.0 INTRODUCTION
1.1  Objective and Scope

The primary objective of the Partners for Environmental Progress (PEP) program is to encourage
greater private sector investment in water dependent environmental infrastructure which has typically been
publicly financed. These infrastructure investments include water supply and quality, treatment and
distribution, and other critical water dependent infrastructure support facilities. Market Feasibility
Studies (MFS) provide Corps of Engineers expertise and services to small and/or disadvantaged
communities that do not have the capabilities or resources to fully evaluate whether privatization of a
particular environmental infrastructure is desirable and/or feasible. MFS are also intended to encourage
the involvement of the private sector in the planning, design, financing, construction, operation, and
maintenance of non-Federal water dependent environmental infrastructure.

In July 1994 a report was issued from a study co-sponsored by the Alamo Area Council of
Governments (AACOG) and the Texas Water Development Board (TWDB), and conducted by Thonhoff
Consulting Engineers (TCE), Inc. This report, hereafter referred to as the Thonhoff Report,
recommended a plan to establish three Regional Water Systems to develop a water source of better quality
and more dependable yield. The Thonhoff Report identified and evaluated the current and future needs
and supply sources for seven participating municipalities in Atascosa, Frio, Karnes, and Wilson Counties.

These municipalities included Falls City, Floresville, Karnes City, Kenedy, Pearsall, Pleasanton, and
Runge.

The present PEP, the subject of this report, is actually two studies conducted concurrently: one
covers Frio and Atascosa Counties, and the other Karnes and Wilson Counties. Several sections in this
report are identical to the Thonhoff Report because of overlapping data. Both studies build upon the work
performed by TCE, Inc. with the intent to carry that analysis forward to an implementable project plan.

To that end, this study is distinguished from the prior effort in three general areas:

)] The geographic focus includes a two-county study area: Karnes and Wilson Counties.

(2) A framework is developed to identify and compare advantages and disadvantages of
alternatives to each specific participating municipality.

(3) An implementation plan is developed which includes financial and institutional
considerations for public and private sector participants.

The MFS performs four major tasks:

)] Develop information to a comparable level of detail for those municipalities in the two-county
study area that did not participate in the Thonhoff study.
(2)  Evaluate cost and water quality advantages/disadvantages for each participating entity with respect
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to their decision whether to regionalize.

3) Explore opportunities for private sector participation and economic development incentives in
solving the region's water supply problems.

(4)  Perform detailed financial and institutional analysis in support of developing a specific
implementation plan.

1.2  Authority

The authority for conducting this Fiscal Year 1994 "Market Feasibility Study" with AACOG on
behalf of Frio and Atascosa Counties, Texas is drawn from the Energy and Water Development
Appropriations Act for Fiscal Year 1991 (Public Law No. 101-514). This legislation contains the
Congressional intent for the Corps of Engineers to conduct jointly financed studies in partnership with
State and local governments. As abstracted from the House Report accompanying the Fiscal Year 1991
Energy and Water Development Appropriations Act, the general objective remains as stated:

"...The Committee intends the Department of the Army to work with the Environmental
Protection Agency, the Department of Energy and other Federal agencies in a partnership with
State and local governments to encourage the involvement of the private sector in the planning,
design, financing, construction, operation and maintenance of the local service-related
infrastructure. Funds would be used to initiate Corps of Engineers managed, jointly financed,
market feasibility studies to identify opportunities; to analyze public/private financing capabilities;
and to develop model contract agreements for use in this effort."

1.3 Problem Identification

Presently, all water supply in Atascosa, Frio, Kammes, and Wilson Counties is derived from the
Live Oak, Carrizo-Wilcox, Queens City-Mt. Selma formations, and other minor aquifers. Groundwater
is distributed by a mixture of public and private water supply companies and individual wells. Since
1956, overpumping has significantly lowered water levels (up to 200 feet in some portions of the
groundwater service area). A lack of dependable water quality is severely curtailing economic growth
from other sectors of the economy, e.g., a migrating "bad water” line in the Carrizo Aquifer. Also,
pumping costs are impacting the region's agricultural future where high quantities of silica causes
pumping problems. Additionally, problems are created by the overlap and competition between public
and private water companies.

1.4  Acknowledgments

Preparation of this report was a joint effort between the Army Corps of Engineers Fort Worth
District, and AACOG. Morgan Environmental Consulting Associates (MECA) functioned as a consultant
to the Corps of Engineers preparing major sections of this report concerning groundwater resources.
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TCE, Inc. performed as the engineering consultant to the Fort Worth District gathering data on
municipalities not included in the Thonhoff Report. In addition, the participating municipalities provided
local data, and resources to support the development of this project.

2,0 GEOGRAPHICAL INFORMATION SYSTEMS (GIS)

2.1 General

While the scope of work for this PEP did not require a GIS/Hydrogeology model, these models
have proven to be an integral component of resource management alternatives. Planning agencies today
often need to organize and analyze large volumes of spatial data for area wide resource investigations.

These data include maps, imagery, tables, and statistical information.

In recent years, there has been a dramatic growth in the interest and use of computer-based
Geographical Information Systems (GIS) that allow users to store, process, and display spatial and tabular
data used to make maps. These systems are emerging as a major data handling technology for solving
complex resource management problems such as those related to groundwater monitoring and modeling.

Utilizing desktop computers and GIS software, investigators are able to process and display many
layers of information simultaneously for interpretation. At a GIS computer workstation, planners are able
to correlate land use, geology, aquifer characteristics and recharge data into an integrated system that can
be combined and cross-referenced for composite analysis and management. With a properly constructed
GIS, the user is able to input, rectify, merge and display multiple data sets at various scales for
interpretation. Using the GIS, managers can query the shared database to find “best” locations for
drilling new water wells. GIS technology is providing more information with greater accuracy and at a
lower cost than previously thought possible.

2.2 GIS Characteristics

Throughout the literature most agree that a geographic information system should have the
following four functions: Data Input, Storage (retrieval), Analysis (manipulation), and Display (maps).
Data input is usually accomplished using computer tapes, digitizers, scanners or manual encoding of
geographically registered grid cells, points, lines, polygons or tables. This information is stored in X and
Y position coordinates along with associated attributes representing specific parameter values e.g., the
concentration of nutrients at a particular location along a stream. Grid cell encoding is referred to as
raster data, while points, lines, and polygons are called vector data. In this study, the groundwater data
were stored at AACOG in vector format using a program called ArcInfo. This is one of the most popular
software packages used today and runs on Sun and PC workstations.

Data are stored in a hierarchical format as theme directories and files so that the user can easily
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organize the information. Typical directories might include: land cover, geology, topography, depth to
groundwater, and pumpage volumes, etc.

Analysis is accomplished from menus within the GIS software to produce new data files or maps.
These menus are often set up to be user friendly {especially desktop versions) for easy data manipulation.
Most popular interactive menus include general functions such as: display, overlay, combine, mask,
classify, statistics, zoom, rectify, map and label. It is not uncommon for a GIS such as ArcInfo to contain
more than 200 interactive programs within its menu. Maps to be displayed are called up from stored files
or interactively generated for visual interpretation and evaluation. Display devices normally associated
with a GIS workstation are: printers, plotters, and color monitors (CRT's).

2.3  Use of the GIS

If properly constructed, a GIS can be utilized on virtually any scale limited in general, by the
resolution of the information base, quality of the data, and computer capabilities (i.e., hardware and
supporting software). Resource planning and management agencies are sometimes required to integrate
as many as 20 or 30 different themes (data layers) on large-scale projects. A properly configured GIS
can be used to integrate and display the data base for area wide monitoring, derivative mapping and
environmental management.

As mentioned earlier, for this study the GIS database was set-up by AACOG using existing
reports, maps, tables and satellite imagery. Collected information relating to groundwater assessment
was stored by AACOG using ArclInfo as vector data (points, lines, and polygon layers) to produce maps
indicative of the resources in the four counties. The data layers included such maps as geology, land
cover, city locations, precipitation, recharge zones, depth to water, aquifer thickness, porosity,
permeability, well locations, yield and pumpage characteristics. All of this and more is now housed at
AACOG for retrieval, map production, downloading, modeling, future scenario development and

updating.

Once the GIS was built, it used the data for virtually all of the maps produced in this report as
well as for the aquifer modeling. Participating municipalities can also utilize this rather large database
by coordinating with AACOG for downloading to software like PC ArcInfo which runs on Pentiums and
486°s. Local areas now have a centralized database for archiving and retrieval. While the database is
not entirely complete at this time (i.e., some well data are still missing) , updating will be easy as more
information is collected.
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2.4 Data Used in the Study

As part of the hydrologic modeling needs of MECA, AACOG staff assembled several sets of
information through the use of AACOG's GIS and general computer resources (such as programming)
in the Regional Data Center. AACOG staff collected the following data sets: geology related to aquifer
formations, well locations, rainfall amounts over time, average temperatures over time, stream flow,
weather station locations, and land use.

Geologic formation outlines were digitized from various TWDB reports which covered the area
and were supplied by MECA. These reports, which were also the main source of other hydrogeological
information, were produced for Wilson County (in 1957, Bulletin 5710), Karnes County (1960, Bulletin
6007) Atascosa and Frio counties (1966, Report 32), and the following neighboring counties: Bexar
(1959, Bulletin 5911), Live Oak (1961, Bulletin 6105), Bee (1966, Bulletin 17), DeWitt (1965, Bulletin
6518), Goliad (1957, Bulletin 5711), Guadalupe (1966, Report 19), Medina (1956, Bulletin 5601),
Gonzales (1965, Report 4), and La Salle and McMullen counties (1965, Bulletin 6520).

Weather station locations with the associated rainfall were received from the State Climatologist's
office at Texas A&M University and processed at AACOG. MECA used the data to produce a map of
the average annual precipitation in the study area for the 1983-94 period. This map, together with the air
temperature data, was then used to estimate the potential evapotranspiration and, consequently, recharge
to the area aquifers.

The State Climatologist's office at Texas A&M also provided to AACOG the data on air
temperature data for each of the stations in the area for further processing.

As part of the project, Landsat satellite imagery was used to delineate land cover. Two categories
of land use were identified per 2x2 mile modeling grid cell based on the predominant(>50%) coverage;
forested land or agricultural soil were the categories. They were then used to estimate the relative
recharge distribution.

Surface stream flow rates were provided by MECA from USGS data for the area.

Roadway mapping was done using the Census Bureau's TIGER street file. This file also supplied
the city boundary outlines used in locating wells within cities in the study area.

The principal non-GIS data collected in the study was related to wells. The TWDB supplied
available data for wells in the region. While well locations were largely taken from TWDB data, a
significant amount of the data needed for sample wells was contributed by the Evergreen Underground
Water Conservation District. The district provided water level measurements and well schedules for use
in the study. In addition, well data was provided by a number of cities and water suppliers in the project
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area. From these sources, water pumpage rates, altitudes of the area aquifers’ tops and bottoms, aquifer
thicknesses, were collected.

Finally, As a minor part of the study, AACOG constructed a grid which served as the modeling
grid for MODFLOW. This two mile by two mile grid covered an extensive area and is illustrated in
Figure 1 in Appendix A.

3.0 HYDROGEOLOGIC STUDY
3.1 Surface Water
3.1.1 Streams in the Four County Area

Historically, people have tried to solve water shortages by diverting from surplus areas to nearby
basins with deficits. This practice is referred to as interbasin transfers or water importation. Experience
has shown that interbasin transfer leads to a multitude of economic, social and political problems. A more
appropriate and less complex alternative is usually to stay within a basin for water use in lieu of
importation. Many think the same principle applies to groundwater use.

Surface water for the study area is provided by stream drainage within two large-area basins: the
San Antonio Basin covering Wilson and Karnes counties and the Nueces River Basin flowing through Frio
and Atascosa counties. Stream drainage for both basins is northwest to southeast (see Figure 3-1). None
of these streams are impounded for water storage within the project area.

Stream flow data were gathered for the study area for 1990 and are given in Table 3-1. This table
gives the station ID, area, Jan-Dec average flow (cfs), annual flow average (cfs) and XY state plane
coordinates. A few streams (e.g., San Antonio and Atascosa Rivers) may have some future development
possibilities, but any serious constderations would require more data collection about stream flow,
topography and land values and would ultimately require sizable financial resources to be able to
construct impoundment facilities. If any future impoundment plans are developed, water appropriation
should probably be limited to same-basin use rather than interbasin transfers.

3.1.2 Near-by Reservoirs

As Figure 3-1 shows, three reservoirs are proposed by 2040 (Thonhoff Report, 1994) just outside
of Karnes and Wilson counties. If constructed, Cuero, Lindenau and Goliad are proposed as a source of
water for San Antonio. There is still a question whether these new reservoirs could or would provide
water for the eastern part of the study area via a purchase arrangement. If construction of these reservoirs
is successful, then the potential exists for employing these surface water supplies.
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As noted earlier, water from the proposed Lindenau and Cuero reservoirs would be an interbasin
transfer if used by any of the four counties in this study and poses potential concerns. However, Lake
Goliad would be constructed within the San Antonio River Basin and would be less of a problem for
water management in the area. This reservoir might be of particular value to Karnes County by
supporting the municipal needs of that county since the area lies outside of the Carrizo-Wilcox system
of “good” water. Economic and political arrangements may be difficult but should be explored over the
next few years. The greatest potential for reliable water for Karnes County is dependent upon the
development of the minor groundwater aquifers that exist in the area (to be discussed later),

The nearest existing large reservoir is Choke Canyon Lake located within the Nueces River Basin
in the western part of the study. No surface water rights have been obtained for the four county area
(Thonhoff Report, 1994). Choke Canyon Reservoir and the Frio River currently serves the City of Corpus
Christi. Additional water treatment facilities associated with Choke Canyon Reservoir might provide an
opportunity for water use by the four county area. As stated by the Thonhoff Report (1994), any
construction for surface water supplies in or near the project area will be “dependent upon financing from
a large municipality such as San Antonio or Corpus Christi”. Buying water from one of these cities
appears to be slight but nevertheless a future possibility. Another possibility is financing impoundment
procured through a state agency.

An option not discussed by the Thonhoff Report (1994) is the use of water from Medina Lake in
Medina County. Constructed in 1912, Medina Lake holds approximately 254,000 acre-feet of water and
has been a traditional source of water for farming in the area. Lake Medina is owned by the Bexar-
Medina-Atascosa Counties Water Control & Improvement District (BMA). Any future water
appropriation agreements will have to be coordinated through the BMA.

Over the last few years, agricultural demand has declined making the reservoir a potential source
for municipal uses (BMA, 1995). In 1991, BMA entered into an agreement to provide water to BexarMet
for primarily municipal water use north of the four county area studied in this report. BMA continues to
work, plan and develop additional water to sell. Although Lake Medina is outside the project area, it
could and should be studied for its potential to provide water. Distance of water transfer is a potential
problem. The biggest problem would be the affordability of any proposed project that would bring the
water from Lake Medina to the project area for municipal use.

Utilizing existing reservoirs or constructing future impoundment structures as discussed above is
a complex and often costly experience. Surface impoundment is implemented to help regulate surface
water flow. An alternate scenario is to use existing groundwater supplies if there is sufficient quantity.
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3.2 Groundwater Resources

A vast amount of water is captured underground in major and minor aquifers throughout the four
counties. Using existing groundwater is much cheaper than traditional impoundment of surface streams.
A more detailed examination of groundwater supplies is in Appendix A.

Significant future amounts of water could and should come from groundwater supplies. This will
require “proper” management of not only the water but also of the uses of the water. In areas where
groundwater supplies are threatened and surface water opportunities are nonexistent, alternate strategies
for land use may help reallocate existing water for municipal uses.

A study was performed on the Wilcox, Carrizo, Queen City Sand, Sparta Sand, Catahoula Tuff,
and Oakville Sandstone aquifers in the four county area. Information was collected on: recharge rates,
water levels (1970 & 1990) Hydrogeologic parameters (permeability, storage, porosity, and thickness),
and pumping rates. Serious data gaps exist for all aquifers except the Carrizo. A modified version of
MODFLOW (a computer program that models the movement or flow of water in an aquifer) was used
to simulate natural groundwater flow in the Carnzo Sand aquifer and the Queen City Sand aquifer. Other
aquifers could not be modeled extensively because of the lack of available data.

3.2.1 Wilson and Atascosa Counties

Wilson and Atascosa Counties are blessed with the prolific Carrizo Sand. While currently
overdrafted, it can probably be exploited at greater rates. Because of its tremendous size, this aquifer
can likely withstand twice the pumping rates in the participating cities and experience water level declines
in the range of 40-50 feet over the next 20 years in the northern two-thirds of these two counties.
Management and estimation of an acceptable rate of decline is essential. Less is known about recent water
level declines for the lower third. The Queen City and Sparta Sand show potential for more development
in the central and southern parts of Wilson and Atascosa.

3.2.2 Frio County

Frio County has experienced large declines in groundwater levels (less permeability, less recharge
and not as thick, hence less storage), and future projections are even more pessimistic. Accordingly,
caution should be exercised in expanding future water withdrawal. More data are needed about the other
aquifers, i.e., the Queen City and the Sparta Sand, especially for the eastern half which has potential as
a resource. Also, the Wilcox needs to be examined in the northern part of the county. -
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Figure 3-1: RIVER BASINS IN THE STUDY AREA
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Table 3-1: STREAMFLOW DATA IN THE STUDY AREA
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3.2.3 Karnes County

The upper one third of Karnes County can still make use of the Carrizo, but there are concerns
about the temperature of the water as well as proximity to the “bad water line”. Greater potential use does
exist but more data are needed. For the lower two-thirds of the county, the greatest potential for
groundwater development is the Catahoula Tuff and especially the Oakville Sandstone based on known
thicknesses and limited data on permeability. It was difficult to access their full potential because so little
data were available.

3.2.4 Summary

Even though there continues to be data gaps necessary for a complete evaluation of the
groundwater resources in the study area, it is clear from this investigation that large quantities of
groundwater supplies exist. Competition for these supplies will always exist for agricultural, municipal,
and industrial needs. To help secure appropriate supplies for municipal needs, there should be more
coordination among the various communities. This coordination effort should, minimally, include sharing
all groundwater information available for incorporation into a GIS for updated modeling, recording
changes, and development of future scenarios. This study has begun this process, but more local
participation is needed. Sharing groundwater information to understand the full potential for groundwater
development in this area is critical to the future of these municipalities.

3.3 Iron and Manganese Removal

High levels of soluble iron (Fe) and Manganese (Mn) in municipal water supplies cause numerous
problems including “black water.” The Fe and Mn is soluble because of reducing (or anoxic - without
oxygen) conditions often found in the groundwater.

Because these elements are much more soluble (dissolved in the water) in the reduced chemical
state than the oxidized chemical state, the most common method for their removal is oxidation into a
much-less soluble oxidized state. This is normally accomplished by acration which oxidizes the soluble
Mn?* to insoluble MnO, and Fe** to Fe,0, and other insoluble iron oxides and carbonates. The rate of
this oxidation (from soluble to insoluble) is pH dependent and is favored by a high pH; in fact, if there
is a high level of FeCO, and MnCO, (carbonates - CO,») in the water, lime (calcium carbonate) or
sodium carbonate can be added to the water to effect the precipitation and removal of the iron and
manganese. However, this approach is less popular than oxidation.

All of the conventional treatment processes fall into one of seven main categories. They are :
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1. Aeration followed by sand filtration (or dual-media filtration). This method is often complemented
by a contact tank, settling, or flotation (O’Conner, 1971; Degrémont, 1991; Barnhoorn and Tye,
1984).

2. Chemical oxidation (without pre-aeration) followed by filtration. Common oxidants include

chlorine dioxide (Cl0O,) and potassium permanganate (KMnO,).

3. Filtration with a special medium that acts as an ion or electron exchanger, for example, manganese
greensands, zeolites, or sand that is naturally coated with manganese dioxide to simulate a ‘natural
greensand effect’ (Aiello, er al., 1978; Knock, er al., 1991a; Knock, et al., 1988; Qureshi and
Barnes, 1994).

4, Magnesijum oxide and diatomite. This method is analogous to using magnesium hydroxide to
remove manganese (Coogan, 1962; Thompson, et al., 1972).

5. Using normal water treatment procedures combined with lime softening (Degrémont, 1991).
6. Using sodium silicate, phosphates, or polyphosphates as sequestering agents (Dalga, 1975).
7. In situ (or in place) treatments in which oxygenated water is introduced into the aquifer by means

of feed wells, thus creating a treatment area around the main well (Hallberg, Martinell, and
Vyredox, 1976; Seyfried and Olthoff, 1985). This method is based on the combined effect of
simultaneously occurring physical, chemical and biological phenomena (Rott, 1985).

3.3.1 Potential Problems with Conventional Methods

Municipalities using one of these conventional methods may not meet current standards for iron
and manganese. The methods normally work, but consistent and satisfactory results are obtained when
the following potential problems are eliminated:

Too low oxidation pH

Change in raw water quality

Oxidation time too short

Improper dosage locations and amount

Filter sand particles too large

Interference by the nitrification process

Iron interference due to complexation (most common problem)

One of the most common problems, iron complexation, can be eliminated by using chemical
oxidation, coagulation-flocculation, or both as complementary treatment steps. Reagent dosing location
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is also quite important.
3.3.2 Biological Removal

Iron was one of the first elements for which biological removal techniques have been employed.
The use of iron bacteria, especially Guallionella ferruginea (stalked) and Leptothrix ochracea,
(filamentous or sheathed) to remove iron has been quite effective. These bacteria have the unique
property of causing oxidation and precipitation of dissolved iron under pH and redox potential (Eh or
oxygen level) conditions that are intermediate between those of natural groundwater and those required
for conventional (physical-chemical) iron removal. In nature, iron bacteria are quite widespread and are
prevalent in groundwater. Biological iron removal is ideal for water with a slightly acid to neutral pH
(5.5-7.0), high iron and silica contents, and devoid of toxic substances such as hydrogen sulfide (rotten
egg smell); although the hydrogen sulfide is frequently removed by aeration and does not present a
problem.

3.3.3 Summary

Conventional methods for iron and manganese removal have historically employed aeration plus
filtration; and when necessary, injection of a strong oxidant, flocculent, or hydroxide. These types of
techniques can present problems especially if there is a high concentration of silica or humic acids.
Biological processes may offer a better alternative and are now starting to be seriously considered
(Bouwer and Crowe, 1988) in the United States.

4.0 STUDY AREA DEMOGRAPHICS

The study area includes all participating municipalities in both Frio and Atascosa Counties, and
Wilson and Karnes Counties. It is essential in a study such as this to analyze the characteristics of these
counties independently to determine their individual strengths and weaknesses, and collectively to
establish the synergistic effects of their combined resources in contrast to their individual limitations.

It is equally vital to analyze the socio-economic characteristics that are common to rural areas throughout
South Texas vis-a-vis their impact on economic development.

4.1 General

According to the Crossmatch/Tri-County Rural Economic Development Demonstration Project,
the 1990 average unemployment rate for the study area was 7.9% compared to a state average of around
7.1%. Coincidentally, approximately 4.0% of the school aged population is not currently enrolled in
school. If this enrollment figure is indicative of the high school dropout rate, it suggests that most
unemployed individuals lack a high school education. Furthermore, one-third of the total population is
currently under the age of eighteen, and the current population growth is 14%. If a high school education
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is any determinant of employability, there seems to be a fairly high likelihood that an increasing
proportion of the population will be unemployed or unemployable. The alternative, of course, is to
provide school aged children with essential skills for employment, either through the public school system
or some alternative means. The level of education for the region is displayed in Table 4-1 and Figure
4-1.

Median per capita income as well as median household and family income has decreased between
1980 and 1990 for the four county area. Persons below the poverty level over the decade has increased
approximately 41 percent across the study area. In 1990, 31% of total wages earned in all four counties
was earned through employment in either federal, state, or local government. Another 12% was earned
in the service sector. The remaining 57% was divided among agriculture, construction, finance,
insurance and real estate (FIRE), manufacturing, mining, transportation, and retail and wholesale trade.
This distribution of the local wage base is precariously imbalanced. In order to achieve a greater
dispersion of the wage base, so that government and services at least equal all other sectors combined,
it is essential to either increase the volume of existing businesses or establish some new enterprise based
upon the aforementioned considerations. Civilian labor force characteristics are exhibited in Tables 4-2a
and 4-2b, and Figures 4-2a and 4-2b.

All four counties are "rural”". The economic base of each county lies in agriculture. Total
production of agricultural and related goods for the region in 1992 was nearly $1 billion, which was
evenly distributed over the four counties. However, total wages earned in the agribusiness industry is
one-tenth of the total wages earned in local government ($3 million vs. $30 million), and is low in
comparison to most other industries throughout the region. This is due, in part, to the high number of
capital intensive privately owned and operated farms and ranches. More importantly, however, it is due
to the relative lack of local processing of agricultural goods produced in the region. For an array of
aggregated county business patterns refer to Figures 4-3a, 4-3b, and 4-3c.
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TABLE 4-1; FOUR-COUNTY LEVEL OF EDUCATION
Atascosa County Frio County Karnes County Wilson County Texas
value pct. value pct. value pct. value pct value pct.
Total Persons 17,648 100 7.425 100 7.671 100 13,743 100 10,310,605 100
Age 25+
sless than 9th grade 4,365 24.7 2,458 33.1 2,568 33.5 | 3,138 22.8 1,387,528 13.5
=9th to 12th grade, 2,907 16.5 1,244 16.8 1,168 15.2 | 2,201 16.0 1,485,031 14.4
no diploma
=high school graduates 5,553 315 2,141 28.8 1,952 25.4 | 4,482 32.6 2,640,162 25.6
or equivalent
ssome college, 2,640 15.0 798 10.7 1,015 13.2 2,254 16.4 2,171,439 211
no degree
sassociate/bachelor's 1.717 9.7 581 8.0 817 10.7 1,324 9.6 1,859,571 19.0
degree
=graduate/ professional dd 466 2.6 193 2.6 151 2.0 344 2.5 666,874 6.5

Note: Numbers may not sum to total due to rounding.
Source: 1980 and 1990 summary tape files 3, U.S. Bureau of the Census.
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Figure 4-1: FOUR-COUNTY LEVEL OF EDUCATION
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Table 4-2a: FOUR-COUNTY CIVILIAN LABOR FORCE CHARACTERISTICS, BY SELECTED
INDUSTRY (1990)
Atascosa | Frio Karnes | Wilson | Texas
County County County | County
Total Civilian Labor Force 12,357 5,394 4,948 10,055 | 8,215,028
»female participation rate* 45.0 44.5 44.6 50.0 56.3
Total Employed 11,306 4,955 4,508 9,447 7,634,279
=agriculture, forestry, and fisheries 9.1 16.6 10.2 8.1 2.8
smanufacturing 5.0 4.2 10.4 9.8 14.4
»wholesale and retail trade 20.5 18.2 20.3 20.6 22.4
=finance, insurance, and real estate | 4.2 3.6 4.5 5.3 6.8
»health services 6.7 b.7 7.0 7.6 7.3
=public administration 5.2 5.8 3.7 5.5 4.5

* Female civilian labor force as a percent of civilian females 16 years and older.

Note: Numbers may not sum to total due to rounding.

Source: U.S. Bureau of the Census. County and City Data Book: 1994. Washington, D.C.: U.S. Government
Printing Office, 1994.

Table 4-2b: FCUR-COUNTY CIVILIAN LABOR FORCE CHARACTERISTICS (1990)

Atascosa | Frio Karnes | Wilson Texas

County County | County | County
Total Employed Persons Age 16 + 11,306 4,955 4,508 9,447 7,634,279
smanager and professional specialty 15.7 14.3 17.6 17.2 26.1

0

stechnical, sales, and administrative support 27.4 20.3 24.3 28.0 32.6
uservice occupations 14.2 17.4 17.9 12.6 13.56
sfarm, forestry, and fishing 8.2 15.6 9.8 7.5 2.6
vall others 34.5 32.3 304 34.7 25.3

Note: Numbers may not sum to total due to rounding. Source: 1980 and 1990 summary tape files 3, U.S.
Bureau of the Census.
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Figure 4-2a: FOUR-COUNTY CIVILIAN LABOR FORCE CHARACTERISTICS, BY SELECTED

INDUSTRY (1990)
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Figure 4-2b: FOUR-COUNTY CIVILIAN LABOR FORCE CHARACTERISTICS (1990)

8,000

4,000

B Total Employed Persons Age 16+
Nmanager & speciality occupations
QOitechnical, sales, & adminisirative support
B service occupations '

W farm, forestry, & fishing

H ali others

Alascosa Frio Kamaeas Wilson
Counties

September 2000

Karnes and Wilson Counties, Texas




Partners for Environmental Progress 20

Figure 4-3a: AGGREGATED BUSINESS PATTERNS, EMPLOYMENT
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Figure 4-3b: AGGREGATED BUSINESS PATTERNS, INCOME
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Figure 4-3c: AGGREGATED BUSINESS PATTERNS, ESTABLISHMENTS
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4.2 Karnes and Wilson Counties

4.2.1 Karnes County

Karnes County encompasses an area of 753.5 square miles. The 1994 population in Karnes
County was 12,945, with a 1990 median household income of $16,155, and 1990 per capita income of
$8,229 which is 64% of the statewide per capita income. The physical features of Karnes County
includes sandy loam, dark clay, and alluvial soils in rolling terrain with mesquite and oak trees. The
county is traversed by the San Antonio River. Businesses include agribusiness, mineral production,
varied manufacturing, and tourism. Karnes City is the county seat with a 1994 population of 2,964. The
median household income in 1990 was $14,629, and per capita income was $6,965. Businesses in Karnes
City include farm trade, a processing center, oil-field servicing, and varied manufacturing. Other
municipalities include Falls City, Kenedy, and Runge. Falls City has a 1994 population of 493, and has
provincial uranium processing. Kenedy has a 1994 population of 3,777, a 1990 median household income
of $13,834, and per capita income of $5,965. Runge has a 1994 population of 1,168.

The population of Karnes County is largely rural, with low educational attainment and low
income. Approximately 49% of the adults over 25 have not graduated from high school. The 1990
unemployment rate was 8.9 percent compared to 7.1 percent statewide, and 6.3 percent nationally. The
unemployment rate in Karnes grew from 1980 to 1990 by 163 percent. The corresponding percentage
change in unemployment for the decade in Texas and the nation was 122 and 14 percent, respectively.

4.2.2 Wilson County

Wilson County encompasses an area of 808.5 square miles. The 1994 population in Wilson
County was 23,539, with a 1990 median household income of $23,184, and 1990 per capita income of
$9,728 which is 75% of the statewide per capita income. The physical features of Wilson County include
rolling plains, sandy soils, the San Antonio River, and Cibolo Creek. Business is chiefly agribusiness.

Many residents commute to their places of employment in San Antonio. Floresville is the county seat
with a 1994 population of 5,349. The median household income in 1990 was $19,199, and per capita
income was $8,218. Businesses in Floresville include a hospital and a nursing home, agribusiness center,
and a shopping mall. Other municipalities include Poth and Stockdale. Poth has a 1994 population of
1,725. Stockdale, with a 1994 population of 1,195, has businesses involved in food processing, health

care, and recreation.

Wilson County has recently been designated as a component of the San Antonio Metropolitan
Area, and of the four counties, it has experienced the most dramatic population growth over the past ten
years (35%), more than double the growth of the region (14%). Population characteristics by age group
for the region are presented in Table 3 and Figure 4. Approximately 39% of the adults over 25 have not
graduated from high school in Wilson. The 1990 unemployment rate in Wilson was 6.1 percent
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compared to 7.1 percent statewide, and 6.3 percent nationally. The unemployment rate for Wilson
County increased from 1980 to 1990 levels by 144 percent. The corresponding percentage change in
unemployment for the decade in Texas and the nation was 122 and 14 percent, respectively.

TABLE 4-3: FOUR-COUNTY POPULATION CHARACTERISTICS, BY AGE GROUP {1990}
Atascosa | Frio Karnes | Wilson | Texas
County County | County | County

Total Persons 30,5633 13,472 | 12,455 | 22,650 | 16,986,496

=sunder 5 years 8.5 8.9 7.9 8.1 8.1

*5 t0 17 years 24.6 26.1 225 22.7 204

=18 to 24 years 9.1 9.9 7.9 8.5 10.8

=25 to 34 years 14.7 15.2 13.9 15.3 18.4

"35 to 44 years 13.7 12.6 11.9 14.2 15.0

45 to 54 years 9.8 9.0 8.9 10.2 9.7

=55 to 64 years 8.1 7.7 9.3 8.4 7.6

65 to 74 vears 6.3 6.1 8.b 6.7 5.9

» 75 years and over 5.2 4.5 9.0 5.8 4.2

smales per 100 females 98.0 g98.1 91.4 99.1 97.0

Note: Numbers may not sum to total due to rounding.
Source: 1980 and 1990 summary tape files 3, U.S. Bureau of the Census.
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Figure 4-4: FOUR-COUNTY POPULATION CHARACTERISTICS, BY AGE GROUP (1990)

35,000
30,000
25,000 S Total
H<S
035t 17
_ 20,000 18to 24
5 B25t0 34
.‘='I.' B35to 44
ﬂé‘_‘ 0 W4510 54
15,00 55t0 64
HE65to 74
W75+
10,000
5,000
0 .
Alascosa Frio Kammes Wiison
Counties

Karnes and Wilson Counties, Texas September 2000



Partners for Environmental Progress 26

5.0 ALTERNATIVES

5.1 General

Economic analysis is a systematic method for studying problems of choice. Alternative ways to
satisfy a goal are studied by evaluating the quantifiable costs and benefits of each alternative. Theses
costs are measured objectively using economic and statistical techniques so that alternatives can be
compared through a numerical ranking. The principle of life-cycle costing is used in economic analysis.

Economic analysis is a common sense approach for optimizing the use of scarce resources.

According to the Thonhoff Report, evaluation of the alternatives recommended for further study
considered location, water use, water quality, proposed facilities, and cost. The water supply source and
supply facilities were sized and evaluated on the basis of average daily demand. Water supply sources
are generally lakes or aquifers with large storage capacity that are able to equalize peak demands. Water
treatment and high service pumping, however, were sized and evaluated on the basis of peak day demand.

Use of peak day demand sizing of water system infrastructure lends confidence to the design adequacy
for all supply needs.

TCE, Inc. evaluated water quality by comparing drinking water quality records of each
participating municipality to published Drinking Water Standards of the Texas Natural Resource
Conservation Commission (TNRCC) and the Environmental Protection Agency (EPA). The primary
concern of drinking water quality in the AACOG project area has been with Total Dissolved Solids (TDS)
concentration and other TDS contributing elements such as chloride and sodium. Currently, State and
Federal drinking water standards allow TDS of a maximum 1000 ppm. Secondary TDS standards are
proposed of a maximum 500 ppm. High Total Dissolved Solids concentrations have shown to be
detrimental to poultry production and may increase risk to human health.

5.2  The Decision Objective
The objective of this analysis is to determine which of the proposed alternative methods of
providing sources for improved water supply, treatment, and distribution will prove to be the most cost

effective alternative. The software used in this analysis is ECONPACK 4.0, a comprehensive program
incorporating economic analysis calculations, documentation, and reporting capabilities.

5.3  Alternative Courses of Action
Three water supply and quality alternatives are analyzed herein:

1. Thonhoff Regional Water Plan. This alternative examines the creation of three regionalized
systems within the initial four-county AACOG project area and proposes connecting
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infrastructure and shared water supplies.

2. Thonhoff Autonomous Plan. This alternative assumes each participating municipality will remain
autonomous which requires upkeep of existing systems, replacement of water supply and
infrastructure necessary to maintain current capacity, and construction of new supply and
infrastructure to meet future demands.

3. Aquifer Optimization Plan. In this final alternative, recommendations for the participating
municipalities in Karnes and Wilson Counties are proposed given each municipality's current and
future needs and resource base.

5.4 Assumptions and Methodology

1.

The current Federal discount rate of 7 percent was applied (per Economic Guidance
Memorandum Number 96-1: "Fiscal Year 1996 Interest Rates") to convert capital costs
to average annual equivalent values.

Discount calculations for expense elements were performed using an end-of-year
convention.

All costs are estimated in current 1995 dollars, hence price level changes due to inflation
are included in this analysis.

To remain consistent with the Thonhoff Report, the length of the analysis period is 26
years (1996 through 2021).

Cost components for the No Action and the Resource Optimization plans include
construction (capital), planning and design, and local operations and maintenance costs.
The Thonhoff Regional Water plan includes these costs plus regional operation and
maintenance costs.

The estimated period of construction for the Thonhoff Autonomous and Aquifer
Optimization Plans is 1 year. Construction for the Thonhoff Regional Plan is assumed to
be 3 years.

A straightline method of depreciation is calculated.
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5.5 Economic Analysis Results

Results of the economic analysis by municipality are shown below in Tables 5-1a and 5-1b. Table 5-1a
displays the estimated cost of alternative water works systems, and Table 5-1b exhibits the estimated cost
of alternatives per million gallons. A more detailed treatment of these analyses including estimated costs
gathered by TEC, Inc and output produced by ECONPACK is in Appendix B.

The conceptual basis for evaluating the benefits of improved water quality is society's willingness
to pay for improved water supply, treatment, and distribution. ER 1105-2-100, p. 6-5 paragraph 6-7,
provides the following guidance: Where the price of water reflects its marginal cost, use that price to
calculate willingness to pay for the bolstered water quality. In the absence of such direct measures of
marginal willingness to pay, the benefits from an improved water quality plan are measured instead by
the resource cost of the alternative most likely to be implemented in the absence of the plan. The
objective, then, is to choose the least costly alternative which provides those water quality/quantity
improvements desired by each municipality. In so doing, decision makers are empowered to make their
judgement based solely upon the needs of their community. ~

5.5.1 Net Present Value (NPV)

NPV is calculated for each alternative. The alternative with the lowest NPV is the preferred
option. The NPV is calculated for an alternative discounting the value of the costs for each year and
summing over the years for a total or net value. NPV analysis shows that all life-cycle costs need to be
considered, i.e., initial outlays alone do not provide enough information to support a decision.

5.5.2 Equivalent Uniform Annual Cost (EUAC)

The NPV method assumes that all alternatives have equal lives or lives greater than the period of
analysis. It is not unusual, however, for the lives of alternatives to differ. When this occurs, all of the
alternatives must be compared on a common basis of time to make valid comparisons. The EUAC
method allows us to make such comparisons.

The EUAC is an approach for evaluating alternatives with unequal economic lives that are less
than the minimum requirement time period. It converts each option into an equivalent alternative having
uniform recurring costs. The conversion is such that the total NPV costs of the actual alternative and its
equivalent are the same. The alternatives can then be compared. The best alternative corresponds to the
best actual alternative, which is the best economic choice for the project. Assuming that the alternatives
are equally effective over their lives, the one with the lowest EUAC is the most economical choice.
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5.6 Evaluation of Alternatives
5.6.1 Thonhoff Regional Plan

As discussed in the Thonhoff Report, a regional water system would interconnect water supplies
from adjacent water purveying entities. Advantages would include:

. Greater component reliability

. Immediate increase in water supply

= Allow postponement of procuring independent water supplies

. Show shared expenses in processing new "best quality” water supplies

. Provide revenue for individual entities that sell water to regional system

The AACOG project area lends itself to division into three (3) regional systems. Region A would
incorporate entities in Wilson and Karnes County. Region B would incorporate entities in Atascosa
County, and Region C would incorporate entities in Frio and possibly Medina County. These areas, as
displayed in the Thonhoff Report, are illustrated in Appendix B, Figures B-2 through B-5. Proposed
infrastructure is also shown in these figures. Estimated life-cycle costs are itemized in Appendix B
(Figure B-1) for each region and are summarized as follows:

NPV EUAC
Region A $12,836,800 $1,135,400
Region B $10,204,000 $902,500
Region C $13,059,600 $1,155,100

These life-cycle cost estimates are aggregate values for each region. Estimates by municipality
are displayed above in Tables 5-1a and 5-1b. The method of disaggregation in Table 5-1a is based upon
the assumption that municipalities with larger populations will bear a greater financial responsibility.
Therefore, the estimated cost of the Thonhoff Regional Plan by municipality is based on high population
projections (Table 2.3-2) from the Thonhoff report. Cost data for the Thonhoff Regional Water Supply
Plan were taken from the Thonhoff Report (Appendices C-3 through C-5).

Factored into total costs for the Thonhoff regional plan is the assumption that all municipalities
will continue to utilize, repair, replace, and expand their existing water systems until the regional system
is in place. Consequently, a portion of total costs for the regional water system include the current
autonomous system.
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TABLE 5-3a ESTIMATED COST OF ALTERNATIVE SYSTEMS (IN THOUSANDS)

Thonhoff Plan Thonhoff Autonomous | Aquifer Optimization Plan

Region A Plan

NPV EUAC NPV EUAC NPV EUAC NPV
(’10"’) {10") (14")

KARNES

Falls City $823.2 $72.8 $999.9 $88.4 $1.099.6 | $97.3 $1,118.2 | $98.9

Karnes City $2,870.9 | $253.9 $2,4256.5 } $214.5 $2,875.6 | $254.3 $2,929.2

Kenedy $4,952.6 | $438.0 $7,016.5

$8,421.2
e o

Runge $1,325.1 $117.2 $1,684.5

WILSON
Floresville $7.144.1 $631.9 $7,100.9 | $628.0 $8,662.5 | $766.2 $8,683.8 | $768.1
Poth $2,888.0 | $255.4 $4,614.1 $408.1 $6,681.6 | $493.7 $5,624.8 | 5497.5
Stockdale $1,964.6 | $173.8 $3,274.7 | $289.6

TABLE 5-2b ESTIMATED CO$T OF ALTERNATIVES PER MILLIQN GALLONS
Thonhoff Thonhoff Aquifer Aquifer

Plan Autonomous Optimization Optimization

Reﬁg‘on{l-! Plan I (107) Plan {14")
KARNES
Falls City $1,790 $2,180 $2,390 $2,430
Karnes City $1,690 $1.,340 $1.690 $1,620

Kenedy $1,600 $2,270 $2,720

Runge $1,770 $2,110

WILSON

Floresville $1,080 $1,080 $1,320
Poth $1,400 $2,230
Stockdale $1,310 $2,190

Cost data for the Thonhoff Regional Water Supply Plan and the No Action Plan were taken from the Thonhoff
Report (Appenciecs C-3 through C-5, and Appendicies C-1 and C-2}. For municipalities that did not participate
in the Thonhoff study, TEC, Inc. gathered the cost data for this study. Cost estimates for the Resource
Optimization Plan are based on well drilling costs approximated by the Corps of Engineers. The components
of the well drilling costs include well diameter, cost of drilling per foot, cost of gravel/concrete, well capacity
{GPM), and the cost of a pump. The estimated cost of alternatives per million gallons is based on high water
use projections in MGD (Table 2.3-2) from the Thonhoff report.
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5.6.2 Thonhoff Autonomous Plan

Currently, all participating municipalities are autonomous in their water supply, treatment and
distribution systems. It is possible that all participating municipalities remain autonomous in their water
systems through the planning period. Previous sections have noted that groundwater is available in
adequate supply for all cities in the planning area.

The cost of remaining autonomous is based upon maintenance of the existing system, replacement
of water supply and infrastructure as required to sustain current capacity, and construction of new supply
and infrastructure to meet future demands. In the Thonhoff Autonomous Plan, we make the a priori
assumption that cities will remain in their current aquifer.

Cost data for the Thonhoff Autonomous Plan were taken from the Thonhoff Report (Appendices
C-1 and C-2). For municipalities that did not participate in the Thonhoff study, TEC, Inc. gathered the
cost data for this study.

5.6.3 Agquifer Optimization Plan

Table 5-2 below displays the depths of each aquifer from which municipalities can choose, i.e.,
optimize their aquifer resources. Cost estimates are based on well drilling costs approximated by the
Corps of Engineers. The components of the well drilling costs include well diameter, cost of drilling per
foot, cost of gravel/concrete, well capacity (GPM), and the cost of a pump.

Similar to the Thonhoff Autonomous Plan, the cost of the Aquifer Optimization Plan is based
upon maintenance of the existing system, replacement of water supply and infrastructure as required to
sustain current capacity, and construction of new supply and infrastructure to meet future demands.
However, this plan differs from the Thonhoff Autonomous Plan in that each municipality knows what
aquifer systems lie beneath them. Armed with this knowledge, each municipality can make an informed
decision about what aquifers are accessible and which one/s to tap.

In making a rational' choice, decision makers strive to maximize net benefits such that costs are
minimized and benefits are maximized. The cost data contained in this document allows decision makers
to choose among alternatives based on estimated costs of each. The benefits of each alternative, on the
other hand, are more subjective in nature. That is, benefits are a function of the needs of individual
municipalities. For example, even though a 14" diameter well in a more shallow

‘Rational behavior describes choices that are made “...among the available alternatives in such
a manner that the satisfaction derived from consuming commodities (in the broadest sense) is as
large as possible. This implies that [the consumer] is aware of the alternatives...and is capable
of evaluating them” (Henderson and Quant, 1980).
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aquifer may increase yield, the cost of treating that yield increases dramatically. This trade-off may be
one that Community A is willing and able to accept, but one that Community B would not consider.

5.6.4 Conclusion

Given the preponderance of evidence presented, we propose that participating municipalities
within the study area remain self-reliant in their water supply/quality interests given each municipality's
current and future requirements and resource base. This approach differs from the Thonhoff Autonomous
Plan in that each municipality is encouraged to optimize their aquifer resources, e.g., employing one well
to tap multiple aquifers concurrently. For decision makers to make an educated guess so that aquifers
are optimized, the GIS/Hydrogeology portions of this study are invaluable. Thus, decision makers are
provided data on aquifers beneath each municipality. Additional information is archived at AACOG.

The immediate benefit to provincial control of water supply is self-reliance. To be sure,
independence is ideal but it is clear from the above analysis that while some municipalities will benefit
from a sovereign approach, others will gain from a regional arrangement. Irrespective of choices made
by decision makers, each municipality is free to choose according to their needs. The function of the
Corps of Engineers is not to presume to tell municipalities what is best for them. Rather, it is illuminate
the choices available to each.

The main difficulty with a sovereign approach, however, is the existing groundwater law in
Texas. Groundwater, like oil, is treated with the English Rule, or Rule of Capture principle, giving land
owners the "property rights" to all water extracted from under the owner's land. Since groundwater does
not recognize property lines, one can foresee the potential of one land owner encroaching the "property
rights" of another. Tietenberg refers to this type of resource as a common property resource. Common
property resources are those that can be exploited on a "use it or lose it" basis. Texas groundwater law
virtually insures that dramatic "drawdown" events can and will result from overpumping. When this
occurs, surrounding wells may go dry which potentially induces disputes, legal action, and expensive
resolutions,

To optimize groundwater usage for each municipality we recommend the development of a
Municipal Groundwater Co-operation (see Section 6.1). In this co-operation all municipalities will have
equal representation thereby maximizing both individual (municipal) and collective (county) benefits.
This group will not have a regulatory mission, but will function as a groundwater data collection and
record maintenance co-operation. Each municipality in the group could contribute annual dues so that
a full-time group coordinator can collect, synthesize, and maintain essential data, e.g., location and
number of wells, and pumping rates. Benefits of the co-operation include accessible and credible data
on each aquifer. During the course of this study, for example, several
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data gaps impeded the forward progress of the GIS/Hydrogeologic portions of this report. The institution
of a Municipal Groundwater Co-operation would expedite any future groundwater studies by readily
furnishing reliable data.

TABLE 5-2: AQUIFER DEPTHS FOR EACH MUNICIPALITY (IN FEET)

AQUIFER KARNES WILSON
Falls City Karnes City Kenedy Runge Floresville Stockdale
Oakville 300 300 200 * . ‘5
Catahuala 320 900 * 600 * 900
Sparta Sand 1,000 D o] D
Queen City BW BW BW BW 400
Carrizo 3,600* 8w BW BW 1,200 * 450 * 1,500 *
Wilcox BW/ID BWHD BW/ID BW/iD 1,600 1,400 2,100

Source: TWDB, Thonhoff Report (Table 4.1-1), AACOG, MECA
ID = insufficient data

WD = bad water

* = principal aquifer

6.0 REGIONAL ECONOMIC DEVELOPMENT ALTERNATIVES

6.1 General

Generally, rural economic development poses a number of very special problems. Isolation,
small population, low population densities, absence of critical services, limited tax base, lack of diversity
and limited institutional capacity all tend to mitigate against long term economic development in rural
areas. In many instances, these conditions are exacerbated by poverty and a dearth of employment
opportunities.

To meet the needs of rural areas and small communities, a broad strategy for economic growth
and development is imperative. At a minimum, this strategy should include the following:

1. Greater emphasis must be placed on diversifying the economic base of rural areas. This can be
done by encouraging small business development, enhancing the area's infrastructure, bringing
in new industry, expanding existing industry, exploiting new technologies and markets, and
developing an economic development strategy that focuses on the long term.

2. Additional emphasis must be placed on multi-jurisdictional cooperation in rural areas. Local
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communities and jurisdictions often tend to compete against one another in order to gain a small
advantage in the "game” of economic development. This kind of competitiveness is no longer
advantageous for rural areas. Instead, communities and counties must work in concert to develop
their economic base.

3. New partnerships are needed. Collaboration between public and private sectors encouraging
economic development is imperative. This private/public partnership can take on many forms.
The key to its successful realization, however, is based on the concept of mutual benefit and the
sharing of scarce resources.

4. A strategic approach is necessary. To enhance economic development and growth in rural areas,
emphasis must be placed on long-term strategies that encompass many dimensions, e.g.,
industrial, educational, environmental, public policy and leadership development.

6.2 South Texas Economic Region Growth Potential

According to the 1994-95 Texas Almanac, the South Texas Economic Region, which includes
the study area, is geographically the largest of the economic regions in Texas. The region's future
growth, resulting from increases in the manufacturing, services, transportation, and trade sectors, is
forecast to match Texas' rate of growth. Growing trade with Mexico will increase employment in the
services, transportation, and trade sectors. In retail trade, tourists have had a major effect on the
economy. Tourism in San Antonio and along the Texas-Mexico boarder boosts the export potential of
the region's trade and service sectors, bringing dollars from outside the region, state, and country.
Government and manufacturing are also important sectors in the region. There are several industries
within the manufacturing sector that are important contributors to the South Texas economy. Among
them is apparel manufacturing primarily because the industry is labor intensive and the wage rates in the
region are below state and national averages.

6.3 Regional Pork Processing Plant

The Crossmatch/Tri-County Rural Economic Development Demonstration Project, hereafter
referred to as the Crossmatch study, asserts that Texas produced 950,000 Market hogs in 1990 which was
a slight decrease from 1989 when 985,000 market hogs were produced in the state. In 1987 and 1988
Texas market hog production increased each year from a level of approximately 850,000 produced in
1986. Since January 1990, Texas has produced approximately 2,600 to 3,000 hogs per day for
slaughtering. Currently all hogs are shipped out of state to be butchered/processed, then shipped back
retail for consumer consumption.

Hog production in Texas is spread throughout the state, with both small and large farms. Most
of the large (500 plus sows) farms are located west of Interstate Highway 35, with several in northwest
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Texas and the panhandle region. However, a large percentage of the total productlon is located in the
central and south central regions of the state.

There is interest for building new production in Texas for large scale operations and small, low
cost farms. It is a goal of the Texas Pork Producers Association for the state to be producing 1,750,000
market hogs annually by the year 1997. This level of production should insure any size of packing plant
with a sufficient supply of hogs for processing.

6.3.1 Wilson County and Region

According to the Crossmatch study, Wilson County is an ideal location for a pork processing
plant. Approximately 75 producers are located in Wilson County, in which 55,000 hogs in "finished"
weighing of 220-250 pounds annually. The six contiguous counties of Atascosa, Bexar, Gonzales,
Guadalupe, Karnes and Wilson Counties produce over 120,000 swine each year. Wilson County alone
produces almost half of that output.

Wilson County is in the heartland of the major pork producing area of Texas. Approximately
60% of 570,000 head of the total market hog production is located within a 200 mile radius of Floresville,
Texas, the county seat of Wilson County. The size of farms within this area range from 1 to 1,500 sows
and feedlots producing from 50 to 25,000 market hogs per year. Most farms tend to be less than 100
sows and less than 1,000 feeder pigs in feedlots.

Within 30 miles of San Antonio, the 9th largest city in the U.S., Wilson County has an excellent
road system (Highways U.S. 87 and 181 and State Highway 97) connecting with Interstates 35, 37, and
10 in adjacent counties. Additionally, rail service is available.

6.3.2 Facility Benefits and Advantages

The proposed plant should be located near the metropolitan areas of San Antonio, Houston,
Corpus Christi or Austin. The close proximity to these areas allows delivery of fresh pork within two
to three days after processing. Local pork producers will benefit by increasing revenues two to four cents
above prices they currently earn. These additional revenues are freight charges saved by local pork
producers currently shipping live hogs out of state.

The labor force necessary to operate the processing plant is available and comparatively
advantaged towards agriculture or agri-business economic development. Because the cost-of-living is
relatively low in the study region, employees can be hired at low to medium rates.

Because pork processing is a water intense operation, additional investigations should be
undertaken to determine groundwater requirements in addition to resource sustainability. Opportunities
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could exist for a co-operative arrangement between the pork processing investors and local municipalities
to address mutual water needs.

6.3.3 Local Commitments

Marketing study information compiled by the Texas Department of Agriculture can be made
available concerning type and quality of pork purchased, prices, supply markets and overall needs.

Special assistance can be provided on:

A.  Site locating layouts with maps, property inventories, utility services, permit needs and
construction development.

B.  Financing programs from the State of Texas Small Business Administration and interested
local banks.

C.  Coordinate processing of job applications, job training assessments OJT contracts and
qualified workforce.

D.  Special entity Tax incentives or abatement agreements as necessary.

6.4 Tourism

Tourism is forecast to become the world's leading industry in the 21st century. Within the San
Antonio area, service industries related to tourism are the number two employer, following only jobs
related to the military and government employment. According to the 1994-95 Texas Almanac, tourism
has already become a major economic factor in hundreds of Texas communities. The estimated impact
of visitors on local economies reached more than $17.7 billion in 1991. The following table shows the
economic impact of tourism on the four-county study area.

As stated in the Crossmatch study, AACOG's tourism initiative began in late 1988 during a
period of drought and lagging oil production. Agricultural production was profoundly affected as was
the morale of many rural communities. Out-migration in some areas served as a grim indicator of the
degree of economic distress. Despite an economic downturn in the region, the tourism industry in San
Antonio continued to experience growth. San Antonio ranked as the State's premiere tourist destination
city among short-term, long-term and international tourists. The counties and communities surrounding
San Antonio are rich in history, cultural diversity, beautiful by-ways, ranches, farmlands, brush country
and tree-studded limestone hills. In short, these surrounding communities possess all those attributes that
make-up the internationally perceived "Texas mystique".
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While tourism is forecast to become a leading industry in the area, it is pro-cyclical and is
consequently subject to trough periods in addition to the peak periods.

County Expenditures Payroll Employment State Taxes Local Taxes Total

Atascosa $8,080,000 $1,400,000 120 $280,000 $180,000 Injections:
$9,940,000
Jobs: 120

Frio 10,840,000 2,040,000 180 470,000 250,000 Injections:
$13,600,000
Jobs: 180

Karnes 5,900,000 980,000 80 220,000 190,000 Injections:
$7,290,000
Jobs: 80

Wilson 5,880,000 750,000 60 220,000 140,000 Injections:
$6,990,000
Jobs: 60

Total $30,700,000 $5,170,000 440 $1,190,000 $760,000 Injections:
$37.820,000
Jobs: 440

Source: The Dallas Morning News, 1994-95 Texas Almanac, 1993.

6.5 Economic Development Coordinator

Recall, the principal goal of this PEP program is to outline a long-term economic development
strategy for the two-county study area. Also, while this study is intended to develop a regional economic
development model based on individual and collective strengths of each participating municipality, it can
serve as a prototype for economic development studies in other rural regions in Texas. The most feasible
alternatives might be beyond the fiscal capability of individual municipalities in the study area, and may
require private sector participation and the pooling of public resources across municipal, county, and
conceivably river basin boundaries. For these reasons, and for reasons listed in Section 6.1, future
economic development efforts would be more effectively promoted if each county were to establish a full-
time Economic Development Coordinator.

Each Economic Development Coordinator should be a member of an Economic Development
Committee to be facilitated by AACOG. This committee would make economic development
recommendations for the study area. It is once again vital to stress the necessity of a collective effort by
each member of this committee. While each member is encouraged to function independently, i.e., act
in the best interest of their respective county, they too must act in concert thus optimizing each economic
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development effort for the entire region.

The Economic Development Coordinator would be responsible for developing, administering,
and coordinating a comprehensive economic development program for the employing county. The
incumbent would assist business and industry with expansions and relocations, create economic
opportunities for each municipality within the county, promote international trade, provide technical
assistance in financing, direct the preparation of economic
development strategies, and other relevant economic development
activities. The Economic Development Coordinator would serve as liaison to the local business
community and business executives, public entities, and work directly with county municipalities. Work
would involve coordination with state and federal legislators and other organizations in developing and
recommending legislation enhancing economic development and would require extensive coordination
with other municipal entities, state and federal economic development agencies, the private sector, and
the State Legislature. The incumbent would receive general direction from county and municipal
officials, AACOG, and the Economic Development Committee, in developing programs, policies, and
legislation.

Atascosa County currently has an Economic Development Corporation which is financed through
several means including tax dollars, county, participating municipality, and chambers of commerce
contributions, and grants. Currently, the Executive Director along with AACOG representivities are
working with Wilson County officials to establish an economic development program in that county. The
mission statement, duties and responsibilities of the Executive Director, and composition of the Board
of Directors for the Economic Development Corporation in Atascosa County can be found in Appendix
C.

6.6 NAFTA Superhighway Designation
6.6.1 Introduction

Since the North American Free Trade Agreement (NAFTA) went into effect on January 1, 1994,
the importance of Interstate Highway 35 (IH-35) and the demands placed on it are expected to increase
dramatically. The Texas portion of IH-35, which bisects Frio County, will serve as the major north-south
artery bearing the heavy commerce traffic into and out of the U.S. and Mexico directly connecting the
major population and commercial centers of Laredo, San Antonio, Austin, Dallas/Ft. Worth, Oklahoma
City, Wichita, Kansas City, Des Moines, Minneapolis, Duluth, and Central Canada. Texas highways
carry approximately 75 percent of combined cross-boarder trade valued at $55 million, the majority of
which is transported on IH-35. Estimates are that between 35,000 and 38,000 18-wheel trucks cross into
and out of Mexico at Laredo every month, the majority of which travel on IH-35. U.S. trade related to
NAFTA is projected by Federal and Texas officials to double by the year 2000 and double again by 2010.
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Not only are there local and regional rents® to capture via IH-35, but also consider that [H-35
provides access to all major interstate routes running east to west across the U.S. To be sure, the effects
of NAFTA will quickly assimilate to the rest of the nation creating the potential for rents to be captured
nationally.

It is not enough to weigh the costs and benefits of alternative means (or the expansion of
preexisting means) for moving goods and people. The possibilities of trade-off between transport
investment and other capital investments also must be deliberated. Moreover, since transport resources
are often critical as inputs in other economic projects, what may initially appear to be an efficient
allocation of transport investment, when viewed in isolation, may be inefficient when viewed in terms
of the opportunity cost of that allocation in the broader context of national planning. It is, therefore,
requisite upon the economic analysts and decision makers to incorporate in their analysis the benefit and
cost functions of the nation.

It is essential, then, to apply a method by which the benefits of a transport project of this
magnitude are real and quantifiable. Because the benefits of an TH-35 expansion project are not limited
to local and regional levels, a national development policy alsoc must evolve which too can be measured
in quantifiable, real terms. Benefit-cost analysis (BCA) is the primary tool of public sector investment
project evaluation:

When interpreted in strict economic terms, [BCA] is a pragmatic realization of the theory of
welfare economics, providing a specific organizing framework and a set of procedures to
summarize information and display the tradeoffs associated with these actions - generally in
monetary terms (Smith, 1986).

6.6.2 Methodology

In general, to analyze the economic feasibility of any undertaking is to ask the question, Will the
benefits from the project be greater than the costs and therefore justify diverting financial and economic
capital to that project? More specific to the issue of an [H-35 expansion project, for example, several
questions can be posed:

(1)  What will be the marginal impact of expanding IH-35 by one lane?

*Economic Rent is the excess return to an input (resource), i.e., the difference between the
payment for use of the resource (hire price) and the lowest payment the owner of the resource
would have been willing to accept.
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(2)  With an increase in economic growth, what is the value of one lane?

(3) What will be the impact on the economy of increased traffic flow?

(4) Because of NAFTA, what predictions can be made of how traffic density will increase?
(5)  What are the short-term and long-term expected benefits and expected costs?

(6) By what amount will an additional lane decrease travel time?*

Benefit-cost analysis maintains that consumers' values should be the basis for measures of the
benefits of an action. In defining these benefits, economic analysts typically use an individual's
willingness to pay for the good or service provided by the proposed action. Decision makers commission
benefits assessments to help them make decisions, i.e., to help them choose among alternative courses
of action (including inaction). To make these difficult choices the decision makers must do the following:

(1) identify the policy alternatives that could be adopted

(2) circumscribe the set of policy-relevant consequences that these alternatives could create

(3) estimate the magnitude of each alternative's consequences were it adopted

(4) evaluate the benefits and costs that affected individuals would derive from these
consequences

(5) aggregate benefits across individuals
(Fischhoff et al., 1986)

It should be noted that the above framework is suitable when the set of policy alternatives is small, and
is thus applicable in TH-35 expansion analysis.

Ideally, costs are to be measured by the opportunity costs of the resources used in the allocation
decision. When the action involves expanding IH-35, or building a bridge, for example, engineering
estimates of the costs of the project are constructed as part of its design. While there may be technical
issues associated with the treatment of capital and operating costs, these tasks are more direct than many
benefit estimation problems. Smith (1986) lists two methods for cost estimation: econometric cost models
and engineering estimates. He claims that most studies have relied on the latter method:

As a rule, the cost estimates needed are either too specific or detailed to be consistent with the
more general ones which could be developed from econometric models, largely because of the

*Intuitively, this question is particularly important because it addresses an optimization problem:
by decreasing (minimizing) travel time, we are able to increase (maximize) the efficiency of
transporting goods, such that the value of the goods being transported is equivalent to the time
value.
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state of the art of neoclassical modeling and data limitations (Smith, 1986).

Benefit-cost analysis is not the only tool available to the economist for public policy evaluation.
Economic impact analysis* also can be employed. This analysis has at its disposal many methods for
evaluating actions providing the basis for estimating what groups will gain and lose from (specifically)
IH-35 expansion. For example, models can be constructed estimating travel demand from which we can
extrapolate an estimated impact on travel demand given IH-35 expansion. Additionally, models can be
structured to estimate the elasticity of individual responsiveness to congestion from which the following
question can be entertained: How much will expansion diminish congestion?

In terms of the national effects of NAFTA and an IH-35 expansion, historical expansion projects
can be studied with the intent of valuing the interstate system. For example, perhaps studies assessing
the economic value of IH-635 in North Texas, or IH-495 encircling the Washington, D.C. area,
controlling for unrelated factors, e.g., area growth, could be extrapolated to IH-35 and the major
interstate routes running east to west across the U.S. that are accessed from IH-35. Unquestionably, the
IH-35 corridor coalition must secure an International NAFTA Superhighway designation for this country
to realize the full potential of free trade with bordering countries.

6.6.3 Conclusion

Frio County is in the unique position to participate in the development of this country's capacity
to trade freely and efficiently with Mexico (and Canada). The challenge is in developing the techniques
that will be socially and politically amenable to quantify the growth potential. Careful selection of
available quantitative methods (e.g., benefit-cost analysis) is paramount to the success of this national
agenda. Therefore, future market feasibility studies should investigate dovetailing economic development
of this region and NAFTA development along the TH-35 corridor.

“Evaluation of the effects on an action on prices, output, employment, and other economic
features of industries, regions, and governmental units (Smith, 1986).
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APPENDIX A - Review of Groundwater Resources

1.0 INTRODUCTION

This study was initiated as a review of the Thonhoff/AACOG Report (September, 1994) titled
“Regional Water Plan for Participating Municipalities in Atascosa, Frio, Karnes, and Wilson Counties”
prepared by the Alamo Area Council of Governments and Thonhoff Consulting Engineers, Inc. During
the initial readings of the report and discussions regarding the proposed plan, several additional tasks
emerged:

- Evaluation of groundwater resources in the study area based on the collection of all
available data and integration into a GIS database.
- Building of preliminary, regional groundwater models for identified aquifers.

Figure 1 shows the location of the study area which includes Atascosa, Frio, Karnes and Wilson
counties, as well as parts of some of the surrounding counties.

The main reason for expanding the Thonhoff/AACOG Report with this study was that it focused
on seven participating municipalities, out of forty six identified water purveying entities, and did not
study in detail all present aquifers and groundwater pumpage data. This new study examines the four
county aquifer potential in more detail and assists the AACOG in developing a groundwater-related
geographic information system. AACOG is ultimately responsible for the GIS design and data collection.
This study was prepared by Neven Kresic, Professional Hydrogeologist, IAH #988.

2.0 THONHOFF/AACOG REPORT: PRESENT AND FUTURE GROUNDWATER USE

According to the Thonhoff Report “The vast majority of groundwater is produced for irrigation
purposes in the area, and groundwater provides essentially all of the public supply water to cities in the
area” (Section 3.1). This report did not provide data on the actual total present groundwater withdrawal
in the AACOG Project Area. However, water usage projections for the area are given for years 1990,
2000, 2010, 2020, 2030, and 2040 based on the following:

1) a survey of seven participating municipalities (Falls City, Floresville, Karnes City,
Kenedy, Pearsall, Pleasanton, and Runge);

2) a preliminary search of records from the Texas Natural Resource Conservation
Commission for other water purveying entities in the area.

3) TWDB Water Demand projections and population figures for Atascosa, Frio, Karnes, and
Wilson counties.
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Estimated groundwater withdrawal in 1990 is given for twenty-six water purveying entities out
of forty-three identified (Table 5.1-1, Section 5.1 “Water Supply”). Projections for the year 2000 and
later are given for fourteen entities. The Thonhoff Report did not specifically address groundwater
withdrawal for irrigation or industrial purposes and the total projected water use for the four counties
does not include these figures (Table in the Executive Summary; Table 2.4-1 in the Section 2.4 “General
Water Use Projections for Four County Area”). Section 3.1.2 “Carrizo Sand” gives the irrigation
pumpage from the Carrizo of 228 MGD in 1969. In the same year, public supply pumpage accounted for
about 8 MGD, or 3 percent of the total pumpage. Corresponding data are not available for the present
or projected water use for the individual aquifers.

Projected water use in the year 2000 for the fourteen purveying entities is 9.77 million gallons
per day (MGD) calculated from the data in Table 5.1-1. Compared to the estimated total water use of
16.20 MGD (or 17.11 MGD in the case of high estimate) this number seems questionable. In other
words, all twenty-nine remaining water purveying entities account for only 6.43 MGD (or 7.34 MGD
in the case of high estimate). Only 1990 data were submitted by several entities and therefore not included
in the 2000 year estimate. However, significant water use is apparent (all figures in MGD): City of
Lytle - 0.493, McCoy WSC - 0.326, El Oso WSC - 0.998, SS WSC - 0.606, Sunko WSC - 0.340. This,
together with the fact that there are no data available for as much as seventeen entities, indicates that the
public water use projections for the four-county area may be underestimated.

3.0 AQUIFER INFORMATION IN THE THONHOFF/AACOG REPORT

The Thonhoff/AACOG Report identified three “major” aquifers in the Project Area: Wilcox,
Carrizo and Queen City. Although shown on Geohydrologic Cross-Sections, Figures 3.1-1 and 3.1-2,
the Sparta-Laredo aquifer is not described in the report. Based on its thickness and description in Table
3.1 (“medium to fine sand, some interbedded clay”) it appears that the Sparta-Laredo aquifer may be a
potentially important source of groundwater in the area. Two “secondary” aquifers that outcrop only in
Karnes County were also identified: the Catahoula and Oakville.

Approximate range of aquifer thickness is given only for Carrizo (150 to 1,200 feet), Queen City
(500 to 1,400 feet), Catahoula (maximum thickness of 1,700 feet), and Oakville (950 feet maximum
thickness). However, these data are not consistent with TWDB reports data. It is also not clear if the
given values are actual thicknesses in the four-study area. Particularly problematic are values given for
the Catahoula and Oakville aquifers. With the thickness of 1,700 feet, Catahoula would be the thickest
aquifer in the Project Area, even though it is not shown on the maps and cross-sections, or identified as
a major aquifer. It is more likely that this value is a geologic estimate of the original deposition thickness
and not the actual present thickness. Also, thicknesses obtained from the deep well logs are only up to
1,500 feet in Karnes County.

The Thonhoff/AACOG Report did not provide data on aerial distribution of hydrogeologic
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Figure 1: STUDY AREA WITH THE SUPERIMPOSED GROUNDWATER MODELING GRID
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parameters for the identified aquifers but listed ranges of transmissivities for the aquifers. Also omitted
was information on groundwater levels and maps of the potentiometric surfaces (water levels registered
in wells) for the aquifers. This new report will furnish some of this information and provide a more
accurate profile of the potential for groundwater use in the four county area.

4.0 DATA USED IN THE PRESENT STUDY

To provide a more accurate assessment of the potential for further groundwater development in
the area, the following data bases/GIS layers were developed and later used for groundwater assessment
and preliminary regional modeling:

1. Geologic map showing outcrops of major and secondary aquifers, as well as aquitards. The map was
compiled from geologic maps published in “ground-water reports” by Texas Water Development Board
(previously “Texas Board of Water Engineers”) and Texas Water Commission , and then digitized at
AACOG. These reports, also the main source of other hydrogeological information, were produced for
Wilson County (in 1957, Bulletin 5710), Karnes County (1960, Bulletin 6007) Atascosa and Frio
Counties (1966, Report 32), and the following neighboring counties: Bexar (1959, Bulletin 5911), Live
Oak (1961, Bulletin 6105), Bee (1966, Report 17) De Witt (1965, Bulletin 6518), Goliad (1957, Bulletin
5711), Guadalupe (1966, Report 19), Medina (1956, Bulletin 5601), Gonzales (1965, Report 4), La Salle
and McMullen counties (1965, Bulletin 6520). TWDB Report 210 titled “Ground-Water Resources of
The Carrizo Aquifer in The Winter Garden Area of Texas” and published in 1976, was also used as a
source of important hydrogeological information in this study.

2. Precipitation data for area gauging stations was provided by AACOG. These data were used to
produce a map of the average annual precipitation in the study area for the 1983-1994 period. This map,
together with the air temperature data, was then used to estimate the “potential evapotranspiration” and,
consequently, “aquifer recharge”.

3. Air temperature data for the area gauging stations was provided by AACOG.

4. Data on land cover was derived from a processed Landsat TM satellite image. Two categories of land
use were identified per 2x2 mile groundwater model cells based on the predominant (> 50%) coverage:
forested land or agricultural soil. These categories were then used to estimate the relative recharge
distribution assuming less infiltration over forested areas.
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5. Data on altitudes of the area aquifers’ tops and bottoms. These data base were developed and provided
by AACOG from the TWDB ground-water reports/geologic cross-sections showing locations and well
logs of deep (oil ?) wells. Altogether, data from 96 wells scattered throughout the study area are included
in the database which was used to determine aquifer thicknesses and produce contour maps of their top
and bottom elevations. At this time, data were sufficient to most accurately map the Wilcox, Carrizo and
Queen City aquifers (see next sections). Other related figures in TWDB reports, were also used to
produce maps for the study area. In addition, data for the Wilcox and Queen City aquifers had to be
adjusted/changed during the map development to maintain consistency with TWDB maps.

6. Data on well pumpage provided by AACOG and organized in two data layers: one containing
individual well data and one containing data of the well pumpage per 2x2 mile cells. The individual well
database includes the following information: well ID number, longitude/latitude, year of completion, well
depth, aquifer pumped, pumping rate in gallons per minute, and well usage (irrigation, municipal,
industrial, other). The well pumpage database has the following information: number of the 2x2 mile cell
within the grid developed for groundwater modeling, state coordinates of the cell centroid, aquifer
pumped, and total pumping rate in gallons per minute for all wells within that cell. The data were used
to estimate groundwater withdrawal in the study area, and for calibration of the preliminary, regional
groundwater models.

7. Data on groundwater levels measured in individual water wells were provided by AACOG. The
related data base includes the following information: well ID, state coordinates, year of measurement,
surface elevation, depth to water level, water level altitude, and aquifer measured. The available data
were sufficient to produce a contour map of groundwater altitudes for the Carrizo Sand aquifer. The most
recent year with a considerable amount of data available for the map is 1990. The 1990 map and a map
of groundwater altitudes in the Carrizo Aquifer in 1970 based on TWDB Report 210 are presented.

5.0 DESCRIPTION OF AREA AQUIFERS

5.1 Wilcox Group

The Wilcox Group outcrops in a NE-SW belt from 3 to 10 miles wide along southern Medina
County, and northern parts of Frio and Atascosa Counties (see Figure 2). The Wilcox is composed mostly
of clay, shale, lenticular beds of sand, and discontinuous beds of lignite. The shale and clay generally
contain gypsum (calcium sulfate).

Relative thickness of the Wilcox Group, as measured along vertical (well axes, see Figure 3),
varies from 300 feet in outcrop areas to over 2,200 feet in southern Atascosa county. Figures 3 through
5 show locations of deep wells used to determine the top and bottom of the Wilcox Group, and altitude
in feet of the aquifer top and bottom. Gradient (slope) of the aquifer top is about 140 feet per mile, and
the aquifer bottom surface slopes about 150 feet per mile, i.e. its average dip is 1.5°toward the southeast.

Karnes and Wilson Counties, Texas September 2000
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Figure 6 shows groundwater levels registered in water wells in 1990 (most recent year with the
largest amount of data available as provided by AACOG). Practically all of the 11 measured wells are
in the aquifer’s recharge area (outcrop). Virtually no information was collected down dip of the outcrop
area (i.e., the southern parts) severely limiting the ability to fully assess the potential of the Wilcox. If
more well data are collected in a future study the Wilcox could be more accurately evaluated.

According to TWDB reports, this aquifer yields small to moderate quantities of fresh water to
a few wells in the northern part of the study area. The electric logs indicate that the water in the Wilcox
is fresh in areas within a few miles of the outcrop and slightly saline in most of the remainder of the study
area, In Karnes County, Wilcox water is very saline and it is usable for water supply or irrigation. Yields
of wells taping the Wilcox Aquifer range mainly from 100 to 350 gallons per minute.

No actual data in TWDB reports were available on the distributions of aquifer transmissivity,
hydraulic conductivity or storage. In its Report 210, TWDB gives an estimate of the aquifers
transmissivity of 44,000 gpd per foot. The artesian storage coefficient is estimated to be 0.0005 while
there are no data on the storage for unconfined (water table) conditions. Clearly, more hydrologic
assessment of the Wilcox is needed.

5.2 Carrizo Sand

The Carrizo Sand Aquifer is the most important source of water supply and irrigation in the study
area. It is also the aquifer with the most data available, including an extensive study on its ground-water
resources (TWDB Report 210).

The Carrizo Sand overlies the older Wilcox Group and is exposed at the surface in a belt from
3 to 7 miles wide in southern Medina County, the northernmost parts of Frio and Atascosa Counties, and
southern parts of Bexar and Guadalupe Counties. The Carrizo consists almost entirely of sand and
contains minor amounts of shale or clay and lignite. However, in southeastern Frio County and southern
Atascosa County, the electrical logs show impermeable shale lenses sometimes more than 50 feet thick.

The relative thickness of the Carrizo ranges from about 300 feet near the outcrop to about 1,000-
1,100 feet in southern Atascosa County. Locations of deep wells containing information on the aquifer’s
top and bottom altitudes (which is part of the AACOG data base) are shown in Figure 7. Contour maps
of the Carrizo Sand aquifer top and bottom are shown in Figures 8 and 9. As mentioned earlier, these
maps are derived from maps included in the TWDB Report 210. Figures 8 and 9 also show the position
of the “bad water line” in Karnes County, (i.e. approximate downdip limit of fresh to slightly saline water
(less than 3,000 miligrams per liter dissotved solids) in the Carrizo aquifer.

Karnes and Wilson Counties, Texas September 2000
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Figure 3: WELLS USED FOR DEFINING THE TOP AND BOTTOM OF THE WILCOX AQUIFER
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Figure 4: ALTITUDE IN FEET OF THE TOP OF THE WILCOX AQUIFER BASED ON THE WELL

LOG DATA FROM TWDB REPORTS

Partners for Environmental Progress

ge o€ S¢ 02 St ol S I

(=)
wn
1]
h g
L=
-

)

Karnes and Wilson Counties, Texas




Al0

-

by i

=E

b

s\

A

AW

A\

ALY

=
VAT
LATN:
\:

LI

hY

e

N

5\/{\ W

11

Ru-a01 1LYz

,f\}

Jige \

V4

lh’ o \’“

AN

2
3
VAN

AERVIVARN S

x.

=
\‘?\\

AN

L

Figure 5: ALTITUDE IN FEET OF THE BOTTOM OF THE WILCOX AQUIFER BASED ON THE

WELL LOG DATA FROM TWDB REPORTS

Partners for Environmental Progress

September 2000

Karnes and Wilson Counties, Texas



Partners for Environmental Progress All

In Atascosa County, the dip of the Carrizo is southeasterly at about 100 to 130 feet per mile. In
Frio County, the dip is more southerly at about 100 feet per mile in the northern part of the county, and
southeasterly at about 50 feet per mile in the southern part of the county. The Carrizo aquifer dip is
deepest in southern Wilson County and north/northwestern part of the Karnes county at about 200-250
feet per mile.

Figures 10 and 11 show the altitude of water levels in the Carrizo Sand aquifer in 1970
and 1990 respectively. The maps show a general decline of 80 to 100 feet in the central parts of Frio and
Atascosa counties. This decline is smaller in the northern parts of these counties and is about 40 to 60
feet. The difference may be explained by the fact that more water is pumped out of the aquifer in the
northern parts of the two counties which decreases the amount available for withdrawal in the central and
southern parts. The most obvious effect is around Campbellton in southeastern Atascosa County where
the decline is 120 feet. This area has the lowest registered groundwater levels in both 1970 and 1990
indicating very heavy pumping, However, pumpage data in the area provided by AACOG, coupled with
other information on this part of the Carrizo (thickness, hydraulic conductivity), when simulated with the
preliminary, regional groundwater model do not produce the observed drawdown. Part of the explanation,
in addition to the indicated low hydraulic conductivity (see Figure 12), may be a low efficiency of the
water well(s).

The decline in groundwater level seems much better in Wilson County compared to Frio and
Atascosa Counties. Although data available are not sufficient for a more exact evaluation (nearly the
entire southern and eastern parts of Wilson County are without data on groundwater levels in 1990), it
seems that the decline is about 20 feet. Assessment on groundwater levels and its possible decline could
not be made for Karnes county since only one measurement was available.

A “Digital Computer Mathematical Model” developed by the TWDB (Report 210) predicted a
maximum decline of water levels in the Carrizo aquifer of only 20 to 40 feet throughout the study area
in the 1970-1990 period. Part of the explanation may be inaccurately estimated groundwater withdrawal
from the aquifer used in the model. Another possible reason for largely underestimating water levels
declines by the model during the period 1970-1990 is an overestimated leakage to the aquifer from other

aquifers.

Figure 12 shows the distribution of hydraulic conductivity (permeability) in the Carrizo sand
aquifer based on the map covering the Winter Garden Area and is included in the TWDB Report 210.
This aquifer parameter is, together with the aquifer thickness and storage, essential for determining
groundwater flow rates and available reserves. Hydraulic conductivity of the Carrizo is generally highest
in the outcrop zone (about 50 to 60 feet/day on average) and decreases toward the south and southeast.
It is lowest in the area closest to the “bad water line” which is an approximate downdip limit of fresh to
slightly saline water (less than 3,000 miligrams per liter dissolved solids) in the Carrizo aquifer. This line
extends from northeast toward southwest through central parts of Karnes

Karnes and Wilson Counties, Texas September 2000
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TOP AND

FIGURE 7: DEEP WELLS WITH ELECTRIC LOGS AND THE INFORMATION ON THE

THE BOTTOM OF THE CARRIZO SAND
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county.

The average coefficients of transmissivity determined from tests of 12 wells tapping the Carrizo
in Frio and Atascosa Counties ranged from 36,000 gallons per day per foot at Dilley to 150,000 gpd per
foot near Poteet and Pleasanton (Report 32 and Bulletin 5710). A pumping test at Floresville, Wilson
County, showed the transmissivity of 29,000 gpd per foot and the coefficient of storage of 0.00014.
Report 210 gives the following largest transmissivities found in Atascosa, Frio and Wilson Counties:
317,000 gpd/ft, 230,000 gpd/ft and 301,000 gpd/ft respectively. The average coefficient of storage in the
outcrop, under water table conditions, is estimated to be 0.25. Downdip, where the aquifer is confined,
the average coefficient of storage is approximately 0.0005 (Report 210). There were no aquifer tests
reported for Karnes County.

The Carrizo Sand yields large quantities of fresh water to over 1,300 registered (until 1988) wells
in the study area. Its heavy pumpage continues to cause large-scale declines of water levels throughout
the study area as explained earlier and shown in Figures 10 and 11. That portion of the Carrizo that lies
beneath the southern half of Karnes County is not heavily pumped because of high total dissolved solids
(TDS) in the groundwater. The aquifer's "bad water line" bisects the county (an approximate downdip
limit of fresh to slightly saline water with less than 3,000 milligrams per liter TDS, is shown in Figures
8 through 12).

53 Queen City Sand

The Queen City Sand aquifer conformably overlies the Reklaw Formation which separates it from
the Carrizo Sand aquifer. It crops out in a belt from 6 to 12 miles wide south or southeast of the Reklaw
outcrop (see Figure 2). The Queen City is composed of beds of medium to fine sand, sandy clay, silty
clay, and shale. The thickness of the Queen City Sand in the study area ranges from about 600 feet in the
outcrop area to over 1,200 feet in southeastern Atascosa County. Figures 13 and 14 show altitudes of the
aquifer’s top and bottom as determined from the deep-well logs data base provided by AACOG.

Average transmissivity of the Queen City aquifer determined by several pumping tests at
Pleasanton is 12,000 gpd per foot which, when divided by the aquifer thickness, yields the value of
hydraulic conductivity of 60 gpd per square foot. Storage coefficients of the aquifer are about 0.0001.
TWDB estimates an average transmissivity of the Queen City Sand aquifer to be 14,000 gpd per foot in
the Winter Garden Area (Report 210) but its actual distribution remains unknown. While there are no
estimates on the storage in unconfined conditions, the artesian storage coefficient is estimated to be

0.0005

The aquifer water levels measured in 1990 (most recent year with most data) are shown in Figure
15. With the exception of one measurement in east-central Atascosa County, all data are from

Karnes and Wilson Counties, Texas September 2000
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Figure 8: ALTITUDE OF THE TOP OF THE CARRIZO SAND AQUIFER CONTOUR INTERVAL

IN FEET (FROM TWDB REPORT 210)
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Figure 9: ALTITUDE OF THE BOTTOM OF THE CARRIZO SAND AQUIFER CONTOUR

NTERVAL IN FEET (FROM TWDB REPORT 210)
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Figure 10: ALTITUDE OF WATER LEVELS IN THE CARRIZO SAND AQUIFER, 1970 CONTOUR
INTERVAL 20 FEET (FROM TWDB REPORT 210)
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Figure 11: ALTITUDE OF WATER LEVELS IN THE CARRIZO SAND AQUIFER, 1990 WITH
POINTS OF MEASUREMENT. CONTOUR INTERVAL 20 FEET.
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Figure 12: HYDRAULIC CONDUCTIVITY OF THE CARRIZO SAND AQUIFER CONTOUR LINE
INERVAL 10 FEET/DAY (ADAPTED FROM TWDB REPORT 210)
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wells in or very close to the aquifer recharge zone (outcrop). The amount and distribution of data is not
sufficient for determining hydraulic gradients and, consequently, flow rates of fresh water in the aquifer.
An attempt to estimate groundwater flow characteristics in the Queen City Sand aquifer was made by
designing a preliminary, regional groundwater model (see Section 8).

According to TWDB (Bulletin 5710), “In most places the Queen City Sand aquifer yields only
small amounts of water to domestic and stock wells. Nevertheless, moderate to relatively large yields of
water of good quality are obtained in places in and near the area of outcrop where the sands are relatively
massive and more permeable. For example, two wells, C-24 and C-25, supply enough water for the city
of Stockdale, and well G-47, an irrigation well, yielded 800 gpm during a pumping test. In many areas
where the Queen City exceeds a thickness of 300 feet, yields of 200 to 600 gpm may be expected from
properly constructed wells.”

The approximate position of the “bad water line” in the Queen City Sand, as shown in the Texas
Water Commission Report 89-01 (“Ground-Water Quality of Texas”, 1989), is given in Figure 13.
Interpretations of electric logs indicate the Queen City aquifer does not contain fresh water in Karnes
County, the southeastern part of Atascosa County, or the western (larger) half of Frio County.

54 Sparta Sand

The Sparta Sand aquifer conformably overlies the Weches, which separates it from the Queen
City Sand, and crops out in a belt less than half a mile to more than 4 miles wide south or southeast of
the Weches outcrop (Figure 2). The Sparta consists of sand, most of which is in the upper two-thirds, and
clay. The thickness of the Sparta ranges from few tens of feet in the outcrop area to about 110 feet in the
confined area. In Atascosa County, the dip of the Sparta is southeasterly at about 100 feet per mile,
except in the south eastern part of the county where it is more than 150 feet per mile (TWDB Report 32).
In most of Frio County the dip is southerly at about 30 feet per mile. Figures 16 and 17 show locations
of deep wells that have information on Sparta Sand's top and bottom altitudes.

Aquifer parameters of the Sparta Sand are not available for the study area. Tests of three wells
that tap the aquifer in La Salle County showed transmissivities between 1,000 and 3,500 gpd per foot.
TWDB estimated an average transmissivity of the Sparta Sand aquifer to be 5,000 gpd per foot for the
Winter Garden Area (Report 210). Its actual distribution in the study area remains unknown. While there
are no estimates on the storage for water table conditions, the artesian storage coefficient is estimated to

be 0.0001

Figure 18 shows eight wells with the information on water levels measured during 1990 as
provided by AACOG. The amount and distribution of data are insufficient for estimating the piezometric
surface, aquifer hydraulic gradient and groundwater flow rates.

Karnes and Wilson Counties, Texas September 2000
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Figure 13: ALTITUDE IN FEET OF THE TOP OF THE QUEEN CITY SAND AQUIFER WITH
WELL POINTS (BASED ON THE WELL LOG DATA FROM TWDB REPORTS)
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