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EXECUTIVE SUMMARY

The Medina County Regional Water Plan was developed in order to evaluate the long-
term alternatives to the use of groundwater and perform a cost analysis on the
effectiveness of such alternatives. Due to the regulations set forth in Senate Bill 1477,
pumpage from the Edwards Aquifer will be limited to a maximum of 450,000 acre-feet
per year until 2008 and 400,000 acre-feet per year beginning in the year 2008. Currently
Medina County relies heavily on the Edwards Aquifer, drawing an average 91,811 acre-
feet of groundwater per year, based on a twelve (12) year average. Therefore,
alternative water sources will be required in order to meet future demands. The specific
objectives of the plan include the following:

« Establish county wide population and water demand projections for Medina
County;

o Describe the quantity and quality of water resources that are available to meet
the future demands within the study area and to quantify any limits to
development of these resources;

« Evaluate conjunctive management and use of groundwater and surface water
resources within Medina County and provide a basis for management strategies
that may be used to fulfill the regional water demands;

+ Formulate the basic elements of alternative plans that may be used to reconcile
water demands with the resources available.

Each of these objectives are outlined and discussed in the remaining sections of the
summary.

Based on the 1996 Consensus Texas Water Plan, the current population of Medina
County is 29,223 people. As shown in Table 2-2, the population projections for Medina
County in the year 2050 show an approximate increase of 50%, or a per capita increase
of about 17,965 people. All population groups experience the greatest growth between
the years 2000 and 2020. Using these projections, a water demand forecast was
established utilizing the following water use categories: municipal, manufacturing,
irrigation, mining, livestock and steam electric. The total water demand projected for
Medina County, in the year 2050, is a 137,700 acre-feet. This is a projected increase of
28% for the municipal demand.
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The Edwards Aquifer is the main source of groundwater in Medina County. On average,
approximately 96% of the current groundwater usage is taken from this aquifer. Based
on current groundwater usage, 88,322 acre-feet is pumped from the Edwards Aquifer
yearly in Medina County. With regards to surface water sources, only one perennial
stream flows through Medina County, which is the Medina River. The Medina Lake
System, composed of Medina Lake and Diversion Lake, has a total maximum capacity
at surface level of 257,413 acre-feet. The Bexar-Medina-Atascosa Water Control and
Improvement District No. 1 (BMA) uses a system of man-made canals to distribute the
water from this system for irrigation purposes. A smaller reservoir, Pearson Lake, is
located off of the main BMA canal and is used to store any remaining water in the canal

after irrigation season or when the water is not in use.

Given the population projections and available water sources, additional water
management strategies must be pursued in order to fulfill the regional needs of the
County. During the 1980’s BMA explored three options to help alleviate water losses in
the Medina Lake System. Of those options the only viable option was to sell excess
water to neighboring water purveyors and use the revenues generated to repair the
system. Through a series of agreements and plans this option is being accomplished.
BMA’s recent amended adjudication will allow BMA to use their 66,0000 acre-feet of
water for either irrigation or manufacturing and industrial (M&I) uses. In order to better
evaluate the potential of the Medina Lake System, the SIMYLD-Il computer program was
used to simulate four different scenarios using the following components: Medina Lake,
Diversion Lake, Pearson Lake, ground water resources and aquifer storage recovery
(ASR). Formulas, maps, figures and graphs detail the results of each of these cases
within this report. In addition, a supply versus demand comparison of the water
resources of Medina County was used to determine future water availability and
formulate the Water Resource Management Plan.

Finally, using the information mentioned above, three alternatives were developed and

are as follows:

1. “No action;”
2. Utilizing ASR and provisions of Senate Bill 1477 as management tools for a

regional water system;
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3. Utilizing the BMA canal system for delivery of raw water to a central location
for treatment and development off-channel storage of treated water.

Of these options, alternative three (3) is the most feasible and can be implemented in a

series of five phases, which are:

1. irrigation Canal Improvements are made to deliver the raw water from Medina
Diversion Dam to the proposed treatment facility at Pearson Lake;

2. Pearson Lake is constructed to store 3,400 acre-feet of Raw Water to be used
for Municipal and Irrigation uses;

3. A 4 million gallon per day water treatment plant should be constructed at
Pearson Lake;

4. Booster pump and ground storage facilities should also be constructed; and

5. Treated Water Delivery System developed to supply water to the County.

The total capital costs for the completed project is estimated to be $26,440,764 and the
total operational costs is estimated at $1.61 per 1,000 gallons. The final total capital and
operational costs to deliver water is estimated to be $3.38 per 1000 gallons.
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SECTION 1
INTRODUCTION

The Medina County Regional Water Plan is an extensive planning effort led by the Bexar-Medina-
Atascosa Water Control and Improvement District No. 1 (BMA). The project is jointly funded by BMA
and the Texas Water Development Board (TWDB).

OBJECTIVES

The Medina County Regional Water Plan will evaluate the water system currently being used
throughout Medina County and will develop long range alternatives to the use of groundwater. The
study will also analyze the region to determine cost effectiveness of the alternative water supplies.
The benefits of this study are as follows:

« Provide an alternative water plan to help alleviate the depletion of the Edwards Aquifer,;

¢ Provide an alternative water supply to protect endangered species from aquifer depletion and
reduced spring flows;

s Provide an economical method of storing and treating potable water;

e Provide an economical method of transporting these treated waters to the user.

The Edwards Aquifer is rapidly being depleted and an alternative water source in this critical basin is
desperately needed. Based on the provisions of Senate Bill 1477, the pumpage from Edwards
Aquifer will be limited to a maximum of 450,000 acre-feet per year until 2008 and 400,000 acre-feet
per year beginning in the year 2008. Therefore, an alternative water supply will be required to meet
future demands. The specific objectives of the plan include the following:

» Establish county wide population and water demand projections for Medina County;

o Describe the quantity and quality of water resources that are available to meet the future
demands within the study area and to quantify any limits to development of these resources;

+ Evaluate conjunctive management and use of groundwater and surface water resources
within Medina County and provide a basis for management strategies that may be used to

fulfill the regional water demands;

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
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+ Formulate the basic elements of alternative plans that may be used to reconcile water
demands with the resources available.

PHYSICAL DESCRIPTION OF THE STUDY AREA

The geographical area for the planning study is Medina County (Figure 1-1). Medina County is
located in south-central Texas and is bounded by Bandera County on the north, by Bexar and
Atascosa Counties on the east, by Frio County on the south and by Uvalde County on the west. The
County has a surface area of 1,331 square miles.

Agriculture is the leading enterprise in Medina County. The main crops in the area are peanuts,
pecans, com and grain sorghum. Cattle raising and the production of eggs and milk also are
prevalent in Medina County.

Many agriculture related industries are located in or near the larger cities. Devine has a peanut
processing plant, a cotton gin, a grain storage facility and a plant nursery. A pecan processing plant
is located in Yancey. In Hondo, there is a grain storage facility and a soil conditioner manufacturing
plant. Hothouse tomatoes are also grown in Hondo. There are three cattle feedlots that have a total
capacity of about 10,000 head of cattle. The largest of these is located near Devine and another is
near D'Hanis. The smallest one is found near Hondo. A state fish hatchery is located near Natalia.

The natural resources of Medina County are used by a variety of industries. D'Hanis has a brick
manufacturing plant. Hondo, Devine and LaCoste each have a concrete mixing plant. Building
sand, gravel, clay and caliche are mined in many areas. Six (6) oil and gas fields are located within
the County. Large amounts of coal have been mined and large quantities remain, however none is
currently being mined.

The county seat, Hondo, is also the home of many other industries. An aircraft repair plant, a
bathroom fixture plant, a carpet padding plant and a National Weather Service radar observatory are
all located there. Gary Air Force Base, a U.S. Air Force flight training school, is located just outside
of town. In addition, there are two car-testing tracks and a tire-testing fleet.

MEDINA COUNTY REGIONAL WATER PLAN
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U.S. Highway 90 crosses the County from east to west through Castroville, Hondo and D’Hanis. The
Southern Pacific Railroad crosses the County from the east to west through LaCoste, Hondo and
D’Hanis.

The major streams of the County inciude the Medina River, the Chacon, Hondo, Francisco Perez,
Quihi, San Geronimo, Seco and Verde Creeks. The Frio River flows just inside the southwestemn

part of the County for a short distance. All of the streams flow in a south to southeast direction.

Climate

The climate of the region is classified as subtropical, subhumid with temperatures varying between
32 and 96 degrees Fahrenheit. The region typically has hot summers and dry winters. Average
annual temperature is between 66 and 69 degrees Fahrenheit. Average annual precipitation was
between 26 and 32 inches between the years 1951 and 1980. Occasional droughts cause damage
to crops and decrease the quantity of available water. The average gross lake surface evaporation
rate for the area is 65 to 67 inches, which is more than twice the average annual precipitation rate of
28 inches. Prevailing winds are out of the south southeast.

Wildlife and Natural Areas

Medina County is home to protected endangered or threatened bird species including the Bald
Eagle, Black-Capped Vireo, Golden-Checked Warbler, Gray Hawk, Interior Least Tem, Peregrine
Falcon-American, Peregrine Falcon-Arctic, Swallow-Tailed Kite-American, White-Faced Ibis, White-
Tailed Hawk, Wood Stork and Zone-Tailed Hawk. Other endangered or threatened species include
the Black Bear, Coati, Texas Tortoise, Texas Homed Lizard, Indigo Snake, Texas Salamander,
Comal Blind Salamander, Rio Grande Lesser Siren, Bracted Twistflower and Texas Mock Orange

(Trans-Texas Interim Report, Volume 2).

Medina Lake is surrounded by the Live Oak-Mesquite-Ash-Juniper Parks and Woods. The wetlands

in the area are classified as lacustrine. Lacustrine wetlands consist of both deep and shallow open

water habitats not dominated by typical wetland vegetation. Medina River, Medina Irrigation Canal,

Diversion Lake and the tributary streams also contain wetlands. The wetlands in these areas are

classified as riverine and palustrine. These areas are generally small and are typically associated
MEDINA COUNTY REGIONAL WATER PLAN
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with a water body. In addition to open water and streambed wetland areas, small areas of forested
wetlands dominated by either-broad leafed deciduous or needle-leafed deciducus species exist
downstream of the Medina Lake Dam.

One Category 2 Federal Candidate Species, the Bracted Twistflower, has been documented near
the Medina Lake. Category 2 indicates that the species is under review by the U.S. Fish and Wildlife
Service for possible listing as endangered or threatened but more information is needed. Increased
use of Medina Lake as a water source will not affect the Bracted Twistflower since no water will be
added outside of the existing reservoir. The Widemouth Blindcat and the Toothless Blindcat, both
candidates for federal listing and listed as threatened by the Texas Parks and Wildlife Department,
are troglobitic species found only in deep wells in the Edwards Aquifer beneath the City of San
Antonio. Because the alternatives are expected to increase recharge and not affect recharge water
quality, no adverse impact on these species is anticipated (Trans-Texas Water Program Volume 2,
1995).

Surface and Groundwater

The surface drainage of Medina County is generally to the south and southeast which coincides with
the slope of the area. The northemn and westemn parts of the County are drained by the Squirrel,
Seco, Hondo, Verde and Quihi Creeks, which are intermittent streams draining into the Frio River.
The northern and eastern parts of the County are drained by the Medina River, which eventually
drains into the San Antonio River. The Medina River is the only perennial stream and is the main
source of surface water flowing through the County. The southeastern part of the County is drained
by the Black, Francisco Perez and Chacon Creeks which join the Frio River in McMullen County.
The entire area is subject to heavy rains and floods which can fill the usually dry stream channels
and occasionally overflow.

The Carrizo, Wilcox and Edwards Groups cover areas within Medina County. Soil types in the
vicinity of Medina Lake are characterized by the undulating Brackett Association and undulating
Tarrant Rock Outcrop Association on uplands with slopes from 1 to 8 percent. The steep Tarrant-
Brackett Association is found on uplands with steep slopes between 20 to 40 percent. These areas

are low in available water capacity and are used for rangeland and wildlife habitat.

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
PAGE 16



Groundwater is generally available from five strata:

+ Glen Rose Limestone;
¢ Leona Formation;

¢ Carrizo Sand,

¢ Wilcox Group;

+ Edwards Limestone.

The Glen Rose Limestone supplies small to moderate amounts of fresh to slightly saline water from
the lower Glen Rose Limestone and potable but highly mineralized water from the upper Glen Rose
Limestone. The water from the upper Glen Rose Limestone is generally only used for domestic and
stock purposes. Some of the water in the Glen Rose Limestone travels through faults into the
Edwards Aquifer.

The silts, sands and gravels of the Leona Formation contains small amounts of water under water
table conditions. However, in some areas the water is under artesian conditions due to the
impermeable layers of silt and clay. In a large area near Devine, the Lecna Formation overlies the
Carrizo sand and increases recharge to the Carrizo Aquifer.

The Carrizo sands contains hard water that is otherwise low in dissclved solids. Most of the water is
used for irrigation purposes but it is acceptable for most public supply and industrial purposes. The
Wilcox Group underlies the Carrizo sands. Some of the sands in the Wilcox Group may become
hydraulically connected with the Carrizo sand. However, the Wilcox Group sands tend to be less
permeable and contain water of lower quality.

The Edwards Limestone is extensively faulted and contains the most usable water in Medina
County. The water contained in the Edwards Limestone is generally of uniform quality as long as
the movement of water remains unrestricted. A large area in southern Medina County contains
highly mineralized water.

Portions of the Edwards, Trinity and Carrizo-Wilcox Aquifers lie within Medina County. The Edwards
Aquifer supplies nearly all of the County's water demand. This Aquifer provides water of increasing
salinity as the water enters discharge areas.

MEDINA COUNTY REGIONAL WATER PLAN
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Topography

Two major physical provinces, which are separated by the Balcones fault zone, occupy Medina
County. The northern part of the County is formed by the Edwards Plateau, which is a division of
the Great Plains. The remaining two-thirds of the County is part of the Rio Grande Plain, a division
of the Gulf Coastal Plain.

The altitude ranges between 560 feet at the southeast corner to 2,030 feet at the northwest comer
of the County. The relief is about 1,470 feet, however the altitude difference does not exceed 500
feet at any location.

The Balcones Escarpment, the boundary between Edwards Plateau and Gulf Coastal Plain, was
formed by movement along the fault zone. The area north of the major faults is known as the “Hill
Country.” The hills are circled by steplike terraces formed by massive limestone beds with softer
maris and shales. Streams have formed deep valleys throughout the Edwards Plateau area.

South of the Balcones Escarpment is the minor relief of the low plains, where, with local exceptions,
the alternating strata of different formations dip more rapidly to the south than does the land surface.
Erosion of the alternating hard and soft layers has formed cuestas with northward facing
escarpments. An exception to this topography is the areas covered with chert and caliche of the
Uvalde Gravel where the Uvalde Gravel protects the underlying less resistant formations from

erosion.

Geology and Soils

The rocks exposed in Medina County are of sedimentary origin, with the exception of several
igneous intrusions north and west of Hondo. The sedimentary rocks range in age from Cretaceous
to recent and consist of limestone, chalk, caliche, conglomerate, gravel, sand, silt, shale and clay
(Holt, 1959).

The water bearing formations in Medina County from oldest to youngest are: Glen Rose Limestone,

Edwards Limestone and associated limestone, Austin Chalk, Anacacho Limestone, silts and sands

of the Escondido Formation, sands of the Indio Formation, Carrizo Sand and sands and gravels of
MEDINA COUNTY REGIONAL WATER PLAN
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the Leona Formation. Each formation forms a belt extending east to west across Medina County.
The formation continuity has been disrupted by faulting. The beds dip in a south southeast direction.
The slope of the beds is generally steeper than the slope of the land.

The Edwards Limestone is the principal water bearing formation in Medina. Another formation which
yields moderate amounts of water is the Glen Rose Limestone. This formation supplies water to the
northern parts of the County. Both the Edwards Limestone and the Glen Rose Limestone are of
Cretaceous age. The other Cretaceous formations are the Austin Chalk, the Anacacho Limestone
and Escondide Formation. The Austin Chalk and Escondido Formations contain small amounts of
water, generally of poor quality. The water for the south part of the County is supplied by the Carrizo
Sand and the Indio formation of Tertiary age. Also, the Leona formation of Quaternary age yields
water for irrigation and other farm use.

The Edwards Limestone has been lowered by a series of faults which are a part of the Balcones
fault system. The Culebra anticline in eastern Medina County and western Bexar County is related
to the Balcones fault system. Water in the Edwards Limestone usually moves in either southward or
eastward direction while locally controlled by faults.

The Ouachita Mountains (Paleozoic) of Oklahoma extends southwestward into Texas, where it is
concealed under a Cretaceous covering. It takes the name “Ouachitasynclinorium” for the entire
basin in Texas. This belt also passes through southern Medina County. The part of the geosyncline
west of Medina County is less well known. A geosyncline is a low trough like area in bedrock in
which rocks incline together from opposite sides. Itis probable that the sediments in that part of the
trough find their closest relationship with those of the Marathon and Solitario regions. The source of
the sediment is the Lianoria landmass lying to the east and south of the geosyncline. Stratigraphic
data from wells for Medina County are given in Table 1-1. The soil types and their extents in Medina

County are given in Table 1-2.
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Table 1-1. Stratigraphic Data From Wells In Medina County

Name And Location Of The Well Total Depth  Depth To Paleozoic Type Of Rock
(Ft) (Ft.)
Rothe 1, California-Medina Assoc.; 3705 2616+ Black Shale*

Medina Co. School Lands, Sec
1012; 8 mi. NW of D'Hanis.

Zerr 1, Switzer et al.; I.I. Casenova 3635 -— Black Shale**
Surv. 459; 5 mi. W-NW of Hondo

* Exact depth to Paleozoic not determined. Core examined at 3556-58 feet.

** Exact depth to Paleozoic not determined. Sample examined at 3635 feet.

Source:  Sellards, EH., W.8. Adkins and F.B. Plummer, Ninth Printing 1990, The Geology of Texas, Volume 1
Stratigraphy: University of Texas, Bureau of Economic Geology.
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Table 1-2. Approximate Acreage and Proportionate Extent of the Soils in Medina County

Soil Type Area (Acres) Extent (%)
Amphion Clay Loam, O to 1% Slopes 14,700 1.7
Amphion Clay Loam, 1 to 3% Slopes 2.600 0.3
Atco Loam, 0 to 1% Slopes 16,300 1.9
Atco Loam, 1 to 3% Slopes 9,900 1.1
Austin Silty Clay, 1 to 5% Slopes 1,900 0.2
Brackett Association, Undulating 10,600 12
Brackett-Rock Qutcrop Association, Hilly 8,900 1.0
Caid Sandy Clay Locam, 0 to 1% Slopes 3,800 0.4
Caid Sandy Clay Loam,1 to 3% Slopes 5,400 0.6
Caid Sandy Ciay Loam, 3 to 5% Slopes 1,100 0.1
Castroville Clay Loam, 0 to 1% Slopes 37,200 43
Castroville Clay Loam, 1 to 3% Slopes 19,100 22
Devine Association, Undulating 4,700 0.5
Dina Association, Gently Undulating 6,800 08
Divot Clay Loam 21,800 25
Divot Clay Loam, Frequently Flooded 3,000 04
Doss Association, Gently Undulating 2,500 0.3
Duval Fine Sandy Loam, O to 1% Slopes 3,200 04
Duval Fine Sandy Loam, 1 to 3% Slopes 18,000 2.1
Duval Loamy Fine Sand, 0 to 5% Slopes 13,000 1.5
Hanis Sandy Clay Loam, 0 to 1% Slopes 7,500 0.9
Hanis Sandy Clay Loam, 1 to 3% Slopes 9,300 1.1
Hindes Association, Gently Unduiating 8,600 1.0
Kavett-Tarrant Association, Undulating 3,000 0.3
Kincheloe Soils, 10 to 30% Slopes 4,600 0.5
Knippa Clay, 0 to 1% Slopes 47,500 5.5
Knippa Clay, 1 to 3% Slopes 12,500 1.4
Lacoste Soils, 1 to 5% Slopes 5,400 0.6
Mercedes Clay, 0 to 1% Slopes 40,600 4.7
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Table 1-2 (Continued). Approximate Acreage and Proportionate Extent of the Soils in Medina

County
Soil Type Area (Acres) Extent (%)
Mercedes Clay, 1 to 3% Slopes 9,900 1.1
Mereta Clay, 1 to 3% Slopes 12,000 14
Miguel Fine Sandy Loam, 0 to 1% Slopes 12,500 14
Miguel Fine Sandy Loam, 1 to 3% Slopes 3,300 04
Miguel Soils, 0 to 1% Slopes 1,900 0.2
Monteola Clay, 1 to 5% Slopes 15,200 1.8
Monteola Gravelly Clay, 1 to 5% Slopes 21,800 25
Nueces Solis, 0 to 5% Slopes 15,000 17
Olmos Association, Undulating 37,500 4.3
Olmos Complex, 1 to 8% Slopes 4,200 0.5
Orif Complex 3,000 0.4
Patilo-Eufaula Association, Gently Undulating 15,300 1.8
Poth Loamy Fine Sand, 0 to 3% Slopes 6,800 0.8
Pratley Clay, 0 to 3% Slopes 17,600 2.0
Quihi Association, Gently Undulating 21,000 24
Quihi And Devine Soils, 1 to 8% Slopes 800 0.1
Real Association, Undulating 30,400 3.5
Real And Brackett Soils, 1 to 8% Slopes 1,000 0.1
Rehm Complex, 1 to 8% Slopes 10,500 1.2
Sabenyo Clay Loam, 1 to 5% Slopes 5,800 07
Speck Association, Unduiating 46,300 53
Tarrant-Rock Qutcrop Association, Undulating 55,700 6.4
Tarrant-Rock Outcrop Association, Hilly 47,000 54
Tarrant-Rock Qutcrop-Brackett Association, Steep 18,000 2.1
Tarrant And Speck Solis, 1 to 8% Slopes 1,700 0.2
Tiocano Clay 1,800 0.2
Topia Clay, 0 to 2% Slopes 3,000 0.4
Valco Clay Loam, O to 2% Slopes 10,100 1.2
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Table 1-2 (Continued). Approximate Acreage and Proportionate Extent of the Soils in Medina

County
Soil Type Area (Acres) Extent (%)

Victoria Clay, 0 to 1 Percent Slopes 31,500 36
Webb Fine Sandy Loam, 0 to 1 % Slopes 4,400 0.5
Webb Fine Sandy Loam, 1 to 3 % Slopes 11,600 13
Webb Fine Sandy Loam, 3 to 5 % Slopes 800 0.1
Wilco Loamy Fine Sand, O to 3 % Slopes 8,700 1.0
Yologo Association, Undulating 29,300 3.4
Yologo And Hindes Soils, 1 to 8 % Slopes 1,700 0.2
Total Land Area 860,600 99.1
Stream Beds and Water Areas 7,880 0.9
Total County Area 868,480 100

Source; Dittmar Glenn W., Michael L. Deike and Davie L. Richmond, 1977, Soil Survey of Medina County, Texas:
U.8. Department of Agriculture Soil Conservation Service.

DEMOGRAPHIC DESCRIPTION

The County had a population of 27,312 people in 1990. The average per capita income in 1994 was
$15,170. Agriculture, tourism, manufacturing and mining form the core of the economy. Hunting
has become a major industry as well as oil and gas production, light manufacturing and aircraft
related industry. Table 1-3 shows the general demographic data for Medina County.

Table 1-3. General Demographic Data For Medina County

1990 Population Area Population Density Per Capita
(sq. mi.) (cap./sq. mile) Income, 1994 ($)
27,312 1,331 21 15,170
Source: Medina County and Hondo, Texas Community Profile, Medina Economic Development
Foundation and the TWDB.

Medina County’s population has increased by 18% since 1980. Average annual population increase
is 2% for the County (State Comptroller's Office).
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ECONOMIC DESCRIPTION

Average per capita income in 1994 was $15,170, which ranks the County as 206th in the state.
Personal income grew by over 10% between 1992 and 1994, above the statewide average of about
7% over the same period. Medina County has an employment growth rate of 46% since 1991.
Average employment for 1996 was 15,165, while average unemployment was 493 (3.1%) for the
same year. Potential labor within 5 minutes to 1 hour is 1,328,034 based on 1990 census.

Agriculture, manufacturing, mining and tourism provide the basis for Medina County's economy. The
largest and strongest of these is agriculture. Production of corn, grain sorghum and truck crops and
cattle ranching provide a strong agricultural economy. Retail sales totaled over $160 million in
Medina County, while deposits in eight banks and two savings & loans totaled over $200 million in
1992.

The cities of Castroville, Devine and Hondo all have municipal airports. Hondo Municipal Airport /
Industrial Park is home to several major industries such as Gary Aerospace, Universal Rundle
Corporation, Northrop Worldwide Aviation and Doss Aviation.

Agriculture

Eighty-three percent (83%) of the land in Medina County is used for agricultural production. Raising
livestock, mainly cattle, sheep and goats, is common in the rugged upland areas. Sorghum, Com,
Hay and Wheat are the main crops. The value of all of the agricultural production was $64 million in
1991. Table 1-4 and 1-5 summarize the agricultural products and the acreage they cover:
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Improved
Cropland 4%
32%

Table 1-4. Agricultural Land Use, Acres

Land Type Area
Rangeland 460,000
Rangeland
54% Cropland 225,000
Improved 25,000
Source: Medina County and Hondo, Texas Community Profile, Medina
Economic Development Foundation.
Table 1-5. Major Crops, Acres
Product Area Peanuts
2% Vig'
Wheat 15,000 Cotton % Wheat
Corn 24,000
Hay 20,000
Qats 13,000 Com
Sorghum 21%
Sorghum 28,000 1%
Cotton 12,500
Peanuts 2,300
Vegetables 1,000 Oats Hay
11% 17%

Source: Medina County and Hondo, Texas Community Profile, Medina Economic Development Foundation.

Manufacturing

Light manufacturing and aircraft related industry are also sources of income for the County.

Manufacturing includes newsprint production, fertilizer manufacturing and brick manufacturing.

Aircraft and aircraft components are also made within the County. Other aircraft related industry

involves flight screening and aircraft repair. The value of the goods which were produced and

shipped from Medina County was $23.3 million in 1987.
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Mining

Oil and gas production takes place to some extent in Medina County. Sand, gravel, clay and caliche
are mined in areas of the County. Coal mining used to take place and large amounts of coal remain
unmined.

Tourism

Hunting and fishing attract many tourists to the County. White-tailed deer, dove and quail are
favortes for hunting. Approximately 9,000 deer are killed each year in the County. Feral hogs,
javelina, wild turkey and exotics are also among popular hunting animals. The County also has many
historical sites, antique shops and bed and breakfasts.

CURRENT WATER PLANNING AND REGULATORY STATUS

Bexar-Medina-Atascosa Water Control and Improvement District No. 1 is a water conservation and
improvement district created pursuant to the “conservation amendment” to the Texas Constitution.
BMA is a political subdivision of the State of Texas and it holds certificates of Adjudication Nos. 19-
2130 and 19-2131 which are based upon certified filings No. 18 and 19. These certificates authorize
the impoundment of state water in and diversion of water from Medina, Diversion and Chacon
Lakes. This includes the transfer of water from the Medina River Basin, a sub-basin of the San
Antonio River Basin, into the Nueces River Basin. BMA holds a water right that allows storage of
approximately 260,000 acre-feet of water in two lakes, with annual diversion of 66,000 acre-feet for
irrigation, municipal and industrial purposes. BMA’s irrigation right allows for the irrigation of 34,000
acres within the district.

BMA'’s Certificates have a priority date of November 1910, through the initiation of construction of
the dams, diversion works and the irrigation canals presently in place and utilized by BMA.
Certificate of Adjudication No. 19-230 authorizes BMA to impound up to 4,500 acre-feet of water per
year in Medina Lake and to impound, divert and use up to 66,000 acre-feet of water per year from
the reservoirs for irrigation, municipal and industrial purposes. BMA is authorized to divert water
from its reservoir system at a point located on the Diversion Dam at a rate not to exceed 450 cubic
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feet per second. BMA’s Certificate of Adjudication has no minimum stream fiow requirement
restricting its diversion rights. The contractual obligations of BMA are:

e 5,000 acre-feet reserved for Bandera County;

» Contracts with Bexar Metropolitan Water District;

e Commitments made to the Edwards Aquifer Authority, San Antonio Water System and Texas
Parks and Wildlife Department during the course of the hearing on BMA’s amendment to its
Certificate of Adjudication.

Calculations of water supply from the Edwards Aquifer will be based on the provisions of Senate Bill
1477, which set pumpage at 450,000 acre-feet per year until 2008 and 400,000 acre-feet per year
beginning in 2008. The total requested pumpage from the Edwards Aquifer was 792 864 acre-feet.
Each entity will have a prorated share of the 400,000 acre-feet or their historical average yearly
pumpage, which ever is larger. If the total pumpage value is still higher than the 400,000 acre-feet
limit then each entity's total yearly pumpage will be lowered by an equal percentage.
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SECTION 2
POPULATION PROJECTIONS AND WATER DEMANDS

POPULATION PROJECTIONS

The most recent population estimates by the U.S. Bureau of Census found that Texas was the
second most populated state in the United States. The large population will continue to place

additional pressure on the state’s water resources to meet its water needs.

According to the Trans-Texas Water Program, the 1990 population of the Edwards Aquifer area was
1.4 million. Projections for the years 2020 and 2050 expect populations of 2.4 million and 3.7 million
people respectively. This is a projected total increase of 164%.

The population projections for Medina County used in this study are from the 1996 Consensus
Texas Water Plan estimates prepared by the Texas Water Development Board (TWDB). The
technique used by TWDB for population projections was a “cohort component” procedure. Cohort
refers to age, sex, race and ethnic groups. The components of cohort which can change are fertility
rates, survival rates and migration rates. Projections of each cohort are summed to obtain the
expected total population. The limitations of the projections depend on the limitations of the 1990
census count and other factors such as the results of implementation of the North American Free
Trade Agreement (NAFTA).

Table 2-1 gives the population projections for Medina County through the year 2050. The cities with
populations greater than 1,000 are listed in Table 2-2. The County Other category in Table 2-2
includes the smaller communities (less than 1,000 population) as well as the rural population of the
County. The city of Lytle occupies land in Medina, Bexar and Atascosa Counties. All of the city of
Lytle's municipal water supply comes from wells located in Medina County, therefore the entire
population of Lytle was included in Table 2-2.
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Table 2-1. Medina County Population Projections

Year Population

60000 +
2000 35,665 50000 |
2010 40,791 ’E_’ 40000 4 Population Trend
= 350.48x - 663939

2020 45416 % 30000 1 y X
2030 48,426 Q 200071

10000 |
2040 50,735 0 ' . . . |
2050 53,630 2000 2010 2020 2080 2040 2050

YEAR

Source: TWDB Planning Division - 1996 Consensus
Texas Water Plan, Population and Consumptive
Water Demand Forecasts.

Table 2-2. Population Projections Of Major Cities In Medina County

Year Castroville Devine Hondo LaCoste Natalia Lytle County Total
Other

1990 2,159 3928 6,018 1,021 1216 2251 12630 29,223
2000 2,632 4524 7,032 1,426 1,703 2698 15650 35665
2010 2,950 4921 7,880 1,789 1809 3,124 18,218 40,791
2020 3,289 5310 8,782 2,092 2126 3,542 20275 45416
2030 3,469 5515 9,268 2,307 2,244 3916 21,707 48,426
2040 3,583 5686 9,574 2,463 2,318 4214 22897 50,735
2050 3,701 5862 9,890 2,630 2394 4535 24618 53630

Source:  TWDB Planning Division - 1996 Consensus Texas Water Plan, Population and Consumptive Water Demand
Forecasts.

Figure 2-1 graphically shows the population projections for Medina County.
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Figure 2-1. Population Projections For Medina County
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The following trends were observed in the population projections over the period between 2000 and
2050. The percentage increase in the projected population for all of Medina County is approximately
50%, or a per capita increase of about 17,965 people.

o The population of Lytle and LaCoste are expected to increase by 68% and 85%
respectively. This is attributed to an expected westward migration of people who work in

the San Antonio area and will choose to live in these smaller urban areas.

¢ The population in Castroville, Hondo and Natalia are all expected to increase by about

41%. Devine is projected to increase its population by about 30%.

« The population in the County Other Category, which includes the smaller communities
and the rural areas of Medina County, are projected to grow by approximately 57%.

The projected increase in population for each decade and for the planning period is shown in Tabie
2-3.
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Table 2-3. Population Increase By Decade And Planning Period

City 2000-2010 2010-2020 2020-2030 2030-2040 2040-2050 Total
2000-2050

Castroville 318 339 180 114 118 1,069
Devine 397 389 205 171 176 1,338
Hondo 848 902 486 306 316 2,858
LaCoste 363 303 215 156 167 1,204
Natalia 206 217 118 74 76 691
Lytle 426 418 374 298 321 1,837
County Other 2,568 2,057 1,432 1,190 1,721 8,968
Total 5,126 4,625 3,010 2,309 2,895 17,965

Source: TWDB Planning Division - 1996 Consensus Texas Water Plan, Population and Consumptive Water Demand
Forecasts.

As reflected in the decade by decade growth projections, all population groups will experience the
greatest growth between the years 2000 and 2020. The population in the smaller communities and
the rurai areas (County Other) are expected to experience a second positive increase in its growth
rate between 2040 and 2050.

Since the TWDB projections do not address cities and towns with populations of less than 1,000, the
population records at the TWDB for the years 1990 and 1993 for these communities were reviewed.
Population projections for these smaller communities were made with the concurrence of the TWDB
to identify smaller water service areas in Medina County. These projections are shown in Table 2-4.
The total population for County Other in Table 2-4 is the same number identified as County Other on
Table 2-2.
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Table 2-4. County Other Population Projections

City 1990 2000 2010 2020 2030 2040 2050
D’Hanis 119 168 197 219 234 251 266
Dunlap 119 168 197 219 234 251 266
Mico 98 138 161 180 192 204 219
Quihi 104 128 149 166 178 187 202
Rio Medina 98 121 141 156 167 177 190
Yancey 202 249 290 323 346 365 393
Rural 11,880 14678 17,083 19,012 20,356 21,462 23,082
Total 12,630 15,650 18,218 20,275 21,707 22,897 24,618

The projected population for all of the small communities was made based on their prorated share of
the total population in the historical record. The total projected population estimate was a control
number that was not exceeded. The projected population for the communities of D'Hanis, Dunlap
and Mico were then adjusted upward by 15% based on an expected increase in migration rates due
to their proximity to Federal Highway 90 (D’Hanis and Dunlap) and the recreational / retirement area
near Medina Lake (Mico). This created a new total population from which new shares for each city
were recalculated. A reduction in the popuiation for the Rural Category was then made to preserve
the original total control estimate.

WATER DEMANDS

The Technical Advisory Committee for the Water Demand / Drought Management Committee of the
TWDB approved a most likely series for population and water demand forecasts for use as the basis
for developing the 1996 Consensus Texas Water Plan. This Consensus Water Plan is used for
state pianning and determining regulatory processes. The most likely high and low series were used
in this project. The most likely high series considers water usage during below normal rainfall and
expected conservation, while most likely low series considers normmal rainfall and advanced
conservation. The 1996 Consensus Texas Water Plan was used to estimate the water demands for
the period 2000 to 2050.
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Demand forecasting requires estimating the municipal, irrigation, mining, livestock, manufacturing

and steam electric demand. An explanation of these water use categories are as follows:

* Municipal Water Demand: The quantity of fresh water required for use in homes, offices,
public buildings, restaurants and stores for drinking, preparing food, bathing, flushing toilets,
laundering clothes, watering lawns, washing cars, cooling, filing swimming pools, eliminating
fires, washing streets and other sanitation and aesthetic uses.

+ Manufacturing Water Demand: The amount of water used in the normal operation of an
industry for cooling water, process / product makeup, sanitation and landscaping.

» Irrigation Water Demand: The quantity of water required to meet the consumptive use
requirements of agricultural crops cultivated in Medina County.

* Mining Water Demand: The amount of water used in sand and gravel washing operations
and in the recovery of oil and gas.

+ Livestock Water Demand: The total amount of water required for drinking and sanitation
that is associated with various livestock operations.

e Steam Electric Demand: The quantity of water needed to replace steam or induced
evaporation generated through the operation of boilers and cooling equipment and for

general plant uses.

Regional Water Demands

Per Capita Demands

Water demand was calculated by multiplying the per capita demands, which is the average volume
of water used in gallons per day, by the total population. To estimate the demands for the Medina
Regional Water Management Plan, accepted norms, water conservation goals and economic
impacts were considered.

Municipal Demands

Municipal water use requirements were based on the projected population and the per capita water
use. Data reported by the suppliers of municipal and commercial water provided the necessary
information to compute historical per capita water use for the planning area. Per capita water use for
the high series forecast considers the highest recorded per capita water use for each supplier and
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should reflect demands during periods of below average rainfall conditions. The low series forecast
reflects per capita water use representative of average rainfall conditions.

Manufacturing Demands

Manufacturing water use was estimated using national and state wide growth outiooks developed for
each industrial category in the state, historicai water use, known facility expansions or construction,
the industry base of the county and potential savings through recirculation and approved water use
technology.

[rrigation Demands

irrigated agricultural water requirements depend on the acreage that is currently in irrigated
production, the current water usage per acre, the water costs and the availability of water supplies.
Projections of irrigation water reflect quantities of water associated with typical Texas irrigated
farming operations.

Mining Demands
Mining water requirements were based on water use coefficients. These coefficients were

representative of each type of mining operation in the region and historical national and state trends
in mineral production. The mining demand reflects substitutions of mineral fuels for energy
production.

Livestock Demands

Daily water requirements for the different classes of livestock were developed using nutritional data.
The rate of use was then determined based on the daily water requirements and the livestock
census data. Future livestock water needs were based on forecasts of livestock production and

water use rates.

Steam-Electric Demands

Present and forecasted steam electric demands are considered insignificant in Medina County and
were therefore not considered for this study.
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Water Use And Demand Comparisons

Municipal

Per capita water demands, or the average volume of water used in gallons per person per day, was
multiplied by the population to project future demand for municipal or domestic use. The TWDB
maintains records of the volume of water that has been supplied for municipal use to the larger cities
in Medina County. These records were then reviewed to determine historical water use on a gallons
per capita per day basis (GPCD). Table 2-5 lists the historical per capita municipal water use. The
County-Wide figures include all established cities, communities and rural areas in the county.
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Table 2-5. Historical Per Capita Municipal Water Use, GPCD

Year Castroville Devine Hondo LaCoste Natalia Lytle County-Wide

1976 280 136 186 “nd 54 131 nd
1977 301 133 214 nd 62 167 151
1978 307 146 217 nd 79 189 nd
1979 360 113 216 nd 69 182 nd
1980 394 166 254 nd 86 202 179
1981 320 169 220 nd 73 195 nd
1982 282 178 263 nd 67 179 nd
1983 270 171 232 nd 73 169 nd
1984 412 179 291 nd 128 193 208
1985 229 168 234 nd 145 183 176
1986 197 145 236 nd 1585 170 183
1987 172 141 214 nd 129 157 160
1988 254 165 248 nd 122 188 190
1989 402 206 265 nd 228 237 207
1990 322 143 216 200 216 191 172
1991 259 176 173 172 216 165 161
1992 179 158 165 145 212 157 151
1993 206 162 228 130 204 167 168
1994 214 125 214 137 61 155 nd
Average 282 156 226 157 125 177 176

*nd - No data available.
Source: TWDB Planning Division - Historical Summary of City Water Use.

The GPCD values under the County-Wide category were derived from TWDB historical water use
records and represent municipal and domestic use in all the cities and rural areas of the County.
The larger cities (Castroville and Hondo) have recorded higher GPCD values indicating a trend
toward greater demand in more urban areas.

Municipal water use records from the TWDB, summarized on Table 2-6, were reviewed to evaluate
historical demand within each municipal service area. These historical demands include service to

the residents of the particular city and to domestic users outside of the city limits. The County-Wide
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category inciudes reported water use in the entire county including the smaller communities and rural
areas.

Table 2-6. Historical Municipal Water Use, Ac-Ft./Year

Year Castroville Devine Hondo LaCoste Natalia Lytle County-Wide

1976 579 546 1,215 153 77 238 *nd
1977 621 539 1,411 180 89 318 3,771
1978 630 599 1,445 202 113 374 nd
1979 737 471 1,451 157 98 375 nd
1980 804 698 1,724 205 122 434 4,649
1981 678 676 1,464 179 112 432 nd
1982 605 767 1,767 190 105 405 nd
1983 597 751 1,579 192 118 369 nd
1984 937 802 1,999 243 216 464 5,724
1985 591 770 1,624 231 249 455 4,901
1986 576 678 1,663 205 272 439 5,363
1987 551 663 1,532 155 231 418 4,865
1988 894 780 1,804 185 221 516 5,738
1989 957 902 1,785 259 312 589 6,233
1990 784 640 1,771 231 294 552 5,254
1991 661 823 1,545 213 313 497 5,061
1992 461 759 1,453 199 297 483 4812
1993 550 752 1,775 184 290 515 5,593
1994 597 644 1,797 193 94 494 6,061
1995 594 776 1,887 201 310 536 nd
Average 670 702 1,585 204 197 445 5,233

*nd - No data available
Source: TWDB Water Use Database, 1996, Norman Alford.

All of the water supplied in 1994 (6,061 acre-feet) was taken from groundwater sources.

Approximately 95% of the 1994 total was removed from the Edwards Aquifer. Four percent (4%) of

the water was from the Carrizo-Wilcox Aquifer and approximately 1% was from the Trinity Aquifer.
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Table 2-7 shows the municipal demand projections for the cities of Medina County. The high
demand represents the most likely water use scenario with below normal rainfall conditions and
expected conservation, while the low demand represents the most likely water use with normal
rainfall conditions and advanced conservation.

Table 2-7. Projected Water System Demands For Municipal Uses

Year Population High Demand High Demand Low Demand Low Demand
{Acre-Feet/Year) (GPCD) {Acre-Feet/Year) {(GPCD)
Castroville 2000 2,632 996 338 64 259
2010 2950 1,067 323 783 237
2020 3,289 1,135 308 803 218
2080 3,469 1,185 305 830 216
2040 3583 1,216 303 863 215
2050 3,701 1,252 302 887 214
Devine 2000 4524 993 196 765 151
2010 4921 1,025 185 755 137
2020 5310 1,047 176 749 125
2030 5515 1,069 173 766 124
2040 5,686 1,083 170 783 123
2050 5,862 1,110 169 795 121
Hondo 2000 7,032 2103 267 1,615 205
2010 7,880 2242 254 1,658 188
2020 8,782 2,380 243 1,721 175
2030 9,268 2,492 240 1,796 173
2040 9574 2542 237 1,845 172
2050 9,890 2614 236 1,894 17
LaCoste 2000 1,426 297 186 257 161
2010 1,789 345 172 273 136
2020 2,002 377 161 274 117
2080 2,307 408 158 297 15
2040 2,463 430 156 35 114
2050 2,630 457 155 333 113
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Table 2-7 (Continued). Projected Water System Demands For Municipal Uses

Year Population High Demand High Demand Low Demand Low Demand
{Acre-Feet/Year) {GPCD) {Acre-Fee/Year) (GPCD)
Lytle 2000 2,658 677 *224 *520 *172
2010 3,124 741 212 *546 *156
2020 3542 *801 *202 572 144
2030 3916 *873 *199 *628 *143
2040 4214 925 *196 *666 14
2050 4535 996 *196 *717 141
Natalia 2000 1,708 412 216 N5 165
2010 1,009 441 06 323 151
2020 2,126 467 196 33 140
2030 2,244 485 183 347 138
2040 2,318 493 190 356 137
2050 2,394 507 189 365 136
County Other 2000 15,650 2,507 143 2,086 119
2010 18,218 2,720 133 2170 106
2020 20275 2,836 125 2,200 a7
2030 21,707 2957 122 2,300 95
2040 22897 3,063 119 2,396 93
2050 24,618 3,259 118 2,542 92
County-Wide 2000 35,665 *7.885 *200 *6,322 158
2010 40,791 8,581 *188 *6,509 42
2020 45416 *9,063 178 *6,652 *131
2030 48,426 *9,469 7S *6,973 *129
2040 50,735 *9,752 72 *7,224 *27
2050 53,630 *10,195 *170 *7.533 *125

* Includes the entire Lytle demand inciuding the parts in Atascosa and Bexar counties.
Source:  TWDB Planning Division - 1986 Consensus Texas Water Plan, Population and Consumptive Water Demand
Forecasts.

The City of Lytle covers area in Medina, Bexar and Atascosa Counties, however all of the historical
water use has come from wells located in Medina County. Therefore, the entire population of the
City of Lytle was considered for the projected water demands in Table 2-7. The County Other
category represents the smatler communities in the county as in Table 2-2.
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Manufacturing

Historical records at the TWDB indicate relatively low water demand for manufacturing use in
Medina County. The primary users were tenants at the Hondo Industrial park, west of Hondo, who
have purchased water from the City of Hondo since at least 1974. The manufacturing water use
ranged from 43 to 346 acre-feet per year. Table 2-8 shows the historical water use patterns through
1994,

Table 2-8. Historical Manufacturing Water Use, Ac-Ft.

Year Water Use

1974 331
1977 346
1980 205
1984 70
1985 114
1986 115
1987 99
1988 86
1989 315
1990 286
1991 334
1992 285
1993 43
1994 52

Source: TWDB Planning Division - County Summary Historical Water Use.
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A substantial reduction in water use was reported
during 1993 due to the downsizing of Gary Air Force
Base. Water use survey results for 1994 also indicate
substantially less demand at the Hondo Industrial
Park, which has been the largest manufacturing user
of water in the county. The TWDB water demand
projections through the planning period, shown in
Table 2-9, assumed demands similar to those
experienced between 1989-1992.

Table 2-9. Manufacturing Demand Projections, Ac-Ft.

Year Demand

2000 302
2010 319
2020 339
2030 361
2040 384
2050 411

Historical water use for irrigation purposes has consistently accounted for approximately 90 to 95%
of all of the water used in Medina County. Irrigated land totaled 41,604 acres in 1994 with 8,185

acres irrigated with surface water, 33,021 acres irrigated with groundwater and 398 acres irrigated

with both surface water and groundwater. Table 2-10 shows the historical water use record.
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Table 2-10. Historical lrrigation Water Use, Ac-Ft.

Year Groundwater Surface Water Total
Edwards Carrizo Total

1974 - - 41,033 28,634 69,667
1977 - - 40,000 26,000 66,000
1980 66,377 7,787 74,164 37,445 111,609
1984 66,659 18,252 84,911 45,411 130,322
1985 56,905 424 57,329 31,062 88,391

1986 94,180 702 94,882 11,714 106,596
1987 81,049 797 81,846 37,144 118,990
1988 93,354 696 94,050 11,611 105,661
1989 95,676 746 96,422 52,611 149,033
1990 77,120 574 77,694 79,686 157,380
1991 102,120 760 102,880 82,778 185,658
1992 96,518 718 97,236 19,085 116,301
1993 64,435 22,229 86,664
1994 - - 60,170 19,298 79,468

Source: TWDB Planning Division - County Summary Historical Water Use and TWDB Groundwater Pumpage Summary
by Major Aquifer.

200000
180000 |
160000 |
140000 +
120000 e
100000 + \/V
80000 | |- RIGATION USAGE TREND
T y = 78.494x - 36554
40000 -
20000 +
o : : 1
1980 1985 1990 1965

The average percentage of groundwater used for irrigation purposes between 1974 and 1994 is
approximately 69%. The percentage of groundwater needed ranged from 49% in 1990 to 89% in
1988. The average percentage of groundwater used during 1992 to 1994 was approximately 78%.
The increased average use during this three-year period coincides with a reduction in irrigation
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demand from surface water sources. Ninety-nine percent (99%) of the groundwater used for
irrigation comes from the Edwards Aquifer.

The TWDB projections for irrigation water use through the planning period is shown on Table 2-11.
This table indicates that demands will be somewhat equivalent to the historical record during 1989-

1990.

Table 2-11. Irrigation Demand Projections, Ac-Ft.

Year Demand
2000 155,085
2010 148,548
2020 142, 287
2030 136,291

2040 130,546
2050 125,044

These projections reflect about a 5% decrease per decade in total water demand for irrigation
purposes between 2000 and 2050. It is probable that groundwater sources will continue to provide
the majority of the water supply for irrigated acreage in Medina County.

Mining

The water demands for mining use in Medina County are primarily for dimension stone and crushed
stone operations. Minor amounts of water have been used in clay excavation operations to maintain
dust control. Table 2-12 shows the historical water use for mining operations as reported in the
TWDB surveys and in estimates prepared by the TWDB. Estimates were based on water use
coefficients representative of the type of mining in the county and historical national and state trends

in mineral production. Groundwater supplied all of the historical mining water use demands.
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Table 2-12. Groundwater Historical Mining Water Use, Ac-Ft.

Year Edwards Carrizo Trinity Total
1974 *nd nd nd 26
1977 nd nd nd 0
1980 2 0 0 2
1984 109 24 0 133
1985 90 31 19 140
1987 79 28 17 124
1988 83 28 18 129
1989 77 26 17 120
1990 77 26 17 120
1991 76 24 18 118
1992 76 24 18 118

*nd - No data available
Source:. TWDB Planning Division - County Summary Historical Water Use and TWDB Groundwater Pumpage Summary
by Major Aquifer.

The average historical annual water demand for mining uses as reported since 1984 is 125 acre-
feet. Projections for future water demand, shown on Table 2-13, indicate slightly decreased demand
through the planning period.

Table 2-13. Mining Demand Projections, Ac-Ft.

Year Demand

2000 143
2010 128
2020 128
2030 129
2040 132
2050 136
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Livestock

Water demand for livestock use in Medina County has been relatively constant since 1980 according
to county records (Table 2-14). Livestock water use was estimated by tabulating the numbers of
livestock and muitiplying daily water use rates obtained from animal nutrition data. In Medina
County, roughly 85 to 90% of livestock water demands were met from stock ponds that hold rainfall.

Table 2-14. Historical Livestock Use, Ac-Ft.

Year Edwards Carrizo Trinity Total Surface Total
Groundwater Water
1974 *nd nd nd 1,676 174 1,850
1977 nd nd nd 282 1,406 1,688
1980 114 90 42 246 1,207 1,453
1984 76 60 28 164 1,482 1,646
1985 64 50 22 136 1,239 1,375
1986 63 49 22 134 1,216 1,350
1987 76 59 26 161 1,446 1,608
1988 92 56 25 173 1,390 1,544
1989 71 56 25 152 1,370 1,521
1990 73 57 25 155 1,405 1,560
1991 75 58 25 168 1,432 1,591
1992 91 70 30 191 1,722 1,914
1993 nd nd nd 239 2,152 2,391
1994 nd nd nd 195 1,754 1,949

*nd - No data available,
Source: TWODB Pianning Division - County Summary Historical Water Use and TWDB Groundwater Pumpage Summary
by Major Aguifer.

The TWDB has projected an annual demand of 1,914 acre-feet for livestock use through the year
2050. This future demand is expected to be fulfilled by water sources similar to that of the historical
record.
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Table 2-15. Livestock Demand Projections, Ac-Ft.

Total Demands

Total demands for water uses in Medina County are shown in Table 2-16.

Year Demand

2000
2010
2020
2030
2040
2050

1914
1914
1914
1914
1914
1914

Table 2-16. Projected Total Water Demand In Medina County, Ac-Ft.

2000 2010 2020 2030 2040 2050
Municipal
High Demand 7,404 7,935 8,348 8,693 8,925 9,300
w/ Entire Lytle 7,985 8,581 9,053 9,469 9,752 10,195
Low Demand 5,876 6,033 6,149 6,415 6,629 6,889
w/ Entire Lytle 6,322 6,509 6,652 6,973 7,224 7,533
Manufacturing 302 318 339 361 384 411
Irrigation 155,085 148,548 142287 136,291 130,546 125,044
Mining 143 128 128 129 132 136
Livestock 1,914 1,914 1,914 1,914 1,914 1,914
Totals
High Demand 164,848 158,844 153,016 147,388 141,901 136,805
w/ Entire Lytle 165,429 159,490 153,721 148,164 142,728 137,700
Low Demand 163,320 156,942 150,817 145110 139,605 134,394
w/ Entire Lytle 163,766 157,418 151,320 145,668 140,200 135,038
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Water use in Medina County is projected to increase through the planning period for municipal-high
demand, municipal-low demand and manufacturing purposes by approximately 28%, 19% and 36%
respectively. A decrease in water use is projected for irrigation and mining purposes by about 19%
and 5% respectively. Livestock uses were projected to be unchanged throughout the project period.
The projected demands for the period 2000 through 2050 indicate that irrigation uses will consume
approximately 90 to 95% of all water use in the county and that municipal demands will require
about 5to 7%.

The following table (Table 2-17) describes the public water suppliers and the amount of water that
was used in 1992. As it can be seen from this table, most of the public water suppliers get their
water from the Edwards Aquifer. The amount of water pumped from each aquifer is shown in Tables
2-18 and 2-19. Figure 2-2 shows graphically the amount of groundwater pumped each year
between 1980 and 1990.
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Table 2-18. Groundwater Pumpage Summary By Major Aquifer, Ac-Ft.

Year  Aquifer Municipal Manufact. Power Mining frrigation Livestock Total
1980  Carrizo-Wilcox 97 0 0 0 7,787 90 7,974
Edwards 4,650 0 0 2 66,377 114 71,143
Trinity 26 0 0 0 0 42 68
Total 4,773 0 0 2 74,164 246 79,185
1984  Carrizo-Wilcox 203 0 0 24 18,252 60 18,539
Edwards 5,522 0 0 109 66,659 76 72,366
Trinity 33 0 0 0 0 28 61
Total 5,758 0 0 133 84,911 164 90,966
1985  Carrizo-Wilcox 207 0 0 AN 424 50 712
Edwards 4,763 0 0 90 56,905 64 61,822
Trinity 31 0 0 19 0 22 72
Total 5,001 0 0 140 57,329 136 62,606
1986  Carrizo-Wilcox 201 0 0 0 702 49 952
Edwards 5,203 0 0 0 94,180 63 99,446
Trinity 36 0 0 0 0 22 58
Total 5,440 0 0 0 94,882 134 100,456
1987  Carrizo-Wilcox 202 0 0 28 797 59 1,086
Edwards 4,701 0 0 79 81,049 76 85,905
Trinity 24 0 0 17 0 26 67
Total 4,927 0 0 124 81,846 161 87,058
1988  Carrizo-Wilcox 221 0 0 28 696 56 1,001
Edwards 5,527 0 0 83 93,354 92 99,056
Trinity 27 0 0 18 0 25 70
Total 5775 0 0 129 94,050 173 100,127
1989  Carrizo-Wilcox 159 0 0 26 746 56 987
Edwards 6,288 0 0 77 95,676 71 102,112
Trinity 30 0 0 17 0 25 72
Total 6,477 0 0 120 96,422 152 103,171
1990  Carrizo-Wilcox 110 0 0 26 574 57 767
Edwards 5,343 0 0 77 77,120 73 82,613
Trinity 29 0 0 17 0 25 A
Total 5,482 0 0 120 77,694 155 83,451
1981  Carrizo-Wilcox 109 0 0 24 760 58 951
Edwards 5,190 0 0 76 102,120 75 107,461
Trinity 41 0 0 18 0 25 84
Total 5,340 0 0 118 102,880 158 108,496
1992  Carrizo-Wilcox 17 0 0 24 718 70 929
Edwards 4,871 0 0 76 96,518 91 101,556
Trinity 58 0 0 18 0 30 106
Total 5,046 0 0 118 97,236 191 102,591
Avg. 5,402 91,811

Source: TWDB Planning Division - Groundwater Pumpage Summary by Major Aquifer.
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Table 2-19. Medina County Groundwater Pumpage, Ac-Ft.

Year Pumped
1980 79,185
1984 90,966
1985 62,606
1986 100,456
1987 87,058
1988 100,127
1989 103,171
1990 83,451
1991 108,496
1992 102,591
Average 91,811

Source: TWDB Ptanning Division - Groundwater Pumpage Summary by Major Aquifer.

Figure 2-2. Medina County Groundwater Pumpage
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According to the above table, an average of 91,811 acre-feet of groundwater was pumped each
year in Medina County. Of this amount, 88,322 acre-feet was from the Edwards Aquifer, while 3,397
acre-feet was from the Carrizo-Wilcox Aquifer and 92 acre-feet was from the Trinity Aquifer. Figure
2-3 shows the average percentages of groundwater pumped from each aquifer in Medina County.
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Figure 2-3. Average Percentage Of Groundwater Pumped From Each Aquifer in Medina
County
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SECTION 3
EXISTING GROUNDWATER SOURCES

INTRODUCTION

This section provides a summary and evaluation of the current groundwater resources available
within Medina County. The information will be used to determine future groundwater availability and
to formulate the Water Resource Management Plan.

METHODOLOGY

This section was prepared using published data and reports from the Texas Water Development
Board (TWDB), United States Geological Survey (USGS), University of Texas Bureau of Economic
Geology and Edwards Aquifer Authority (EAA).

OVERVIEW OF THE REGIONAL HYDROGEOLOGY

In Medina County, groundwater is the result of precipitation in the form of rain or snow. The
precipitation either runs off into streams, returns to the atmosphere through evaporation and
transpiration or enters the soil. A small portion of the water that enters the soil sinks into the zone of
saturation. Water can also reach the zone of saturation from streams that flow over an aquifer

outcrop.

Both artesian and water table conditions are observed in Medina County. Under water table
conditions, the water is unconfined and as a result, will not rise above the level at which it is
encountered in wells. This level is the upper surface of the zone of saturation. These conditions are
usually found in the outcrops of permeable, water-bearing beds. Under artesian conditions, an
overlying relatively impermeable bed confines the water below. Therefore, in wells, the water will
rise above the level at which it is encountered.

The water table is not a level surface. It generally slopes from areas of recharge toward areas of
discharge. If the land surface dips lower than the water table, some of the groundwater will emerge
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as springs. This has occurred in several places along Hondo Creek where the stream channel has
cut below the level of the water table in the Leona Formation.

Groundwater moves under the influence of gravity from recharge areas to discharge areas in a slow
but steady flow. In the more permeable rocks, such as coarse sand, gravel and cavermnous
limestone, the water moves with relative freedom. Such rocks are capable of yielding ample
supplies of water to wells. In less permeable rocks, such as fine sand, silt, shale or clay, molecular
attraction slows the flow of the water toward a well. The result is water that will not recharge as fast
as it is withdrawn.

Table 3-1 presents the geologic (stratigraphy) and hydrological units of Medina County aquifers
along with their water bearing properties.

The hydrology of the limestone aquifers is highly effected by the solubility of limestone in water.
Changes in the solubility of limestone alters the permeability and porosity. The permeability and
porosity determine the amount of discharge, recharge, quality, availability and movement of water
within an aquifer. However, these changes in characteristics are considered insignificant over a long
period of time.
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Table 3-1. Geologic And Hydrological Units And Their Water Bearing

Properties
System Series Group Formation Approximate Lithologic Water-Bearing
Thickness {Ft.} Character Properties

Quaternary Recent Alluvium 030 Silt, sand, clayand  Not known to yieid large
gravel. Confined to  supplies of water.
stream valleys.

Quaternary Pleistocene Leona Formation 0-65 Silt, sand and fine Yields moderate to large
gravel, occurring supplies of potable
beneath terraces water.
along larger
streams.

Tertiary Pliocene Uvalde Gravel 030 Coarse flint gravel  Not known to yieid water
and caliche on in Medina County.
hilltops and
divides.

Tertiary Eccene Claiborne Mount Selman 0-100 Sandstone and Fumishes large

Formation shale with limonite  supplies of good water
and calcite in Frio County. Only the
concentrations. lowest portion crops out

in Medina County.

Tertiary Eocene Claiborne Carrizo Sand 240-300 Coarse to medium  Yields moderate to large
grained supplies of potable
nonmicacecus water.
reddish sandstone.

Locally
crossbedded.

Tertiary Eocene Wilcox Indio Formation 440-710 Thin-bedded Yields moderate
sandstone, supplies of moderately
siltstone and shale. mineralized water.
Contains lignite
and calcareous
nodules.

Tertiary Paleocene Midway Kincaid 80155 Marine limestone, Not a fresh water

Formation sandstone and aquifer in Medina
shale. Lower part County.
contains
glauconite.
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Table 3-1 (Continued). Geologic And Hydrological Units And Their Water Bearing

Properties
System Series Group Formation Approximate Lithologic Water-Bearing
Thickness (Ft.) Character Properties
Cretaceous Gulf Navarro Escondido 550-740 Shale, sandstone  Yields moderate
Formation and some supplies of moderately
limestone. mineralized water.
Increasingty
arenaceous to
west.

Cretaceous Gulf Navarro Corsicana Marl 3055 Limestone and Not a freshwater
shale; thickens to  aquifer in Medina
east. County.

Cretaceous Gulf Taylor Marl 0150 Clay and marl; Not a fresh-water
thickens to east. aquifer in Medina

County.
Cretaceous Gulf Anacacho 350530 Fossiliferous Yields small supplies
Limestone limestone, marl of water locally.
and clay.
Increasingly
caicareous to
west.

Cretaceous Gulf Austin Chalk 210-290 White to buff Yields small supplies
chalk, marl and of water.
limestone.

Cretaceous Eagle Ford 20-65 Black shale and Not known to yield

Shale gray arenacecus  water in Medina
limestone; County.
weathers to
yellow clay and
brown flagstones.

Cretaceous Comanche Washita Buda Limestone 35110 Dense, massive Generally not water
limestone, light bearing.
yellow to buff.

Veined calcite.

Cretaceous Comanche Washita Grayson Shale 3585 Blue clay; Yields no water to

{Formerly Del weathers to wells in Medina

Rio Clay) yellow. Contains County.
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Table 3-1 (Continued). Geologic And Hydrological Units And Their Water Bearing

Properties
System Serles Group Formation Approximate Lithologic Water-Bearing
Thickness {Ft.) Character Properties
Cretaceous Comanche Washita Georgetown 20-75 Hard white May be water-bearing
Limestone limestone. Thin- but does not furnish
bedded limestone  entire supply to any
and marl near known well in Medina
top. County. If and where
water bearing, it forms
a part of the principal
limestone reservoir.
Cretaceous Comanche Fredericksburg Edwards 400-620 Hard, massive Yields large supplies
Limestone white limestone of potable water.
with flint nodules.
Cavernous in
places.
Cretaceous Comanche Fredericksburg Comanche Peak 25-45 Sandy marl and Not a fresh water
Limestone limestone. aquifer in Medina
Contains no flint. County.

Cretaceous Comanche Fredericksburg Walnut Clay 12-42 Fossiliferous, Not known to yield
sandy marl and water in Medina
limestone. County.

Cretaceous Comanche Trinity Glen Rose 800-1175 Alternating beds Yields moderate

Limestone of hard limestone  supplies of potable
and softer marl. but rather hard water.

Cretaceous Comanche Trinity Travis Peak 220-650 Shale, silt, Probably contains

Formation sandstone and moderate supplies of
limestone. water of undetermined
quality.

Cretaceous Cozhuila Nuevo Leonand  Sligo Formation  0-208 Gray limestone, Not known to yield

{Mexico) Durango biack shale and water in Medina
{Mexico) sandstone. County.
Cretaceous Coahuila Nuevo Leon and  Hosston 0-440 Red sandstone Not known to yield
(Mexico) Durango Formation and shale. Some  water in Medina
{Mexico} limestone. County.

Pre- 190+ Hard, black, Not known to yield

Cretaceous tignitic shale. water in Medina
Some anhydrite. County.

Source: Holt, Charles L.R., Second Printing March 1976, Geology and Ground-Water Resources of Medina County,

Texas: U.S. Geological Survey Bulletin 5601.
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Recharge

Medina County has large outcrops of several aquifers. These outcrops extend east and west
beyond the borders of the county. Direct penetration of rainfall and streamflow over the outcrops
recharges the aquifers within Medina County. The drainage areas of the Seco, Hondo and Verde
Creeks and the Medina River cross these aquifers.

Streamflow and rainfall data for Medina County was collected by the United States Geological
Survey, Edwards Aquifer Authority and the National Oceanic and Atmospheric Administration. This
data as well as the runoff characteristics of these gauged areas were used as the basis for the
annual groundwater recharge estimates.

Edwards Aquifer
The average estimated annual recharge for the period 1934 through 1995 is 674,200 acre-feet.

Between the years 1934 and 1995, the estimated annual recharge ranged from 43,700 acre-feet in
1956 to 2,486,000 acre-feet in 1992. The estimated annual recharge of the Edwards Aquifer in the
San Antonio area was 531,300 acre-feet in 1995.

The total recharge area of the Edwards Aquifer in Medina County is 200 square miles. Water enters
the Edwards Limestone through openings caused by the dissolution of the limestone, jointing and
fracturing. These openings extend into a network of cavernous solution channels. Therefore, large
quantities of water may enter the aquifer within a comparatively small area.

The average annual infiltration to the Edwards Limestone from the Seco, Hondo and Verde Creeks
is estimated to be about 35,000 acre-feet. This estimate is based on discharge measurements,
rainfall records and the average number of days per year that these streams are reported to flow
along their entire length.

A considerable amount of recharge enters the Edwards Limestone from the Diversion and Medina

Lakes located on the Medina River. Diversion Lake lies on rocks of the Kainer Formation in the

Edwards Aquifer recharge zone. Medina Lake is located on the outcrop of Glen Rose Limestone

which is part of the Trinity Aquifer. The amount of recharge has increased in the area as a result of

Medina and Diversion Lakes. The increased height of the surface of water results in an increased

volume of water which flows to the water table. The seepage loss from the diversion and storage
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reservoirs was estimated to be nearly 72,000 acre-feet in 1930. All of the water lost from these
lakes is assumed to enter the Edwards Aquifer. The water either seeps directly into the Edwards
Limestone or travels through the Glen Rose Limestone to the Edwards Aquifer. Movement of water
from the Glen Rose Limestone (Trinity Aquifer) to the Edwards Limestone (Edwards Aquifer) is
believed to occur along the faults.

The estimated combined annual average recharge of the Edwards Limestone from the Nueces, Frio,
Dry Frio, Medina, Sabinal Rivers and Hondo Creek is 150,000 acre-feet per year. The recharge from
all of the streams that cross the outcrop of Edwards Limestone in Medina County is estimated to be
about 90,000 acre-feet per year. In addition to the recharge from streams, a considerable quantity
of precipitation entering the formation is needed to recharge the aquifer each year.

Carrizo Aquifer
Direct penetration of rainfall and water entering from streams crossing the outcrops of the aquifer

are sources of recharge to the Carrizo Aquifer in Medina County. In addition, the Carrizo Aquifer is
recharged by percolation from upper formations and in some cases, upward movement of water
from lower formations. The Carrizo sand has a high coefficient of transmissivity, which is very
faverable for recharge. The high coefficient of transmissivity is due to the high degree of sorting of
sand grains and the lack of cementing material.

The streams crossing the outcrop of Carrizo sand are the Chacon, Francisco Perez, Hondo, Black
and Tehuacana Creeks. The Leona Formation overlies the Camizo sand in a large area near
Devine. Water enters the Carrizo Aquifer through the gravel of the Leona Formation. This results in
an increase in recharge to the aquifer in this area. In some areas the sands from the Wilcox group
becomes hydraulically connected to the Carrizo sands. Therefore the aquifer is sometimes referred
to as the Carmizo-Wilcox Aquifer. The Wilcox Group generally has a lower coefficient of
transmissivity and lower quality water than the Carrizo sand.

Trinity Aquifer

The Glen Rose Formation provides the most water in Medina County of the Trinity Group rocks.
Medina Lake is assumed to overlay the Trinity Aquifer. In most other areas, the Glen Rose
Limestone acts as one of the confining layers of the Edwards Aquifer. The outcrop covers 84
square miles in northern Medina County. However, rainfall from adjacent counties is generally the

main source of recharge due to the larger croppings of permeable layers in these other counties.
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The Trinity Aquifer provides only small to moderate amounts of water to Medina County. Most of the
water contained in the aquifer is only acceptable for stock and domestic uses. The Trinity Aquifer
does supply some recharge to the Edwards Aquifer but would not make an effective water supply of
itself.

Artificial Recharge

The amount of recharge to an aquifer can be increased by artificial recharge methods. Spreading
water over the outcrop of a reservoir and injecting water through wells are two possible methods of
artificial recharge.

In Medina County, recharge can be increased by impounding excess floodwaters on streams located
on the outcrop of Edwards Aquifer, sinkholes such as Woodard Cave or a fractured portion of the
aquifer. However, the mud and slime carried by the streams could restrict the infiltration of water.

Intermittent flooding followed by drying and scarification could alleviate this problem.

indio sandstone and Carrizo sand outcrops are exposed in some areas of Medina County. Excess
floodwater could also be spread over areas where the more permeable sands crop out for the
Carrizo-Wilcox Aquifer.

Aquifer Storage Recovery is another possible method of artificial recharge. Aquifer Storage
Recovery involves treating water to drinking water standards and then injecting the water into an
aquifer formation for storage using dual-purpose wells. The water can then be recovered by
pumping as needed.

The net recharge of the Edwards and related aquifers by Medina Lake is currently being studied in
the ongoing Medina Lake Recharge Study. Increasing the height of the surface water increases the
volume of water which reaches the zone of saturation.

WATER BEARING CHARACTERISTICS AND AQUIFER USE

Annual groundwater discharge estimates were compiled from the following by the USGS:
e Streamflow data that was collected by the USGS;
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» Pumpage data for public water supply, industry and military use as reported by the water
suppliers to the Texas Water Development Board, Edwards Aquifer Authority and the USGS;

* Pumpage data for domestic supply, stock and miscellaneous use as estimated by the USGS:

e Pumpage data from irrigation wells that was obtained by the Nueces-Frio-Sabinal Soil and Water
Conservation District, Medina Valley Soil and Water Conservation District and the United States
Department of Agriculture;

» lmigated acreage data supplied by the United States Department of Agriculture and irrigated
acreage estimates from the Bexar-Medina-Atascosa Water Control and Improvement District No.
1 (BMA).

An average of 91,811 acre-feet of water is being pumped from the aquifers in Medina County
annually. Ninety-six percent (96.2%) of the discharge comes from the Edwards Aquifer, 3.7% comes
from the Carrizo-Wilcox Aquifer and the remaining 0.1% comes from the Trinity Aquifer. All of the
major cities in Medina County supply their domestic water needs from the Edwards Aquifer.

Domestic supply and stock water are obtained from wells and springs. Springs and seepage areas
are especially important sources of stock water in the northemn part of the County where there are
large cattle ranches. In the southern part of the County, domestic supply and stock water
requirements are supplied by wells equipped with windmills or small-capacity electric or gas driven

pumps.

The estimated discharge from the Edwards Aquifer through wells and springs in 1995 was 761,000
acre-feet. The average estimated annual discharge is 657,400 acre-feet. The estimated annual well
discharge ranged from 101,900 acre-feet in 1934 to 542,000 acre-feet in 1989. Table 3-2 shows the
average daily and annual discharge values from the Edwards Aquifer in Medina County for the year
1991. Fifty-two percent (52%) of the 1995 discharge was from groundwater wells. Nine percent
(35,615 acre-feet) of the 1995 well discharge from the Edwards Aquifer occurred in Medina County.
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Table 3-2. Calculated Average Daily And Total Annual Discharge From The Edwards Aquifer In
Medina County By Water Use For The Year 1991.

Springs Municipal Irrigation Industrial Domestic Total, Total,
Supply Use Supply, MG/Year Ac-Ft/Yr.
and Stock and
Military Misc. Use
Use

NoData 463mgd 91.16mgd No Data 0.14 mgd 35,014 107,461

Source: Texas Water Development Board Pianning Division - Groundwater Pumpage Summary by Major
Aquifer.

Approximately 95% of the water discharged from the Edwards Aquifer in Medina County is used for
irigation purposes. The remaining five percent (5%) is used for municipal purposes with small
amounts being used for mining and livestock.

EDWARDS AQUIFER

The Edwards Aquifer in the San Antonio area is one of the most productive carbonate aquifers in the
United States. The extensively faulted and cavermnous limestone aquifer is the main source of water
for Bexar, Comal, Hays, Medina and Uvalde Counties.

The areal extent of the Edwards Aquifer is about 3,180 square miles. Of this, 1,170 square miles is
unconfined. Thirty-three percent (33%) of the Edwards Aquifer lies in Medina County. The areal
extent of the unconfined and confined areas of the Edwards Aquifer in Medina County is given in
Table 3-3.
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Table 3-3. Areal Extent Of The Edwards Aquifer In Medina County

Unconfined Area (mi)  Confined Area (mi) Total Area (mi’)

219 834 1,053

Confined
79%

Unconfined
21%

Source: U.S. Geological Survey, September 1996, Ground-Water Storage in the Edwards Aquifer, San Antonio Area,
Texas: Open File Report.

The confined area of the Edwards Aquifer has an average saturated thickness of 500 feet and 150
feet in the unconfined part. The effective porosity ranges from two (2) to fourteen (14) percent. The
average porosity is six (6) percent. The bulk volume of freshwater in storage in the Edwards Aquifer
can be calculated as follows:

Bulk Volume of Water = Area x Saturated Thickness x Porosity

Using this equation, the total volume of circulating freshwater in the Edwards Aquifer is 45.4 million
acre-feet. The confined section of the Edwards Aquifer contains 38.6 million acre-feet of freshwater,
while the unconfined area only holds 6.8 million acre-feet. However, much of this water is located at
depths which make it uneconomical to access.

The bulk volume of freshwater in storage in the Edwards Aquifer within Medina County is about 17.3
milfion acre-feet, of which 1.3 million acre-feet is in the unconfined part and 16 million acre-feet is in
the confined part. The bulk volume of freshwater storage in the Edwards Aquifer in Medina County

is shown in Table 3-4.
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Table 34. Bulk Freshwater Volume Of Edwards Aquifer In Storage In Medina County

Water in Unconfined Area Water in Confined Area of Total
of Edwards Aquifer Edwards Aquifer (Million acre-ft)
(Million acre-ft) (Million acre-ft)
1.3 16.0 17.3

Confined Unconfined

92% 8%

Source: U.S. Geological Survey, September 1996, Ground-Water Storage in the Edwards Aquifer, San Antonio Area,
Texas: Open File Report.

The confined and unconfined areas of an aquifer have different storage coefficients. This difference

resuits in water loss from the unconfined part of the aquifer when water levels decrease.
Distribution

Medina County has two (2) depositional provinces. The provinces are the Devils River Trend and
the San Marcos Platform. There is also an outcrop of lower Cretaceous rocks within the county.
The Devils River Trend consists of Devils River Limestone. The limestone thickness ranges from
400 to 800 feet but it is typically about 550 feet. The lower part consists of marine to supratidal
deposits, while the upper part contains complex reefal and inter-reefal deposits. There is about 90
feet of poorly permeable, nodular, dense, shaley limestone above the Glen Rose Limestone. This
layer grades up to about 220 feet of wackestone and mudstone containing burrowed beds. The
wackestone and mudstone layers can be highly permeable. These rocks lie beneath 60 feet of
mudstone and permeable, collapse breccia. Shallow marine deposits, which are made of biohermal
rudist constitute the upper 180 feet.

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
PAGE 3-12



The lowest stratigraphic unit of the Edwards Group on the San Marcos Platform is the Kainer
Formation. This layer is typically about 300 feet thick but it ranges in thickness from 260 to 310 feet
in Medina County. A dense, nodular stylolitic wackestone makes up the basal nodular member. The
dolomitic member is made up of mostly tidal, burrowed and dolomitized wackestone. This layer has
a high permeability. Leached, evaporitic deposits of the Kirschberg evaporite are contained within
the dolomitic member. The uppermost member is the grainstone member. This member consists of
well cemented, miliolid grainstone and has lesser beds of mudstone and wackestone. This layer is
slightly to moderately permeable.

The upper stratigraphic unit of the Edwards Group on the San Marcos Platform is the Person
Formation. This layer is typically about 200 feet thick. The lowest member is a laterally extensive,
marine deposit. The deposit consists of poorly permeable, dense, carbonate mudstone. The
leached and collapsed members, which overlie the basal member, basically consist of limestone and
dolomite. Collapse breccia and dolomitized and burrowed wackestone within the layer form highly
permeable units. The uppermost member is the marine member. This basically consists of
limestone and dolomite, and more specifically of rudist-bearing wackestone and packstone and shell
fragment grainstone. The cyclic member might be eroded in the area (Holt, 1959).

The top stratigraphic unit of the Edwards Aquifer in the San Marcos platform is the Georgetown
Formation that typically ranges in thickness from 20 to 60 feet. Dense, argillaceous limestone form
this member.

The Edwards Aquifer is confined by the relatively impermeable underlying Glen Rose Limestone and
the overlying Del Rio Clay. Faults that extend upward cut through these confining layers. However,
these fractures tend to be closed and have low permeability. The approximate thickness of the
Edwards Aquifer in Medina County is 450 feet.

Flow Directions and Water Levels

The Balcones Fault zone causes the groundwater flow pattern to be highly compartmentalized. In
Medina County, the groundwater flow is diverted eastward toward the artesian springs at lower
altitudes. Barrier faults force the groundwater taterally along the faults. These faults direct the
groundwater flow from the northeast to the southeast.
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The most apparent effects caused by faults is in northem Medina County. Here the potentiometric
contours are controlled by the Medina Lake fault. As much as 90 feet of head difference across
faults was shown in this region. The direction of the groundwater flow in the Edwards aquifer in this
area is southwestward, approximately along the strike of the faults. These faults prevent
groundwater from moving directly downdip into the confined part of the aquifer. In western Medina
County, obstruction of the groundwater flow by the faults is not evident (Maclay, 1995).

Aauifer Characteristics

Many wells in the Edwards Aquifer can yield more than 1,000 gallons of water per minute. This
indicates that the Edwards Aquifer has a large transmissivity. In addition, small hydraulic gradients,
large spring discharges and water which is relatively uniform in quality and temperature further
indicate a large transmissivity.

The confined area of the Edwards Aquifer has an estimated transmissivity of 1,000,000 to 2,000,000
square feet per day. The freshwater zone has a transmissivity range of 430,000 to 2,200,000
square feet per day. A transmissivity of less than 430,000 square feet per day is generally found in
the recharge area of the aquifer. Anisotropy ratios ranged between 0.0:1 and 1:1.

Although the specific yield of the unconfined Edwards Aquifer is not known, it is assumed to range
from less than 0.05 to 0.20. The exact value depends on the textural rock types. The storage
coefficient is determined by the porosity and thickness of the aquifer. The storage coefficient of the
confined area of the aquifer is estimated to range between 1x10™ and 1x10°. Table 3-5 shows the
porosity and permeability features of each hydrostratigraphic zone for the San Marcos Platform.
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Table 3-5. Porosity And Permeability Features Of The Hydrostratigraphic Zones In The
Edwards Aquifer Within The San Marcos Platform In The San Antonio Area, Texas

Hydrostratigraphic Total Porosity Relative Matrix Fractures
Zone (Percent) Permeability
I <5 Very Small Few, Closed
[ 5-15 Moderate to Large Many, Open
i 5-20 Moderate to Large Many, Open
v <5 Very Small Closed
\Y 5-15 Moderate Few, Open
Vi 5-25 Large Undetermined
Vil 5-20 Moderate Many, Open
Vil <10 Very Small Few, Open

Source: Maclay, Robert W., 1995, Geology and Hydrology of Edwards Aquifer in San Antonic Area, Texas: U.S.
Geological Survey Water-Resources investigations Report 95-4186.

Water Quality

The quality of groundwater is affected by many factors. The factors which have the greatest effect
on water quality are the relative solubility of the rocks, time of contact, pressure and temperature.
The amount of ion exchange which takes place between the ions dissolved in water and the rock
minerals also affects quality.

The water contained in the Edwards Aquifer is generally of uniform quality. The dissolved solids
concentration remains uniform as long as the movement of the water remains unrestricted. The
Castroville area has a potential for the development of good quality water. If the circulation is
obstructed the concentration of dissolved solids increases. A large area in southem Medina County

contains highly mineralized water.

Table 3-6 summarizes the results of the water quality testing from Edwards Aquifer wells in Medina
County.
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Table 3-6. Water Quality Of The Edwards Aquifer Within Medina-Bexar Hydrologic Subarea

Constituents Minimum Concentration, Maximum Concentration,

mg/| mg/l
Dissolved Solids 171 470
Nitrite+Nitrate 0.02 11.0
Organic Nitrogen 0.03 3.5
Ammonia <0.01 0.18
Nitrogen 0.38 11.3
Phosphorus <0.01 0.13
Lead <0.001 0.016
Arsenic <0.001 0.001
DDE <0.01 pg/l <0.01 ngfl
DDT <0.01 pg/l <0.01 pg/
Dieldrin <0.01 pg/l <0.01 pg
Endosulfan <0.01pgh <0.01pgh
Malathion <0.01pg/l <0.01pgh
Diazinon <0.01ug/ <0.01pgh
Fecal Coliform Varies by site

Source: Roddy, W.R., 1992, Water Quality of the Edwards Aquifer and Streams Recharging the Aguifer in the San
Antonio Region, Texas: U.S. Geological Survey Hydrologic Investigation Atlas.

Groundwater Development and Aquifer Criticality

The water level in the Edwards Limestone has fallen below 100 feet of the surface in most parts of
Medina County. It would be necessary to drill more than 1200 feet in many areas to reach useable
water. Senate Bills 1477 and 3162 require a reduction of pumpage from the Edwards Aquifer
beginning in 2008. The pumpage will be set at a maximum of 400,000 acre-feet per year. Each
entity will only be allowed to pump their prorated share of the annual pumpage. The purpose of this
bill is to protect the endangered species of the Comal and San Marcos springs by preventing further
reduction to their natural stream flow.
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ADDITIONAL GROUNDWATER SOURCES

The Edwards and associated limestone constitute the principal ground-water resources in the study
area. However, other water bearing formations located within, or in the proximity of, the study area
have been evaluated as possible sources of water supply and as possible locations for Aquifer
Storage Recovery projects (ASR). The sources considered include the Leona Formation, Glen Rose
Limestone, Travis Peak Formation, Austin Chalk, Hosston-Sligo Formations, select facies of the
Taylor and Navarro Groups and the Carrizo-Wilcox Sands. While some of these water bearing
materials are generally considered to be of localized value as good quality, ground-water sources,
and therefore not acceptable for regional supply, they may be suitable for underground storage, i.e.,
ASR.

The following information has been coliected from existing sources and evaluated to determine
whether other groundwater resources may be useful in Medina County as a water supply source or a
potential ASR reservoir:

» Depth, thickness and porosity of the water-bearing / storing section;
e Potentiometric, or water table, surface;

e Lithologic nature of the porous media (acid solubility);

o Water quality characteristics;

e Current yield and use;

* Areal distribution;

» Stratigraphic position relative to the Edwards and associated limestone.

Carrizo-Wilcox Sands

The name “Carrizo” was first applied to the thick, massive sand beds that unconformably overlie the
sand, silt and clay of the Wilcox group in the vicinity of Carrizo Springs, Texas. The area of Texas
southwest of the San Marcos River and within the San Antonio, Nueces and Rio Grande River
Basins is called the Winter Garden area. The Carrizo Aquifer is the most continuous water-bearing
aquifer in the Winter Garden region. It contains fresh to slightly saline water that is acceptable for

most irrigation, public supply and industrial purposes. Some portion of the outcrop of Carrizo sand
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lies within Medina County. The Wilcox Group also has an outcrop in Medina County. This group

stores groundwater which is more variable in quality and quantity than the Carrizo sands.

The Carrizo sand forms a belt extending south from the Atascosa County line southwest to the Frio
County line. The approximate thickness of the Carrizo sand is 230 to 330 feet and its rocks are
characterized by coarse to fine sand, massive, cross-bedded with carbonaceous clay. Carrizo sand
yields moderate to large quantities of fresh to slightly saline water to wells, in the range of 50 to over
500 gallons per minute. The thickness of the Carrizo in the downdip artesian areas range from
about 400 feet in Gonzales and Caldwell Counties to more than 1000 feet in Atascosa County. The

maximum thickness of the Carrizo aquifer in this area is about 2,500 ft.

The Wilcox Group (indio Formation) has an approximate thickness ranging from 0 to 2,800 feet. The
Wilcox Group consists mainly of thinly bedded argillaceous sandstone and laminated arenaceous
shale. The Wilcox Group yields small to moderate quantities of fresh to slightly saline water to wells
in the northem and westen parts of the Winter Garden area. The outcrop covers 245 square miles
in Medina County. However, the recharge area is only a fraction of this area due to large amounts of
shale and clay which have low permeability.

The Carrizo sand overlies the Wilcox Group. Some of the sands in the Wilcox Group may become
hydraulically connected with the Carrizo sand therefore, the term "Carrizo-Wilcox Aquifer” is often
used. Although there is some mixing of the sands and water, in general the Wilcox Group sands
tend to be less permeable and the water is of lower quality.

Annual recharge to the Carizo Aquifer is about 100,000 acre-feet per year in the Winter Garden
area. The groundwater in the Carrizo Aquifer flows from the recharge areas to the zone of
saturation. The water then follows the slope of the piezometric surface. The piezometric surface
corresponds with the static water levels.

The Carrizo-Wilcox aquifer is recharged by precipitation in the outcrop area and in certain situations

by seepage from lakes, streams and rivers crossing the outcrop area. Hydraulic characteristics

(coefficients of transmissivity and storage) were determined for the Carrizo and Wilcox Aquifers and

are a measure of an aquifer's ability to transmit and store water. The coefficient of storage depends

upon the water conditions in the Carrizo Aquifer. Under water table conditions, the average

coefficient is approximately 0.25. The average coefficient of storage drops to 0.0005 when the
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water is under artesian conditions. The TWDB conducted a test-hole drilling program and the results
for Medina County are shown in Table 3-7.

Table 3-7. The Hydraulic Characteristics Of The Carrizo Aquifer In Medina County

No. Of Test Avg. Sand Avg. Sand Average Avg. Coefficient Of Permeability
Holes Grain Diameter, Grain Diameter, Uniformity
50 % Retained 90 % Retained Coefficient Cores Cuttings
(Inch) {Inch)
2 .0086 .0051 1.85 748 626

Source: Klent, Wifliam, Gayle Duffin and Glenward |. Elden, September 1976, Groundwater Resources of the Carrizo
Aquifer in the Winter Garden Area of Texas: Texas Water Development Board Report 210 Volume 1.

The coefficients of permeability obtained from analysis of pumping tests from wells in the Carrizo
sand outcrop are generally higher than the ones shown in the Table 3-7. Based on a pumping test
from well J-7-21, the outcrop of Carrizo sand in Medina County has a coefficient of transmissivity of
more than 100,000 gallons per day per foot which is favorable for recharge. The high coefficient is
the result of a high degree of sorting of sand grains and the lack of cementing material in the
outcrop. The coefficient of transmissivity of the Wilcox Group is much lower. It ranges from 10,000
to 20,000 gallons per day per foot.

Near Devine, the Carrizo sand is covered by the Leona formation and some stream loss to the
permeable Leona gravel during high water is likely. The water from the Leona gravel may percolate

to the Carrizo sand and therefore, increase its recharge.

In most areas of the Wilcox region, water quality diminishes with greater depth. The dissolved solids
concentration generally varies between 348 and 11,200 parts per million. The water quality of the
Carrizo Aquifer is much higher. The concentration ranges for selected chemical constituents for
Carrizo Aquifer are given in Table 3-8.
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Table 3-8. Chemical Quality Of The Carrizo Aquifer

Constituent Concentration, mg/
iron <1-68.62
Sodium 8-1,310
Sulfate <1-1,160
Potassium <1-23
Hardness (CaCO3) 1-2,027
Dissolved Solids 6-3,139

Source: Klent, William, Gayle Duffin and Glenward |. Elden, September 1976, Groundwater Resources of the Carrizo
Aquifer in the Winter Garden Area of Texas: Texas Water Development Board Report 210 Volume 1.

In the outcrop, the Carrizo Aquifer contains hard water that is otherwise low in dissolved solids. In
areas of downdip the water is softer, has a higher temperature and contains more dissolved solids.
The Carrizo Aquifer water has a low to high salinity hazard for irrigation use and the sodium (alkali)
hazard is generaly low to medium.

The Carrizo-Wilcox yields fresh to slightly saline water which is acceptable for most irrigation, public
supply and industrial purposes in Texas (Muller and Price, 1979). In the outcrop, the aquifer
contains hard (high calcium and magnesium) water that is usually low in dissolved solids content. In
general, the water from the Carrizo-Wilcox is good and meets National Primary Drinking Water
Regulations, however, secondary standards for pH and iron may not be met - posing an aesthetic
problem, not a health risk. In addition, hydrogen sulfide and methane gas may be found locally
within the aguifer.

Pumpage from the Carrizo Aquifer remained nearly constant between 1930 and 1938. Since the
late 1930’s, the aquifer has undergone generally steady development to provide increasingly larger
amounts of groundwater, mostly for irrigation needs. Other reasons for increased development
include population growth, industrial expansion and the widespread drought conditions of the early
1950’s.

The annual recharge to the Carrizo Aquifer in the area southeast of San Antonio is estimated to be

approximately 26,000 acre-feet. The areas least favorable for future groundwater development from
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the Carrizo Aquifer are the underdeveloped areas, including portions of southeastern Medina
County.

A digital computer simulation of the Carrizo Aquifer for the period 1970 through 2020 indicates that
water levels within the Winter Garden Area, including the portion in Medina County, will slowly
decline if pumpage remains unregulated and occurs at predicted rates. Also, based on the
simulation, approximately 330,000 acre-feet per year of groundwater can be pumped from the
Carrizo Aquifer through the year 2020 as long as the water levels were no more than 400 feet below
the land surface. This represents an increase of 58,000 acre-feet per year over the average
withdrawals of 1963 and 1969.

Theoretically, 200,000 acre-feet of water per year can be transmitted by the Wilcox Aquifer, east of
the Frio River. The amount of water available in storage is calculated as 244,000 acre-feet in the

Wilcox Aquifer. This amount can be pumped from storage all at once.

Glen Rose Limestone

The Glen Rose Limestone, stratigraphically the youngest formation in the Trinity Aquifer, crops out
over the northern part of Medina and Bandera Counties. The Glen Rose Formation provides the
most water in Medina County of the Trinity Group rocks. The Medina Lake area is assumed to lie
directly over the Glen Rose Limestone. In other areas, the Glen Rose Limestone acts as the
underlying, confining layer of the Edwards Aquifer.

The thickness of this formation is about 820 feet and it is divided into two members. The upper and
lower members are separated by a bed of fossiliferous limestone. The limestone bed has profuse
numbers of small fossil clams, Corbula martinae.

The upper Glen Rose Limestone layer is about 320 feet thick. This layer consists of alternating beds
of shale and nodular marl. This member also has thin beds of impure limestone and two evaporative
zones. The evaporative zones are located near the middle and at the base of the upper member.
These zones have significant amounts of minerals such as anhydrite and gypsum. These minerals
cause the water to be slightly saline and have a high sulfate content. At the outcrop, the minerals
have been leached by downward moving groundwater producing uneven claystone beds. In
addition, collapse breccia zones have developed. These zones produce areas of high porosity and
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permeability that is apparent by the sinkholes and caverns in the lower Glen Rose Limestone

outcrop.

The lower Glen Rose Limestone is a massive layer composed of fossiliferous limestone. The
massive lower layer is more susceptible to the development of secondary porosity that results from
faulting and jointing. This layer also has very small quantities of evaporite minerals. These two
factors result in a prolific water-bearing zone containing higher quality water than the upper Glen

Rose Limestone.

Limestones and sandy marls of the Glen Rose crop out in northern Medina County and the
surrounding counties of Uvalde, Real, Bandera, Kerr and Kendall. The outcrop of the Trinity Aquifer
covers 84 square miles in northern Medina County. The main source of recharge to the aquifer in the
County is thought to be the rainfall from the adjacent counties since the Glen Rose Limestone in
those counties have larger croppings of the permeable layers.

Caves and springs are found in the limestone in the outcrop area of the Glen Rose Formation. The
flows of the San Geronimo, West Verde and Hondo Creeks are maintained by these springs in
Medina County.

In areas of Medina County, groundwater is moving from the Glen Rose Limestone to the streams.
The water will eventually recharge the Edwards Aquifer as the streams cross the Edwards Aquifer
outcrop. In the Edwards Aquifer recharge zone, where the Edwards Limestone is directly above the
Glen Rose Limestone, the groundwater flows directly from the Trinity Aquifer across the faults. The
factors which determine the amount of water entering the Edwards Aquifer from the Trinity Aquifer
are the length of the fault, the water level gradient across the fault plane and the effective
transmissivity within the Glen Rose Limestone.

The Trinity Aquifer has a steep water level gradient above the Balcones Fault zone. In this region,
the direction of flow is generally to the southeast towards the Edwards Aguifer. In the Balcones fauit
zone, the potentiometric surface of the Edwards-Trinity Aquifer system is a much less effective
indicator of the specific direction of groundwater flow than in other areas due to the anisotropy of the
series of southwest to northeast trending faults and secondarily developed karst conduits. In
addition, static water levels in the Glen Rose Formation generally reflect the combined influences of
the different water-bearing units open to wells (LBG-Guyton, 1995).
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The Haby Crossing Fault also effects the flow of groundwater through the Trinity Aquifer. The Glen
Rose Limestone has a much steeper water level gradient upgradient from the fault. The gradient is
estimated to be about 75 to 100 feet per mile. The flow of groundwater is generally toward the fauilt
and most major discharge is along the fault.

The porosity and permeability of the Glen Rose Limestone are much less than that observed in the
most porous and permeable units of the Edwards Aquifer. Wells drilled into the Glen Rose
Limestone in Medina County supply small to moderate amounts of fresh to slightly saline water from
the lower Glen Rose Limestone and potable but highly mineralized water sufficient for stock and
domestic use from the upper Glen Rose Limestone. Few wells in the area produce more than 50

gallons per minute.

The lower member of the Glen Rose Limestone, exposed in the outcrop in the Medina Lake area,
has good permeability and porosity associated with patch reefs and caves. Most of the porosity
associated with the patch reefs is fabric selective moldic porosity. The porosity associated with
caves is not fabric selective. Fabric selective porosity is secondary porosity that preferentially
developed along specific sedimentary structures, strata or mineralogy. Non-fabric selective porosity
is secondary porosity that developed generally without the influence of sedimentary structures and
preferentially along fractures or faults not associated with the original sedimentary or diagenetic
processes (Holt, 1959). The upper member of the Glen Rose Limestone is relatively impermeable
and usually acts as a lower confining unit of the Edwards Aquifer.

The water from the Trinity Aquifer in Medina County contains moderate to large amounts of
dissolved solids. The dissolved solids concentration ranges from 223 to 4,110 parts per million. The
average dissolved solids content from the springs and wells of the Glen Rose Limestone is about
1,870 parts per million. Deeper wells yield water higher in dissolved solids than the springs and
shallow wells. These wells generally contain highly mineralized waters which are very hard and high
in sulfate content. The deeper wells which are able {0 penetrate the interconnected solutional
channels generally have water which is low in sulfate concentration. The channels enable the free
movement of water which produces higher quality water.

Table 3-9 shows the amount of groundwater available from the Trinity and Carrizo-Wilcox Aquifers in

Medina County.
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Table 3-9. Medina County Groundwater Availability, Ac-Ft.

Aquifer 1980 2000 2010 2020 2030 2040
Trinity 860 860 860 860 860 860
Carrizo-Wilcox 6966 6966 6966 6966 2617 2617
Total 7826 7826 7826 7826 3417 3477

Source: Texas Water Development Board, David Thorkildsen, 1/15/97

L.eona Formation

The outcrop of the Leona Formation extends along the Balcones fault zone and overlies the
Edwards Aquifer. The Leona is composed of lenticular beds of sand, gravel, silt, and clay. Gravel is
found primarily near the base of the formation, while silt is predominate in the upper portion of the
formation. Caliche is also found within the Leona Formation. The average formation thickness in
Medina County is about 30 feet. Because the formation is relatively thin throughout Medina and

Bexar Counties, the well yield is generally only a few gallons per minute.

Groundwater occurs in the Leona formation in partially separated areas of Medina County. The total
area of the surface exposures of the formation is approximately 218 square miles. Of this area, the
Leona along Seco Creek covers 23 square miles, along Hondo and Verde Creeks, more than 109
square miles, and along the Medina stretch on the Frio River, 5 square miles.

The Leona formation consists of deposits forming broad terraces in the valleys of the present
streams. These terraces are topographically lower than those formed by the Uvalde gravel. The
terraces extend to distances ranging from several hundred feet to 3 or 4 miles on one or both sides
of the major streams. Generally, the formation is thickest near the present stream channels or the
older, abandoned meandering channels. The terraces range in thickness from 0 to 70 or 80 feet
thick. Rio Medina, Quihi, and D’'Hanis obtain their water supply from the formation, and private
supplies in Hondo, Castroville, and LaCoste are obtained from the gravel. (Public supplies for
Hondo, Castroville, and LaCoste are obtained from the Edwards).
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Recharge to the Leona Formation in Medina County is from precipitation on the outcrops, discharge
of springs and streamflow. The Leona Formation is also recharged by the perennial flow of the
Medina River and floods that periodically fill the Seco, Hondo, Verde and Chacon Creeks and the
Frio River. Measurements of water levels in wells in each of the aquifers indicate that the water
table fluctuates with the amount of precipitation and the rate of streamflow. The piezometric
surfaces of the underlying formations are below the base of the Leona and those formations do not
contribute to its recharge. Conversely, the Lecna formation contributes to the recharge of the
underlying permeable formations. In the area, the Leona Formation contributes to the recharge of
the Edwards Limestone and the Carrizo Sands.

In general, the Leona formation contains little water where the underlying formations are permeable,
but contains large amounts of water where it overlies less permeable strata, primarily where it is
thick. In most areas of outcrop in the county, the Leona formation furnishes an adequate supply of
water for domestic and stock uses. This formation supplies the water demand for D'Hanis, Quihi and
LaCoste. In many areas, the Leona has the thickness and lateral extent necessary to store large
amounts of water.

In Medina County, the sands, silts and gravels of the Leona Formation parallel the major streams.
The groundwater contained in the Leona formation is typically under water table conditions.
However, small localized areas may be under artesian water conditions due to impermeable layers
of silt and clay. Along the main reservoir are small bodies of water that are not connected to the

main reservoir. These isolated water bodies are easily emptied through pumping.

in chemical quality, the water from the Leona formation is satisfactory for most purposes. The
nitrate content of the water is high in many places, with observed readings ranging from 2 to 400
parts per million. The water is generally very hard, with hardness ranging from 116 parts per million
to 516 parts per million.

Travis Peak Formation

The Travis Peak formation is the lowest formation of the Trinity group and does not crop out in

Medina County. The closest reported exposures are along the Guadalupe River in the northwestern

part of Comal County. (Holt, 1959) Logs of wells completed in the Travis Peak formation indicate a
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series of fine-grained sandstones, limestones, and multicolored shales. Historically, it has been very
expensive to drill to this formation, however, with increased water needs further exploration of Travis
Peak may be necessary.

The Travis Peak Formation underlies the Glen Rose Limestone in Medina County. The thickness of
the formation ranges from 100 feet to over 400 feet in Bexar and Medina Counties. The wells in this
formation generally yield small to moderate amounts of water. The wells yield less than 30 gallons
per minute and the water contains large amounts of dissolved solids. A well drilled near the Uvalde-
Medina County line, south of D’Hanis contained 2,220 parts per million of dissolved solids and
excessive amounts of sulfate, chloride, and fluoride. However, since this is the only analysis
performed on water obtained from the Travis Peak formation, it may not be representative of water
contained elsewhere in the formation. The water in the Travis Peak Formation is only acceptable for

localized domestic and livestock water demand.

The water of the Travis Peak formation is derived from precipitation over a large area north of
Medina County. Water enters the sands of the formation in the outcrop area and travels downdip to
Medina County.

Austin Chalk

The iithologic character of Austin Chalk can be described as white to buff chalk, marl and limestone.
This formation tends to yield small supplies of water (less than 10 gallons per minute) and is typically
from 210 to 290 feet in thickness, with a range of 225 to 350 feet in Medina County. Austin Chalk
consists of limestone, chalk, mari, and thin beds of clay. In Medina County, nine (9) wells are known
to obtain water from the Austin Chalk, only one of which produces more than three (3) gallons per
minute. This well, however, is believed to get its water through local recharge from gravel of the
overlying Leona formation. Other wells completed in the Austin Chalk have very small yields of
water containing large amounts of hydrogen sulfide. The sulfur is probably derived from the pyrite
and marcasite in the formation. A large solutional cavity exists east of Hondo Creek, approximately
8 miies north of Hondo, but is the only known evidence of subsurface solution in this formation in
Medina County.

Hosston-Sligo
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The Hosston-Sligo Formation underlies the Travis Peak Formation. The Hosston Formation, part of
the Nuevo Leon and Durango group, consists of Red sandstone and shale, with some limestone.
This formation is not known to yield water in Medina County, and ranges in thickness from 0 to 440
ft. The Sligo Formation consists of gray limestone with shale partings. Near the confluence of the
Perdenales and Colorado Rivers, the lower Trinitian rocks (Glen Rose Limestone, Hensel Sand and
Cow Creek Limestone) are exposed, and the Hosston and Sligo formations serve as the most
productive units of the Trinity. Wells in these twe formations yield a small volume of water that is not
acceptable as a regional water supply.

Navarro

The Navarro group consists of the Escondido Formation, Corsicana Marl, Taylor Marl, Anacacho
Limestone, Austin Chalk and Eagle Ford Shale formations, further described in Table 3-10. The
Taylor Marl, Anacacho Limestone and the Escondido Formation supply small amounts of water.

This water is suitable for domestic and livestock purposes but not as a regional water supply.

l.ocalized areas of water acceptable for domestic purposes are found in the Anacacho Limestone.
However, the water may be very hard. The dissolved solids content in the Escondido Formation
ranges from 480 to 3,330 parts per million.
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Table 3-10. Geologic And Hydrological Units And Their Water Bearing

Properties
System Series Group Formation Approximate Lithologic Water-Bearing
Thickness {Ft.} Character Properties
Cretaceous Gulf Navarro Escondido S50-740 Shale, sandstone  Yields moderate
Formation and some supplies of moderately
limestone. mineralized water.
Increasingly
arenaceous to
west.

Cretaceous Gulf Navarro Corsicana Marl 3055 Limestone and Not a freshwater
shale; thickens to  aguifer in Medina
east. County.

Cretaceous Gulf Taytor Marl 0-150 Clay and mar; Not a fresh-water
thickens to east. aquifer in Medina

County.
Cretaceous Gulf Anacacho 350530 Fossiliferous Yields small supplies
Limestone limestone, marl of water localty.
and clay.
Increasingly
caicareous to
west.

Cretaceous Gulf Austin Chalk 210-290 White to buff Yields small supplies
chalk, marl and of water.
limestone.

Cretaceous Eagle Ford 20-65 Black shale and Not known to yield

Shale gray areraceous  water in Medina
limestone; County.
weathers to
yellow clay and

brown flagstones.

As shown above, the Escondido formation is the thickest (550-740 ft), consists of shale, sandstone

and some limestone. This formation is generally the best for water yield, when compared to other

formations within the Navarro group.

There are 553 registered wells in Medina County. About 64% of all the wells are in the Edwards

Aquifer, 5% are in the Glen Rose Limestone, 12% are in the Carrizo Aquifer, 9% are in the Wilcox

Aquifer and 2% are in the Carrizo-Wilcox Aquifer. The remaining 8% are in the minor aquifers.
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Of the 553 wells, 14 are springs, four (4) are observation wells, six (6) are test holes and one (1) is
an oil and gas well. The rest are wells that are used for water withdrawal. The depth of the wells
varies from 24 to 3,194 feet below the ground surface.

Forty-eight (48) of the 553 wells are used for public water supply purposes, white 118 wells are used
for domestic purposes, 107 are used for stock water, 1 is used for commercial purposes, 1 is for
aquaculture, 79 are unused, 5 are used for industrial purposes and 256 are used for irrigation.
Seventy-three (73) of the wells are used for more than one purpose, usually for supplying both stock
and domestic supply water. One well is used for stock, domestic and aquaculture use. The use of
the remaining 11 wells is unknown.

Thirty-one (31) of the wells have water level measurements available. Only 12 of these wells were

sampled for water quality. The water quality sampling results for these wells are listed in Table 3-11.
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Table 3-11. Water Quality Of Water Wells Within Medina County

Name of Well Area Connect- Supplier Retail Well Quality Storage
System No. Served ed to Source Popula Capacity Capacity
Other -tion (GPM) (MGD)
Systems
City of Hondo 1630002 City of No Self- 7800 4800 Pass 2.300
Hondo, Supplied
Prison (4 Wells)
City of LaCoste 1630004 City of No Self- 1326 2020 Pass 0.245
LaCoste Supplied
(2 Wells)
City of 1630005 Castroville Yes. Self- 2808 1500 Pass 0.500
Castroville and fringe Supplied
area {3 Wells)
Medina County 1630008 D'Hanis Yes Self- 530 280 Pass 0.050
WCID #2 Supplied
(1 Well)
City of Natalia 1630009 City of No Self- 1524 800 Pass 0.354
Natalia Supplied
(2 Welis)
Valley Mobile 1630011 Valley MHP No Self- 243 63 Pass 0.020
Home Supplied
Properties (1 Well)
Rio Medina 1630023 Rio Medina No Rio 192 140 Pass 0.013
Estates Estates Medina
Water
Corp.
(1 Well)
New Alsace 1630024  Castroville No Self- 111 250 Pass 0.010
Water Co. near Quihi Supplied
(1 Well)
Zinsmeyer 1630025 Zinsmeyer No Self- 25 100 Pass 0.010
Trailer Park Trailer Park Supplied
&2 (1 Well)
Businesses
West Medina 1630027 City of No Self- 900 600 Pass 0.140
WSsC D'Hanis Supplied
(1 Well)
Creekwood 1630029 Creekwood No Self- 336 150 Fail 0.063
Water Supply Subdivision Supplied
(1 WelD)
Cattleman's 1630030 Cattleman's No Self- 450 400 Pass 0.160
Crossing Crossing Supgplied (Elevated
Subdivision (2 Wells) Storage)
Gusville Trailer 1630031 Gusville No Self- 96 40 Pass 0.010
Park Trailer Park Supplied
(2 Wells)

Source: Public Water Supply Regulatery Program - Water System Data Sheets, Form TNRCC-0077A (9/1/95)
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SUMMARY

The Edwards Aquifer is the main source of groundwater in Medina County. Approximately 96% of
the current groundwater usage is taken from this aquifer. The other main aquifers are the Carrizo-
Wilcox and the Trinity Aquifers. Their usage of these three aquifers within Medina County is given in
Table 3-12.

Table 3-12. Summary Of Aquifer Usage In Medina County

Aquifer Typical Use Area Of Use Amount Used % Of Total
(Acre-Ft.) County
Edwards Irrigation, Central 88,322 96.2
Municipal
Carrizo- Domestic South- 3,397 3.7
Wilcox Southwest
Trinity Municipal, Northeast 92 0.1
Domestic
Total 91,811 100
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SECTION 4
EXISTING SURFACE WATER SOURCES

INTRODUCTION

This section provides a summary and evaluation of the current surface water resources available
within Medina County. This information will be used to determine future surface water availability
and to formulate the Water Resource Management Plan.

EXISTING SURFACE WATER USE

The Medina River and the Chacon, Hondo, Francisco Perez, Quihi, San Geronimo, Seco and Verde
Creeks are the major streams which flow through Medina County. A short part of the Frio River
flows just inside the southwestern part of the County. In addition, there are minor streams such as
the Live Oak, Parkers and Unnamed Creeks also within the County. All of the streams flow in a
south to southeast direction.

Precipitation in Medina County generally drains to the south and southeast which coincides with the
slope of the area. The northern and westemn parts of the county are drained by the Squirrel, Seco,
Hondo, Verde and Quihi Creeks. These creeks are only intermittently full and drain into the Frio
River. The northern and eastern parts of the county are drained by the Medina River. The Medina
River is the only perennial stream flowing through Medina County and it is the main source of
surface water flowing through the County. The southeastern part of the County is drained by the
Black, Francisco Perez and Chacon Creeks which join the Frio River in McMullen County. The entire
area is subject to heavy rains and floods which can fill the usually dry stream channels and
occasionally overflow.

Medina and Diversion Lakes

The Medina Lake System is comprised of two separate lakes or impoundments. The larger lake,

Medina Lake, is described as being located 18.5 miles northeast of Hondo in Medina County. The

originators of Medina Lake chose this location for two primary reasons. First, Medina Lake sits in a
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steep canyon, whose walls provide a natural basin for impoundment. Second, the base geologic
formations are relatively impermeable which helps reduce the incidental loss of impounded water to
underlying aquifers.

While the canyon walls provided a choice location to erect a dam, the canyon walls were not
amenable toward constructing a diversion canal for the impounded water. For that reason, the
designing engineers opted to construct a second impoundment, Diversion Lake. Diversion Dam is
located in an area approximately 4 miles downstream from Medina Dam where the topography
flattened out, as opposed to the steep canyon walls. BMA releases water from Medina Lake
through two release gates at Medina Dam and the water then flows down into Diversion Lake.
Because Diversion Lake is at a lower elevation than is Medina Lake, the water must be lifted
approximately 40 feet in order to divert the water into the canals. BMA's method of diverting water
and serving its irrigation customers is by lifting the water level in Diversion Lake into its gravity feed
system (the Main Diversion Canal) and then through a series of manmade canals which run through
Bexar, Medina and Atascosa Counties. This has been the method of operation since the inception of

the Medina Lake System.

Medina Lake was constructed in 1911 to supplement existing irrigation supplies. The Medina River
is impounded behind the 164 foot high concrete gravity dam located 14 miles upstream of
Castroville. Inflows to the lake originate over a 653 square mile drainage area. When the water
surface elevation is 1,072 feet, the lake is approximately 18 miles long and about three (3) miles
wide at the widest part. Medina Lake has a maximum capacity of 254,000 acre-feet (at elevation
1,072.0 feet) and a surface area 5,575 acres. When the dam was built, the large amount of storage

was created to conserve the largest possible percentage of the runoff from Medina Basin.

Water from Medina Lake is discharged down a four (4) mile canyon to a smalier impoundment,
Diversion Lake. The 50 foot tall dam was built in 1913. The average inflow into the lake between
the years 1940 and 1986 was 3,413 acre-feet. At the surface water elevation of 926.5, the lake has
a volume of 2,555 acre-feet and a surface area of 169 acres. From Diversion Lake, the water is
diverted into a system of irrigation canals also owned and operated by BMA. BMA is authorized to
divert up to 66,000 acre-feet per year for irrigation, municipal and industrial purposes from the lakes.
Annual diversions have averaged 30,280 acre-feet between 1957 and 1994.

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
PAGE 4-2



Seepage of the impounded water in both lakes into the underlying bedrock has been documented by
various sources. Qualitative assessments have shown that the channel connecting both lakes
experience large seepage losses. Quantitative estimates have shown that seepage losses from
Medina and Diversion Lakes averages about 72,000 acre-feet per year. The loss on the Medina
Lake varies with the stage in the reservoir, however, the loss from Diversion Lake is relatively
constant. Medina Lake leakage losses average about 22,710 acre-feet per year most of which is
captured by Diversion Dam.

The average annual inflow to Medina Lake was estimated to be about 94,500 acre-feet measured at
the United States Geological Survey (USGS) Pipe Creek gauge located on the Medina River near
the upper end of the lake. An average of 2.5 feet of net evaporation occurs each year.

Pearson Dam And Reservoir

Pearson Lake is a small reservoir located off of the main BMA canal. This reservoir provides storage
for any water remaining in the canal at the end of the irrigation season or when the water is not used
due to adequate rainfall. The water diverted from the canal can then be stored until needed. The
Pearson reservoir is also used to fill small water orders instead of filling the entire canal system. An
earth dam diverts the water from the canals into a 23 acre impoundment. The estimated capacity is
250 acre-feet.

Chacon Dam and Lake

The Chacon Dam is an earth dam across the Chacon Creek. Chacon Lake is also used to store
excess water from the canai system. In addition to the diverted water, the lake also receives runoff
from the 17 square mite Chacon Creek watershed. A spillway allows excess water to continue down

Chacon Creek and a gated outlet releases water back into the lower canal system.
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Jungman, Kirby, Dubose and Ball Lakes

These lakes were all originally built as storage lakes for the canal system. Jungman Lake is still
being used for excess water storage. Kirby Lake is located near the end of the canal system.
Operation of Kirby Lake in this manner would require pumps to transport the water back up the
system. Ball and Dubose Lakes both would require extensive repairs prior to use.

AVAILABLE WATER RIGHTS

Bexar-Medina-Atascosa Water Control and Improvement District No. 1 is a water conservation and
improvement district created pursuant to the “conservation amendment” to the Texas Constitution.
BMA is a political subdivision of the State of Texas and it holds certificates of Adjudication Nos. 19-
2130 and 19-2131 which are based upon certified filings No. 18 and 19. These certificates authorize
the impoundment of state water in and diversion of water from Medina, Diversion and Chacon
Lakes. This includes the transfer of water from the Medina River Basin, a sub-basin of the San
Antonio River Basin, into the Nueces River Basin. BMA holds a water right that allows storage of
approximately 260,000 acre-feet of water in two lakes, with annual diversion of 66,000 acre-feet for
imigation, municipal and industrial purposes. BMA's imrigation right allows for the irrigation of 34,000
acres within the district.

BMA’s Certificates have a priority date of November 1910, through the initiation of construction of
the dams, diversion works and the irrigation canals presently in place and utilized by BMA.
Certificate of Adjudication No. 19-230 authorizes BMA to impound up to 4,500 acre-feet of water per
year in Medina Lake and to impound, divert and use up to 66,000 acre-feet of water per year from
the reservoirs for irrigation, municipal and industrial purposes. BMA is authorized to divert water
from its reservoir system at a point located on the Diversion Dam at a rate not to exceed 450 cubic
feet per second. BMA’s Certificate of Adjudication has no minimum stream flow requirement
restricting its diversion rights. The contractual obligations of BMA are:

o 5,000 acre-feet reserved for Bandera County;
+ Contracts with Bexar Metropolitan Water District;
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« Commitments made to the Edwards Aquifer Authority, San Antonio Water System and Texas
Parks and Wildlife Department during the course of the hearing on BMA’s amendment to its
Certificate of Adjudication.

Table 4-1 shows the existing surface water rights within Medina County for the year 1996. Most of
the available surface water within the County is currently accounted for. Some of the authorized
users are not currently using all of the authorized water.
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Table 4-1. Existing Surface Water Rights for Medina County in 1996
Stream Basin Type Of User Authorized Amount, Water Used,
Ac-Ft. Ac-Ft.
Chacon Creek Lower Nueces irrigation 4 0
Irrigation 2,000 845
San Antonio Irrigation 2,000 0
Upper Nueces Irrigation 132 0
Total for Chacon Creek 4136 845
Hondo Creek Lower Nueces Irrigation 70 0
Irrigation 40 0
Upper Nueces Mining 100 71
Total for Hondo Creek 210 71
Live Oak Creek Lower Nueces Storage 13 0
Total for Live Oak 13 0
Creek
Medina River San Antonio lrrigation 160 0
hrigation 112 0
Irrigation 16 0
Storage 14 0]
trrigation 17 0
trrigation 18 0
Irrigation 65,830 59,378
Municipal 170 0
Domestic 750 0
Storage 4,500 0
Total for Medina River 71,587 59,378
Middle Verde Creek Lower Nueces Recharge 585 0
Total for Middle Verde 585 0
Creek
Parkers Creek Upper Nueces Recharge 520 0
Total for Parkers Creek 520 0
San Geronimo Creek San Antonio Irrigation 5 0
Total for San Geronimo 5 0

Creek
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Tabie 4-1. Existing Surface Water Rights for Medina County in 1996

Stream Basin Type Of User Authorized Amount, Water Used,
Ac-Ft. Ac-Ft,
Seco Creek Lower Nueces Recharge 1,185 0
Irrigation 20 0
Total for Seco Creek 1,205 0
Unnamed Lower Nueces Irrigation 80 0
Total for Unnamed 80 0
Creek
Total for Medina 78,341 60,293
County
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SECTION 5
WATER RESOURCE MANAGEMENT OPTIONS

INTRODUCTION

Potential water supply sources in Medina County include groundwater, surface water and
wastewater reuse sources. The allocation of future water demands to available supplies were
analyzed using the future demands forecasts located in Section 2. The purpose of this section is to
present options for managing the available water resources in the County.

MANAGEMENT OF SURFACE WATERS — MEDINA LAKE WATERS

Over the years, BMA’s delivery system has experienced significant water losses. The exact figures
on the unaccounted for water have been unavailable due to the lack of accurate flow measurement
equipment within the canal system. Until recently, the expense of analyzing and repairing the
system to minimize the losses was not considered justifiable. In fact, prior to 1992, maintenance,
repair and upkeep on the system was ignored and performed only on an emergency basis.
Consequently, the delivery system experiences very severe water losses.

A current example of the losses is representative of the fact that during the calendar year of 1996 (a
year of moderate to severe drought), BMA diverted approximately 60,000 Acre Feet of water for
irrigation uses, but was only able to delivery to the farmer 15,000 acre feet. The remaining 45,000
Acre-Feet (75% of the amount diverted) of water was lost in the system to seepage, evaporation and
waste.

In the late 1980’s, the Directors of BMA realized that these amounts of water losses were
unacceptable; however, funds for the repair of the system were not available and could not be made
available without severely increasing either the BMA tax base or the user fees. When the Board

studied the problem, three options became available to them, which were:

1. Do nothing - Continue to operate the system as it had been done in the past.

2. Increase revenues by either increasing taxes or increasing user fees; and
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3. Sell excess waters to other water purveyors and use the revenues to repair the system.

OPTION 1 - DO NOTHING

This option would continue the present course of action at BMA. Repairs and maintenance would
only be performed on “an emergency basis”. The district would continue to operate with large losses
and the tax and user fees could be kept to a minimum. This option would eventually lead to the
complete deterioration of the system. As an example, the Holland Texas Dam & Irrigation Company,
located just south of Cotulla, Texas has a system very similar to that of BMA. For instance, they
have two dams located on the Nueces River. Both dams were constructed in 1910, about the same
time that BMA’s dam were built. The company uses the impounded water for irrigation of croplands
adjacent to the impoundments. For the past 40 or so years, the Holland Texas Dam & Irrigation
Company has also ignored the system and has provided maintenance on an “emergency basis”
only. Consequently, on New Years Day, 1997, the main dam failed due to lack of maintenance on
the facility. The reason given for the lack of maintenance “We as farmers just couldn’t afford the
maintenance and repair costs”. The cost to rebuild the system is still unknown, but a 2-3 million
price tag would not be out of the question.

If BMA continued to ignore the maintenance problems, and continued to “waste water”, the State of
Texas would more than likely end up taking over the water system, because water in this area of the
state is that valuable. In the 1994 Texas Legislative Session, Representative David Counts
presented a bill to the legislature that would do exactly that - take over the BMA water system. In this
Bill, the Texas Water Development Board was given two years to negotiate a price to purchase the
system from BMA. If after two years BMA and the TWDB could not reach an agreement on the cost
of the system, then the system purchase price would be equal to the unrecovered capital cost, which
at that time was zero. After testimony before the Texas Natural Resource Commission by Messrs.
Johnny Ward, AV. Thurman, Ed McCarthy, Bob Wilson and Representative Pete Nieto,
Representative Counts withdrew his bill.

OPTION 2 - RAISE TAXES AND INCREASE WATER USER FEES
This option could virtually put the farmer out of business. To raise the required capital needed to

perform the improvements on the system would result in a tax and user fee that would prohibit the
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farmer from being able to compete in a very tight industry, and for all practical purposes, would put
the farmer out of business.

OPTION 3 - SELL EXCESS WATERS TO OTHER WATER PURVEYORS AND USE THE
REVENUES TO REFURBISH THE SYSTEM

In taking this option, the BMA Board wanted to protect the farmers rights and needs to available
water. Therefore, BMA set out on a program to sell only “Excess Water” to other purveyors of water
in the region. Excess Water was defined as that water that was not needed to meet the day to
day needs of the farmer. If the losses (now known to be 75% of the water diverted) could be
reduced, then BMA would have a tremendous resource available to them, a resource that could be
sold to other water suppliers and the revenues then used to pay for the improvements needed to
refurbish and maintain the system.

This was the option taken by BMA.

BEXAR METROPOLITAN WATER DISTRICT

In 1991, BMA entered into a series of agreements with Bexar Metropolitan Water District (Bexar-
Met). These agreements provide for the sale of water from the District's water system to Bexar-Met
and for payments by Bexar-Met to BMA to help fund needed improvements throughout the district.

l.ong-Term Water Sales Agreement

The first agreement, the 1991 water agreement, provides for the sale of excess water from the
District's adjudication of 66,000 acre-feet of water per year. The agreement is effective from
September 1, 1991, for a period of twenty years with the option to extend the agreement for an
additional ten years.

Excess water is determined at the District's sole discretion. The agreement requires the District to
evaluate the availability of excess water at least twice a year in the months of February and August.
Bexar-Met agrees to purchase during each contract year all excess water as determined by the
District whether or not Bexar-Met takes delivery of the water. The price of the water for the first term
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contract years shall be $56.00 for each metered acre-foot, subject to adjustments thereafter and for
water resold by the District. The District is committed to deliver the excess water only by gravity
flows to Bexar-Met's designated point of diversion from the District's system.

1992 Water Conservation Agreement

In 1992, the District entered into a water conservation agreement with Bexar-Met as a result of the
water sales agreement. This agreement provides that the District will take certain steps to ensure
future excess waters, as defined in the water sales agreement, including measures to conserve
water in the District's irrigation system. The agreement became effective September 1, 1992, for a

period of five years. Bexar-Met will pay BMA $300,000 each year that the contract is in effect.

This water conservation agreement requires BMA to waive its right to declare excess water during
the five-year term of the agreement. Bexar-Met will receive credits against future billings for excess
water under the water sales agreement to the extent of 85% of the first year's conservation
agreement payment and 100% of future years' payments. Total credits to be given by the District
will not exceed $1,455,000, and the credit applied to future water purchases in any year may not be
more than one-fifth of total credits.

BMA may use the payments from the conservation agreement for only certain purposes, which may
be for expenses relating to conservation or for capital improvements that ensure conservation of
water. Any unearned amount will be held by the District as restricted cash untit eamed. The District
records a deférred credit for the annual conservation agreement payments. It recognizes
intergovernmental revenues from the conservation agreement to the extent it incurs expenses
allowable under the agreement.

1995 Water Availability Contract

In 1995, the District completed an agreement with Bexar-Met to make additional water available to
Bexar-Met. The parties agreed that, in addition to other water deliverable to Bexar-Met as excess
water pursuant to the 1991 agreement, the District would deliver on a priority basis up to 6,000 acre-
feet of water per year, to the extent water is available in accordance with conditions stated in The
1995 agreement. The potential availability of excess water pursuant to the 1991 agreement is
directly reduced on an acre-foot basis.
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On each anniversary date, Bexar-Met will pay the District the purchase price for the entire quantity of
water deliverable under the 1995 agreement during the twelve months following November 1, 1996.
the District is entitled to the entire purchase price for the stated quantity of priority water whether or
not Bexar-Met accepts the District's tender of the water.

In consideration of the District's obligation to ensure the phased-in delivery to Bexar-Met of 6,000
acre-feet of water annually on a priority basis rather than on an excess water basis, Bexar-Met paid
the District $500,000 in 1995.

With the establishment of these contracts to sell excess water, BMA now has a revenue stream in
place to be able to effect the repairs needed on the system so that water conservation can be
accomplished. BMA can then sell the water they conserve through these improvements.

In 1993, BMA started an aggressive effort to repair the canals. They started by removing trees,
vegetation, and other obstructions that impaired the flow of water, as well as, repairing the side and
bottom slopes of canals that were in need of repair. This has improved the flow of water through the

canal system, and has dramatically cut losses due to seepage from the canals.

Consequently, the analysis of the main canal in conjunction with a review of operational procedures
was necessary to improve the efficiency of the system overall and conservation of water by reducing
losses.

NATURAL RESOURCE PLAN (NRP)

In 1993, BMA, in conjunction with the Natural Resource Conservation Commission (formerly the US
Soil Conservation Commission), the Medina County Soil and Water Conservation District and the
Alamo Area Soil and Water Conservation District developed a Natural Resource Plan (NRP) which
specifically analyzed the BMA conveyance system efficiency, water quality within the canal
system(s) and municipal water demands within the region. The NRP report details viable
alternatives for optimization of BMA's canal system, and reviews critical water quality issues within

this system. The report specifically recommends conveyance improvements designed to increase
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water availability for agricultural, municipal and industrial uses within the BMA service area and
adjacent communities.

Pursuant to BMA’s proposed PL 83-566 watershed project, BMA plans to repair and refurbish
approximately 23 miles of its main canal from the Diversion Dam down to the Pearson Junction in
Medina County. This work will include clearing and reshaping of canals with installation of improved
liner materials and/or concrete lining or piping of the canal system to reduce transportation losses.
The estimated annual water savings to be achieved pursuant to these improvements, as
detailed in the NRP, are in excess of 30,000 acre-feet of water per year. It should be further
noted that these are waters that are currently lost due to the leakage in the canal system. If BMA
can recover this “lost water” and sell it at their current rate of $56 per acre foot, this would amount to
income to BMA of $1,680,000 per year.

That additional revenue is more than sufficient to fund the District's share of the cost to complete the
PL-566 Canal Delivery System Renovation Project. Once the Project is paid for, those additional
revenues would be available to further reduce the cost to Landowners to maintain and operate the
District each year.

TWDB/USGS WATER BALANCE STUDY

In July of 1994, BMA, in conjunction with the TWDB, BMWD and the USGS began a Water Balance
Study to identify the quantities of inflows and losses in Medina and Diversion Lakes themselves.
The goal of the Studly is to continue ongoing efforts to better manage the BMA waters. The Study is
being co-sponsored by the Texas Water Development Board, the U.S. Geological Survey and Bexar
Metropolitan Water District.

The Study, when completed, will identify both how much and where water is being lost. The Study
will also provide BMA with valuable information that will help them better manage their resources in
the future.
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MEDINA LAKE SPILLWAY

Since the 1920's the Medina River Valley has benefited from the construction of Medina Lake and its
irrigation canals to satisfy agricultural demands for water. As the area urbanizes, demands for water
shift from agricultural uses to municipal and industrial uses. In the past, the Edwards Aquifer has
been utilized to satisfy the demands for M&I uses throughout the region, however, the aquifer can
supply only so much water before it is endanger of depletion. Therefore, recent regulations have
placed restrictions on the continued development of the area's Edwards groundwater resources.
This change has focused new attention to Medina Lake and it is ability to meet this new challenge.

Currently BMA owns 66,000 acre feet per year of water rights to be used for irigation purposes.
Recently BMA appilied for an amended adjudication which would allow BMA to use their 66,000 acre
feet of water for either irmigation or M&l uses. This permit change will allow BMA to sell their valuable
resource to wholesale water users throughout the region, and thereby help alleviate the depletion of
the Edwards Underground Aquifer.

EXCESS WATER

Another vaiuable resource that has gone untapped is excess waters generated during major storm
events. These waters generally are lost due to insufficient lake volumes needed to trap and store
these waters. The current volume of Medina Lake is approximately 254,000 acre feet when the level
of the lake is at the 1072 msl spillway elevation.

When the lake receives waters from major storms, all water generated over the 254,000 acre feet
volume is lost downstream. A method of retaining, or capturing these excess waters would be to
increase the height of the spiliway.

HEIGHT INCREASE OF SPILLWAY

Figure 5-1 represents the stage vs volume curve of the Medina Main Dam. As previously mentioned,
Medina Lake was designed to withstand the impact of an additional eight (8) feet of water
impounded within the reservoir. The original designers anticipated using wooden battens to increase
the height of the spillway.
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FIGURE 5-1

Medina Main Dam
Elevation vs Storage Capacity
1100 |
Exasting Spallway

1080 revairon 72 Prop_o_Sp way

1060 — ' —
7;3‘1040 ~
1020 —/ —
=
.g 1000 // — —
S 980 —
-2
960 —

940 —

920 4— —

255,29 ac-f 300,000 ac-ft
900 —
0 50 100 150 200 250 300 350 400 450 500 550 600
Storage Capacity (ac-ft)
(Thousands)

If the Main Dam Spillway is increased by eight feet, this would allow approximately 50,000 acre feet

of additional storage to be used for M&l uses. Obviously, this will help dramatically in the reduction

of dependence on the Edwards Underground Aquifer as a viable means of potable water in the

region.
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WATER MANAGEMENT - SIMYDL-Il COMPUTER MODELING

As previously mentioned, surface water resources are available from the BMA Medina Lake Water
System, and depending on implementation of water resource and conservation options outlined,
BMA has the capacity to provide a good percentage of water in this region. In order to understand
the extent of water resources available from the BMA Medina Lake System, a computer model was
utilized to determine the quantity that could be made available.

The SIMYLD-II computer program, which was developed in 1972 by the TWDB for analyzing
reservoir systems, was applied to describe and simulate the operations and behavior of the various
elements of the BMA Medina Lake water resources system that presently are available, or to be
developed, to serve Medina County. This water resources system operations model includes the
following components:

Medina Lake;
Diversion Lake;
Pearson Lake;

Ground Water Resources;

o H ON

Aquifer Storage Recovery

The physical and hydrologic characteristics of Medina Lake, Diversion Lake and Pearson Lake are
described in the model, and the hydraulic behavior of these reservoirs, under a defined set of
specified annual withdrawals and operating rules (including provisions for environmental water
needs), have been simulated with the SIMYLD model using a monthly time step over a prescribed
period of 50 years with historical watershed inflows and Rainfall evaporation conditions. Ground
water resources have also been included in the model as a defined source(s) of water, with specified
allowable annual withdrawal amounts. The aquifer storage-recovery (ASR) project was linked to the
availability of water from Medina Lake and Pearson Lake, after treatment at the proposed Pearson
Junction water treatment plant.

The SIMYLD model was structured to accommodate the analysis and simulation of the following

water supply scenarios:
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1. Medina Lake System without Pearson Lake and ASR, and without water conservation (PL-
566 Canal Refurbishment Program).

2. Medina Lake System with Pearson Lake and ASR, but without water conservation (PL-566
Canal Refurbishment Program).

3. Medina Lake without Pearson Lake and ASR, but with water conservation (PL-566 Canal
Refurbishment Program).

4. Medina Lake System with Pearson Lake and ASR, and with water conservation (PL-566
Canal Refurbishment Program).

For each of these scenarios, the SIMYLD model was operated to determine the characteristics of the
system based on the period from 1940 to 1989, which includes the historical drought of the 1950's.

Figure 5-2 represents the basis of the model for the system.
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The operating rules for the model are as follows:

1. Uncontrolled Medina Lake Water Losses*

. Recharge water losses diverted from system  (Node 1 Demand)
. Dam leakage water losses transferred to Diversion Lake  (Link 2 Minimum
Flow)

* Based on storage-recharge and storage-leakage relationships used in Trans Texas Study
with adjustments for BMA datum.

2. Uncontrolled Diversion Lake Water Losses

. Recharge water losses diverted from system*  (Node 2 Demand)
. Dam leakage water losses diverted from system™  (Node 7 Demand)

* Based on storage-recharge relationship used in Trans Texas Study with adjustments for BMA

datum.
** Based on storage-leakage relationship developed by BMA based on historical data.

3. Bandera County Municipal Demand - 5,170 ac-ft/year

. 40% (2,068 ac-ft/year) supplied by Medina River diversions* (Node 6
Demand)

. 60% (3,102 ac-ft/year) supplied by Medina Lake diversions* {Node 12
Demand)

* Based on estimated population distribution.

4. Bexar MMW.D. 1995 Contract Municipal Demand - 6,000 ac-ftlyear (Node 8 Demand)

. Supplied by Medina Lake water when L ake storage > 3,000 ac-ft*
. Either not supplied at all or supplied by ASR water when Medina Lake storage <
3,000 ac-t*

* Last 3,000 ac-ft of storage in Medina Lake is available for BMA Irmigation Demand.
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Bexar M.W.D. 1981 Contract Municipal Demand - 5574 ac-ftlyear (Node 9 Demand)

. Supplied by Medina Lake water when Lake storage > 76,929 ac-ft (> Elev.
1030)*
. Either not supplied at all or supplied by ASR water when Medina Lake storage <

76,929 ac-ft (> Elev. 1030)*

* BMA/BMWD 1991 contract provision.

Medina County Municipal Demand - 3,400 ac-ftlyear (Node 11 Demand)

. Supplied by Medina Lake water when Lake storage > 76,929 ac-ft (> Elev.
1030)

. Supplied by ASR water when Medina Lake storage < 76,929 ac-ft (> Elev.
1030)
. Supplied by Groundwater when neither Medina Lake nor ASR water is available*

* 4,000 ac-ft of Groundwater is assumed available for Medina County Municipal Demand each year.

Historical Annual Diversions Into BMA Canal - Varies With Medina Lake Inflows
(MLQ)*

. When MLQ < 110,000 ac-ft/yr, Diversion = 70,000 - 0.33636 * MLQ
. When MLQ > 110,000 ac-ft/yr, Diversion = 33,000 - 0.023077 * (MLQ-110,000)

* Based on 1958-1989 historical data.

Historical BMA Canal Loss % - Varies With Historical Diversions Iinto BMA Canal*

. Percent Loss = 41.714 + 0.00004286 * Historical Diversion Into BMA Canal

* Based on following estimated historical irrigation demands and canal diversions:

DIVERSION IRRIGATION CANAL PERCENT
INTO CANAL DEMAND LOSS CANAL LOSS
Ac-Ft/Year Ac-Ft/Year Ac-Ft/Year %
66,000 19,800 46,200 70.00
35,000 15,150 19,850 56.72
24,000 11,520 12,480 52.00
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9. Annual BMA Irrigation Demand*  (Node 10 Demand)

. BMA Irrigation Demand = (100 - Percent Loss) * Historical Diversion Into BMA
Canal

Average = 15,846 ac-ft/yr
* Subiject to limitation of available water rights after satisfying total municipal water demands

(usually 20,144 ac-ft/yr) and canai losses.

10. BMA Canal Losses Without Conservation (CV) and Without Pearson Lake & ASR (PA)
Plus Canal Losses Associated With Medina County Municipal Deliveries (Node 13
Demand)

. BMA Canal Loss W/O CV & PA = Percent Loss * Historical Diversion Into BMA
Canal

+ [100/(100-Percentage Loss) - 1] * Medina County Municipal Demand
Average = 24,189 ac-ft/yr

11. BMA Canal Losses Without Conservation (CV) and With Pearson Lake & ASR (PA)
(Node 13 Demand)

. BMA Canal Loss W/O CV & W/ PA = BMA Canal Loss W/O CV & PA - 3,000*
+ [100/(100-Percentage Loss) - 1] * ASR Injection Amount
+ [100/(100-Percentage Loss) - 1] * Medina County Municipal Demand

Average = 25,712 ac-ft/yr

* Reregulation of canal flows with Pearson Lake is projected to save ~ 3,000 ac-ft/yr.

12. Annual BMA Canal Losses With Conservation (CV) and With Pearson Lake & ASR (PA)
(Node 13 Demand)

. BMA Canal Loss W/ CV & PA = 0.1765 * BMA Irrigation Demand*
+ [100/(100-Percentage Loss) - 1] * ASR Injection Amount
+ [100/(100-Percentage Loss) - 1] * Medina County Municipal
Demand

Average = 4,222 ac-ftiyr

* Based on constant 15% canal loss factor.
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13.  Annual BMA Canal Losses With Conservation (CV) and Without Pearson Lake & ASR
(PA) (Node 13 Demand)

BMA Canal Loss W/ CV & W/O PA = BMA Canal Loss W/CV & PA + 3,000*

Average = 6,959 ac-ftfyr

* Without reregulation of canal flows with Pearson Lake, canal loss increases by 3,000 ac-fi/yr.

14, Aquifer Storage-Recovery Injection - Varies With Availability of Unused Water Rights*
(Link 8 Minimum Flow)

Supplied by Medina Lake water when Lake storage > 76,929 ac-ft (> Elev.

1030)

No injection when Lake storage < 76,929 ac-ft (< Elev. 1030)
Injection limited to 3,000 ac-ft/month (22,630 gpm)
Total ASR storage limited to 175,000 ac-ft

* Subiject to limitation of available water rights after satisfying total municipal water demands

(usually 20,144 ac-ft/yr), irrigation water demand and total cana! losses.

15.  Order of Priorities For System Demand-Storage Activities

COoNOOALON=~

When Medina Lake storage > 76,929 ac-ft (> Elev. 1030);

Satisfy Bandera County Municipal Demand From Medina River
Provide for Medina Lake Recharge Water Losses

Provide for Medina Dam Leakage Water Losses

Satisfy Bandera County Municipal Demand From Medina Lake
Provide for Medina Lake Recharge Water Losses

Provide for Medina Dam Leakage Water Losses

Satisfy Bexar M.W.D. 1995 Contract Municipal Demand
Provide for BMA Canal Water Losses

Satisfy BMA Irrigation Demand

Satisfy Medina County Municipal Demand

Store Water in Pearson Lake

Satisfy Bexar M.W.D. 1991 Contract Municipal Demand

Inject Water into Aquifer Storage-Recovery Reservoir
Preserve Water in Aquifer Storage-Recovery Reservoir

Store Water in Diversion Lake

Store Water in Medina Lake
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. When Medina Lake storage < 76,929 ac-ft (< Elev. 1030):

Satisfy Bandera County Municipal Demand From Medina River
Provide for Medina Lake Recharge Water Losses

Provide for Medina Dam Leakage Water Losses

Satisfy Bandera County Municipal Demand From Medina Lake
Provide for Medina Lake Recharge Water Losses

Provide for Medina Dam Leakage Water Losses

Satisfy Bexar M.W.D. 1995 Contract Municipal Demand
Provide for BMA Canal Water Losses

Satisfy BMA Irrigation Demand

10. Satisfy Medina County Municipal Demand

11.  Store Water in Pearson Lake

12. Store Water in Diversion Lake

13. Store Water in Medina Lake

14.  Satisfy Bexar M.W.D. 1991 Contract Municipal Demand

15.  Preserve Water in Aquifer Storage-Recovery Reservoir

CONOOMALWN=

For the modeling period (1940 to 1989), the relationship between historical annual irrigation canal
diversions (BMA Irrigation Demand) and the historical inflows to Medina Lake were developed with
and without conservation measures, and with and without the use of Pearson lake (See Figures 5-3 to
5-6). This relationship was used to determine the projected Irrigation Demand for any given inflow
quantity to the lake (See Figure 5-7).
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FIGURE 54
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FIGURE 5-5

RELATIONSHIPS BETWEEN IRRIGATION USEAGE AND
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FIGURE 5-6

RELATIONSHIPS BETWEEN IRRIGATION USEAGE AND
BMA CANAL LOSSES AND MEDINA LAKE DIYERSIONS INTO BMA CANAL
WITH CONSERVYATION MEASURES AND WITH PEARSON LAKE
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For the given scenarios:

1. Medina Lake System without Pearson Lake and ASR, and without water conservation (PL-566
Canal Refurbishment Program).
2. Medina Lake System with Pearson Lake and ASR, but without water conservation (PL-566

Canal Refurbishment Program).

3. Medina Lake without Pearson Lake and ASR, but with water conservation (PL-5686 Canal

Refurbishment Program).

4, Medina Lake System with Pearson Lake and ASR, and with water conservation (PL-566 Canal

Refurbishment Program).

The results are as shown in Figures 5-8 to 5-11.

The summary of the results are tabuiated in Appendix B as follows:

TABLE # SCENARIO

TABLE B-1 Medina Lake System without Pearson Lake and ASR, and without water conservation
(PL-566 Canal Refurbishment Program).

TABLE B-2 Medina Lake System with Pearson Lake and ASR, but without water conservation (PL-
566 Canal Refurbishment Program).

TABLE B-3 Medina Lake without Pearson Lake and ASR, but with water conservation (PL-566
Canal Refurbishment Program).

TABLE B4 Medina Lake System with Pearson Lake and ASR, and with water conservation (PL-

566 Canal Refurbishment Program).
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SECTION 6
DEMAND VERSUS SUPPLY COMPARISONS

INTRODUCTION

This section provides a summary and evaluation of the expected demands on the water resources in
Medina County. The information will be used to determine the future water availability and to
formulate the Water Resource Management Plan.

The projected total water demand for Medina County is shown in Table 6-1. The totals shown
include both groundwater and surface water demands.

Table 6-1. Projected Total Water Demand In Medina County, Ac-Ft.

2000 2010 2020 2030 2040 2050
Municipal
High Demand 7,404 7,935 8,348 8,693 8,925 9,300
w/ Entire Lytle 7,985 8,581 9,053 9,469 9,752 10,195
Low Demand 5,876 6,033 6,149 6,415 6,629 6,889
w/ Entire Lytle 6,322 6,509 6,652 6,973 7,224 7,533
Manufacturing 302 319 339 361 384 411
Irrigation 155,085 148,548 142,287 136,291 130,546 125,044
Mining 143 128 128 129 132 136
Livestock 1,914 1,914 1,914 1,914 1,914 1,914
Totals
High Demand 164,848 158,844 153,016 147,388 141,901 136,805
w/ Entire Lytle 165,429 159,490 153,721 148,164 142,728 137,700
Low Demand 163,320 156,942 150,817 145,110 139,605 134,394

w/ Entire Lytle 163,766 157,418 151,320 145,668 140,200 135,038

The amount of surface water used in Medina County in 1996 was 60,293 acre-feet. The maximum
amount of surface water authorized to be used was 78,341 acre-feet. The largest user of surface
water is the Bexar-Medina-Atascosa Water Control and Improvement District No. 1 (BMA). BMA
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owns and operates both Medina and Diversion Lakes and is authorized to use up to 66,000 acre-
feet of surface water per year. The majority of surface water is used for irrigation with small amounts
being used for municipal and industrial purposes. The water demand from the current surface water
sources is expected to increase following enactment of Senate Bill 1477 which limits the amount of

groundwater which can be pumped from the Edwards Aquifer.

The following provisions were set out for maximum pumpage of Edwards Aquifer in Senate Bill 1477:

» Except as provided by Subsections (d), (f) and (h) of this section and Section 1.26 of this article,
for the period ending December 31, 2007, the amount of permitted withdrawals from the aquifer
may not exceed 450,000 acre-feet of water for each calendar year.

e Except as provided by Subsections (d), (f) and (h) of this section and Section 1.26 of this article,
for the period beginning January 1, 2008, the amount of permitted withdrawals from the aquifer
may not exceed 400,000 acre-feet of water for each calendar year.

e If on or after January 1, 2008, the overall volume of water authorized to be withdrawn from the
aquifer under regular permits is greater than 400,000 acre-feet a year or greater than the
adjusted amount determined under Subsection (d) of Section 1.14 of this article, the inaximum
authonized withdrawal of each regular permit shall be immediately reduced by an equal
percentage as is necessary to reduce overall maximum demand to 400,000 acre-feet a year or

the adjusted amount, as appropriate.

Approximately 96% of all of the groundwater used in Medina County comes from the Edwards
Aquifer. Therefore, large deficits are expected between the water required for Medina County and
the water that will be availabie after the pumpage from the Edwards Aquifer is limited. Therefore,
alternative sources of water are necessary to provide the additional water needed each year.

The total amount of water claimed by all current users of the Edwards Aquifer is 792,864 acre-feet.
Each entities claim was multiplied by the ratios 450,000/792,864 (untii 2008) and 400,000/792,864
(after 2008) and compared to that users average historical use. It appears as though the historical
average use will be larger than the factored claims for most if not all users. Each entity is allowed
the larger of either the percentage of their claim or their historical use. If the sum of the factored
requests / historical uses of each entity is higher than the allowable pumpage, each entities allowed

usage will be lowered by an equal percentage as stated in Senate Bill 1477.
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MAJOR MUNICIPALITIES IN MEDINA COUNTY

Medina County has a historical average use of 88,322 acre-feet. The estimated allowed pumpage

from Edwards Aquifer in Medina County is shown in Table 6-2. These numbers were based on the

provisions of Senate Bill 1477 and the requested pumpage ratios stated above. Table 6-3 shows

the corresponding river basins where the pumpage wouid be taken from in Medina County.

Table 6-2. Average Historical And Estimated Allowed Pumpage Based On Senate Bill 1477 For

Medina County, Ac-Ft.

Avg. Edwards Aquifer

Pumpage

450,000 Ac-Ft. Pumpage
Limit

400,000 Ac-Ft. Pumpage

Limit

88,322

50,128

44,559

Table 6-3. Pumpage By River Basin For Medina County, Ac-Ft.

450,000 Ac-Ft Pumpage Limit 400,000 Ac-Ft Pumpage Limit
River Basin River Basin
Total Nueces | San Antonio | Guadalupe Total Nueces | San Antonio | Guadalupe
50,128 38,799 11,329 44,559 34,489 10,070

Table 6-4 shows the projected system demands and deficits for the major municipalities in Medina
County. All of the water demand from Lytle is taken from welis in Medina County and therefore, the
entire demand of Lytle is shown in the table. The first table for each town and Medina County shows
the projected total water demands. The second table for each city and Medina County only shows
the expected demand and allowable pumpage from the Edwards Aquifer and the corresponding

deficits.
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Table 6-4.

Projected System Demands And Deficits In The Major Municipalities In Medina

County, Ac-Ft.
Castroville
Year Population High Demand Low Demand
(Ac-Ft) {Ac-Ft)
1990 2,159 779 779
2000 2,632 996 764
2008 1,053 779
2010 2,950 1,067 783
2020 3,289 1,135 803
2030 3,469 1,185 839
2040 3,583 1,216 863
2050 3,701 1,252 887

Until the year 2008 - 604 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Castroville
and in the year 2008 - 598 Ac-Ft is the maximum allowable pumpage.

Castroville
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 604 735.2 131.2 958.5 354.5
2008 598 749.6 151.6 1,013.3 4153
2010 598 753.5 155.5 1,026.8 428.8
2020 598 7727 174.7 1,092.2 494 2
2030 598 807.4 209.4 1,140.3 542.3
2040 598 830.5 232.5 1,170.2 572.2
2050 598 853.6 255.6 1,204.8 606.8
Devine
Year Population High Demand Low Demand
(Ac-Ft) (Ac-Ft)

1990 3,928 630 630

2000 4,524 993 765

2008 1,019 757

2010 4,921 1,025 755

2020 5,310 1,047 749

2030 5,515 1,069 766

2040 5,686 1,083 783

2050 5,862 1,110 795

637 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Devine.

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.

PAGE 64



Table 6-4 (Continued). Projected System Demands And Deficits In The Major Municipalities In
Medina County, Ac-Ft.

Devine
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 637 736.2 99.2 955.6 3186
2008 637 728.5 91.5 980.6 3436
2010 637 726.5 895 986.4 3494
2020 637 720.8 83.8 1,007.5 370.5
2030 637 737.1 100.1 1,028.7 391.7
2040 637 753.5 116.5 1,042.2 4052
2050 637 765.0 128.0 1,068.2 431.2
Hondo
Year Population High Demand Low Demand
{Ac-Ft) (Ac-Ft)

1990 6,018 1,456 1,456

2000 7,032 2,103 1,615

2008 - 2214 1,650

2010 7,880 2,242 1,659

2020 8,782 2,390 1,721

2030 9,268 2,492 1,796

2040 9,574 2,542 1,845

2050 9,890 2,614 1,894

1466 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Hondo.

Hondo
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 1,466 1,554.1 88.1 2,023.7 557.7
2008 1,466 1,587.8 121.8 2,130.5 664.5
2010 1,466 1,596.5 130.5 2,157.5 691.5
2020 1,466 1,656.1 190.1 2,299.9 833.9
2030 1,466 1,728.3 262.3 2,398.1 932.1
2040 1,466 1,775.4 3094 2,446.2 980.2
2050 1,466 1,822.6 356.6 25155 1,049.5
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Table 6-4 (Continued). Projected System Demands And Deficits In The Major Municipalities In
Medina County, Ac-Ft.

LaCoste
Year Population High Demand Low Demand
(Ac-Ft) (Ac-Ft)
1990 1,021 229 229
2000 1,426 297 257
2008 329 270
2010 1,789 345 273
2020 2,092 377 274
2030 2,307 - 408 297
2040 2,463 430 315
2050 2,630 457 333
176 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for LaCoste.
LaCoste
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 176 2473 713 285.8 109.8
2008 176 259.8 83.8 316.6 140.6
2010 176 262.7 86.7 332.0 156.0
2020 176 263.7 87.7 362.8 186.8
2030 176 285.8 109.8 392.6 216.6
2040 176 303.1 127 1 413.8 237.8
2050 176 3204 144 .4 439.8 263.8
Lytle
Year Population High Demand Low Demand
(Ac-Ft) {Ac-Ft)
1990 - 483 483
2000 2,698 677 520
2008 728 541
2010 3,124 7414 546
2020 3,542 801 572
2030 3,916 873 628
2040 4,214 925 666
2050 4,535 996 717

396 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Lytle.
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Table 6-4 (Continued). Projected System Demands And Deficits In The Major Municipalities In
Medina County, Ac-Ft.

Lytle
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 396 500.4 104.4 651.5 255.5
2008 396 520.6 1246 700.6 304.6
2010 396 525.4 129.4 713.1 317.1
2020 396 550.4 154 .4 770.8 374.8
2030 396 604.3 208.3 840.1 4441
2040 396 640.9 2449 890.1 494 1
2050 396 690.0 294.0 958.5 562.5
Natalia
Year Population High Demand Low Demand
(Ac-Ft) (Ac-Ft)
1990 1216 294 294
2000 1703 412 315
2008 -— 435 321
2010 1,909 441 323
2020 2,126 467 333
2030 2,244 485 347
2040 2,318 493 356
2050 2,394 507 365
171 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Natalia.
Natalia
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 171 303.1 132.1 396.5 2255
2008 171 308.9 137.9 418.6 2476
2010 171 310.8 139.8 424.4 253.4
2020 171 3204 149.4 449.4 278.4
2030 171 333.9 162.9 466.7 295.7
2040 171 3426 1716 474.4 303.4
2050 171 351.2 180.2 487.9 316.9
MEDINA COUNTY

Table 6-3 shows the total demands for municipal uses county wide. If alternatives are not found to
the Edwards Aquifer, Medina County is expected to have a deficit between 68,813 acre-feet and

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
PAGE 6-7



70,283 acre-feet by the year 2000. The deficit is expected to decrease by the year 2050. The first
table for Medina County shows the projected total water demands. The second table only shows the
expected demand and allowable pumpage from the Edwards Aquifer and the corresponding deficits.

Table 6-5. Projected System Demands And Deficits In Medina County, Ac-Ft.

County-Wide
Year Population High Demand Low Demand
(Ac-Ft) (Ac-Ft)
1990 27,312 164,600 164,600
2000 33,349 164,848 163,320
2008 160,045 158,218
2010 38,069 158,844 166,942
2020 42 299 153,016 150,817
2030 44 945 147,388 145,110
2040 46,945 141,901 139,605
2050 49,656 136,805 134,394

In the year 2000 - 88,322 Ac-Ft is the maximum allowable Edwards Aquifer pumpage for Medina
County.

County-Wide
Year Allowed Low Edwards  Deficit, Low High Edwards Deficit, High
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
2000 88,322 167,163 68,813 158,633 70,283
2008 88,322 154,011 63,903 154,011 65,661
2010 88,322 152,856 62,675 152,856 64,506
2020 88,322 147,247 56,781 147,247 58,897
2030 88,322 141,832 51,289 141,832 53,482
2040 88,322 136,551 45,992 136,551 48,201
2050 88,322 131,648 40,977 131,648 43,298
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SECTION 7
WATER SUPPLY ALTERNATIVES

INTRODUCTION

The comparison of supply and demand in Section 6 has provided a basis for the formulation of

alternatives that have optional implementation strategies. These alternatives are described as:

* Alternative 1 — Continue present policies or “no action”.

* Alternative 2 — Establish a regional water system using ASR and provisions of
Senate Bill 1477 as conjunctive management tools.

e Alternative 3 — Establish a regional treated water supply system using the BMA
canal system for delivery of raw water to a central location for a water treatment
facility, and develop off-channel storage of treated water.

The development and evaluation of these alternatives are as follows:

ALTERNATIVE 1 — CONTINUE PRESENT POLICIES

Currently water users within Medina County are utilizing 88,322 acre feet of water from the
Edwards Aquifer (See Table 6-2). After the implementation of Senate Bill 1477, the allowable
usage from the Edwards Aquifer will drop to 50,128 acre feet at the 450,000 acre feet
pumpage limit through the year 2007, and afterwards to 44,559 acre feet at the 400,000 acre
feet limit. Consequently, the county will not be able to rely 100% on the Edwards Aquifer for
their water needs, as they have in the past. The majority of these waters is irrigation water.

To continue the present policy of reliance on the Edwards Aquifer for all of the county’s water
needs would be foolish. Because of court mandates and the creation of the EAA, the

availability of water from the aquifer will be approximately one-half of what is today.
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ALTERNATIVE 2 — ESTABLISH A REGIONAL WATER SYSTEM USING ASR AND
PROVISIONS OF SENATE BILL 1477 AS CONJUNCTIVE MANAGEMENT TOOLS.

This alternative is based on the following:

Raw water is delivered to a central treatment facility via the BMA Canal system to the Pearson
Lake area;

1. Pearson Lake is constructed to store the raw water from Medina Lake;

2. A central water treatment plant is constructed at Pearson Lake and water is treated for

ASR purposes;
3. The treated water is injected into the Edwards Aquifer and stored for future use;

4. Municipalities withdraw water from the Edwards Aquifer, via their existing wells. The
amount withdrawn shall not to exceed the amount stored within the ASR field(s) minus any
estimated transfer losses within the Aquifer.

This alternative utilizes the Edwards Aquifer to store and transport treated water to the various
municipalities throughout the County. The provisions of Senate Bill 1477 would be utilized as
the mechanism for delivery of treated water. Although this alternative initially appears to be a

reasonable alternative, it has many unknowns that could ultimately make it unfeasibie.

Currently, the specific rules which would pertain to the storage, treatment and transportation of
ASR waters within the Edwards Aquifer have not been written, and are therefore unknown,
especially rules that would pertain to the free transportation of waters within the Aquifer. It is
impossible to be able to calculate the costs associated with this alterative and perform a
comparison with other altenatives without knowing (1) the losses that would be associated
with waters that travel within the aquifer, (2) the direction of flows within the aquifer and (3) the
time required to travel within the aquifer in order to reach the demand poeint.

A recent preliminary study of the Edwards Aquifer by the USGS indicate that waters in the
Edwards in the area of Diversion Lake will travel to the southwest before turning back into the
direction of the municipalities within Medina County. This preliminary model also indicates that

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC
PAGE 7-2



time required to make this journey is in the neighborhood of 200 years. Therefore, waters that
may have been recharged through the Medina Lake System has yet to reach the municipalities
within the county.

Until the EAA has more definitive rules for this type of delivery, this alternative is not feasible to

consider.

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC
PAGE 7-3



ALTERNATIVE 3 — ESTABLISH REGIONAL DISTRIBUTED WATER SYSTEM

This altermnative utilizes a central treatment facility to be located at Pearson Lake, and is based

on the following:

1. Raw water is delivered to a central storage facility via the BMA Canal system to the

Pearson Lake area;
2. Pearson Lake is constructed to store the raw water from Medina Lake;
3. A Water Treatment Plant is constructed at the Pearson Lake Site;
4. Treated water is delivered to the municipalities and participating water districts.

For purposes of exploring this alternative, the raw water would be transported from Medina
Lake Diversion Dam via the BMA main canal to Pearson Lake. Raw water would be stored in

Pearson Lake, treated and then transported by pipeline to the general demand area.

The capital improvements required for the construction of the proposed Pearson Lake Water

Treatment Plant can be divided into five separate and distinct phases, which are:

1. Irrigation Canal Improvements to deliver the raw water from Medina Diversion
Dam to the proposed treatment facility at Pearson Lake;

2. Pearson Lake is constructed to store 3,400 Acre-Feet of Raw Water to be used
for Municipal and Irrigation uses;

3. A 4 Million Gallon per Day Water Treatment Plant to be located at Pearson
Lake;
Booster Pump and Ground Storage Facilities; and

Treated Water Delivery System.

These phases are needed in order to deliver treated water to the consumer.
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IRRIGATION CANAL IMPROVEMENTS

The loss of water by evaporation in an operation canal is usually a small percentage of the
water flowing through the canal. However, the exfiltration losses through the bottom and sides
of the canal can be very large. Exfiltration loss is related to permeability of the soil, thickness

of the soil and the hydraulic gradient of the water flowing through the soil.

The canals used by BMA are constructed in natural materials that are susceptible to erosion
and leakage. In addition, the properties of these soils are extremely variable. Some canal
properties change with respect to age such as their resistance to erosion or their permeability.
The water transported in the canal has the ability to erode, transport and/or deposit sediment
depending upon more variables than can be handled with any rigor. The only practical
engineering approach to the this problem is to rely heavily on empirical data and observations.
The appropriate slope, cross section, velocity, and soils stability can be easily observed in the

existing canal system where they have either been proven successful or not.

The permeability of soils range from highly permeable (clean coarse uniform grain sized sand)
to practically impermeable (well compacted saturated clay). The following table gives a verbal

classification of permeability related to a numerical value of permeability.

Degree of Permeability K, cmisec
High > 1"

Medium 1101 q103
LOW 110—3 - 110—5
Very Low 1105 _ 1107

Practically impermeable <1

LINER CONSTRUCTION ECONOMICS

A change in magnitude of the permeability of the canal soil in a long canal from medium

permeability to a high permeability can change the exfiltration losses from the total flow to an

acceptable level. However, changing the permeability by two to five orders of magnitude can
MEDINA COUNTY REGIONAL WATER PLAN
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make an otherwise economic operation completely unsatisfactory. This is assuming a
constant liner thickness and hydraulic gradient. A maintenance program can be designed to
bring about a change of soil thickness, soil type, and a change in permeability. Unfortunately,
these changes may also bring about an unsatisfactory change in hydraulic gradient in the liner.
Since water transported by an irrigation canal has a very low market value, only a relatively
small amount of money can be expended per acre-foot of water deserved.

Construction of a soil liner for a canal with a permeability in the very low to low range is much
easier (and much cheaper) than one in the practically impermeable range. Due to the
installation techniques required, there is little or no cost differential between the very low to low
range liners and those liners in the medium to high range of permeability. A liner constructed
of clay with a permeability of 1*10-7 cm/sec may cost twice as much as a sand/silt/clay mixture
of soil with a permeability of 1*10-5 cm/sec. Depending on the installation, one liner
constructed of a sand/silt/clay mixture with a permeability of 1*10-5 cm/sec may cost the same
as another constructed of the same material with a permeability of 1*10-2 cm/sec. This cost
differential is due to the difference in the equipment and effort required to construct liners with
the different materials.

Liners constructed of dirty sands, dirty gravel, and of mixtures of sand/silt/clay are easier to
construct than clay liners due to the difference in workability of the materials. Clays have a
workability factor that is classified as poor while dirty sands, dirty gravel and mixtures of
sand/silt/clay have workability factors classified as good to excellent. Light rubber tired
compactors with vibrations work well on these soils while clays require heavy sheep's foot
rollers and much higher moisture contents during compaction. Clay used for liners also has a
tendency to form clods that are very difficult to break up. This means that clay soils used for
liner construction cannot be easily stockpiled unless it is heavily disked or ground before use.
Dirty sand, dirty gravel, and mixtures of sand/silt/clay do not tend to form clods. The difficulties
caused by poor workability and clod formation are two major cost factors that are amplified by
the fact that much of the liner is constructed on a slope. While it is difficult to operate heavy
compactors on a slope, the high moisture contents required for the proper compaction of clays
makes the work even more demanding.
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SIPHON REPLACEMENT

The main irrigation canal was designed and constructed between 1910 and 1915. Numerous
siphons and flumes were utilized in the original system to traverse the rough terrain along the
route from Diversion Dam to farm lands near Natalia. Over the years, deterioration of the
creosoted timbers and galvanized metal necessitated the removal of the flumes. These
structures were replaced with either an inverted siphon along the original alignment or canal
cut into the hillside around the head of the flume canyon. The decisions between these
altematives were typically based upon the lowest initial construction cost. Long-term
maintenance was apparently not considered in the economical evaluation of the two options.
it was felt that the slopes along canal sections cut into the hillside around the head of the
canyon would stabilize after the early years of life. However, soil conditions along the route of
the diversions in combination with the high precipitation in recent years have caused numerous
slope failures or landslides. These slides have severely reduced the capacity of the canal in
certain areas while increasing the cost of maintenance by necessitating emergency clearing.
The material removed during maintenance is normally placed within the Right of Way, however
this space is limited and the spoil will eventually have to be hauled away at a higher cost to the
District. The diversion canal around the Flume 11 site has significant sections with slope

failures.
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SLOPE STABILITY

For all natural and man-made slopes there is a maximum slope angle at which the friction
between the soil grains can resist the weight of the soil and prevent a slope failure or landslide.
If an embankment is on the verge of sliding, these forces are equal. Cohesive soils (clays)
generally have the highest amount of intemal friction due to the very small size of the
individual soil grains. This is why slopes in clay areas can be steeper than those where
granular (sandy) soils are predominant. High water content in a soil due to rain or exfiltration
from a source such as the irrigation canal can change the stability of a slope dramatically by
adding weight and acting as a lubricant. The increased number of slides along the canal are

an example of this effect on areas with marginal slopes.

The following are the typical methods employed for slope stabilization:

o Reduce the slope angle by filling;

. Reduce the slope angle by installing a retaining wall;
. Increase the friction of the soil with a Geogrid;

. Increase the friction of the soil with an additive;

Due to the lengths of the canal sections in question, reducing the angle of the slope by filling is
the only viable method. Within this method the District's problem can be addressed by either
bypassing the areas completely with an inverted siphon or piping the canal through the areas
with falures and regrading the route back to the original grade. Outlined below are several

advantages of the bypass over the piping option:
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1)

2)

3)

4)

The inverted siphon can be constructed without interruption to service of the
canal. In order to pipe the canal, the system will be required to be out of service
and dewatered for extended periods of time.

Since the alignment of the siphons would follow that of the more direct route of
the flumes, their lengths would be significantly less than the canal around the
head of the canyon. This increases the available slope which reduces the size
of the pipe necessary to carry the same amount of water. In the case of Flume
11 canyon, the inverted siphon would require an 84" diameter pipe versus a box
with internal dimensions larger than ©' X 6' for piping the canal.

Excess material from the construction of the siphons could be used to fill the
canal in the slide areas. The remainder of the abandoned section of canal
could be filled in over time with material excavated during normal maintenance
operations. The piping alternative will probably require the purchase of
additional fill.

Without further evaluation, it is difficult to determine if piping the canal and the

addition of fill would be sufficient to stabilize the slope.
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Canal Improvement Costs

The proposed Canal Improvements for the delivery of Raw Water to the Pearson Lake Water
Treatment Plant are as indicated in the attached tables.

TABLE 7 -1
CANAL IMPROVEMENT COSTS

Description Unit Quantity Unit Price Total Cost
Siphon at Flume 6
Land AC - § 1000 $ -
labor & Equipment LF 700 §$ 55 § 38,500
Pipe LF 700 $ 160 $ 112,000
Bedding LF 700 $ 9 5 6,300
Grassing AC 1% 2375 % 2,375
Misc. Site work LS 1% 10,000 $§ 10,000

Subtotal $ 169,175

Engineering $ 12,000

10% Contingency $ 16,918
Total Estimated Cost $ 198,093
Siphon at Flume 11
Land AC - $ 1000 § -
labor & Equipment LF 1,650 $ 50 $ 82500
Pipe LF 1,650 $ 160 $ 264,000
Bedding LF 1,650 $ g9 $§ 14,850
Grassing AC 3% 1900 $ 5,700
Misc. Site work LS 1 $ 10,000 $ 10,000

Subtotal $ 377,050

Engineering $ 29,500

10% Contingency $ 37,705
Total Estimated Cost $ 444255
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TABLE 7-1 (CONT'D)

Description Unit Quantity Unit Price Total Cost
Main Canal Lining
Land AC - § 1000 3 -
Earthwork LF 89,760 $ 5 $ 448,800
Concrete Lining LF 89,760 § 70 $6,283,200
Crossings EA 10 $ 6,000 $ 60,000
Grassing AC 62 $ 1900 $ 117,800
Subtotal $ 6,909,800
Engineering $ 552,784
10% Contingency $ 690,980
Total Estimated Cost $ 8,153,564
Main Canal Piping
Land AC - $ 1000 $ -
Labor & Equipment LF 21,120 § 100 $2,112,000
9 X 6 Box LF 21,120 $ 210 $4,435,200
Bedding LF 21,120 $ 10 $& 211,200
Grassing AC - $ 1900 $ -
Subtotal $ 6,758,400
Engineering $ 540,672
10% Contingency $ 675,840
Total Estimated Cost $ 7,974,912
Main Canal Control & Overflow Structures
Land AC 2% 1000 $ 2,000
Structure Valves & Overflow LS 5 % 35000 $ 175,000
Grassing AC 4 $ 1900 $ 7,600
Misc. Site work LS 5% 10000 $ 50,000
Subtotal $ 234,600
Engineering $ 18,768
10% Contingency $ 23,460
Total Estimated Cost $ 276,828
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TABLE 7 -2
Medina Main Dam Gate Repair

Phase1 - Investigative Work and Preliminary Engineering
1.1 Phase management and related expenses $24,000

1.2 Wet side site investigation work including general site management
and support activities, soundings, underwater survey of gates and
trash grates, geotechnical borings of lake floor, concrete coring of
dam wet face and confirmation of dimensions and measurements

$47,000
1.3 Preliminary engineering including:
a) Review of investigative materials, preliminary caiculations and
drawings for isolation structure design alternatives, review of
major equipment options, costs and availability
b) Review of regulatory requirements and initial contacts with
TNRCC Dam Safety Section, Corps of Engineers to review any
Section 404 jurisdiction, Texas Department of Fish and Wildlife
¢} Development of definitive Phase 2 scope-of-work, schedule and
final budgeis for design alternatives
d) Preparation and presentation of above information and resulting
recommendations
$34,000
Phase 1 Total $105,000
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Phase 2 -

2.1

22

2.3

24

2.5

TABLE 7-2 (CONT’D)

Design Engineering and Construction of Isolation Structure and Restoration of

Exiting Wet Side Slide Gates

Phase management and related expenses including bonds and
special insurance coverages

Final engineering for isolation structure, its connection system to the
wet side dam face, ballast, slide gates, operation deck and contrals
and electrical including calculations, construction drawings,
specifications, final budgets and schedules

Mobilization for construction, site work including temporary storage
areas and field office, access improvements, temporary fencing and
security measures

Construction and installation of the isolation structure, slide gates
and operation deck including fabrication, coatings, cathodic
protection system, connection to dam face, caulk system, ballast and
controls and electrical and also including associated freight, non-
destruclive and other testing and associated miscellaneous
construction costs

Existing wet side slide gate rehabilitation including repair or
replacement of trash guards, removal of gates and recasting and
refacing of brass seats, replacing seating wedges, recoating and
reinstallation, repair of gate operating stems and retaining brackets,
installation of electric operators and controls and electrical

Phase 2 Total

Phase 3 -

3.1

32

3.3

$85,000

$48,000

$45,000

$751,000

$155,000

$1,190,000

Investigation and Assessment of Dam Piping and Outlet Piping, Valves and

Associated Structures

Phase management and related expenses and field support activities
including some demolition work for access for pipe interior inspection

Outlet (dry) side site investigation work including general site
management and support activities, intemal inspection of discharge
piping through dam, geotechnical borings and testing, and
confirmation of dimensions and measurements

Preliminary engineering including review of investigative materials,
preliminary calculations, sizing and drawings for discharge piping,
valve selection options, review of support structure options,
development of definitive Phase 4 scope-of-work, schedule and final
budgets and preparation and presentation of recommendations

Phase 3 Total
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Phase 4 -

4.1

42

43

4.4

TABLE 7-2 (CONT'D)

Design Engineering and Construction of Pipe, Valves and Structure Replacement

or Restoration

Phase management and related expenses including bonds and
special insurance coverages

Final engineering, construction drawings and specifications for
design of discharge piping through dam, valve selection and
specifications, design of valve and pipe support structures and thrust
blocks and final budgets and schedules

Mobilization for construction, site work including temporary storage
areas, field office, drainage improvements and access road
improvements

Construction and installation of new piping through the dam including
connections to existing thimbles, coatings, cathodic protection and
grouting, demolition and reconstruction of valve support and
operating structures, instailation of new valves and discharge pipe
sections, construction of supports and thrust blocks, electric
operators, controls and electrical and non-destructive and other
testing and associated miscellaneous construction costs

Phase 4 Total

Suggested Contingency

Total Preliminary Budget
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PEARSON LAKE

The irrigation canal system along the Medina River, downstream of Medina Dam, was
designed in 1910 with a capacity of 600 cubic feet per second. Its alignment generally follows
along the west side of the Medina River past Castroville to a point north of the Southern Pacific
Railroad near Pearson. At this location, the canal begins to branch providing irrigation to
BMA'’s farmers.

In order to conserve water left in the canal system at times that irrigation waters are not
needed, an off-system reservoir was constructed in the vicinity of Pearson. Water is diverted
to the reservoir as the main canal is being turned off and stored untif needed at the first of the
next irrigation period. This allows the District to conserve water that would otherwise be lost at
the end of the irrigation season and fill initial small water orders without filling the entire system
prematurely. The dam consists of an earthen embankment structure with a gated outlet.
Water is diverted into the reservoir by lowering a gate into the concrete-lined chute which
raises the level to a point that it overflows into the twenty-three (23) acre impoundment. The
embankment dam is approximately thirty (30) feet tall, ten (10) feet wide at the top, ninety (90)
feet wide at the bottom, and seventeen hundred (1700) feet along the crest. Side slopes of
the structure are one and a half (horizontal) to one (vertical).

Presently large amounts of water are lost downstream during heavy rainfall events, when the
need for irrigation water does not exist. Because of the limited storage capacity of Pearson
Lake (approximately 350 acre feet), excess water is lost downstream. With increased storage
capacity, this water could be captured and sold at a later date, when there’s a demand for
water downstream. BMA WCID No. 1 has purchased additional acreage surrounding Pearson
Lake so that the lake may be enlarged to have a capacity of 3400 acre-feet of storage.
Increasing the storage capacity would assist the District in providing for the increased needs
for service downstream and would enable the District to more efficiently impound water during
heavy rainfall events. In short, the District will be able to conserve those waters that are
currently lost when the system shuts down, and also to be able to provide irrigation waters to

the farmer in a shorter time interval because water is stored closer to the farms.
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TABLE7 -3
PEARSON LAKE DAM - PRELIMINARY CONSTRUCTION COST SCHEDULE

3400 Acre-Foot Capacity

Item
No.

Description

3400 Ac-Ft
Quantity

Unit

Unit Cost

3400 Ac-Ft
Total

Mobilization/Demobilization-Includes the
move in (and out) of all equipment, offices,
staff, and posting of all required bonds,
insurances in accordance with project contract,
plans and specifications.

1

LS

85,000

85,000

Clearing & Grubbing-Removal of all
vegetative cover from excavation and backfill
fareas and appropriate disposal of waste
materials and stockpiling of useable topsoil in
accordance with project contract, ptans and
specifications.

100

Acres

700

70,000

Construction Surveying-Provide all
necessary surveying, construction staking, and
as-builts. Services to be performed by
licensed registered surveyor in the State of
Texas, in accordance with project contract,
lans and specifications.

LS

48,000

Unclassified Excavation-includes
lexcavation to foundation grade, separation
of excavated materials by classification,
istockpiling of useable materials and
disposal on unusable materials at
designated locations in accordance with
roject contract, plans, and specifications.

2,500,000

CYy

1.25

3,125,000

Liner, Embankment and Select Backfill
IConstruction-includes placement,
compactien and final grading of all liner,
embankment and select backfill materials in
accordance with project contract, plans and
specifications.

950,000

CYy

0.35

332,500

Final Cover/Top Fill Construction-Includes
the placement, grading and compaction of final
cover/top fill materials to final grade in
accordance with the project contract, plans and
specifications.

50,000

cYy

1.80

90,000

Primary Outlet Works Construction-Includes
the preparation, installation and completion of
all structural appurtenances associated with
the outlet works structure in accordance to
project contract, plans and specifications.

LS

100,000

100,000
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TABLE 7 -3
PEARSON LAKE DAM - PRELIMINARY CONSTRUCTION COST SCHEDULE
3400 Acre-Foot Capacity

ltem
No.

Description

3400 Ac-Ft
Quantity

Unit

Unit Cost

3400 Ac-Ft
Total

Primary Outlet Pipe Installation-include the
preparation, instaltation and completion of the
48" reinforced concrete pipe including bedding
material, pipe placement and backfilling in
)accordance to project contract, plans and
specifications.

600

LF

75

45,000

Primary Outlet Works Energy Dissipation
Basin-Includes the preparation,
construction, and completion of the energy
dissipation basin for the primary outlet
works including all associated structural
ppurtenances in accordance to project
onfract, plans and specifications.

LS

35,000

35,000

10

iSpillway Construction-Inciudes the
preparation and construction of all structural
appurtenances associated with the Spillway in
accordance to project contract, plans and
specifications.

LS

20,000

20,000

11

Inlet Works Construction-includes the
preparation and construction of all features
associated with the Inlet structure in
accordance to project contract, plans and
specifications.

LS

45,000

45,000

12

Diversion Structure Construction-includes
the preparation and construction of all features
associated with the Diversion structure in
accordance to project contract, plans and
specifications.

LS

20,000

20,000

13

IChimney Filter Construction-Includes the
preparation and construction of all features

ssociated with the chimney filter in
Eccordance to project contract, plans and

pecifications. Includes 4,500 cy fine filter,
1,500 cy coarse filter, and 3000 If 8"
perforated drainage pipe (Sch 40 is
adequate).

3.000

LF

31

93,000

14

Irrigation Canal Reconstruction-includes the
preparation and construction of all features
[:sociated with the Irrigation Canal

Reconstruction in accordance to project
ntract, plans and specifications.

2,300

LF

52

119,600
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TABLE7 -3
PEARSON LAKE DAM - PRELIMINARY CONSTRUCTION COST SCHEDULE

3400 Acre-Foot Capacity

tem
No.

Description

3400 Ac-
Ft
Quantity

Unit

Unit Cost

3400 Ac-Ft
Total

15

Drop Structure Reconstruction-Includes the
preparation and construction of all features
associated with the Drip structure in
accordance to project contract, plans and
specifications.

3

LS

10,000

30,000

16

Embankment Revegetation-includes the
preparation, placement and establishment of
embankment vegetative cover in accordance
to project contract, plans and specifications.

60

Acres

700

42,000

17

Pollution Control-Includes the installation,
maintenance, construction of all features
lassociated with the pollution control measures
in accordance to project contract, plans and
specifications.

LS

10,000

10,000

18

Waste Area Pollution Control-includes the
installation, maintenance, construction of all
features associated with the poltution control
measures in accordance to project contract,
plans and specifications.

LS

10,000

10,000

18

Waste Area Revegetation-Includes the
preparation, placement and establishment of
waste area vegetative cover in accordance to
project contract, plans and specifications.

50

Acres

700

35,000

20

Construction Oversight-includes engineering
support, QA/QC, and on-site personnel.

4%

174,204

Subtotal

Contingency @ 5%

Total

4,529,304
226,465
4,755,769
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PEARSON LAKE WATER TREATMENT PLANT

A water treatment plant site at Pearson Lake has previously been selected by earlier studies.
The site offers:
1. A central location between the consumer and the raw water storage facility
(Medina Main and Diversion Lakes);
2. BMA owns the property which the treatment facility will be located on, and;
3. The site is presently used as a storage facility for irrigation waters and can be

easily adapted to provide flow equalization during peaks and lows.

As previously mentioned, the central Texas region typically receives low amounts of
precipitation while having relatively high evapotranspiration rates. These conditions, combined
with soils possessing a low permeability rate, result in only small amounts of continuous runoff.
Heavy runoff for limited periods during times of intense storms is also representative of the
area. The intense groundwater use throughout the region has significantly reduced both the
levels of and well pumpage yields from the Edwards Aquifer. This has led to a severe decline
of spring flows in recent history which has threatened the habitats of many endangered
species of wildlife. These events have increased the public's awareness of the fact that our
water resources are limited and the trends of its use is changing. The State’s total yield of
ground and surface water resources is estimated to be 16 million acre feet per year and are
currently 75 to 80 percent developed. Texas has experienced a state-wide decline in the total
irigated acreage (approximately 670,000 acres during the period between 1985 and 1989)
while the population has continued to increase, causing a shift in water use from agricultural to
municipal and industrial (M&F).

In the past, the Edwards Aquifer has been utilized to satisfy the demands for M&I uses
throughout the region, however, the aquifer can only supply a limited amount of water before it
is in danger of depletion. Because of the recent decline in Aquifer levels, new regulations
have placed restrictions on continued development within the Edwards Underground Aquifer.

This change has focused new attention to Medina Lake and its ability to meet this challenge.
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The proposed pian of development of the Pearson Lake Water Treatment Plant is to initially
serve designated customers by reducing their 1993 pumpage by 25% and serving all new
growth through a surface water supply. The water utilized here will be delivered to the well
production plants (existing well sites currently pumping out of the Edwards) for distribution

through their existing facilities.

Table 7-4 is a summary of the projected connections, customers to be served, WTP capacity
and projected water usage. Water Treatment Plant sizing is based on the Texas Naturai
Resource Conservation Commission’s (TNRCC) minimum criteria of 0.6 Gallons Per Minute
per Connection, for peak day water needs. Average water usage through the plant, was
based on the average daily demand of 390 Gallons per Connection per Day, plus a 10% add
on factor for system water loss in the delivery system. The average water use in this situation

equates to approximately one-half of the peak day usage requirements.

TABLE 74
PROPOSED TREATMENT PLANT CAPACITY

YEAR TOTAL SERVICE INITIAL SERVICE TNRCC CRITERIA AVERAGE WATER

CONNECTIONS CONNECTIONS FOR CAPACITY USE (MGD)
(25% OF TOTAL) (MGD)
(1) (2} (3) (4)

1995 13,440 3,360 2.90 1.63
2000 14,295 3,574 3.09 1.73
2010 17,400 4,350 3.76 211
2015 20,030 5,008 4.33 2.43

1) From Table 1-2

2) From Table 1-2 utilizing 25% of 1983 connections plus an additional 2% annual growth for new connections

3) Projection based on TNRCC criteria of 0.6 Gallons per Minute per Connection for minimum peak day production

4) Projection based cn 1993 average usage of 390 Gallons per Connection per Day with 10% water loss through the

proposed system.
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Based on the projected demands a 4 Million Gallon per Day initial water treatment plant is
required to meet the proposed demands. Subsequent plant additions are sized at 2 Million

Gallons per Day, and can be added on, as treatment modules.

The initial treatment capacity of 4 MGD will provide system capacity until the year 2015. At this
time a 2 MGD module will be required for additional capacity.

On-site storage of approximately seven (7) days has been planned for it to provide flexibility in
the operation of the delivery system from Medina Diversion Lake and the Irrigation Canals.
Sizing of the treatment units is based on TNRCC criteria for public water system design.
Coagulant chemicals of aluminum or iron salts (alum or ferric chloride) and polymers are
proposed for sedimentation. The turbidity and sediments will be removed by addition of the
coagulant chemicals and settling through an upflow, solids contact clarifier. This unit
minimizes process sizing, while saving chemical costs, by its ability to recirculate settled sludge
to aid in water treatment. Final treatment will be through mixed media gravity filters to insure
thorough treatment performance. Chlorine and ammonia will be used as disinfectants prior to
on-site storage of the treated water in a .5 MG clearwelt.

BOOSTER PUMP AND GROUND STORAGE FACILITIES

The third stage of the treatment process is the Ground Storage and Booster Pump Station
Facilities. Aithough it is proposed to deliver water to existing users (municipalities and water
districts) who already have storage facilities and pumping stations, additional booster pumps
and storage facilities are needed

TREATED WATER DELIVERY SYSTEM

Delivery of the water to the individual customers will be through a network of transmission
mains. Table 7-5 is a preliminary sizing and description of the proposed transmission main
facilities. Sizing is based on delivery of 1 gpm/connection with minimum pressure
maintenance of 40 PSI residual. Design year is projected at 2075. Final sizing and location
will depend on system requirements. The delivery points to each customer will be to their

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC
PAGE 7-21



existing water production facilities. Preliminary sizing is based on $2.5/in-ft and $3/in-ft pipe
diameter for 24" and larger and less than 24" pipe sizing. Unit costs include contingency,

engineering and survey.

TABLE 7-5
PROPOSED TRANSMISSION MAINS

Description Size Unit Cost Length Total Cost
Line A - From Pearson to Castroville 20§ 60 32,000 $ 1,920,000
Line B - From Castroville to Hondo 16" $ 48 80,300 $ 3,854,400
Line C - From Hondo To D'Hanis 8" $ 24 43800 $ 1,051,200
Line D - From Castroville to Rio Medina 8" § 24 38600 § 926,400
Line E - From Pearson to La Coste g8 8 24 22200 $ 532,800
Line F - From Pearson to Natalia 12" $ 36 31,200 $ 1,123,200
Line G - From Natalia to Lytle 8" 9 24 17,300 § 415,200
Line H - From Natalia to Devine 10" § 30 21640 $ 649 200
Line | - From Devine to Yancy 8" § 24 76,750 & 1,842,000
$ 12,314,400
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PROJECT COST

The proposed facilities have been analyzed to prepare a financing plan based on a revenue bond
issue. In lieu of the collection of capital recovery fees to retire system capital debt and operational
cost, a unit cost per 1000 gallons has been prepared.

Table 7-6 is an estimation of the total costs of the system, which include:
Canal Liner for Raw Water Transmission

MGD Water Treatment Plant
Booster Pumps and Ground Storage Facilities, and

ol

Treated Water Delivery System
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TABLE 7 -6
CAPITAL COSTS

I. Canal Liner Reconstruction & Pearson Lake

Siphon at Flume 6
Siphon at Flume 11
Main Canal Lining
Main Canal Piping

Main Canal Control and Overflow Structure

Outlet Structure Repairs
Pearson Lake
Total Canal & Lake Cost

Distributed Cost Between Irrigation and M&|

Usage= 20,000/66,000

Il. Pearson Water Treatment Plant

4,700 Customers @ 0.6 GPM/Connection

= 4 Million Gallons per Day

lll. Booster Pump/Ground Storage Facilities

Pearson Water Treatment Site

Highway 90 @ Castroville
Lytle Booster

Devine Booster

Devine to Yancy

IV. Treated Water Transmission Mains

Line A - From Pearson to Castroville
Line B - From Castroville to Hondo
Line C - From Hondo To D'Hanis

Line D - From Castroville to Rio Medina
Line E - From Pearson to La Coste

Line F - From Pearson to Natalia

Line G - From Natalia 1o Lytle

Line H - From Natalia to Devine

Line i - From Devine to Yancy

TOTAL CAPITAL COSTS

198,000
445,000
8,150,000
7,975,000
277,000
2,250,000
4,750,000
24,045,000

4,000,000

1,450,000
850,000
150,000
215,000
175,000

1,920,000
3,854,400
1,051,200
926,400
532,800
1,123,200
415,200
649,200
1,842,000

7,286,364

4,000,000

2,840,000

12,314,400

26,440,764
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TABLE 7-7

OPERATIONAL COSTS
Description Costs
Raw Water Costs 0.17  Per 1,000 Gallons
Delivery Costs 0.15  Per 1,000 Gallons
Chemical Costs 0.06 Per 1,000 Gallons
Electric Costs 0.28 Per 1,000 Gallons
Labor Costs 0.75 Per 1,000 Gallons

Other Operational Costs 0.20 Per 1,000 Gallons
Total Operational Costs $1.61  Per 1,000 Gallons

TABLE 7-8
CAPITAL COSTS PER 1,000 GALLONS

Description Costs

Canal Lining 0.49 Per 1,000 Gallons
Pearson WTP 0.27 Per 1,000 Gailons
Booster Pumps & Ground Storage 0.19  Per 1,000 Gallons
Transmission Mains 0.82 Per 1,000 Gallons
Total Operational Costs $1.77  Per 1,000 Gallons

The total capital and operational costs to deliver water is $3.38 per 1,000 Gallons.
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APPENDIX A1
WATER CONSERVATION / DROUGHT CONTINGENCY PLAN

INTRODUCTION

Several areas within Medina County presently practice water conservation under approved Water
Conservation Plans. Water conservation in Medina county is necessary to assure adequate
supplies of a most valued natural resource. The 69th Texas Legislature passed House Bill (HB) 2
and House Joint Resolution (HJR) 6 in 1986 requiring a Water Conservation Plan and Drought
Contingency Plan from political subdivisions seeking financial assistance from the State Water
Loan Assistance Fund or the Texas Water Development Board (TWDB). Approved in November
of 1985, House Bill 2 became an amendment to the Texas State Constitution. Guidelines for the
Water Conservation and Drought Contingency Plan were developed by the Texas Water
Development Board.

Planning Area

The planning area will include all of Medina County, Texas. Medina County is located in south-
central Texas and is bounded by Bandera County on the north, by Bexar and Atascosa Counties
on the east, by Frio County on the south and by Uvalde County on the west. The County has a
surface area of 1,331 square miles.

Needs and Goals

According to the 1990 Census, the population of Medina County was approximately 27,312. The
population is expected to increase by about two percent (2%) each year. The population is
expected to increase to 53,630 by the year 2050. The population is expected to be affected by
the migration of people who work in the San Antonio area and will chose to live in these smaller

urban areas.

A main focus of the Water Conservation Plan will be education in order to comply with the
requirements of House Bill 2 and House Joint Resolution 6. The guidelines established by the
Texas Water Development Board were used.
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If an adequate reduction in water usage and wastewater requirements is to be accomplished,
education of the customers must be achieved. In addition, proper planning, operation and
maintenance will also be essential to the Water Conservation Plan. The goals of Medina County
will be to cut back on water consumption by five percent (5%) per capita and rescue the amount
of unaccounted for water by five percent (5%) within three years of adoption of this plan. These
two goals can be reached by the implementation of the outlined planning objectives. If Medina
County can achieve these goals, water will be conserved and preserved for service to additional

customers without major expenditures to infrastructure.

LONG TERM WATER CONSERVATION PLAN

Planning Objectives

The requirements listed in the Texas Water Development Board Guidelines were followed to
prepare this Water Conservation Plan.

Education and Information

Medina County will notify users of various recommended methods for implementing a reduction in

water usage. The educational material below will be directed toward residential customers who

are the majority of water consumers.

First Year Program

+ Educational materials will be distributed to all customers.

* Articles about water conservation and the availabie educational materials will be placed in the
newspaper.

» New customers will be provided with a "Homeowner's Guide to Water Use and Conservation".

Long Term Activities

This program consists of four activities each year after the first year:

e Customers will be sent information on new or innovative means for conserving water.

» Newspaper articles targeting particular household water conservation techniques will be put in
local newspapers.

+ Mail to customers a pamphlet relating to exterior household usage such as car washing and

hours for lawn watering correlating to weather predictions.
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 Continued distribution of the Homeowner's Guide to customers.

Leak Detection and Repair

The water meter audits schedule found in this Plan will provide effective leak detection for the
County. The TWDB staff can provide assistance in leak detection surveys. The agency has
portable leak detectors available for loan. Also, personnel can be available demonstrate the

equipment.
Unaccounted for water will be reduced by five percent (5%) within three years after adoption of
this plan. If unaccounted water cannot be reduced five percent (5%) or more within three years,

the plan will be amended to include more proactive measures.

Water Conservation Landscaping

Information concerning low water use landscaping will be distributed. Builders and developers will
be provided with this information at the time building permits are acquired. Local nurseries will
also receive the same educational literature.

Plumbing Codes

Builders, developers, plumbers and municipalities will be encouraged to adopt and use water
conservation fixtures in new construction and remodeling projects including recirculation
equipment for swimming pools and insulated hot water piping. Those entities will be provided
with water conservation literature and examples of plumbing fixture standards. Municipalities will

be encouraged to adopt these requirements as part of their plumbing codes.

Recycling and Reuse

Industrial customers within the County will be contacted to determine if reuse and recycling are
being employed. Industrial customers will be encouraged to begin recycling programs if they do
not already have one.

Retrofit Program

Customers in existing buildings that do not have water saving devices will be encouraged to
replace their old plumbing fixtures. Through the pamphlet mailout system and newspaper
articles, customers will be advised of low water demand items. The local plumbing suppliers will
be asked to stock low water use fixtures.
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Conservation Water Rate Structure

The water rate structure that will be adopted will encourage water conservation by increasing the

amount paid for increasing water use.

Meter Repair and Replacement

All meters that appear to have an abnormally high or low water usage will be tested. The
following meter testing schedule will be set up:

¢ Production Meter - Test once every two (2) years;

* Meters Large than one inch (1") - Test once every five (5) years;

» Meters one inch (1") and smaller - Test once every ten (10) years.

All meters will be replaced each fifteen (15) / 1,000,000 gallons, or at the warranty period
expiration.

Implementing and Enforcement

Enforcement will be fumnished by:

e Current water rates will be examined and the rates adjusted to eliminate Conservation Plan
abuse.

e Customers who do not meet requirements for Water Conservation fixtures will not be given
taps until they conform to the water conservation requirements in each city's plumbing codes.

e Customers who do not pay their water bills will have prompt discontinuation of service.

Disconnection of service shall follow.

Contracts With Other Political Subdivisions

A wholesale customer or political subdivision contracting for water in Medina County must
officially adopt applicable provisions of the Medina County Water Conservation and Drought
Contingency Plan and approved Texas Water Development Board Water Conservation and
Drought Contingency Plan.

Annual Reporting
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A report will be filed with the Executive Director of the Texas Water Development Board each
year within sixty (60) days of the anniversary date of the loan closing. This report will address the
progress and effectiveness of the Water Conservation Plan. This report will include the following:
s Progress in Conservation Plan Implementation;

* Response by public to Plan implementation;

« Effectiveness with of the Plan with references to reduction in customer per capita use;

¢ List of information released during the year to the customers.

DROUGHT CONTINGENCY PLAN

Threshold Condition

In the guidelines that the Texas Water Development Board provided there are three (3) levels of

conditions for determining the degree of urgency for initiation of the Drought Contingency Plan.

Mild Drought Conditions

» Average daily water consumption reaches one hundred percent (100%) of rated production
capacity for a three (3) day period.

» Ninety percent (90%) consumption spans a period of three (3) days. Drought classification
determined for weather conditions - long or cold dry periods are to be considered in the
impact analysis.

Moderate Drought Conditions

e Average daily water consumption reaches one hundred percent (100%) for rated production
capacity for a three (3) day period.

e Weather conditions indicate mild drought conditions will exist for five (5) days or more.

« A ground storage tank or one clear well is taken out of service during mild drought conditions.

» Storage capacity is not being maintained during the period of one hundred percent (100%)
rated production period.

» Existence of any one (1) listed condition for a duration of thirty-six (36) hours.

Severe Drought Conditions
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» Average daily water consumption reaches one hundred and ten percent (110%) of production
capacity.

e Average daily water consumption will not enable storage levels to be maintained.

e System demands exceed available high service pump capacity.

¢ Any two (2} conditions listed in the moderate drought classification occurs at the same time for
a twenty-four (24) hour period.

» Water system is contaminated either accidentally or intentionally.

e Water system fails due to an act of nature or man.

Drought Contingency Measures

The Water Conservation and Drought Contingency Ordinance, adopted and included in this Plan,

will enable Medina County to initiate action. The following steps are recommended:

Step One

Step One measures are enacted during mild drought conditions and consist of the following listed

actions.

* Develop Information Center and designate an information person;

¢ Adbvise public of condition and publicize availability of information from the Information Center;

* Encourage voluntary reduction of water use;

e Contact commercial and industrial users and explain necessity for the initiation of strict
conservation methods;

» Implementation of system oversight and make adjustments as required to meet changing

conditions.

Step Two
Step Two measures are enacted during moderate drought conditions. Listed action is compulsory

on users and is intended to prohibit water waste. Water waste is defined as: washing house

windows, sidings, eaves and roof with a hose, without the use of a bucket, washing driveway,

streets, curbs and gutters, washing vehicles without cutoff valve and bucket and unattended

sprinkler, draining and filling swimming pools and flushing water system.

e Qutdoor residential use of water will be permitted on alternate days; even numbered houses
on even numbered days of the month and odd numbered houses on odd numbered days.
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Qutdoor residential uses consist of washing vehicles, boats, trailers, landscape sprinkler
systems and irrigation, recreational use of sprinkler, etc.;

e Visitation of commercial and industrial use will take place to ensure volunteered conservation
is being executed,;

¢ Hours will be determined for outside water use based on monitor system functions and system
performance;

e Public shall stay advised via the Information Center on curtailment status.

Step Three

Step Three curtailment measures are enacted during severe drought conditions. Ban of the

following for water use will be imposed:

* Window washing, vehicle washing, outside watering, faucet dripping, etc.;

* Non essential public uses which are not vital to health; filling pools, dust control, fire hydrant
flushing, watering of athletic fields;

* Industrial and commercial uses not listed will be related to the degree;

* Businesses demanding water as a main function of the business, such as car washes,

laundromats, nurseries, etc. must receive written permission.

The users in order of priority are as follows:
Hospitals;

Residential;

Schools;

Industrial;

Commercial;

o0 s 8N

Recreation.

Education and Information

The public will be made aware of the conservation actions needed by information and data
transfer through the County's annual program. During the first year, the most effective methods
for getting information to the customers will be determined. Radio coverage, posting notices,
newspaper articles and direct mail to the customers will be utilized during the first year activities.

Initiation Procedures
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The County will initiate each action deemed necessary based on the current conditions. The
actions which will be taken in each phase are listed in the Plan. The County will initiate
curtailment by giving notice to the public and implementing the steps of curtailment.

Curtailment Termination

Termination of the separate drought phases will begin when that specific condition has been
improved to the ievel that an upgraded condition can be declared. This process will continue until

full service can be restored. System priority will be considered in return to upgraded condition.

Modification, Deletion and Amendment

The County has the ability to add, delete and amend rules, regulations and implementations as
needed.

Means of Implementation

Utilization of this Plan, the Drought Contingency Ordinance and modification of individual city
Plumbing Code Ordinances will enable the County to implement and carry out enforcement of
enacted ordinances to conserve the County's water resources.
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APPENDIX A2
UTILITY EVALUATION

A. Population of Service Area: 30,000 (According to Medina County Courthouse estimate for
1995)
B. Area of Service Area: 1,331 mi.?
C. Number and Type of Connections in Service Area:
D. Rate of New Connection Additions per Year: Approximately
E. Water Use information:

1. Water Production in 1996:

2 Annual Average Water Production for the Last Two (2) Years:

3. Monthly Average Water Production for the Last Two (2) Years:

4 Monthly Water Sales for the Period January 1996 through December 1996:

Month Water Sold (Gallons)
January

February
March
April
May
June
July
August
September
October
November
December
Total
5. Average Daily Water Use:
6. Peak Daily Use (Monthly Avg. X 1.8/30):
7. Peak to Average Use Ratio (Avg. Daily Summer Use / Avg.
Annual Daily Use):
8. Unaccounted for Water (% of Water Population):
F. Dependable Annual Yield of Water Supply:
G. Peak Daily Capacity of Water System:
H. Major High Volume Customers:
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I. Population and Water Use Projections:
Year Daily Avg. (Gal.) Daily Max. (Gal.) Meters
1996

2000
2005

J. Percent of Connections in System Metered:

K. 1996 Budgeted Annual Revenues from Water Sales:
L. 1996 Budgeted Annual Revenue Non-Rate Derived Sources:
M. 1996 Budgeted Annual Cost of Operation:
N. Applicable Local Reguiations:
Those areas of the system which are within the jurisdiction of municipalities are subject to
the local erdinances governing utilities which are in force.
O. Applicable State, Federal or Other Regulations:
As a public water supply, Medina County must abide by the rules of the following agencies:
1. Texas Natural Resource Conservation Commission
2. USDA - Farmer's Home Administration
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BMA/MEDINA CO REGIONAL WATER STUDY - DIVERSION @918 W/O CONV W/O PEARSON L & ASR

ASR PROJ

4

SIMULATION PERIOD TOTAL SUMMARY BY NODE

UNREG FLOW DEMANDS SHORTAGES EVAPORATION SYSTEM LOSS  ENDING STRG

START STRG

YEAR

el eoiols oo oleNeleReNeNeNeNeBe el BeoNelaNeloNoNe NoNeoNeoNoNoNeNoNoNoNoNoNoNeNoRe No ool oo Nolie)

(e eRojieiie e s e lols Johs oo la oo RachohahaNaieReleNeReBe oo NoBeoN oo NaNeNo o NoNoNeNe No o NeloNa e le

(eNeleleleNoleNolasle oo Rols oo B o le Holala ol e o le e Ne N NeNe el No e lloNe NoHoNo e Neo o NeoNeoNoNeoNe e Nl

OO OO0 OO0 OO0 DODDOOCODODODDDODODO0ODODODDLOOD00O0CDDO0OO0CODOOSOOOOOHOO

OO0 0000000000000 0DOCO0O0DOO0OOO0DOOO0ODCOOOOOOO0O

jsNoleoNeoNoleleleoNolelsBoRleReNeleloleleNoRoleNoloNeNelaeNoleNolNoloNoNeNolle NelolNe ol e Nolelle el o lie e lNolel

s BeBeNoNoNeNeleRolNaNeleieRaloelolaialelelaloeleNollaallaloellolailalelole oo oo lle e e i ollodloe ool oo N ole)

AN N O OO ANTTT WS OO AN N0 ONS AN N0 OO AN O 00O
i B B B B B T B B e I oV o VB ot I N o BN o QN I oN o NI e 0 B A B L0 B o Moo B 4 0 N £ B .0 B 6 0 BN IR S A A AR S U RS SIS R SRS U T

(&)

o

O

o

()

PERICD TOTALS

Q

PERICD AVERAGES

Appendix B-7




g9 xipuaddy

0 0 Q 824 1847 SUOYHIAY JOTYdd

0 0 o] 08022 QBQZ< STYIOL d0oTdad
000¥ 0 0 o] 0 0 000F 05
000F 0 0 0 0 0 000p 6%
000¥ o] 0 o] 0 0 aoor 87
000¥% 0 0 0 0 0 000¥F LY
0Q0F 0 0 0 4 0 GO0y 9%
000¥% 0 0 0 0 0 elo)e]7 59
000% 0 0 0 0 0 jeleiely A7
[oIe] 407 0 0 0 ol 0 Gouy 34
Co0¥ 0 0 0 0 0 Q00P 44
QQoPp 0 0 0 0 0 0007 184
cO0p 0 0 0 0 0 000% ov
COGP 0 0 0 0 0 000¥ [
000Pp 0 0 0 0 0 0007v g€
000F 0 0 0 0 0 a00¥ LE
000¥% a 0 0 ol 0 0007 9€
Q00¥ 0 0 0 0 0 0007 SE
Q0P 0 0 Q 0 0 300% e
000¥ 0 0 0 0 0 0007% £E
Q007¥ 0 Q Q Q G Goo¥ 1%
000¥ 0 0 ol 0 <} 000¥ e
000% 0 0 0 0 0 Q00¥ 2
0007 0 0 0 0 SGTT 5v8¢ 6Z
S¥8c 0 0 0 SST1 0 Q007% 8¢
Q00% 0 0 0 0 0 300¥ LZ
000% 0 0 0 0 tsrt evse 97
6752 0 0 0 1691 0 000% Se
000¥% 0 0 0 0 0 000¥% X4
000¥% 0 0 0 0 0 Qo0¥ €<
0Qoo% 0 o] o] 0 0 000¥% 14
0Q0% 0 0 0 0 0 Qoov ¢
000¥ 0 0 0 0 0 Q007 0z
000% 0 0 0 ¢} B8Z¥ ZLSE 61
ZLEY 0 0 0 82F% G6EE 109 8T
109 0 0 0 66tE 6BEE 109 LT
109 0 0 0 66EC 6L92 T2t 9T
TCET 0 0 0 6L92 581¢ SI8T ST
Si8T Q 0 0 S81¢ [A 24 g8vsl PT
8pS1 0 0 0 A} 24 LLLZ £2CTT €T
AN 0 0 0 LLLe as1e S78T1 <t
Sk8l 0 o] 0 SG412 0 Q00¥ 1T
000F 0 0 0 a o] 0007% 0ot
000F 0 Q o] 0 0 000% 6
000% Q 0 Q 0 0 000¥ 8
000F 0 0 0 a o] 0007 L
Q00F 0 0 ¢] 0 0 Q00% £}
000F Q a 0 0 Q 0007% )
000F 0 0 0 0 0 000¥% 4
000% 0 G o 0 0 000¥% €
000% 0 Q 0 0 0 0007¥ 4
Q00% 0 0 0 0 0 0007 1
OWLS ONIONE  S§50T WIISAS NOILWHO4YAE SHOWIMOHS SANYIWHEA MOTI 9FINN DULS LYUYLS L0 4CPS

LMAINNO™D G FAON Ad JdYWWNS TYLOL dOIN3Ad NOIIYINWIS

WSY % T NOSYYEd O/M ANOD O/M 6168 NOTSYIAIQ - XANLS ¥EIYM TYNOIDIY 0D YNIGHW/YWd



6-9 xipueddy

0 0 91 8902 SPE6ET SUBYHEAAY JOTddd

Q 0 6€8 Q0pE0T SLZL969 STYLOL JOT¥Ad
0 0 ¥} 4 890 LBCBE 0 0s
0 0 0 0 820¢ Lgoes 0 6%
0 0 0 0 B90¢ cESG8Y 0 87
0 0 0 Q B90< B8L8FSZ Q LY
aQ Q Q 0 890¢ 19291 0 9%
0 0 0 0 890¢ 88TIPP 0 Sv
0 0 0 0 8902 £0289 o] A7
0 0 0 0 890¢ 6E6B8 8] 1547
o] 0 0 0 830¢ £860LE 0 v
0 0 8} 0 8902 9L2007T 0 iv
0 0 0 0 8902 SSL9%C o] ov
0 0 0 0 8902 292692 0 6E
0 0 0 0 890¢ 898961 0 BE
0 0 0 s} 890¢ 9€89LT 0 LE
0 ¢ 0 4] B90Z P60PSZ 0 9€
0 g 0 0 B90Z 0pSebI 0 g
¢ 0 0 Q 8802 LG99LE & Ve
0 0 0 0 B90<C 526141 ¢ £E
0 0 2 0 B90Z FZBEGT 0 43
0 Q 0 0 890¢ BOTTIT 0 1€
0 0 5 0 890¢ 8TTT1TT 0 o€
U 0 0 0 8902 9€100¢2 0 x4
0 0 0 0 890¢ Z0209 0 8¢
0 0 0 4] 8902 L1026 0 LZ
Y] 0 0 0 890¢ Ltellol Q 9e
o] 0 0 0 8902 TTEROT o] 52
0 0 0 0 8902 9eEl 1 0 129
0 s} 0 8T 8902 9LBTE a £z
0 0 0 0 8902 P681G1T 0 Zc
0 o] 0 Q 890¢ BGPePT Q <
Q 0 Q 0 8e0c £€67227T 0 [ox4
0 0 0 ol 8902 E0OrELE 0 6Tl
0 0 0 44 8802 689961 0 8T
0 0 Q Tet B90< oris Q LT
s} 0 0 0 890< 9FeLl 0 A
0 0 0 TLT 8802 G80GT 0 St
0 0 0 L9 890¢ Brrap o] vl
Q Q 0 8rT 8902 T808¢ Q £t
¢ 0 0 0 8902 Se0tE 0 <1
0 Q 0 0 8%0¢ 8969¢ a T
0 Q 0 0 890¢ BECHO 0 ot
0 0 0 0 820¢ 10¢82 0 6
0 0 0 0 8902 £98007T 0 8
0 0 0 0 820¢ £eoLe 0 L
Q 0 Q 0 8902 T282¢T 0 2
0 0 0 0 B2O< SPeSET 0 )
0 0 0 0 8202 TLp2y a 4
0 0 0 0 830¢ 18L621 0 €
0 0 0 0 890¢ 00L08e o] z
0 0 0 0 8902 9088 0 T
DULE ONIONT SSOT WIISAS NOILWHOAYAT SIDVYIMOHS SANYIWET MOTA OE¥NN LS I¥YLS d¥dA

¥ ODANYd 9  HAON Ad AMVYWWNS TYI0L JCIMAd NOIIYINWIS

MSY ¥ T NOSYYEd O/M ANOD O/M 6168 NOISHIAIL - AUONLS HUILYM TYNOIDIY 0D ¥YNIUAW/ehd



0\-g xipuaddy
0 o] 8] T0Z0T Q SHOYYIAY JOIY4d

0 0 0 69001S 0 STYLOL dOTddd
0 0 0 0 0pset ol 0 05
0 0 0 0 0rsel 0 0 6%
0 0 o] 0 0%s<el 0 0 87
0 0 V] 0 0rset 0 Q Ly
Q 0 [¢] & 80721 0 Q 9y
0 0 ¥ 0 go9Tlt 0 0 Sy
0 Q 0 0 0pset 0 0 re
0 0 o 4] 0psel 0 0 1347
0 0 0 0 BESZT Q Q 44
0 0 0 Q 07621 0 0 184
0 0 0 o] 0F8ZT 0 ol oy
Q 0 ¢ 0 0pseT 0 0 6E
0 0 0 0 32000 0 0 3
0 0 Q o] 6EGTT 0 0 LE
0 0 0 0 0ps2l 0 a 9e
0 0 0 0 0pSZl 0 0 §5¢
Q 0 o] 0 LESZT 0 0 43
0 0 8] a opsel 0 G £F
0 0 0 0 £€1pct o 0 43
0 0 0 0 obs2l 0 0 €
0 0 0 9] 0FSct 0 0 0g
0 Q Q Q G9021 o] a 34
0 0 0 0 L9LY 0 0 82
0 ¢ 0 5} €900T 0 0 Lz
Q 0 0 9] 0FsSet 0 a 9¢
0 0 0 0 90083 o] 0 S¢
Q 0 0 0 FLS0T 0 0 ve
0 0 0 o opset 0 0 £2
0 0 0 0 opsel 0 a ZZ
0 0 0 0 orsct 0 0 134
0 0 0 0 0rsel 0 0 0z
¢ 0 0 0 6E£52T 0 0 61
0 0 ¢ 0 9988 0 0 BT
0 0 0 0 0 0 0 LT
0 0 0 0 0 0 0 9T
0 0 0 0 £68 0 0 g1
& 0 0 0 CLET 0 0 [
0 0 ¢ 0 cep 0 0 o
0 0 0 0 L8 0 0 <t
0 0 0 0 r8ce 0 0 1T
0 0 0 0 2968 0 0 o1
0 0 0 0 F096 Q 0 6
Q 0 0 0 0pSzT 0 0 8
0 0 0 0 0rsel 0 0 L
0 0 0 0 0ractT 0 0 9
0 0 0 0 0b&<cT 0 0 S
0 0 0 0 0FSel 0 0 14
0 0 0 0 0psel 0 0 €
o] 0 0 0 6ESCT 0 0 4
0 0 0 0 0psZT 0 0 T
DdLS ONIGNI SS50T WILSAS NOILYYOdVAT SUDVLYOHS SANYWAQ MOT DN OALS IMYLS E=AEPN

MYET AIQ L E0ON Ad RHVYWANS TVLOL dOIMUd NOILWINWIS

MSY % T NOSMYEd O/M ANOD O/M 6168 NOISHIAIQ - AANLS WALVYM TYNOIDIY 0D ¥YNICHW/YWd



}1-g Wipuaddy

0 0 Pae 0009 0 SHOVYIAY JOI¥MId

0 ] £ZLLT 00000¢€ 0 STYIOL JOI¥id
0 Q 0 Q 0009 0 0 0%
4} ¢ 0 0 0009 0 o] ¥
0 0 0 0 c0a9 o] ] 8F
0 0 0 0 G009 0 a LP
0 0 0 0 0009 0 0 9¥
0 o] 0 & 0009 0 0 514
] 0 Q 0 2009 0 0 44
0 0 0 0 0009 0 0 £p
0 0 0 0 0009 g 0 147
0 0 0 0 0009 0 Q 187
0 C 0 0 0009 0 0 oF
0 0 0 0 0009 0 0 (39
0 0 0 5} 0009 0 0 8¢
0 0 Q 0 Qooe 0 Q Le
0 Q 0 0 0009 0 0 9¢
(o] 0 0 0 0Q0% 0 0 S
0 0 0 0 0009 0 0 ¥E
0 ¢] 0 0 0009 0 G (X9
0 0 0 0 0009 0 a 4
0 o] o 0 0009 a 0 T€
0 ¢ 0 0 0009 Q a o€
0 0 0 0 QQ09 0 & 62
0 0 0 LPP1 0009 0 a 8Z
0 0 0 0 0009 0 0 LZ
0 0 0 a 0009 8] o] 9e
0 0 0 9ZL 0009 0 0 x4
0 0 0 0 0009 o] 0 4
0 0 0 0 0009 0 0 €
Q 0 0 Q QQ09 0 0 19
0 0 0 0 0009 0 0 12
Q 0 ¢} 0 0009 0 0 0c¢
0 a o] 0 00C9 0 0 6T
0 0 0 9ZL 0009 0 0 81
0 0 0 6ovv 0009 0 0 LT
Q 0 0 80¥Z 0009 0 Q 21
¢ 0 Q 0GT1¢ 0009 5} 0 51
0 0 0 SFST 0009 0 0 [
0 0 a 8121 0009 0 0 ET
0 0 0 LLST 0009 0 0 T
0 0 0 LTy 0009 0 0 T
o] 0 0 0 0009 0 0 0T
0 0 0 0 0009 Q 0 6
0 ¢ 0 0 0009 0 Q 8
0 0 0 0 0009 0 0 L
0 0 ] Q 0009 Q 0 9
0 0 0 0 0009 0 0 S
0 0 0 0 0009 0 Q 14
0 0 0 0 0009 0 a €
0 0 0 Q 0009 Q 0 Z
0 0 0 0 0009 0 0 T
LS ONIANZ  SSOT WILSAS NOILYMOdYAT SEOYINOHS SONYWEA MOTA DI¥NN OHLS IHVYLS YHA

S66 T¥MWYE 8  JUON AQ AUYWANS TYLOL JOI¥dd NOILWINWIS

¥SY ¥ T NOSYYEd O/M ANOD O/M 6168 NOISMIAIA - AANLS YAILVM TYNOTHAM 0D YNIAIW/WWE



Zi-9 xipuaddy

0 0 €9LT ZLSS 0 STOVIEAY JOI¥dd

0 0 78188 0098Le 0 STYLOL dOIN¥dd
Q 0 a 0 ZLSS 0 a as
0 0 0 0 LSS 0 ol 37
0 o] <] 0 ZL55 o] 0 87
0 0 0 ¢ ZL8% 0 0 Ly
0 Q 0 €0TT ZL8S 0 0 9v
0 0 Q good ZL55 0 0 R4
0 o 0 0 gLg89 Q 0 a3
a 0 o] 0 2155 0 0 £y
0 0 0 0 ZL5S g 0 [4%
0 4] o] 0 CLSS 0 Q ¥
0 o] 0 0 Z2L85 0 0 ov
0 0 0 0 LSS 0 0 6t
a 0 0 G ¢LSS 0 0 g€
0 0 0 0 [R5 a 0 LE
o] O 0 0 ZLSS 0 0 9¢
0 0 0 0 ZLSS a 0 Se
0 0 0 0 LSS 0 0 Fe
o] 0 0 0 ZLSS o 0 €e
0 0 0 1€8¢ ZLSS 0 4] A
0 0 Q 0 ZL58 o a 1€
0 0 0 €891 2199 0 Q 0t
0 Q o] £0TT cLSS 0 0 62
0 Q o] ZLSS ZL5S 0 0 82
0 0 0 ZLSS ZLSS 0 0 Le
0 Q 0 £9€7 ZLSS 0 0 9¢
0 0 0 ZLSS ZLS5S 0 o] 52
0 0 a £EGE ZLSS 0 0 ve
0 0 g o] ILS% 0 0 €2
0 0 0 0 ZLSS &} 0 c
0 Q 9 0 ¢LSS 0 0 1<
0 0 0 a ZLSY O 0 o<
a 0 o] 0 ZL89 o] ] 61
0 0 0 LSTY ¢LSS o 0 81
& 0 0 ZL5S ZLS8S 0 0 LT
0 0 ¢] <LSS ZLSS 0 0 o1
0 0 0 ZLES ZLSS 0 0 ST
0 0 0 ZLSS ¢LSS 0 0 A
0 0 0 ZLSS ZL5S 0 0 €1
0 0 o ZL5S ZLSS 0 0 Zt
0 0 0 LSS CLSS 0 0 11
0 0 0 CLeS 2LES 0 0 0T
0 5} 0 12es <LSS 0 0 6
o o] 0 0 TL8S 0 0 8
0 0 0 0 ZL8% 0 0 L
0 0 0 0 LSS 0 0 9
0 0 0 0 ¢LS5S 0 0 S
0 0 0 0 ZL55 o] 0 12
0 0 0 ol LSS o] Q £
0 0 0 0 LSS G 0 Z
0 0 0 Q LSS 0 0 T
DULS ONIONI  SSOT WHLSAS NOIIWVMOAVYAT SUOVYIMOHS SUNYWEd MOTA DEMNM OMLE LYVIS HMYHA

T66 TYMWG 6 JJON A AUVHKWIS TYLOL QOI¥4Ed NOILWTNWIS

45Y ¥ T NOSHWWHEd O/M ANOD O/M 6168 NOISMUAIQ - AONLS MELYM TYNOIDIEY 00 YNIQIW/YWE



£1-g xipueddy

9¥851 8L871 0 5922 EPIST o) SEOVYUAY JOTYHHEd
1lecel tletra 0 L9ZETT 08TLSL O STYIOL dOIM3d
LLcel 0SE97T 9] 0 0ge9tl 0 0 09
599971 §9p9T 0 o] EEN A Q 0 eV
11811 11211 0 0 11971 Q 0 8F
9TGET Slsel 0 0 STsET 0 0 Ly
S81p T p8TPT 0 0 P8IPL o] 0 97
LOT6T T6E9T 0 0 T6E91 0 0 87
£678T £9597 0 0 £9591 0 0 a4
LLPOT 9L¥9T 0 0 9Lv9l Q 0 137
pG9z1 50921 a 0 §0921 Q 0 47
20851 E0SGT 0 0 £08ST 0 4 194
LLGET LLSET 0 o] LLSET 0 0 0%
LOYEL B0PET 0 0 80pel 0 0 6E
8veeT LFeET 0 0 LY6ET 0 0 g€
P60FT C60FT 0 0 £60P1 0 0 LE
ZZ5ET A4S 0 0 22GET 0 0 9t
0627%T [ATA A o] 0 (A XA 0 0 GE
8G85¢1 09521 0 0 09621 Q 0 Ve
cLerl ZLIPT 0 4 [ARA A 0 0 £e
LTZET LTZET 0 0 ticel 0 0 43
63SP1T 095PT 0 9] 09571 a 0 TE
68SPT 09GFHT Q Q 095¥%1 o] o] 0€
Faetel £C6ET 0 Q €26¢ET 0 o 0
68€81 2766 a ZI8L PELLT o] 0 82
§2e91 GZz9l 0 0 52291 0 0 Le
LIPST LIPSt 0 ¢ LTIPST 0 0 92
SZT8T ZL69 o] 1518 EZ1IST 0 0 5¢
ZgLel L2091 0 & L8087 0 0 Ve
cebeT 26291 0 0 62971 0 0 £
ELirt ELePl 0 0 ELCYT ] 0 ¢l
06CPl Z62v1 #] 0 262yl ol 0 1z
£E8PPT €8V 0 0 [%:R2 0 0 0z
585271 28521 o] 0 885271 0 ) 61
6VeET PROET ] 906 0Gecl o] 0 81
918671 0 0 961LT 96TLT 0 0 LT
PSLET 859971 0 06981 8FELT 0 0 ST
91161 0%8e 0 8LVFT 81eLT Q 0 Sl
0906t g00s 0 (A XA LT8LT 0 o] b1
EARNNY p619 0 £8€1T LLGLT 0 0 £l
656l LEET 0 LBTET PeSLT 0 0 2T
6FE6T 60LS 0 ZG98T11 T9SLT 0 0 T
96597 965851 ¢ 0 965851 0 0 (el
91561 [23AHN a 0 FeZol 0 0 6
6bPST 0GPST 0 0 05ps1 Q o] 8
6E191 Letel 0 0 LETOT 0 0 L
TIPPT 60FPT 0 0 60FF1 o] 0 9
agedpl 98eFT 0 g 98€PT 0 o] S
L9i8T G8Fet o 0 g8rol 0 0 2
OEPPRT 1€rPL 0 0 TEPPT 0 Q £
6TEET 6TEET 0 0 6leel 0 ¥ <
9€891 LESIT o 0 LEGST 0 ¢ T
WOVASN LSITH  39Y3Esn LN NOTIYEMOdYAT SUOYLMOHS SANYWAJ MOTA DIYNN DYLS IYYLS HYIA
IdYI Yid 0T JAON Ad AYYWWNS TYILOL JOINEd NOIIVINWIS

MSY ¥ T NOSMYAd O/M ANCD O/M 6168 NOTISNIAIT - AANIS ¥EIYM TYNOIDIY OO YNIAHW/YHE



¥1-8 Xipuaddy
8] 0 0 66E€ 0 SHOYEIAY Q0I¥dd

0 a 0 058691 0 STYLOL JOINEd
6] o] 0 0 66EE 0 0 0%
0 0 8] 0 66tE 0 Q 6p
o 0 Q 0 66EE 0 a 8¥
0 0 0 0 66LL 0 Q L¥
Q 0 0 0 66¢€¢ Q 0 9v
o] 0 0 0 66LE 0 o] 5F
0 ¢ 0 0 66¢£€ 0 0 143
0 0 0 G 66EE 4] 0 37
5 0 0 0 138 0 0] 44
0 Q Q 0 66EE 0 0 ¥
0 0 ol & 66EE 0 0 0F
Q 0 0 0 665E 0 0 6¢
0 0 0 9] 6oEE 0 0 BE
0 Q o] 0 66EE 0 0 LE
Q 0 o] o] 66EE 0 0 9€
0 0 0 0 60EE 0 0 5€
0 0 4] 0 BEEE 0 0 49
a ¢ 8] 0 66€E 0 a £€e
0 0 o] 0 66EE 0 Q 43
a 0 0 0 BEEE 0 Q i€
o] 0 0 0 [1:332% 0 Q 0
0 0 o 0 66EE 0 0 6T
0 0 5} 0 66€E o] o] 8Z
0 0 O 0 66EE 0 0 Lz
0 0 0 0 66EE 0 0 9z
0 0 0 Q 66EE 0 a x4
0 0 Q 0 6oeet 0 6] 24
o] 0 0 0 66EE 0 a €<
0 0 a 0 66tE a 0 [24
0 0 0 Q 66EE 0 4] 139
0 Q 0 0 66E€ 0 4] 0<
0 0 0 ol 66€¢€ 0 4] 6T
0 0 0 a 66€E 0 0 81
5} 0 0 0 66tE 0 4] LT
0 0 0 0 66EE Q 0 91
0 0 0 0 66EE 8] 0 St
0 0 0 0 66LL 0 a [
0 0 0 a 66€€ 0 0 €1
o] 0 0 o 66EE o] 0 <1
0 0 ¢ 0 66€€ 0 0 11
0 0 G 0 66LE 0 a 0ot
0 0 0 0 66EE 0 0 &
0 Q 0 0 GOEE 0 0 8
4 0 o] 0 GoEE 0 0 L
4] 0 0 0 66EE 5} Q 9
0 0 0 ] 66EE 0 0 S
4] 0 0 0 66ET 0 0 i
0 0 o] 0 66EE O 0 £
0 0 0 0 66EE 0 0 4
0 o 0 0 66EE 0 0 T
DYIS ONIONI SS0T WALSAS NOILYHOdYAT SHOYIHOHS SANYWAJ MOTA DEMNN DULS IMYLS bk

OO¥NIJIW TT JAON A AMVAWNS TYLOL JOIMId NOILWTINWIS

MSY % T NOSHYEd O/M ANOD O/M 6T€9 NOISMIAIQ - AUNLS HILYM TYNOTOEY 00 YNIAWW/WWE

dA



S|-g xpuaddy

0 0 7T QaTE 0 SEOVIIAY JOIYEd

0 0 0955 Q0055T 4] STIYIOL qOIddd
0 0 0 0 001E o] 0 09
0 0 o 0 00T1E 8 Q 67
0 0 0 0 001€ 0 0 3p
0 0 0 0 001¢ ol 0 Ly
0 0 [ 0 00TE 0 0 97
0 0 0 0 gote 0 0 SF
0 0 0 0 0oTE 0 0 i
0 0 0 0 001E 0 ol €7
0 0 o] 0 00TE 0 Q 47
0 G 0 0 00T¢E 0 0 187
0 o] Q 0 001g Q o] ov
[ o 0 0 00T¢ 0 Q 6t
8] ¢ 0 0 0o1le 0 0 g€
0 0 8] 0 001E g 0 LE
0 0 0 a 007¢g 0 0 9¢
0 0 0 0 001¢ 0 0 S€
0 0 0 0 00T1¢e ¢ 0 i3
0 0 0 0 0o1le a ¢ £
0 a 0 Q 00Tt 0 Q 4%
0 o] Q Q 001e 0 4] 1€
O 0 0 0 0olE 0 0 ot
0 0 0 0 0OTE 0 0 62
0 0 0 5999 00TE 0 0 8z
0 0 0 0 0oTe 0 o] Le
0 Q 0 0 coie a o] 9z
0 ¢ 0 rLe COTE 0 0 5S¢
0 0 ol 0 00TE 0 0 Ve
0 0 0 0 gole 0 0 Ee
0 Q 0 a 001E Q Q x4
0 0 0 Q 00TE 0 0 1%4
0 0 0 0 00TE 0 o] o<
Q 0 0 0 001€E o] o] 6T
a 0 Q 433 00TE 0 0 81
Q 0 0 00ET 001¢e 0 0 LT
0 0 0 BES 001g Q 0 91
¥ a 0 52%T 00TE 0 0 g1
G 0 0 86¢ 001€ 0 0 F1
0 0 0 9ch 0QTE Q 0 £l
a 4] 0 TP 00te 0 0 Z1
J a 0 0 00Te 0 0 11
0 Q 5 0 00TE 0 0 0T
8] 0 0 0 001TE 0 0 6
0 0 0 0 007¢ 0 0 8
0 0 0 0 00TE 0 0 L
9] 0 0 Q 00TE 0 0 9
0 9] 0 Q 001g 0 0 )
0 0 0 ol 001¢E 0 0 4
o 0 0 a 0071€ a 0 €
0 0 0 0 001g 0 ol <
0 0 0 0 007T¢ 0 0 1
DALS ONIONIT SS0T WIHLSAS NOILLYYOAYAd SUOYLYOHS SANYWId MOTd OTENN OYLE J¥YIS HydA

T OOdNvd 2T GdON A" AMYWWNS T¥LQL dOI¥dd NOILVINWIS

MSY 3 T NOSYMWHd O/M ANOD O/M 6162 NOISMIAIA - AUNLS YAIVYM TYNOIDAY 0D YNIQAW/WKd



91-8 xpusddy

0 0 (AN 68TFPZ 0 SASYIIAY JOIMEd

0 0 ZEILET LLPEOZT 0 STYLOL JOI¥Ed
0 0 Q Q £808¢ 4] 0 0s
o] 0 o] Q SEvac 0 0 67
0 0 q 0 ZEE9T 0 0 8%
0 0 0 Q 10202 0 0 LP
o] 0 0 0 ZLLTZ 0 0 97
0 0 0 0 9L18<2 0 0 N
0 0 o] 0 0gL8z 0 Q a4
0 ol 0 4] 9Lv8E O &} £y
0 0 0 o] 6PCBL o] q 44
0 Qg a Q [ZANTS ¢ 0 iv
0 g 0 o] LEEOZ 0 Q ¢4
0 a 4] 0 566 T 0 Q [
8] 0 Q 0 10c1< 0 0 8¢
0 g 0 o] PSS1¢ 0 0 LE
Q g 0 o] pizoz 0 0 9¢
ol 0 0 0 [ RN 0 o SE
0 a 0] 0 9581871 ¢} 0 fe
Q ¢ 0 0 68612 0 ¢ €€
o] 0 0 0 geSel 0 Q A
a 0 0 0 elLee 0 a 1€
0 o] 0 0 glLee 0 0 o€
Q 4] 0 a 9pT112 0 0 62
0 0 0 ¥816 FBBTE 0 4] BZ
0 0 ol 0 B0SLZ 0 Q L<
0 0 q 0 21082 o 0 ez
0 0 0 FobL ovece 0 0 gz
0 0 Q 0 18012 0 0 e
0 0 0 0 LzgLe a 0 %4
¢ 0 0 Q 68672 0 0 14
o] Q 0 Q £eace & 0 1z
0 a 0 0 £15¢¢ o] o] 0e
0 Q 0 0 80Z8T 8] o] 6T
0 0 0 8011 6L90C 0 o 81
0 0 0 LL85¢C £L092 a 0 LT
0 0 Q €976 1 0Te9¢ 0 0 91
0 0 4] LELOT £79LC 0 0 ST
0 0 0 PPEST LE9GT 0 0 Pl
Q G o] 6€8TT 92zZ6% ¢ 0 el
Q 4] o] L91v1 Tcese 0 0 Z1
0 0 0 69¢21 9¥¥ez 0 0 T
0 g 0 8] v095¢ 0 0 0T
0 0 8] o] SE9LT 0 0 6
0 0 0 0 £9152 0 0 8
0 0 0 0 CeELE 0 0 L
¢ 0 o 53 EEEZT 8} 0 9
a 0 0 0 OLEZa 0 0 S
0 o] 0 0 ¥098<7 Q a 2
& 8 0 0 EBEZZ 0 0 £
0 ] 0 0 6GL61 0 ol Z
Q 0 0 0 98982 0 0 1
DdLS ONIUNI  §80T1 WILSAS NOILWVMOAYAT SIOWIMOHS SANYWIQ MOTA DAMNN DMLE INYLS YA

SSOT NWO €1 JAON Ad AUYWWNS TWLOL JOI¥Ed NOILWINWIS

MSY % T NOSUYHEE O/M ANOD O/M 6168 NOISYIAID - AGQNLS YIALVYM TYNOTIDAM OO WNIQAW/WWE



219 Xipuaddy

INV1 NOSUVid HLIM
USVY H1IM
NOLLVAY3ASNOD NOILVOIYYI LNOHLIM

¢-953189Vl



8i-9 xpusddy

2y 22 z" £’ £ o £ IR z° Z° 0 866 [ACARS T 0OUNY™ Z1
o (¢ Q- 0 0 0" ol 0- o (ol o 07007 00%E ODYNIQIW TT
£TT 06 8" 0- £ 0* <" Zr o a° 8° L°8g SATYYA YT WhE 0T
L9 S 9 Z- 0 0 Q- o Q- G- o} 0- £ €6 P LGS 166 TYMWG 6
8'¢€ Lz z" 0 g z" z* 0 ol 0 z" 2796 0009 G966 TYMWE 8
02 0 " z° 0 Zr Q- g ¢ z" € 086 890¢ ¥ O0ANYd 9
%0°00T %0°00T %0°06 $0°08 $0°0L %0°09 30706 30°0% %0 0% 3002 %0707 30°

nayl naysy nayl nIyy nIiyl nIiyl nIyly nayl naya niyz niys niyl ¥A/A-Y

8170 %1706 §1°08 $T°0L %1709 2108 3T°09 £$T°0€ $T°02 FT°0T 1" $0° ANYWIT

|||||||| SINNOWY ONYWZEJ ATHINOW TINd FHIL A0 JFONYY IOYINIADHId ¥ SY CHISSHYIXT FOYIHOHS ~——-—== TTN4d JNEN dacN

SINAOWY ONYWAQ ATHINOW TINd JHIL J0 SEONYM FOVINIDYNI4 DIJIDNIAS NIHLIM SHOYLYOHS ¥Od SATLITISYEOWd FMNTIVI ANYWIA

*5e "ET T 4 *Z "0 Te "€ T T *0 '§LS ¢0TE T ODUNWH ot
‘0 "0 "0 "0 "0 "0 "0 "0 "0 'O "0 "009 00vE OOYNITIN 11
"B9 2 - "0 Te "0 1 ‘1 "0 "0 ) TZES SATYYA YT WG 0T
ov "6k T "0 el "0 ‘0 "0 B "0 "0 "099 VLSS T66 TWMWG 6
‘Ee 91 ‘T "0 e T T ‘0 "0 "0 T "LLS 0009 566 TWYMAL B8
"Zl "0 T ' "G T "0 ) ‘T T Z "88% Ba0Z o COaNvYd o]

%0°00T %0°00T %C°C6 30708 30°0L %0709 30°09 30°0% %0°0¢€ 30702 $0°0T 30

nIy3 nIys niyy nayy nIyy nIy3 naya nIyy niya nIyy nIyy nIys HA/d-¥
$7°0 $T°06  $T°08  3T°CL %T°09  %T°05  $T°0% $1°0€ 8T1°0Z %T°0T  &T° 20" QNYWEQ
........ SINNOWY ANYWAG ATHINOW TINd AHL A0 IONYY FOVINIONEd ¥ SY QESSTUEXT TOWIHOHS ——----- TInd NN HAON

SINNOWY ONYWAd ATHINOW TINA HHL A0 SHONYM HOVINIOMIA DIATOHAS NIHLTM SIOVIMOHS HLIM SHINOW A0 MIGWNN

¥SY 3 T NOSYWHEd /M ANOD O/M 6716 @ T "AIQ - AQNIS ¥IAIYM TYNOIDEY OO YNIAIW/YWd



61-9 xipusddy

pa818e 22E6 §ZES EIPLS 9] SUOYHIAY JOTYId

[AZ4T A 2e1997 83¢99¢ 8890182 4] STYIOL JOIMAd
L606 L 0 €egoT a 9L019 0 96.8L1 0§
96LBLT & L58%¢ 0 842c2 0 250%¢ve 67
2509972 £0Z9ck 4328 Q SEL98 0 851612 8p
887612 Q LLOY 0 2aTrs 0 BETES LP
8£7E8 0 8LTL ¢} 62855 o] SE¥0¥ 9v
SEPOP 0 OFPTIT 0 €pivs 0 L6ESTT Sb
LeeSTT 0 L2set 0 6L029 0 EQ0ZS6T 4%
E0ZS6 T 0 18681 0 £EEZ9 0 £C8P52 4
£Z8¥SZ T88LST 189¢01 0 S0LLS 0 6L008T 44
6L008T 0 S0891 0 LELOY ¢ LOCkZZ 17
LOZYET LELTET S0LST 0 0Le8s 0 £2875¢ ov
EZ8PST 98056 LTITTT 0 6E08Y v ELEQZT 6¢
£Le0ze GT808 <ivoe 0 18L8% 0 £E28P492 8¢
EZ8¥SE 88G9T 9289 5} S¥169 Q 9LE0EZ LE
9LE0ES 08eT1eT L6991 0 gLT89 0 XA AV 9E
EZ8PST LIS LTLYPT 0 19€6S 0 £Z8F52C SE
141254 £8064d2 v182 0 gTLLS Q SYILEZ vE
SPZLe 8ESCC LLTFT 0 BEEGS 0 TZ908¢ 3>
122052 0 8099 0 peled 0 LPSEL A
LPSEL 0 E8LOT 0 26769 0 pPLBEG e
rL8E6 o] TGEE 0 £0508 0 Ficve o€
|44 0 9906 £01T 969L9 Q £7802 &6¢
£¥802 0 086< TT160T 10048 0 0TE0d 82
OTEQV 0 690% 0 T6TSF 0 15057 La
TS0GY o 5TpS a 85909 0 rocrs X
deras) 0 TLlT 28499 y101P 0 EQLZT SZ
€0LZT 0 Z8atl G 9LPIS 0 006801 Ve
00680T 0 96%ST 0 76 L0O9 0 6LL9TZ €2
6LLOTT PPLEE POEST 4} pzees 0 §5G6FvC Zd
EEI A4 Q 088711 0 €8E6S o] ZELYET TZ
ZeEL9ES 0 arLe 0 86965 0 £EZBPST oc
£z8p5¢ rPS818 €509 0 SELLS 0 oL96 61
PaE96 0 S62G 14979 ELPZS 0 0 8T
a 0 91 LE5ES T88ES 0 0 LT
0 0 LT SLBTIF 096¥v9 0 0 91
0 0 671 9TLTP 19819 0 06ES ST
06€S 0 [A3S £E0E8Z Z1809 0 0 7T
Q 0 ZrT 966¥%2 682E9 Q 0 €7
¢} G oy 2068 189719 0 0 [
0 0 Z9L POLl1l2Z 999¢9 0 TE0LT 11
1€0LT o] £E9V<C 0 TZLEh 0 0 o1
0 0 895¢€ BGTE QLZ19 0 POrT9 6
Yov19 0 SEPFT 0 6688¢ Q SPlve 8
S¥1v6 0 Tr29 Q £z2965 0 FLeszt L
PLESZT 0 9LELT 0 £bres 0 BLOSET 9
8LOSET 0 OFLTT 0 08P6S [¢] £G626¢eT g
EGZSET 0 BOEOZ o TTLTO Q £F00£2 ¥
£P00€2C 0 868071 0 50969 0 6EE0FL £
6ECOPZ €9TL6 L9TTT 0 0E6LS 0 9T6L6T 4
9TeLel 0 Z6191 0 69b2o g £C8752 1
DYLS ONIONI SSOT WILSAS NOILWVIOAYAT SEOYIYCOHS SANYW3AJ MOTI DHENN DYLE LEYIS =L CPN

T YNIQIW T UAON Ad ZHYWKWNS TYIOCL JOI¥dd NOIIWINWIS

WSY % T NOSWYEd /M ANOD O/M 616 8 T "AId - AQNLS ¥RI¥M TYNOIDIY 0O YNITEAW/YRWE



0z-g9 xjpuaddy

Q 182 1224 £ETEPY 818 SHOVHHAY JOT™Ad

0 po0vT G9019¢ 8898TLS Lve0p STYLOL JOI¥Ed
90GT Q 208 0 9L6L8 6t 9081 09
90ST 0 8ES 0 82169 £2¢ 9061 67
90671 0 §Se¢ 0 SE9€s 992¥% 9061 By
9087 0 X4 Q Z001S 0LSZ 90GT Ly
908T 0 [402% 0 62LES Pes1 9067 9%
90461 0 1849 0 £701S S8l 90871 14
9081 0 9F¢ 0 6L685 69< 9051 4%
905 T 0 0BE 0 £EZ65 6TL 9061 [
908T 0 £0Z 0 S097s 2081 90871 144
2051 0 90y 0 LBOLS c9¢ 20481 184
9081 0 1€ 3} 0LISS 6LFT 9081 0%
2081 0 B9Z 0 6EGFS res 9061 33
9081 0 307¥ 0 18959 Z6TT 9087 19
908T 0 SPT 0 Sr09% T10T 90ST LE
9081 0 [RAN 0 8L0GS £EQT 905871 9€
9051 0 S6c 0 19296 8S¢T 9051 e
9057 0 59 0 229%8 cEVE 9041 FE
90G91 0 082 0 8EZ9S G162 9081 23
3081 0 Z0¢g 0 ¥209v Lse 9051 g€
90671 0 vZr 0 96€£99 0ty 90ST TE
9067 0 681 0 E0PLY £5€ 908T [
90467 0 £o0g E0TT 96GF9 Se01 2051 6c
9086T 0 FIE EZEOT T06ES T6€ 9051 82
9051 0 Qze 0 1502k 69 2041 Lz
9051 0 <6 0 8GG LY €251 908T e
9051 0 SLT B0E9 FleLE 989 90ST SZ
2051 0 85#% 0 9LEBY 97 9081 Ve
9081 0 e 0 Pe9Ls 09 9081 £Z
905t 0 S0€ 0 p2e9s 9¢T 9051 Zc
08T 0 89¢ 0 £8295 6vy 90GT Tz
908T 0 L6T 0 B6S9S 434 2081 jek4
9051 0 60T 0 SE9PS 8SZT 20§81 61
9061 0 562 6119 ELEGT 066l 0 81
0 0 0 LGZTS 18L08 pe 0 LT
o] 0 0 9EETY 09819 08 0 91
Q 0 88 T620% 19.L89 oL 9051 ST
908T 0 88 Soo0BC gILLS 62€ 0 7T
0 0 v QLS¥E 68109 gEd 0 €T
a 0 58 1678¢ 1858¢ o1 0 [
0 0 ZET 488 99509 61 90571 1T
90ST 0 8v¢ o] TZ96€ 8EP 0 o1
[ 0 69¢€ 851¢ 0LTBS 8TT 90671 6
9087 0 P6S 0 66LSS ST1 30671 8
904671 0 192 0 £2995 L8FPT 9081 L
908T 0 €LY 0 EreE9s L18 9081 9
9051 0 6eg 0 08E9S 20¢ 908 T g
9051 0 ELb 0 119858 8L 908 T 4
9081 0 Sz 0 50895 €911 9091 £
90ST 0 61¢d 0 otars TEL 90ST 4
90¢1 0 9re 0 63€6¢ L96 90871 T
SYLS ONIONZI S80T WILSAS NOILYHOdYAT STIOYLMNCOHS SANWWAJ MOTA DAANN DALE T¥YIS AYIA

T NS¥UAIQ ¢ UAON Ad AMYWWNS TYIOL dOT¥dd NOIIWINWIS

¥SY % T NOSYY3Id /M ANOD O/M 616 8 "1 "AI0 - AANIS MIIVYM TYNOTIOIAY OO YNITEW/YWL



{29 xipuaddy

a 052 T06T 15681 0 SHOYHHAY QOIddd

0 9ps<l £8056 195476 Q STYIO0L GOIYdAd
CO0E o] ey 0 LL86 T 0 000¢ 0s
oooE 0 09v 0 Pro0<C 0 q00¢g 6F
000¢ 0 €6l 0 GLPOT ¢ 000¢g 8y
000€ 0 el 0 LS8LT ¢ 000€E Ly
Q00€ 0 692 0 S0P81 0 000E oF
000€ 0 TLP 0 68081 0 000¢€ S
000E 0 962 0 6800¢ 4] 000¢€ PF
000€ 0 vpae Q 86002 o] ¢00¢ 1987
0o0g a FLi Q ooretl 0 o0o0g 44
000¢€ 0 8¢¢€ 0 80961 0 000€ v
000¢ 0 892 0 6T06T 0 000¢g av
000¢ 0 822 0 Evogl 0 000¢€ 6t
GoatE 0 [ 323 0 velel 0 000¢€ 8¢
Qoot ¢} €21 0 gecel o] Q00¢g LE
000¢€ [ 082 0 T668T 0 000€E 9¢
000¢ 0 [4:r4 0 LLEST 0 000€E SE
000E 0 4] Q LObeT 0 000€ 43
000¢ 0 0ve 0 69€61 0 000t £e
000¢€ 0 092z 0 EFPPOT 0 000€ €
000€ 0 £9¢ 0 86261 0 [s1e]0k Te
000€ 0 PeT 0 966971 0 000¢E o€
000¢€ a 8G¢ 0 TeTeT 0 C00E 62
000ge 0 882 0tez TF88T 0 GooE 82Z
Q00g 0 €L2 0 gzzol 0 000g Lz
000¢e 0 Qs¢ 0 96891 0 000¢ 9s
000¢€ a €2 L8EE €ZIGT 0 000¢g SZ
000¢€ 0 133 0 oppLT 0 000¢ ve
Q00€ 0 2G¢ 0 271861 0 000¢€ £Z
000¢ 0 192 4] L9E6T Q 000E 44
Q00¢E 0 0ZZ 0 £8€61 0 000€ T2
000¢€ 0 697 0 Tgrel 0 000€ 0z
000€ 0 ve 0 20761 0 000e 6T
000€ 0 122 9086 £LC8T 0 0 8T
o] 0 0 LZV LT 92802 0 ¢ LT
0 0 Q 851 6560¢ 0 0 a1
g 0 98T SE9CT creeT 0 000¢€ ST
G60og o] 161 996071 65061 0 Zrey T
[AZAN 0 vzt B8EOTT FieeT 0 0 £T
o] Q g8 AN 95161 0 Q [
0 0 891 605L 0%E6T 0 000€ 11
000€ 0 902 0 26651 0 0 ot
0 ] 0g¢€ TPST 11761 0 Qoo¢g 6
Q00gE 0 L0OS 0 60TeT o] Qoag 8
000¢ 0 [x%4 0 SEZ6T 0 000¢ L
0Q0€E 0 S0P 0 9Trel 0 000¢g 9
0ooeE 0 Z8¢ 0 (XA 2NN 0 Q00¢ g
000¢€ 0 SOP 0 ¢100¢ 0 000¢ i
000¢€ 0 6l 0 £9P6T 0 000E £
000€ 0 9871 0 206871 0 000¢ Z
00Qt 0 562 Q 607T0¢ 0 000¢€ 1
OYUIS DNTIGNG SSOT WALSAS NOLLYMOAYAT SHOVINOHS SANYWIQ MOTA OFMNN OULS LMYLS heA-4CD

T NS¥YEd € JdON Ad AMYWWANS TYIOL dOINEd NOIIWTINWIS

¥SY ¥ T NOSWVEd /M ANOD O/M 616 8 "1 "AId - AQNIS ¥ALYM TYNOIDEM 0D ¥YNIGHAKW/YWE



ZZ-g9 xipusddy

0 0 0 OFTE 9z5b SUOVHEAY JOIYiEd

0 0 ol LT0LST £EE9¢C STYIOL JOI¥idd
9TE6TT 0 0 Q 0 et S86LTT Qs
SB6LTT 0 o] 0 0 09T¢ SE8STT 6b
GZ8STT 0 q 0 o] LTZZT 809e0T 8F
809€0T 0 0 0 F10€ ovES 28286 Ly
Z8ine 0 0 0 e 0969 YrLEG 97
FVLEGS 0 a 2 Le8y BZE1 EPZLE Sy
[ AN 0 [¢] Q 0 gletl L2656 4%
LZ26G6 0 0 0 0 261¢ TELEE 34
TELES 0 0 0 0 06T0T TrsEs 144
TpSes 0 0 0 0 PECK LOEBL %%
LOgeL 0 0 0 0 818 62TTL op
62TTL 0 0 0 0 £PS8 98529 6¢
98529 0 0 5 0 CHEL 619G 13
76159 0 0 0 0 112 £€86LF LE
£8oLp 0 0 0 0 £828 00Llet 9€
00L6€ 0 o] 0 0 05L9 0G62¢€ SE
0g6<c¢e 0 0 0 0 8re0T 20922 Ve
20822 0 0 0 0 06L9 27851 £e
¢185T 0 0 0 £EES L068 gegeT 43
BEZET 0 0 0 0 €919 S80L TE
SBOL 0 o] 0 8r99 0829 €8vL o€
E8VL 0 q 0 0 £E8PL 4] 6c
0 0 0 0 LPT16 0 LvT6 82
LPTE 0 0 0 1L68 0 81181 L<
811871 o 0 0 S2Z0L SSPY 88902 92
8890¢ 0 ¢} 0 SPST1T 0 EECIE 5S¢
£EZZE 0 0 0 8896 0SET TLg9E pe
1LG89¢E 0 0 0 0 SEET 9EZsE £z
9¢€2s¢ 0 g 0 0 T8L9 §s¥v8e 14
SGv¥82 0 Q 0 0 99L9 68912 %4
6891< 0 o] 0 4 £0%9 98291 0z
98ZST Q 0 0 0 pLZ0T 2108 6l
<108 0 0 0 675¢ 1960 [ 81
0 0 0 0 a 0 0 LT
0 0 &) Y] 0 0 0 91
0 0 0 ] ZrroT o ZhPOT Sl
ZvvoT 0 ] 0 ELIvT Q G1972 7T
ST9ve 0 o] 0 oESTT 0 FSl6E €1
PS16€E 0 0 0 S6EVL 0 6PGES [
6FSES 0 0 0 66121 0 8FLE9 T
BPLSS 0 0 0 LZL6 0 SLbSL 0T
SLPSL a 0 0 SELOT 0 01298 6
01298 0 0 0 E6TT 0LV EETES 8
€eTes 0 0 0 SPPT 1962 LT9T18 L
L1918 0 0 0 0 0Er9 L81s8L 9
LBTIGL 0 Q 0 0 £FS9 Fr989 )
Fr289 0 o] Q 0 T2ET £CELY ¢
£2EL9 0 Q 0 Q 0059 £2809 €
£2809 0 0 Q 0 TPLB ¢8027% Z
Z80<cs 0 0 0 0 2802 00008 T
O¥MIS DNIUNd  SSOT WILSAS NOLLYHOAYAR SHDYIYOHS SUNYWAQ MOTA HE¥NN DMIE IMYLS ddA

£0¥d d9SY P JJON Ad AYYWWAS TVYIOL JOI¥Hd NOIIWINWIS

¥SY 2 T NOSMYEd /M ANOD O/M 616 & "1 "AId - AONIS HAIYM TYNOISDIY 0D YNIAAW/YWA



£2-d xpuaddy

0 0 0 ol ot SHIVHIAY JOIYAd

0 0 0 gZd8 9cl8 STYICL JOoIYidd
000¥ 0 0 a a 0 000¥% 0g
000¥ 0 Q 0 0 0 0009 6b
0007 o Q 0 0 0 000y By
000w 0 0 0 0 a 000¥ Ly
000% 0 0 0 4] 0 000% 97
000v 0 o] 0 0 0 000% Sy
000F 0 [¢] 0 0 o] 000F Ve
000F 0 0 0 0 0 000F €F
000F 0 0 0 0 0 Q00¥ 44
000%¥ 0 Q 0 Q ¢ Q00¥ 187
a00F 0 0 0 o 0 000 Qr
000F 0 0 0 0 0 000F 3
000¥% 0 0 Q 0 0 000Pp g€
000 0 0 0 0 0 000F LE
000F 0 0 0 Q 0 000P 9€
000w 0 0 0 0 0 000¥ SE
GOov 0 0 0 Q 0 G00¥ 125
0007% 0 0 0 0 0 GOGP £E
0007¥ 0 0 0 0 0 Uo0F 13
0007% 0 0 0 0 0 000Pp 1€
000v 0 0 0 0 Q 0007% o€
Q00% 0 o] 0 ¢} 0 Qoo 6
000% 0 o] 0 0 0 000¥% 87
0Q0¥F 0 0 Q 0 o 000¥% Lé
000%¥ 0 0 0 0 G 000% 92
000F 0 ¢} 0 0 0 000¥F x4
000% Q 0 0 0 0 [ge]el4 X4
GO0y 0 0 0 0 0 000¥ £2Z
000 0 4] 0 0 0 000w 14
jelele] / o] Q 0 0 0 000% 12
000¥ 0 o] Q Q 0 000¥% 0z
[ole]e)7 ¢ 0 0 0 BZ¥ gLSE 61
ZLSE 0 0 0 1A% BeEE 109 81
109 o] 0 0 66EE 66EE 108 Lt
109 o] 0 0 66EE 0001 0oog 971
000€ 0 0 0 000T 0 000F Sl
0oov 0 0 0 0 0 000F [
0007¥ 0 0 Q 0 0 0009 €1
0007% 0 0 0 0 0 Qo0b T
000V 0 0 0 0 Q 000¥ 11
000% 0 0 0 0 0 000% 01
000¥% 0 0 0 0 0 000¥% 6
0Q0%¥ 0 0 0 Q 0 000F 8
000% 0 0 0 0 0 000Pp L
000F 0 0 0 o] Q Qoo 9
000F 0 o] 0 0 0 000F S
000F 8] 0 0 0 0 000F v
000¥ 0 ol 0 0 0 000F [
000¥ 0 0 0 0 0 [o1e]0h+4 Z
Q00F ¢l 0 0 0 0 a00¥ 1
DULS ONIONF SS0T WALSAS NOILLYMO4dYAD SIDYILYOHS SANYWAJ MOTA 9HYNN O¥LE LMYLS d¢IA

LMINNOMD S HJON Ad AEYWWNAS TYLOL JOI¥Id NOIIWINWIS

¥SY % T NOSUWEd /M ANOD O/M 616 8 T "AI0 - AQNIS HAIYM TYNOIDIY OO YNIUAW/YWG



-8 xipuaddy

o 0 91 820 SYEGET SISYAIAY J0I¥Ad

0 0 G6E8 00PEQT GLZL969 STYLOL JOI¥dd
0 Q 0 0 8902 LBZ6E 0 [el%}
4 o] 0 0 890¢ L8068 0 67
0 0 0 0 890¢ ZES68P 0 8p
0 0 Q 0 8902 8LBFST 0 Ly
0 0 o] Q 890¢ 1929971 0 9v
0 0 g o] 890¢ 88TPF Q SF
0 0 0 0 890¢ £0289 0 a4
0 0 0 0 8202 6t688 0 £y
0 0 &} 0 8902 £860LE 0 v
0 0 0 0 8902 9420071 0 TP
0 0 0 0 890¢ 55L9%2 0 ov
0 0 0 0 8902 292692 o] 6t
0 0 0 Q 8902 898961 0 8¢
Q 0 0 0 8902 9£89LT 0 LE
0 0 0 0 890¢ ¥e0pge 0 9¢
0 0 0 0 89072 0Ovsevl 0 qe
0 Q 0 Q 890¢ £899L8 0 Fe
o] 0 0 0 890¢ SZe1ST 0 £E
0 0 0 Q 8902 FZBEGT 0 [4
0 0 0 0 8902 897111 0 1€
0 0 0 0 8902 8TTITT 0 o€
0 0 0 0 890¢ 92100 0 62
0 0 0 0 8902 20209 0 8¢
0 0 0 0 8902 L1026 0 Le
0 0 0 0 880¢ 611071 0 9z
0 0 0 Q 890¢ TTEROT 0 §Z
0 0 0 0 8902 96EPT 0 v
¢ 0 0 81 89027 9L8TE 0 | X4
Q 0 0 0 8902 Pe815T 0 49
0 0 0 0 8202 BSrerT 0 x4
Q 0 o] 0 39¢¢ E6TZCT 0 0¢
0 0 0 0 8902 EQOPELE 0 67
0 0 0 ¥y 8902 6899671 0 8T
0 0 0 16€ 8902 0F1s 0 LT
Q 0 0 o] 8902 oreLt 0 91
0 0 4] TLT 890¢ S80GT 0 ST
0 0 0 L9 8902 BYYGY 0 A
0 4] 0 8F1 B90¢ 1808¢€ 0 EL
0 s} 0 0 890<¢ S60€EE 0 21
0 o 0 0 830¢ 8968¢ 0 i1
0 0 ] 0 8902 8ECEE 0 0T
0 0 0 Q B90ZT T0Z8c 0 6
o 0 0 0 890¢ £9800T 0 8
0 0 0 0 890¢ EL0E6 0 L
0 0 0 o] 890¢ TZECET 0 9
0 0 0 0 8902 SFeSET 0 S
Q 0 0 0 8902 TLp2Zs 0 2
0 0 0 0 890¢ 18L621 0 €
0 0 0 0 8902 0oLo8e 0 I
Q 0 0 Q 8902 90¢88 0 T
YIS BNIANZ $SOT WALSAS NOILYHOAYAT SIAOVIYOHS SANYWHT MOTA DHANN DULS IMYis 14PN

d OOaNvd 9 IAON Ad KAYIWANS TYIOL ACI¥dd NOILYIAWIS

d4SY 3 T NOSHVAd /M ANOD O/M 616 ® T "AIC - AANLS ¥ALYM TYNOIOIY OO ¥NTIHAW/YRWL



SZ-g xipuaddy
Q 0 0 §1201 Q SEOHYHEIAY dOTHAd

dA

0 0 0 8LLOTS 8] STYIOL dCIddd
] Q 0 0 0%scl 0 0 g
0 0 0 0 ovseT 0 0 327
0 0 0 0 orseT 5} 0 :34
0 0 o] 0 07582l 0 0 Ly
Q 0 0 Q 79%¢1 0 0 97
0 0 ol 0 608TT 0 Q 57
0 0 0 o] 0pgel o] 0 vy
a 0 0 0 0FSel 0 0 £v
0 0 0 0 6ESCT 0 o] 44
0 0 0 0 0pget ol 0 v
0 0 0 0 0FS2ZT 0 0 ov
0 0 0 0 SR asras 0 0 6¢
0 0 o 0 0psSTl 0 0 8¢
0 0 0 0 6EGZT 0 0 LE
0 0 0 0 0FSTT 8] 0 9e
0 0 0 Q 0psel 0 o] Ge
0 0 0 0 LegZl 0 0 Ve
o] o 0 0 [shArat 0 0 33
0 0 0 0 €let 0 o] Z€
0 0 0 0 ovsel 0 0 1€
0 0 0 0 AN 0 3} o€
0 0 0 0 89071 0 0 (34
0 0 0 0 v19s 0 0 82
0 0 0 0 8TTTT 0 0 Lz
0 0 0 0 0%S21 0 0 9¢
¥ 0 0 o] 2068 0 0 Sz
o] 0 a 0 6980T 0 0 e
0 0 0 0 0FseT 0 0 €2
Q 0 0 0 0pseT 0 q 44
0 0 0 0 orsel 0 0 [
0 0 0 Q QpSet Q 0 0z
0 0 ¢ 0 6ESCT 0 0 6T
0 0 0 0 2058 0 0 8T
0 0 0 0 0 o 0 LT
Q 0 0 0 Q 0 0 9T
0 0 0 0 €68 0 0 ST
0 0 0 0 0peT 0 0 PT
0 0 0 0 13507 0 0 €T
0 0 Q 0 8EY 0 0 z1
0 0 0 0 8E€LT 0 0 1T
a 0 a 0 986G 0 0 0T
0 0 0 0 96<L o] 0 6
0 0 0 0 0Fset 0 4] 8
0 0 0 0 0PSCT 0 Q L
0 0 0 Q 0PScT 0 0 9
0 0 o 0 0%Se1 0 0 g
0 Q 0 0 0psZ1 Q 0 14
0 0 g 0 0pscT 0 0 €
0 0 0 0 6ESZT 0 0 4
Q 0 0 0 opszl o] O 1
2ULS ONIANA SSOT WALSAS NOILYYOdIYAH SHDYIYOHS SONYWIJ MOTI 93¥NN ALS LAUYLS oY

MYHT AIQ L JAON A9 AYYWWNS TYICL JOI¥Id NOTIYTINWIS

d8Y ¥ T NOSYYAd /M ANOD O/M 616 § T "AIQ - ACQNLS HALYM TYNOIDIM OO ¥NIQHAW/YWE



92-8 xipuaddy

0 0 81 0009 0 SEOYAIAAY dOIYEd

0 0 TLO6 00000¢€ 0 STYLOL QOI¥id
0 0 0 0 0009 0 0 05
0 0 0 0 0009 0 0 6y
0 0 0 0 0002 0 0 8v
0 0 0 0 coas 0 0 LP
0 0 0 o] 00Co9 0 0 9%
4} 0 Q 0 0009 0 0 Sv
0 0 0 Q Q009 a 0 127
0 0 0 o} 0009 0 0 £p
0 0 o] 0 0009 0 0 A4
0 a 0 Q 0009 0 Q 187
0 Q 0 Q 0002 0 0 (037
0 0 o] 0 0009 0 0 (33
0 0 a 0 0009 0 0 8¢
Q o] 0 0 0009 0 0 Le
0 o] 0 0 0009 0 0 9¢
0 Q o] 0 0009 0 0 S€
0 0 0 0 0009 0 0 FE
0 0 0 0 Q009 0 0 €€
0 0 0 0 0009 0 g 43
0 0 0 0 0002 0 0 1€
0 Q 0 0 [elefele) ¢ 9] 0€
0 0 0 0 QG609 G 0 62
0 0 0 o} 0009 G 0 82
0 0 0 ol 0009 0 0 LE
0 0 0 0 joleje)] 0 0 oz
0 0 0 0 0009 0 5} G52
Q Q o] Q 0002 0 0 v
0 0 0 0 0009 0 0 €2
0 ol 0 0 Q009 Q 0 44
0 0 0 0 0009 o} 0 12
¥ 0 0 0 0009 0 0 0c
0 0 o] 0 0009 0 0 6T
0 0 0 9L 0009 0 0 8T
0 0 0 66bp 0009 0 0 LT
0 0 0 80¥2 0009 0 0 97
0 0 0 BEFT 0009 o] 0 a1
0 Q 0 0 0009 o 0 vt
o] 0 0 0 00092 0 ¢ E£T
0 0 0 0 0009 0 0 [
0 0 0 0 coce o] ¢ 1T
0 0 0 0 0009 0 0 0T
0 0 Q 0 [ele}e]:) 0 0 6
0 0 0 o] 0009 0 0 8
0 0 0 0 0009 0 0 L
0 o] o] 0 0009 0 0 Ef
0 0 o] 0 0009 0 0 S
0 [ 0 0 0009 o] 0 i
0 Q 0 0 0009 0 0 €
0 0 9] 0 0009 0 9] <
0 0 o] Q 0009 0 0 1
OIS ONIGNI S80T WILSAS NOILYYOAYAR SISYIMOHS SANYIWIQ MOTTE DHEHENN DYLS IMYLS oY

566 TYMNA 8 JAON AE AMVWWNS TYLICL JOI¥3Id NOILLY'INWIS

48y ¥ T NOSYWWId /M ANOD O/M 616 8 "1 "AId - AQNLS MIALYM TYNOIDIM 0D VNIATW/VWL



1Z-8 xipuaddy

0 0 0s¢€ ZL588 ¢ SHDYYIAY JOI¥Ed

0 0 SESLT 0098LT 0 STIVILICL dOIddd
0 Q 0 0 2199 0 0 Qg
0 0 0 0 2159 4] 0 6F
0 0 0 o] LSS 4] 0 4
0 0 0 0 ZLSY 0 0 Ly
0 0 Q 0 ZLSS 0 ¢ 9%
o] 0 8] Q TLYS o 0 =37
] 0 0 0 ZLSS 0 0 47
0 0 0] Q ZL89 O 0 €p
0 0 0 0 Z2L49S 0 0 44
0 0 4 0 ZLSS Q 0 197
0 0 0 0 ZLSS 0 0 0¥
0 ] 0 0 ZL58S 0 Q 6t
o] 0 0 0 LSS a 0 1
0 0 0 0 ZLY9S 0 0 LE
0 & Q 0 2188 0 0 9¢
0 0 0 0 ZLSS 0 [y Se
0 Q 0 0 ZLSS 0 0 123
0 0 0 0 LSS 0 g £E
0 o] 0 Q ZL99 0 0 4
0 0 0 0 PR 0 a Te
Q 0 ol 0 ZLSS Q Q o€
a 0 0 £E0TT LSS 0 0 62
0 0 0 9L01 ZLSS 0 0 8¢
0 0 o] 0 ZLSS 0 0 Le
0 0 0 0 ¢LSS 0 0 92
o] 0 0 0 ZLSS 0 4] S<
0 0 ¢ 2 ¢LSS 0 Q 124
0 0 9] s ZLGY 0 0 £Z
0 a Q 0 [ARE) o 0 44
0 0 0 0 CLYS o] 0 1
c 0 0 0 ZLSS 0 0 Gz
0 8} 0 0 ZL58S 0 0 61
0 Q 0 ¥iL82 ZLES 0 0 81
0 0 o] LSS gLSS 0 0 LT
0 0 0 LSS ZLGS o] 0 91
0 0 0 BEST A=) 0 0 St
0 0 0 0 CLSS Q 0 7T
0 o] 0 0 7489 0 0 18
] 0 0 0 LSS Q 0 T
0 0 0 0 ZL99 Q Q 11
0 0 0 o] LSS 0 Q 0T
0 0 0 0 ZL99 Q 0 6
0 0 Q 4] ZLSS 0 0 8
0 0 0 0 ZLSS 0 0 L
0 0 0 0 ZLSS 0 o 9
0 0 [¢] 0 gLSS 0 0 )
0 0 o] 0 ZLGS 0 0 4
0 0 0 4] ZLSS 0 0 €
0 0 4] 0 ZLGS 0 0 4
0 0 0 0 cLSS Q 0 T
D¥LE DNIANT  SSQOT WALSAS NOILWHOdYAD SHOYLMCHS SANYWAA MOTA DEHNN DdLS I¥YilsS LLEPS

166 TYMWE 6 JAON A8 AYYWWNS TYLOL QOIMId NCIIWINWIS

45¥ ¥ T NOSYYAd /M ANCD O/M 616 8 1 "AId - AQNLS ¥ALYM TYNOIDEM 02 YNIAIW/YWd



82-8 Xipusddy

97881 E0SET ol 06T 50%51 5} SHOYMIAY d0OIydd
TTEZEL Z615L9 0 £8056 SLZOLL 0 STYLOL aoIdad
LLZ6T 8LP9T 0 g 8791 0 0 0s
S9¥91 SOF9T 0 0 597917 0 a 6%
T1e11 17971 0 0 TT97TT 0 g 8F
9TGET STSET o] 0 SIseT 0 0 Ly
S8TIPT raivl 0 0 F8IPT 0 0 9y
LO0T6T 61691 0 0 61591 0 0 g
ter81 069971 0 0 06991 0 0 i
LLpoT 9Lv9T o] 0 9L79T1 0 0 384
rP09zT G09271 O 0 509¢T1 0 ol 44
c0g891 £08S1T 0 0 £E089 1 0 0 184
LLSET LLSET 0 0 LLSET o] 0 ov
LOPET 80%ET o 0 80PET a 0 6¢€
8V6ET LY6ET 0 0 Ly6ET 0 0 8¢
Fe0¥1 €60FT 0 0 £60PT 0 o] LE
[AAS CZGET 0 0 ZZGET 2 0 gt
062V Z6Z%T 0 0 <6Zhl 0 0 St
849521 09521 0 0 095<1 0 0 Fe
gLePT ZLTRT 0 0 ZL2P1 0 0 £e
L1ZET LTZET 0 0 LTZET 0 0 4
6GSPT 09591 0 0 09S¥PT 0 0 Te
6G8¥F1 09SFT 0 0 09671 0 o o1
FeeeT £dotl 0 0 €Z6ET 0 0 6<d
68€87 6LLGT 0 0192 68E8T o 0 82
GZ29T 822971 0 0 229t 0 0 Lz
LTPST LIPS T 0 0 LTPSET 0 0 92
Ga1el 9ELTT 8] LBEE £E2TET 0 0 sZ
Z8L6T 96191 0 0 96797 0 Q re
Oerel LIP9T 0 0 LTP9T 0 0 EZ
ELCVT €LEPT 0 0 €LIPT Q 0 (x4
06Z%1 [A 24NN 0 0 [4: X4 0 a 0 1<
€8PV T €8VPT 0 0 E8FVT 0 ol 0z
e85l ErErat 0 0 586271 g 0 61
b¥6el PROocET 0 906 0g6t T Q 0 81
91861 0 0 L2PLT LZPLT 0 0 LT
PSLET 6TLT 0 TrBST 08G4T 0 o] 97
9LLeT 85%9 0 ge9et £e06T 0 0 ST
09061 £608 o] 9960T 66061 0 Q A
9161 9L2Z8 0 8e01T PIE6 T ¥ 0 €T
6561 £E0L 0 €221l 96161 0 0 A
ereEeT TF8TIT 0 605L 0SE6 T 0 o] 1T
96561 96541 0 0 9649971 0 0 01
9LS6T OLSLT 0 pS1 TTi61 a 0 6
6FFST 05pS1 0 & 0grsT 0 0 8
6ETOT LE19T 0 0 LETOT 0 0 L
TTppT 60F P 1T ¥} 0 60P71T a 0 9
98EFT 98€PT 0 0 98EV T Q Q g
LoL81 £T997 0 0 £1991 0 a 14
CEPPT 1eprpl 0 0 TEPPT Q 0 [
6TEET 6TEET 0 0 6TEET 0 0 Z
9£499T1 LES9T 0 0 Les9l 0 0 T
dO¥3SN LSIH d9¥dsn L3N NOILYHOdVYAT SUIVILYOHS SAONYWAA MOTA 9F¥NN DALS LAYLS WYIA
INYI Yihd 0T ZACN A AMYWWNS TY¥IOL QOTHAd NOIIYTINWIS

48Y % T NOSYYEd /M ANOD O/M 616 8 "1 "AIQ - AANLS ¥IIWM TYNOIHZEM OO YNITIW/YWE



62-9 xpuaddy

0 0 0 66EE 0 SHUOYAHEAY JOTYId

Q 0 0 066691 0 STYLOL JOI¥Ed
Q 0 o] 0 66EE Q o] 08
0 g 0 0 66EE 0 0 6F
0 0 0 0 66EE 0 a 8r
0 0 0 0 66€CC 0 0 Ly
0 0 0 0 66€¢€ 0 0 9v
¢ 0 o] 0 66£€ 0 Q 57
0 o] o] ol 66L€ 0 0 47
0 0 0 0 66€E Q 0 4
0 0 0 0 66£€ o 0 (A1
9 0 0 0 66CE 0 O 18y
0 0 0 0 66EC Q Q oF
0 o] 0 0 66EEC 0 0 6E
0 0 Q 0 66E€ 0 0 8t
0 0 0 0 GEEE 0 0 LE
0 0 Q 0 66EE 0 0 9¢€
a 0 0 0 66EE 0 0 SE
0 0 0 0 66EE 0 0 vE
0 0 Q 0 6EEC 4] 0 €€
0 0 q 0 66EE o] 0 [4)
0 0 0 0 66EE 0 Q €
Q 0 0 0 66EE 0 o] 0€
0 0 0 0 66EE 0 0 62
0 ol 0 0 66€C Q 0 8Z
0 Q 0 0 66EE 0 0 Le
0 0 Q 0 112 0 0 9z
Q 0 0 0 66E€€ 0 0 52
o] 0 0 0 6BEE 0 0 ¥
0 0 0 0 66EE 0 0 EZ
0 0 0 Q 66EE Q Q [
0 0 0 0 e6tE 0 ] 114
Q 0 ] 0 66EE 0 0 0z
0 0 0 0 66EE 0 0 6T
0 0 0 0 6EET 0 o] 81
0 0 0 0 GetL 0 0 LT
0 0 0 0 66€E 0 0 91
0 0 0 0 66€€ 0 0 ST
0 0 0 0 66€¢C 0 0 vl
Q 0 0 0 66¢E¢ 0 0 £T
0 0 0 0 66£€C 0 o <T
0 0 a 0 66EE 0 0 1T
0 0 0 0 66EE 0 0 ot
0 0 0 0 66EE a 0 6
Q 0 o] 0 66EC 0 Q 8
0 0 0 0 66EE 0 0 L
0 0 0 0 66€€ 0 0 9
Q 0 0 0 66€E 0 o] 5
0 0 0 0 66EE 0 0 ¥
0 0 0 0 66EE 0 0 £
0 y 0 0 66EE 0 0 4
0 0 o 0 (34 0 0 T
OIS ONIONT SSOT WILSAS NOIIVHOdYAT  SHOVIMOHS SANYWAJ MOTI DFENN 2418 LUYLS HUYAA

OOYNIQHEW TT F00ON A9 IMYWWAS TYI0L OTI¥Id NOILYINWIS

¥SY % T NOSMWAd /M ANOD O/M 6T6 8 1 "AId - AQNLS ¥IIYM TYNCIDEM 0D YNIQHAW/YWd



0c-g xipusddy

0 0 €01 001E G SIOYHIAY JOI¥3Id

0 Q cels 000651 0 STYLOL dOIYEd
0 Q €} 0 Q0T 0 0 0s
0 0 0 0 c0TE 0 0 1534
a 0 0 0 00TE 0 0 8¥
0 0 0 0 001g 0 0 LV
4] 0 0 0 001€ 0 0 9%
Q 0 0 0 001E 0 Q aF
0 0 ol 0 0o1lE o] o] A4
0 0 0 0 0071¢E 0 0 £F
0 0 0 0 00T1E 0 0 [44
0 0 0 0 001e 0 0 ir
0 0 a 0 00TE 0 0 0¥
Q 0 0 0 001€E 0 0 6€
0 0 0 0 00TE 0 ¢ 8€
0 0 a 0 001¢ 0 0 LE
0 Q 0 0 001¢ 0 0 9€
0 a 0 0 00TE 0 0 g€
0 0 0 3] 001¢E 0 o] ve
0 0 0 ol 001¢ 0 0 £e
G 0 0 0 C0TE 0 0 19
0 0 0 0 00T¢ 0 0 1€
0 0 0 0 001e 0 ] o€
0 0 0 0 Q01¢g 0 0 62
0 Q o] 881 00TE 0 0 8¢g
Q 0 0 0 001E 0 0 Le
0 0 0 0 00T€ 0 0 9¢
0 Q ¢} LS 001¢ 0 0 52
8] o] a 0 Q0Te 0 0 124
0 0 0 0 001E 0 0 €2
0 a 0 0 00Te o] 0 44
0 Q 0 0 001e 0 0 1e
¢ 8] 0 0 oote 0 0 0
0 0 0 0 00T1E 0 0 6T
¢ 0 0 ZEE Q01E 0 0 8T
0 0 o] 00ET 00TE Q 0 LT
0 o] 0 6ES 00Tg 0 0 91
0 0 0 STFT 001€ 0 0 ST
0 0 0 862 00TE ¢ Q A
0 0 0 XA 001€ 0 0 €T
Q 0 Q N84 QQTE 0 0 ¢l
0 o] 0 0 00TE 0 0 1T
0 0 0 0 001 0 0 0T
0 0 0 0 CIONRS 0 0 6
0 Q 0 0 00T€ 0 0 8
0 0 0 0 00TE Q 0 L
0 0 0 0 00TE 0 0 9
0 0 g 0 001¢ 0 a 5
0 0 a 0 001¢E 0 0 14
o] 0 0 0 001¢e 0 0 £
0 o] 0 0 00T1€E 0 0 <
0 0 0 5} 00Te 0 0 T
OYLS ONIGNY S8OT WILSAS NOILYYOAYAT SIOYILUOHS SONVWEd MOTA 9NN NLS IMYLS MYEA

T GOUNYd Z1 JAON A IMYWWNS TYIOL JOIY¥dd NOILWINWIS

4SY ¥ T NOSYWVEd /M ANOD O/M 616 8 T "AIQ - ACQNLS ¥ALYM TYNOIDIY 0D YNIAAW/YWE



1£-d xpuaddy

0 0 L8LZ Z2TLs82 0 SADYIIAAY JOTHE

0 0 9LE6ET <E258IT 4] STYI0L JOIYEd
0 0 0 g LE892 0 0 0s
0 0 0 g Zi5Le 0 o] 6F
5 0 ol 0 r8see 0 o] 8y
0 Q Q Q Spred 0 2 LF
0 0 0 o] 952v2 0 0 9P
0 0 0 0 QBEVZ a 0 SF
0 0 0 0 8TELZ 0 0 23
] 0 0 8] £09Le 0 0 £F
0 0 0 0 EE9EY o 0 (47
Q 0 ¢ 0 L1592 a 0 187
0 0 0 o] 615V 2 0 0 op
0 0 0 G verve 0 0 6E
0 0 Q 0 Steve Q 0 g€
o] 0 8} 0 8L15¢ 0 0 LE
o] ¢ 0 0 SI8%< 0 0 9€
0 0 0 0 [AR N o] 0 SE
g 0 0 0 £poce 0 0 23
0 0 0 0 LB6ZST 0 0 £€
0 a 0 0 ebeld Q 0 4
0 0 a 0 9¢8s5¢ 0 0 133
0 0 0 0 P2ece 0 0 ot
0 o] 0 0 3c6be o] 0 62
0 5 0 LE99 04906< 0 0 8¢
o] 0 0 0 92867 0 0 Lz
5} 0 0 a £SFES 0 0 9¢
0 0 0 1262 T6L9T 0 0 5z
0 0 0 a L6B<C 0 0 ¥
0 0 0 0 90€9¢ 0 0 [
0 0 0 a 8882 a 0 [44
0 0 o] 0 EIANA 0 0 1<
0 0 0 0 §P5SE 0 0 0g
0 ol 0 0 §59¢2 0 0 6T
0 0 0 £Te §89¢Z 0 0 8T
0 0 Q 65LEL S96t¢ 0 0 LT
0 0 0 SISLT 106¥%< o 0 91
0 0 0 08s5%2 67T62¢ 0 0 ST
0 0 0 GEOLT £59¢¢ a 0 71
0 0 Q CESET SL8PE 0 0 €T
0 0 0 B9ZLT SZpEE a 0 s
0 ¢ 0 S6SET 91Z8¢€ 0 0 1T
0 0 0 8] 52081 0 0 0t
0 0 0 LT19T 6G50€E€E 4] Q 6
0 0 0 0 65852 0 0 8
0 g 0 o] £199¢ 0 a L
0 0 0 0 SG€57 Q 0 9
0 0 o] o] 88E52 0 o] g
0 0 a 0 LZ0Le 0 0 v
0 0 o] 0 08%5<Z a 0 £
o] o] 0 0 98EVL 0 0 4
0 o] 0 0 889LZ 0 0 T
OMLS ONIONZ SSOT WALSAS NOILYHOdYAT SIOVLHOHS SONYWIJ MOTI DHdENN DALS LMVYLS HUYIA

8SCT NYD ET HUON A" AYYWWNS TYLOL QOIYddd NOLIVINWIS

MSY % T NOSMWAd /M ANOD O/M 616 8 "T "AIO - AUNLS HIALYM TYNOIDHY OO ¥NIAHW/ViNG



Ze-g xpuaddy

V1 NOSUVId LNOHLIM
USVY LNOHLIM
NOILVAYASNOD NOLLVOIMYI HLIM

€-4 S319v1



£e-8 xipusddy

L€ z2°z z: zr £ c" A g 0- z" 0" £°96 Z01€ 1 O0DANYd 1
0° 0° 0- 0" 0" N 0* 0° 0* 0° 0" 0°00T  0O0FE OOYNIQAW  TT
€°8 L9 € 0° £ g* z* 0° z* 0° z" L°T6 SEINYA  THMI YWd 0T
5-92 59z 0" o* 0* o 0° 0 o 0" 0" gL PGS T66TVMAD 6
575 g'¢ g G* £ 0° z* 0" 0" z° z° S b6 0009 G66TYMAA 8
07z o z* z' 0° z* 0° 8" z* z* ol 0" 86 8902 ¥ ODANYE 9
%0°00T %0°C0T $0°06 %0708  %0°0L %0702 %0°0§ %0°0F %0°0f  %0°0Z  %0°0T  %0°

niyy nau; naya nIyy nIyl nIya nayy nayy naya nIy: nays nrya MA/3-VY

%T°0 $1°C6 3$T1°08 %1°0L %T°09% %T°0S  %T°0F $T°0€  %1°0Z2  %T°0T  &T1° 80" aNYWad

|||||||| SINNOWY JNYWIQ ATHINOW 'TINd EHLI JO FONYY IOVINIOHWEd ¥ SY QISSIHAKA HDYLHOHS ------- T10d AWLN HACGN

SLNOOWY JONYWII ATHLINCW TIMA FHL A0 SEONVY IOVINIDOMEd OTIIDIAS NIHLIM SIOVI¥OHS ¥OJ SITILITIEYEOEd FANTIVE INYWIEJ

22 T T 1 'z 0 T € 0 T 0 e Z01¢E T CDANYE 2T
o "0 0 "0 "0 0 ‘0 0 0 0 0 009 0OPBE OOUNIQEW 11
"0g 0% 'z "0 "z € 1 0 1 0 1 055 SEINYA  IN¥I WWE 0T
651 65T "0 Q ‘0 0 0 0 0 0 0 iz vLG5 T66TYMWE 6
‘£g o4 "z € ‘z 0 T 0 "0 1 T ‘19g 0009 SE6TYMWE 8
z1 "0 1 T 0 T 0 G T T 2 885 8907 d 00aNwE 9
$0°00T %0°C0T %0'06  %0°08  %0°0L %0709  %0°0S§  %0°0F  $0°0E  %0°0Z %0701  %0°

nay3 nayl niys nays niyl niyl nIya nIy3 niyy nIy3 nIys niya HA/d-Y

$T'0 $7°06  $1°08  %T°0L  %1°09  $1°05  %T1°0F  %T'OE  $%1°02  %1°0T  %T° 30" ANYWAd

........ SINNOWY aNYWIA ATHINOW TInd FHI 30 FONwY FOVINIONId ¥ SY JISSTudXE TOYIMOHS ——===-m TInd TN FAON

SLNNOWY ONYWIT ATHINOW TINd FHL 20 SIAONYY HOVINEOMEd OIJAIDHAS NIHLIM SUOYIHOHS HLIM SHINOW QO ¥HAWNN

dSY ¥ T NOSHYAd O/M ANOD /M 616 & NOISHUIAIA - AQNLS ¥ALYM TYNCISIM O3 WNIUIW/YWd



t£-8 Xpuaddy

£L66€ €O0TTT 96 LE 1527413 0 SUDYMEAAY d0Iddd

£598661 §L1855 618681 660cL61 0 STYLOL d0I¥dd
6QLKTT 0 €6P6T 0 6L8PP 0 086107 0s
0S6T0¢ 0 5652 0 £9971F 0 6909¥%¢ 6r
690952 066L8¢€ 8711 0 0Tzoc 0 228%42 234
2Z8¥8Z coLLz 0SLL 0 82E8¢€ 0 ¢8EZET Ly
ZB8EZET 0 S0%0T 15¢€ 92L8¢ 0 T19¥%cL 9
TTe%L 0 S0PST [AANE TpGED 0 LS89FT S¥
LS89V T 0 081v1 0 6LEEF 0 Zr46e0< |44
278602 698L £96871 ] PLOTP 0 £CBPST £y
£289%52Z 061012 6vZol 0 ZleLe 0 S6850¢ [
S56850Z 0 0L6LT 0 8950¥% 0 8rl8ee TP
8p18272Z 696€5T 89LST Q £6€8E o] E£EC875T 0p
£Z8F5¢ 82LG7T cLetll 0 €08t 0 G619¢2 BE
S6T9¢¢ 72001 £7802 0 £788¢€ 0 £28752 BE
£28V5Z LYOSY 807TL 0 FLe8E 0 G9Ipee LE
092vEe LELEST LPLOT Q 2EL8¢E 0 £Z8vse 543
£2875¢ 6ELOC 80TST ol g0zet 0 £28¥52 5€
ECBPET BEBTIST LS6C 0 09¢Le 0 6There 23
6TPERZ LOSSPY pLEPT 0 LLTBE 8] £28¥52 £e
£ECBYSE 19159 85L8 0 £66LE 0 81pEET 45
aTPEET Q ERaN-ht 0 T0S6¢€ 0 0F68ET €
O0P68ET 0 Z¢s1s 0 1096¢€ 0 L6TOET [
LeTOET 0 PIPTT Z0L £808¢ Q £T99¢ &g
£199¢ 0 5987% ZL8G 06Z8E 0 STr#9 8z
S1vR9 0 FF8s ZL8S L18SE 0 5P599 LZ
§7599 0 2199 LLag T6L9€ 0 G56609 9e
56609 Q BZSE ZLSS S95pE 0 S81Le 5¢
§8TLE 0 1866 rpiee TETER 0 897771 ¥z
89Z1ET 0 9FLoT 0 9Z1SP 0 L1evee g
L1gvZC 6LETY 9TPST ol 8LleE 0 Zcavee g
Z2Z8¥FG2 S8€E8Z LE6ZT a 00Z6€E o] 121252 1e
121282 8906 80001 0 €Ir6E a £Z8¥se ox4
£Z8PSC £80TET SL69 0 062LE 0 T0P6TT 6T
10P6TT 0 9509 g6LS LLTSE 0 a 8T
0 Q al B8P LE 2188¢ ¢ 0 LT
0 0 £ ££9L2 BE88¢ 0 0 91
0 0 Fso 20%8¢ ZBO6E Q €EGTT ST
EEGTT o] £99 LEETZ 86ESE 0 ol A
0 0 60¥% £r991 6E88€E 0 0 £l
Q 0 |42 80LLT 9568¢€ 0 96G8 Z1
9658 0 1488 2158 06£6€ 0 PEQED 1T
PEOES 0 0FTS Z61¢C 8bLE 0 6EL6G ot
6EL6S 0 94621 FAANE €80 P 0 ¥Z9GFT 6
P2ogvl 0 Ze6ve Q LOGOP 0 6ECELT 8
6EZELT 0 6PLOT 0 0621P 0 68CE6 T L
682861 0 9vZis Q ZEEBE 0 LES98T 9
LES98T 0 6TPPT 0 €0E6€E 0 260L91 S
960.91 0 £€2022 0 Z6Zvy 0 L685FeC 4
LeBSFC casel LTZ1T 4] AN 0 9TPSFke €
9TWS¥Z 0000FT ST0TT 0 LOT8E 0 F6S61< 4
PeSe1c 0 PEL9T 0 SPLTY 0 £€287S¢ T
DYLE ONIANT  S80T WALSAS NOILYYOAYAT SHOWIMOHS SANYIWEA MOTA SHEYNN DULE IMVLIS Y

T YNIOTKW T HdON X8 ANVWWNS TYIOL JOTYHd NOIIVTINWIS

M8Y 3 T NOSYYEd O/M ANOD /M 616 @ NOISHAAIJ - AJALS ¥FLIYM TYNOIOEY 0D YNIAIW/VWE

dA



9061
90ST
2061
904671
90871
2057
9057
90S8T
90871
9081
90GT
205T
908T
90ST
9081
9081
2081
G90GT
20571
905T
90ST
9081
90G6T
2051
90GT
2081
90481
90871
9081
9087T
9081
9047
90871
0

0

0
08T
ile
8]
9081
90ST
906T
90471
9051
9081
9067
908971
9041
90491
9051
ALS

ONIANA

0

¢

0
0
0
0
0
0
Q
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q
Q
0
0
g

SOT WALSAS

SE-8 Xipuaddy

90¢
£leEsT

909
8EG
522
vee
c0€E
159
ovE
08¢
[era
90¥
11¢
B9<
80P
ST
LTE
56¢
59
082
493
&4
681
£0E
9L€
0eZE
262
S9¢
8G¥
FAN7
S0¢
8GZ
(61
60T
S§5¢
0
1L
Slz
PET
Eel
8£<¢
vy
e
287
ves
T9z
ELY
62¢%
ELY
gé¢
612
9vE
NOTIVYAOdYAT

T NSHAIQ

Z0LE
cETs8l

oo oo

O™
= ul
— ™
—

(v NeRelloleNoloNeBaeNe ool ol

N O
[}
~

ZLGS
ZL54
LLBE
<LSS
veze

BS¥VS
8819¢
¥60LZ
LL69Z
6E0T2
Tece1
L62LT
ZLSS
Z6TE
ZPIT

o

0o oo oo oo

IOV LAOHS

reoe
660LLET

6LLTE
£958¢€
0T1lee
BZZSE
9295¢
TPPOP
6.L80%
FLS8e
[ARA S
B9FLE
£625¢
£€015¢
€TLSE
pL8SE
9€£che
00T19¢€
091rE
LLo9t
£6387C
TOP9E
T0P9¢€
£gere
06T5¢€
L1LcE
169¢€€
S9VTE
1e00¥
9202¥
8L09E
00T9€
E1E9€E
0eTve
LLOCE
ZTLSe
8ELSE
2865E
B6ZGE
6ELSE
94985¢
0629€
T8ev¢e
£€8607
LOVLE
0618¢
[ANAZLS
£029¢
Z6T1V
[AsyAciS
L00se
S¥98E
SANYWAQ

818 SHOVYHAY QOT¥Ed
L¥60F STYLOL JOTddd
6t 9081 Qs
€72 9061 6V
9382F 9081 g8
0LSe 908T Ly
vest 9061 9%
S87T 908T 5%
692 9087 a3
6TL 905871 £p
2081 90871 (4%
292 9051 1%
6LPT 9061 0F
765 9051 6E
Z6TT 908T 8¢
17071 9051 LE
£E0T 9051 9t
8GET 9081 e
ZEVE 9051 Ve
S16Z 9051 £e
LS¢ 90ST 43
QT1d 90671 1€
£S¢€ 9061 0€
50T 9051 6c
T6€ 905T 8Z
69 9081 La
£26T 90ST g9e
289 90ST 5¢
9% 908 T be
09 9061 £Z
9eT 9051 14
6% % 90§51 12
vec 9051 4
86T 9051 o1
066l 0 81
Fe 0 LT
08 0 91
6L 20481 ST
62€ 116 P
9l o] £l
ot 90ST [
621 9061 1T
8ER 9051 0T
8Tl 90ST 6

S1T 9041 8

L8vl 9061 L

L8 9061 9

Z0¢€ 9081 g

8L 9051 4

€911 9051 [

TeL 90ST 4

L56 9051 T

MOTA BEANN 2dIs IMYILS MYIA

JAON ARG AYYWWNS TYICL QOTddd NOILYTINWIS

dSY 3 T NOSHYHd O/M ANCO /M 616 ® NOISHMAEAIU - AQNLS MILYM TUNOIDIY OD ¥NITAW/YWEG



gc-6 Xipuaddy

0 0 9F&T GPZ61 0 SIOVHIAY QOIMEd

0 0 Q1L 092296 0 STYLOL JOTyddd
0 0 0 0 LLoce 4] 0 08
0 o 0 0 r98el 0 o] 34
0 0 0 0 01081 0 0 04
0 0 0 Q 71691l 0 0 Lp
0 0 0 0 £85LT 0 0 9p
0 0 0 0 90%2¢ 0 0 N4
0 0 0 Q 268TC 0 0 4%
0 0 0 0 Sr8e1 0 0 £F
0 0 0 0 vo0eT 0 0 <y
0 Q 0 a Z068T 0 0 187
0 0 0 0 9691 0 0 oF
Q 0 0 0 LOBST 0 0 6E
0 Q Q Q 9veLT 0 0 8t
0 o 0 0 Z6vLT 0 0 LY
0 0 4] 0 12691 0 0 9€
0 0 0 s} T6e39L1 Q 0 S€
8] 2 0 o 69651 0 0 pe
0 0 0 0 TL9LT 0 0 €€
0 0 0 0 91991 0 0 [
0 0 0 0 65eLT 0 0 1€
0 0 0 0 646LT 0 0 ot
0 0 9] 0 ZEELT 0 G 62
o] 0 0 0 B8L1C o] 0 ac
0 0 0 0 Pz9671 0 0 Lz
0 0 0 0 918871 0 0 9z
0 0 0 0 22481 0 0 §2
0 0 0 o] 6L1ES 0 0 ve
0 0 0 0 688227 0 0 [
] 0 0 0 2L9Lt a G (44
0 0 0 0 Te9Ltl Q 0 ¢
0 0 0 0 288LT 0 0 0z
0 0 0 0 78651 0 0 6T
0 o] a 906 6FELT 0 0 8T
Q ol 0 91861 g1eee 0 0 LT
0 0 0 raspl £51es o] 0 a1
0 0 Q ZSERT SL1€e 0 0 ST
0 0 0 90¢E1l1 8Gpdc 0 Q 71
0 0 0 168¢L £TLZe 0 Q ET
0 0 0 4918 L9822 & 0 ¢l
0 0 o] 0 6FLTl 0 0 1l
0 0 0 0 56681 0 0 01
0 ¢ ¢ 0 5L62C 0 Q 6
0 a 0 0 67881 0 0 8
0 0 0 o] 9ESET 0 0 L
0 0 0 Q 808LT 0 0 9
0 0 o 0 SHLLT 0 o] )
0 8 0 Q 997122 0 0 4
0 0 4] 0 0E8LT o] 0 3
[ 0 0 0 8TL9T o] 0 4
0 0 0 0 9661 0 0 T
DdLg ONIONZ S80T WALSAS NOILYYOdYAd SHASYLACHS SANYWEJ MOTI DEYUNN Sdls LYYLs AYHA

T NS¥Ydd £ EAON Ag AYYWWNS TYLOL dOI¥HEd NOILYINWIS

¥SY 3 T NOSWYHEd O/M ANCO /M 616 9 NOISHIAIO - AQNLS dALYM TYNOIDIY OD YNIARW/YWE



DIVERSION @ 919 W/ CONV W/Q PEARSON L & ASR

BMA/MEDINA CO REGIONAL WATER STUDY -

ASR PROJ

4

SIMULATION PERIOD TOTAL SUMMARY BY NODE

UNREG FLOW DEMANDS SHORTAGES EVAPORATION SYSTEM LOSS ENDING STRG

START STRG

YEAR

COCOO0D00DOLO0OODO0OOODO0O0OO0DLLOCOOITOOO0ODODOO00CODA0ODOCO0OO0OOO0O

= BeaeolaoNe NoNoloRaleNo e Ne oo NoNeNe o NoNoNe NeleNo ol o NoNoNo e Nolol ol ol NoNeNol ool aNal e e R olle)

(SR eReReRs e B jlelalalaloalolalsBeHe oo Rl oo Bole N NeNeNeNoNoloNoNeNeNolNoNeoNoNaleRol e Noll ol ol ol elie

QOO0 OC o000 OO0 O0O0000000ODO0CO0O0O0ODOODDT LD OO0 OO0

e sReReolsNe e Nele oo NololalaleBaleNoleNe el Be el o e Na s NeoNololNe o lae Moo la N Il We il o leNoll oo lie Noliel

OO0 OO0 OO OO O OO0 000 Q00O CO00O0CAODO0000O0D0D0O00O0DDC OO0

OO CO OO0 CO OO OO0 00000 C OO0 0CO0OOO0DOODOO00C0OO D

A NM o NN O~ 0O
—

o

o

(=]

o

O

PERIOD TOTALS

PERIOD AVERAGES

Appendix B-37



£c-g X|puaddy

0 0 0 26¢ 26 SADVHIAY JOTHId

0 0 0 PI9v1 P1op1 STYLOL qQOIMAd
000p o] 0 0 0 0 0007 0s
000p a 0 0 0 0 000% e
[ele)el 0 0 0 0 o] 000¥% 8%
Caov G 0 0 o] 0 00o0% LY
0007¥ 0 0 0 0 0 000% 9p
000% a 0 0 0 0 000w 514
000F Q 0 0 0 o] [sleJedy 144
000% 0 0 0 0 0 000b 147
000F o] o] 0 0 0 000F 47
000% o] 0 a 0 o] ooop 187
000¥ o] 0 a 0 0 000F (037
000F 0 Q 0 0 0 000F 6E
000F 0 0 Q 0 ¢ 000w 8¢
000F 0 a 0 0 0 000 LE
000% 0 0 0 o] 0 000% 9t
000¥% Q ¢ 0 0 0 000% St
000Pp ol 0 0 0 0 000F 143
Q00¥ 0 9] 0 0 Q C0Q¥F €€
000¥p 0 g 0 0 0 0007p [43
0Qo¥p 0 0 8} 0 0 0007p Te
[S{e1vh7) o] 0 0 0 0 000% o1
COCF 0 g 0 0 0 000¥% 62
cGov o 0 0 0 0 000F 8g
000°p 0 8 0 0 0 0C00F LZ
0007% 0 0 0 0 0 coQv 9z
Qo0 0 0 0 0 0 000y 52
000¥% 0 0 0 0 o] 00CF ve
000% 0 0 0 0 0 0o0v €2
000¥% 0 Q 0 0 0 0007 [24
000% 0 0 0 0 a Co07 %4
000% 0 0 0 [¢] 0 COov 0¢
000% ¢ 0 0 0 82V ZLSE 6T
ZLYE 0 Q 0 827P 66EE 109 8T
109 0 0 0 66EE £01E L68 Ll
168 0 0 0 €0T¢ 0EVe 0LsT 91
QLGT Q 0 a CEve TL61 6202 ST
6202 0 0 0 TieT 06%1 otve Pl
01pe 0 0 a 06ST £69T LOEZ €T
LOEZ 0 0 0 £e9T 0 000% [
000P o 0 & 0 0 000% 11
000F o] 0 Q Q 0 000% 0T
000¥% 0 0 0 0 0 000% &
0Qop 0 & 0 0 0 000% 8
000F 0 0 0 0 0 000¥% L
0oQvy Q o] 0 0 0 000% 9
C00¥ o 0 0 0 0 000F g
felelel o] 0 0 0 0 Qoorp i3
GOOF 0 0 0 0 0 000F £
000F 0 0 0 0 O jofefel g
000 F 4 o] 0 0 0 GooF T
DYLS DONIANT SSOT WILSAS NOILYMOAYAT SHOVILYOHS SANYWIQ MOTA DFUNN S¥ULS LMYIS HMYIA

IMINNOYD G HAON Ad RAVWWNS TYLIOL QOI¥Ed NOILWINWIS

MSY % T NOSYVYEd O/M ANOD /M 616 8 NOISMIAIQ - AQNLS ¥ILYM TYNOIDIH 0D WNIQIW/YWE



66-9 xipuaddy

0 0 a9l 8902 SPeatcT S39YHIAY JOTHad

0 0 6€8 0Qpeat SL2L969 STYLOL G0Td3Ed4
0 Q 0 Q 8902 LBZ6E 0 05
0 o} 0 0 8902 L8068 0 eF
0 0 o] Q 820< CES68Y 0 8p
0 0 0 0 890¢ 8L8V52 0 L¥
0 0 0 0 8902 T9279T 0 ar
a 0 Q Q 890¢ 831p P 0 14
0 0 0 0 8902 €0289 0 147
0 0 0 0 890¢ eEes8s 0 47
0 0 o] 0 8902 £860LE 0 44
0 0 0 0 8302 9L200T 0 ¥
0 0 0 0 890¢ SSL9VE 0 oF
0 0 0 0 8902 292692 0 6t
0 0 Q 0 890¢ 898961 0 8¢
0 0 0 0 8902 9¢89LT 0 LE
0 0 0 0 890¢ Fe0vaz 0 9€
0 0 [¢] 0 8907 ovSevl 0 =i
0 0 a 0 890¢ LSB9LE 0 A3
g o] 0 0 890< SZ6TST 0 £e
Q 0 8] 0 B90Z FZBEGT 0 43
0 0 0 Q 890¢ B9TTITIL 0 1€
0 8 0 8 8902 8TTTIT Q g
Q 0 0 0 890¢ 9€1002 0 62
o] 0 Q 0 8902 z0z09 0 82
0 0 0 0 8902 L1026 0 LZ
0 0 0 0 890¢ L6TIO0T 0 92
0 0 0 Q 8902 TTEFOT 0 ¥4
0 o] 0 0 890¢ 96ERT 0 ve
0 0 0 8T 880z 9LB8TE 0 €2
0 0 ¢ a 890¢ P681GT 0 [44
0 0 o 0 880¢ 84rerl 0 ic
8] 0 0 0 8902 €6T22CT 0 0z
0 0 0 Q 890¢ E0PELE 0 6T
0 0 0 43 8902 6899671 0 8T
0 0 0 16t 890¢ 1S 0 LT
0 0 0 0 890¢ 9FcLT 0 91
0 0 0 1t 89072 GBOST 0 ST
] 0 0 L9 BO0< 8FPS P 0 P
0 0 0 8F1 8902 1808¢€ 0 eT
0 0 0 Q 8902 S60c€ 0 <t
0 8] 0 0 8902 8969¢ 0 1T
0 0 0 0 8902 BEZ66 0 ot
0 0 0 0 8902 10<8¢ 0 &
0 Q 0 0 8202 £28001 0 8
0 0 Q 0 8902 EEOLG 0 L
Q 0 Q 0 8902 T2€ZET 0 9
0 0 0 0 890¢ SkeSeT 0 S
Q 0 o] 0 8902 TLRZS 0 i3
0 0 0 o] 8902 18L62T 0 £
0 o] o] 0 8907 00Lo8e 0 4
Q o o 0 8902 90c88 4] T
LS ONIGNE  S80T WALSAS NOILWMOAYAE SIOYLYCHS SAONYWAQ MOTA DEMNN DULS LYYIS R0-4CHN

¥ O0aNvd 9 HON A9 IHYWANS TYLOL dOI¥Ad NOIIWINWIS

d8VY % T NOSYVYAd O/M ANOD /M 6T6 8 NOISHIAIQ - AANLS ¥3LYM TYNCIDIN 0D YNIUAW/YWG



Ob-g Xipueddy

0 0 0 OF60T1 0 SEDYHIAY dOoIddd

0 o] 0 ZEQLPS 0 STYICL dOIddd
0 0 0 a 0psel 0 o] 08
0 0 0 Q 0FGeT 9] a av
0 0 0 0 0FSZT 0 0 87
0 0 0 Q opset 0 4] LY
¢ 0 0 0 0FSZT 0 0 9%
0 0 0 0 0psel 0 0 5P
0 0 0 0 0psel 0 9] vy
0 0 0 0 OpsSel 0 0 £7
0 0 0 ] 6EGZT 0 0 A7
0 0 0 0 0psS<l 0 0 ¥
0 0 9] o 0PscT o o] ov
o] 0 9] 0 0PsSZT o 0 6Et
0 0 0 0 0psel 0 0 BE
0 Q Q 0 6EGET 0 0 LE
0 0 o] 0 OFPSZ1 0 0 9¢
0 0 0 0 opszl 0 0 e
0 0 0 0 Lesel 0 4] FE
0 0 0 0 0FScT 0 0 €€
0 o] 0 a opszl 0 0 43
0 0 0 0 opszl 0 15} 1€
0 0 0 0 0pGeT 0 0 o€
0 0 0 0 £erel a 9] 62
0 0 0 0 Plie Q 0 87
0 0 0 0 6€82T 0 0 Lz
0 0 0 0 OFSeT Q 0 9z
0 0 0 o 9L68 0 0 'y
0 0 0 0 igrel 0 & ve
0 0 0 0 opGeel 0 0 £
o] 0 0 0 0FSétl a 0 zZ
0 0 0 0 el Ay At Q 0 154
0 0 0 0 0FSZT 0 0 [eF4
0 0 0 0 eESCT 0 0 6T
0 0 0 0 9988 0 0 81
0 0 0 0 Q 0 0 LT
[ 0 0 Q €97 0 0 9T
0 0 0 0 F60¢ 0 o] ST
0 0 0 0 (AR 0 0 A
0 0 0 0 68471 0 0 €1
0 0 0 0 £94¢ 0 0 zT
0 0 0 0 6ETOT 0 0 1T
0 0 0 0 0FScT 0 0 QT
0 0 0 Q 0pPSeT 0 0 6
0 0 0 0 OFSCT 0 0 8
0 0 0 ol op&et 0 0 L
0 0 0 0 0pseT 0 0 9
0 0 0 Q opsel 0 0 S
Q 0 0 0 0pS2ZT o] 0 4
0 0 0 0 aFs2Zt Q Q £
0 Q Q 0 6EG2ZT 0 o Z
0 0 0 o] (SR 2T At 0 0 T
DYLS ONIONI SSOT WILSAS NOLLYMOJYAY SUEOVINMOHS SANYIAIJ MOTA DIANN HYIS I¥YLS WYIA

VAT ALQ { JdON A8 ANYHWNS TYLOoL JOIY¥Id NOIIVINWIS

MSY % T NOSHMYAd O/M ANOD /M 616 § NOISHMIAIQ -~ AQNLS MILYM TYNCIDIM 0D YNIUHW/YWE



Ib-9 xipuaddy

0 0 S6< 0009 0 SHEDYHIAY dOTYAd

Q 4] 1GLPT 000Q0¢E 0 STYIOL JOI¥3d
0 0 0 0 0009 0 0 08
0 0 0 0 0009 0 a 6%
0 o] 0 0 Q009 0 0 8¥
0 0 o 0 0009 0 0 Ly
0 0 0 0 0009 g 0 9%
0 o] 0 0 0009 0 0 SF
0 0 0 0 [ole]els) 0 0 47
0 0 0 0 0009 0 o 17
0 0 0 0 0009 0 a A4
0 o] 0 0 0009 0 0 184
0 0 0 4] 0009 0 o] 907
0 0 0 0 Qo009 o] 0 6t
0 0 0 0 0009 0 0 8¢
Q 0 0 o] 0009 0 0 LE
o] 0 0 0 0009 Q 0 9€
0 0 0 0 0G089 0 0 gg
0 0 0 5 0009 0 0 re
0 0 0 0 0009 0 0 £e
0 9] 0 0 0ooe ol 0 ZE
0 0 0 0 Q009 0 0 153
0 0 0 G 0009 0 0 (e
0 o 0 0 0009 Q o] 62
0 0 0 0 0009 0 0 87
0 0 0 0 0009 0 [ Lz
0 0 Q o] [oloJe}") 0 0 a9z
0 0 0 0 coo9 0 0 x4
0 0 0 0 Q009 0 Q ¥e
0 0 0 0 G009 0 o] £
0 0 a 4} Q009 o 0 ez
0 Q 0 g 0009 0 0 1<
0 0 0 0 0009 0 0 0Z
0 0 9] 0 0009 5 0 6T
0 Q 0 9ZL 0009 0 0 8T
0 0 o] 66V d 000¢e 0 0 L1
0 0 0 LZvZ 0009 0 0 91
0 0 0 0G8TE 0009 0 0 =
o 0 0 SPSl 0009 0 0 [
0 0 o] 698 0009 0 0 €T
0 0 0 SesT 0009 0 0 T
0 0 0 0 0009 0 0 TT
0 0 0 0 o009 0 0 0T
Q 0 Q 0 0009 0 0 6
Q 0 0 0 0009 0 0 8
0 0 Q o] 0009 0 Q L
0 0 0 0 0009 0 0 9
0 a 0 0 0009 Q 0 )
0 0 0 0 0009 a 0 4
a o] o] 0 co09 0 0 [
0 0 0 0 0009 0 o] Z
0 0 0 0 0009 0 0 T
OYLS ONIANE SS0T WIHLSAS NOILYHO4AYAHE SHOVYIYOHS SANYWEAJ MOTA 5AMNN D¥LE LAYIS E1-4CPN

S66 TYMRg 8 UJON Ad AYYWANS TYIOL JOTYAd NOIIVINWIS

45y ¥ T NOSMYHEd O/M ANOD /M 616 8 NOISMIAIL - AUNLS ¥ILYM TYNOIOEN O YNIQIW/YWd



Zi-g Xipusddy

0 0 pevl ZL58 0 SHDYYIAY QOIdida

0 0 TTLTL goesLc 0 STYLOL JOIddEd
o] 0 o 0 LSS 0 0 05
0 0 0 0 ZLSS 0 0 6¥
0 0 0 0 ZL9S 0 0 8p
0 s} 0 0 ZLGS o] 0 Lb
0 0 0 16¢ LSS 4] 0 9v
0 0 0 P11 ZLSS Q 0 Sh
0 0 0 0 ZLSS 0 0 47
0 0 o 0 CLSS 0 0 344
0 0 Q 0 ZLGS 0 0 A4
0 Q a Q ¢LSS 0 0 197
o] 0 0 0 (AR 0 0 ov
Q 0 0 0 ZLes 0 0 (33
0 0 0 & ZL88 0 0 8¢
o] o] 0 0 ZL8S 0 Q Le
0 Q o 0 ZL5S 0 0 9¢€
0 0 0 0 ZL9S Q 0 S€
0 o] 0 Q LSS 0 0 ¥E
0 0 0 0 ZL9S 0 0 £E
0 0 o] 0 ZLSS 0 0 43
] 0 Q 0 ZLSS 0 0 T
0 0 0 0 LSS 0 o] [
0 Q o] zoL ZLS8S o] 0 ec
G 0 0 ZLS8S ZLSS 0 0 8Z
0 o o CLES ¢LSS 0 0 La
0 0 0 LL9g LSS 8] 0 a¢
0 ¢ 0 ¢LSS ZLSS 0 0 S<
0 Q 0 A A ZLYS 0 0 24
0 0 0 0 ZLSS 0 8} £C
0 0 o] 0 ZL8s 0 Q 24
0 0 0 0 2099 0 0 12
0 0 0 0 2LES 0 Q oz
0 0 0 0 ZL8S 0 0 6l
o] 0 0 TLFE LSS 0 0 81
0 0 0 ZLG8S LSS 0 0 LT
0 0 0 ZLSS 2499 0 Q 91
0 0 0 ZLYS <L8S 0 0 ST
a 0 0 ZLSS ZL499 0 0 71
0 0 o] ZL4S 2159 0 0 €1
0 a 0 ZL59 ZLSS & 0 A
0 0 & CLSS ZLGS 0 Q 11
o] 0 9] 26 1€ <LSS 0 0 0T
0 0 0 Zv1t ZLSS o] 0 3
0 0 0 Q ¢LSS 0 0 8
0 Q 0 0 CLES 0 0 L
0 0 0 Q ¢LSS 0 0 9
0 0 0 s} LSS 0 0 )
0 0 ] 0 LSS g 0 4
Q 0 0 0 LSS 0 0 £
0 0 0 0 gLGS 0 0 Z
0 0 0 0 LSS 0 0 T
OMLE ONIUNT 8807 WILSAS NOILWYOAYAZ SIOYIMOHS SANYWId MOTI OEMNN OMLE IYVLS R-L-4EDN

T66 TYMNd 6 HOON A9 AHMVHWWNS TYLOL dOI¥Ed NOILYTINWIS

¥sS¥Y 3 T NOSWYEA O/M ANOD /M 616 8§ NOTSMAATG - AGNLS WIALYM TYNOIDIAM 00 WNIAAKW/VYKWd



£-8 Xipuaddy

9851 00€FT 0 2751 2¥8aT 0 STEOVYIAY JOIdad
TI€E6L 000G 1L 0 0TeELL 0TECHL 0 STYLOL JoTydid
[ARANS 8LZ61 0 0 8LC6T 0 0 0%
S9reT §9791 0 0 EEERE 0 0 6%
11217 11911 0 0 11911 Q 0 8%
9TSET ST5ET 0 0 STGET 0 0 LY
S81F1 PBIPIT 0 0 F8IFTL o] 0 9¥F
LOT6T LOTET 0 0 LOT6T 0 Q Sp
E6V8T £6¥8T 0 0 £6F8T 0 0 |44
LLP9T 9L99T 0 0 9Lp9T O 0 £r
r09cT 50921 0 0 S02z1 0 Q A
Z06ST £0G681 0 0 £046G1T 0 0 ¥
LLSET LLGET 0 0 LLGET 0 0 av
LOPET BOFPET 0 9] 8071 0 0 6¢
8p6ET LhetT Q 0 LPGET 0 2 8¢
FeO¥1 €60FT 0 0 £607T 0 0 LE
cesel ZZSET Q 0 [24°1 9% 0 0 9€
06ZFT 262%T 0 Q 26271 0 0 5¢
86G<a1 09521 0 0 09521 0 0 Ve
[ARANN ZLevt 0 0 ZLZPT Q 0 £e
LTZEl LTCET o] 0 LTZET 0 0 4
65571 095%T 0 0 09891 0 0 1€
685V T 09671 0 0 09G¥F1 0 a og¢
PCetT £ceel 0 0 [ XA 0 0 6c
68¢€8T 68EST 9] 0 68€8T 0 0 B8Z
G229l G229t 0 0 58291 0 0 Lz
L1961 LIPS T 0 0 LTPST Q 0 9z
SZIST €214T 0 0 £2181 0 o] se
Z8L61 0BLeT 0 0 08L61 Q 0 4
06p6l 06%6T 0 0 06F6T 0 0 £z
ELCPT A AN 0 0 €Lirl 0 0 x4
062ZFT 434 AN 0 0 262V T 0 0 1<
£8PPT €89PT 0 0 £8vrT a 0 0e
58521 985<T 0 0 584921 0 0 el
6F6ET PPOET 0 906 056€1 0 a 8T
97861 0 0 918671 9T86T 0 0 L1
PSL6T oLgh g 788V rSLeT 0 0 91
9LL61 rers 0 ZSEPT 9LL6T 0 0 ST
09061 ESLL 0 90ETT 65061 0 0 ¥T
91E6T EZVTT Q Te8L vleel 0 0 €T
6SveT e0eTT 0 G518 85761 0 2 Zl
67EGT 0Ge6T 0 0 0G€61 0 o] 17
96G5T 96651 0 0 964991 0 0 ot
9L56T 9LG6T 4] 0 91561 0 0 6
[ A2 08%8T 0 0 0898T 0 0 8
6€T9T LETOT 0 0 LETIT 0 0 L
TTpPT 60FPFT 0 0 60FF1 0 0 9
9BEVT 28ePT 0 a 98EPT 0 0 S
L9L8T L9L8T 0 0 L9481 0 0 4
CEPPT TEPRT 0 0 Tepbt 0 0 £
61€ET 6TEET 0 0 6TEET 0 Q Z
9t891 LESST 0 0 LEGIT Q 0 T
JO¥ESN ISIH  499VESN LEN NOTIYYOdYAT SHOVIMOHS SANWYWIQ MOTA DTAENN OdLE LHYLS UYHX
IddI Yihg 0T YAON Ad AMYWWNS TWIOL dOINId NOILWINWIS

d8¥Y % T NOSYWVYEd O/M ANOD /M 616 8§ NOISMAAIO - AANLS YAIYM TuYNOIOFY 0D WYNIOIW/Wihd



-8 xipuaddy

0 0 0 66EE 0 STHOWHEAY JOINAd

0 0 0 046691 0 STYLOL JOINAd
0 0 0 0 BoEE 0 Q 0s
0 0 0 0 66EE 0 0 6%
Q 0 0 Q 66EE o 0 87
0 0 0 0 66€E 0 Q Ly
o 0 0 o] 66CE 0 0 9r
0 0 0 0 66LE 0 0 S¥
0 0 0 0 66EE Q 0 47
[ 0 0 0 66tL #] 4 EP
0 0 0 0 66EE 0 0 v
0 0 0 0 66EE G a 1%
0 0 0 0 getE 0 o] oF
0 Q 0 0 66EE 0 0 6€
0 0 o] 0 66EE 0 0 8€
0 o Q 0 66EE 0 0 LE
0 0 0 0 66EE 0 0 o€
0 0 0 0 66€€ 0 o] 13
0 0 0 0 66EE 0 o] PE
0 o] o] 0 66EE 0 0 £E
0 ol a 0 GOEE 0 0 ot
0 0 0 0 66EE 0 0 1€
0 0 0 0 66EE 0 0 o€
0 G Q Q 66EE 0 0 62
0 o] o] 0 66EE o] 0 8¢
¢ 0 Q 0 66EE 0 0 Lz
0 0 0 0 BBEE 0 0 9c
0 0 0 0 66€¢ o] 0 x4
0 o] Q 3 66EE 0 0 (44
0 Q O 0 66EE 0 0 €<
0 0 0 0 66EE 0 Q [44
Q 0 0 0 66EE 0 0 ¢
0 0 0 0 66EE 0 o} 0z
0 o] 0 0 66ET 0 ] 6T
0 0 Q 0 66E€ o] 0 8T
0 0 0 0 66¢E 0 0 L1
0 0 0 0 66LT 0 a 91
0 0 Q 0 66E£€ 0 0 ST
Q 0 0 0 66EE Q 0 vl
0 0 0 0 66£€ 0 0 [
0 0 0 0 6otY 0 0 ¢l
0 0 0 0 66EE 0 0 11
0 0 0 o] 66LE 0 0 o1
0 0 0 0 66£¢ o] 0 6
0 0 Q 0 66EE 0 0 8
0 0 0 0 66EE 0 0 L
0 0 9] 0 66EE 0 0 g
0 0 o] 0 66EE Q 0 )
0 0 0 o] GBEE 0 0 b4
0 0 0 Q BEEE 0 0 £
Q 0 0 0 66EE 0 0 4
0 0 0 0 66EE 0 0 T
DYLS DNIUNI  S8S0T WILSAS NOILWMOdYAT SHOVYILMYOHS SUNYWAA MOTA 9THENN NALS IAVYLS L:L-EPN

ODYNITIW TT dAON A9 IAYWWNS TYLOL JOI¥3d NOILYINWIS

dEY % T NOSYWYAd O/M ANGD /M 6T6 8 NOISMIAIA - AQNLS YIIWM TYNOIDEY 0D YNITIW/YKWE



Sp-8 xipuaddy

0 0 Lo Q0TE 0 SdOYdIAY dOIMdId

0 0 L8YTD Q00GS T Q STYLOL QOTI¥dd
0 0 0 0 007TE 0 0 09
0 o 0 0 Q0TE 0 Q 6F
0 0 0 0 001€ 0 0 8%
0 0 0 0 001E Q 0 Ly
0 o] 9] 0 00TE 0 0 9%
] Q o] 0 00TE 0 0 Sp
0 0 ¢ 0 00TE 0 0 Py
0 0 0 0 00TE 0 0 £p
0 0 0 0 00Te 0 0 v
0 g o] 0 0oTe Q 0 184
0 0 0 0 00T¢€ 0 a 0¥
0 0 0 0 001€e 0 8] 6t
0 0 0 0 Q0TE 0 0 8
0 0 0 0 00TE 0 0 LE
0 o] 0 0 001€e 0 0 9€
0 0 0 0 00TE o] 0 ge
0 0 Q 0 co1g 8} 0 4
0 0 0 0 001¢E 0 0 £e
0 o] 0 0 G0TE 0 0 4
0 Q 0 Q 00T1¢ 0 0 T€
0 0 0 0 001e 0 0 o€
0 o] Q 0 001E 0 0 534
0 o] 0 Q 00TE 0 o] 82
0 0 0 0 0o01€ 0 0 Le
0 0 o] 0 Q01g 0 0 9z
0 o] 0 0 00TE 0 0 x4
0 0 0 0 00Te 0 0 Ve
0 0 o] 0 001¢ 0 0 £€¢
0 o] o] 0 001¢ 0 0 24
o] ] 0 0 001¢€ 0 0 124
0 0 0 0 QQTE 0 0 0z
0 0 0 0 0071¢E 0 0 6T
0 o] Q A% 0071¢€ 0 0 81
0 0 0 00€T 0Q1le 0 0 LT
0 0 Q 6ES 001E a 0 o1
0 o] 0 SZPT coTe 0 0 St
Q 0 0 862 001¢g o] 0 vT
0 o] 0 ¢BE 0071¢ Q 0 £T
0 o] 0 1T% 0g1e o] 0 T
0 0 a 0 001¢ 0 0 1T
0 4] 0 0 001e 0 o] 0T
6] o] Q 0 00Te 0 0 6
0 0 Q 0 001E a 0 8
0 0 0 0 001¢ 0 0 L
0 0 0 0 001¢E 0 0 9
9 0 0 0 00TE Q 0 )
0 o] 0 0 Q0TE 0 0 4
0 0 o] 0 001E 0 0 £
0 0 0 0 00Te 0 0 z
0 0 0 0 001€ Q 0 T
SYLS ONIONZ SS0T WILSAS NOILYYOIVAA SIADV.IMOHS SANYHAJ MOTd DFUNN DMILE T¥YILS AYHA

T OOUNvYd 21 HdON Ad FMVWWNS TYIOL JOIYId NOILYINWIS

¥8Y ¥ T NOSYY3Ad O/M ANOD /M 6T6 9 NOISMIEAIQ - AdNIS ¥IIYM TYNOIDAN 02 YNIGIW/YWE



9t-8 Xipuaddy

0 0 Lk 6569 0 SHDYYIAY QOI¥3d

0 0 08¢€T12 096LpE Q STYLOL J0I¥dd
a 0 ol 0 0ESL 0 0 (o5
0 0 0 0 LZTL 0 0 6F
0 0 0 0 82%9 0 0 8k
0 0 0 Q 2vLe 0 0 Ly
0 Q c 0 ¢cB9 0 0 9
0 0 0 0 S0SL 0 0 Gy
Q 0 4] 0 SivL 0 0 A4
0 0 o] 0 LTTL 0 0 [ 34
0 0 0 0 9£99 0 0 (A7
0 a 0 0 Pe69 Q 0 13
0 0 0 0 SPL9 o] 0 0oF
0 0 0 0 FZL9 0 0 6F
0 0 0 0 S6L9 0 0 8¢
0 0 0 0 0189 0 0 LE
0 0 0 0 £FL9 o] 0 9¢
0 o] 0 0 LEBY 0 0 g€
0 ol a Q 6299 0 0 Ve
0 0 o] o] P89 0 0 £
0 ¢} 0 0 S50L9 0 0 ZE
0 0 0 0 0189 0 0 1€
0 0 0 0 0L89 0 Q o€
0 0 o] 0 T6L9 0 0 24
a 0 5 0 Z0FL Q 0 8Z
0 0 0 [ €604 0 0 Le
o] o] 0 0 0869 0 0 9z
0 0 0 0 £Pe9 0 0 Sz
0 0 0 0 FO9L 0 0 ve
Q 0 0 0 S9GL 0 4] £z
0 Q 0 Q rege & 0 x4
0 0 0 0 LEE9 a 0 12
0 0 0 & 6589 o] 0 0z
0 Q ¢ 0 rPE99 0 0 eT
0 0 0 SS5¢€ LZ299 0 0 81
0 o 0 TOE9 Lev9 0 0 LT
0 0 g 112y G859 0 0 91
o] 0 0 £0etE LOB9 0 0 Sl
0 0 0 219 0v89 Q 0 A
0 0 0 6c6T 52041 0 Q €T
o] o] 0 S€0¢ 6669 0 0 T
0 0 0 0 TvsL 0 Q 1T
0 0 0 0 900L 0 0 01
0 0 0 0 BLGL o] Q 6
¢ 0 Q Q 9869 0 0 8
0 0 0 0 <80L a 0 L
0 o] 0 o] <589 0 0 9
0 0 0 Q 9y 89 Q ¢ g
ol 0 0 0 FSPL 0 0 4
0 a 0 0 0589 0 0 3
0 0 0 0 LTLS 0 0 Z
0 0 0 0 LETL 0 Q T
D¥l8 ONIANZ S50T WILSAS NOILLYYOAYATd SIOYIMCHS SUNYWAQ MOTA DHEUNN DULS ILIYIS RA+iCON

S80T YNO €1 JION A8 KIYWWNS TYIOL JOINId NOILVINWIS

4SY 3 T NOSWYEd O/M ANOD /M 6T6 B NOTISHEAIO - RANLS ¥3ALYM TYNOIOIM 00 WNTAAW/WW



Lb-g XIpusddy

VT NOSAuVid H1IM
USY HLIM
NOILVAY3ISNOD NOILLVOINYUI HL1IM

v-9 314vL



88 X|puaddy

5'g 0°z z- zr £ o- z* g- 0" z° 0" §°96 Z01E T CoaNvd  ZT
N o 0" o 0* 0" 0° 0* 0" Qr 0- G 00T  00FE ODYNIQEAW 1T
5°9 ' £ z* z" g° £ z c" ol £ 5°E6 SATYYA  THMI YWd 0T
0° 0* 0- 0" 0" 0 0- 0" 0- 6" 0" 0°00T  bLSS 166TYMWE 6
0" 0- 0" 0* Q- 0 0° N 0" 0 0 0°00T Q009 S66TYMAS 8
0"z 0° z* z* 0- z" 0" 8" z- z* £ 0786 8902 ¥ 0DANYE 9
%$0°00T %0°00T 80°06 $0°08  %0°CL  $0°09 36°05 %0°0F  %0°0€  %0°0Z  $0°0T  %0°

nIyy niya nay3 nIya niya nayl nIys nIya nay3 nIys nayl naya A /3-¥

$1°0 %7706  %T°08  &T'0L  %1°09  %1°0S  $T°0F  $T°0f  8T°02z %1°0T  %T1° $0° ONYWIQ

........ SINNOWY GNWWZd ATHLNOW T1nd FHL A0 FONYY IOYINIOHEd ¥ SY (ISSTYAXT ADVIYOHS -=m-=-mm TINd HWYN 3A0N

SLNNONY ONYW3d ATHINOW TTNd FHL A0 SHONYY HdDOVINZDNEd DIAIDTAS NIHIIM STOVINOHS ¥0d STIITTIEVEONE FUNTIVA ONYWA

"1 *ZT T T *Z "0 T € ‘0 ‘T "0 "6LS 201¢ T COANYE A
‘0 "0 ‘0 e 0 "0 ‘0 e "0 "0 ‘0 009 00%E COUNIQENW T
T6E 4 "z T T °€ e ‘1 ‘0 ‘Z "z "199 SAIEYA YT YWg 07
"0 "0 ‘0 "0 e ‘0 ‘0 "0 e ‘0 "0 ‘009 bLES T66 TYMWS 6
] “0 ‘0 "0 ] ‘0 ‘0 e °0 ‘0 "0 "009 0009 S66 TWMWE 8
A ‘0 T ‘T ‘0 ‘T "0 ‘g ‘T ‘T "z "88¢ 8202 W OOINYd 9
$0°00T %0°00T %0706 %0°08 $0°0L %0709 %008 $0°0P §0°0¢€ $0°02 $0°0T %0

nIy3 nIya nIiys naya nIya nIyal nIyly naya nayl nIyy nIys nayy HA/d-Y

3170 3T°06 3T°08 $T°0L §$T°09 %1°05 $1°0F% 37°0¢ §T°0C 37071 $T° %0 ONYWIA

- SLNOOWY ONYW3AJ ATHLNOW TTIN3d JHL J0 HONVYY FOVINIDONIEd ¥ SY (ASSHAMIXT AOYIMOHS ~w—w—== TTNI AWN daoN

SINNOWY dNYWHEQ ATHINOW TTINd JHL A0 SHONYY HFOVINZOUII OIAIDES NIHLIM SEDYLYOHS HLIM SHINOW A0 WHAGWNN

MEY 3 T NOSHYEd /M ANOD/M 676 @ NOISMIAIQ - AANLS ¥IIYM TYNOIDEY 00 YNIAHKW/YKWd



6p-8 Xjpuaddy

€06LE 59901 £9<1 S9F 1S a SHOVYHAY JOIYId

€6TS68T SLZZES 997TE9 GGCELSGT 0 STYLOL JOI¥dd
SZL02T 0 69661 0 50809 0 799502 0g
F9950¢ 0 8119¢ 0 26209 0 20697VZ 1534
9069%2 ¥Z806€ 88FTT 0 85969 O 128952 87
128952 6G8LE 5818 0 68669 0 ZT00PT LY
ZLQ0FT 0 Ze80T o] L9209 Q 50518 9%
505718 0 950971 0 80295 0 0GLTIST SP
06L151 0 96€PT 0 z8.L09 0 609112 a7
6097112 9106 50061 0 3okl 0 £28pG2 [
£28Pse 886L7TC 19201 0 FS869 Q LSTOTZ v
LS101C 0 81181 0 P1209 0 T0b62e iv
10r622 L919ST P8LST 0 0re6Ss 0 £28PGZ or
£L8rSse 8GL0ET 89021 0 G5F664 o] i88L2<¢ 33
188Le22 £€8220T1 LG0T 0 £€669S 0 £28PpS7 E13
£EZBPEC 67867 PZIL 0 £€5T09 0 BESGET LE
8egsee 5068ST 29L971 0 G2669 0 £28v5¢ 2
€28¥75<¢ paTeE 62TST 0 98009 0 £28VEZ 1)
EZ8PSZ PIPLOC 8i6¢c a rre6s 0 8125%¢Z re
8TZS¥Z TETLY S6EVT 0 L8009 0 £2875T £e
£287r52 88€09 r8c8 0 85.9S 0 242 €
SPZFCT 0 60PST 5} 62009 0 [EELXA 1€
Fo9pit 0 Qzsy 0 BTPGG 0 LBOFPTT €
LBOPTT 0 8¥90T 891 029295 0 LLSSY 6o
LLSGP 0 9% vS 0 SELOE 0 LPZ69 82
Lbco9 0 L9309 0 6818¢ 0 LoV P9 Le
LO7%9 0 8159 0 LFeLE 0 0LEES 9¢
OLEED 0 LO9FE 0 26892 0 1r0TE Sz
Tv01E 0 S106 0 SC06F 0 SE€6LTT Ve
SEeLTT 0 ¢T9sT 0 088719 0 z06T11<C £Z
2061T<e 6F68¢Y PZTIST 0 22695 0 cTebre %4
clevbe 0 TLB8TT 4] $8699G 0 STL9EC 1z
ERYAI 0 peLe 0 c1694 0 [ X4:24r4 0¢
£28PS52 £8086 L209 0 696LS 0 EBEETT 6T
£8EETT 0 Pao9 89tT 8185¢% 0 0 81
0 o] 91 9162¢ £Elrce 0 0 Ll
0 0 LT T6ZTT ZyEZe 0 0 91
0 0 LG L 9cedl 99€¢E 0 EETTIT St
£ECil 0 724 9ZEL Feste 0 0LT Pl
0Lt 0 Te€ g88¢ Z2Z81¢ 0 Q €1
a 0 156 69¢¢ 2661€ Q 0£58 2T
0ggs 0 ZTES 0 §987¢ 0 TPPFS 1T
8442 ¢ 6ESTE 0 ebFLS 0 gzE8e 01
gZeE8e 0 8546 0 L6888 o] BIEZTT 6
8TECTT 0 ¢00T1e 0 69009 0 Z1e0¢et 8
c1e0eT 0 65¢8 o] FEPQ9 0 QETTPT L
0ETTIPT 0 LEE8T 0 E0P19 0 4%t 9
SPZEET 0 PesTT 0 L6 L9S 0 281eeT g
Z81eel ¢ 908671 0 LEGSS 0 8rEg8ee 4
8FE822 0 58071 €8 806928 0 6ES8EL €
6EG8EL 21766 PPOTT 98z LS8LS o 892861 Z
897861 0 866GT [4 %4 92994 0 £28052 1
OY¥LS BNIONF SSOT WILSAS NOLLYHOAYAT SHASYIMOHS SUNYIWAQ MOTI DFYNN SALS IY¥VYLS HYHA

T ¥YNITIW T HdON Ad AAVWWNS TYICL QOI¥Ad NOILYTINWIS

48Y 3 T NOSMYAd /M ANOD/M 616 § NOTSHEAIA - AANLIS HMALYM TYNOIDIM 00 WNTOIW/WWE




05-9 xipuaddy

0 50€ 9LTT S9E8¥ 814 SHOYHIAY qOTIddd

ol Tecst 0vB8Y 5528TpZ Lbe0P STYIOL dOTddd
9041 ol 90§ 0 SOLLS 3> 9081 0%
908T 0 BES 0 Z6TLS £2¢ 9061 6F
9061 o] 822 0 85595 992F 90671 Bg¥
9081 0 vee 0 68899 0LSZ 90s1 Ly
90471 0 c0E 0 LOTLS Feal 9061 9%
2051 0 159 0 80TES 98T 9061 Sy
G0ST o] 9ve Q Z89.LS 692 9041 by
9051 0 08¢ 4] 66CLY 6TL 9051 [
908T 0 €07 Q ¥5.L9G Z08T 2081 Zr
9081 0 907 0 PITLS 29¢ 9051 1N
2051 0 TT€ 0 0v89% 6LPT 9058T v
9061 0 892 0 Sv89s res 90871 6F
9061 0 80P 0 ££899 AN 9051 8¢
2051 g SPT & €50LS T10T 9051 LE
9061 0 LZE 0 §Z89% eE0l 90671 9€
90S5T 0 Sed 0 9869¢ 85€T 90GT 13
9081 0 59 0 Pv89% CEVE 906T 23
90§51 0 082z 0 L8695 §152 5061 £e
9061 0 Q€ 0 8G9ES LSZ 9051 €
9051 0 X474 0 62695 oty 9081 1t
90671 0 681 Q 8T€CS ESE 9051 053
906T 0 £0¢ 89T 0zses 5601 90671 6
9061 0 9LE 0 ge9Le T6€ 9061 gc
9061 0 0zt 0 68092 a9 9081 Le
9051 0 262 o] LFP8PE [ATRE 9081 El
9091 0 §9¢ 0 Z6LEZ 989 90§51 Gz
9081 0 88y 0 GZ6SP 9% 90ST 4
9081 0 8] 0 09184 09 S0ST £z
9081 0 S0¢ 0 2Z8EY gET 905T <
908T 0 85¢ 0 FP88ES 6%p 9051 154
9081 0 LeT Q 0T8ES 62 9051 0z
9081 0 60T 0 698FS 859271 9067 6T
9051 0 552 90T 8TLZE 06671 0 81
0 0 0 213912 £lted Fe 0 LT
5} 0 0 c4eLi0T Zheee o8 0 91
0 0 BZ<C TT60T 99c6¢ 6L 9051 g1
9087 0 9st B2OL per8e 67k 90§81 F1
9081 0 961 €05¢E zCLBZ 9EP Q ET
0 Q 6FT 61CE 2688¢ et 9061 Zt
90sT 0 PLP 0 G9.L82 6¢T 90571 17
90461 0 T8Z 0 6FEFT 8EP 2081 01
908T 0 8y 0 LELSY 8T1 2081 6
9081 0 vy s} 626935 S1T 9061 8
9051 Q 1= o] FEELS L8FT 90871 L
90G51 a ELY 0 £0EBS L8 9041 9
9051 0 6Z€ 0 LB9ES Z0E 9081 o)
90S8T 0 ELY 0 LEBZS 8L 9087 4
9GST 0 52 68 808ES €911 20871 £
9091 0 61<¢ 98¢ LgLYS TEL 9051 4
906ST 0 9ve 282 9Z5ES L56 9051 1
9MIS DNIANT SSOT WILSAS HNOLLYJOdWYAH SEDWLYOHS SANYWAT MOTI SEENN 2dLs 1YYLS MYAR

T NSMAIQ Z dAON A9 RAIYWWNS TYLOL dCTHAd NOTJIWTINWIS

MSY ® T NOSMYId /M ANOOD/M  6T6 3 NOISHWIATIA - AONIS ¥EIYM TYNOIDHEY OO YNIQIW/vWE



15-8 xjpusddy

0 £Le G201 6607FY 0 SUDYHEAY JOINEd

0 889¢T LGZTS CLePoLT 0 SIYLOL JdoIddd
000¢€ 0 494 0 6ziey Q 000¢ 08
000€ 0 a9y a 2112¥ 0 000¢ 6F
000¢€ 0 g6l 4] FEEID Q 0ooe ar
0o0€ 0 Z61 8} AE NS 0 000¢g LF
Q00¢€ Q 652 0 6L2CY 0 000¢€ 9v
000¢€ a TLP 0 pgese 0 0oog 14
000¢€F 0 96¢ 0 vvav 0 0ao€ 4
000€ O 24 Q 6lecy ol 000¢ €p
000¢€ y] FLT 8] 95€ZY 0 000¢ 44
000¢ Q 8be 0 leraad Q 000€E 1N
000¢€ 0 89< 0 TLITY 0 elo]el ov
000¢% Q 82< ¢ LOECD 0 000€ 6E
000€ 0 67E 0 86TZ% 0 000¢ 8¢
000€ 0 £al 0 CHETY 0 000€ LE
000¢€ a 08e 0 G9CZ¥ 0 000¢€ 9t
0Qog o] 252 0 16Z¢¥ 0 000t S€
[sle]el>y 0 ve 0 S5vab 0 000€ vE
0ocE 0 ove 0 Secav 0 Q00% £
000¢€ 0 09z 0 9TL6E 0 000E g
000¢ 0 £t 0 LBTZF 0 000t 1€
000k 0 ?ol 0 TSLLE 0 000t jeb
000E o] BS<Z 8971 oL8rE 0 0o0E 6C
000E o] TZ¢ 0 68871 0 000¢E 82
000t 0 ELE ol 52291 0 000€ Le
000¢ 0 05¢ 0 ovbece 0 Qooc 9<c
000€ 0 ole 0 £2I8T 0 aooce §5Z
000E 0 433 Q Se8IE 0 000¢g Ve
000E 0 4433 0 LeTZh 0 C0CE £<
Qo€ % 19< 0 Q6LPE 0 000¢E 24
[sfefel) 0 0¢e 0 9F8re 0 000¢ 1¥4
000€E Q 691 0 S9LPE 0 C0CE 074
0060¢€ 0 4] 0 T188¢ Q 000¢E 6T
000%Y 0 1ec 306 1011 0 0 g1
0 0 Q 00Te7T 918671 0 0 LT
0 ol Loz TLS6 FGiaT 0 0 9T
Q 0 862 5016 9Li6l 0 C00€ ST
000€ 0 z5¢e 8869 65061 0 000¢ PT
000¢€ 0 98¢ c0og PlE61T 0 0 €T
0 0 08z al8s garetl 0 cone Zt
000€ 0 SOb a 08€67T 0 cooe It
000€E 0 902 Q 966571 Q jele)el 0T
000¢ o] N4 o] £FLce 0 000¢€ 6
000¢ 0 L0OS a 62027 a co0e 8
000€ 0 ¢ie 0 Z1ELy 0 goog L
000t a S0F g 9512y 0 0600€ 9
00GE [ <82 0 6997€ 0 000€ g
000€E o] 1007 4] BEBEE & 000¢ P
Qoog Q Zel 63 ToLPE 0 Go0g €
cooE 0 9871 982 90LSE & 000e z
oQot 0 G562 CET Zevbe 0 000E T
O¥IS SONIANA 8S0T WALSAS NOILYYQdYAd SAOYLIOHS SUNYWEJ MOTI 939NN DdLS LHEVLS YdA

T NS¥vdd €  JAON A9 AYVHHWNS TYIOL dCTI¥3dd NOIIWINWIS

¥8Y 3 T NOSHMYEd /M ANOD/M 616 8 NOISWIATA - AGNIS ¥ILYM TYNOIDEM 00 ¥YNIUIW/WWd



Z5-8 xipusddy

& 0 ST 801t 80949 SHDYHIAY dOTHAEd

0 0 SLL 0ZFS51 0Zr08e STYICL dOId3d
000SLT 0 0 0 0 0 0005LT 0§
0005LT 0 0 0 0 0 000GLT 6P
000SLT 0 0 0 0 0 000GLT g8r
000GLT o] 0 0 0 0 0005LT Ly
Q00SLT 5 Q 0 o] £6TT LOBELT v
LOBELT 0 0 0 €6TT 0 000SLT 37
000GLT 0 ol 0 a 0 000SLT 143
000SLT 0 0 0 0 0 000GLT £b
0005LT 0 6] 0 4] 0 000GLT 44
0005LT 0 0 g 0 0 000SLT ¥
000sL1T o] 0 a 0 0 000GLT oy
000GLT 0 g 0 0 0 000SLT 6¢
000GLT 0 0 0 0 0 000GLT 8¢
0005LT o] 4] 0 0 0 0008LT LE
000GLT G a 0 o] 0 0005LT 9
000GLT 0 0 0 o] 0 0005LT g€
000SLT 0 0 0 o] a 000SLT ve
000SLT Q 0 0 Q 0 0005¢L1 £
O00GLT g 0 o] FOTT FOTT 0008LT ZE
000GLT 0 0 0 0 0 0005LT 1€
0005LT 0 0 0 SPPT ZE9F ETBTLT o€
ET8TILT 0 0 8971 599 A1 24 PapLivl 6
VevLvT 0 0 0 T.68 0 S6t9sT a2
§6£95T 0 0 0 1.68 0 99€£59T Lz
99ES9T 0 0 0 1265 0006 LBZZ9T 9<¢
L8229 0 0 0 TL68 0 BSZTLT 5%
8GcTLT 0 0 0 ghie 0 [Sle]viop ve
000GLT 0 0 0 0 LLES £29691 €C
£29691 0 0 0 Q 01l9ve £165¥P1T [44
ET0SPT 0 0 0 0 8Z9%2 S8€02T ¥4
§8eQ<CT Q 0 0 0 6LPFE 90656 0z
20696 0 o] 0 ] EVP9Z £9769 el
£9F69 0 o] 0 LIESG 0606 0£889 81
0E889 0 0 0 TLebT G 108¢e8 L1
108€8 0 0 0 TLEPT 0 [ANR:1 1 91
2LL86 0 ¢ 0 £8Lel & SG5eTT ST
656211 o] 0 [ TPLET 0 962921 vt
962921 Q o] 0 6ESPT o] SEBOPT €T
SEBOVT 0 o 0 T892T 0 91£€ST )
9T€EST 0 o 0 TL68 4] L8291 1T
L82Z91 o 0 0 TL68 o] BGETLT ot
852141 0 Q 0 ZrLE 0 000GLT 6
000S8LT 0 4] 0 0 0 0005LT 8
000SLT 4] 0 a 0 0 000%LT L
000SLT Q a 0 0 0608 0T699T1 4
076991 O 0 a 0 oLYRE TeverT g
Teperl 0 0 0 0 766671 6ebeat i
6EVZLZT 0 0 68 8] 905%e EE6LE [
EE6LE 0 0 982 8] £295¢ TIEZL Z
T1€2gL 0 0 4% 0 1iece 00008 T
D¥LS DNIONY SS80T WALSAS NOILYMOAYAT SHOWIYOHS SANYWAQ MCTA DFANA 2dLs LYMYLE WUYEA

PO¥d ¥sv ¥ UdAGON X9 ZAYHWNS TYIOL JOIMEd NOIIVTINWIS

MEY 9 T NOSMYAd /M ANOO/M 676 8 NOISHAAId - AJNLS HdIYM TYNOIDIY 02 ¥NIQAW/YWg



£6-g xpuaddy

0 0 0 0 0 SAOVEIAY OINdd

0 Q 0 0 0 STYLOL aoT¥id
Q00% 0 0 0 0 o} 000%F 0%
000¥ 0 0 0 0 0 000k 6F
000%F 0 0 0 0 0 000¥ 8%
0007 0 0 0 0 0 000¥F LE
000¥ 0 0 4] 0 0 000% 9F
Q00%b 0 o] 0 o] 0 000¥F Sk
000% 0 0 a Q 0 000¥ a7
000% 0 0 0 0 0 000¥ £F
000F 0 0 0 0 0 000F 2y
QQ0Pp 0 0 0 0 a0 000F %
000F 0 d] 0 0 0 000 0F
000F 0 0 0 0 0 000F 6€
000% ¢ o] 0 0 0 000¥ 8¢
000F 0 0 0 0 0 000¥F LE
000¥% 0 0 0 0 0 000F 9
000¥k o] 0 o] 0 0 Q00P 539
000 0 0 0 0 0 000F 29
000Y 0 0 0 0 ¢ 000F €€
000F 0 0 0 0 0 000¥% zZ€
000y ] a] 0 o] 0 000F 1€
0007 o] 0 0 0 0 000F% 0g
000F 0 0 4] 0 0 000 62
000% 0 0 0 0 0 000F 8z
000% 0 0 0 Q 0 000p Ltz
000¥% 0 0 0 0 0 Qo0Pp 9z
0007 4] 0 0 0 0 fefelol) 52
Qo007 0 4] 0 0 0 000F re
00079 0 o] 0 0 0 000% £2
000F 0 0 0 0 0 o0ay ZZ
000F 0 0 0 0 0 00Qy Tz
000F 0 0 0 0 0 000P 0z
000F 0 0 0 0 0 000 6T
000% 0 0 0 0 0 000% 8T
000F 0 0 0 0 0 Q00 LT
000F 0 0 0 0 0 elelel) 9T
000F 0 0 0 0 ¢ 000F ST
000F o] 0 0 0 Q Q00¥ 71
000% 0 o} 0 0 0 000F ET
000F 0 0 0 0 0 Goov z1
000F 0 o} 0 o 0 000Fp 1T
000% g 0 0 0 0 000F 0T
000F 0 0 g 0 0 000F 6
00Qy Q 0 0 0 0 000F 8
[o]e10 0 0 4] 0 0 000F L
[olefo1 0 0 0 0 0 000F 9
000F 0 0 0 0 0 000¥ §
000F 0 0 0 0 0 000% P
GooF o ¢ 0 0 0 000¥% £
000F 0 0 o 0 0 000 Z
000% 0 0 0 0 G 000 T
O¥LS SNIANE SSOT WALSAS NOILYHOAYAD SIIYLACHS SANYWEQ MOTI DFUNI OYLS 1¥YLS dYdA

IMANNCHD S JAON A9 AMVHWNS TYLOL d0I¥dd NOILVINWIS

¥SY ¥ 7T NOSUYAd /M ANCD/M 616 8 NOISMEAIQ - AANIS WiALYM TYNOIDIY OO WNIQAW/YiRg



#5-0 Xipuaddy

0 0 91 8902 SPEGET SAOYEIAY JOIYAd

0 0 6E8 00pe0T SLZL969 STYLOL dOTddd
0 0 0 0 B90¢ L8ce¢E 0 0§
0 0 0 0 8902 L8068 0 6v
0 0 0 0 830¢ <ESe8P 0 8¥
0 Q 0 0 8907 8L8PSZ 0 Lb
0 0 0 0 8902 192791 0 9F
0 0 0 Q 880¢ 8817r¥ Q S
0 0 0 0 82902 £0285 0 a7
0 0 0 0 890¢ 6E688 0 £p
0 0 0 0 8907 £860LE 0 v
0 0 0 0 8902 9L200T 0 137
0 0 ol 0 890¢ 95L9%8 0 ov
0 0 0 0 8902 292692 0 6k
5} Q 0 o] 890< 898961 3 8¢
0 0 0 0 BGOZ 9E89LT ¢ LE
0 0 0 ¢ 8907 v60%SC 0 gt
0 0 0 0 8902 07S6PT 0 SE
0 0 0 0 8902 LE99LE G re
0 0 o] Q 8902 gZe1s81 ] 23
o] o] a 0 8902 yo8ees 0 4
0 0 0 0 890¢ 891111 0 T€
0 0 0 0 8907 8TTTITT 0 oe
0 G ¢ 4] 8902 981007 0 34
0 0 0 0 890¢ <0209 0 8¢
0 0 0 0 89072 L10Z6 0 Le
0 0 9] Q 890¢ L6TTOT 0 9<
o] a 4] 0 8902 TTIEVOT 0 Sz
o] a 9] 0 8902 96EVT 0 24
0 0 Q 8T 8902 GLBTE 0 £
0 0 0 0 890¢ 76818T 0 149
0 0 0 0 890¢ 8Sbevl Q e
0 0 0 0 8302 £6T221 0 0z
0 0 0 0 890¢ EQOPELE 0 61
0 0 0 A4 8902 689961 0 81
0 0 0 16¢€ 890¢ 0y1s 0 LT
Q 0 0 0 8902 9vZLT 0 9T
o] &} Q TLT 890¢ 580ST 0 ST
0 Q 0 L9 890¢ 8ypey¥ Q P
0 0 0 8FT 8902 T808¢ 0 ET
0 0 0 0 890¢ 560€€ 0 T
0 0 0 0 8902 8969¢ 0 1T
0 0 0 0 830¢ BEC66 0 0T
0 0 g} 0 8902 10282 0 6
0 0 0 0 8902 £ES800T 0 8
0 0 0 0 890¢ £E0E8 0 L
0 o 5} 0 8902 TCECET 0 9
0 0 0 5} 890¢ Skesel 0 g
s} 0 0 o] 8907 TLECG 0 1
0 0 0 0 890¢ 18L6<T 0 £
0 0 0 8} 8902 00L082 0 ¢
0 0 0 o] 8902 90Z88 0 T
SYLS DNIANT  S50T WILSAS NOILYYOdYAd SUOYLYOHS SANYWAQ MOTA 9NN DYLE IMYLE A9EA

¥ QDANwd 9 JUON Ad AYYWWNS TYLOL JOIMEd NOILYINWIS

¥EY *® T NOSHWYAd /M ANOD/M 676 8 NOISWHAIO - AQNLS YILYM TYNOISEY 0D YNIGQIW/YWd



56-g Xipuaddy

0 0 a 9560T 0 SISYYIAAY JOIHEL

Q 0 0 928LPS 0 SIYLOL dOTHEd
0 0 ol 0 0vsel 0 0 095
0 a 0 0 orszt 0 0 534
0 0 o] 0 0psZl 0 0 av
0 0 0 Q QvsSat 0 0 Ly
0 ol 0 &} 0¥s21 0 0 9%
0 0 g o] 0PScT 0 0 5P
0 0 0 o] 076eT o] 0 47
0 a 9] 0 0PSZT 0 0 |47
0 a 0 0 6521 0 0 A4
0 0 0 0 0PsZT 0 0 187
0 Q 0 0 0pscl 0 0 0w
0 o] 8] 0 0rset 0 0 6E
0 0 2 0 0pseT 0 0 g&
0 o] 0 0 6€G5eT 0 Q LE
0 0 a 0 0psel 0 0 9€
a 0 0 0 0psZT 0 0 Se
0 0 0 0 LESTT 0 0 ve
0 Q 0 0 0pseT 0 0 [
0 4] 0 a 0FSZ1 o] 0 A
Q o] 0 0 OpScT o] 0 1€
0 0 0 Q OFSZT 0 0 0€
0 0 0 0 0pScl a ¢ 6g
0 Q Q o 16L0T 0 & BZ
0 0 0 o] 6EGZT 0 & LZ
0 & 0 0 0FSeT ¢ 0 9z
0 0 ol 0 LLES &) 0 x4
0 0 0 0 59221 o] 0 ¥Z
0 a 0 o] 0psZ1 0 0 £z
0 0 0 0 [ehA=YoRk 0 0 ¢z
0 0 o] Q 0Ps<l Q 0 1%9
0 ol o] 0 0FS2Z1 0 0 0z
0 0 a g 6ESCT 0 0 61
0 0 6] 4] 29838 0 0 81
Q 9] g 8} 0 0 0 Ll
o a 0 0 Q Q Q 91
0 o] Q 4] 1812 0 0 ST
0 0 0 o] EE0C 0 0 1
0 o] G o] LOLT 0 0 ET
0 0 4] 0 5208 0 0 <t
0 o] 4] 0 9886 0 0 T
0 4 4] 0 062T 0 0 0T
0 a 0 0 €LPZT 0 0 6
0 0 0 0 0pScT 0 0 8
0 0 0 0 orszT 0 0 L
0 4] 0 0 a%szT 0 0 9
0 Q 0 0 orseT 0 0 g
0 o] 0 a 0%&2T 0 0 i
0 0 0 0 0%SZT 0 0 £
0 0 0 0 6ESTT 0 0 Z
0 0 0 0 0vset 0 0 T
OdLS DNIONI  SSOT WILSAS NOILWYCAYAD SADYIMOHS SANYWIQ MCTI DEUNn NLE LMYLS 4:4CON

AYIT AIQ {  JJON AE9 AMYWWNS TYLOL JOIMdd NOILYINWIS

MY ® T NOSYYId /M ANOD/M 616 8 NOISHIAIQ - AQNLS dAIYM TYNOTOFY 00 YNIQIW/YWA



95-8 xipuaddy

0 0 G 0009 a SAOVUIAY dOI¥Ed

0 0 0 aaoooe 0 STYLOL dOI¥dd
0 0 0 a Q009 0 0 [oke}
0 0 0 a 0009 0 0 6¥
0 0 0 0 0009 0 Q 87
0 Q 0 0 0009 0 0 Lb
0 0 0 ol 0009 o] 0 9F
0 0 0 0 0009 0 0 14
0 0 0 0 0009 0 0 43
0 0 0 o 0009 0 0 1387
0 0 Q 8] 0009 0 0 A7
] 0 0 0 0009 0 0 197
0 0 o] 0 Q009 0 0 op
o 0 o] 0 0009 0 0 6¢
0 0 0 0 Q009 0 0 8¢
0 o] o] a Gao9 0 0 LE
0 0 0 a 0009 0 0 9¢€
Q 0 Q 0 0009 a 0 St
0 0 o] 0 0009 0 0 Pe
0 0 0 & 0009 0 0 £E
0 0 ¢ Q 0009 o] 0 43
0 0 g & Q009 0 0 1€
4 0 0 0 0009 0 0 ot
0 0 0 4] 0009 o] 0 62
Q 0 g 0 Q009 0 0 8¢
o] ¢} 0 0 Qo009 0 0 LZ
0 0 g & 0009 0 0 9z
0 0 4] 4] 0009 0 O ST
0 0 4] 0 0009 0 a 44
0 0 0 0 0009 0 0 £l
0 ¢ 0 4] 0009 0 0 x4
0 0 & 0 Q009 0 o] 1z
0 0 0 0 05009 0 0 o<
0 0 0 g 0009 0 0 61
0 0 1] 0 0009 4] o] 8T
0 0 4] 0 0009 0 0 LT
0 0 9] 0 0009 o] 0 9T
0 0 0 0 0009 G Q ST
0 0 0 & 0009 & 0 ¥l
0 0 0 0 G009 O 0 [
0 0 a 0 0009 0 0 <1
Q 0 0 0 00Co 0 0 11
0 o] 0 0 0009 0 o] ot
0 Q g [ co09 a 0 6
0 0 4] 0 0069 0 9] 8
0 0 4] 0 Qoa9 0 o L
0 0 0 0 00eC9 a 0 9
9] 0 4 0 cog9 0 0 5
o] a a 0 0009 0 Q P
0 0 ¢l [0l 0009 Q 0 €
o] 0 0 a 0009 0 o 4
¢} 0 G 0 0009 0 ¢ T
YIS ONIONI SS0T WALSAS NOLLYMOdYAd SHOYLHOHS SUNYWHJ MOTA DAHNN DHLS IYYIS UYHA

566 T¥MWd g  HAION A8 REVYWWNS TYIO0L dOIddd NOILVTINWIS

¥8Y % T NOSWYAd /M ANOD/M 616 § NOISHIAIU - AQNLS ¥IALYM TYNOIDHEY 0O ¥NIQUW/WWE



£5-8 Xpuaddy

0 0 0 ZL9S 0 SASYHIAY JOINUd

0 0 0 00982 0 STYLOL JOIMAd
0 0 0 0 <159 0 0 05
0 Q 4] 0 ZL8S 0 ¢ 67
0 0 0 0 2158 0 0 8%
0 0 0 Q <LSS 0 0 Lp
0 0 0 0 ZLSS 0 0 97
0 0 0 4] cLSs 0 0 S
0 0 a 4] 2185 0 0 4%
0 0 0 0 21589 0 0 €7
0 0 0 8] ZLSS 0 0 ¥
0 o] 0 0 ZL5S 0 0 134
0 0 o] Q LSS 0 0 (€37
0 0 o] 0 2L49S 0 0 6E
Q 0 o 0 <LSS 5 0 3¢
0 0 o] 0 2LSG s} 0 LE
0 0 o] & 2L8% &} 0 ot
0 0 g 0 ZLSS Q 0 GE
0 0 0 0 gLSS 0 0 ve
0 Q 4] 0 ZL9Y 0 0 €L
0 0 0 0 ZLSS 0 0 €
0 0 0 0 LSS 0 0 1
0 0 0 0 ZLGS 0 0 cg
0 0 a 0 ZLSS 0 o] 6
0 & 0 0 TLYS 0 0 82
0 0 0 0 LSS 8] ol Le
0 0 0 0 ZL5S 0 Q 9z
0 a 0 0 ZL5% 0 g Gz
0 0 0 0 ZLSS 0 0 ve
0 0 0 0 ZL5S 0 a €2
& 0 o] 0 ZL58S 0 0 [44
9] Q 0 0 ZLSS o o] iz
0 0 5} 0 ZLY9S 0 0 Gz
0 0 0 0 LSS Q Q 61
0 0 a 0 LSS o] 0 81
0 0 0 o] ZLGS 0 0 L1
0 0 0 0 LSS o] 0 91
0 ] 0 0 gLeS 0 0 ST
0 g 0 0 cLSS c ol P
0 0 0 0 LSS 0 0 €T
0 0 0 a ZLSS Q q Z1
0 0 0 0 ZLSS o] a TT
5} 0 0 0 ZLSS 0 0 01
0 0 0 0 LGS 0 0 6
0 0 0 ol LSS o] a 8
0 0 0 0 LSS 0 Q L
0 0 0 0 gLSS 0 0 9
0 0 0 Q ZLIY Q g g
0 0 0 0 2168 0 0 4
0 0 0 0 LSS 0 0 £
a 0 0 0 LGS 0 0 z
0 Q 0 ol 2188 o] 0 A
DYLS ONIONZ S507 WILSAS NOILYYOdYAT SHOYLYOHS SANYWED MOTE OMNN DULE LAYLS d7EA

166 TYMAd 6 ddON A8 AMYHWNS TYLOL JOIMEd NOILWINWIS

¥SY 3 T NOSYYEd /M ANOD/M 616 @ NOISHEAID - AQNLS YILYM TYNOISIY OO YNIAIW/YWL



85-d X|puaddy

9¥851 aegvl 0 6001 9¥891 o] SHOWNYAY dOI¥Ed
TIECG L BIZBIVL 0 28v0s olEce L 4] STYLOL dOI¥HEd
LLC6T 8LZ6T 0 0 8LZ6T 4] 0 0g
S9v91 S9p9l 0 0 G9p91 0 Q 67
11911 11911 0 0 TT9T1 0 0 87
9TsET STSET o] o Sis¢el o] 0 Ly
S8TPT Pelbl Q 0 raTel 0 0 9%
L0TeT LOTET ol 0 LotTetT 0 0 SP
cevel £6rsT 0 Q £678T 0 0 a7
LLPOT 9LPOT 0 0 9L¥9T 0 0 £y
F092T S08<c1 0 0 50971 0 0 14
20991 €058G61 0 a €0581 ¢ 0 184
LLSET LLSET 9] 0 LLSET 0 0 avp
LOPET B0FET 0 0 80PET 0 0 65
8F6ceT LPGET o] 0 LYetl 0 0 8¢
Pe0bT £6e0v1 a 4] £6071 0 0 LE
casel (243N o] 0 [A41 0 0 9€
06Zvl Z62P1 a 0 26271 5 0 5¢
8G95<T 09521 0 4] 09571 5 0 43
TLEPT SLTPT 0 0 LTyl 0 0 £e
L12eT L12el g 0 LTICET o) 0 Z€
6GS5FT 09GF7T 0 a 095yl 0 0 1€
66SP1 08SP1T 4] 0 09871 0 0 o€
FZetl £ietl 0 0 £geeT 0 0 62
68€87T 68E8T 0 0 68E81 0 0 8c
SzZ91 SzZ91 0 0 5279l s, 0 Lz
LTPST LTPST 0 0 LTPST o] 0 9Z
SZIST £2167T 9] 0 £CTS9T 2 0 SZ
ZB8ieT 0861 0 0 0861 5 0 ve
cevel O6ve6l 0 o] Oebel 0 0 £z
£Lerl ELZvl 0 0 ELTPT 0 0 144
0627T 26201 Q 0 Z6Cvl 0 0 1<
€8FP1 EBVPPT 0 0 E8PVT 0 o 02
§8G¢T 58G7T 0 0 58571 o] o] 61
676ET VPOET 0 906 0Setl 0 0 8T
97861 91L 0 00TeT 91861 0 O LT
PGL61 £8T0CT a TLS6 vGLet 0 0 o1
9LL61 TL9071 0 50716 9rLel 0 s} ST
090671 TLOET 0 8865 65061 0 o) [
97€61 Z1e91 0 ¢00t pTEel 0 8} o
65761 87997 0 0182 BSY6T a 0 ¢l
6PE6T 0G€61 0 0 0Ggee6l 0 Q 1T
9644871 964971 0 Q 96581 0 0 0ot
91561 9L561 a 0 9L56T 0 0 &
[ XAt Q5PS1 0 Q 0SPST 0 0 8
6€T9T LETOT 0 Q LET9T 0 0 L
193 2A" 60PFT 0 0 60¥7 1T 0 0 9
98¢pT 98¢ept 0 0 98EP1 0 0 5
LoL8l L9181 0 0 LoLst 0 Q 2
0EpPlL errl 0 0 TERPYT 0 0 €
6leel 6T1EETL a 0 6TeET 0 o] z
9E591 LESG9T 0 0 LESIT 0 0 T
Jovdsn LSIH 39Vdasn LUN NOIIYAOAYAd SHDYIHOHS SANYIWNAAQ MOTJ 23F4NN DULS IMYLS EL-4CBS
IdYT YR 0T JAON A8 RUYWAWNS TYIQL dOI¥dd NOILYINWIS

¥SY ¥ T NOSYMVAd /M ANOD/M  6T6 @ NOISMAAIA - AANLs HAIYM TYNOISIM OO WYNIAAW/WWA



65-8 xipuaddy
¢} 4] 0 66EE 0 SHAOYAEAY dOIMHd

0 0 0 0566971 Q STYLOL dOIdMEd
0 0 9] 0 66EE 0 0 0s
Q 0 0 0 66EE 0 4] 6F
0 0 Q 0 66EE 0 0 k4
0 0 0 0 66EE 0 a Ly
0 0 4] 0 66ET 0 ¢ 9p
0 0 9] 0 66EE 0 4 SF
0 0 4] 0 66EL 0 a 47
0 0 0 0 66¢€¢ 0 0 £y
0 0 0 Q 66EE 0 4] b
0 0 0 0 Gett 0 0 184
0 0 o] o 66€CE 0 Q 037
0 0 o] 0 66EE 0 ¢ 6E
0 0 0 0 66EE o] 8] 8¢
& 0 0 0 66E€ 0 0 LE
0 0 0 0 66EL o ¢ 9¢
0 0 0 0 66E¢ 0 0 S8
0 o] 0 0 GeLE Q g 43
0 0 8] Q 66€€ Q 0 £E
a 0 0 0 66EE 0 o A%
0 0 0 0 66¢€C a 0 1€
0 0 0 0 66EE a o [}
0 0 0 0 66tE g ¢ 62
0 0 0 0 66EE o] 0 8Z
0 0 o] 0 66€¢C 0 Q LZ
0 0 o 0 66€C 0 0 9c
0 0 0 0 66EE o] 0 S
O 0 0 0 66EE 0 0 24
0 0 0 0 66E€E o] 0 £
0 0 0 0 66t¢C Q 0 24
0 ¢ 0 0 66€E a 0 1<¢
o] 0 0 0 66¢€€ a 0 o<
o ] 0 0 660EE 0 0 6T
o 0 0 Q 66E€ 0 0 8T
0 o] 0 Q 66€E 0 0 LT
0 0 0 0 66E¢ 9] 0 91
0 0 0 0 66EE 0 Q ST
0 0 0 Q 66EE 0 0 VT
0 0 0 0 66EE Q 0 €1
0 0 0 0 66€€ 0 o] ZT
0 a 0 0 66E€ 0 g 1T
0 0 0 0 66EE 0 0 o1
Q 0 0 0 66E€ 0 o] 6
0 0 0 Q Gett 0 a 8
0 0 0 0 66C€E 0 0 L
0 0 0 0 66LE o] 0 9
0 0 0 0 66EE 0 ol S
0 0 0 0 66E€ Q 0 4
0 0 0 0 6EtE 0 0 €
0 0 0 0 66EE 0 ol Z
0 0 0 Q G6EE 0 0 T
OMLS ONIUNI S850T1 WILSAS NOILYHOdYAZR SHOVIMOHS SONVWAJ MOTA DEENN OULE LMYLS RA-4CPN

OJYNIAIN 1T FJON A AEVYWWNS TYLOL dOI¥dEd NOILWTINWIS

MSY % T NOSWYId /M ANOD/M  6T6 8 NOISMIAIQ - AGNLS ¥ALYM TYNOIDHE OD YNIAIW/WAHG



09-8 Xlpuaddy

0 Q 98 01t 0 SHOVIIAY dOIddd

0 o] AN Y Qo0gsl ¢l STYLOL doIdidd
0 0 o] 0 001¢ 0 0 0s
0 Q 0 0 001e 0 0 134
Q Q 0 0 00TE 0 0 8P
0 Q 0 0 007T€ G o] L¥
0 0 0 G oote 0 0 9v
& 0 0 0 goTE 4] ¢ 5P
0 0 0 0 coteE 0 0 44
0 0 0 0 00TE o] 0 €p
0 0 0 a 0g1e 0 0 44
0 0 0 0 001E 0 0 17
0 0 o 0 001€ 0 0 oF
0 0 0 Q 001E 0 0 6t
Q 0 0 o] 00T1E 0 0 8¢
0 0 0 0 Q0TE o] 0 LE
0 0 0 0 00TE 0 0 9g
0 0 a 0 00TE 0 0 S€
0 0 o 0 001¢E O 0 re
0 0 a 0 00TE 0 0 €€
o] 0 4] 4] 00T1g 0 0 4
0 0 0 0 0o1ie 0 0 1€
0 0 0 0 ootlE 0 0 o€
0 0 0 0 QoTe 0 0 62
0 0 0 0 00T1E 0 0 8¢
o] Q 0 0 001¢ 0 0 Le
0 0 8] 0 00TE 0 0 9z
0 0 4] 4] 00Tt o] Q 5¢
v 0 Q Q 001¢€ o Q 24
0 0 ] o 001€ o 0 €<
o] 0 0 0 00T1E 0 0 [44
0 0 0 0 001E 0 0 ¢
0 0 0 0 001€ 0 0 0c
0 0 0 0 007¢€ 0 Q 6T
0 5} 0 42 Q0TE 0 0 81
0 0 0 00€T Q0T¢E 0 0 LT
0 0 0 6ES 0071€E 0 0 91
0 0 0 SZF1 Q0TE 0 0 ST
o] 0 0 862 0oTE 0 0 vl
0 0 q 28t o01le 0 0 €1
0 0 ol 0s 001E 0 0 21
0 0 0 0 Q0Te 0 0 1T
0 0 0 0 00T 0 0 0T
0 0 0 0 00T1€ 9] 0 6
0 0 0 Q Q01g ¢] 0 8
0 0 ol 0 00TE o] 0 L
Q 0 9] Q 001€ 0 0 9
0 0 0 0 00TE a 0 g
Q 0 0 0 Q0TE 0 0 7
0 0 0 0 QT 0 Q S
0 0 ¢] 0 coTe 0 0 4
0 0 0 0 001€ & 0 T
D¥LIS DONIONE SSOT WIHLSAS HNOILYHOdYAT SHADY.ILYOHS SANYWEd MOTI DEANN OdLS LYYLS EA-4CPN

T ODUNVY 2T HAON A" XYYWWNS TYI0L dOI¥dd NOILYINWIS

¥SY * T NOSMYEd /M ANOO/M 676 @ NOISMIAIA - XANLS HEIYM TYNOIDIAY 00 YNIAIW/YKWE



|o-g xipueddy

o Q 167 Y447 0 SEDVYEAY TOIddd

0 0 £891L TETTTS 4] STYIOL dOoIdid
O 0 0 Q jAelel Q 0 05
0 0 0 a BOSE o] 0 6F
0 0 0 G 6¥9¢ Y 0 8r
0 0 0 G L1862 0 0 L¥
0 0 0 0 91EE 0 0 97
Y] 0 0 Q £68¢ 0 Q S
o] 0 o] 0 998¢ 0 0 47
0 0 0 Q 80StE 0 a €7
0 0 0 0 9282 0 a 144
0 0 o] a 9ELE 0 a ir
0 0 o] Q 966<¢ 0 0 837
0 0 0 0 996¢ 0 Q 6t
0 0 o] 0 £90€ 0 0 15
0 Q 0 0 680€ 0 0 LE
0 0 0 0 BBEC 0 ol 9¢
0 0 0 0 EZTIE 0 0 5€
o] 0 0 0 L18Z Q 0 43
Q 0 0 0 0cTE 0 0 €€
0 0 a 0 940¢ 0 ol A3
0 0 0 o] oLTE 0 0 1€
0 0 0 0 268¢€ 0 0 o€
0 0 o] 0 6CbL 0 Q 62
0 0 0 0 ERAAN 0 a 8z
0 0 o] 0 ¥98¢ 0 0 LZ
0 0 9] 0 ZTSP 0 0 92
o] 0 o] o] 6992 0 0 §2
0 0 0 0 421 0 0 24
0 G 0 0 T66¥ 0 0 £
0 0 0 0 09¥pL 0 o] <l
0 0 0 8] 99bL 0 a 12
0 0 0 0 ELPL a 0 ¢k
0 0 0 0 98F L 0 0 67T
0 0 0 Q€T Z0ch 0 o 81
0 0 0 215¢ LEFE 0 Q LT
0 0 0 T8TT 88FE 0 0 91
0 0 0 9081 [o1:R 2% a 0 ST
0 0 0 0%01 G9ee 0 0 |
0 o] 0 168 80PE€ 0 0 £T
0 0 0 60¥% FeEvE 0 0 21
0 0 0 0 STPE 0 0 1T
0 0 0 Q EGLE 0 0 0Tt
0 0 0 0 908€ 0 0 6
0 0 0 s} 8ZEE 0 0 g
0 0 0 0 0svE 0 0 [3
0 0 0 0 SLSY 0 0 9
0 0 0 8 98PL Q 0 )
0 0 0 a LEYL 0 0 14
0 0 0 0 SLPL 0 0 €
0 0 0 0 6LYL 0 0 <
4} 0 0 0 2974 0 0 T
D¥L5 ONIONY  SS0T WALSAS NOILWIOdYAT SEOYIYOHS SANYWAJ MOTA SHEEND DYLE IMYLS MYIA

$80T NYD €T ZOON A8 IMVWWNS TYICL JOIMEd NOILVTNWIS

¥YSY 3 T NOSHYAd /M ANCD/M 616 8 NOISHIAIQ - AANLS ¥2LYM TYNOIDIEY 0D YNITIW/YWE



APPENDIX C

TEXAS WATER DEVELOPMENT BOARD COMMENTS



William B. Madden, Chairman

TEXAS WATER DEVELOPMENT BOARD

Elaine M. Barrén, M.D., Member Craig D. Pedersen Jack Hunt, Member
Chades L. Geren, Member Executive Administrator Wales H. Madden, Jr., Member
May 20, 1999

Mr. John W. Ward, IlI

Vice President and General Manager

Bexar-Medina-Atascosa Counties Water
Control and Improvement District No. 1

P.O. Box 170

Natalia, Texas 78059

Re: Regional Water Supply Planning Contract Between Bexar-Medina-Atascosa
Counties Water Control and Improvement District No.1 (District) and the Texas
Water Development Board (Board), TWDB Contract No. 96-483-156

Dear Mr. Ward:

Staff members of the Texas Water Development Board have completed a review of the
draft report under TWDB Contract No. 86-483-156. As stated in the above referenced
contract, the District will consider incorporating comments from the EXECUTIVE
ADMINISTRATOR shown in Attachment 1 and other commentors on the draft final
report into a final report. The District must include a copy of the EXECUTIVE
ADMINISTRATOR's comments in the final report.

The Board looks forward to receiving one (1) unbound camera-ready original and nine
(9) bound double-sided copies of the Final Report on this planning project. Please
contact Mr. Gilbert Ward, the Board's Contract Manager, at (512) 463-6418 if you have
any questions about the Board's comments.

Sincerely,

Office of Planning

cc: James E. Blackwell, P.E.
Gilbert R. Ward, TWDB

Cur Mission
VARPFGMVY 96483156 Itr.doc . .
Praw’ﬁe?tﬁiﬁiip, technicalervices and financial assistance to support planning, conservation, and responsible development of water for Texas.

P.O. Box 13231 * 1700 N. Congress Avenue * Austin, Texas 78711-3231
Telephone (512) 463-7847 + Telefax (512) 475-2053 + 1-800- RELAY TX (for the hearing impaired)
URL Address: heep://www.twdb.state.tx.us ¢ E-Mail Address: info@twdb.state.rx.us
Orrinted on Recyeled Papcra

Noé Fernindez, Vice-Charirman



ATTACHMENT 1
TEXAS WATER DEVELOPMENT BOARD

REVIEW COMMENTS:
Bexar-Medina-Atascosa Counties Water Control and Improvement District No. 1
Contract No. 96-483-156

+ It appears that all items of the Scope of Work have been addressed. The following are
Board Staff comments:

e Pg1-8,3" para. A non-geologist may not understand what a synclinorium or a
geosyncline is, perhaps further definition is necessary to help clarify.

o Pg3-13, 5" para. The last sentence indicates groundwater flows from the northeast to
the southeast, please tie this to specific locations within Medina County to help this
make more sense. Pg 1-8, 2™ para, says water in the “Edwards usually moves in either
a southward or eastward direction, but locally controlled by faults.”

o Pg 3-22, 1% para, last sentence, Please explain or clarify what “prolithic” means....It
is assumed that this is a typo and should read “prolific.”

¢ Pg 4-3 Chacon Dam and Lake --- Last sentence is incomplete.

» Pg 5-6 The study is complete and report finished. The report should provide a better
description and detail the results pertinent to this study.

» There should be a report summary with final results and comparisons.

WTWDBO2\DIVIPLANIRPFGM\DRAFT'96483156_Itr.doc

MEDINA COUNTY REGIONAL WATER PLAN
BNC ENGINEERING, LLC.
APPENDIX C-3




