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Section 1

INTRODUCTION

The Kerr County Regional Water Plan is a two-part planning effort lead by the
Upper Guadalupe River Authority (UGRA). The UGRA is joined in this effort by
the City of Kerrville, Kerr County, and the City of Ingram. Funding has been pro-
vided by each participant and the Texas Water Development Board (TWDB). Each
participant has also appointed a representative to the Technical Advisory Committee
to provide local input and periodic review of the planning effort. This report
provides the results of the first phase of the study and satisfies the TWDB contract
requirement for submittal of a Phase I Interim Report.

OBJECTIVES

The overall objective of this effort is to develop a long-range plan to meet the water
supply needs of Kerr County (Figure 1-1) and population centers within the county
through 2040. The objectives of Phase 1 of the planning effort are fairly specific and
will provide a basis for Phase 2 efforts. These objectives are:

. To establish county-wide population and water demand projections and
projections for the individual population centers within the county.

. To describe the quantity and quality of water resources that are avail-
able to meet the future demands within the study area and to quantify
any limits to development of these resources.

. To evaluate conjunctive management and use of ground water and
surface water resources within the County and provide a basis for
management strategies that may be used to fulfill the regional water
demands.

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

Individual sections of this report are designed to address each of these objectives.

AUSR012/006.51 1-1
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THE STUDY AREA

The geographical area for the planning study is Kerr County (Figure 1-1), which is
located in the hill country of south-central Texas near the southern edge of the
Edwards Plateau. The county covers 1,101 square miles. The principal physiographic

feature is the Guadalupe River which receives drainage from over 75 percent of the
county.

LEGAL AUTHORITY FOR REGIONAL FACILITIES

The UGRA was created in 1939 as a conservation and reclamation district of the
State of Texas pursuant to Article 16, Section 59 of the Texas Constitution. This
enabling legislation is codified in Vernon’s Annotated Texas Civil Statutes as
Article 8280-124. Under this and subsequent acts, the UGRA is authorized to plan,
develop, and operate regional water facilities. They are also authorized to control,
store, and preserve the waters and floodwater of the Guadalupe River and its tribu-
taries for any beneficial and useful purpose, with the right to purchase sites, ease-

ments, right-of-way, land or other properties necessary to accomplish any of the other
rights.

As the surface water supplier for the City of Kerrville the UGRA has a contractual
agreement to allow the City of Kerrville to serve as the regional provider of treated
surface water. A resolution providing evidence of Kerrville’s commitment to serve as
a regional water supplier was recently approved as City of Kerrville Resolution

No. 91-136-A. In the event Kerrville chooses not to be a regional supplier, the
UGRA may fulfill this role.

ECONOMIC SETTING

Kerr County has evolved into two types of land uses and settings. In general, the
area west of Ingram is relatively sparsely populated with the land remaining as un-
developed rangeland, used primarily for livestock and game. Hunt and Mountain
Home (unincorporated cities) are located in this area of the county and are primarily
agricultural centers.

The eastern portion of the county includes Ingram, Kerrville, and Center Point which
are the larger population centers in the county. Their economies are tied somewhat
to agricultural interests including livestock, game, and irrigated agriculture, with the
area evolving as a center for vacationing (dude ranches and camps), retirement, and a
developing orchard industry. Some associated industries such as medical facilities
have emerged as a segment of the local economy, and as the City of San Antonio
continues to grow, this area will be increasingly affected by commuters looking to
escape from urban sprawl. In this respect, the eastern portion of the county will be
affected by economic growth extending out along Interstate 10 from San Antonio.

AUSR012/006.51 1-3




Growth along Interstate 10 in San Antonio will continue to be strong with the expan-

sion of businesses such as USAA and the development of tourist attractions like Sea
World and Fiesta Texas.

CLIMATE AND HYDROLOGY

The climate of Kerr County is classified as subtropical-humid with hot summers. The
mean annual temperature is 65°F with summer highs in the 90’s and winter highs in
the low 60s. The average annual precipitation is about 30 inches with frontal-type
thunderstorms accounting for a large portion of the rainfall. These storms result in
high-intensity, short-duration rainfall events.

Combining the frontal storms with the steep slopes and shallow soils on the limestone
hills of the Edwards Plateau can result in flash floods. The base flow of the
Guadalupe River is largely the result of springs flowing from the exposed Edwards
limestone, but can fluctuate widely with rainfall events. Average annual discharge of
the Guadalupe River measured at Comfort since 1939 is 147,100 acre-feet per year
(ac-ft/yr).

REPORT ORGANIZATION

The remaining sections of this report focus on the specific tasks included in Phase 1.
Section 2 presents the population and water demand projects. Section 3 provides a
review of present and previously planned surface water resources. Available ground
water resources and their limitations are presented in Section 4, and the water
management options: water reuse, aquifer storage and recovery (ASR), and
conjunctive management of ground water and surface water are discussed in

Section 5. The demand versus supply comparison is presented in Section 6, and
water supply alternatives are described in Section 7.

The schedule and objectives for Phase 2 of this planning study are included as
Section 8. Various technical information is included in Appendices A through D, and
water conservation and drought contingency plans are bound separately as

Appendix E (Kerr County) and Appendix F (City of Kerrville).

AUSRO12/006.51 1-4
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Section 2

WATER DEMANDS

INTRODUCTION

The purpose of this section is to describe the methods used and results obtained in
evaluating the future population and water demands anticipated to occur in Kerr

county through 2040. Evaluations will be broken down by the following water use
categories:

Municipal
Manufacturing
Steam Electric
Irrigation
Mining
Livestock

In general, the methods developed and used by the Texas Water Development Board
for projecting population and water demand will be used in this study, and modified
based on additional water use data, local input, and consideration of an "Economic
Development Corridor."

As with any planning study, one of the objectives of this study is to provide informa-
tion that can be used to assist local decisionmakers. An additional objective of this
study is to provide local decisionmakers with a tool that can be used to manage or
encourage growth and development in areas where water is available or can be
supplied through a coordinated regional effort. The technical advisory committee was
presented with the concept of establishing an Economic Development Corridor
(EDC) as a planning tool. The EDC would include the area within the county that
has experienced the majority of growth and development in recent years. This is also
the area where future economic development is both desired and expected to occur, if
basic services (water, wastewater, and power) can be provided. The EDC as
identified later in this section is not an officially designated area, but an area
identified for planning purposes in this study.

MUNICIPAL WATER USE

Municipal water demand includes quantities of fresh water used in homes, offices,
public buildings, restaurants, and stores for drinking, food preparation, bathing, toilet
flushing, clothes laundering, lawn watering, car washing, air conditioning, swimming
pools, fire protection, street washing, and other sanitation/aesthetic uses. The total
water used for these activities is usually expressed in gallons per person per day, or
per capita water use. Multiplying per capita water use by the population projected

AUSR012/002.51 2-1



for a selected area at a future point in time provides the total future municipal water
demand for the selected area.

Based on present water use, municipal demands constitute by far the largest compo-
nent of water demand in Kerr County (81.5%). The majority of this demand is
centered in the vicinity of Kerrville, and southeast to the Kendall County line.

MANUFACTURING WATER USE

Manufacturing water use is the water used in the normal operation of an industry for
cooling water, process/product makeup water, sanitation, and landscaping. The future
demands for manufacturing water are determined based on the present and expected
future industries located in a particular area combined with expected water use.

Input from the Kerr County Economic Development Foundation, a non-profit
organization established for the purpose of pursuing new businesses and industries in
conjunction with the Chamber of Commerce, was used as a basis for developing
future manufacturing demands.

STEAM ELECTRIC WATER USE

Steam electric water demand is the water needed to replace steam or induced evapo-
ration generated through the operation of bailers, cooling the generation equipment
and for general plant uses. There are presently no power generation plants located in
Kerr County, and none are expected to be constructed within the next 50 years.

IRRIGATION WATER USE

Irrigation water demand is the water required to meet the consumptive use require-
ments of agricultural crops cultivated in the study area. Future irrigation demands
are based on expected future irrigated acreage, and expected future water use per
acre. Present acreage and demand provides a starting reference point. The future
water use per acre is adjusted to reflect expected changes in cropping patterns and
irrigation system improvements that result in a greater application efficiency.

MINING WATER USE

Mining water use is the water used in sand and gravel washing operations and in the
recovery of oil and gas. Future water demands are based on the projected future
level of these kinds of activities and the associated water use coefficients for the type
of mining operations expected.

LIVESTOCK WATER USE

Livestock water use is the water required for drinking and sanitation associated with
various livestock operations including: beef cattle, dairies, swine, sheep, goats, and

AUSR012/002.51 2-2



poultry. Usually daily water use requirements for livestock are combined with live-
stock census information and forecasts of livestock production to determine total
water demand.

POPULATION PROJECTIONS

BACKGROUND

A variety of methods have been employed by planners in analyzing population growth
patterns and projecting future population distributions. Varying types of trend analy-
sis, curve fitting, methods based on future employment demand, methods based on
general economic conditions, and graphical methods have been used to make popula-
tion projections. In addition a wide variety of state and national organizations make
independent projections of population using a variety of approaches. The projections
most commonly adopted by agencies in Texas and by the Alamo Area Council of

Governments (AACOG) which includes Kerr County, are the projections prepared by
the TWDB.

The TWDB uses a cohort-survival model that projects births, deaths, and net migra-
tion. Their high series forecast reflects the higher levels of migration experienced
during the rapid economic expansion of the last 20 years, and their low series projec-
tion uses the lower levels of migration experienced on the average during the previous
thirty year period. City projections are developed based on the city’s historic share of
the population being projected forward to 2040.

The TWDB only recognizes two cities, Kerrville and Ingram, as subsets of the County
level projections. These are the only cities of sufficient size to be counted separately
in the last census. The TWDB made projections for Kerr County and Kerrville
before and after the last census (1990). These projections for Kerr County range
from a low for year 2040 of 53,021 (TWDB low series 1989) to a high of 62,690
(TWDB high series 1991) as shown in Figure 2-1. The projections for 2040 for Kerr

County reflect a change of about one percent after incorporation of the 1990 census
data.

The projections for Kerrville vary from a high series projection for year 2040 of
37,735 prior to the 1990 census to a high series projection for year 2040 of 31,275
after the 1990 census (Figure 2-2). The new projections are nearly 20 percent lower
for 2040 than the projections done in 1989 even though the county projections were
little changed. Because the TWDB does not actually project population for individual
cities, but uses a proportion of the county population, this indicates that the popula-
tion growth in Kerr County has shifted outside the City of Kerrville into rural subdivi-
sions. This is borne out by the proliferation of public water supply systems in rural
areas as documented in Texas Department of Health (TDH) Files and TWDB water
use records.

AUSR012/002.51 2-3
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ECONOMIC DEVELOPMENT CORRIDOR

For the purposes of this study we have adopted the use of an Economic Development
Corridor (EDC) as shown in Figure 2-3. This area has been identified by the
Economic Development Foundation and Technical Advisory Committee as the area
where economic development and population growth is most likely to occur within
Kerr County. This area is largely based on the pattern of existing development in the
County which can be tied to retirement and vacation homes, tourism, clean industries,
and the emerging apple orchard industry.

The population located within the EDC was estimated using 1990 census data. The
boundary of the EDC was compared to the boundaries of the individual census tracts
or block numbering areas (BNAs), and the population of the EDC was estimated
from the population of the corresponding BNAs. In 1990, the Kerr County popula-
tion was 36,304 with 17,384 in Kerrville; 1,408 in Ingram; 17,165 in the EDC outside
of Kerrville and Ingram; and 347 located in other parts of the county. Table 2-1
below gives the population projections for these four areas of the county, as based on
the TWDB high-case projections.

Table 2-1
Population Projections
EDC
Year Kerrville Ingram Other Non-EDC County
1990 17,384 1,408 17,165 347 36,304
2000 24,044 1,812 17,554 439 43,849
2010 27,528 2,110 19,921 501 50,060
2020 29,092 2,237 23,098 550 54,977
2030 30,531 2,358 25,477 589 58,955
2040 31,275 2,420 28,368 627 62,690

Within the EDC we have further identified seven areas where development
(population/water demand) has been concentrated outside of the Kerrville City limits.
These seven areas are shown in Figure 2-4. The population and water demand
projections for these seven areas are based on the assumption that growth will
continue in the same areas of the county in roughly the same proportions that the
population is presently distributed.
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PER CAPITA DEMANDS

Per capita demands or the average volume of water used in gallons per person per
day is multiplied by population to arrive at water demand. For this study, we
evaluated historical demands in relation to:

. Accepted norms
. Water conservation goals
. Economic impacts

The historical demands for the City of Kerrville have varied from a low of 146 gped
in 1987 (a high rainfall year) to a high of 192 gpcd in 1981. These figures are within
the range of normal consumption figures for southern cities (140 gped to 190 gped).
Per capita consumption in the range of 160 gpcd to 180 gped is most common. Esti-
mates of per capita consumption for the County range from a low of 159 gped to a
high of 244 gpcd but these figures contain irrigation and livestock water components
which are highly influenced by rainfall.

Kerrville has established an aggressive water conservation goal of 15 percent which
would reduce the per capita consumption from an estimated 166 gped to 141 gped.
The plan for attaining this level of water conservation is outlined in Appendix F. A
similar water conservation goat of 15 percent is established in the water conservation
plan for Kerr County as described in Appendix E.

In an evaluation of community water demand in Texas (Griffin and Change, 1989), it
was noted that "price elasticity" and "income elasticity” are the two key economic
factors relating to water use. The premises are that as the price of water increases,
water use will decline, and that as income leve] increases, water use will increase.
Other studies (Murdock, 1988) have indicated that sociodemographic and socio-
economic variables affect per capita water use. Characteristics such as size and type
of housing, minority group ratios, age of housing, and economic resources affect per
capita water use. Holloway and Ball (1991) evaluated nine regions of the state with
regard to price and income elasticities. In the San Antonio region (AACOG region),
it was determined that a 10 percent increase in the cost of water would bring a

2.2 percent decrease in consumption. It was also determined that a 10 percent
increase in income in the San Antonio area would result in a 9.5 percent increase in
water use. Because water rates are projected to increase faster than real income, the
overall result is that consumption rates will continue to decrease.

Based on the factors described above and the economic goals of the county, as
summarized by the Economic Development Task Force, it was determined that the
TWDB projections for "high per capita water use with conservation practices"
(Municipal Demand Case 4) are a reasonable yet conservative projection of future

municipal water demand to use for planning purposes. The per capita demands are
shown in Table 2-2.

AUSR012/002.51 2-9




Per Capita Demands (gped)

Table 2-2

Year Kerrville Ingram Other County
2000 190 170 134 165
2010 179 162 126 157
2020 171 155 118 148
2030 169 153 115 144
2040 167 151 113 141

MUNICIPAL DEMANDS

Municipal water demands were determined for Kerrville, Ingram, six areas within the

EDC, and the balance of the County. Demands for Kerrville and Ingram correspond
to the TWDB projections.

Municipal demands within the EDC were determined by collecting water use data on
the public water systems located within the corridor (Appendix A). These water

systems were grouped into six subareas of the EDC:

. » [ ] [ ] * &

Center Point
Eastern County
Kerrville (non-City)
Kerrville Airport
Kerrville North
Kerrville South

The water use for the last year of complete records (1988) was totalled for the water
systems located in each of these six areas. A ratio of water use in each subarea with
respect to the total water use in the EDC was calculated. These ratios were multi-
plied by the total water demand projected for the EDC in years 2000 through 2040.

The resulting water demand projections are shown in Table 2-3 below.

AUSR012/002.51
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Table 2-3

Municipal Water Demands (ac-ft/yr)

Area 1990 2000 2010 2020 2030 2040
Center Point 511 646 689 750 805 879
Eastern County 126 159 170 185 198 217
Ingram 268 345 383 388 404 409
Kerrville, City of 3,515 5,036 5,520 5,572 5,780 5,850
Kerrville (non-City) 309 390 416 453 486 531
Kerrville Airport 763 964 1,029 1,120 1,201 1,312
Kerrville North 170 215 230 250 268 293
Kerrville South 195 247 263 287 307 336
Other 42 81 79 91 96 99
TOTAL 5,900 8,084 8,780 9,096 9,546 9,926

MANUFACTURING DEMANDS

Manufacturing demands projected by the TWDB were evaluated in light of economic
and manufacturing data and expectations in Kerr County. The major manufacturers
include Mooney Aircraft and James Avery Craftsmen (jewelry manufacturer). These
are not water intensive industries. This type of industry is consistent with the goals
and objectives of the Economic Development Task Force. Therefore, the TWDB
projections for manufacturing demand were adopted for use in this study (Table 2-4).

Table 2-4

Manufacturing Demands

Total Demand

Year (ac-ft/yr)
1990 9
2000 11
2010 14
2020 17
2030 20
2040 24

These manufacturing demands are all expected to occur within the EDC and be
supplied by the City of Kerrville using surface water or Lower Trinity aquifer water.

AUSR012/002.51
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IRRIGATION DEMANDS

The TWDB projected that irrigation demands would remain constant at 1,125 ac-ft/yr
from 2000 to 2040 with an initial use in 1990 of 800 ac-ft/yr. The 1989 Irrigation
Inventory (TWDB, 1991) indicates that 886 ac-ft was used to irrigate 563 acres with a
record high of 2,255 ac-ft used to irrigate 826 acres in 1984. After discussions with
agricultural representatives and existing agricultural operations, it was determined that
the only planned irrigation expansion in Kerr County is the Shelton Ranches/Hill
Country Orchards apple orchard expansion. The ultimate plan as described by the
staff (1991) is to irrigate 800 acres of dwarf apple trees using drip irrigation systems.
Approximately one foot of water will be applied to each acre (800 ac-ft/yr) with

50 percent of the supply derived from surface water and 50 percent from ground
water. This acreage will be in full production by year 2000. Therefore, the irrigation
demands adopted for this planning effort are as shown below in Table 2-5. This
demand is expected to occur entirely within the EDC with ground water supplied
from Upper, Middle, and Lower Trinity aquifers. The component to be supplied
from the Middle Trinity aquifer is estimated separately because these irrigation

demands compete with the rural water suppliers who satisfy municipal demands from
the Middle Trinity aquifer.

Table 2-5
Irrigation Demands

Total Demand  Middle Trinity Demand

Year (ac-ft/yr) (ac-ft/yr)
1990 800 136
2000 1,600 536
2010 1,600 536
2020 1,600 536
2030 1,600 536
2040 1,600 536

MINING DEMANDS

There is very little mining activity in Kerr County and it is not expected to increase

substantially in the future. The existing operations will probably maintain production
or be replaced by new activities with equal water demands. The mining demands are
expected to remain at the 1990 rate (Table 2-6), and be located outside of the EDC.
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Table 2-6

Mining Demands

Demand
Year (ac-fi/yr)
1990 78
2000 80
2010 80
2020 80
2030 80
2040 80

LIVESTOCK DEMANDS

will be located outside of the EDC,

AUSRO012/002.51

Table 2-7
Livestock Demands
Demand
Year (ac-ft/yr)
1990 390
2000 390
2010 390
2020 390
2030 390
2040 390
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TOTAL DEMANDS

The total demands for Kerr County are presented in Table 2-8 below.

Table 2-8
Total Demands (ac-ft/yr)
Area 1990 2000 2010 2020 2030 2040

EDC

Center Point 511 646 689 750 805 879
Eastern County 126 159 170 185 198 217
Ingram 268 345 383 388 404 409
Kerrville, City of 3,515 5,036 5,520 5,572 5,780 5,850
Kerrville (non-City) 309 390 416 453 486 531
Kerrville Airport 763 964 1,029 1,120 1,201 1,312
Kerrville North 170 215 230 250 268 293
Kerrville South 195 247 263 287 307 336
Manufacturing 9 11 14 17 20 24
Irrigation 800 1,600 1,600 1,600 1,600 1,600
EDC Total 6,667 9,614 10,315 10,622 11,070 11,451
Non-EDC

Other Municipal 42 81 79 91 96 99
Mining 78 80 80 80 80 80
Livestock 390 390 390 390 390 390
Non-EDC Total 510 551 549 561 566 569
County Total 7,177 10,165 10,864 11,183 11,636 12,020
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Section 3

SURFACE WATER RESOURCES

INTRODUCTION

The purpose of this section is to review existing surface water supplies available to
serve the water supply needs of Kerr County, review any additional surface water
supplies that may be available from the Guadalupe River and any limitations that
may be imposed on the supply, with consideration of instream flow requirements and
water quality.

EXISTING SURFACE WATER USE

The natural flows of the surface water streams of the State of Texas are subject to
use under an appropriate system managed by the Texas Water Commission. A
permit must be obtained from the Texas Water Commission in order to divert or
store surface water. A priority of use (municipal, agricultural, industrial) and a prior-
ity in time (first in time, first in right) has developed. The surface water rights in
each river basin have been adjudicated and are reviewed periodically by the Texas
Water Commission. This process confirms existing water rights or in instances where
water rights have not been utilized to their fullest extent, cancels them to make water
to new users available which utilizes the resource to the greatest benefit without
impeding the existing right of other users.

There are a total of 148 permits to divert surface water from the Guadalupe River
and its tributaries in Kerr County. The total permitted diversion from these permits
is 10,929 acre-feet per year. Irrigation is the largest water use category with 111
permits and 5,336 acre-feet per year diversion. Municipal is the next largest water
use category with 14 permits and 3,917 acre-feet per year diversions. The Upper
Guadalupe River Authority (UGRA) permit accounts for 3,603 acre-feet per year
(92%) of the total municipal water use. Table 3-1 shows the number of permits and
permitted diversions for each water use category.

Table 3-1
Kerr County
Surface Water Rights Permits
and Quantity Permitted by Type of Use
September, 1991

Type of Use No. of Permits Quantity Ac-Ft % of Total
Municipal 14 3,917 359
Industrial 3 417 3.8
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Table 3-1
Kerr County
Surface Water Rights Permits
and Quantity Permitted by Type of Use
September, 1991

Type of Use No. of Permits Quantity Ac-Ft % of Total
Irrigation 111 5,336 48.8
Mining 2 153 1.4
Recreation 18 1,106 10.1
Total 148 10,929 100.0

Source: Texas Water Commission
Note: Permits with multiple types of use were included in only one use category.

Individual permits are listed in Appendix B.

EXISTING AND PLANNED SURFACE WATER FEATURES
EXISTING SURFACE WATER FEATURES

There are several existing surface water features in Kerr County. Table 3-2 lists the

features with a storage capacity of at least 50 acre-feet and some pertinent information on
each.

Table 3-2
Existing Surface Water Features

Capacity  Type of Use

Feature Name Owner Stream Loecation Acre-Ft
UGRA Ponding Lake UGRA Guadalupe River 840 muricipal
DAM T.J. Moore Estate Cypress Creek 100 irrigation
Louise Hays Park Lake City of Kerrville Guadalupe River 75 irrigation
Lake Riverhill Riverhili County Club ~ Camp Meeting Creek 70 irrigation
Dam Shelton Ranch Corp. Guadalupe River 54 irrigation
Dam Ray Ellison, Jr. Spring Creek 50 irrigation
Dam Roland Walters Prison Canyon 420 irrigation
Dam Tyson Smith Verde Creek 120 irrigation
Dam Rodney Robinson East Town Creek 83 irrigation
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Capacity  Type of Use

Feature Name Owner Stream Location Acre-Ft

Dam River Inn Assoc. So. Fk. Guadatupe S0 recreation
River

New Lake Ingram Kerr County Guadalupe River 450 recreation

Dam L.D. Brinkman Fessender Branch 184 recreation

Flat Rock Lake Kerr County Guadalupe River 720 recreation

Lake Center Point Kerr County Guadalupe River 87 recreation

Dam Chloe Cullum Kearney  North Fork 100 recreation
Guadalupe River

Dam T&R Properties Paimer Creek 322 recreation

Dam Pecan Valley Ranch Elm Creek 157 recreation

Owners
Dam Shelton Ranch Corp. Johnson Creek 122 recreation

POTENTIAL SURFACE WATER FEATURES

In 1960 the U.S. Study Commission - Texas studied potential reservoir sites all over Texas.
Three sites in Kerr County (Figure 3-1) were studied: The Ingram Reservoir site on
Johnson Creek in the Town of Ingram, the Bear North Reservoir Site on the North Fork
of the Guadalupe River at its confluence with Bear Creek, and the Smith Reservoir Site
on the South Fork of the Guadalupe River 5.4 miles upstream from the mouth of the
South Fork, The U.S. Study Commission report did not specify a use for the reservoirs
but they could be used for water supply or flood control. In the Texas Basin Project
performed by the Bureau of Reclamation (1978}, only the Ingram Reservoir was identified
as a feasible project with a firm yield of 9,000 ac-ft/yr. Dam 7 in Kendall County was
considered but dismissed as having serious environmental, cost, or water supply defi-
ciencies. The 1981 Water Supply Project study performed by Espey, Huston and
Associates considered reservoir sites at Ingram, Comfort, Dam 7, and an off-channel
reservoir (Figure 3-1) in Kerr County. The off-channel reservoir option was selected as
the most cost-effective site for surface water storage. The Ingram Reservoir was not
considered by the TWDB (1990) in the most recent update of the State water plan. In
general, on-channel reservoirs above Canyon Dam in the Guadalupe basin are not cost
effective for several reasons:

. Water rights are fully committed.
. Costs to construct an on-channel reservoir with a spillway(s) designed to

pass the probable maximum flood (PMF ) are extremely high, in relation to
the firm yield.
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. Environmental issues related to an on-channel reservoir become a major
consideration.

Therefore, the off-channel reservoir storage option is considered to be the most viable
surface water storage option. In 1988, Espey, Huston and Associates concluded that an
off-channel reservoir with capacity to store 15,300 ac-ft would be required to meet a
future demand of 8,226 ac-ft/yr while allowing for a 25 cfs flow through requirement on a
diversion permit. This reservoir was estimated to cost approximately $28.6 million.

SURFACE WATER SUPPLY ALTERNATIVES

NEW APPROPRIATION

There is little or no additional water available for new appropriation for reservoir storage
projects or run of the river diversions in the Guadalupe River in Kerr County. (HDR,
1991) The flows are virtually completely appropriated by the permits in Table 3-1 and by
hydropower rights held by the Guadalupe-Blanco River Authority (GBRA) under

Certificates of Adjudication 18-5488 and 18-5172 and rights for other uses held by GBRA
and others.

SUBORDINATION OF HYDROELECTRIC RIGHTS

Subordination is a process whereby a senior (earlier in time) water right permit holder
allows another water right permit holder to exercise diversion or storage rights first, there-
by increasing the use by the junior right. This process is presently in use and can continue

to be used to provide water to users upstream of Canyon Dam who otherwise would be
unable to divert water.

GBRA, through Certificates of Adjudication 18-5488 and 18-5172, has hydroelectric water
rights in the Guadalupe River and its tributaries. GBRA has allowed subordination of its
hydroelectric water rights to make water available for use at times when the entire flow is
required to be allowed to pass to honor the GBRA hydroelectric rights but less than the
entire flow is required to pass to honor other water rights. This decreases the flow of
water GBRA uses to generate electricity. GBRA charges the recipient of the sub-
ordinated water the cost of the foregone hydroelectric power which would have been
generated at GBRA’s hydroelectric facilities. This process is the most practical alternative
for providing additional surface water supplies to Kerr County. GBRA has indicated

there is sufficient water available that could be subordinated to meet the needs of Kerr
County.

INSTREAM FLOW REQUIREMENTS

The UGRA presently holds permit No. 3505 issued by the Texas Water Commission
(TWC) for diversions of 3,603 acre-feet per year from the Guadalupe River. The UGRA
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treats this water and delivers it to the City of Kerrville for municipal use. The current
level of diversions is nearing the annual permit limit so the UGRA is planning for and has
taken steps towards increasing their right to divert water from the Guadalupe River. The
UGRA has entered into a subordination agreement with the GBRA whereby the GBRA
has agreed to subordinate 4,760 acre-feet per year of its downstream hydroelectric water
rights to the proposed new diversion. The UGRA has submitted its application to the
TWC for a permit to increase its diversions by this amount.

One of the factors which will affect the overall design of the water supply system and the
TWC approval of the permit application is the minimum flow which must be passed
through the UGRA lake in Kerrville to satisfy downstream environmental, water quality,
and water rights requirements.

The UGRA currently holds a Section 404 permit issued by the Corps of Engineers (COE)
which requires that all inflows of 4.3 cfs or less shall be released for the preservation of
downstream aquatic life. The TWC did not impose any additional instream flow require-
ments in Permit 3505. Previous investigations (EHA, 1988) estimated the instream flow
requirement needed to satisfy downstream water rights to be 7.7 cfs from April to
September and 4.3 cfs (or less) from October through March. During the review of the
Riverhill County Club application to amend Certificate of Adjudication (CA) No. 18-2000,
the Water Quality Division of the TWC prepared an analysis of Flat Rock Lake on the
Guadalupe River, which receives the City of Kerrville wastewater treatment plant effluent,
and concluded that the required instream flow requirement should be 25 to 30 cfs to
maintain acceptable water quality in Flat Rock Lake, unless evidence is presented that
conclusively proves that a lower flow value will not harm the river.

UGRA commissioned a study to determine the minimum acceptable instream flow which
would maintain the water quality in the river and Flat Rock Lake. The results of this
study (EHA, 1991) indicate that water quality degradation due to nutrient enrichment and
algal growth was not a problem until the Guadalupe River flow was less than 12 cfs and
the City of Kerrville wastewater treatment plant was discharging at its permitted capacity
of 3.5 mgd. UGRA is proposing a minimum instream flow requirement of 15 cfs for
which the analyses show that problems would not result until the wastewater discharge
levels reached 4 mgd. This study will be presented as evidence to the TWC in support of
UGRA’s permit application to increase its diversions.

As the City of Kerrville grows, more effluent will be discharged into Flat Rock Lake. At
some future point in time, it will be necessary to modify the wastewater quality or quantity
to insure that water quality problems do not occur. This can be accomplished by either
increasing nutrient removal from the effluent or by diverting the portion of the effluent
discharge in excess of 3.5 to 4 mgd to reuse.

WATER QUALITY

The treated surface water produced by the 5.0-mgd capacity UGRA water treatment plant
presently meets all the requirements of the Safe Drinking Water Act (SDWA) and TDH
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standards. If the regulations change then the treatment processes and disinfection proce-
dures should be reviewed to insure compliance with the new regulations. The quality of
raw water in the Guadalupe River is generally good with low turbidity. At times the
turbidity is so low that conventional plant operations are modified to recycle solids in
order to maintain the treatment process. After heavy rains, the turbidity can increase
dramatically. When this occurs, the plant is temporarily taken off-line and Kerrville uses
groundwater as a principal source for a few days.

CONCLUSIONS

The Guadalupe River is the primary surface water feature in Kerr County. Water rights
in the Guadalupe basin are fully appropriated. The only additional water rights that may
be easily obtained are those obtained through subordination of hydroelectric rights.

Surface water can play a key role in managing the water resources of Kerr County. As
long as in-stream flow requirements and the water quality in both open river reaches and
in impoundments such as Flat Rock Lake can be maintained, diversions from the
Guadalupe River can continue to increase.

The key factor associated with management of surface water is one of timing. River flows
do not correspond to seasonal and annual demands, so storage is required to equilibrate
the fluctuations in supply and insure that water is available when it is needed. Sufficient
water rights are not available to support construction of a reservoir on the main river
channel when considering the project cost and environmental issues. The only two
remaining options are storage in an off-channel reservoir, or storage below ground in an
aquifer using Aquifer Storage and Recovery (ASR) or another recharge method.
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Section 4

GROUND WATER RESOURCES

INTRODUCTION

PURPOSE

The purpose of this section is to summarize and evaluate the ground water resources
of Kerr County, Texas. This information will be used to evaluate the total water
resources available in Kerr County, and provide a basis for ground water modeling
efforts which will be used to further define ground water limitations.

Another element of this section is the evaluation and quantification of ground water
resources to determine if any limitations to the development of a conjunctive
management system exist.

METHODOLOGY

This section of the study was prepared by reviewing the following published and
unpublished data on the ground water resources of Kerr County and the Hill Country
areas around Kerr County:

Texas Water Development Board reports

Texas Water Commission well records

Bureau of Economic Geology reports

UGRA water level and analytical data (Appendix B)

City of Kerrville Public Utility records

Private consultant reports

Data derived from CH2M HILL ASR investigations within the city

& & o 2 0 e @

CURRENT STATUS

In 1990 the Texas Water Commission (TWC) and Texas Water Development Board
(TWDB) released a report (Cross and Bluntzer, 1990) that proposed critical area
designation for all or portions of eight hill country counties (Figure 4-1). Included in
this 5,500 square mile area is all of Kerr County. Critical areas are areas that are
experiencing or will experience in the next 20 years ground water shortages, land sub-
sidence, or ground water contamination, Based on potential ground water shortages
due to lowering water tables and low recovery potential from the aquifers, the Hill
Country counties were proposed as a critical area.
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The critical area designation give the TWC the authority to hold a hearing to deter-
mine if an underground water conservation district (UWCD) should be formed in the
critical area. If an UWCD is formed it has full regulatory authority over ground
water use and development in the critical area. Some of the regulatory powers of an
UWCD include but are not limited to:

Eminent domain power

Water well permitting

Restricting well spacing

Restricting ground water use

Enforcing well abandonment procedures

The Headwaters Underground Water Conservation District has been organized within
Kerr County. This district will work closely with the UGRA, and currently the

UGRA is providing basic data gathering and other administrative functions of the
District.

OVERVIEW OF THE REGIONAL HYDROGEOLOGY

Kerr County is situated in the Hill Country area of Texas in the southern portion of
the Edwards Plateau. The terrain is characterized by gently rolling land with stream-
incised plateaus. Elevations in the county range from about 1,450 to 2,310 feet
National Geodetic Vertical Datum (NGVD). The area of the county is approximately
1,100 square miles. Surface drainage is to the southeast along major river systems
that eventually discharge into the Gulf of Mexico. The most prominent surface water
drainage in Kerr County is the Guadalupe River. The watershed of this river
comprises 70 percent of the county area.

STRATIGRAPHY

The surface and near surface bedrock geology of Kerr County includes deposits of the
Quaternary, Cretaceous, and pre-Cretaceous systems. Table 4-1 depicts the strati-
graphic units or geologic layering present in Kerr County. Figure 4-2 is the county
geologic map which is an aerial view of the county showing the geologic units which
would be exposed at the ground surface if the topsoil was removed (Ashworth, 1983).
Recharge occurs through various exposed geologic units. A cross-section depicting
interrelationships of the geologic units is presented in Figure 4-3 (Reeves, 1969).
Numerous investigations of the Hill Country hydrogeology and geology have resulted
in several stratigraphic nomenclatures. Although individual stratigraphic units gener-
ally have been named alike from investigation to investigation, formations and groups
have been designated differently from report to report. This study will use the
nomenclature of Ashworth (1983), which is summarized in Table 4-1.
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The Quaternary system is represented by a mixture of unconsolidated clay, silt, sand,
and gravel. The Quaternary deposits are exposed primarily along the channels of the
Guadalupe River and its major tributaries (Turtle, Johnson, and Verde Creeks).
Thicknesses of the Quaternary alluvium are generally less than 50 feet, Maximum
thickness occurs along the Guadalupe River.

The pre-Cretaceous rocks are of minor consequence in the hydrogeologic and water
resource issues of Kerr County. Few, if any, wells are completed into the pre-
Cretaceous water-bearing units. Some test holes have penetrated these units in the
eastern portions of the City of Kerrville. However, these holes found unsatisfactory
supplies with poor quality. In Comfort, just east of Kerr County, a municipal well
penetrated the Lower Cretaceous and the pre-Cretaceous rocks. Although the yield
of the well was good, the water quality was poor and characterized by high TDS
concentrations, primarily chloride.

The most important water-bearing units are found in the Cretaceous aquifers. These
rocks were deposited as a wedge-like overlapping sequence that pinches out towards
the Llano uplift to the north and thickens downdip to the southeast. The rocks are a
combination of limestone, dolomite, sandstone, and shale. The most important of
these are listed below:

. Edwards Aquifer

. Upper Trinity Aquifer
. Middle Trinity Aquifer
. Lower Trinity Aquifer

The youngest of these aquifers is the Edwards Aquifer. Included in this aquifer, from
youngest to oldest, are the Georgetown, Edwards, and Comanche Peak Limestones.
These units are characterized as cherty, nodular-to-massive limestones with some
interbedded shale, clay, and dolomite units. The aggregate thickness of these units
can exceed 500 feet.

The Trinity Group is subdivided into three units: Upper, Middle, and Lower. The
Upper Trinity is comprised of the Upper Glen Rose Limestone. This interbedded
shale and clayey limestone reaches thicknesses of up to 350 feet. Also included in
these units are two distinct evaporite zones, which are used as marker beds. The
most important one demarcates the base of the Upper Glen Rose.

The Middle Trinity contains, from youngest to oldest, the Lower Glen Rose, Hensell
Sand, and Cow Creek Limestones. The upper portion of Lower Glen Rose is very
similar to the Upper Glen Rose. However, near the base of the unit the stratigraphy
is characterized by massive medium to thick bedded limestone. In places the Lower
Glen Rose has a sandy facies (Ashworth, 1983).

Characterized by a wide range of lithologies, the Hensell Sand is variable in lithology
vertically at each location and internally throughout Kerr County. This unit typically
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contains red to gray clay, sand, and conglomerate, with interbedded thin limestone
units in the northern and western portions of the county. Towards the south and
southeast, the unit becomes more calcareous and may contain shaley limestones and
dolomites and calcareous shales.

The base of the Middie Trinity is marked by the Cow Creek Limestone. This
massive, highly fossiliferous limestone and dolomite contains beds of sand and shale.
Thicknesses of the Cow Creek of up to 70 feet have been reported within the county.

The Lower Trinity aquifer is composed of the Hosston and Sligo members of the
Travis Peak formation. The Hammett Shale, which is sometimes called the Pine
Island Shale, is a thin (typically less than 20 feet thick) dolomitic shale with some
interbedded sand lenses. The unit is generally present throughout southern Kerr
County, but thins rapidly to the north and pinches out north of Kerrville and west of
Hunt (Figure 4-3). The unit acts as a confining and semi-confining bed above the
Lower Trinity aquifer.

The Hosston and Sligo in many locations in Texas are represented by two distinct
units: the Hosston Sandstone (red dolomitic sandstone) and the Sligo Limestone
(sandy dolomitic limestone). In Kerr County, however, the units are often grouped
and referred to as the Hosston-Sligo because they are difficult to differentiate using
drill cuttings. In most cases, geophysical logs, particularly SP-Resistivity (electric) and
Gama Ray type logs, or closed-circuit television (CCTV) logs taken in color can be
used to differentiate the two members.

The Hosston and Sligo are thickest in the south and southwest portions of the county,
where the combined thickness may exceed 150 feet. In Kerrville a 75-t0-100 foot
thickness is common. North of Kerrville the Sligo Limestone thins and eventually
pinches out near the northern border of the county. Here the Hosston directly
underlies the Hammett Shale.

WATER-BEARING CHARACTERISTICS

The most productive unit in Kerr County is the Lower Trinity aquifer. This aquifer,
which can sustain well yields in excess of 1 mgd, is the main aquifer for the City of
Kerrville’s well field.

The next most prolific aquifer is the Middle Trinity, which can produce at rates of
more than 100 gpm. It is composed of the lower member of the Glen Rose
Limestone, and the Hensell Sand and Cow Creek Limestone members of the Travis
Peak Formation. Residential and small industrial wells are completed in this aquifer.
The Cow Creek is not as transmissive as the Hensell. However, most wells that are
completed in the Hensell also have open hole intervals in the Cow Creek. Rarely is a
well drilled and completed in the Cow Creek alone. The Lower Glen Rose leaks a
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lower quality water (higher salinity) into the Hensell Sand. This problem is often
aggravated by wells having open-hole intervals in the Lower Glen Rose, in addition to
the Hensell Sand and Cow Creek Limestone.

The Upper Trinity (Upper Glen Rose) yields quantities of water that are sufficient
only for domestic use. Typically, these wells in produce highly mineralized water.
Sulfate concentrations are also typically high. Water quality in the Upper Trinity
deteriorates downgradient as dissolved solids concentrations increase with increased
travel and contact time in the formation.

The Edwards yields only small quantities of water because of its limited recharge
area. Most of the water typically emanates from the unit as springs on hillsides.
Water quality is characterized by low TDS and moderate hardness.

The yields of the individual aquifers will be discussed in greater detail in subsequent
paragraphs.

RECHARGE

Recharge to the aquifers in Kerr County occurs primarily as the result of direct
precipitation on the outcrop and by leakage from one aquifer to another. To a
limited extent within Kerr County, surface waters recharge some aquifers where
streams cross the outcrop.

It has been estimated that about five percent of the average annual rainfall in the Hill
Country enters the aquifers as recharge. Assuming an average annual precipitation of
31 inches across Kerr County, five percent infiltration would result in 90,900 ac-
ft/year, or 81 mgd recharge to the aquifers.

AQUIFER USE

The distribution of the aquifers are discussed in detail in the next major part of this
section. Generally, the Edwards is used predominantly in the north and northwest
portions of the county. In the eastern portion of Kerr County the Edwards is used by
residences situated on hilltop locations. The Upper Trinity is used mainly in the
central and eastern portions of the county. It is typically used if the Edwards is not
present or if drilling to the underlying units is cost-prohibitive due to depth.

The Middle Trinity is also used by residences and small industries in the central and
eastern portions of Kerr County. Few wells penetrate the Lower Trinity in Kerr
County. The majority of these wells are in the City of Kerrville. To a lesser extent
wells penetrating this aquifer are found to the southeast and east of Kerrville.
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MAJOR AQUIFERS IN KERR COUNTY
EDWARDS AQUIFER

Distribution

As shown in Figure 4-2, the Edwards Limestone is the dominant surface geologic
formation in Kerr County. The Edwards and its associated limestones outcrop over
more than 50 percent of the surface area in the county. West and north of Hunt,
close to 100 percent of the surface is underlain by the Edwards Aquifer. The base of
the unit in this area is approximately 1,900 feet NGVD. In the eastern and south-
castern portions of the county, the Edwards outcrops on less than 25 percent of the
area. Here it is found on the tops of hills and plateaus, usually at elevations of
greater than 1,850 feet NGVD.

The Edwards in Kerr County does not have the same characteristics as it does in
Bexar and surrounding counties. In Kerr County, the Edwards may reach a thickness
of more than 400 feet; however, because of the dissected nature of the topography,
ground water flow is discontinuous. Thick, saturated, highly transmissive zones do not
occur. Instead, water table or unconfined conditions with thin saturated thicknesses
are typically the conditions found in Kerr County.

Flow Direction and Water Levels

Ground water in the Edwards occurs in void spaces caused primarily by secondary
porosity. This secondary porosity is formed by solution weathering and dolomitization
of the limestone and by fracturing or jointing in the rocks.

The majority of the wells that penetrate the Edwards Aquifer find water table or
unconfined conditions. A few wells encounter confining beds within the aquifer that
result in small artesian water level rises. Water entering the Edwards through
recharge generally flows downdip under the influence of gravity, where the majority of
it breaks out along the outcrop as springs. Some downward leakage into the
underlying Upper Trinity aquifer also occurs, contributing to its total recharge.

Water levels in the western portion of the county range from 1,900 to 2,000 feet
NGVD. In general, ground water flow direction is to the ceast towards the Guadalupe
River. In the extreme northern portion of Kerr County, at the boundary with Kimble
County, ground water flow has a northerly component.

Review of well records indicates that the majority of the wells have less than a 50-foot

water column inside the well. The majority of the water column may be the result of
over-deepening of the well in order to permit the well to store additional water.
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Aquifer Characteristics

The majority of the wells in the Edwards Aquifer are for domestic use. Therefore,
few tests and limited hydrogeological characteristics are readily available. Review of
well records and spring information reveals that the majority of the wells in the

aquifer pump at rates of less than 15 to 20 gpm. Pumping rates in excess of 50 gpm
are uncommon.

Some short-term pump tests on Edwards wells in Kerr County are available. Specific
capacities (gallons per minute/foot of drawdown) from these tests were less than 1
gpmy/ft.

Springs in the Edwards show highly variable flow rates from location to location.
However, the flow at a specific location is relatively constant. At several locations,
flow in the springs in excess of 500 gpm has been reported. These high producing
springs are found in the Mountain Home area and are the headwaters of Johnson
Creek. Discharges from the Edwards also form the headwaters of both the North
Ford and South Fork of the Guadalupe River.

Water Quality

The Edwards Aquifer exhibits excellent water quality in Kerr County. Water quality
data based on historical chemical water analysis for water from wells and springs of
the Edwards aquifer in Kerr County is very limited, but the water quality in Kerr
County is very similar to the water quality in Gillespie and Bandera Counties where
more data is available (Walker, 1979). The available water quality data for the
Edwards aquifer was recently summarized by the TWDB (Bluntzer, 1991) in a draft
report. In general, the following conclusions regarding water quality can be applied
to the Edwards aquifer in Kerr County:

. The concentrations of sulfate, chloride, fluoride, and total dissolved
solids are within the limits of the current drinking water standards.

. The waters produced from the aquifer are inherently very hard as a
result of calcium and bicarbonate being the primary components of the
dissolved solids concentration.

. The nitrate concentrations encountered in Kerr County have increased
above the ambient level of 1.0 mg/l but remain below the regional
average of 10.6 mg/l (Bluntzer, 1991) and generally below the maximum
contaminant level of 10.0 mg/l as promulgated by the Environmental
Protection Agency under the authority of Public Law 93-523 (the Safe
Drinking Water Act). Nitrate concentrations in the rural western areas
of Gillespie and Bandera Counties are substantially higher than those
measured to date in Kerr County. Agricultural operations are also
more intense in these areas.
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. The waters have a near neutral pH and typically low chloride
concentration (less than 30 mg/l).

. Sodium is present in low concentrations, and the sodium adsorption
ratio (SAR), a measure of irrigation water suitability, is low.

Since the natural discharge from the Edwards aquifer is the main source of the base
flow of the Guadalupe River and its tributaries, any degradation of the aquifer quality
would adversely affect the water quality of the Guadalupe River. To date, the
UGRA has not identified any water quality problems in the Guadalupe River at the
UGRA Water Treatment Plant in Kerrville.

UPPER TRINITY AQUIFER

Distribution

The Upper Trinity Aquifer is represented in Kerr County by the Upper Glen Rose
Limestone. This unit outcrops over approximately 20 percent of the surface area in
Kerr County. The majority of the outcrop of the Upper Glen Rose is in the eastern
portion of the county, where it is the predominant surfacial geological unit. In these
areas it outcrops in the valley floors and banks of the Guadalupe River and Cypress,
Verde, and Turtle Creeks.

Although it underlies all of Kerr County except where it is eroded by streams in the
east, the Upper Trinity Aquifer thins northward and towards the Llano Uplift and
eventually pinches out in Gillespie County north of Fredericksburg, In Kerr County,
the unit has a maximum thickness of 385 feet in the southeast part of the county.
Minimum thicknesses (350 feet) are found in the north portions of the county. The
Upper Glen Rose dips to the south and southeast. In the Kerrville area, the base of
the unit is trough-like and probably represents an erosional surface caused by streams
that incised the Lower Glen Rose prior to deposition of the Upper Glen Rose. In
Kerr County, the top of the Upper Glen Rose is encountered at about 1,900 feet
NGVD in the north and just less than 1,800 feet NGVD in the south. Through the
Kerrville area the top of the Upper Glen Rose averages an elevation of
approximately 1,825 feet NGVD.

Flow Direction and Water Levels

Ground water in the Upper Trinity occurs primarily as secondary porosity in joints
and along bedding planes. Although the Upper Trinity is not characterized by honey-
combed solution weathering as is the Edwards, solution weathering does occur and is
represented by enlargement of the zones along the joints and bedding planes. This
enlargement is a continuing but slow process.
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Recharge to the Upper Glen Rose occurs through leakage from the Edwards, through
direct precipitation on the outcrop, and through stream losses. With the exception of
areas near the outcrop, the aquifer generally exhibits confined or artesian conditions.
Flow is a generally to the southeast and following the general dip of the unit. Near
the outcrop, unconfined conditions occur, and ground water tends 10 flow towards the
outcrop.

Because wells in the Upper Glen Rose are limited to rural domestic and livestock
use, data on historic water levels and measurements arc limited. However, interviews
with well owners indicate that some of the wells reportedly went dry during the
historic droughts of the late 40s and mid-50s (Reeves, 1969). The majority of these
wells were shallow dug wells.

Aquifer Characteristics

Less data on the aquifer characteristics of the Upper Trinity are available than on the
Edwards Aquifer. Typically, wells in the Upper Trinity pump at rates of less than 10
gpm. Specific capacities are probably on the order of 1 gpm/ft.

Reeves (1969) reported that a 60-foot-deep Upper Trinity well produced water at
rates of 1,000 gpm and was used to irrigate more than 1,000 acres. However, these
rates are inconsistent with the aquifer across the county. The well is completed in
one of the porous anhydride zones of the aquifer along Verde Creek. The anamol-
ously high production may be a combination of the porosity and seepage from the
creek. Therefore, the yield is not representative of the Upper Glen Rose. Reeves
also estimates a 6,000 ac-ft/yr or approximately 3,700 gpm discharge from the Upper
Trinity in the form of springs.

Water Quality

The Upper Trinity displays the poorest water quality of any of the aquifers in Kerr
County. The water in the aquifer is slightly saline. The majority of the dissolved
solids are from the dissolution of the gypsum in the aquifer. Reports of high sulfate
concentrations in the aquifer are common. Dissolved solids concentrations typically
range from 1,000 to 3,000 mg/l, making the water unpalatable for humans, but still
potentially usable for livestock or irrigation.

In addition to high sulfates, the water from the Upper Trinity is very hard, as ex-
hibited by calcium and magnesium concentrations in excess of several hundred milli-
grams per liter. Sodium and chloride concentrations in the aquifer are generally only
slightly higher in the Upper Trinity than in the other aquifer. The presence of
sodium and chioride further accounts for the high TDS from the dissolution of
gypsum and calcite. Because of the low sodium, SAR values are also low, making the
irrigation potential better than in most high TDS waters.
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MIDDLE TRINITY AQUIFER
Distribution

In descending stratigraphic order, the Middle Trinity Aquifer is comprised of the
Lower Glen Rose Limestone, the Hensell Sand, and the Cow Creek Limestone. In
Kerr County, only the Lower Glen Rose outcrops at the surface. This outcrop occurs
in limited areas along the valley walls just west of Comfort (Figure 4-2).

As with most formations in Kerr County, thickness of the units increases downdip
away from the Llano uplift. The Middle Trinity ranges in thickness from about

300 feet in the north to Just over 400 feet in the southern extremes of the county. In
Kerrville, the Middle Trinity averages 300 feet in thickness.

In general, the thickest unit is the Upper Glen Rose, followed by the Hensell Sand
and the Cow Creek Limestone. Maximum thicknesses of these units are 210, 155,
and 70 feet, respectively.

In Kerr County, the top of the Middle Trinity is encountered at elevations ranging
from about 1,525 feet NGVD in the north to about 1,350 NGVD in the extreme
southeast. The dip of the unit is very gentle throughout the county, generally about
10 feet per mile.

Flow Direction and Water Levels

The ground water flow in the Middle Trinity occurs along secondary porosity features
and by intergranular flow. Intergranular flow occurs primarily in the Hensell Sand.
This unit contains zones of uncemented or unlithified sand grains. Water in these
high porosity zones flows through the void spaces between the individual sand grains. -

Wells completed in the Middle Trinity encounter artesian or confined conditions.
Historic data suggest that water levels in low demand months are on the order of 20
to 50 feet above the top of the unit. Historical data also indicate that water levels
have changed with time. In general, water levels in the Middie Trinity have declined
due to increasing demand caused by population growth. In the Kerrville area a
distinct cone of depression existed. However, these water levels have been rising
since the early 1980s due to the construction of the UGRA water treatment plant and
the decreased dependency on ground water.

Ground water flow in the Middle Trinity is to the southeast at a hydraulic gradient of
10 to 20 feet/mile or 0.002 to 0.004 ft/ft. A comparison of water level measurements
from the winter of 1977-1978 and the winter of 1990-1991 indicates that the overall
flow direction has not changed; however, water levels have risen about 30 to 50 feet,
and there is no longer a pronounced cone of depression in the Kerrville area.
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Aquifer Characteristics

Aquifer tests have been conducted on wells and on core samples from the Middle
Trinity in Kerr County. Data suggest that the average value of transmissivity in the
Middle Trinity is on the order of 1,700 gallons per day, with specific capacities of
about 1 gpm/ft of drawdown. Storage coefficients for the unit are 10 to 10°.

Individual members of the Middle Trinity have varying aquifer characteristics. In
general, the Hensell Sand is the most transmissive unit, followed by the Lower Glen
Rose and finally the Cow Creek Limestone. Well yields in the Hensell average about
25 gpm. Distinct values for the Cow Creek are unknown because few, if any, wells
are completed solely within the Cow Creek. Well yields from the Lower Glen Rose
are generally small. Across the county an average well yield of 15 to 20 would be

conservative. Individual well yields, however, have been reported to be as high as
50 gpm.

Water Quality

The individual aquifers in the Middle Trinity have variable water quality at each loca-
tion and at locations throughout the county. The nature of the Cow Creek water
quality is unknown because no wells have been recorded as having been completed
solely in the Cow Creek.

Several problems exist in acquiring representative water samples from the individual
members of the Middle Trinity Aquifer. First, and foremost, is the method of
completion of wells in the County. Most of the wells are completed as open-hole
wells that connect the Upper and Middle Trinity Aquifers. This has resulted in a
mixing of waters in the aquifer. To a lesser extent, there is a natural mixing because
there is no definitive confining unit that separates the aquifer. Although natural
gradients may minimize mixing, induced gradients caused by heavy pumping may
result in downward vertical gradients that will bring water from the Upper Trinity
Aquifer into the Middle Trinity Aquifer. The following paragraphs discuss
observations found in data from properly completed wells.

Wells completed in the Lower Glen Rose just west of Comfort in easternmost Kerr
County exhibited total dissolved solids ranging from 290 to 900 mg/l (Walker, 1979).
The majority of the TDS are attributed to calcium and sulfate, chloride, and
bicarbonate. Sulfate and chloride concentrations were as high as 209 and 152 mg/l,
respectively. The water is hard (total hardness = 275 to 520 mg/1) and slightly
alkaline (pH = 7.4 to 7.9).

The Lower Glen Rose has been sampled at a monitoring well adjacent to the UGRA
water treatment plant. Water quality in this well was slightly saline (TDS = 895
mg/l). The water is hard and contains abundant sulfate (772 mg/l). Chloride
concentrations; however, are relatively low (18 mg/).
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The Hensell Sand exhibits a wide range of water quality in Kerr County. In general,
the aquifer produces suitable water for domestic consumption. In northern Kerr
County the water quality is characterized by low TDS (less than 300 mg/l), low sulfate
and chloride concentrations (27 and 12 mg/], respectively), and high alkalinity (Ph =
8.5). The predominant constituents in the aquifer are calcium, magnesium, and
bicarbonate, all of which are primarily attributable to dissolution of calcite and
dolomite.

Downgradient, in the area from Hunt to Kerrville, TDS concentrations increase to
about 500 mg/l. However, one well in this location exhibited TDS values of about
1,000 mg/l. The relative percentages of the major ions are similar to those discussed
above. The higher concentrations are probably the result from greater mineral
dissolution opportunity arising from increased travel time and distance. A few of the
Hensell wells in this area that exhibit high TDS also have high sulfate concentrations.

These wells may have been affected by downward leaching of Upper Glen Rose
waters.

In southeasternmost Kerr County, the Hensell exhibits TDS concentrations in the
600 mg/l range. Here, TDS is predominantly sulfate, calcium, bicarbonate, and, to a
lesser extent, magnesium. This characterization of TDS may reflect an increased
concentration of gypsum (calcium sulfate) in the area. Sulfate concentrations ranged

from 120 to 222 mg/l. Chloride in the water samples were relatively low, ranging
from 24 to 25 mg/l.

Because no wells have been completed solely in the Cow Creek layer of the Middle
Trinity, water quality is unknown. However, by reviewing its stratigraphic position
and mineralogy, an estimation of water quality can be made. The location of the
Cow Creek beneath the Hensell indicates that the concentration of sulfate, which is
primarily the result of leaching from the Glen Rose units, would be low. The miner-
alogy of the Cow Creek is primarily calcite, with lesser amounts of dolomite. These
mineral assemblages tend to produce hard water. The major ions would probably
include bicarbonate, calcium, and magnesium. Sulfate, sodium, and chloride should
be present in low concentrations and should not adversely affect water quality.

LOWER TRINITY AQUIFER
Distribution

The Lower Trinity Aquifer in Kerr County is comprised of the Sligo Limestone and
Hosston Sand. Neither of the members outcrops within Kerr County. The Hosston is
probably present in the subsurface at all locations within Kerr County, as the Sligo
member pinches out in the northern portions of Kerr County. The Hammett Shale is
also believed to pinch out just west of Hunt and in the northern portion of the
county.
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The Lower Trinity is the most productive aquifer in Kerr County. The Hammett
Shale is an aquitard or water bearing layer with very low permeability that yields little
or no well water. The importance of the Hammett Shale is the establishment of a
confining bed above the Lower Trinity that helps maintain artesian heads in the
aquifer and prevents mixing with the upper formations. In the northwest portion of
the County where the Hammett Shale does not exist, mixing between the Lower
Trinity and Middle Trinity does occur. The extent of this interaction is undefined.

The Pine Island ranges in thicknesses from zero feet at its edges to 50 feet in the
southeastern portions of the county. The Hosston and Sligo were deposited on an
erosional surface above the pre-Cretaceous rocks. This erosional surface generally
dips to the south and southwest at about 10 to 20 feet per mile. The top of the
Lower Trinity dips at a rate of 10 to 40 feet per mile. The steepest dips are within
and just east of Kerrville.

The top of the Lower Trinity ranges in elevation from just 1,300 feet NGVD along
Texas Highway 16 at the Kerr-Gillespie county line to about 900 feet NGVD at the
Kendall, Bandera, and Kerr County junction. Depths of the unit are highly variable
throughout the county. The unit is shallowest along the Guadalupe River between
Kerrville and Comfort. Here, it is within 450 feet of the ground surface. In the
southwest portion of the county, the depth to the top of the unit exceeds 1,350 feet.

Flow Direction and Water Levels

Data on flow directions and water levels are limited to eastern Kerr County. Few
wells penetrate the formation in western Kerr County for several reasons. In the
west, the unit is at greater depths. In these locations, the population and water
demands are lower; therefore, these needs can be met by the shallower Hensell
formation.

Historically, flow directions in Kerr County are towards the south, with a slight west-
erly flow component. This westerly component is probably the result of pumping
within the City of Kerrville. Figure 4-4 is a flow diagram with data from February
1991. As shown in this figure, ground water flow is to the south through the Kerrville
area. Ground water gradients are steepest within the city (up to 35 feet per mile)
and decline to less than 10 feet per mile south of the city.

Historical water level changes are a direct result of ground water use patterns. Data
from the mid 1940s indicate that the ground water elevations were about 1,560 feet
NGVD in the center of Kerrville. These water levels declined until the UGRA water
treatment plant was constructed. Just prior to the startup of the plant, water levels in
the center of the city were approximately 1,350 feet NGVD. Following 10 years of
surface water use with less ground water use, water levels have started to rise. These
levels in non-pumping seasons (February 1991) are now approximately 1,500 feet
NGVD, or within 50 feet of their 1945 levels.

AUSRO011/041.51 4-17



Ik

OV ZBEIENOH
186l AHvNUEE3H) ALINIHL HIMOT 3HL NI ~

§T3ATT HILVM 3LviS Aavals

Aluncd wey

v-p 2By

H38NNN T13M ITIAHYIN
40 ALID SI MOHS HIGWNN ‘310N

NOILO3HIQ MOT4 HOrvin
ANVW3Q %v3d HO4 Q3sn ST1am
STTIM Q3sn wogias

ST1AM 3AILVYHIJONI

oeof

Aluno) liepuay

N3O

SIUAN NI Twvos
= " ™ e ey ™ ™ ™ |
9 [ o

-

e <
L]

N -

Z

NOG" IS EZEnICN:Q

LOS60  1681-790- |12




Ground water pumping rates in the city gradually increased over the historic record to
the time the WTP was put into use. In the mid-40s the average annual pumping rate
was just below 1 mgd. In the mid-50s this rate increased to about 2 mgd. By 1980,
ground water use exceeded 2.5 mgd.

Currently, the city owns 13 completed wells in the Lower Trinity as indicated in
Figure 4-4. In addition to the 13 wells shown in Figure 4-4, the UGRA has installed
one Aquifer Storage and Recovery (ASR) well, which is designed to recharge water
into the aquifer for storage and subsequently recover this water through the same
dual-function well. This would allow the UGRA to store surplus treated water and
recover it later to meet peak demands without stressing the Lower Trinity and causing
water levels to decline significantly.

Aquifer Characteristics

Because of its importance to the City of Kerrville, the Lower Trinity has received
more attention than any other aquifer in the county. Abundant aquifer tests have
been conducted and a computer model of the ground water flow conditions has been
developed for the Kerrville area.

The Lower Trinity displays variable aquifer characteristics. In the Kerrville area,
transmissivity has ranged from about 1,500 gdf to almost 30,000 gdf. The highly trans-
missive zones are in the central portion of the city and follow a narrow trend with a
bearing that follows the Guadalupe River. These zones may be the result of fractur-
ing within the unit, as is suggested by the linear trend of the zone and the similar
trend of surface lineaments in the area.

Further to the east and south, however, the Lower Trinity increases in thickness and
the transmissivity decreases. The decrease in transmissivity is assumed to be a
decrease in the interconnected pore spaces caused by fewer joints or possibly
cementation by ground water fluids.

Storage coefficients have been calculated from pump tests. These range from about

7x 10* to 1 x 10°. The weighted average throughout the Kerrville area is about
7 x 10°.

Specific capacities have been determined for numerous city wells. These range from
less than 1 gpm/ft of drawdown near the airport to about 20 gpm/ft of drawdown in
the center of the city. An average across the area would be 10 gpm/ft of drawdown.
The specific capacity in a well is enhanced by acidization of the well. Increases of
about 300 percent are common after hydrochloric acid has been added to the well
and allowed to react with the calcite and limestone in the Hosston and Sligo
components of the Lower Trinity.

Pumping rates are a function of the transmissivity of the aquifer and the capacity. of
the pump in the well. Within the city and in the high transmissivity zones, pumping
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rates in excess of 1,000 gallons per day can be achieved and maintained for months at
a time. For example, City of Kerrville Well No. 11 (Figure 4-4) has produced at rates
of more than 1.5 mgd for several months during the summer. Pumping rates to the
east, near the airport, are less than 100 gpm. North of the city, where the aquifer

thins, the pumping rates are on the order of 100 to 200 gpm (i.e., City of Kerrville
Well No. 15).

Water Quality

Well water from the Kerrville municipal wells is of good quality. It has a fairly high
total dissolved solids content of 500 to 700 mg/l, but the concentrations are under the
limit of 1,000 mg/l set by the Texas Department of Health. Calcium carbonate hard-
ness (as CaCO;) values of 270 to 380 mg/l put the water in the "very hard" category,
which is anything greater than 180 mg/l. Iron concentrations from specific wells have
exceeded the 0.3 mg/l limit, but the water from a combination of wells has been well
below the limit in the few sample results that were reviewed. Analyses of water qual-
ity taken from individual well tests dated 1966 to 1973 are shown in Table 4-2. More

recent test results (1983 to 1991) of Kerrville wells and the ASR well indicate similar
or better quality.

Water quality samples from Hosston-Sligo wells east of the city exhibit water quality
that is poorer than that of the city wells. Hosston-Sligo wells in the Cypress Creek
area are characterized by higher TDS values (700 to 900 mg/l). These wells contain
four to five times the amount of chloride (up to 200 mg/l) and more than twice as
much sulfate (up to 220 mg/l). The reason for the poor water quality in this area is
unknown. The water quality is similar to that of the Lower Glen Rose in the area
and may suggest poorly completed wells.

GROUND WATER DEVELOPMENT POTENTIAL
AND AQUIFER CRITICALITY

The ground water supply potential of an area depends on several important factors.
These include ground water recharge to the area, storage potential within the aquifer,
and the ability of the aquifer to release the water. The recharge volume can be
calculated by determining the percent of infiltration and the amount of precipitation.
Additional recharge may also come from interaquifer flow and stream losses.

Storage potential is calculated from the storage coefficients, water levels, and area
and thickness of the aquifer. This information is available from pump tests and
historical data. Estimates can be made by understanding the hydrogeoclogy and
comparing that with data from similar aquifers.

Although an area may have sufficient storage, the aquifer characteristics may not be
favorable to release the water at required rates. Transmissivity data can be used to
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Table 4-2
Quality of Kerrville Well Water

Concentration Texas Department
Constituent Range, in mg/l . of Health Limits
pH 73 to 8.0 >7.0%
Total dissolved solids 540 to 710 1,000
Total hardness as CaCO, 312 to 445 None (water is very hard)
Bicarbonate 354 to 382 None
Calcium 60 to 97 None
Chloride 13 to 109 3007
Fluoride 091to 1.5 1.6 for air temperature
of 71° to 79°
Magnesium 37 to 36 None
Nitrate (as N) <0.4 10
Sodium 12 to 34 None
Sulfate 27 to 92 3002
Arsenic <0.01 0.05
Barium <0.5 1.0
Cadmium <0.005 0.01
Chromium <0.02 0.05
Copper <0.02 1.0°
Iron 0.06 to 1.15 0.03?
Lead <0.02 0.05
Manganese <0.05 0.052
Mercury <0.0002 0.002
Selenium <0.002 0.01
Silver <0.01 0.05
Zinc 0.02 5.0

“These are "secondary standards"

risks.

related to aesthetics and taste, but not to health

Source of Data: 17 samples were taken from 13 individual City of Kerrville wells by
Texas Department of Health between 1963 and 1973, Quoted from Report on
Groundwater Conditions in the Kerrville Area, William F. Guyton & Associates,

December 1973 with TDH limits adjusted to current requirements. Heavy metals

concentrations are for a sam

ple taken from the distribution system on November 12,

1985, by the Texas Department of Health. Well water constituted about 60 percent

of the supply that day.
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EDWARDS AQUIFER

Recharge to the Edwards from precipitation has been estimated to be about 1 inch
per vear, or approximately 44,000 ac-ft/yr. Upland stream discharge has been calcu-
lated to be approximately 52,000 ac-ft/yr. Ground water pumpage is approximately
1,000 ac-ft/yr, Additional ground water discharge occurs through evaportranspiration
and discharge to stream alluvium. The extra 9,000 ac-ft/yr is attributable to ground

The water in Storage in the Edwards can be estimated. In Kerr County, unconfined
conditions Predominantly occur jn the Edwards, A conservative estimate of storativity
for this type of aquifer is about 0.03. The average saturated thickness throughout the
area is estimated to be approximately 25 feet, Using a conservative drawdown of 50
percent, the amount of water in storage is approximately 200,000 ac-ft,
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The Edwards Aquifer in Kerr County cannot be considered to be in a critical status.
Water levels have not been dropping nor did many wells dry up during the historic
drought of the 50s. Furthermore, the current use of the Edwards does not exceed the
estimated recharge.

UPPER TRINITY AQUIFER

Recharge to the Upper Trinity Aquifer from precipitation is approximately 1 inch per
year. Over the 250 square miles of outcrop, this amounts to about 14,700 ac-ft of
recharge per year. Upland spring discharges have been estimated to be 6,000 ac-ft/yr.
Additional water is withdrawn from wells, but estimates of total volume are unavail-
able. Other sources of discharge from the aquifer are evapotranspiration and sub-
surface discharge to river alluvium. Data on these discharges are available and
beyond the scope of this study. A conservative estimate is that the difference
between use and recharge is probably at least 6,000 ac-ft/yr. Because water levels are
not rising, this water is leaving the county through flow within the aquifer or is leaking
to the underlying Middle Trinity Aquifer through poorly constructed wells or natural
pathways between the water bearing strata.

A safe yield for the Upper Trinity would be equal to the recharge--14,700 ac-ft/yr, or
an average of 9,100 gpm. This value is probably a conservative estimate because
ground water flow also enters the county in this aquifer from upgradient regions. The
maximum sustained use of the Upper Trinity is limited because of water quality and
will probably remain at or near the current estimated use of 500 ac-ft/yr.

Estimates of storage can also be made for the Upper Trinity Aquifer. Confined and
semiconfined conditions are present in the aquifer. Storage coefficients are probably
lower than those in the Edwards. An estimate of 0.0001 is conservative. Most wells
in the area have about 50 feet of water in the casing. Using these values and a
conservative drawdown (50 percent across the county) an estimate of water in storage
could be made. Since the formation is present over about 95 percent of the county,
the volume in storage is estimated to be about 12,500 ac-ft.

Water level declines for the Upper Trinity Aquifer have been reported in the Hill
Country area. The findings of the Critical Area Advisory Committee indicated that
the maximum declines from 1977 to 1987 were on the order of 15 feet. However,
water level measurements by UGRA staff indicate that these water level declines are
not typical in Kerr County. Rather, the water levels have stayed about the same over
the time from 1977 to 1991.

MIDDLE TRINITY AQUIFER
Because the Middle Trinity almost exclusively outcrops outside of Kerr County, the
estimate of recharge from precipitation cannot be calculated as easily as for the

Edwards and Upper Trinity Aquifers. Instead, a safe yield can be estimated by
calculating current ground water flow through the area with Darcy’s Law:
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Q = TiL Q = flow volume (ft*/day)
T = transmissivity (ft*/day/ft)
i = gradient (ft/ft)
W = width (ft)

February 1991 water levels were used to determine hydraulic gradient. The hydraulic
gradient southeast of Kerrville is approximately 0.0022 ft/ft. Data from the TWDB
and recent UGRA pump tests indicate that the average transmissivity for the Middle
Trinity is 3,100 gdf or 414 ft*/d/ft in this area. The cross-sectional flow distance is
about 24 miles. Solving for Q results in a flow volume of about 970 ac-ft/yr. From
the limited data, a range of 500 to 1,500 would be a good estimate of flux through the

area east of Kerrville. The maximum sustained use of the aquifer is estimated at
1,000 ac-ft/yr.

The critical Area Advisory Committee reported that water level declines in the
Middle Trinity aquifer were significant. Water level declines of close to 100 feet have
been reported in the eastern portions of Kerr County near Comfort from 1947 to
1987. Water levels have declined more than 50 feet in the Kerrville area over this
same period. Water level measurements taken by UGRA in early 1991 indicate that
water levels have risen nearly 50 feet from the 1987 levels, indicating that demand
does not exceed the ground water flux. However, with continued growth in the
Kerrville area and increasing demand on the Middle Trinity aquifer, significant water
level declines may occur in the future, especially under drought conditions such as
those occurring during the 1950’s.

An initial evaluation of the Middle Trinity with respect to ASR potential indicates
that ASR is possible, but recharge and recovery rates would be significantly lower
than those experienced in the Lower Trinity. The recharge and recovery rates could
be enhanced by acidizing the formations in the Middle Trinity, which would increase
the transmissivity in the Cow Creek Limestone near the ASR well. ASR projects are

being successfully implemented in aquifers with transmissivities similar to those found
in the Middle Trinity.

LOWER TRINITY AQUIFER

The majority of information on the availability of ground water in the Lower Trinity
aquifer was developed or confirmed through the recent ASR study by the UGRA.
From this study a ground water model was developed to model the flow for a major
portion of the developed aquifer. Using this model, ground water flows, safe yields,
and responses to pumping were determined.

The TWDB has estimated the safe yield to be 560 ac-ft/yr. This is also considered as
the maximum sustained use of the aquifer. Based on the ASR ground water model
results, flow through the section of the aquifer from Ingram through Kerrville to the
Kerrville airport was calculated to be approximately 600 ac-ft/yr. This flux or safe
yield is considered conservative or less than the actual safe yield because it was
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estimated using steady state conditions (i.e. only present static water levels were con-
sidered in the calculations and this does not accurately reflect the recovery experi-
enced since 1981). The aquifer may still be rebounding from the effects of previous
over-pumping, which indicates the safe yield could be greater than 600 ac-ft/yr. For

the purposes of this study, we have considered the maximum sustained use of the
aquifer to be 560 ac-ft/yr.

The water conditions in the Lower Trinity Aquifer was one of the main reasons for
establishing a Critical Area in the Hill Country. The Critical Area Advisory
Committee reported water level declines in excess of 200 feet at Kerrville. However,
since the start of operation of the UGRA water treatment plant in 1981, water levels
have been recovering. It is estimated that these levels are still at least 50 feet lower
than they were in the late 1940s.

Although water levels are recovering, the critical status of the Lower Trinity is still a
concern. Continued growth of Kerrville will cause increased demands on the aquifer
and a gradual lowering of the aquifer water levels. Computer modeling of the aquifer
using 1950’s drought demands reveals that water levels may drop in excess of 250
feet. This may result in a condition where ground water levels drop to elevations
below the operational settings of the City pumps and in portions of the City may
cause the level to fall below the base of the Hammett Shale and result in partially
unconfined conditions, or the aquifer is partially dewatered. To prevent this poten-
tial, UGRA will continue to investigate and consider ASR as a method to manage the
aquifer in case of drought and maintain water levels within the City above the base of
the Hammett Shale. The UGRA will continue to seek increased surface water diver-
sion rights and recharge excess treated water in order to maintain present water levels
and to avoid a critical ground water condition. This conjunctive management
approach is described in more detail in Section 5.

SUMMARY AND CONCLUSIONS
Ground water is present in four aquifers in Kerr County. These are:

Edwards Aquifer

Upper Trinity Aquifer
Middle Trinity Aquifer
Lower Trinity Aquifer
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The approximate annual recharge, estimated safe yield, and qualitative description of
water quality are given in Table 4-3 below:

Table 4-3
Aquifer Characteristics
Approximate Estimated
Annual Recharge Safe Yield
Aquifer (ac-ft/yr) (ac/ftfyr) Water Quality
Edwards 44,000 53,000 Good but very hard
Upper Trinity 14,700 14,700 Poor
Slightly Saline?
High Sulfate
Middle Trinity Not available 1,000 Good to Fair
Salinity
Hardness
Lower Trinity Not available 560 Good but very hard

“Salinity is not the result of sodium and water is suitable for irrigation.

Based on the estimated safe yield of the four aquifers in Kerr County, it would
appear that the total ground water available is 69,260 ac-ft/yr. This is not the case.
Table 4-4 below provides aquifer use information which is essential to understanding

the limitations of the ground water supply in Kerr County.

Table 4-4
Aquifer Use Information
Maximum
Sustained
Use
Aquifer Typical Use Area of Use (ac-ft/yr) Comments
Edwards Residential West Kerr County 1,000 Maximum sustained use
Agricultural could be increased slightly
if well spacing is limited.
Upper Agricultural North and West 500 Quality limits maximum
Trinity Kerr County use to current estimated
use.
Middle Municipal Central and 1,000 Some wells yield both from
Trinity Agricultural Southeast Kerr the Upper and Middle
County, outside of Trinity giving the appear-
Kerrville ance of a greater maximum
sustained use.
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Table 4.4
Aquifer Use Information

Maximum
Sustained
Use
Aquifer Typical Use Area of Use (ac-ft/yr) Comments
Lower Municipal/ City of Kerrville 560 Current use varies depend-
Trinity Industrial ing on aquifer use to meet

peak demands,

The total maximum sustained use of ground water in Kerr County is estimated to be
3,060 ac-ft/yr or slightly greater depending on additional use from the Edwards
aquifer. Further evaluation of the Middle and Lower Trinity aquifers, which provide

the majority of the municipal water supply, is presented in Section 5 in a discussion of
water resource management options.
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Section 5

WATER RESOURCE MANAGEMENT OPTIONS

INTRODUCTION

The purpose of this section of the report is to present options for managing the
available water resources, in order to establish a basis for the formulation of water
supply alternatives. Three key management options considered were:

. Role of Water Reuse
. Role of ASR in the City of Kerrville
. Role of Conjunctive Management in Kerr County

ROLE OF WATER REUSE

The City of Kerrville currently discharges about 2.0 mgd (2,240 ac-ft/yr) of highly
treated wastewater to the Guadalupe River. This is expected to increase to approxi-
mately 5.2 mgd (5,824 ac-ft/yr in 2040. Studies (EHA, 1988) have indicated that
water quality in Flat Rock Lake is potentially adversely affected when wastewater
discharges exceed 4.0 mgd at current water quality limits and the flow in the river is
15 cfs or less. Wastewater discharges can be maintained at less than 4.0 mgd if at
least 1.2 mgd (1,344 ac-ft/yr) is reused and not discharged to the river, or the waste-
water treatment plant is upgraded to improve its phosphorous removal capability.

The following paragraphs discuss the potential for use of reclaimed water in Kerr
County, by considering the quantity and quality of reclaimed water available for reuse,
identifying public lands that may be available for irrigation with reclaimed water, and
identifying agricultural consumptive uses currently relying on ground water that may
be replaced with reuse. The complications of using bed and banks for transport to
agricultural users will be addressed as well as the option of piping reclaimed water to
the end users. The present quality of reclaimed water and the need for improving
quality to meet various demands will be considered.

SOURCES OF RECLAIMED WATER
Existing Sources

The City of Kerrville operates a wastewater treatment plant which serves the City of
Kerrville. The plant effluent (reclaimed water) is discharged into Third Creek which
enters Flat Rock Lake approximately 4,000 feet upstream of Flat Rock Dam. The
plant has a peak daily treatment capacity of 3.5 mgd and has experienced average
daily discharges of 2.0 mgd (EHA, 1988). At the present average daily discharge of
2.0 mgd the plant could provide 2,240 ac-ft/yr of reclaimed water for reuse. The
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design average daily treatment capacity is 2.7 mgd. This could provide 3,025 ac-ft/yr
of reclaimed water when the plant is operating at capacity. The discharge permit for
the plant has effluent limits of 5 mg/1 BOD;, 5 mg/l TSS, 2 mg/l NH4-N, and 1 mg/1 P
when flows in the Guadalupe River are greater than 50 cfs. The effluent limits for
NH;-N and P are reduced to 1 mg/l NH,-N and 0.5 mg/l P when flows in the
Guadalupe River are equal to or less than 50 cfs.

James Avery Craftsman, Inc., operates a treatment plant with a peak daily treatment
capacity of 5,000 gallons per day. The effluent is stored in holding ponds and
irrigated on pastureland.

Presbyterian Mo-Ranch Assembly operates a treatment plant with a peak daily
treatment capacity of 5,000 gallons per day.

These two treatment plants were not considered for regional reuse supplies but onsite

reuse is occurring with one system and onsite reuse would be the most viable option
for the other.

Future Sources

Increased supplies of reclaimed water will be available from the Kerrville wastewater
treatment plant as the City of Kerrville grows. However, when return flows to the
Guadalupe River exceed 4 mgd, water quality and nuisance algal problems could
occur in the Guadalupe River and Flat Rock Lake even with an instream flow
requirement of 13 cfs (EHA, 1991) through the UGRA diversion dam. Based on
approximately 63.8 percent (present wastewater discharge/water demand) of the water
used in Kerrville being discharged to the river, the 2040 return flow will be about

5.2 mgd. Approximately 1.2 mgd (1,344 ac-ft/yr) will need to be reused directly (i.e.,
never discharged to the river) in order to maintain a maximum 4.0-mgd discharge, or
as stated previously, wastewater plant improvements would be required in order to
reduce the quantity of phosphorous discharged to the river.

USES OF RECLAIMED WATER
Irrigation of Agricultural Land

The 1989 irrigation inventory of Kerr County by the Soil Conservation Service re-
ported that there were 474 acres irrigated with surface water and 89 acres irrigated
with ground water. Reclaimed water could be used to replace ground water for irriga-
tion and to bring new irrigated acres into production. The 89 acres irrigated with
ground water consisted of 66 acres of apple orchards near Kerrville close to the
Guadalupe River, 10 acres of pecans near Cypress Creek and 13 acres of pecans near
Camp Verde. The only acreage close enough to the supply of reclaimed water is the
66 acre apple orchard near Kerrville (Figure 5-1).
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Since the completion of the 1989 irrigation inventory the operator of the 66 acre
apple orchard, Shelton Ranch Corporation - Hill County Orchards, has expanded the
acreage significantly. There are presently 750 acres of apples planted with approxi-
mately 350,000 trees. The orchard is planned for 375,000 trees. The trees are not all
in production and are not all presently irrigated. The apples are irrigated using
surface water from the Guadalupe River and ground water from four wells. The staff
of Hill Country Orchards estimates that they will actually apply about 12 inches of
water per acre or 800 ac-ft/yr. The actual consumptive use of the apple trees is
greater than 12 inches per acre and a portion of the water will be supplied by rainfall.

In dry years, supplemental irrigation could increase fairly dramatically to maintain
production,

Shelton Ranch Corporation has two permits from the Texas Water Commission
(TWC) to divert 470 ac-ft/yr and 188 ac-ft/yr from the Guadalupe River. Shelton
Ranch Corporation has a subordination agreement with the Guadalupe-Blanco River
Authority for 600 ac-ft/yr and is applying for a TWC permit to divert the water.
These permits are subject to a 25 cfs instream flow requirement which means that the
Ranch cannot divert out of the river when the flow remaining in the river would be
less than 25 cfs. The total amount of water included in the existing permits and
permit application is 1,258 ac-ft/yr. Reclaimed water could be used to supply irriga-
tion water to the ranch and provide a measure of drought protection when the flow in
the river is less than 25 cfs. The ranch has indicated they would be interested in
using reclaimed water for irrigation if it can be delivered at a reasonable cost.

Production of hay and forage crop are other uses for reclaimed water. However, if
water cannot be transported inexpensively such as by bed and banks, or the water
source is very close to the point of use, it is not economical to apply reclaimed water
to these crops. Since bed and banks transfer is not likely to be permitted by the
TWC, the land close to the source of water is the only viable alternative. The City of
Kerrville used to land apply the effluent from the wastewater treatment plant before
the recent expansion and upgrade of the plant. The City has 96 acres of land that
could be used to grow hay or forage crops. Reclaimed water could be applied to this

land by the City or it could be leased out to a private operator. Potential water use
would be 424 ac-ft/fyr.

Public Land

The City of Kerrville owns and operates several city parks and one golf course.
These facilities have varying degrees of need for irrigation water which could be
supplied by reclaimed water (Figure 5-1). The golf course encompasses 240 acres of
which 160 acres is irrigated. The City has two other parks that have significant
acreage, Louise Hays Park (45.5 acres) and Singing Winds Park (100 acres). Singing
Winds Park presently has 20 acres developed and 80 acres undeveloped. The City
has 24 small parks ranging in size from a fraction of an acre to 7 acres. The larger
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parks and golf course could be considered for installation of conveyance piping to
deliver water to each facility. The smaller parks would be economical to serve with
reclaimed water only if they were adjacent to the conveyance line to the larger parks
or if a city-wide dual distribution system was in place.

There are several other institutions or entities that could be potential customers of
reclaimed water. They are Schreiner College, Veterans Administration Hospital,
Kerrville State Hospital, public school district facilities and the Riverhill Club golf
course. Schreiner College, the Veterans Administration and the Riverhill Club golf
course have potentially large enough demands to install a dedicated conveyance
system however, the state hospital and public school facilities would be served if a

city-wide dual distribution system were installed. Table 5-1 lists the public facilities
that could utilize reclaimed water for irrigation.

Table 5-1
Potential Public Facilities to
Use Reclaimed Water for Irrigation

Area Consumptive Distribution
Park Acres Use (ac-ft/yr) Loop Segment
Municipal Golf Course 160.0 400.0 Loop 534 line
Louise Hays Park 45.5 200.0 S.H. 27 line
Singing Winds (Full Devl) 60.0 265.0 Loop 534 line
Minor Parks (Cumulative) 60.0 265.0 N/A
Schreiner College 50.0 220.0 S.H. 27 line
Veterans Admin. Hospital 10.0 45.0 Loop 534 line
Riverhills Golf Course 150.0 660.0 Loop 534 line

Total 535.5 2,055.0

The City of Kerrville is planning a 12-inch potable water line along Loop 534 from
S.H. 16 to S.H. 173 on the southeast side of the city. The City is also exploring the
possibility of obtaining Texas Water Development Board (TWDB) funding to install a
parallel reclaimed water pipeline to serve the municipal golf course, the Riverhill golf
course and the public school district athletic fields as shown in Figure 5-1. The

Veterans Administration Hospital and Singing Winds Park would also be adjacent to
this line.

Louise Hays Park at S.H. 16 and the Guadalupe River could be served by a distribu-
tion line that would be installed in the right-of-way of S.H. 27 from S.H. 173 to
S.H. 16 (Figure 5-1). This proposed line could also serve Schreiner College.

A distribution line could be installed in the S.H. 16 right-of-way from S.H. 27 to Loop

534. This line would create a main distribution loop for reclaimed water in Kerrville.
is loop could be installed in phases as part of a master plan to develop a dual
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distribution system for reclaimed water in Kerrville. Smaller users of reclaimed water
could be connected to the proposed loop as the plan is implemented. Table 5-1

includes the distribution loop segments that would provide water to each major public
facility.

Dual Distribution System

The ultimate water reuse option would provide reclaimed water for lawn irrigation to
the City’s residents and businesses. This would require installation of a reclaimed
water distribution system alongside the existing potable water system. It is not usually

cost effective or practical to retrofit a dual-distribution system to a developed area
except under extreme conditions.

Water Diversion Credits

The Upper Guadalupe River Authority has studied the possibility of having the City
of Kerrville wastewater treatment plant return flow credited against the diversion by
UGRA for the water treatment plant. For example, only the difference between
UGRA diversions and the City of Kerrville return flows would be counted as an
actual diversion against UGRA’s TWC permit. The Kerrville wastewater treatment
plant did not discharge into the Guadalupe River until 1986 even though UGRA
began selling treated surface water to Kerrville in 1981. For about 5 years, surface
water was diverted from the river with no return flow. Initial discussion with TWC
staff and prior TWC rulings indicate the credit system would not be allowed.

Water Quality

The discharge permit for the plant has effluent limits of 5 mg/l BODs, 5 mg/l TSS, 2
mg/l NH;-N, and 1 mg/l P when flows in the Guadalupe River are greater than 50 cfs.
The effluent limits for NH;-N and P are reduced to 1 mg/l NH;-N and 0.5 mg/l P
when flows in the Guadalupe River are equal to or less than 50 cfs. These permit
limits more than meet the TWC limits for use of reclaimed water for irrigation of
food crops, irrigation of pastures for animals milked for human consumption and
irrigation of landscaped areas without any further treatment. Proper care should be
given to adequate disinfection of the reclaimed water. Irrigation of landscaped areas
is divided into unrestricted and restricted areas. The requirements for irrigation of
unrestricted landscaped areas equal the currently permitted BOD; limit of 5 mg/l. If
the plant effluent meets its current discharge permit conditions it can be used for any
reuse application without further treatment other than proper disinfection.

Summary of Potential Uses

The potential uses and costs of reclaimed water are shown on Table 5-2.
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Table 5-2
Summary of Potential Uses of Reclaimed Water

Potential Use Amount, ac-ft/yr
Public Facilities 2,365
Agricultural
Orchards 3,620
City Farm 424

The agricultural uses are probably the least costly on an acre-foot basis. These
potential uses should be investigated first. Shelton Ranch Corporation has indicated
they would be interested in using reclaimed water and they should be contacted. Use

of reclaimed water at the City Farm should also be investigated, since this use would
have a low cost per acre-foot.

The use of reclaimed water on public facilities should be studied in more detail to
develop costs and additional water demand data. The proposed distribution loop
could be constructed in phases as potential customers are served. The initial phase
should be the Loop 534 line and a first phase of the pump station. The S.H. 27 line
would be next with an expansion of the pump station. The S.H. 16 line should be
constructed when there are potential customers to be served off of this line or if
looping the system would increase operational reliability.

A complete dual distribution system should be installed only after the system loop is
installed and economic and institutional conditions warrant.

ROLE OF ASR IN THE CITY OF KERRVILLE

The water demand of the City of Kerrville represents approximately 60 percent the
total county municipal water demand. The City’s actions have a significant effect on
water availability in the county. Since 1988 the UGRA has conducted engineering
studies to develop long term strategies for meeting anticipated water demands for the
city of Kerrville. These studies have been completed and a plan adopted which
envisions future water demands be met with a combination of treated Guadalupe
River water from the UGRA’s treatment plant, ground water from the City of
Kerrville’s wells and stored ground water from the City’s ASR well system. This
combination of facilities will be capable of meeting anticipated 2040 water demands
through a recurrence of the 1950’s drought of record.

The UGRA currently operates a 5 mgd surface water treatment plant. All treated

water is pumped to the city of Kerrville for storage and distribution. The plant
currently operates at or near its permitted diversion rate of 3,603 ac-ft/yr. Additional
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supplies will be needed to meet the anticipated water demands from the City. The
existing diversion rate limits the annual plant production to approximately 3.2 mgd.

The City of Kerrville operates 11 wells which are used to meet peak water demands.
Well production is limited to an average annual production rate of 0.5 mgd. All wells
are completed in the Lower Trinity although some are completed in both the Lower
and Middle Trinity formations. Hydrogeological studies of the Lower Trinity suggest
a safe yield of 560 ac-ft/yr.

METHODOLOGY AND RESULTS

ASR’s role in meeting the anticipated demands has been evaluated in a series of
engineering studies conducted by the UGRA. These studies have addressed issues
such as acquiring additional water rights from the Guadalupe river, off-channel reser-

voir sizing and siting studies, and feasibility studies for ASR. These studies can be
summarized as follows:

. Upper Guadalupe River Basin Water Supply Project, Espey Huston and
Associates, October 1981. This study developed a model and strategy
for acquiring additional water rights while meeting flow through restric-
tions. Established that an off-channel reservoir of approximately 18,000
ac-ft will be required to meet drought demands and downstream flow
through requirements. This study has subsequently been modified to
include consideration of ASR and used as supporting information for
the current application to the TWC for 4,760 ac-ft/yr of subordinated
surface water rights.

. ASR Feasibility Investigation: Preliminary Assessment, CH2M HILL,
April 1988. This study included a literature review and engineering
assessment of the feasibility of ASR. Results, favorable to ASR, recom-
mended proceeding with drilling a test well and geochemical modelling
to check compatibility of the aquifer with injected surface water.

. ASR Feasibility Investigation: Monitor Well Construction,
CH2M HILL, December 1989. A monitor well was completed to
confirm subsurface geology and hydrogeology. Geochemical modelling
was completed. The results indicated conditions were favorable for
ASR and recommended proceeding with construction of a full-scale
ASR production well.

. ASR PFeasibility Investigation: Demonstration and Evaluation, CH2M
HILL, December 1991 (work in progress). This project involves
construction and testing of a 1 mgd ASR well. The feasibility of ASR
has been demonstrated and the storage capabilities of the aquifer have
been established. A hydrogeologic model of the Lower Trinity in the
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vicinity of Kerrville was developed and used to quantify the operational
characteristics of an ASR system. The model also demonstrated that
drought demands could be met without an off-channel reservoir by
using ASR in conjunction with existing wells.

CONCLUSION

Meeting the future water demands for the City of Kerrville will require a combination
of additional surface water rights (1,997 ac-ft/yr) from the Guadalupe river to allow
the plant to operate at its maximum production rate of 5 mgd, rehabilitation of the
City of Kerrville’s well field, and operation of two 1-mgd ASR wells. As shown
below, a combination of ground water firm yield plus 5 mgd of production capacity
will meet the normal (non-drought) water demands for the City of Kerrville. In

addition, these projections indicate essentially no excess capacity to serve other water
demands in the area:

Capacity

Water Source (ac-ftfyr)
Existing Surface Water 3,603
Additional Surface Water 1,997
Treatment Plant 5,600
Ground Water 560
Total Capacity 6,160
Projected 2040 Demand (5,850)
Excess Capacity 310

Based on these projections ASR’s role in the City of Kerrville’s water plan will be to
provide stored water for drought protection. This will involve an annual contribution
to the aquifer so that a minimum ground water potentiometric elevation in the Lower
Trinity of 1500 NGVD can be maintained. If ground water levels are maintained at

this level 2040 water demands can be met even during a drought period like that
recorded during the 1950’s.

CONJUNCTIVE MANAGEMENT IN KERR COUNTY

Total water demand in Kerr County is expected to increase from 7,177 ac-ftfyr in
1990 to 12,020 ac-ft/yr in 2040, and as previously discussed, the City of Kerrville’s
demands can be met through a conjunctive management approach. The EDC is the
second largest demand area in the county with total demands increasing from

2,343 ac-ft/yr in 1990 to 3,977 ac-ft/yr in 2040. The primary source of water used in
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the EDC is the Middle Trinity aquifer which has an estimated firm yield of about
1,000 ac-ft/yr. The purpose of this section is to evaluate the role of conjunctive
management, assuming an additional 4,760 ac-ft/yr of surface water is permitted and

available for use in Kerr County in accordance with the application pending before
the TWC,

METHODOLOGY

Two scenarios were developed for evaluation of Middle Trinity ground water supplies.
One scenario considers that no additional surface water rights are obtained. The
Middle Trinity demands are assumed to include the seven demand centers outside of
Kerrville identified in Section 2. In addition, the existing ground water demand for
irrigation use plus half of the increase in irrigation demand is assumed to occur within
the EDC and impact the Middle Trinity (Table 5-3).

Table 5-3
Middle Trinity Demands (ac-ft/yr)
With No Additional Surface Water

Area 1990 2000 2010 2020 2030 2040
Center Point 511 646 689 750 805 879
Eastern County 126 159 170 185 198 217
Ingram 268 345 383 388 404 409
Kerrville (non-City) 309 390 416 453 486 531
Kerrville Airport 763 964 1,029 1,120 1,201 1,312
Kerrville North 170 215 230 250 268 293
Kerrville South 195 247 263 287 307 336
Irrigation 136 536 336 536 536 536

The second scenario assumes that 4,760 ac-ft/yr of additional surface water rights are
obtained before 2000. Demands for Kerrville were assumed to be fully provided by
surface water with any surplus surface water distributed proportionately to the six
nearest demand centers to Kerrville. This understates the amount of surface water
available by 560 ac-ft/yr or the firm yield of the Lower Trinity. The Middle Trinity
demands for this scenario are given in Table 5-4, with demands fully met by surface
water in 2000.
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Table 5-4
Middle Trinity Demands (ac-ft/yr)
With 4,760 ac-ft/yr Additional Surface Water

Area 1990 2000 2010 2020 2030 2040
Center Point 511 0 38 106 206 292
Eastern County 126 159 170 185 198 217
Ingram 268 0 21 55 103 136
Kerrville (non-City) 309 0 23 64 124 176
Kerrville Airport 763 0 57 158 308 435
Kerrville North 170 0 13 35 69 97
Kerrville South 195 0 15 40 79 111
Irrigation 136 536 536 536 536 536

Mathematical modeling was used to compare the Middle Trinity aquifer’s projected
response under the two ground water demand scenarios. The model was constructed
using WELSIM, an analytical wellfield simulation program. WELSIM was designed
to predict the drawdown in an aquifer as a result of pumping or recharge by single or
multiple wells, using any of several widely accepted analytical techniques for describ-
ing well hydraulics. A detailed description of the WELSIM model, and the assump-
tions made in preparing the Middle Trinity simulation, is presented in Appendix D.

Each demand scenario was modeled over a period of 50 years, from 1990 to 2040.
Hypothetical wellfields were designed to simulate eight major areas of ground water
use in the Middle Trinity. These wellfields consisted of from 1 to 9 wells in each
area, depending on the projected ground water demands. Simulation pumping rates
ranged from 30 to 100 gpm in each of these wells to meet the projected demands.

Since the ground water demands had been projected at ten-year intervals starting with
1990, an assumption was needed to provide the model with average pumping rates
within those intervals. The model simulations, therefore, assumed that the projected
demands at each ten year interval represented the average demand over the period
from five years before the projected demand year until five years after the projected
demand year. For example, the 1990 demand was assumed to remain in effect until
the year 1995, at which time the 2000 demand would take effect until 2005, and so
on. If further refinement of projected drawdowns was needed, the demands within
the ten-year interval of interest was modified based on a linear increase.

It is important to consider the model assumptions presented in Appendix C when
viewing the results of these simulations. Selection of transmissivity and storage coeffi-
cients play a major role in drawdown prediction, as does well efficiency. Since
WELSIM allows for only homogeneous conditions, the average transmissivity and
storage coefficient used in the model will provide only an overall large-scale depiction
of aquifer response. Significant spatial variability in these parameters are expected,
and localized well response may be quite different from the model-calculated value.
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In addition, well efficiency is a highly dependent on individual well location and
construction, and may also be significant in actual aquifer response.

GROUND WATER IMPACTS WITH CONJUNCTIVE MANAGEMENT

Under the Conjunctive Management scenario, an additional 4,760 acre-feet/year of
surface water is available to meet projected total water demands for Kerr County
water users. This additional surface water effectively reduces the amount of ground
water pumpage required to meet the projected demands. Table 5-4 shows the
projected Middle Trinity ground water demands for each of the major areas of
pumping with the additional surface water availability.

As for the present permit conditions, the projected ground water demands for this
scenario were simulated using the eight hypothetical wellfields for pumping. The
same well locations were used for both scenarios, Pumping was again divided equally
among the hypothetical wells in each wellfield. Pumping rates in the hypothetical
wells ranged from 8 to 53 gpm across the county through the year 2040, Calculated
water level and drawdown contour maps were plotted at 1991, 2000, 2010, 2020, 2030,
and 2040.

Since the ground water demands for 1990 are the same in both scenarios, calculated
water levels and drawdowns in 1991 will also be the same. Refer to Figures 5-2
and 5-3 for the contour maps.

Figure 5-4 shows the projected water level under the present conditions scenario in
the year 1995, assuming the projected ground water demands shown in Table 5-3.
Figure 5-5 shows projected drawdowns. These figures indicate the maximum
allowable drawdown of 200 feet will occur in about 1995. The maximum projected
drawdown by the year 2040 is approximately 525 feet.

Figure 5-6 shows the projected water level with conjunctive management or a dual-
surface water and ground water supply system. Figure 5-7 shows projected draw-
downs. The maximum projected drawdown for the year 2040 is only approximately
210 feet in this scenario as compared to 525 feet in the no additional surface water
scenario.

GROUND WATER IMPACTS

Model-calculated drawdowns for each hypothetical well were reviewed to determine
the maximum projected drawdown in any well for each scenario., The maximum
drawdown for the present conditions scenario occurred in a hypothetical well in the
Kerrville Airport area. The maximum drawdown for the additional surface water
scenario occurred in a hypothetical well in the Orchard Irrigation area.
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Figure 5-8 illustrates the comparison between the maximum calculated drawdown in
each scenario. The assumed allowable 200 feet drawdown is shown as a straight line.
This assumed allowable drawdown is exceeded for the present surface water permit
scenario as early as 1995, while the conjunctive management scenario does not exceed
the allowable drawdown until approximately 2035. This projection can be considered
a fairly representative illustration of the average Hensell response under the assumed
ground water demands.

CONCLUSIONS

In considering the three elements covered in this section, several observations or
conclusions become apparent:

. The City of Kerrville needs to consider reuse of at least 1.2 mgd of
treated wastewater, or will need to upgrade its wastewater treatment
plant to improve phosphorous removal during periods of low flow in the
Guadalupe River.

. Multiple options for wastewater reuse exist with some being agricultural
and others involving public land.

. The City of Kerrville 2040 demand (5,850 ac-ft/yr) can be met through
2040 with the existing surface water treatment plant (5,600 ac-ft/yr) and
wells in the Lower Trinity (560 AF/YR) with 310 AF/YR remaining.

. The City of Kerrville can use ASR to store water in the near term for
drought protection in the long term.

. Under present policies, the Middle Trinity will be overdrafted, possibly
in some areas by 1995.

. If conjunctive management is considered with 4,760 ac-ft/yr additional
surface water, the Middle Trinity will not reach critical drawdown until
nearly 2040.
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Section 6

DEMAND VERSUS SUPPLY COMPARISON

The demand presented in Section 2 and the available water supplies discussed in
Sections 3, 4, and 5 will be compared. Demands that can be served from existing
ground water and surface water will be identified, and any remaining shortfall quanti-
fied. The comparison between supply and demand will be reviewed in the context of
three areas:

. The areas outside of the EDC
. The City of Kerrville
. The EDC

In terms of gross quantities, the total water demand in Kerr County is expected to
increase from 7,177 ac-ft/yr in 1990 to 12,020 ac-ft/yr in 2040. Approximately

3,060 ac-ft/yr is available from ground water with 3,917 ac-ft/yr of surface water
permitted for municipal use, 417 ac-ft/yr of surface water permitted for industrial use,
and 5,336 ac-ft/yr permitted for agricultural use, indicating 12,730 ac-ft/yr of water
available. This indicates that there is more than enough water, which is not an
accurate view of the situation. The most critical problem to be reconciled is the
imbalance in municipal demands (9,926 ac-ft/yr} and water available for municipal use
(between 3,917 ac-ft/yr and 6,977 ac-ft/yr).

AREAS OUTSIDE OF THE EDC

The 2040 water demands projected for the areas outside of the EDC include three
types of use:

. Municipal type demands (99 ac-ft/yr)
. Mining demands (80 ac-ft/yr)
. Livestock demands (390 ac-ft/yr)

The total 2040 demand for this area is expected to be 569 ac-ft/yr. Currently, these
demands are largely met from various ground water sources including:

. Edwards Aquifer (1,000 ac-ft/yr)
. Upper Trinity Aquifer {500 ac-ft/yr)
. Middle Trinity Aquifer (1,000 ac-ft/yr)

The Edwards and Upper Trinity provide most of the water, because the Middle
Trinity is primarily used within the EDC.
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With ground water supplies of 1,500 ac-ft/yr available from the Edwards and Upper
Trinity, it is expected that ground water will continue to supply the areas outside of
the EDC. Because of the nature of the Edwards aquifer in particular, well spacing
criteria which could be imposed by the Headwaters Underground Water Conservation
District should be considered. This will help protect both the users from localized
overpumping and the springflows that sustain the Guadalupe River.

THE CITY OF KERRVILLE

The total demand for the City of Kerrville in 2040 is expected to be 5,850 ac-ft/yr,
and as pointed out in Section 5, 5,600 ac-ft/yr could be supplied by the UGRA’s
Riverside Treatment Plant if 1,997 ac-ft/yr of additional water rights were obtained.
Only 250 ac-ft/yr of additional water from the Lower Trinity aquifer would be needed
to meet peak demands. This would leave 310 ac-ft/yr out of the yield of the Lower
Trinity to meet other demands within the EDC.

THE ECONOMIC DEVELOPMENT CORRIDOR

With the City of Kerrville demands satisfied, the balance of the 2040 demand for the
EDC is expected to be 5,601 ac-ft/yr. This demand figure has three components:

. Municipal demand = 3,977 ac-ftfyr
. Manufacturing demand = - 24 ac-ftfyr
. Irrigation demand = 1,600 ac-ft/yr

If the manufacturing and irrigation demands can be supplied by existing surface water
or ground water sources, the municipal demands can be met from any remaining
ground water and additional subordination of surface water. It is assumed that a
negligible amount of ground water will be supplied form the Edwards and Upper
Trinity aquifers to meet demands within the EDC.

MANUFACTURING DEMANDS

Currently, manufacturing demands are supplied using ground water from the Lower
Trinity aquifer. If this pattern is continued into the future, the 310 ac-ft/yr of Lower
Trinity yield leftover from the City of Kerrville’s use will more than supply the 2040
demand of 24 ac-ft/yr. The remainder available from the Lower Trinity would be
further reduced to 286 ac-ft/yr.

IRRIGATION DEMAND
From Section 2 of this report, it is estimated that the 2040 irrigation demand will be

1,600 ac-ft/yr with 536 ac-ft/yr supplied from the Middle Trinity Aquifer. The other
1,064 ac-ft/yr of demand could be supplied by surface water.
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The available Middle Trinity yield is then reduced from 1,000 ac-ft/yr to 464 ac-ft/yr.

MUNICIPAL DEMAND

The 2040 municipal demands of 3,977 ac-ft/yr within the EDC can be supplied by
three water sources:

. Middle Trinity Aquifer
. Lower Trinity Aquifer
Additional Surface Water

The total remaining ground water available from the Middle Trinity (464 ac-ftfyr) and
Lower Trinity (286 ac-ft/yr) together is 750 ac-ft/yr. If this water is totally consumed
to meet EDC municipal demands, an additional 3,227 ac-ft/yr would still be required
from surface water to satisfy the projected 2040 demand.

SUMMARY AND CONCLUSIONS

The following summary statements can be made with respect to the demand versus
supply comparison:

. The 2040 demands (569 ac-ft/yr) for areas outside of the EDC ar "West
Kerr County" will probably be supplied by the Edwards and Upper
Trinity aquifers.

. The 2040 City of Kerrville demand (5,850 ac-ft/yr) can be met from:

- 3,603 ac-ft/yr of current surface water rights
- 1,997 ac-ft/yr of additional surface water rights
- 250 ac-ft/yr from the Lower Trinity aquifer

. The 24 ac-ft/yr of manufacturing demands within the EDC could
continue to be supplied from the Lower Trinity aquifer

. The 2040 irrigation demand (1,600 ac-ft/yr) could be supplied by:

- 536 ac-ft/yr from the Middle Trinity aquifer
- 1,064 ac-ft/yr from existing surface water permits
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The 2040 municipal demand within the EDC but outside the City of
Kerrville (3,977 ac-ft/yr) could be supplied by:

- 464 ac-ft/yr from the Middle Trinity aquifer
- 286 ac-ft/yr from the Lower Trinity aquifer
- 3,227 ac-ft/yr from new surface water rights

The total additional surface water rights required to meet demands in
Kerrvilie and the EDC is estimated to be as much as 5,224 ac-ftfyr
(1,997 ac-ftiyr + 3,227 ac-ft/yr), which exceeds the current application to
the TWC for 4,760 ac-ft/yr of subordinated rights.
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Section 7

WATER SUPPLY ALTERNATIVES

The comparison of supply and demand in Section 6 has provided a basis for the
formulation of three basic alternatives that have optional implementation strategies.
These alternatives can basically be described as:

. Continue present policies or no action

. Establish a regional surface water supply system using ASR as a
conjunctive management tool

. Establish a distributed surface water supply system using ASR as a
conjunctive management tool

. Establish a regional surface water supply system using off-channel
storage as a water management tool

The development and evaluation of these alternatives will be performed in Phase 2 of
this planning effort. A discussion of each alternative will follow.

CONTINUE PRESENT POLICIES

This alternative is predicated on the assumption that a regional surface water supply
system will not be developed. The City of Kerrville will continue to be the sole
UGRA customer for treated surface water. Only enough additional surface water
rights will be obtained to meet the long-range demands of Kerrville. The ground
water users outside of Kerrville will continue to overdraft their water supply aquifers.
The Middle Trinity is the most common aquifer used outside of the City of Kerrville,
and it is assumed that as areas of the Middie Trinity lose production or become
dewatered, the wells will be deepened to the Lower Trinity.

UGRA

The UGRA will continue to pravide treated surface water to Kerrville. The surface
water diversion permit will need to be increased by 1,687 ac-ft/yr to a total of

5,290 ac-ft/yr assuming Kerrville will continue to use the firm yield of the Lower
Trinity (560 ac-ft/yr). The Riverside Treatment Plant will need to be maintained at
an average capacity of 5.0 mgd (5,600 ac-ft/yr.
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KERRVILLE

The City of Kerrville will purchase treated surface water from the UGRA and imple-
ment ASR wells to store water in the Lower Trinity. Lower Trinity wells will be used
to recover stored water and the firm yield of the aquifer. The primary benefits of
ASR will be drought protection, stabilization of the yield of the Lower Trinity, and
restoring the water levels in the Lower Trinity to historical norms. The City of
Kerrville will consider implementation of 1.2 mgd (1,344 ac-ft/yr) of water reuse to
maintain wastewater discharges at a maximum of 4.0 mgd.

ECONOMIC DEVELOPMENT CORRIDOR

The public water systems in the EDC will continue to rely on the Middle Trinity as a
primary source of water. As water levels drop, well efficiencies will decrease and
some areas will begin to dewater (as early as 1995). When this situation occurs, these
areas will likely deepen their existing wells to the Lower Trinity and begin competing
with the City of Kerrville. Those systems in close proximity to Kerrville will derive
benefits indirectly from ASR.

WEST KERR COUNTY

This area will continue to obtain its water supply primarily from Edwards wells. The
new county septic tank restrictions will help control well densities as can the
implementation of an Underground Water Conservation District.

REGIONAL SURFACE WATER SUPPLY

The basic tenet of this alternative is that a regional surface water supply system will
be developed. This system can be implemented by one of two entities:

. The City of Kerrville
. The UGRA

There are two methods by which the regional system can supply surface water to the
demand areas located in the EDC. Treated surface water can be transported via
pipelines to the demand centers where the water would be introduced into the exist-
ing utility distribution systems. Treated surface water would be available for direct
distribution to the EDC during the winter months when the existing treatment plant
has surplus capacity, deferring use of the Middle Trinity to summer demands.

The second option for implementing the regional system is to transport treated
surface water via pipelines to the general area of the demands in the EDC. ASR
wells would be used to recharge the Middle Trinity during the winter months when
surplus treated water is available. Individual utility systems in the EDC will continue
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to use their existing wells and distribution systems, reimbursing the regional supplier
for water recharged and available to their system.

UGRA

Under this alternative, the UGRA will continue to treat surface water at the
Riverside Water Treatment Plant. Their diversion permit would be increased by at
least 4,760 ac-ft/yr, and the water treatment plant capacity would be increased to at
least 7.5 mgd (8,400 ac-ft/yr). The UGRA may serve as the regional distributor of
treated surface water if the City of Kerrville chooses not to fulfill this role.

CITY OF KERRVILLE

The City of Kerrville will continue to purchase treated surface water from the
UGRA. Wells in the Lower Trinity will be used to meet peak summer demands with
average withdrawals not exceeding the firm yield (560 ac-ft/yr) of the Lower Trinity.
ASR wells will be used to store treated surface water and stabilize the level of the
Lower Trinity. Kerrville will consider implementation of 1.2 mgd (1,344 ac-ft/yr) of
water reuse, to maintain wastewater discharges at a maximum of 4.0 mgd.

ECONOMIC DEVELOPMENT CORRIDOR

The public water systems in the EDC will be supplied treated surface water by either
the City of Kerrville or the UGRA. The individual utilities will either be directly
connected to the regional system or recover surface water that has been recharged
into the Middle Trinity. Surface water will only be available for direct use or
recharge during the winter months when surplus treated water is available. The only
area in the EDC which will not be connected to the regional system is the area along

the eastern county line near Comfort. This area will continue to rely solely on ground
water.

WEST KERR COUNTY

This area of the county will continue with ground water supplies as described in the
present policies alternative.

"DISTRIBUTED" SURFACE WATER SUPPLY SYSTEM

This alternative is very similar to the regional surface water supply system with "dis-
tributed” indicating that surface water is diverted, treated, and available at more than
one location. Small lakes at Ingram and Center Point could both serve as diversion
points, giving rise to three options for a "distributed" system. Surface water would be
available from:
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. The UGRA Ponding Lake and New Lake Ingram
. The UGRA Ponding Lake and Lake Center Point
. The UGRA Ponding Lake, New Lake Ingram, and Lake Center Point

The current and proposed diversion rights of the UGRA would be implemented with
a portion of the diversion right reassigned to one or both of the additional diversion
points, if the UGRA was requested to operate plants at Center Point and Ingram.
Small surface water treatment plants would be constructed at each of the new diver-
sion points. Distribution of treated water would originate from these treatment
plants.

UGRA

The UGRA will continue to provide water to the City of Kerrville. A regional distri-
bution system originating at the Riverside Treatment Plant will serve Kerrville and a
limited area around Kerrville with regional transmission lines extending to either
Ingram, Comfort, or to neither end of the EDC. If a "distributed" system is selected
as the preferred alternative, the UGRA will need to reassign diversion rights to one
or both of the additional diversion points. The Riverside Treatment Plant could

remain at 5.0 mgd or be expanded depending on the capacity needed at new
diversion points.

KERRVILLE

The City of Kerrville will continue to be the main customer for treated water from
the UGRA’s Riverside Treatment Plant. The City may also function as a regional
supplier by extending transmission lines to areas of the EDC not served from new
surface water diversion points. ASR will be implemented to stabilize the Lower
Trinity, and reuse of up to 1.2 mgd (1,344 ac-ft/yr) of wastewater will need to be
considered.

ECONOMIC DEVELOPMENT CORRIDOR

The EDC will be served by a conjunctive management system of ground water and
surface water. The western and eastern ends of the EDC will have the option of
obtaining treated surface water from either the Ingram or Center Point areas, respec-
tively. Surface water will be used exclusively when it is available, and Middle Trinity
water will be used to meet peak demands.

WEST KERR COUNTY

This area of the county will continue with ground water supplies as described in the
present policies alternative.
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OFF-CHANNEL RESERVOIR SYSTEM

In this alternative, an off-channel reservoir would be used to store additional surface
water diverted from the Guadalupe River. The UGRA’s Riverside Treatment Plant
would be enlarged to meet the peak demands of the region served and the
distribution system would originate in Kerrville.

UGRA

The UGRA will construct an off-channel reservoir, enlarge the Riverside Treatment
Plant, and continue to provide water to the City of Kerrville. A regional distribution

system originating from the treatment plant and extending to the limits of the system
will be required.

KERRVILLE

The City of Kerrville will continue to be the main customer for treated water from
UGRA and may also be responsible for distributing treated water to outlying areas of
the EDC. ASR may be implemented to stabilize the Lower Trinity and provide
drought protection for the City of Kerrville. Wastewater reuse will also need to be
considered.

ECONOMIC DEVELOPMENT CORRIDOR
The EDC will be served by a regional surface water system originating in Kerrville.

Portions of the EDC may continue to rely on the Middle Trinity if enough demands
near Kerrville can be met by surface water to reduce the stress on the aquifer.

WEST KERR COUNTY

This area of the county will continue with ground water supplies as described in the
present policies alternative.
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Section 8

PHASE 2 SCHEDULE

Phase 2 of the regional planning effort will be used to formulate in greater detail the
physical facilities required for each alternative. A preliminary screening will be used
to identify feasible alternatives. Detailed cost estimates and implementation
schedules will be prepared for these alternatives. A variety of factors will be used to
select a preferred alternative including;

. Cost

. Environment

. Local Acceptance
. Financing

. Rates

A final report will be prepared that details the results of both Phase I and Phase II.

The schedule for Phase 2 is as presented in Table 8-1:

Table 8-1
Phase 2 Schedule
Task Description Start Finish
2-A  Perform Alternative Survey 01/15/92 02/29/92
2-B  Select Preferred Alternative 03/01/92 03/31/92
2-C  Prepare Completion Report (Draft) 04/01/92 04/30/92
2-C  Public Meeting 05/31/92
2-C Submit Final Report 06/30/92

AUSR012/056.51 &1



- REFERENCES




10.

11.

12.

13.

REFERENCES

Ashworth, John B., Report 273, Ground-water Availability of the Lower
Cretaceous Formations in the Hill Country of South-Central Texas, Texas
Department of Water Resources, 1983.

Austin Publishing, Inc., Texas Wastewater Facilities, Austin, Texas, 1990.

Bluntzer, R.L., Evaluation of the Paleozoic and Cretaceous Aquifers of the Hill
Couniry of Ceniral Texas (Draft Manuscript), Texas Water Development
Board, unpublished, 1991.

CH2M HILL, Aquifer Storage Recovery Feasibility Investigation, Phase 1--
Preliminary Assessment, for UGRA, 1988.

CH2M HILL, Aquifer Storage Recovery Feasibility Investigation, Phase 2--Testing,
unpublished data for UGRA, 1991.

CH2M HILL, San Antonio Regional Water Resources Study, City of San
Antonio and Edwards Underground Water District, San Antonio, Texas, 1986.

Cross, Brad L. and Bob Bluntzer, Ground Water Protection and Management
Strategies for the Hill Country Area, Texas Water Commission and Texas Water
Development Board, 1990.

Espey Huston and Associates, Upper Guadaluipe River Basin Water Supply
Project Final Report, Upper Guadalupe River Authority, Kerrville, Texas, 1981.

Espey Huston and Associates, Water Quality Analysis for Flat Rock Lake,
Upper Guadalupe River Authority, Kerrville, Texas 1991.

Espey, Huston and Associates, Inc., Letter to Upper Guadalupe River
Authority, Kerrville, Texas, 1990.

Espey, Huston and Associates, Inc., Interim Status Report - Engineering and
Environmental Studies in Support of the Upper Guadalupe River Authority
Application to the Texas Water Commission for Increased Diversions from the
Guadalupe River, Upper Guadalupe River Authority, Kerrville, Texas, 1988.

Griffin, Ronald C. and Chan Chang, Community Water Demand in Texas,
TR-149, Texas, Water Resources Institute, Texas A&M University, 1989.

HDR Engineering Inc., Regional Water Plan for the Guadalupe River Basin,
Guadalupe-Blanco River Authority, Seguin, Texas, 1991.

AUSR012/012.51 1



i

14.

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

REFERENCE
(continued)

Holloway, Milton L. and Bob S. Ball, Understanding Trends in Texas Per Capita
Water Consumption, Southwest Econometrics, Inc., 1991.

Holz, Robert K., The Size, Distribution, and Growth of the Texas Population,
1980 to 2030, Bureau of Business Research, 1987.

Malcolm Pirnie, Feasibility Study Water Reclamation Lakeway Municipal Utility
District, Lower Colorado River Authority, Austin, Texas, 1990.

McDaniels, Louis L., Bulletin 6019, Consumptive Use of Water by Major Crops
in Texas, Texas Board of Water Engineers, Austin, Texas, 1960.

Murdock, Steve H., et. al., An Analysis of the Effects of Sociodemographic
Factors on Daily Per Capita Residential Water Use in Texas Cities, TR-143,
Texas Water Resources Institute, Texas A&M University, 1988.

Personal communication with Guadalupe-Blanco River Authority, 1991.

Personal communication with the Texas Water Commission, Water Rights and
Uses Division, 1991.

Reeves, Richard D., Report 102, Ground-Water Resources of Kerr County,
Texas Water Development Board, 1969.

Soil Conservation Service, Irrigation Guide for Rio Grande Plain Land Resource
Area - Texas, United States Department of Agriculture, Temple, Texas, 1966.

Staff of Shelton Ranches/Hill Country Orchards, Personal Communication,
1991.

TDH, Water Use File Records, Texas Department of Health, 1991.

TWDB, Document GP-5-1, Water for Texas Today and Tomorrow, Texas Water
Development Board, 1990.

TWDB, Report 329, Surveys of Irrigation in Texas--1958, 1964, 1969, 1974, 1979,
1984, 1989, Texas Water Development Board, 1991.

TWDB, Unpublished Water Use Data, Texas Water Development Board,
1991.

U.S. Study Commission of Texas, Guadalupe River Basin, 1960.

AUSR012/012.51 2



29.

30.

31.

32.

33.

REFERENCE
(continued)

USGS - Espey Huston (Off-Channel).

Walker, Loyd E., Report 235, Occurrence, Availability, and Chemical Qualify of
Ground Water in the Edwards Plateau Region of Texas, Texas Department of
Water Resources, 1979.

Water Pollution Control Federation, Water Reuse-Manual of Practice SM-3,
Alexandria, Virginia, 1989.

Water Reuse Symposium IV, Proceedings-Implementing Water Reuse, American
Water Works Association, Denver, Colorado, 1987.

West Publishing Company, Texas Administrative Code, Title 31 - Natural
Resources and Conservation, 1991 Supplement, St. Paul, Minnesota, 1991.

AUSR012/012.51 3




APPENDICES



APPENDIX A



0 SO0L'L| L8G9 | 6¥E'9 | 116G | B6E'S | 92S'E | 9LL'C | EILZ | €82 | £98°L AINNOJD NY31SY3 V101

53 A dwe) yInoA SuoS ueuleH| ¥2

£150°vY SOL'L| 28G9 |6VE'9| 116G B6E'S| 925°C {912 | EIL'T | €8T | £98°L| D3 A 00286 "AlpQNg Yied POOMISBM | EG
23 A dwe) pien-0-10d| S

L6've | ES'VE | 62°ET | OP'EC | 1902 | ¥¥0C | vL'¥L | PSEL | LSO | LS°0) | 02701 V3HV iNIOd H3LIN3D V101

SLLL0 FAYA ) dd A 109159 ‘Id Jejue)-qng edeid Jied| 9¢
E£8L6CP | ¥86'Y | LEQ'Y | L6E'Y | EC6V | 62L°v | 20°9) | #O2E | 922°| dd A 2LSE¥L "SAG JB1BM N Uf0d Jejued| ||
do A d'WV-O dwed| 0L

P68°60L | SSZH | SPLL L LL2L | L1°2L | 8501 | BS'OL | GG51'8 | ££20'8 | L¥0'8 | 60L'8 [ 6018 | dD A 008th1 ‘SAg 10)Ae | -1Uj0d Jejue]| 8
ir'6 vi'b o[el’L | 2SL |8e’L {SPL [98°0 |960 | 860 d0 A §O)EI1S] Hed SPIBA| 29
606'EZ | 80L'C | 18T [89LT | 6¥C |EEC |PIEZ|G00C 964} (B99°L| SOSL|GLYL| dAD A 0Se2.le Plejuepiem-iulod Jejue)| 6
ceL’l 6480 | £58°0 dd A 6le68e $Se.0Y [eulpieD| §
S¥Y0'ClL | SESC| LT |LiL2|vle |E8Ee dD A 92e6ee JSJEA WIE UOSIBNDIN| OF
S91°S 980 | Ve S06°1L dd A LLSEPL QS 1iuod Jejued| g1
do A Sejeisy yeei) epleA| £9

14 14 A YO UM | 99
sge0 SCLC| L0 A ZEv8LL BWOH 8(IGOW S3e0 Oydued| g8
LI6L'S | #'L SLy'i | £82°) | 680°L A 050495 SWOH ojIqoy AempiN| 82
A $OJe1S3 }88I] 1SOM| L8

A $HeQ jeed| /9

v20'ee | 9E6°) [ 1L2 | 19972 | 202°€ | L9S2 | B6L'C | €S9'L | 6°} 2¢S9°L | LbeTL | 62Tl A 099945 sejels3 0]j9qejuo| 62
A ‘dio9) Aiddng 1elepp SPOOMA| 65

8289 80cc| €L | 6v¢C A S81819 sejeis3 eBpiy NeQ| ve
A stilesAiy) dwed| 12

214 214N A 005156 *SAG JBJEM SHEQ POOMPUIAA| GS
A BpuejoeH €| 62

v08e'L | 2282 | L06°L | 66°L | 1911 A €26568 "AIPQNS SHEQ BOYSIOH| L2
veer'8 | LI6°L | €927C | 8402 | SLL2 A 008269 JBIEM MOJIOH XO{ SE
A syeQ weibu| v9
WNS | 6861 | 8861 | L861L | 9861 | SB6L | ¥B6L | €861 | 2861 | L86L [ 086 | 6264 | VAWV | DA NI | # weloid eweu j08(0id 'ON

(suojreB uonw s} ALNNOD HHIM NI 3SN/SIILITILN HILYM 'V XIAONIddV



c-v

PSZL{9ELL| LIGL | 8VOV (O 0 0 0 0 0 ¥ HIYON 3TNAHHIN TVL0L
¥¥S'8 9c |9F |PPEL N A er08¥L | “lid SWOH 8||GON eexoseyd| gi
N A qe yoseesay J0esu| vasn| oe
NM A uewsyei) lenay seuier| 2g
1889 IES'E | SE'E N A £2068€ "gng S(iiH 1SBMYLON| LE
IS21'S | €210 98L°0 | 29L°0 | 8¥9'F NM A 0Seror 8WOoH B8JqOI BIliIA 1o)X | 92
og°s2 | ev'ee | ¥5'22 | 8L'S2 | 8E°v2 [ 8582 | 09°'ET | 58'€2 | 896l | S6°C2 | 9E°LE 1HO4YIV ITAYHHIM TVL0L
2890 Ze9°0 A )| A 005822 SieumoeluoH eibaly Ol | 68
L)Y | A dwen suo(] sexe]| 92
Wi A youey YyinoA AQunod |IiH| 84
968’1z (82 |661'E|882 |£L8C|9LL'L|696°L | G25L|SL |ESPL|88lL| 891 12} A G/8618 'SAg Jelem YooY JIdS | 8Y
68v°052 | 95'v2 [ 2202 | £5'61 | 0822 | 99'22 | 29'92 | €0'22 | SE2Z | €2'9) |91 | 8962 | WM A 0SBS¥E 001N SlyBleH ednjepenyy| 9l
862 | L1'9C | 66'F2 | 6492 [ 09'v2 | 2'€0) | BP°0B | 2589 | 90719 | §5'2€ | 06'IS (30 ALID 1ON) ITAYH3IN TVIOL
9€5°2 er0 | 1LL0°L | SYO') A A L0E68¢E BWOH ejigop Anunod |IiH| 8t
182°E Syl | 9E8°L p!| A o6ves sewioy ejiqo elpiy enjg| €
82206 2206 )| A £5£206 [exdsoH VA| 6¥
¥8°80€ {y861 10)e B|IALfe) BOS)| 86°18 | L'6S | 0S €L'6¥ | €8°02 | 2°L¥ | A 05059v anw eliaey | €8
0 Aigiesedeg peisil| N A 00059 ejjiaLey jo AU Byl | 22
L1065 | 86L'S] 226 |2SLG| 6L | 6VO'S (2699 |SELS|L8Y |6F SISV |SOLP| M A 0EviL9 SWOH ©)|q0N 8A0ID YeQD | EE
9/9°L 98£°0 | S2'0 | ¥S0 | A Sv8lLee SWoH 8||Q0N SliEA 180 | €1
£69°LSL | €581 [ 9181 | 99°2L | 0E0Z | 9281 [ 29'%L [ ¥2'9L [ 9L€L | EV9 | SPL'L p| A SZe68E I8 UINOS IS804 %BO| 2€
62°82 | €491 | 0°0S) | £°291 | 9161 [ 6941 | 6°2€1 | 2821 | 1'00L | 2°90L | €218 VIUY WYHONI V101
£158°66 | 19°LL | SE2L | 6¥L6 | OV'LL | 6ECL | SL°LL | 26°EL (S 9.9'% | 1851 | A 02E68¢ MO|jOH AdeeiS| 9v
16282 | ¥60°C | ¥8L2 | P122 | 29L2 | L69'C | €66 | 2E5C | 9042 | 2502 | €822 | ¥eC | A 00LLPL | SwoH eyqon sbunds Jeped| £
699°Sr | 989°C | LLO'E | S¥2'2 | €69°C | L¥B'S | 24472 | 266°9 | L¥2'S | LOEE | €21y 1 A 00£106 Ajddng Jeiepm SiiiH epieA| 0S
86°S 86°S 1 A 0LE68E BISIA Ol dweD|
I A 15om ebejia | 59
£9VE S28’L{¥¥'L | 8610 I A 0£8.8¢ | dJed ewoH of|o|N Aemeep|H| L1
£62°CELL 9'981 | 9°G2L | L'¥EL | 9°¢2L | ¥'6EL | 67501 | 9'80L | B6'98 | #5'S6 | 96°9L I A 0LE6LY Ajddng Jejem weibuyj €2
869°S | 81671 | S89°L | S60°2 I A 6¥E6LY ‘§'H 8100 wo ] -weibuy| 2
268EvL | 2519 | viv'6 | L8v'8 | EVIL'6 | £60°8 | G206 | 809'8 [ 950°L | 640°C | 6€L°2 | LEST | A 042081 ebe|IA ol Jeny | oF
WNNS | 6961 806t | 2861 9961 | 5861 | ¥861 [ €861 | 2861 | 1861 | 0B6L { 6261 | vadV | DA NI | #310eloid eweu 190[01d ON|

(suojeb uoniw w) ALNNOD HH3M NI 3SN/SIILNILN HILYM ¥ XIANIddV



86°0L | 5602 | 2921 | 9'621 [ S'60L | 20pL | LE'EL | 62'9S | 0E'VE | 9L°6E | SYO'Y HLNOS ITUAEHI TVLOL

Ziv'e ¥E0°L | 82E°L SH A 026908 *SAS JO1BM SIIIH useyInog | Z¥
¥129'S |es6el 61l SH A olgaly A|ddng JeleM |1e1L POOM| 95
LvL'SL | SLI'E | 2962 | S6¥'2 | OFS'E | ¥29E SM A Zee09 WelsAs Jojem med Jeeg| 2

16°LL9 SvOL | ¥'ELL | L0°06 | ¥'024 | 62°99 | #2°LS | EE'OB | 80'SE SH A $BIMIIN YINOS 8)||AIeX | L2
88581 6vL'G 2292 | €4S | L69'F | 6E0 SH A S2084L ‘09 Jejem dooT oluedg| ey
12820 | L06¥[6E8°E| 18I¥ SM A OCE6BE | SWOH 81IGON SHEQ POOMISBM | Z5
$90'L | 68L°0) 2820 S A 91£68€ suoseeg inogj| Si
998°82 90'v | LLV¥|2L1S | LbLS | 2PER | B9E'L M A 060464 Alddng ‘1M Yee1D 1eAlIS| sb
6OCES |ZevsS|ivvs|evey | vBy | 9iv¥ | S2°L | E9ZF | SGS'Y | BL6E | BV | 9PO'P | SM A 0000S. "AIpans SxeQ |edod] Ly
WNNS | 6861 | 8861 | £861 | 9861 | S86L | ¥86L { €861 | 2861 | LB6L | 0861 | 6461 | VIV | DQ3 NI | # 0efoid ewreu jaeloid ‘ON

(suojeb uohuw W) ALNNOD HYIX NI 3SN/STILMILN HILVM 'V XION3ddV




APPENDIX B



9290¥161 0 L ¥e or £ avnNo X4 N[ONDIOOHE SAQVYTO ¥ N ONVTHYD €56100

438N 0S| LE2LE06!L £l 9 e 9 g] X33YD AINOH NYONNQA H NHOTr 056100

LE210061 0 € 6 x4 £{3NOH NO DNHdS MOAvIN 1 avuNOD 66100

1OVH1 34OV 08 V 40 LNO| LE2I8¥6L 0 L N 9 €} X334D AINOH MOav3W 1 avdNOD 6v6100
8160¥161 0 £ L L £ M3A34HI AHSNYUd NYONNQ H NHOTM 8v6100

L6/9/€ ONWV| LE2L0961 0 l ot 9 £ avnNs 34 NINSSV SHINMO 107 A3TIVA GVND Viv6100

LE2LSI61 0 51 6 L € QvNO X4 N HOLVHLSININGY T17IH d NHOT 96100

LEZISI6] 0 Sl oe Se £ avno M4 N T7IH d NHOP S¥6100

LEZLESEL S 6 6 9 £ X334H3 ILHNL AN3OV '"3IdS HYW13a L6100

iEZ19E61 0 ¥4 9l et £/avnNo/avno M4 N WV IINMNNIND 3 E 0r6100

LE212561 9 62 9 € €| 334D Ad4VHO DH3IEGANNYLS H SINOT 6£6100

LECIBYEL 0 62 14 ] € aGvNoO M4 N DHIAWNLS H SINOT 8e6100

LEZLEEE) 0 62 éc Sl € Y3340 "v3d HUIAWNYHLS H SINOT 8E6100

LEZL0961L 0 4 114 vEl €| X33d4D NVIONI XN 13 Ul LMYV H WYITIM 986100

20806061 S gl 9 Ll € avNo M4 N XN 13 Hr LINYY H AVITIIM 986100

IEZLL961 0 I 8 8 € avno M4 N IV 13 ASHOIH XM STTHVHD SE6100

LEZ1L961 0 I £ [ £ H334I AdQ IV 13 ASMOIH M STTHVYHI ¥E€6100

LEZIBYEL 0 0 L 148 £ avnNo M4 N 3SSV HONVY-OW NYIH3 LAES3Hd 2E6100

1EZ10E6) S el 99 69 €] WO XMOO0H 1V1d AFTONVIS L3 0E6100

LEZLIP6L 0 0 0 4 4 3IdNIvavno W 13 31HO0T D T13dHva 466100

10405261 0 0se 0 414 €| Y8 N3IAN3ISS3d| L1d3034Na7IM 2 SHHvd SvX3l $46100

JHLITIFOHAAH OSTV| 62907161 51 1] 0 Sl ¢l  AMIp2AVND NHNaMOV18 HLINS IINNOL 696100
034 087v| 80110661 0oe L 0 Sl LBdNIVAVNO M4 S| TV 13 AONHNOTH 8 NIITHLVYM| LEES00| LEESO0

034 081V "0V §5°v€ SLOVHL €| £0108461 £l 0 0 0 L SMVYNSIILLVH] HO4TNW D VIOHVIN 8 M HIINNIX| S29£00( 968E00
SH1 €86 40 OV 261 NO 3OVMIS 4V 0Sv2| £2504461 08 6 0 €09t 4 J4dNTVAVND] HLNY HIAIH 3dNTvAVND H3ddN| S0SE00| 69LE00
NOLLY3HO3H | 1ECi8261 0 0 0 147 LHIdNTVAVNO M4 S ONI VINAT V1 dWYD 4vv200

IEZ 14261 0 i 0 oi I avno M4 s ONI 1LvX/ga08 9¥200

S180.261 0c £ 0 vi L NDJSBSSIHIAD ONI DILSAN dWYD Stve00

gLELPLEL ct 8 0 L L M3340 37iHNd SIAVSAHHD dWVO NVHIHLNT 800200

Al 40 Ld QaVv 16/6+/€ ONWY| ¥OrOrL6L 0 0 0 0st L H3dnivavno 40 ALID 'ITIAHY3N V966 100
10£0E161 0 8 0 0 I 3dNIvavno SNIMMVYH THYD 046100

LEZLLVEL o L 0 £ l avnoM4ds H3AIHD NOLTIM 196100

S8/v/1 ‘PB/61L/Y GNIWV| E020v861 0 8 0 oL I avno M4 €| ANMO LINN 4O D0SSY NNI H3AW 4956100

LEZ 10961 v I 0 £ I avNd X4 N|NSSY SHINMO 1017 A3TIVA avno Viv6100

LEZISHEL 0 4 0 14 3 avNO M4 N ONI WSV Y6100

LEZ1BYEL 0 9 0 09 } QvND M N| 3SSY HONYH-OW NVIH3LA8S34Hd 2E6L00

SHHVYINIY 3uva| “14-°0v| 0L XSsdD §3HOV| A/ 140V N WY3dls H3INMO 4O INVYNH3IEBWNN| "1H3D

ALIHOMd| ALIDVAYD LYY Q3LYODIHYHI | NOISH3IAIO LIWd3d| NOILYD

"AHIS3H NOISHIAIG HO LNNOWY -lanragy

ALNNOD HY3X NI 13H S1HYIYH H3ALVM 3OVIENS 8 XIONIddV




LIOLLLGE 0 6 ¥4 t44 €| H3dNTVAVNY| NOILYHOLHOO HONVYH NOLI3HS £00200

LEgLresl 0 ¥2 66 9gL E| H3dNIVAVND| NOLLYHOJHOD HONYYH NOLTIHS 200200

LEZLYZEL 0 ¥e 0t 184 £ IdNIvavno 33N A VYD 100200

£8/1£/8 'HD ONILIAN JWVD 2| 62¥0P.L6L 0 4 091 0se £/ U33N dO2aVN9D| ONI 8NT0 AHLNNOD TUHYIAN V000200
LETL6S61 ol 8 8e 4 £ A33HI NMOL TV I AVAONNS MO 866100

yOrori6l SL 44 124 SL g H3dnMvavno 40 ALID '3TAYYIN V966100

LECLLS6) 9 i L L £ H3THD LVOD| NOILONYISNOD NId4IHY AUNIH S66 100

£260v161 0 S L4 S €[ H3adNIVAvND| WODINOW STONVHI AHVN R H N 66100

8120816} L4 L 0s 0S £[X334D NOSNHOr Q21437101117 AOH €66100

¥2a0vL6L 0 8 Sl €2 €|X33HO NOSNHOFP NOXIa 1237 31770 2 YWTHIM 266100

LEZLO961 8 L4 8¢ 12 €| 49 NOSHIAN3H ONI HONYH 1S3N9D STNIH AZV1 L66100

CE90vI6L 0 } L £ £>33HD NOSNHOr IV 13 NOSJWOHL 71 AHLOHOQ 066100

00 ANdSITND OSIV| LECLOI6L 0 St 9 gel 1) HONVHE TIVdj]  31V1S3 HS HIANEIAND 1 IIWNIF 886100
LECLYEGL 0 ) 0o¢ 06 £ 334D NOSNHOr Hf NSHHYM 3 ATYNID3Y 486100

LEZLOLE! 0 ot e 08 € 334D NOSNHO AITWANT VAON3TIO B H SIAYID S86100

62v0vi6L 0 I 4 L £[X3343 NOSNHOr SHVIS VY ¥ 3 TAVHOINW ¥86100

LEZLESEL 0 0L Se 19 £ HO NOSNHOT Y 13 HYWIWNYINA N £86100

62+0VL6L 0 ol Lt ce £{X334D NOSNHOr IV IS HVNINVIN A N £86100

LEZLSS61 43 9 0s £el € "D NOSNHOr HLINS Nv3a v101 286100

10Vdl JHOV 6°LLL ¥V 40 LNO) LEZLL96L 0 Ll 9 Evi £ HO NOSNHOr Y 13 HF MYVIO a MOVI 186100
82108161 0 113 91 ce £ HJ NOSNHOFP AV 13 JF ¥HV1D G Movr 186100

8c108L6! 0 I 9 43 1 HO NOSNHOrI XN 13 H3IHOVWY3I8YH V ST THVHD 086100

LEZIYIEL 0 ot 9 8l £ MI3HO SvAg MOQVIN S HLIIM 66100

LEZ12061 0 8l 59 £e £ HO NOSNHOr sndrv 86100

10216961 £e L 134 1574 £ HO NOSNHOP)  JIWOH .SAOE JINOHLYD SyX3lL 416100

0L90¥ 16} 0 6 149 62 €| dd N3JgN3ss34 IV 13 NYWINIHE a7 96100

334D NOSNHOI OS1V| 6290V161 St £e SE 0L €] HONVHE SHLINS ONI STHONVYH NOL3HS v.6100
6290¥161 9 1] oL 0t €| HONVHE SHLINS ONI S3HONYH NOL13HS £46100

LEZL0061 v Ll 9 9 £] HONVHE HS13M 1HOVHEIT3 A71SIM 2.6100

LOLOELEI 0 0 5 (4> £ 3dMIvavno SNIXMVH THYD 046100

LECLITEI 0 9l 08 80l €| ATEMTRAVYNO NENEXIVIE HLIKS SINWOL 696100

LEC16881 0 b 0e o £l ATaAx¥aAvno S3INODNINOAG SINON 896100

LEC1BYE]L 43 14" oL oL £] 8i41 ® YAN3D3L Hf 3HOOW H3dSVr L 96100

S8/01/6 QNIWV| 6250216} (¥4 0l ¢l e £3dNIvavNo X4 S Y 13 WYHYHD 1 3ONIHMV 8€96100
LEZLLpEl 0 0 £ b £ avnoMds H3AI"D NOLTIM 196100

S0Z18e61 001 £ 0l 0e £ ¥F3HD SSIHJAD 31viS3 HOONT L 856100

SHYVYW3H 3ivqQj 14-0v| 0L XS4 SIHOV( HA/L4-0vYIN WV3H1S HINMO JO IWYNHIENNN| 143D
ALHON | ALIDVAVYD J1vHA31vOIHdl| NOISHIAIQ LIWH3d| NOLLVD

"AY3S3H NOISHIAIO g0 LNNOWY -lanrayv

ALNNOD HHINM NI Q13H SL1HDIH H3LYM 30V3HNS 8 XIANIddY

s



£-a

LESLLIPEL 0 L S01 (¥4 13 QvNo X4 N JIVASHYH 4 SVIS L¥¥200

LECLLI61 0 1 s L €RdNIVAVNO M4 N H343HOS 41 0v+200

034 0S1v| Le2ZLic6L 02 b ] 8 EHANIVAYND M4 N 3HOWT2 © VHSHYIN ? 9 31va V6EYZ00

IECLLYEL oe el 84 ot EAdNIVAVNO M4 N Xo0ua s3anvr 8Ep200

0E809.61 0 £e 0c or £] Y334 SS3HAAD IV 13 IHI04 @ YNNV3A £¥0200

LECLY96) 0 4] Sel 602 £ 334D SSIHJAD H3IMOQ VINIDHIA 2 [ 3 290200

S8/1L/2 ANINV| LEZLSSEL 0 8 LS el £ HD SS3HJAD TV 13 3DVONNHE 1 SYWOHL V110200
52608161 0 ol S oL £1X3340 SS3H4AD H344134d AHLOHOQ B D V 0+¥0200

LEZLYO61 0 0c L L €| 3340 $S3HJAD HNVS a344 6£0200

LEZ1S961 0 9 Sl Sl £ HO SS3HJAD H33Y 3 AHHVH 8€0200

LECLOYEI 0 £ 8t ot €3340 SSIHJAAD| 3LVISI dWVMHITTV H HNHIYY LE0200

LEZLI961 0 4 9 4 £ AdNivavno VY 13 NINIBH d H3183HD ¥£0200

LECL196} 0 £e 06 06 £ d3dmvavno XN 13 S3A3Y O HIIAVP ££0200

IE210961 c L 9 0i E€] d3adnivavno JIHYHOr 1H3904Y €€0200

SB/p/LL ANIWV| LESLLIS6L 0 gl o8 Si1 £ IdNIvavno XN 13 "H3717IW Nvd Hd3sor VIE0200
LECLLYEL octL L2 EEl 992 E|YNNNBHO IaU3A HLINS NOSAL 0£0200

1d AlQ Qdv 28/S/0L ‘010 0D 2| 12802461 ozv g6 002 74 £] NOANVD NOSIHd SH3LIVM ONVYIOH V620200
LEZLL961 0 ct 08 Sel €| d3adnivavno IV 13 NOSNISOH H aNvZ 920200

¥eroLlI6L 0 L 08 SG1 £ IdNIVavNO TV 13 AVHM M AHUVH 520200

lEgleeel 0 ¥4 set 1418 €| d3adnivavno S3QOHY 3 TWYO ¥20200

LEZL0EGL 0 L € L £l  d3admvavno N334 V¥ AQH £20200

velivi6l 02 L 6LL Ll g d3adNivavno ALSOW 331 143804 €20200

¥eilbi6l S 13 S¥ 241 €| dH3adnivavno IV 13 ALSOW 2 ONOWAVY 120200

2290v161 0 I oe 09 €] H"3adMvavno ALSOW 337 143904 020200

LEZLIS6L 0 cc 6 PS5l g H3adnivavno ALSON ANOHLINY 331 810200

LECI9¥6L 0 € 8 8 €| d3adnivavno S3ODA0H H MNVHd 910200

legiLiesl 0 Ll ¥4 e £ d3adnivavno LNIDNN 3 SNV 510200

(354 %4518 0 (33 o4 92 €[ M3IIWO JUHNL| TV 13 HINYNL QUYHDIH SIWVP ¥10200

LE2LES61 o 6 ¢l 118 € Y3340 LS3IM| Tv3IH HINILS NVITHT % H X3S £10200

LECIESEL S 6 3 I £ M33H3 IiHNL VaISIM NVOTr 210200

MA3HO SNV INLLINT OS1V] LESLOFEL oL 6c 0S 08 EHNYT LT18371dNL ANHODTH 110200
1JVHIL 3HOV 8'89 4O LNO| LEZLBE6L S 3 5 L €| SHOMOVMHSNE} XN 13 Wr HANINVMS 1HI80H D 010200
LEZ10461 S L S S €| 34O MOVMHSNE| N3108 NVIAVTIIM % D SIONVHS 600200

LECL6S61 0s 6 e 1 £| 3340 ONIHAS Hr NOSIT13 AvH 400200

06/81/9 '88//2 ANINV| LEZL2SEL ¥S or 029 134 £ 3dNIVavN9| NOLLYHOJHOD HONVYH NOLI3HS 8900¢00
LEZ L0061 0 £l 86 65 E] d3dnivavno 3Lv.iS3 240HMD08 13IHYVH 500200

SHHVYNIY 3lva; 14-0vV| 0L XSd40 SIHOV| WA L4-0V N Wv3dls H3NMO 140 JWYNHIEWNN| 143D

ALIHOM| ALIDYHYD 31vd|a3LYOIdYI| NOISY3AIO 1INH3d{ NOLLVD

"AHIS3H NOISHIAIG HO LNNOWY -lanray

ALNNOD HY3M NI 13H S1HOIH HILYM 30V4HNS ‘g XIANIddV




-8

0£018.46} éce 0 0 74 L HO H3IWVd S31143d0dd 4 '8 1| 1S9E00| 9¥BEQD

62.0L261 0t 0 0 0 L avno X4 §vi3 00 I1LLYD % ONVI NOLIIHS Y200

AJ0LSIAIN-NOA 3| LECiBYel ool 0 0 0 LBdNIVAVNSD M4 N| TV 13 AINEVIX WNNTTIND 30THD LEVZ00
835N 0STV| P0POSS61L L8 0 0 0 4| H"H3dNIvavno HY3H JO ALNNOD 410200

835N O87TV| YOP0SS6L 2L 0 0 02L |  H3dMivavno HH3IN 4O ALNNOD +00200
IdNTVAvND 4O gidl| 090461 147 0 0 L4 L G3WVNNN IVLIdSOH 31Y1S FTNAHUIA 666100
LNIWANNOJWI| S2L01¥61 8l 0 0 0 4| "8 N3ON3SS3d v 13 NVWINIHE 3 1 946100
POr0SSel oSy 0 0 0 L 3dNvavno Hd3x JO ALNNOD 126100

L6/61/E QNV‘L 3SN OSTV} 20BCLZEI 0 £ 0 74 L gidl ? avno $SN4 SHIIH HVYYHVS V.96100
H agy 2 3SN dNd OHD £8/92/S SONIWY| 6250L161 9l 0 0 0 L|34NIVAYNO M4 S TV 13 AVHVYHD 11 3ONIEMYT 8656100
¥1218261 ol 0 0 0 L avno x4 s $3801 4 NHOP LS6100

IE219E61 0s 0 0 0 L avno Y4 S| ANMO LINN 4O DOSSY NNI H3IAIK 8956100

LETIBE6] 0l 0 0 0 3 3340 Hv3d v3dV QWYY -S1N0JS A08 LE6L00

0106261 02 0 0 0 L QvNO M4 N| 3SSY HONVH-OW NVIH3LASS3Hd ¢e6100

LICLLLIGL 0 0 0 ol ¥| d3AdNIVAVND| NOLLYHOJHOOD HONVH NOLI3HS £00200

LEZLIvEL 0 8L 0 (34 4 3dNIvavno v 13 31H301 O T134dvd 166100

82e0l661 0 I 4 e €| 3dNIvavno 4s O0SSY SHINMO V1INOB| <¢SES00} ZSES00

SOEDL66| 0 I L4 S £ 3dNIvavno dJN SIZNOQ NOYAS| 8PES00| 8YESO0

80LLO661 0 0 oe 96 £3dNMvavNO M4 S] v 13 AONHNOTS 9 N33 THLVM| 188500| LEES00

H3LVM ILVYAIHd ONISN| S0010661 £8 0 0 0 1% NMOL 1Sv3 XN 13 NOSNISOY ASNGOYH| SLES00| SIES00
60c18861 0 9 or oy €] AMIIYD IAYIAA] STAVH M AHVIN B SIAVH 4 STNVF| 802500, 802500

61E0.861 8 9 0s 173 € IdNvavnoe WHOLS O SNV 221500 22is00

02509861 0 6 el ol £ HO Ha Tvd NOSIgdVH 1 80d| 080500| 090500

W0Z-81 335 31vd| 82801861 0 0 se 0L € HD SS3HAAD HLOd YOUH % AVI| 18LP00| 98¥¥00
£010E861 0 9 9 4] £ HO NMOL SNITINW @344 r4a| 960v00| 862¥00

¥1902861 6¢ L4 ¥l oe € HO NOSNHOP ONI SIHONVY NOLT3HS| 001v00| £22+00

A 02 S34IdX3-H1 OV-9¥1-S3d 2-034 7| 180861 ot A 9s 08 £ HO NVININD ITUALYIN JO ALID| SESECD| +06£00
IE2L2E61L 0 12 FAYs 851 £ 3dNIvavnon v 13 ALSOW 1 143804 05200

LEC19261 0 8l 1 il €| d3adnivavno HIHOVANHOS N 8 6+¥200

LEZLSS61 0 9 5 9 €3340 "4aN3D3aL SNIMWIS VIHLNAD 3017V 8r¥200

LE21826L oe ot Sl 92 £2dNIVAVND X3 8 ONI VINNP V1 dWVYD 1200

LECLLEEL 0 4 ]} 0} € avno M4 s ONI LvX/a08 9te00

lE2les6l 0 8 51 ¢t £| NO4S¥SSIHIAD ONI DLLSAN dWVD S¥200

lEetiebl Ll 4 £ 9 €3dNTVAVND Md S|V 13 00 I1LLVD % ONV1 NOLTIHS 200

IECISI6) Se ée 02 oy €] M3340 ASNOH NVONNQ H NHOTP £v200

LESL0061 i 8 1 4] 8c €] X334 AINOH WVYHVYHOD H3HLNT yre00

SHHVINIY 3ivaj "14-0v| 0L XSdD S3HIV| HAS14-0V [N Wv3dis H3INMO 40 INYNHIEGWNN| 1430

ALHOIHd | ALIDVAYD J1Vd|Q31vDIddl| NOISHIAIQ LIWd3d| NOLLVD

‘AH3S3H NOISHIAIG HO LINNOWY -ianray

ALNNOD HY3M NI Q13H S1HOIY U3LVM 30VJHNS -8 XIONIddV




FOHVHOIY - 6
H3H10 -8
NOILYIHI3Y - £
NOILVOIAVN - 9
"LO3NIOHAAH - §
ONININ - ¥
NOLLVYOIdHI - €
IVIHLSNANI - 2
AVdIDINAW - L

3SN403dAL-N

1dW3ax3a dv 9

#/61 FAV 2 ‘IN433S 'S3HE
MO0LS3AIN ¥ DILSINOA 0STY

20110661
0£015861
LEE00861
S0LI661

0
cl
4}
451

o OO

0

(=R = = I ]

(= = I )

0

Tivd
IdNIvavno
"0 NOSNHOI
H33HI W13

XN 13 QuvH1NOS ONvVY 3
JOSSV SONIAVS NUI1SVIHLNOS
JNI S3FHONVH NOLT3HS
SHINMO HONVH ASTIVA NYD3d

22es00
620500
E¥.LE00
12800

¢2esoo
620500
¥E0Y00
200%00

SHYVYWIY

31va
ALHOHd

el J
ALIDVdYD

01 XS40
3ivd

"AHISIHNOISHIAIQ

S3HOV
03 LVOIHHI

HASLd-"0V
NOISH3AID
HO LNNOWY

= L

WV3HIS

H3INMO 4O INVN

1430
NOILYD
-lanrav

H3AWNN
LIWd3d

ALNNOD HY3X NI 013H S1HDIY HI1LYM JOVIHNS 8 XIONIddV




APPENDIX C



IS ALOEINAMIT

6¢ e 74 €e 4 B/u e wdd wnipog
e ep e/ S000> S00'0 e/ e wdd pea
gz B/U e/u ¥5 tr B/u eu wdd wnisaubiep
2 8 st 08 og ¥L 88 wad wnioley
Blu 6€ 89 Se 2e e/ efu mu Aiprauny
ve 6 2Ll el Sl 621 ¥61 wdd aieyng
B/U g1e S68 0£9 695 S¥9 Y26 wdd| spijog panossiqg 1oL
BlU S5 £95 (8 4l 2 S wdd [ejqesani4uoN ‘enpisey
e/ 892 gst'l 189 185 1v9 626 wdd SpIloS [e10)
e 2000 8000 6000 800°0 +00°0 £00°0 wdd ajeydsoud [eloL
200> 100> 10'0> 10'0> 100> 100> 100> wdd usboniN—alLlIN
90 90 0 S0 £l 20> 20> wdd usBonN—a1eIN
el B/U e/u BN B/U eju e wdd| uabompN-eluowwy
e S'6 1'6 vl £l £ 2L wdd Hd
200 8 €2 0 9'G €0 2 wdd uoy|
192 902 658 Slv ger o9zy £S5 wadd ssaupreH—[eloL
epu BlU Bl AT vl eMd el wdd epuon|4
859 gce L'} 696 9.8 266 Iey'l Lio/soyLun AAnonNpuo)
0 e e 0 0 B CIY wdd]  mioj/eard suuoD
: X8 8l b+ (17 A 5] ozl wdd apuolyo
B/ e/u L0 1l L0 S0 wdd 0oL

Ay rol

Bd




1M ALOHH DM A0

92 22 52 61 82 e/u 2s wdd wnipog
8100 24200 e/u B/u 800°0 e/u e/u wdd peat
St ag B/u eju vS e/u /U wdd wniseubepy
B/Uu e/u I8 vS e/u e/u e/u wdd wnpes
m\c efu m\r_ m\: N\C m\c m\: wdd sﬁ__u_nt:._.
Lol €€ S61 6 Lot 825 Syl wdd awrjng
825 ovb 199 L6% 1S 10"t 6eL wdd| spyos paajossiq el
Ly b ) Z efu 2 } wdd|ejqesaiijuoN ‘anpisey
SIS 6Et 299 £6F S6b 250°) ovL wdd SPHOS [ejoL
000 200'0 €000 2000 2000 9000 000> wad eleydsoud |ejoy
100> L00> 100> 100> 100> 100> 100> wdd uaboniN—slIN
v #'0 £0 z2o0> v'0 20> 20> wdd usboniN—ajeniN
50> So> e/u efu S'0> BjuU 2/u wdd| usBosN—elUOWIWY
92 gL eL ' ve zL veL wdd Hd
el £0 02 ¥'0 Il 09 0 wdd uoi|
cov 55 Sip bE 88e 2i8 1 4°14 wdd SSaupJeH—Blo
02 60 A 90 gl 02 ! wdd apuon|4
zi8 049 2101 952 2es 9gs°1 8L} Lua/soywn Auanonpuod
e/u B/U Bfu B/u e/u B/u efu wdd [e10] /eai4 auuoiyon
€e 2 2e 92 02 28 wdd apuolyo
L 90 90 by 8'0 S0 wdd 20L
262 Aluery [eloL
L . Joleweled




PIMALDBYHIN/M IO

£2 Zc e/u e/u sz 8t wdd wnIpog
500°0> S00°0 e/u Ee/u S00°0> S00°0> wdd peal
+s b B/u e/u 1S (8 wdd wnisaubew
08 o8 vl 88 ol e/u wad wnie)
SE 2e B/u B/u B/U B/u wdd Apiqing
8el St 621 v61 951 2s wdd aeyng
0€9 695 Sb9 ¥26 v19 5P wdd| sptiog paajossiq |eio)
IS 2l 2 S S 8l wdd |ejgeialijuoN ‘anpisey
189 185 9 626 619 GSY wdd Splos [el0)
6000 800°0 ¥00°0 £00°0 1000 1000 wdd areydsoud 1oL
100> 100> 100> 100> 100> 100> wdd uaboIuN — N
S0 £ 20> 20> €0 ¥'0 wdd uabo)N—aleliN
eju B/uU B/u BjU e/u G0> wdd| usbBoiuN—elLUOWWY
vl gL el 2L €2 9L wdd Hd
o 9's £0 r Al 81 1'0 wdd uoJ|
Slp £ev azv £S5 14 e wdd ssaupseH—[eio)
2e vl e/u e/u gl gl wdd epuon|4
696 9/8 266 ep'l Sv6 £29 Lug/soywin Amnonpuog
0 0 B/u e/u eju B/u wdd [e104/88J4 sUUOID
22 02 gS 02l 61 6l wdd apLolyD
Lo 11 L0 S0 L0 80 wdd o0l
00€ 2l 80€ 962 80€ gle wdd Awieyy ol
| Juoissoy
SFMMMS— 8069




APPENDIX D



Appendix D
GROUND WATER MODELING

MODFLOW FOR ASR - CITY OF KERRVILLE

The United States Geological Survey (USGS) three-dimensional finite difference
ground water flow model MODFLOW was used for simulation of the Lower Trinity
aquifer in the Kerrville area as part of the UGRA ASR project. The model allowed
prediction of the aquifer’s response to projected city ground water demands and the
use of ASR in the Kerrville area. The Kerrville project team selected this model for
its three-dimensional simulation and time-discretization capabilities and for its
variable grid feature.

MODFLOW is formulated with a modular structure, in which similar model functions
simulating various hydrologic processes are grouped. The processes available for
simulation include wells, rivers, recharge, drains, and evapotranspiration. This
modular structure allows the inclusion and/or exclusion of the hydrologic processes
that affect the flow of ground water. In this way, the user may choose which
processes are important in the ground water system to be modeled, and simulate only
those processes. Since the Lower Trinity (Hosston-Sligo) is a deep semi-confined
System, only the well and recharge features were utilized in the Kerrville model.

To set up the MODFLOW model, a grid block is created to approximate the physical
area of the geologic system of interest. The grid block is then subdivided into a mesh
of blocks called cells, which are described in terms of rows, columns, and layers. The
center of each is called a node. Spacing of the nodes is chosen by the user so that
the hydraulic properties over the extent of the cell can be assumed to be fairly
uniform. This variable grid spacing feature enables the user to specify closely-spaced
nodes in areas where physical data, such as transmissivity, layer thicknesses, and stor-
age coefficient, is abundant, and widely-spaced nodes where data is sparse. This
discretization of the hydrogeologic system in space, in addition to time, allows an
approximate three-dimensional solution, through the finite-difference method, of the
partial-differential equation which describes ground water flow in a continuous system.
Ground water heads are calculated by MODFLOW at each cell’s center point, or
node, as a function of time.

For Kerrville, the effective model grid covered approximately 156 square miles and
was subdivided into 30 columns, 34 rows, and two layers (representing the Hosston-
Sligo and the Middle Trinity). Aquifer parameters for each cell were estimated based
on aquifer tests conducted as part of the ASR study and published ground water

resource reports. These parameters were then calibrated within the model to actual
field data from aquifer tests.
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The period of simulation in MODFLOW can be divided into a series of stress
periods, within which certain stress parameters, such as pumping and recharge rates,
are constant. Each stress period is divided into a series of discretized time steps,

during which multiple iterations of calculations yield the head at each model node
through iterative solution methods.

In the Kerrville model, each month was simulated as a separate stress period, during
which the demands on and/or recharge to the ground water system were input at an
average monthly rate. Water levels in the Hosston/Sligo were predicted by the model
at the end of each month from 1992 until 2005, based on the projected ground water
demands and projected volumes of water available for recharge through the ASR well
and various hypothetical ASR wells. In this way, the projected decline of water levels

with increasing demand on the Hosston-Sligo was simulated, as was the benefit of
utilization of ASR.

WELSIM - KERR COUNTY

The modeling for the county water resources plan was conducted using WELSIM, a
computer program developed by CH2M HILL for wellfield simulation. WELSIM is
an analytical model, designed to calculate the drawdown caused in an aquifer by a
single well or by several wells operating simultaneously. The calculations are made
using one of several widely accepted analytical techniques for describing well hydrau-
lics, such as the Theis method. Ground water drawdown and/or water levels are

calculated at each grid point as if it was an observation well, using the principle of
superposition.

ASSUMPTIONS

WELSIM was utilized to model the Middle Trinity, which is comprised of the Lower
Glen Rose, the Hensell, and the Cow Creek, and supports most local supply wells
across the county. The aquifer parameters used in the model generally represent
conditions in the Hensell sand, because most of the available data is from this zone,
and because it is the most transmissive zone of the Middle Trinity.

One of the basic assumptions used in the setup of the county simulation model was
that the aquifer could be represented by the Theis equation for a confined system. It
is an accepted position that the Hensell sand is not a true confined system, but
receives some recharge from the overlying Lower Glen Rose, and provides recharge
to a certain degree in the southeastern half of the county to the underlying Cow
Creek limestone and the Hosston-Sligo formation (Lower Trinity). On a county-wide
basis, however, the leakage parameters are not well-defined, and were not added to
the model simulation. Ignoring recharge through leakage is considered to be con-
servative, therefore, the model will arrive at a worst-case scenario with respect to
drawdown.
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Another assumption is that the WELSIM model is based on a uniform and
homogeneous grid. The model assumes that the transmissivity and storage coefficient
are uniform throughout the simulated aquifer. Although actual aquifer properties are
likely to vary widely throughout the study area, the scale of the county-wide model is
such that use of average values are not likely to significantly hinder the overall pre-
dictive capabilities of the model. A numerical model such as MODFLOW would be
required to simulate spatial variations in the aquifer, and not enough physical data is
available at this time for the Middle Trinity to allow such a simulation.

Although WELSIM is capable of utilizing well efficiency in its drawdown calculations,
well efficiency information is not currently available for a large number of Hensell
supply wells. The county model ground water demands were simulated using a series
of hypothetical well locations, and the wells were assumed to be operating at a rela-
tively high efficiency. It is likely that assuming a high well efficiency may not be
representative of a majority of the Middle Trinity supply wells, and this fact should be
considered when reviewing the model-projected drawdowns in the Hensell. Draw-
downs may be significantly higher in actual wells under similar demand conditions.

Pumping rates in the hypothetical wells were assumed to be on the order of 30 to 100
gpm for the model simulation. This range was based on reported pumping rates.

The model, however, simulates annual average pumping rates on a continuous basis,
which will de-emphasize aquifer recovery and peak pumping. In actuality, Middle
Trinity pumpage will vary both daily and seasonally, resulting in potential recovery of

the water levels and/or peak pumping, both of which may significantly affect
drawdowns.

CALIBRATION OF MODEL

Existing water level data in Hensell wells throughout the county were used to create a
regional ground water contour map. Since very few data points were available for
concurrent time periods, all available data as presented in TWDB Report 273 and
collected recently by the UGRA was combined to create a compilation of water levels
to approximate the average ground water surface across the county. Considering its
origins, the resulting contour map (Figure D-1) correlates relatively well with Report
273’s depiction of the Middle Trinity ground water surface.

Figure D-1 demonstrates an average ground water gradient of approximately 0.001, or
5 feet per mile. This value, along with a ground water level at the origin of the grid
of 1563 feet msl and a direction of flow of 40 degrees (clockwise from east) was used
to provide the model with a regional ground water gradient which approximates
steady-state conditions. The calculated contour map is illustrated in Figure D-2. This
figure also shows the model grid. A spacing of 2 miles between grid points was used
in the simulations.
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Transient calibration was achieved by varying transmissivity and storage coefficients so
that resulting drawdown was close to that demonstrated through recent selected
UGRA pumping tests. These tests were of too short duration to give detailed infor-
mation of the aquifer on any more than an extremely localized scale, however, and
the transient calibration was refined using hydrogeologic judgement based on reported
regional data.

The average transmissivity selected for use in the model simulations was 3000 gpd/ft,
with an average storage coefficient of 0.0005. It should be noted that significant vari-
ation in localized transmissivity and aquifer storage capacities is likely to occur across
the county, and may significantly affect actual drawdowns in some wells based on
their locations and open intervals. The model is highly sensitive to these values. For
example, if a transmissivity of 2,000 gpd/ft and storage coefficient of .0001 is used
instead, maximum calculated drawdowns after only eight months simulation time
change from 97 feet to 212 feet.

DEMAND SIMULATIONS

Two ground water demand simulations were run using the calibrated model, The
demand predictions were made at ten-year intervals, and for simplification, these
values were assumed to represent the average demand for ten years surrounding each
prediction year. For example, the average annual demand used for 1990 was also
assumed for each year up to 1995, at which time the average annual projected
demand for the year 2000 came into effect, until the year 2005. Drawdowns and
water levels were printed at each ten-year interval up to 2040.

The ground water demands were projected for eight high usage areas of the county:
Ingram, City of Kerrville, Kerrville North, Kerrville South, Airport, Orchard Irrigation
(southwest of the Airport area), Center Point, and an area referred to as Eastern
County (located along the eastern county boundary). These demands were met
through the model by simulating wellfields in each area. The maximum number of
hypothetical wells used by the model in any area was 9, based on an average approxi-
mate pumping rate of between 30 and 100 gpm. Some of the wellfields with lower
total demands consisted of fewer wells to balance out the pumping rates.

Based on reported information for Hensell wells, it was assumed for purposes of this
project that any drawdown beyond 200 feet would likely result in water levels sinking
below the casing, and probably the pump, in the average Hensell well. For the simu-
lation using the present surface water permit, projected demands were so high that
this estimated allowable drawdown was exceeded in the Kerrville Airport area by the
year 2000. Further refinement of this simulation was therefore required, and
demands between the years 1990 and 2000 were estimated based on a straight-line
projection. A drawdown of approximately 200 feet was reached for this simulation by
1995. Drawdowns of 200 feet were not reached in the simulation of 4760 ac-ft/yr
additional surface water availability until approximately 2035.
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INTRODUCTION

PURPOSE

A Water Conservation Plan is required as a part of an application submitted by a
political subdivision to the Texas Water Development Board for financial assistance
from the Development Fund or the Water Loan Assistance Fund. Furthermore, a
successful application is required to have a program in place before loan funds can be
released. The origin of these requirements is action taken by the 69th Texas
Legislature in 1985. Conservation requirements were established by a House Bill
(HB) 2 and House Joint Resolution (HJIR) 6. On November 5, 1985, Texas voters
approved an Amendment to the Texas Constitution that provided for the
implementation of HB-2.

Water used in the residential and commercial sector involves the day to day activities
of all cities of the State and includes water used for bathing, cooking, toilet flushing,
fire protection, lawn watering, swimming pools, laundry, dishwashing, car washing and
sanitation. Since the early 1960’s per capital water usage in the States has increased
about four (4) gallons per person, per decade. More important, per capital/water use
during droughts is usually about one-third greater than during periods of average
precipitation.

The objective of a conservation program is to reduce the quantity required for each
water using activity, in so far as is practical to the implementation of efficient water
use practices. The program are tools that water purveyors should have available to
operate effectively in all situations.

The purpose of this report is to present the data collected, alternatives, and elements
selected for the Kerr County Water Conservation Plan and to provide procedures and
information for the implementation of the plan.

PLANNING AREA

The planning area is the area served by the UGRA. The boundaries of the UGRA
are conterminous with the boundaries of Kerr County. Facilities include:

. Upper Guadalupe Dam

. 105 Acre Pumpout Reservoir

. 5.0 mgd Water Treatment Plant

. Regional Environmental Laboratory
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UGRA Activities:

Water supply to City of Kerrville as a wholesale customer.
Regional water testing.

River flow and climatological data collection.

Flood sensing and alert program.

Investigations of future water supply.

* e o [ ]

Kerrville is the UGRA's only water customer with treated water supplied at $0.83 per
1,000 gal. The City of Kerrville adopted a water conservation and drought contin-

gency plan in 1990 which is included as Appendix E of the Kerr County Regional
Water Plan (Phase I).
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Most of the areas outside of Kerrville are served with on-site septic systems for waste-
water disposal. Kerr County now limits septic systems to a minimum of 1 acre per
residence.

Not all of the water systems in Kerr County are metered, and most systems have a
uniform rate structure (i.e., a base rate or minimum for the first increment and a
uniform rate for all use above the minimum).

UGRA has already begun gathering data on water use and ground water levels in

Kerr County. They will continue this effort and expand it to gather as much water
use information as is available.

PUBLIC INVOLVEMENT IN PLANNING PROCESS
The UGRA holds board meetings on the second Tuesday of each month at 2:00 p.m.
Meetings are open to the public, and citizens are free to speak on any subject during

the portion of the meeting designated for this purpose.

Special interest groups located in Kerr County include:

. Kerrville Chamber of Commerce
. Kerr County Economic Development Foundation
. Headwaters Underground Water Conservation District

SYSTEM AUDIT/PROBLEMS

The UGRA has contact with most water systems through the water testing services of
the UGRA Laboratory. This contact will facilitate further data collection efforts.

The major water system problems are:

. Metering is not universal

. Condition of supply systems is unknown

. Water use and unaccounted water volumes cannot be determined

. Some systems are inadequate to meet demand and treatment
requirements

. Ground water sources may be limiting.

ALTERNATIVES

Water conservation methods are typically divided into two (2) categories, Demand
Management Methods and Supply Management Methods. Demand Management

AUSR012/007.51 E-6



WATER CONSERVATION PLAN

INTRODUCTION

The purpose of a Water Conservation Plan is to reduce the quantity required for
each water using activity, insofar as is economically feasible and physically practical,
through the implementation of efficient water use practices. Many communities
throughout the United States have used conservation measures to successfully cope
with various water and wastewater problems. Reduction in water use of as much as
25% or more have been achieved, but the normal range is from 5 to 15%. As a
result of reduced water use, wastewater flows have also been reduced by 5 to 10%.

Nine (9) principal water conservation methods to be considered in preparing a water
conservation are as follows:

Education and Information

Plumbing codes for new construction

Retrofit programs

Conservation oriented water rate structures

Universal metering and meter repair and replacement
Water conserving landscaping

Leak detection and repair

Recycling and reuse

Means of implementation and enforcement

[ ] » * & ® & o * @

UTILITY EVALUATION

The UGRA presently serves only the City of Kerrville with treated surface water.
The UGRA’s jurisdiction covers all of Kerr County. Therefore, the UGRA can
implement water conservation education and awareness programs county-wide. The
Texas Department of Health (TDH) currently has records listing 101 water suppliers
in Kerr County not including UGRA and City of Kerrville. The Texas Water
Commission has certificated 31 water supply utility areas in Kerr County. The
UGRA is not presently contractually associated with any of these systems and cannot
require conservation efforts, but goal No. 5 of UGRA goals is "To develop and

promote programs which encourage water conservation and wise use of this limited
resource in Kerr County."

Water use records for all of the systems in Kerr County are not available, but it is
estimated that 5,900 ac-ft/yr is used by 36,304 people, resulting in 145 gpcd. More
detailed information on water use is unavailable. Since many of the systems rely on
wells, the yield or well capacity often limits supply.
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methods deal with water use on the downstream side of a customer meter. Demand
management provides for education or incentives to reduce the water use by the
consumer. This method of conservation generaily results in a decrease in water
revenues because less water is purchased from the City.

Supply Management Methods deals with the utility’s water system upstream of the
customer’s meter. The goal of Supply management is to improve efficiency and
reduce waste within the production, treatment, and distribution system. Supply

management usually results in decreased costs to the utility as water losses in the
system are reduced.

DEMAND MANAGEMENT ALTERNATIVES
Education and Information:

The most readily available and lowest cost method of promoting water conservation is
to inform water users about ways to save water inside homes and other buildings, in
landscaping and lawn uses, and in recreational uses. An effective education and
information program can be easily and inexpensively administered by the Upper
Guadalupe River Authority. Materials available from the American Water Works
Association, Texas Water Development Fund, and other similar associations can
easily be made available to the four (4) entities involved with the UGRA for distribu-
tion to their customers, through hand outs, mail outs, and other sources. All four 4)
entities have adopted the Kerrville Times as their official newspaper. This publica-
tion can be used to print articles concerning water conservation. The use of various
radio stations in the area, together with public and cable television systems, can also
be utilized for this purpose.

Plumbing Codes:

Water saving plumbing codes for new construction and for replacement of plumbing
in existing structures may be adopted. The standards recommended by the Texas
Water Development Fund represent readily available technologies and do not involve
additional costs when compared with "standard” fixtures. Water conserving plumbing
codes can be specially tailored to be adopted by each individual entity, in addition to
the Standard Plumbing Code 1985 edition with Appendix J. The UGRA will work
with Kerr County to promote the use of the Standard Plumbing Code on a county-
wide basis in conjunction with their septic tank program. The state-wide water-
conserving fixture standards will also aid in this effort,

Retrofit Programs:
The UGRA should make information available through its education program for

plumbers and customers to use when purchasing and installing plumbing fixtures, lawn
watering equipment, or water devices such as low-flow shower heads or toilet damns
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that reduce water use by replacing or modifying existing fixtures or appliances should
also be provided.

Water Rate Structures:

A water conservation oriented rate structure usually takes the form of an increasing
block rate, although continuously increasing rate structures, peak or seasonal load
rates, excess use fees, and other rate forms can be used. The increasing block rate
structure is the most commonly used water conservation rate structure. Separate rate
structures are usually used for commercial, institutional, and industrial customers.
UGRA will work with the various utilities to encourage adoption of water
conservation rate structures.

Water Conserving Landscaping:

In order to reduce the demands placed on a water system by landscape watering, the
city or utility should consider methods that either encourage, by education and in-
formation, or require, by code or ordinance, water conserving landscaping by residen-
tial customers and commercial establishments engaged in the sale or installation of
landscape plants or watering equipment. Because Kerr County is located in the Hill
Country, it has a moderate annual average rainfall. The need for outdoor watering is
higher than for wetter climates. Some agricultural land in the area is irrigated.
Although not made a specific section of the Conservation Plan, water conserving
landscaping information will be made available through the Information/Education
Section.

SUPPLY MANAGEMENT ALTERNATIVES:
Universal Metering

All public water supply utilities should master meter their water source. In addition,
all users, including the utility itself, should be metered. A regularly scheduled
maintenance program of meter repair and replacement also needs to be established
to ensure that proper metering is taking place. Metering and meter repair and
replacement, can be used in conjunction with other programs such as leak detection
and repair and, thereby, save significant quantities of water. Nearly all sales by the
various entities in Kerr County are metered, with the exception of a few utility owned
facilities. Currently, only the City of Kerrville has a regular meter repair replacement
program. The UGRA will work with utilities to encourage installation of master and
individual meters to account for all water use.

Leak Detection and Repair:

A continuous leak detection, location, and repair program can be an important part
of a water conservation plan. An annual water accounting or audit should be part of
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the program. Sources of unaccounted for water, once located, should be immediately
corrected. Ultility employees for the various entities periodically check for leaks when
reading meters and when driving around the city during regular maintenance. Major
leaks are usually quickly detected by either city employees or customers and are
repaired immediately. Soil in the area is generally shallow and, therefore, leaks show
up at the ground surface quite readily. Leak detection technology is also available in
the form of electronic sonic devices. UGRA can purchase leak detection equipment
for loan to various utilities.

Recycling and Reuse:

A city or utility should evaluate the potential of recycling and reuse because these
methods may be used to increase water supplies in the utility’s service area. Reuse
can be especially important where the use of treated effiuent from industry, a munici-
pal system, or agricultural return flows replace existing uses that currently require
fresh water from a city or utility supply. Recycling in-plant process or cooling water
can reduce the amount of fresh water required by many industrial operations.
Currently, no entity in Kerr County has a water reuse program. Because of its size
and daily flows, the reuse of treated effluent for irrigation could prove to be economi-
cal for the City of Kerrville. In addition, the City of Kerrville has a municipal golf
course. The use of treated effluent for irrigation for this facility is possible. UGRA
will encourage reuse and recycling where it is appropriate and economical.

Aquifer Storage and Recovery

The UGRA is investigating using its recently completed aquifer storage and recovery
project as a water supply management tool. Storage underground would potentially

reduce storage loss by eliminating the evaporative loss that occurs in a surface storage
T€servoir.

PLAN DESCRIPTION

Based on the evaluation of alternatives available to Kerr County for conserving water,
the following elements have been selected as those best suited to the needs of the
County for water conservation:

Demand Management

Public education and information

Water conserving plumbing code for new construction
Retrofit programs

Water rate structures
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Supply Management

Universal metering

Meter repair and replacement
Leak detection and repair
Recycling/reuse

The goal of this water conservation plan is a reduction of 15% in the consumption of
water per connection to the various systems by 2040.

Public Education and Information.

A program of public education and information to promote water conservation by the
public will be instituted. The program will include the following:

Educational materials will be made available twice a year. The semi-annual distribu-
tion will be timed to correspond with the peak summer and winter demand periods.
The initial pamphlet will explain the purpose of the Conservation Plan, and will
coincide with a published article in educational materials will present various water
conserving methods, including plumbing fixtures and devices available for retrofit or
addition, water conserving methods in landscaping and irrigation, and good water use
practices to conserve water. UGRA will develop and acquire sufficient educational
materials for county-wide distribution. The materials will be made available on
request by cities and utilities,

Regular Articles will be published in the Kerrville Times at times corresponding to
the distribution mentioned above, and more often as conditions warrant. As
mentioned earlier, the Kerrville Times is the official newspaper for all four (4)
entities.

The program will cover the water saving methods listed in Attachment B of
Appendix E. The UGRA will put special emphasis on the need to insulate pipes to
prevent freezing in cold weather, retrofitting of plumbing fixtures and devices, and
landscaping conservation methods. The energy savings associated with a water
conservation program will also be emphasized.

Assistance in obtaining publications and materials for the program will be obtained
from:

Texas Water Development Board
American Water Works Association
American Public Works Association

During the first year of the program, individual pamphlets and flyers will be
developed, tailored to the specialized needs and goals of the County.
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Water Conserving Plumbing Code

The entities in Kerr County will adopt appropriate plumbing codes for new construc-
tion and for replacement of plumbing in existing structures, and will be water
conserving by nature. The UGRA will encourage all utilities in Kerr County to adopt
and promote the use of the Standard Plumbing Code with Appendix J.

Retrofit Programs

The UGRA will make information available through its education program for
plumbers and customers to use when purchasing and installing plumbing fixtures, lawn
watering equipment, or water using appliances. Information regarding retrofit devices
such as low-flow shower heads or toilet dams that reduce water use by replacing or
modifying existing fixtures or appliances will also be provided. Kits containing retrofit

devices can be budgeted and made available to member entities for distribution to
customers.

Universal Metering and Meter Repair and Replacement

The UGRA will encourage installation of master meters and individual meters on all
utility systems in the County. These meters should be tested and replaced on a
regular basis. The UGRA will consider providing a test and repair shop for the
meters, providing a central shop for all of the public water systems.

Water Rate Structures

In order to meet the requirements set out by the Texas Water Development Fund for
conservation oriented rate structures, UGRA wil encourage each entity in Kerr
County to implement conservation oriented water rate structures as soon as possible.

Leak Detection and Repair

The entities in Kerr County currently have no leak detection programs. UGRA will
encourage each entity to participate in a leak detection program. The program

should include the following elements:

a. Monthly water use accounting by the Billing Department which
identifies high water used after the service meters indicate leaks.

b. Visual inspection by utility employees who keep a constant watch out
for abnormal conditions indicating leaks.

C. An adequate maintenance staff which is available to repair any leaks.
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d. The UGRA and/or each entity will purchase leak detection equipment,
and incorporate this device as a regular part of the leak detection
program.

Recycling/Reuse

As previously noted, the City of Kerrville is the only entity within Kerr County with
the capability of reuse and recycling of treated effluent. No recycling or reuse is
anticipated by Ingram or Kerr County. The UGRA will encourage recycling and
reuse in those instances where it is economically feasible and physically practical.

IMPLEMENTATION/ENFORCEMENT

The UGRA will administer the Kerr County Water Conservation Program. In this
function, the UGRA will oversee the execution and implementation of all elements of
the program. The UGRA will also be responsible to oversee the keeping of adequate
records for program verification. Each entity will be responsible for furnishing all
information needed and requested by the Authority.

In addition to the above, the UGRA will be responsible for the submission of an
annual report to the Texas Water Development Board on the Water Conservation
Plan. The report will include the following elements:

Progress made in the implementation of the program
Response to the program by the public

Quantitative effectiveness of the program

Proposed administration and goals of plan for following year

bl B M

The program will be initiated through adoption of the Water Conservation Plan by
resolution by all of the sponsors of the Kerr County Regional Water Plan. In
addition, the entities of Kerr County will adopt a water conserving plumbing code.

Each entity upon adoption will provide certified copies of all ordinances and resolu-
tions concerning water rates, plumbing codes, and other regulatory documents
necessary for the administration of this plan, including all updates.

The initial budget for implementing the water conservation plan should be
approximately $5,000 to be funded by UGRA.
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DROUGHT CONTINGENCY PLAN

INTRODUCTION

Drought and other uncontrollable circumstances can disrupt the normal availability of
a community or utility water supply. Kerr County is fortunate to have access to
surface water and ground water. The UGRA and the City of Kerrville will be able to
utilize Aquifer Storage Recovery (ASR) to augment ground water levels and conjunc-
tively use ground and surface water. Since ASR has proven to be successful, it
provides the possibility of recovering stored ground water at increased pumping rates

for a limited duration (when surface water is unavailable due to drought) without
dewatering the Lower Trinity aquifer.

The City of Kerrville has not had to enact a water conservation/emergency since the
Summer of 1980, when Ordinance 80-21 was passed because of the drop in the aqui-
fer and lack of summer rains. Other areas of the County were equally affected even
through the water conservation/emergency ordinance did not extend to them.

A triggering criteria during a drought period has been established to include the flow
of water from the Guadalupe River as well as the water level in the Lower and

Middle Trinity aquifers. Below is a three-step curtailment plan which will be enacted
depending on the river flow and the water level of the aquifers.

TRIGGER CONDITIONS

1. Mild Drought. When the flow of the Guadalupe River falls below 25 cfs which
passes through at the UGRA dam.

pA Moderate Drought. When the flow of the Guadalupe River falls below 15 cfs
which passes through at the UGRA dam.

3. Severe Drought. When water cannot be pumped from the Guadalupe River
and the level in the aquifer supplying the City of Kerrville’s wells drops to
1,260 feet NGVD (Lower Trinity), and the level in the Middle Trinity aquifer
supplying the area around the Kerrville airport drops below 1,000 NGVD.
DROUGHT CONTINGENCY MEASURES
1. Mild Drought Measures:

. Inform public by giving notice of mild drought to customers.

. Voluntary curtailment of water use will be encouraged.
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The UGRA staff will contact all major users and request their
cooperation in curtailing water use.

Moderate Drought Contingency Measures:

Inform public by giving notice of moderate drought to customers; the
notice will be posted as well as notifying the news media of the
moderate drought.

The UGRA will request cooperation in the curtailment of water use.

Severe Drought Contingency Measures:

Public will be informed as mentioned above.

There will be mandatory water curtailment issued to all City of Kerrville
water users as described below.

Ordinance 80-21 (Attachment C) will be enacted by the Kerrville City
Council.

All utilities will be requested to implement mandatory water
curtailment.

SEVERE CONDITIONS CURTAILMENT PROGRAM

Continue all relevant actions defined in the preceding phase.
Request banning all outdoor water use

Develop and provide suggested limits on water use by both commercial and
residential users

INFORMATION/EDUCATION

As a component of the Information/Education section in the Water Conservation
- Plan, the purpose and effect of the Drought Contingency Plan will be communicated
to the public through articles in the local newspapers.

When trigger conditions appear to be approaching, the public will be notified through

publication of articles in the local newspapers.

When trigger conditions have passed, the local newspapers will publish notification

that the drought contingency measures are abated for that condition, and if
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Throughout the period of a trigger condition, regular articles will appear to explain
and educate the public on the purpose, cause, and methods of conservation for that
condition. Also, a graph (Attachment D, page 29 of Appendix E) will be used daily
in the local newspapers to show how much water was used the previous day.

- IMPLEMENTATION/ENFORCEMENT
It will be the responsibility of the UGRA to monitor the status of the water levels in
- designated monitor wells and the flow in the main stem and tributaries of the
Guadalupe River. When a trigger condition is reached, the UGRA will notify each
entity to begin implementation of the Drought Contingency Plan.

The UGRA will continue to monitor the water emergency until it is determined that a

trigger condition no longer exists and then advise all entities of the change in
condition.

UPDATE OF TRIGGER CONDITIONS

Annually, the UGRA will examine the production requirements and ability to main-
_ tain these requirements to determine if trigger conditions need to be re-established.
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CITY OF KERRVILLE
WATER CONSERVATION AND
DROUGHT CONTINGENCY PLAN

Introduction

Purpose

The Texas Water Development Board has promulgated Financial
Assistance Rules which require water conservation planning
for the City of Kerrville. The origin of these require-
ments is action taken by the 65th Texas Legislature in
1985. The conservation requirements were established by
House Bill (HB) 2 and House Joint Resolution (HJR) 6. On
November 5, 1985, Texas voters approved an amendment to the
Texas Constitution that provided for the implementation of
HB 2. This document provides specific guidelines for devel-
oping conservation and drought contingency plans and pro-
grams that will meet the regulatory requirements of the
Texas Water Development Board.

Since the early 1960's, per capita water use in the state
has increased approximately four (4) gallons per capita per
decade. More important, per capita water use during
droughts is typically about one-third greater during peri-
ods of average precipitation. :

Water used in residential and commercial sectors inveolve
day-to-day activities of all citizens of the state and
includes water used for drinking, bathing, cooking, toilet
flushing, fire protection, lawn watering, swimming pools,
laundry, dish washing, car washing, and sanitation. The
objective of a conservation program is to reduce the quanti-
ty required for each water activity, where practical,
through implementation of efficient water use practices.
The drought contingency program provides procedures for
both voluntary and mandatory actions placed in effect to
temporarily reduce usage demand occurring during a water
shortage crisis. Drought contingency procedures include
water conservation and prohibition of certain uses. Both
are tools that city officials will have available to effec-
tively operate in all situations.

Planning Area

The City of Kerrville water system is dual in nature. The
City has nine (9) operational wells which take water from
the Lower Trinity or the Hosston, Silago, Cow Creek forma-
tions. These nine (9) wells are capable of producing 6.5
mgd for a period of approximately 1 1/2 to 2 months, and
are used as a secondary water source. The primary source
is_the Upper Guadalupe River Authority (UGRA) which can
produce a maximum of slightly over 5.0 mgd. The City of
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Kerrville is the U.G.R.A.'s only customer. The maximum
daily all time high was 7.8 mgd, reached in August 1985.
The U.G.R.A. is in the process of developing an Aquifer
Storage Recovery program, and if successful, will enable us
to recharge our aquifer giving us more flexibility in
drought periods and the possibility of Kerrville becoming a
regional water source for the area.

Goal I

Many communities throughout the United States have used

conservation measures to successfully cope with various

water and wastewater problems. Reductions of 25 percent
have been achieved in some communities.

The City of Kerrville's average daily usage is relatively
high, 166 gallons per capita per day. It is the goal of
the water conservation program to reduce water consumption
by 15 percent (465,000 gallons per day) which equals
169,725,000 gallons per year. Kerrville's average daily
consumption for 1989 was 3.1 million gallons per day.

Goal II

It is the goal of the drought contingency plan to reduce
water use, during an emergency situation or prolonged
drought, by 35 percent or dropping between 5.0 mgd and 4.5
mgd. The drought contingency program includes those mea-
sures that can cause the city to significantly reduce water
use on a temporary basis. These measures involve voluntary
reductions, restriction and/or elimination of certain types
of water use, and water rationing. Because the onset of an
emergency condition is often rapid, it is important that
the city be prepared in advance. Further, the citizen or
customer must know that certain measures not used in the
water conservation program may be necessary if a drought or
other emergency condition occurs.

Nine principal water conservation methods to be considered
in preparing the water conservation plan are considered
herein as follows:

Education and Information

Plumbing Codes

Retrofit Programs

Conservation Oriented Water Rate Structure
Universal Meter and Meter Repair

Water Conservation Landscaping

Leak Detection and Repair

Recycling and Reuse

Means of Implementation and Enforcement

(Nolie TN e N6, IR JUUIF.N I o)

Utility Evaluation Data

1. Population of Service Area 18,700
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Area of Service

Number of Water Connections in Service Area

a. Residential
b. Conmmercial
¢. Industrial

Net Rate of New Connection Additions in 1989

(less disconnects)

a. Residential
b. Commercial
¢. Industrial

6096
881
.01

49
14
0

Water Use Information

Water Production 1,116,165,000 (1989)

15.84 Square Miles

a.
b. Average Water Production 1,052,789,500 (1988-89)
¢. Average Monthly Production 87,732,458 (1988-89)
d. Estimated Monthly Water Sales by Category (gallons)

Month Residential
Jan. 35,357,800
Feb. 31,418,100
Mar. 35,694,500
Apr. 41,392,500
May 42,683,700
June 64,543,900
July 89,132,900
Aug. 82,079,700
Sep. 64,491,000
Oct. 49,385,400
Nov. 35,370,900
Dec. 37,528,600
Total 609,079,000

o0 o

Commercial
26,512,100
20,561,600
27,407,700
27,453,400
29,934,400
41,770,300
51,914,800
49,956,300
40,093,400
38,797,300
28,244,700
26,673,500
409,319,500

Average Daily Water Use
Peak Daily Water Use
Peak to Average Use Ratio
Unaccounted Water

Wastewater Information

Industrial

267,800
253,100
276,800
277,300
302,300
421,900
524,400
504,600
405,000
391,900
285,300
269,400
4,179,800

Total
62,137,700
52,232,800
63,379,000
69,123,200
72,920,400
106,736,100
141,572,100
132,540,600
104,989,400
88,574,600
63,900,900
64,471,500

1,022,578,300

3,440,000 gallons (1989)

7,652,000
2.22

gallons (1989)

15 (percent)

a. Percent of potable water customers

served by wastewater system

b. Percent of potable water customers

who have septic tanks or other private
10.5 (percent)

disposal systems

c. Percent of potable water customers

served by another wastewater treatment

facility

89.5 (percent)

0 (percent)
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10.

11.

12,

d. Average daily wastewater treated 2,170,000 (gallons)
e. Peak daily wastewater flows 2,430,000 (gallons)

f. Estimated percent of waste-
water flows to the city's
wastewater facilities that
originate from the following:

1. Residential 99 (percent)
2. Industrial 0.1 (percent)
3. Commercial 0.9 (percent)
4. Stormwater 0 (percent)
5. Other 0 percent)

Save Annual Yield of Current

Supply as of 1989 1,519,769,064 (gallons)

Peak Daily Design Capacity
of Water System (Supply) City- 6,000,000 (gallons)
UGRA- 5,000,000 (gallons)

Major Water Customers

Gallons Per

Users . Month (Avg)

1. Kerrville Independent School District 3,198,300

2. Kerrville State Hospital 1,901,674

3. Three Hills Mobile Home Park 842,800

4, Y.0. Hilton 831,110

5. 8Sid Peterson Hospital 806,305

6. Inn of the Hills Motel 586,100

7. Take-It-Easy Trailer Park 543,094

8. Mooney Aircraft Corporation 500,000

9. Birkdale Apartments 460,947

10. Lakeside Apartments 409,405
11. N.C.H.P. Property Management 376,624
12. Lime Creek Apartments 355,578

Percent of Water Supply Connections
in System Which are Metered 100 (percent)

Water Rate Structure

Minimum (Inside City Limits) 5.96 first 3000 gallons
1.78 per 1000 over minimum

Outside City Ratés are double the above
Average Annual Revenues from Water Sales

a. Water Sales $2,050,000.00
b. Sewer Sales $1,610,000.00
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13.

14.

Average Annual Revenues from nen Rate
Derived Sources

Average Annual Cost of Operation

S5-year average (1984-1989)

$232,681.00

$2,767,090.00
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WATER CONSERVATION PLAN

Plan Elements

1. Education and Information

The City of Kerrville will promote water conservation by
informing water users about the ways to save water inside
of homes and other buildings, in landscaping and lawn uses,
and in recreational uses. Information will be distributed
to water users as follows:

a. Initial Year

(1>

(2)

The initial year shall include all the
activities outlined in the Maintenance Program
Section A.1.b

Distribution of a fact sheet explaining the
newly adopted Water Conservation Program and the
elements of the Drought Contingency Plan. The
initial fact sheet shall be included with the
first distributions of educational material.

b. Maintenance Program

(1}

(2)

The approximate cost for educational material

and postage is $3,000.00 per year. There are
free water conservation materials available from
the Texas Water Develcopment Board, in quantities
of less than 500. There is also enough space on
the City's water bill, that could be used for one
water conservation tip per billing. Distribution
of educational material will be made annually,
timed to correspond with peak summer demand peri-
ods. The City currently practices this program
and will incorporate material available from the
American Water Works Association (AWWA), Texas
Water Development Board (TWDB), and other similar
associations to expand the scope of this

project. A list of current materials available
is contained in Attachment A (pg. 15-20) tec this
plan and may be obtained from:

Texas Water Development Board
P.O. Box 13231, Capitol Station
Austin, Texas 78711-3231

Regular articles will be published bi-monthly in
the area newspapers during a seven (7) month
period, March to September. If conditions war-
rant, daily graphs will notify water user how
close they are to reaching critical conditions.
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This method has been used successfully in past
drought conditions.

(3) New customers will be provided with general
conservation literature when applying for service

Information for "Water Savings Method that can be Practiced by
the Individual Water User" is contained herein as Attachment B

(pg.21 -25).

2. Plumbing Codes
The City of Kerrville has adopted Appendix J of the
1985 version of the Southern Standard Building Code,
which requires water saving devices on all new con-
struction. The Code has been in effect for some time
now. The Code will be amended to include new swimming
pocls, which will have appropriate filtration equip-
ment.

3. Retrofit Program
The City of Kerrville will make available, through its
education and information programs, information for
water customer's use when purchasing and installing
plumbing fixtures, lawn watering equipment, or using
appliances. The advertising program will inform exist-
ing users of the advantages of installing water saving
devices. 'The City will contact local plumbing and
hardware stores and encourage them to stock water
conserving fixtures including retrofit devices.

4. Water Rate Structure
The City of Kerrville has a rate structure that dis-
courages wasting water. During the drought years of
the mid-fifties, the maximum daily usage was 6.7 mgd.
Again in the mid-sixties drought period, the maximum
daily usage was 6.8 mgd. The population during this
period was approximately 7,500 in the fifties and
9,500 in the sixties. The population has more than
doubled since the fifties. The current population is
18,700, yet the maximum daily usage of 7.8 mgd was
reached in August 1985. This means that over a 30
year period, the maximum daily consumption has risen
only 1.0 million gallons, with a population increase
of 2.5 times.

Part of this may be attributed to a new meter change
out program which entailed changing every meter in the
City over a six year period. This certainly made an
impact, coupled with increased rates to help pay the
bond debt on the Upper Guadalupe River Authority's
(UGRA) 5.25 mgd surface water treatment plant and a
generally depressed economy has made the wasting of
water unattractive in Kerrville.




S

If at a point in time the citizens of Kerrville ap-
proach the maximum (11.25 mgd), which is fairly unlike-
ly in the near future if the Aquifer Storage Recovery
(ASR) program we are involved in is successful, the
City will design a continuously increasing rate struc-
ture, whereby every 1,000 gallons will cost more per
unit.

At this time, our combined water availability, the
UGRA 5.25 mgd and the City of Kerrville's well fields
6.0 mgd, are capable of producing 11.25 mgd in peak
periods. If we reach 8.8 mgd during peak demand peri-
ods this will be the triggering amount for a continu-
ously increasing rate structure implementation. Hope-
fully with our conservation plan in place, we might
not reach this peak demand until approximately the
vear 2005 or later.

5. Universal Metering
All water users, including utility, City of Kerrville
offices and public facilities are metered. The City
has a four-meter test bench which is used for meter
testing. No meter is installed in the field without
being tested for accuracy, this includes new meters.
We are capable of testing 1/2" through 3" meters in-
house and the Water Production Department has two-me-
ter testing devices for in-field testing of residen-
tial and commercial meters. Kerrville is in the pro-
cess of purchasing a large field testing unit capable
of testing 3" through 6" meters in the field, which
will give us the ability to test all commercial and
industrial meters once a year. Meters 2 " and larger
have tees installed for field testing. By testing
five meters per day with our field test units, the
entire City can be checked on a 5-year cycle. These
tests will give us an idea when we are due for a meter
change out program.

To change out meters that have an accuracy of 96% to
100% is not financially sound. It would take $337,500
for a complete change out. As meters are found that
fall below 967, they will be replaced by one with 100%
accuracy. This will encourage water conservation and
ensure that we don't give water away.

6. Leak Detection and Repair
The City will utilize modern leak detection techniques
in locating and reducing leaks. A continuous leak
detection and repair program is vital to the City's
conservation effort. A monthly accounting of water
delivery efficiencies is made by the City. Once locat-
ed, all leaks are immediately repaired. Through its
computerized billing program, the City can readily
identify when excessive leakage occurs and takes imme-
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diate action to remedy the problem. The City is confi-
dent that the program will more than pay for itself.

The City will propose in its 1991-92 Capital Improve-
ment Program, a state of the art leak detection device
called an Aqua Scope and start a systematic leak detec-
tion program to help us keep our 85% water accountabil-
ity rate intact and strive to reach between 907 and

95% accountability.

Water Conserving Landscape

In order to reduce the demands placed on the water
system, the City of Kerrville through an information
and education program, will encourage citizens, profes-
sionals, contractors, and nurseries to utilize water
saving practices in design, planning, installation,

and maintenance of all landscaping. Some of the meth-
ods to be promoted by the information and education
program are as follows:

a.

Encourage landscape architects and designers to

use native and low water use plants and grasses,
ground cover, permeable paving and decks in lieu
of turf areas, and efficient irrigation systems.

Encourage licensed irrigation contractors to
design all irrigation systems with water conserva-
tion features such as low volume, low angle spray
heads which deliver large drops of water close to
the ground rather than a fine mist high in the
air and/or pressure compensating heads, bubblers,
soaker hoses and/or drip irrigation where appro-
priate. Automatic timers/electronic controllers,
rain shut off devices or soil moisture sensors,
and a layout which accommodates prevailing wind
patterns.

Encourage existing and new establishments to
consult professionals on design, installation and
maintenance of water conservative/drought toler-
ant landscapes; efficient irrigation systems,
permeable paving and runoff reduction, and foun-
tains that recycle and use minimal quantities of
water.

Encourage local nurseries to offer a wide
variety of native and low water use plants and
grasses, mulches, fertilizers, efficient water
devices, and related literature.

Encourage citizens to consult professionals on
design, installation and maintenance of water
conservative/drought tolerant landscapes and
efficient irrigation systems, group plants with



similar water needs, limit turf areas, mulch .
beds, and reduce runoff; and water in the early

morning or evening deeply and infrequently and

avoid over-watering.

Recycle and Reuse
The City of Kerrville owns and operates its own
wastewater treatment facility, southeast of the city
on Loop 534. The City would like to see this area
developed for commercial purposes. Since this Loop
could develop into a major business artery, the City
has proposed that 12" water mains be laid to accommo-
date any eventuality. This Loop also goes past the
Scott Schreiner Municipal Golf Course which is approxi-
mately 2.4 miles from the treatment plant in a norther-
ly direction, and the Riverhill Golf Course approxi-
mately 1.7 miles to the southwest. Portions of this
12" line are already in our Capital Improvement Pro-
gram.

The City would like to explore the possibility of
obtaining funds from the Texas Water Development Board
(TWDB) to lay a 12" water line to parallel our 12"
potable water line as we develop this area, with the
city paying for the construction cost and the 12" main --
including valves, fittings, engineering, etc. The
cost of the 12" line and two variable speed booster
pumps capable of pumping 4 mgd, plus yard piping to be
borne by the TWDB.

This project would let us use our wastewater in a
constructive manner. All businesses along the Loop
would have access to this wastewater irrigation, in-
cluding a large concentration of motels near the golf
course and our football practice fields.

Implementation/Enforcement

The Director of Water and Wastewater Utilities for the .
City of Kerrville will act as the Administrator of the
Water Conservation Program. The Administrator will
oversee the execution and implementation of all ele-
ments of the program. He will be responsible for
supervision of keeping adequate records for program
verification.

The City will adopt the final approved plan and commit
to maintain the program for the duration of the City's
financial obligation to the State -of Texas. .

10. Annual Report

——

In addition to the above outlined responsibilities,
the Administrator will submit an annual report to the
Texas Water Development Board on the Water Conserva-
tion Plan. The report will include the following:
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Public information which has been issued

Public response to plan

¢. Effectiveness of water conservation plan in
replacing water consumption by providing
production and sales records

d. Implementation progress and status of plan

o w

The plan will be enforced through adoption of the
Water Conservation Plan by ordinance of the City Coun-
~cil of Kerrville in the following manner:

a. Service tap will not be provided to customers not
meeting the plan requirements.

b. Customers who do not pay their water bills will
have service disconnected.

c. The building inspection department will not
certify new construction which fails to meet the
requirements.

11. Contracts With Other Political Subdivisions
The City will, as part of the contract for sale of
water to any other political subdivision, require that
entity to adopt applicable provisions to the City's
water conservation and drought contingency plan or
have a plan in effect previously approved by the
TWDB. These provisions will be through contractual
agreement prior to the sale of any water to the politi-
cal subdivision.

11
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DROUGHT CONTINGENCY PLAN

Introduction

Drought and other uncontrollable circumstances can disrupt
the normal availability of a community or utility water
supply. The City of Kerrville is fortunate to have a dual
source of water. That is, ground water from the City wells
provide a secondary source of water and may be pumped in
the amount of 6.0 mgd. Another 5.25 mgd may be obtained
from the Upper Guadalupe River Authority (UGRA), the City's
primary water supply source. Hopefully, in the near fu- .
ture, UGRA and the City of Kerrville will be able to uti-

lize an Aquifer Storage Recovery (ASR). If the ASR is

successful, it could represent the possibility of recover-

ing as much as 10 mgd from the city well field for a short

period of time.

The City of Kerrville has not had to enact a water conserva-
tion/emergency since the Summer of 1980, when Ordinance

80-21 was passed because of the drop in the aquifer and

lack of summer rains. —~

The triggering criteria during the drought period has been
changed to include the flow of water from the Guadalupe
River as well as the water level in the aquifer. Below is
a three step curtailment plan which will be enacted depend-
ing on the river flow and the water level of the aquifer.

B. Trigger Conditions
1. Mild Drought

When the flow of the Guadalupe River Falls below
25 cfs which passes through at the UGRA dam.

2. Moderate Drought

When the flow of the Guadalupe River falls below
15 cfs which passes through at the UGRA dam. -

3. Severe Drought
When water cannot be pumped from the Guadalupe

River and the mean sea level (msl) in the aquifer
supplying the City's wells drops to 1260 feet msl.

C. Drought Contingency Measures

1. Mild Drought Measures:

(a) Inform public by giving notice of mild
drought to customers;

(b) Voluntary curtailment of water use will be
encouraged;

12



(c) The City of Kerrville staff will contact
all major users and request their
cooperation in curtailing water use.

2. Moderate Drought Contingency Measures:

(a) Inform public by giving notice of moderate
drought to customers; the notice will be
posted as well as notifying the news media
of the moderate drought;

(b) the City will request cooperation with the
City's effort to curtail water use;

3. Severe Drought Contingency Measures:
(a) Public will be informed as mentioned above;
(b} There will be a mandatory water curtailment
issued to all city water users as described

below;

(c} Ordinance 80-21 (Attachment C) will be enact-
ed by the City Council.

Severe Conditions Curtaijilment Program

(a) Continue all relevant actions defined in the
preceding phase,

(b) Ban all outdoor water use,

(c) Set limits on water use by both commercial and
residential users.

Information/Education

As a component of the Information/Education section in
the Water Conservation Plan, the purpose and effect of
the Drought Contingency Plan will be communicated to
the public through articles in the local newspapers.

When trigger conditions appear to be approaching, the
public will be notified through publication of arti-
cles in the local newspapers.

When trigger conditions have passed, the local newspa-
pers will publish notification that the drought contin-
gency measures are abated for that condition, and if
applicable, will outline measures necessary for the
reduced condition.

Throughout the period of a trigger condition, regular

articles will appear to explain and educate the public
on the the purpose, cause, and methods of conservation

13
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for that condition. Alsc, a graph (Attachment D pg.
29) will be used daily in the local newspapers to show
how much water was used the previous day.

F. Implementation/Enforcement
It will be the responsibility of the City of Kerrville
Director of Water and Wastewater Utilities to monitor
the status of the water supply and distribution sys-
tems. When a trigger condition is reached, the Direc-
tor will notify each entity through its chief execu-
tive officer, to begin implementation of the Drought

Contingency Plan.

The Director of Water and Wastewater Utilities will
continue to monitor the water emergency until it is
determined that a trigger condition no longer exists.
When this takes place, the Director will notify each
entity of such and the Drought Contingency Abatement
procedures will be implemented.

G. Update of Trigger Conditions
Annually, the City of Kerrville will examine the pro-
duction requirements and ability to maintain these
requirements to determine if trigger conditions need
to be re-established.

SUMMARY

The City of Kerrville is proud to submit our Water Conservation/
Drought Contingency Plan to the Texas Water Development Board
for approval. Each city in Texas has its own unique character
and water availability needs. Kerrville is fortunate to have
ground water available from our own well fields and surface
water from the Upper Guadalupe River Authority, and if our joint
Aquifer Storage Recovery Project goes as planned, we'll have
water to meet our needs far into the future. But, we can never
become complacent over the stewardship of our city's water sup-
ply. It is the life blood of all communities large and small
and the resource that determines a healthy business community.
It will also determine how long future generations will enjoy
this beautiful hill country community. It is with this purpose
in mind that this project was accomplished.

14



ATTACHMENT A

Contents of the Municipal Water Conservation Workshop Notebook

The notebook is distributed to participants at board-sponsored
Municipal Water Conservation Workshops. In addition, single
copies of the notebook can be provided to cities and utilities.
Single copies of selected materials from the notebook can also
be provided.

TITLE Published By Description Length

Section 1: The Need for Conservation

Texas Water Resources and TWDB Paper 38 pg.
Conservation

Section 2: Water Conservation Techniques

Efficient Use of Water in the TAEX Booklet 20 pg.
Garden and Landscape (B-1496)

Xeriscape City of Austin Booklet 20 pg.

Water Pressure Reducing Valves Watts Regulator Booklet 21 pg.

Texas Native Tree and Plant TDA Book 162 pg.

Director, 1986

Sources of Leak Detection TWDB List 2 pg.

Equipment and Services

Sources of Water Saving Devices TWDB List 21 pg.

Locating and Reducing Unaccounted TWDB Guide- 30 pg.

for Water Through the Use Of book

the Water Audit and Leak Detection

Water Rate Design Emphasizing TWDB Guide- 30 pg.

Conservation Rate Structures book

Model Water Ordinances TWDB Guide- 25 pg.
book

The Authority of Cities, Water TWDB Guide- 25 pg.

Utilities, and Water Districts book

to Regulate and Enforce Water
Conservation Measures

Section 3. Alternate Sources

The Cost of Conventional Water TWDB Paper 9 pg.
Supply Development and
Treatment
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Potential for Utilization of
Brackish Ground Water

Guidelines for Water Reuse
EPA-600/8-80-036

Sectijion 4: Workshop Exercise

Example Problem

Section 5: Plan Elements

Guidelines for Municipal Water
Conservation and Drought
Contingency Planning and
Program Development

Section 6: Plan Development

Water Conservation and Drought
Contingency Plan Development
Procedures
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TWDB

EPA

TWDB

TWDB

TWDB

Paper

Book

Loose-
leaf

Loose-
leaf

Loocse~
leaf

21 pg.

105 pg.

15 pg.

36 pg.

58 pg.
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TEXAS WATER DEVELOPMENT BOARD
WATER CONSERVATION LITERATURE

Single copies of all of the following publications and materials
can be obtained at no charge. The * includes those publications
that are available free to political subdivisions in small quan-
tities. Larger quantities can be obtained through special ar-
rangements or at the cost of printing. To make a request,
write: Conservation, Texas Water Development Board, Capitol
Station, Austin, Texas 78711-3231

Agricultural Conservation Literature

_Title ' Published By Description Length
Agricultural Water Conser- TWDB Pamphlet 8 pg.
vation in Texas* with tear-out
Have Your Irrigation System TWDB Pamphlet 4 pg.
Evaluated Free*

LEPA Irrigation¥* TWDB Pamphlet 6 pg.
Drip Irrigation¥ TWDB Pamphlet 6 pg.
Plastic Ruler® ' TWDB 6" x 1 1/4™ -
Furrow Dikes* HPUWCD #1 Pamphlet 4 pg.
Soil Moisture Monitoring¥* HPUWCD #1 Pamphlet 4 pg.
Center Pivot Irrigation TAEX Pamphlet 4 pg.
Systems L-2219%
Surge Flow Irrigation TAEX Pamphlet 4 pg.
L-2220% :
Surge Irrigation¥ SCs Pamphlet 6 pg.
Coloring Poster for Children TWDB Coloring 1 pg.
Poster

Water ConservationAColoring TWDB Booklet 4 pg.
Bock (No.1)

Water Half-A-Hundred Wajs TWDB Pamphlet 8 pg.

To Save It*

Water Saving Ideas for TWDB Pamphlet 8 pg.
Business and Industry*

How to Save Water Qutside TWDB Pamphlet 8 pg.
the Home#*
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How to Save Water Inside TWDB Pamphlet 8 pg.
The Home*

Toilet Tank Leak Detector TWDB ? tablets -
Tablets*

Municipal and Commercial Water TWDB Pamphlet with
Conservation Services tear-out 8 pg.
A Homeowner's Guide to Water TWDB Booklet 22 pg.
Use and Water Conservation

Guidelines for Municipal Water TWDB Loose- 36 pg.
Conservation and Drought leaf

Contingency Planning and
Program Development

How to Xeriscape NXC Pamphlet 10 pg.
Texas Sesquicentennial Native TDA/ Pamphlet 8 pg.
Plant Landscape TWDB

Municipal Water Conservation TWDB Notebook 6 sect.

Workshop Notebook (See Attachment
"A" for a Description of Contents)

Water Conservation Cbloring Book® TWDB Booklet 4 pg.
(No.2)
TWDB Report 294 - Surveys of TWDB Book 243 pg.
Irrigation in Texas
Summary of Water for Texas TDWR Pamphlet 8 pg.
(c-20)
Water Planning in Texas TDWR Booklet 27 pg.
Texas Water Development Board TWDB Pamphlet 4 pg.
(Funding Programs)
Water for Texas (GP-4-1) TDWR Books

Volume 1(Comprehensive Plan) Available for purchase 72 pg

Volume 2(Technical Appendix only from the Texas Water 530 pé.
Commission, P.0. Box 13087
Austin, Texas 78711)

Texas Water Facts TDWR ~ Booklet 12 pg.
Abbreviations:

HPUWCD #1 High Plains Underground Water Conservation District

e No. 1 '

NXC National Xeriscape Council, Inc.

SCS USDA - Soil Conservation Service

TAEX Texas Agricultural Extension Service

18
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TDA
TDWR
TWDB

Texas Department of Agriculture
Texas Department of Water Resources
Texas Water Development Board
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PUBLICATIONS AND AUDIOVISUAL MATERIALS
AVAILABLE FOR LOAN FROM TEXAS
WATER DEVELOPMENT BOARD (TWDB) (a)

The following water conservation publications and audiovisual
materials are available for a loan of up to two weeks from

TWDB. To borrow any of these, write to: Conservation, Texas
Water Development Board, Capitol Station, Austin, Texas 78711-

3231.

Publications
Title Published By Description Length
Water Audit and Leak California Book 142 pg.
Detection Guidebook Dept. of Wtr. Res.
Example Brochures Compiled by Ring- 32 pg.
and Promotional TWDB binder
Material
Regional Teachers Guide <California Books Nos 1-7
Supplements Dept. of Wtr.Res.
Audiovisual Materials

The Alternative is Water films 16mm film 28 min.
Conservation VCR/VHS format
Water Follies American Wtr 16mm £film 7.5 min.

Wks.Assoc.(AWWA) VCR/VHS format
Orangutans AWWA 16mm film 30 sec.
(Public Service Announcement) VCR/VHS format
Gooney Birds | AWWA 16mm film 30 sec.
(Public Service Announcement) VCR/VHS format
Tanks AWWA 16mm film 30 sec.
(Public Service Announcement) VCR/VHS format
Spot Announcements Lower Colorado Audio 30 sec.

River Authority Cassette

(a) The films, video cassettes, and publlcatlons are provided

for

review purposes only. Permission to use any of this material for
print or broadcast must be obtained from the producer or publish-
er of the material.
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ATTACHMENT B

WATER SAVING METHODS THAT CAN BE PRACTICED
BY THE INDIVIDUAL WATER USER

In-home water use accounts for an average of 65 percent of total
residential use, while the remaining 35 percent is used for
exterior residential purposes such as lawn watering and car
washing. Average residential in-home water use data indicate
that about 40 percent is used for toilet flushing, 35 percent
for bathing, 11 percent for kitchen use, and 14 percent for
clothes washing. Water saving methods that can be practiced by
the individual water user are listed below.

A. Bathroom

1. Take a shower instead of filling the tub and
taking a bath. Showers usually use less water
than tub baths.

2. Install a low-flow head which restricts the
quantity of flow at 60 psi to no more than 3.0
gallons per minute.

3. Take short showers and install a cutoff valve or
turn the water off while soaping and back on
again only to rinse:

4, Do not use hot water when cold will do. Water
and energy can be saved by washing hands with
soap and cold water; hot water should only be
added when hands are especially dirty,

5. Reduce the level of the water Being used in a
bath tub by one or two inches if a shower is not
available.

6. Turn water off when brushing teeth until it is

time to rinse.

7. Do not let water run when washing hands. In-
stead, hands should be wet and water should be
turned off while soaping and scrubbing and turned
on again to rinse. A cutoff valve may also be in-
stalled on the faucet.

8. Shampoo hair in the shower. Shampooing in the
shower takes only a little more water than is
used to shampoo hair during a bath, and much less
than shampooing and bathing separately.

9. Hold hot water in the basin when shaving instead
of letting the faucet continue to run.
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B.

10.

11.

12.

13.

14,

Test toilets for leaks. To test for a leak, a
few drops of food coloring can be added to the
water in the tank. The toilet should not be
flushed. The customer can then watch to see if
the coloring appears in the bowl within a few
minutes. If it does, the fixture needs adjust-
ment or repair.

Use a toilet tank displacement device. A
one-gallon plastic milk bottle can be filled with
stones or with water, recapped, and placed in the
toilet tank. This will reduce the amount of
water in the tank but still provide enough for
flushing. (Bricks which some people use for this
purpose are not recommended since they crumble
eventually and could damage the working mecha-
nism, necessitating a call to the plumber).

Install faucet aerators to reduce water
consumption.

Never use the toilet to dispose of cleaning
tissues, cigarette butts, or other trash. This
can waste a great deal of water and also places
an unnecessary load on the sewage treatment plant
or septic tank.

Install a new low-volume flush toilet that uses
3.5 gallons or less per flush when building a new
home or remodeling a bathroom.

Kitchen

1.

Use a pan of water (or place a stopper in the
sink) for rinsing pots and pans and cooking imple-
ments when cooking rather, than turning on the
water faucet each time a rinse is needed.

Never run the dishwasher without a full load. 1In
addition tc saving water, expensive detergent
will last longer and a significant energy saving
will appear on the utility bill.

Use the sink disposal sparingly, and never use
it for just a few scraps.

Keep a container of drinking water in the
refrigerator. Running water from the tap until
cool is wasteful. Better still, both water and
energy can be saved by keeping cold water in a
picnic jug on a kitchen counter to avoid opening
the refrigerator door frequently.

Use a small pan of cold water when cleaning
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vegetables rather than letting the faucet run.

Use only a little water in the pot and put a lid
on it for cooking most food. Not only does this
method save water, but food is more nutritious
since vitamins and minerals are not poured down
the drain with the extra cooking water.

Use a pan of water for rinsing when hand washing
dishes rather than a running faucet.

Always keep water conservation in mind, and
think of other ways to save in the kitchen.
Small kitchen savings from not making too much
coffee or letting ice cubes melt in a sink can
add up in a year's time.

C. Laundry

1.

Wash only a full load when using an automatic
washing machine (32 to 59 gallons are required
per load).

Use the lowest water level setting on the washing
machine for light loads whenever possible.

Use cold water as often as possible to save
energy and to conserve the hot water for uses
which cold water cannot serve. (This is also
better for clothing made of today's synthetic
fabrics).

D. Appliances and Plumbing

1.

Check water requirements of various models and
brands when considering purchasing any new appli-
ances that use water. Some use less water than
others.

Check all water line connections and faucets for
leaks. If the cost of water is $1.00 per 1,000
gallons, one could be paying a large bill for
water that simply goes down the drain because of
leakage. A slow drip can waste as much as 170
gallons of water each day, or 5,000 gallons per
month, and can add as much as $10.00 per month to
the water bill.

Learn to replace faucet washers so that drips can
be corrected promptly. It is easy to do, costs
very little, and can represeént a substantial
amount saved in plumbing and water bills.
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E.

4, Check for water leakage that the customer may be
entirely unaware of, such as a leak between the
water meter and the house. To check, all indoor
and outdoor faucets should be turned off, and the
water meter should be checked. If it continues
to run or turn, a leak probably exists and needs
to be located.

5. Insulate all hot water pipes to avoid the delays
and wasted water experienced while waiting for
the water to "run hot".

6. Be sure the hot water heater thermostat is not
set too high. Extremely hot settings waste water
and energy., because the water often has to be
cooled with cold water before it can be used.

7. Use a moisture meter to determine when house
plants need water. More plants die from over
watering than from being too dry.

Out of Door Uses

1. Water lawns early in the morning during the hot-
ter summer months. Much of the water used on the
lawn can simply evaporate between the sprinkler
and the grass.

2. Use a sprinkler that produces large drops of
water, rather than a fine mist, to avoid evapora-
tion.

3. Turn soaker hoses so the holes are on the bottom

to avoid evaporation.

4, Water slowly for better absorption, and never
water on windy days.

5. Forget about watering the street or walks or
driveways. They will never grow a thing.

6. Condition the soil with compost before planting
grass or flower beds, so that water will soak in
rather than run off.

7. Fertilize lawns at least twice a year for root
stimulation. Grass with a good root system makes
better use of less water.

8. Learn to know when grass needs watering. If it

has turned a dull gray-green or if footprints
remain visible, it is time to water.
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10.

11.

12.

13.

14.

15.

16.

17.

Do not water too frequently. Too much water can
overload the soil so that air cannot get to the
roots and can encourage plant diseases.

Do not over water. Soil can absorb only sc¢ much
moisture and the rest simply runs off. A timer
will help, and either a kitchen timer or an alarm
clock will do. An inch and one-half of water
applied once a week will keep most Texas grasses
alive and healthy.

Operate automatic sprinkler systems only when the
demand on the town's water supply is lowest. Set
the system to operate between 4:00 and 6:00 a.m.

Do not scalp lawns when mowing during hot weath-
er. Taller grass holds moisture better. Rather,
grass should be cut fairly often, so that only
1/2 to 3/4 inch is trimmed off. A better looking
lawn will result.

Use a watering can or hand water with the hose in
small areas of the lawn that need more frequent
watering (those near walks or driveways or in
especially hot, sunny spots).

Learn what types of grass, shrubbery, and plants
do best in the area and in which parts of the
lawn, and then plant accordingly. If one has a
heavily shaded yard, no amount of water will make
roses bloom. In especially dry sections of the
state, attractive arrangements of plants that are
adapted to arid or semi-arid climates should be
chosen.

Consider decorating areas of the lawn with rocks,
gravel, wood chips, or other materials now avail-
able that require no water at all.

Do not sweep walks and driveways with the hose.
Use a broom or rake instead.

Use a bucket of soapy water when washing the car
and the hose only for rinsing.
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ATTACHMENT “C"

CITY OF KERRVILLE, TEXAS
ORDINANCE 80-21

An Ordinance declaring a water emergency and
providing for certain curtailments of water

usage,
BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY GF KERRVILLE, KERR COUNTY, TEXAS:

Pursuant to the provisions of Ordinance 80-17, also being Article
3-11-24(A) "Water Emergency," it is hereby declared that a water emergency exists.
A state of water emergency shall be in effect until provided otherwise by the
Council.

During the period of water emergency declared hereby, use of water for
non-domestic purpoées is hereby prohibited for both residential and commercial
customers except on the following days;

For odd numbered addresses - Fridays;

For even numbered addresses - Wednesdays;

For Municipai Goff Course and Tivy High School Stadium - Mondays,

A1l use of water for non-domestic purposes on Tuesdays, Thursdays, Saturdays,
and Sundays are prohibited.

Non-domestic water usage includes any watering of plants, including yards,
gardens, shrubs, trees and ornamentals; automobile and vehicle washing, and filling
of swimming pools. The enumeration of uses constituting non-domestic use shail

not limit the generality of the term “non-domestic," Except, however, this

Ordinance shall not apply to commercial uses where water usage is an essential

part of the primary commercial, manufacturing or business enterprise of a commercial

customer.

The penalty for viclation of this Ordinance shall be punished by a fine

of not Tess than $25.00, nor more than $75,00, Each day of vioclation shall

constitute a separate offense,

In the event that users at one connection violate the provisions herein,
so at to constitute two or more offenses hereunder, then the City, upon direction

of the City Manager, may discontinue service to that user,
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A1l persons using water in viclation hereof, and all those in control

of premises where water usage, in vioglation hereof, occurs,

There shail be a prima facie presumption that a person in whose name water service

is registered, or, a person who is physically present upon the premises at or

near the time of viglation, is in control of the premises.

An emergency exists for the immediate passage of this Ordinance, and

1 be effective upon first and final reading thereof.

therefore this Ordinance shal

Ordinance 80-19 declaring a water emergency and providing for penalties is

hereby repealed upon passage hereof.

PASSED AND APPROVED ON FIRST AND FINAL READING, this the _ adth
day of August , 1980 .
//f’/4 4/'/ .-—{/f(:z -
Maniy W. Cooper, J;/C Mayor
City of Kerrviile, Texas
ATTEST:

Sheiﬁa L. Brand: City Clerk

City of Kerrville, Texas
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CITY OF KERRVILLE, TEXAS
QORDINANCE NO, B0-30

AN ORDINANCE OF THE CITY OF KERRVILLE, TEXAS, S . e -
REPEAL ING ORDIMANCE 80-18, ORDINANCE 80-19, AND
ORDINANCE 80-21, AND DECLARING THE TIME OF WATER
EMERGENCY 1S HEREBY TERMINATED,
WHEREAS, the City Council by Ordinance B0-18, Ordinance 80-19, and

Ordinance BG-21, declared a water emergency and provided for certain

restrictions on water usage and provided for penalities for violation

thereof; and

WHEREAS, the Council finds there is no longer an existing water emergency;

How, therefore,

BE 1T ORDAINED BY TIHE CITY COUNCIL OF THE CITY OF KERRVILLE, KERR COUNTY,

TEXAS:
SECTION 1: It is declared that the time of water emergencj is hereby

terminated.

SECTION 2: The foregoing ordinances are hereby repealed as of

October 1, 1980.

.PASSED AND APPROVED ON FIRST READING, this the 7th day of Qctober ’
1980.
PASSED AND APPROVED ON SECOND AND FINAL READING, this~the _ 14th day of
October , 1980.
' A;;? ) ST
Doy 7]
M;ﬁ];/;. é%iper, J?i%jjjg;:&/—\\\
City of Kerrvitle, Texas
ATTEST:

AL, L Z- /75:?&
Shetia L. Brand, City Clerk

City of Kerrville, Texas
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