














Plan - Sector 20. The Austin Plan - Sector 20 which represents the City of Austin’s policy
toward growth and land use in that sector emphasizes the importance of future development
being sensitive to the environment. Sector 20 envisions the HCWS Study Area will retain
its suburban/rural character. Sector 20 recommends a residential land use level of 3
recommended throughout much of the Study Area. Level 3 is defined as large lot
single-family subdivisions consisting of 1to 3 units per acre. Slightly higher densities (levels
4 and S) are recommended for the Circle C West area/FM 1826 and along Highway 290.
Levels 4 and S allow cluster residential units and small scale commercial and campus-style

research developments.

Development Constraints

There are numerous City, County, State and Federal regulations governing the Hill Country
Water Supply Study Area. The Study Area is located within the City of Austin 2-mile and
5-mile extraterritorial jurisdictions (ETJ) and is governed through the subdivision regulations
contained in the City of Austin Land Development Code. Three City ordinances in
particular control development in this area. Each ordinance is described briefly as follows:
Comprehensive Watersheds Ordinance-
The Comprehensive Watersheds Ordinance controls development density based on
drainage basin location, waterway classification and delineation of critical water
quality zones, water quality buffer zones, and uplands zones. The HCWS Study
Area is divided into two (2) watershed classifications. That area east of FM 1826
within the Slaughter and Williamson Creek Watersheds is known as the Water
Supply Suburban Watershed. The area west of FM 1826 within the Slaughter,
Williamson, Bear and Onion Creek Watersheds is classified as the Water Supply
Rural Watershed. The Water Supply Suburban (WSS) Watershed is less restrictive
than the Water Supply Rural (WSR) Watershed; however, neither allows
development in the Critical Water Quality Zone (CWQZ). Impervious cover in the
uplands zone of the WSS Watershed is limited to 30% or more with use of transfers.
Development intensity in the uplands zone of the WSR Watershed is more restricted.
One and two-family residential housing units at an average density of one unit or less
for every two (2) acres of Net Site Area with a minimum lot size of three quarter
acre, or up to one unit or less for every acre with a minimum lot size of one-half acre
if transfers are utilized. Net Site Area is defined as that area in the Uplands Zone
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excluding land designated for wastewater irrigation and then calculated to include
all acreage on 0-15% slopes plus 40% of the acreage on 15-25% slopes plus 20%
of the acreage on 25-35% slopes.

Parkland Ordinance-

The Parkland Ordinance requires a portion of all residential subdivisions be
dedicated as parkland. The amount of land required is calculated at the rate of not
less than five acres of parkland per 1000 ultimate residents. Land dedicated as
parkland must be of a size, characteristic and location consistent with the standards
outlined in the City’s Comprehensive Plan and the Park and Recreation Action Plan.

Waterway Development Ordinance-

The Waterway Development Ordinance regulates development within the 100-year
floodplain. The ordinance assures any development activities maintain the "natural
and traditional character" of the land and waterways (Chapters 13-2, 13-6, and 13-7
of the Land Development Code and 9-10 of the City Code).

In addition to City of Austin ordinances, Travis County and Hays County each have
regulations controlling subdivision development in their respective jurisdictions. Hays
County places density restrictions on subdivisions located within the Edwards Aquifer
Recharge Zone (EARZ) of 1 unit/acre. Outside of the EARZ, the minimum lot size is
20,000 square feet (SF) or 0.46 acres. Both counties place restrictions on spacing of water
wells and private septic systems, soil percolation rates, and development on slopes which

also affects lot size.

4. Hill Coun ritical Area Undergroun nservation Distri

The creation of the Hill Country Critical Area Underground Conservation District which
would include the Hill Country Water Supply Study Area within its boundaries implies
regulatory control of development. These controls will probably affect the spacing of water
wells and septic systems. Minimum lot spacing or residential density controls may also be
affected. Density limitations may result in a lower level residential development. Existing
subdivisions may also be impacted by these regulations. Restrictions placed on water well

and septic system spacing may preclude the future development of lots within these
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subdivisions unless a surface water supply is available. The Hill Country Critical Area
Underground Conservation District may also be created as a Chapter 52 District having

taxing authority.

S. Texas Water Commission Water Quality Control Regulation

The Texas Water Commission has completed public hearings regarding Water Quality
Control Regulations targeting the contributing zone of the Edwards Aquifer. These
regulations set standards governing discharge and spray irrigation of wastewater within
certain distances of the Edwards Aquifer Recharge Zone. To quote the language of Title
31, Natural Resources and Conservation, Part IX, Texas Water Commission, Chapter 313,
Edwards Aquifer Subchapter A, "Proposed new provisions for municipal wastewater
treatment plants require that within five miles upstream of the recharge zone the plant
must, at a minimuim, attain 30-day average maximum concentrations of five milligrams/liter
(mg/1) biochemical oxygen demand, five mg/l total suspended solids, 2 mg/l ammonia

nitrogen, and one mg/l phosphorus; between five and 10 miles upstream of the recharge
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zone the plant must, at a minimum, attain maximum concentrations of Effluent Set 2N, as
defined in 31 TAC, Chapter 309 (relating to Effluent Standards); and discharges greater
than five miles upstream from the recharge zone and entering stream segments 1427 or
1428 of the Colorado River Basin must conform to Paragraph 311.43 (relating to Effluent
Requirements for All Tributaries of Segment 1428 of the Colorado River and Segment
1427, Onion Creek, and its Tributaries, of the Colorado River Basin). Also, proposed
Paragraph 313.6, contains provisions for general design of wastewater treatment plants,
Existing permitted industrial dischargers zero to 10 miles upstream of the recharge zone
must at all times discharge effluent in accordance with their permitted limits, and
applications for new industrial discharge permits for within zero to 10 miles upstream of
the recharge zone will be approved on a case-by-case basis." Figure 12 depicts the Texas

Water Commission 5-mile and 10-mile boundaries for wastewater irrigation,

6. Environmental Constraints

Environmental Data-

The study area is situated within the physiographic region known as the Edwards Platean.
This physiography of this region is distinguished primarily on the basis of topographic relief.
Other considerations include vegetation, soil, and bedrock units characteristic of the region.
The Edwards Plateau contains slopes generally ranging from 5 percent to 15 percent.
Topographically, the altitude above sea level in the vicinity of the Study Area varies from
850 feet along the eastern boundary to 1200 feet along the western boundary.

Vegetation characteristic of the region consists of juniper-oak; juniper {mountain cedar)
mixed with spanish oak and live oak; and juniper locally absent where areas have been
cleared for pasture improvement. This vegetation group is commonly found among the
mixed limestone and dolomite and dolomitic limestone which comprise the dissected Hill
Country. The study area is generally suited to rangeland. Native grasses include little
bluestem, sideoats grama, tall grama, indiangrass, silver and pinhole bluestem and Texas

grama.

Soils within the study area consist of bedrock soils and alluvial soils. The bedrock soils are
generally dark brown to gray brown, calcareous silty or stony clays and clay loams ranging

less than 20 inches deep. The alluvial soils found along creek beds are gray brown to dark
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brown, calcareous gravelly clays and silty loams less than 24 inches deep. These soils are

described more completely in the following section of this report titled "Soils".,

Several different bedrock units and one alluvial unit are found in the study area. The
bedrock units range from hard limestone and mixed limestone comprising the majority of
the study area to isolated areas of soft limestone and dolomite and dolomitic limestone.
The limestone categories do not generally pose any construction limitations with respect
to foundation strength or slope stability. Blasting is typically required for excavation.
Corrosion of metal pipelines is moderate. The alluvial unit consists of sand and gravel
deposits found along creek beds. These deposits have moderate to low slope stability, thus
making erosion a common problem. The potential for corrosion to metal pipes is moderate
to high.

The geology of the study area is characterised by the Cretaceous strata which gently dips to
the southeast until it meets the Balcones Fault just to the east of the study area. The
Balcones Fault is the geologic structure which significantly affects ground water in the area.
The hydrologic unit which yields ground water within the Study Area is the Trinity Group.
This group yields small quantities of generally poor quality drinking water. The water is
usually neutral and very hard. The quality ranges from fresh to slightly saline in most cases.
The quality tends to decrease downdip to the southeast. Low permeability, restricted water
circulation, and an increase in temperature cause the ground water to become highly
mineralized in the downdip portion of the aquifer. The stairstep topography formed by the
alternating beds of limestone and shale or marl typifies this member. The primary sources
of ground water in the Trinity Group aquifer are rainfall which falls on the outcrops and
infiltration of surface water from lakes and streams on or crossing its outcrops. Recharge
to the Trinity Group aquifer is derived primarily from the rainfall on the outcrops,
underflow, vertical leakage, and seepage from lakes and streams. Ground water in the
Trinity Group aquifer slowly moves downdip to the south and east-southeast. The direction
of the ground water movement is perpendicular to the water-level contour lines and toward
lower elevations. Faults appear to greatly restrict the movement of water throughout the

aquifer.

The study area lies within the Colorado River Basin and contains all or portions of the
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major tributaries of the Slaughter, Williamson, and Bear Creek watersheds. There is an
extensive creek network throughout the study area. The study area is located within the
Edwards Aquifer Contributing Zone, thus contributing drainage to the recharge zone to the
east of the area.

The climate of Austin is classified as sub-humid. The humidity is typically relatively high.
Winters are generally mild and short; the summers are hot and long. The prevailing wind
is southerly. Rain is fairly evenly distributed throughout the year; however, the major storms
typically occur in the spring and fall. The average annual rainfall is approximately 32

inches; while the growing season averages 270 days.

The City of Austin Sectors 20 and 21 studies conducted as part of Austinplan have identified
several critical environmental features (CEFs) which have been determined to be of critical
importance to the protection of the area’s environmental resources. The identified CEFs
in the Study Area vicinity include springs, caves and sinkholes. These features are very
susceptible to urban runoff, erosion and sedimentation unless protected properly.
Sedimentation, siltation and impervious cover result in reduced ground water recharge and
spring flow. Caves, sinkholes and karstic limestone recharge the aquifer directly. Any
pollutants in the urban runoff threaten the aquifer unless structural water quality controls

are utilized to protect these features.

There are Environmentally Sensitive Areas (ESAs) that have also been identified in the
Austinplan Sectors 20 and 21 reports. ESAs have been defined as areas having important
biological habitat. In the vicinity of the Study Area, several ESAs have been identified.
They include habitat for the Golden-cheeked Warbler, a rare bird, and high quality riparian
and upland woodlands referred to as priority woodlands. The Golden-cheeked Warbler is
a state protected non-game species. The Golden-cheeked Warbler has been listed on the
Federal List of Endangered Species by the U.S. Parks and Wildlife Service. Several habitats
for this bird have been identified within the Study Area. The Environmentally Sensitive
Areas are different from the Critical Environmental Features in that ESAs are of significant
area-wide extent as opposed to being specific features as is the case with CEFs. ESAs can
generally be protected by clustering development where there is a lesser environmental

sensitivity.
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As required by the Texas Water Development Board, the Texas Parks and Wildlife
Department and Texas Antiquities Committee have been contacted to ascertain the
existence of any threatened or endangered species and any historic or archeological sites.
The Parks and Wildlife Department responded that a search of the Texas Natural Heritage
Program Information System revealed several species likely to occur in the general vicinity
of the proposed project. Listed below are the potentially affected species and their official
designations:

Federal and State Endangered-
Vireo atricapillus (Black-capped Vireo) G2G3 S2

Federal Endangered and State Threatened-
Dendroica chrysoparia (Golden-cheeked Warbler) G2 S2

Federal Category 2-

Amorpha roemerana (Texas amorpha) G3 83
Eurycea neotenes (Texas Salamander) G3 S3 found in the springs of the Edwards Plateau

region
Philadelphus ernestii (canyon mock-orange) G2 S2 found on rock outcrops
Streptanthus bracteatus (bracted twistflower) G2 S2 survey for this plant in spring, April -

mid-May

Other rare species-

Tridens buckleyanus (Buckley tridens) G2 S2 survey for this plant in late summer and fall

The Texas Antiquities Committee review of this report has indicated that since most the
disturbance related to this project will consist of excavation for water lines within existing
right-of-ways, "the probability that these excavations will impact previously undisturbed
archeological deposits is relatively remote. Additionally, there are no previously recorded
archeological sites or historic sites in the direct path of these lines." Therefore, the Texas
Antiquities Committee will not require archeological surveys of the proposed water line
routes. The Committe will require archeological surveys of the water storage tank and

pumping station locations prior to construction. The Texas Antiquities Committee has
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determined they will require these surveys "because of the more extensive nature of those
construction impacts and because this area does contain a relatively high probability for the

discovery of prehistoric Indian archeological deposits."

This report also incorporates environmental data provided by the City of Austin Planning
and Environmental Departments regarding locations of potential golden-cheeked warbler
habitat in the vicinity of the Study Area. The LAND USE MAP, designated as FIGURE
3 in this report, depicts general locations of potential warbler habitat as provided by Chuck

Sexton of the City’s Environmental Department.

Other environmental constraints which affect development and which are prevalent within
the Study Area include floodplains, steep slopes, and the karstic limestone terrain. These
constraints and those previously described are all regulated by the City of Austin Land
Development Code which was adopted with the intent of protecting the environment. Hays

County also has instituted ordinances which regulate development.

It should be noted that with the use of ion-exchange softening as a component of the well
systems, enormous quantites of salt are being discharged into the surface stratas of the Hill
Country Study Area through the septic tank drain fields. With the use of lime softening of

treated surface water, this detrimental impact will be greatly reduced.

Environmental Impact of Proposed Project-

The proposed project has been analyzed for potential impacts on the natural environment.
The primary emphasis of this study is on identifying the potential for impacts on sensitive
resources, This study has evaluated both direct and indirect impacts on water resources,
sensitive ecological resources and impacts on specific environmental features where relevant.
Direct impacts include impacts associated with construction and operation of the proposed
water supply facilities. Indirect impacts include those impacts which might result from land
use changes, where the potential for such changes could be construed to be the direct result
of the proposed project. Although the provision of water supply facilities does not affect
the amount of a given land use, it can influence the location of more intensive land uses.
Any shift in location of more intensive land uses may have an adverse impact on sensitive

resources,
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The potential for significant impacts can be measured by evaluating surface water, ground
water, native habitat, rare and endangered species, critical environmental features, and air
quality. Significant impacts can be defined as those which cause a perceptible adverse

change in the natural environment over the long term, or have a severe short term impact.

The potential impact on surface water can be determined by the number of major and
minor stream crossings and other aspects of the terrain. The site specific characteristics
which affect the impact on surface water include the floodplain characteristics, slope
steepness, and general proximity to waterways. These factors influence the effectiveness of
erosion controls in mitigating construction impacts. The proposed project will have a
temporary adverse impact during construction across creek beds. These impacts can be
mitigated by the use and continued monitoring of effective erosion and sedimentation

controls and immediate revegetation of the disturbed area once construction is complete.

The proposed project will also have a short term impact on the ground water resources
during construction. Special construction techniques aimed to minimize disturbance of
recharge features will be investigated prior to beginning construction. Special precautions
will be undertaken to avoid construction activities in the immediate vicinity of ground water

recharge features, such as caves and sinkholes, in order to mitigate any adverse impacts.

Any potential impact on native habitats is determined by examination of biological resource
maps which depict areas of priority woodlands, priority grasslands, and other native habitat
types. There are several rare and endangered species dependent on specific habitats found
in the vicinity of the Study Area. Two bird species of particular concern are the golden-
cheek warbler and black-capped vireo. Since the Study Area is located within the
extraterritorial jurisdiction (ETJ) of the City of Austin and is also covered by the Regional
Habitat Conservation Plan, a survey will be required which might affect specific water supply

sites and water line routing outside of existing right-of-ways.

It is not known if the proposed project will have an impact on any critical environmental
features. It is likely there are critical environmental features within the limits of the Study
Area; however, no known critical environmental features exist in the immediate vicinity of

the proposed construction. Special precautions will be undertaken to avoid conducting
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construction in the immediate vicinity of any critical environmental features, such as caves,
springs, or sinkholes.

Air and Noise quality in the vicinity of the proposed construction will also be impacted. The
degree of impact will depend on the duration of construction, emissions from construction
equipment and amount of dust generated. For this type of project, the most important
concern is dust which can be controlled by applying water periodically.

The construction of the proposed water supply facilities can impact virtually all aspects of
the environment. Prior to the construction of the proposed facilities, each should be

analyzed to identify potential site-specific impacts which might affect the environment.

The short-term adverse impacts associated with this type of project include (1) increased
air pollution, generally in the form of dust, (2) disruption of the natural soil, (3) emigration
of wildlife, and (4) temporary loss of natural habitat within the immediate vicinity of
construction due to construction noise. These negative short-term impacts can be mitigated
during the construction phase. Some examples to be incorporated with this project include
(1) the application of water to reduce dust; (2) the use of erosion control devices, such as
silt fences and rock berms to reduce sedimentation in creek beds; (3) the revegetation of
utility trenches and construction sites with native grasses as soon as possible; and (4)
minimization of erosion potential by limiting the area of excavation associated with
trenching. The proposed utility line construction will generally take place within existing
right-of-ways; therefore, no significant habitat for animal or plant life should be adversely
impacted. The limited utility linework and sitework planned outside of the eixsting
roadways will result in temporary displacement of wildlife that should return after the

construction ends.

The project will provide short-term economic and social benefits to the Study Area. There
will be increased employment during construction which will generate increased business
activity. There will probably be an increase in land development activities. Both of these

examples of short-term benefits will be the resuit of having a reliable and good quality water
supply.
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The primary long-term adverse impact will be in the form of increased energy consumption
required to operate the storage tanks and pump stations. There will be a decrease in
electric use attributed to the abandoning of individual water well pumping for drinking

water; however, no doubt some of the wells may remain in operation for irrigation purposes.

The long-term beneficial impacts of the proposed project are considerable. The project
will mean a significant reduction in pumping of ground water, which in turn, will have a
positive impact on the aquifer. This is especially important due to the aquifer’s recent
consistently low levels caused by the constantly increasing water demands placed on the
aquifer. The use of surface water instead of ground water for drinking purposes will
alleviate the potential for septic systems polluting the drinking water. There will be
economic and social benefits associated with having a reliable and good quality drinking
water supply. As a result, socio-economic growth will be stimulated. These benefits will also

materialize in the form of increased value and marketability of homes in the Study Area.

Other considerations associated with the proposed project include increased water and
wastwater usage. Also, the proposed construction will not result in the displacement of any
residences or traffic interruption. All construction activities within the existing right-of-

ways will be staged such that driveway access and roadway traffic will not be interrupted.

The alternative to the proposed project to provide a reliable, good qualtiy drinking water
supply includes no action. No action would mean maintaining the existing ground water
resources for drinking water. The ground water in the area is limited in quantity and of
poor quality. Maintaining this level of water supply will result in slower socio-economic

growth of the area.

7. Soil Constraints

The Study Area is described by three (3) major soil associations. The soil association
characterizing most of the Travis County portion of the Study Area is known as the Brackett
association. This association is typical of the rolling, steep hills of the Edwards Plateau.
The Brackett association soils are generally shallow, stony, calcareous, and loamy. These
soils are found overlying interbedded limestone and marl. The Brackett group, typically

found on narrow ridges, comprises the majority of the association. The Brackett soil
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surface layer consists of a six inch layer of gravelly clay loam. The remainder of the
association in the Study Area consists of the Tarrant, Volente and San Saba soils. The
Brackett association exhibits moderate erosion potential and high shrink-swell potential.
Due to the shallow nature of the soils, slope limitations, and seepage potential; these soils

place severe limitations on construction of roadways, utilities, and septic system drainfields.

East of FM 1826, the Speck-Tarrant association is found. Similar to the Brackett
association, these soils are very shallow, stony, and loamy. This soil association contains
underlying limestone fragments. The Speck soils and the Tarrant soils are evenly
represented in this association. The Speck soil is a noncalcareous, but mildly alkaline soil
averaging about 18 inches in depth over limestone. The Tarrant soil is typically 8 inches
thick over limestone. The surface layer contains large limestone fragments and is generally
calcareous. Also prevalent in the Speck-Tarrant association but in much smaller quantities
is the San Saba and Crawford clays and the Volente complex. These soils restrict
development due to their shallow nature and thick beds of limestone beneath the soils. As
a result, cutting streets to grade, trenching for utilities and excavating septic drainfields is
difficult.

The soil association dominating the Hays County portion of the Study Area is known as the
Brackett-Comfort-Real association. This unit consists of fairly well drained soils on slopes
ranging from 1 to 30 percent. The soils within this association are generally shallow,
overlying limestone or alternating layers of marl and chalk. This unit has a benched
appearance characteristic of the Edwards Plateau region. Other than rock outcrop, the
Brackett soils comprise the largest single unit. The Comfort soils make up the next largest
unit. These soils found on ridges overlying fractured limestone outcrops are also very
shallow. The Real soils consist of the next largest soil group in the association. These soils
range from undulating to steep and are thicker than the Brackett and Comfort units. They
consist of gravelly loam overlying platy chalk. The other soil units within the association
found in the vicinity of the Study Area are identified briefly as follows:

Doss, Purves, and Tarpley soils - shallow, clay-like; found on ridges and benches

Eckrant soils - shallow, stony and clay-like; found on steep slopes

Denton soils - moderately deep clay

Bolar soils - moderately deep loam
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Krum soils - deep clay
Sunev soils - deep loam found on bottom slopes in valleys
Lewisville soils - deep soil found in stream terraces

Orif soils - deep soil found in narrow floodplain.

This soil’s association also places similar restrictions on construction due to its shallowness,

slope and stony nature.

8. Archeological Constraints

The Texas Archaeological Research Laboratory has identified several archaeological sites
from the Prehistoric and Middle-to-Late Archaic eras in the general vicinity of the Study
Area. The Prehistoric sites are composed of camp sites and workshop sites found along
crecks and have been flooded and become eroded over the years. The identified
Middle-to-Late Archaic sites are found along creek beds and uplands areas. These sites

include quarry areas and rock middens, or eating/cooking areas.

Historical sites are protected by law. Any proposed construction activities should avoid
these areas. There are no known archeological or historic sites along the existing right-of-
ways where much of the water line route is located. However, the potential exists in the
areas where the storage and pump facilities are proposed. These facilities will be located
as close to the existing right-of-way as possible to minimize any conflict. Protection of any
sites will be investigated closely during the preliminary and final design phases and

construction phase of the water system.

G. Implementation and Management
1. Service Differences Between City of Austin and LCRA

Implementation and management of the proposed system will vary dramaticaily depending
on which entity serves the Hill Country Water Supply Study Area with surface water.
Although the actual connection to the existing City of Austin system will be the same for
either option, the City of Austin and LCRA approach implementation and management
differently.

As the wholesale water supplier, the City of Austin will enter into a contract with the Hill
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Country Water Supply Corporation (or District). Their involvement in implementation and
operation will be simply as the wholesale water supplier. Water usage will be recorded via
master meters installed at any connection points to the City system. The master meters will
be read by the City and water usage billed to the Hill Country Water Supply Corporation
at whatever rate was applicable based on the contractual agreement. The City has no desire
to participate in the construction or implementation of infrastructure for the Study Area

at this time.

The Lower Colorado River Authority (LCRA) will be more likely to become involved in
the design and building aspects of the project. Although it is not the policy of the LCRA
to provide grant monies, it could make available its engineering and legal staff to help with
implementation and management issues. Depending on the outcome of negotiations with
the LCRA, the LCRA Board may determine that ownership in the system would be to its
advantage. It is important to note that the Hays County portion of the Study Area is not
within the LCRA’s regional water service area. In any case, the system’s construction,
management and operation will have to pay for itself within the finance period. If the
LCRA option is to be pursued, a request on the part of the Hill Country Water Supply
Study Area, local legislators, and/or other local interests, must be made for service.

2. General Discussion

An implementation and management plan will follow a general format with variations
depending on the type of funding arrangements. Due to pending legislation and numerous
potential funding options through the Texas Water Development Board and/or Lower
Colorado River Authority, this report will present a financing amortization schedule
assuming the base scenario; that is the Hill Country Water Supply Area operating as a
non-profit water supply cooperative. Assuming the Hill Country Water Supply Study Area
operates as a water supply corporation, any required contracts could be executed by
resolution of the board of directors rather than election, as required for a utility district.
Implementation of the water supply system will require the design take into consideration
previously mentioned environmental and topographical features. Although the majority of
improvements will follow existing right-of-ways, some facilities will require site specific
investigations to insure that the unique characteristics of the Hill Country are maintained

and protected.



3. Southwest "B’ and Southwest ’C’ Service Areas

The Hill Country Water Supply Study Area is situated between natural ground elevations
ranging from a low of 850 mean sea level (msl) along its eastern boundary to a high of 1200
msl along its western boundary. The Study Area has been divided into two pressure planes
which will maintain water pressures within a suitable operating range. Each pressure plane
is defined in terms of its hydraulic grade line (HGL), or overflow elevation. The two (2)
pressure planes located within the Study Area are the established Southwest *B’ system with
an overflow of 1140 msl and a proposed Southwest ’C’ system with an overflow of 1315 msl.

The different pressure planes are illustrated in Figure 13.

The City of Austin has an established Southwest 'B’ pressure plane which serves a range
of ground elevations between 900 msl and 1030 msl from an overflow elevation of 1140 msl.
The current Southwest "B’ service area includes areas to the north and south of Highway
290 West. The Southwest "B’ service area south of Highway 290 containing approximately
2523 acres is bounded by FM 1826 on the west. This area includes Circle C West and
portions of Shadowridge Crossing, Upper Williamson Creek, Del Curto and Hielscher
tracts. The Southwest "B’ service area north of Highway is bounded on the north and east
by Highway 71 and on the west by Travis County WCID #14. This area currently operates
below the established Southwest ‘B’ overflow elevation of 1140 msl but will be upgraded to
the prescribed pressure plane once the 36" transmission main in FM 1826 connects to the

24" Southwest 'B’ transmission main along Highway 290 West.

The City of Austin has not adopted an overflow elevation for a Southwest 'C’ pressure
plane. However, the City acknowledges the need for a Southwest ’C’ system if its service
area were extended west of FM 1826. This report recommends a Southwest 'C’ overflow
of 1315 msl which will serve a range of ground elevations between 1030 msl and 1200 msl
This pressure plane will serve the highest elevation within the Study Area. There are
approximately 6311 acres in the Study Area within the proposed Southwest 'C’ system.
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4,

Development Plan

A general format detailing sequencing of an implementation and management plan follows:

1)

2)

3)

4)

5)

6)

Once a water system plan has been approved, a final cost estimate itemizing

construction costs, contingencies, engineering and legal fees will be prepared.

These costs will be incorporated with user base information and a financial feasibility

statement generated.

A funding plan will be identified and negotiated. Potential financing sources will
be investigated. Discussion with the Texas Water Development Board, Lower
Colorado River Authority, and the City of Austin will identify a funding plan.

The Hill Country Water Supply Study Area will enter into negotiations with potential

surface water suppliers.

a) If a district is considered, a creation report and documentation will be drafted
and creation pursued at the Texas Water Commission or legislature. Upon
approval, a confirmation election will then be scheduled and information
package sent out to the residents of the service area.

b) If the LCRA is chosen as the water provider, negotiations between the LCRA
and the City of Austin will identify the cost for utilizing City of Austin water

infrastructure for LCRA service.

Depending on the estimated cost of the system and implementation of phasing,
potential system users will be contracted with (agreement/commitment for service
contracts must be entered into with service area residents in order to identify the
beginning user base) to project initial revenue returns. This discussion needs to
occur concurrently with Items 3) and 4). A Certificate of Convenience and Necessity

will be pursued at this time.
Upon agreement with the governmental entities to fund or participate in the

improvements, consultants will be contracted to prepare a funding package, design

the system, provide necessary reports, operate and manage the system.
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8)

9)

10)

11)

Funding documents will then be reviewed by the participating entities. Design plans
will be reviewed by the Texas Health Department, the Hill Country Water Supply
Corporation’s engineer, and whatever other entity that may contractually have that

right.

Construction plans will then be let for bid. The bids will be reviewed by the
appropriate entities and approval to proceed with construction issued. If easements
for construction are required, they must be in-hand prior to issuance of the
contractor’s notice to proceed. Any necessary agreements with outside utilities
should also be in place at this time; such as, electrical service to system

improvements or relocation of utilities that conflict with system improvements.

It is important to determine which customers have unique service requirements.
During the design process, it may be determined that groups of users or areas of
the service area are either too spread out or too far from the transmission/
distribution lines to be included in the initial construction phasing (referred to as
"micro-systems" hereafter). It may then be necessary to design or plan for
"micro-systems" to be funded as service extensions by that group of users. Special
consideration may be given to these users in the form of offsets or connection fee
adjustments. It will be advantageous to negotiate these special extension situations
with the low-bid contractor at this time in order to obtain the best possible

installation price.

Whether the system is managed by the Hill Country Water Supply or the LCRA, an
independent operator will be utilized. At this point in the process, initial users will
be identified and rates established. The operation and management consultant/firm
will set up the billing system and the maintenance plan. Billings, depending on the
final revenue plan, may need to be issued before construction is complete and a

new-connection policy and associated cost will be agreed on by participating agencies.

Upon completion of construction, final inspection and testing, start up procedures
will be employed. Official acceptance of the utility system should only be granted

after as-built drawings of the system improvements are distributed to the operation
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and management consultant/firm, the Hill Country Water Supply Corporation
engineer and the funding entity. The policy regarding responsibility for updating
these drawings as additions and extensions to the system, need to be determined at
this time. (This is usually the corporation or district engineer’s responsibility.)

5. Recommended Water System - THE SYSTEM

The recommended water system (referred hereafter as "The System") discussed in this
section represents the ultimate system for the study period. Phasing of The System will be
discussed later in this report. The System is basically Scenario #1 described earlier in this
report with the only exception being the distribution lines (2" - 4") are sized for domestic
demand only and do not accommodate a 500 gpm fire flow. A minimum of 500 gpm fire

flow will be achieved throughout the transmission main network.

The System has been designed to provide water supply and transmission/distribution
facilities capable of conveying potable surface water in sufficient quantities and at a suitable
operating pressure throughout the Study Area. The proposed components consist of storage
reservoirs and booster pumping stations for each pressure plane, as required. Water is
conveyed to the supply facilities and service connections by transmission and distribution

mains. The System is illustrated in Figure 14, Recommended Infrastructure Map.

The System has been sized for a total of 3245 connections of which 1339 are Southwest "B’
and 1906 are Southwest ’C’ connections. This represents the ultimate projected number of
connections for that portion of the Study Area that do not already have City water service.
This includes the low density subdivisions (less than or equal to 1 unit/acre) generally
located west of FM 1826 and the surrounding rural areas assumed to be developed at 1
unit/5 acres. A total of 404 connections has been designated for the Friendship Ranch
Water Control and Improvements District (WCID).

The System will provide storage through a combination of ground storage and elevated
storage facilities. Due to the hilly terrain within the Study Area, the proposed Southwest
'B’ ground storage facilities will be installed at appropriate elevations so that pressure is

maintained throughout the Southwest ‘B’ distribution system. This eliminates the need for
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pumps at the ground storage reservoirs and results in an economical alternative for
providing the required storage capacity. The proposed Southwest 'C’ elevated storage
facilities will be installed in the vicinity of the highest elevation within the Study Area to
minimize construction costs. Booster pumps will maintain the water levels in the elevated
storage facilities, enabling the prescribed water pressure to be maintained. This
arrangement will allow the pumps to operate at a uniform rate, with storage either making

up or absorbing the difference between the pump discharge and system demand.

The required storage for the ultimate Southwest ‘B’ and Southwest *C’ systems is 275,000
gallons and 400,000 gallons, respectively. The Southwest ’C’ pumping requirements total
2,200 gallons per minute for The System. The transmission system consists of two connected
looped networks of 6", 8", 12" and 16" diameter pipe. The distribution system has been sized
to meet domestic water demands only. Line sizes range from 2" to 4". The distribution lines
have been extended to each of the existing subdivisions and portions of the rural areas.
Due to the large size of the Study Area, the proposed distribution line network is limited
outside of the existing subdivisions. Distribution lines have been proposed in the vicinity
of the projected future development. Water service lines have been proposed throughout
the existing subdivisions. Water services outside the existing subdivisions will be extended
to the nearest transmission or distribution line depending on the remoteness of the water
customer. Pressure regulating valves are required to maintain the optimum operating
pressures for the Southwest 'B system. Water pressure will be regulated by a combination

of individual and transmission and/or distribution line pressure reducing valves.

Table 8 outlines the breakdown of the construction related costs for THE SYSTEM. The
total construction related costis $11,180,070. This does not include the $4,497,570 estimated
for the cost of service lines between the customer’s meter and his house. It should be noted
that the $4,497,570 assumes a distribution line in the ground at the homeowner’s tract
frontage. There may be cases where the proposed house connection is so remote with
respect to the distribution line that other arrangements must be made, thus affecting this
cost estimate.
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TABLE 8

RECOMMENDED SYSTEM - THE SYSTEM
CONSTRUCTION RELATED COSTS
(ULTIMATE CONFIGURATION)

S00 LF 16"
80,450 LF 12"
17450 LF &
6,000 LF 6"

SLoragg

$50/LF
$36/LF
$21/LF
$19/LF
Subtotal
Contingency 10%
Engineering 20%
TOTAL

SW B’ ground storage 275,000 gallon
SW 'C elevated storage 400,000 gallon

Pumping
Sw'C

Distribution Mains
64,000 LF 4"
64,000 LF 3"
36,000 LF 2-1/2"
16,000 LF 2"

Services to Meter Box
3245 Fa. @ $500/Ea.

Meter/PRV
3245 Ea. @ $80/Ea.

HILL COUNTRY INFRASTRUCTURE AND DISTRIBUTION TOTAL

Services 1o House
3245 Ea. 150 LF @ $7/LF

Subtotal
Contingency 10%
Engineering 20%
TOTAL

2,200 gpm
Subtotal
Contingency 10%
Engineering
TOTAL

$15/LF

$12/LF

$10/LF

$ 8/LF

Subtotal
Contingency 10%
Engineering
TOTAL

Subtotal
Contingency 10%
Engineering
TOTAL

Subtotal
Contingency 10%
Engineering
TOTAL

Subtotal
Contingency 10%
Engineering
TOTAL

GRAND TOTAL
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§ 25,000
2,896,200
366,450
114,000
$3,401,650
340,165

/48,363

$ 275,000
520,000

$ 795,000
79,500
174,900

3 175,000
$ 175,000

17,500
38,500

$ 960,000
768,000
360,000
128,000

$2,216,000
221,600
487,520

$1,622,500
162,250
356,950

$ 259,600
25,960

57,112

$ 3,407,250

340,725
749,595

$4,490,178

$1,049,400

$ 231,000

$2,925,120

$2,141,700

$ 342,672

$11,180,070

$ 4,497,570

$15,677,640



6. Operation and Maintenance Issues

The phased development of the ultimate system results in more than one Southwest ‘B’ and
Southwest 'C’ storage facilities. This will provide improved operation flexibility in the event
a reservoir is temporarily removed from service for maintenance. The electrical power
source for the proposed pump facilities will be the Pedernales Electric Cooperative, Inc.
There is existing electrical service in the vicinity of the proposed pumping facilities. The
projected energy costs for servicing the proposed Southwest ’C’ service area are estimated
by determining the electrical power requirements and using a cost of $0.475/KWH for the
first 20,000 KWH and $.0425/KWH over 20,000 KWH. The total estimated electrical
operating cost will be approximately $25,367/year for Phase I and $37,139/year for the

ultimate system, The System.
The operation and maintenance costs for the different components of the recommended

water system have been delineated in Table 9. This Table also includes the costs associated

with the general accounting and customer billings.
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Note:

Description

TABLE 9

HILL COUNTRY WATER SUPPLY
PROJECTED OPERATION AND MAINTENANCE COSTS

Standard

Unit Cost Per Manth

General Accounting

Customer Billings

Basic Operations

A) Storage & line
maintenance

B) Fire hydrant
maintenance

C) Booster station
maintenance

D) Booster Station
electrical charge
(Phase I)

Clean tanks (2)

Emergency Service

TOTAL

$250 per month

$3.50/customer*

$1,200/lump sum

$200/lump sum

$100/lump sum

$2,140 per month

Estimate $400

$8,490**

Yecarly Cost
$3,000

$50,400*

$14,400

$2,500

$1,200

$25,367

$500

$5,000
(estimated)

$102,367**

g:j ymments

Payables reviewed once
per month

Billing once per month
(or $4,200)

Storage tank & line flushing
per Texas Health Dept.

Maintenance as per
manufacturers
recommendations

Maintenance as per
manufacturers
recommendations
w/Landscape maintenance
of Booster station and
reservoir grounds

Electricity Source:
Pedernales Electric
Cooperative

Once per year (lump sum)
For broken fire hydrants,

hydrants, dug up mains and
service lines, etc.

The accuracy of customer meters decreases as much as 80% over a 5 to 10 year

period. With age, meters gradually begin to read less consumption than actual.
It is recommended that the maintenance consultant/firm begin a meter testing and
change-out program within the first 5 years of operation in order to maintain
appropriate revenues. Therefore, there will be additional costs associated with
meter replacement, field operations and testing for this period.

*Based on 1200 customers
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7. Phasing of Recommended Water System

This report recommends The System be implemented as a three (3) phase development.
Phasing is considered in ten year increments (year 2000, 2010 and 2020) in order to
minimize initial construction costs and long term operation and maintenance costs. The
proposed phasing has been developed based on the projected population growth, land uses
and projected water demand areas identified for the Study Area. These population forecasts
and water demands should be reviewed periodically throughout the study period and
adjusted as needed to ensure the appropriate water system improvements are constructed
to accommodate the needs of the Study Area. Figures 15, 16, 17 and 18 illustrate the water
demands and demand centers for 1990, 2000, 2010, and 2020, respectively.

Table 10 presents a breakdown of the proposed construction related costs by Phase. The
total accumulated construction related costs for The System (ultimate configuration) when
built according to the three (3) proposed phases amount to $13,313,414 in today’s dollars.
The additional $2,133,344 in construction related cost (Table 8 vs. Table 10) is attributed
to several factors. The transmission main costs increase slightly due to the additional mains
associated with providing more than one storage facility for each pressure plane. The total
distribution system costs represent the largest increase. The distribution system costs
estimated for Phases II and III have been projected using an equivalent cost per connection
of $1,530 derived from Phase I (1561 connections - design year 2000) and a distribution line
construction cost of $2,387,880. These costs represent pro-rata projected costs for estimating
purposes. Phasing construction of the distribution system will result in some parallel lines
thus increasing the construction related costs; therefore, it is recommended that distribution
lines be looped and interconnected wherever possible. This in turn will increase the service

potential or capacity and preclude the need for parallel systems in many cases.

The System provides a minimum fire flow of 500 gpm throughout the transmission main
portion of the system. Therefore, fire protection is provided along the major roads within
the Study Area. These roads include FM 1826, Highway 290 and Nutty Brown Road. The
distribution system, regardless of phasing, has not been sized to accommodate fire flow. A
minimum 6" diameter distribution network would be required to provide fire protection.
The proposed storage facilities have capacity available for emergency fire flow so that any
future expansion of the distribution system can be retrofitted with 6" diameter pipe at an
additional expense to the Study Area, if so desired.

Page 74



L

*r

%/
‘HILL COUNTRY WATER™ .\ x .
“~ . SUPPLY STUDY ~ . ‘.
AREA BOUNDARY -

o o
o,

HILL COUNTRY WATER
SUPPLY CORP.
BOLNDARY

HILL COUNYRY WATER

—\SUPPLY CCRF.

HILL COUNTRY WATER
SUPPLY STUDY
AREA BOUNDARY

us Hiyy
290
,_l FRENDSHIP s,,',’,}:_’;";'o,;f“"
: RANCH BOUNDARY
(wCid
2
%‘g@o
NG
HiLL COUNTRY WATER
SUPPLY STUDY
€O, RD. 182 AREA BOUNDARY

M 150

4812

PEAK WATER DEMAND PROJECTIONS
YEAR 1990

BUILDING D. SUITE 110

AUSTIN, TEXAS 78746
(512) 327-9204

(9] Peax water pEusnO GPu.




HILL COUNTRY WATER
SUPPLY STUDY
AREA BOUNDARY

US Hwy
290

co. RO. 162

ETILUGH RO

Hill. COUNTRY WATER
SUPPLY CORP.

—Y SUPPLY CORP.
BOUNDARY

fM 150

HILL COUNTRY WATER

COUNTRY WATER
SUPPLY CORP,
BOUNDARY

N
'

RN
P
3 00
C’o\'
HILL COUNTRY WATER -
SUPPLY STUDY
AREA BOUNDARY

@ PEAK WATER DEMAND GPM,

. . - N o C

Lo C R COoNGge

K . . . %JV T b‘"’;‘,';s;\ .

) :_:.,’ : ) /:o . .-71,\ .

Lo N . . V4 T
_HILL COUNTRY WATER® .\ .4 .~ : :

SUPPLY
. AREA BOUNDARY -

STUDY

N

PEAK WATER DEMAND PROJECTIONS
YEAR 2000

BUILDING D, SUTE 110
AUSTIN, TEXAS 78748
{512) 3279204

FIGUIRF 16




HILL COUNTRY WATER
SUPPLY STUDY
AREA BOUNDARY

Us Hwy
250
ks
&
&
CO. RD. 162

FM 150

iTZHUGH ROAQ

HILL COUNTRY WATER
SUPPLY CORP.
BOUNDARY

\528

HILL COUNTRY WATER
SUPPLY CORP.
BOUNDARY

SUPPLY STUDY
AREA BOUNDARY

@ PEAK WATER DEMAND GPM,

‘HILL COUNTRY WATER™ .\ 7,
. USUPRLY STUDY © -\
_ AREA BOUMDARY -

oW
HILL COUNTRY WATER — >

N

Lo
3
:1‘

4.

PEAK WATER DEMAND PROJECTIONS
YEAR 2010
BUILDING O, SUITE 110

AUSTIN, TEXAS 78746
(512) 327-9204

FIGURF 17



HILL COUNTRY WATER
SUPPLY STUDY
AREA BOUNDARY

Us Hwy
290
3
&
o
€0. RO, 162

HILL COUNTRY WATER
SUPPLY CORP.
BOUNDARY

150

18
Y A8

HiLL COUNTRY WATER
SUPPLY CORP.
BOUNDARY

HILL COUNTRY WATER
SUPPLY CORP.
BOUNDARY

SUPPLY STUDY
AREA BOUNDARY

@ PEAK WATER DEMAND GPM.

HILL COUNTRY WATER 2™

PEAK WATER DEMAND PROJECTIONS
YEAR 2020

110150l CAPITAL OF

HIGHWA

BUILDING ©, SUMTE 110
AUSTIN, TEXAS 78748
{512y 327-9204 ]

Eiripe 1a




TABLE 10

PHASING OF CONSTRUCTION RELATED COSTS'

Phase 1 Phase 11 Phase 111 TOTAL
Transmission Mains $4,378,242 $ 125,000 $ 24,000 $4,527,242
Storage 508,200 270,600 270,600 1,049,400
Pumping 132,000 90,000 66,000 288,000
Distribution Mains 2,387,880 1,488,690° 1,087,830° 4,964,400°
Services to Meter Box® 792,000 880,440 469,260 2,141,700
Meter/PRV 126,720 140,870 75,082 342,672
Subtotal $8,325,042 $2,995,600 $1,992,772 $13,313414
Services to House* 1,663,200 1,848 924 985,446 4,497,570
TOTAL $9,988,242 $4,844,524 $2,978,218 $17,810,984

'Construction Related Costs include construction, contingency and engineering, surveying,
geotechnical and other support.

Due to size of the Study Area, scattered development outside of the existing subdivisions,
and many unknown factors regarding where future development will occur; the distribution
system costs for Phases 2 and 3 have been estimated at the equivalent cost/connection
utilized for the Phase I design year 2000 (1561 connections).

3Assumes the service line is extended to the lot. The distance to the lot from the
distribution main is assumed to be 50 feet. Distribution line costs will increase with
distance. Phase I assumes 1200 water services, Phase II - 1334, Phase III - 711,

“Assumes the service line from the property line to the house is 150 feet. Costs will increase
as this distance increases.
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The Phase I system depicted in Figure 19 consists of constructing transmission, distribution
and service lines, storage tanks, and pumping facilities. Table 11 provides a breakdown of
the construction-related costs for Phase I. The storage, pumping, and distribution facilities
have been designed for the year 2000 projected population (1561 Living Unit Equivalents)
and a 500 gpm demand for future development at the southernmost point of the Study
Area. Phase I includes water service lines for only 1200 customers since the Texas Water
Development Board (TWDB) has indicated this would be a preferred customer base for

finance participation.

The transmission system proposed for Phase I is sized to accommodate the ultimate (year
2020) water demands on the system. By constructing the ultimate transmission network in
Phase I, substantial savings are realized. The construction cost difference between an
interim transmission system and the proposed ultimate transmission system is approximately
$325,000. The construction of the ultimate transmission system as part of Phase I
guarantees that system capacity is available for growth and therefore additional revenue.
This capacity will provide incentive for growth within the Study Area. Downsizing this
element of the system will result in redundant costs later when new demand areas are
identified. Other elements of the system such as storage and pumping can be more easily
upgraded due to their site specific nature.

Phase I proposes storage facilities sized to meet projected demands through the year 2000.
These facilities consist of a 125,000 gallon Southwest 'B’ ground storage reservoir and a
200,000 gallon Southwest ’C’ elevated storage tank. Booster pumping facilities are
proposed as part of the Phase I Southwest ’C’ improvements. A 1100 gpm Southwest 'C’
pump station is proposed which will meet the maximum day demands projected through the
year 2000.
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TABLE 11

BREAKDOWN OF PHASE I - THE SYTSTEM

80,900 LF 12"
17,450 LF 8"
2,000 LF 6"

Storage
SW "B" ground storage

SW "C" elevated storage

Pumping
Sw IICI'

Distribution Mains
37,000 LF 4"
58,000 LF 3"
39,000 LF 2 1/2"
21,000 LF 2"

Services to Meter Box
1200 EA

Meter/PRV
1200 EA

$36/LF
$21/LF
$19/LF
Subtotal
Contingency 10%
Engineering 20%
TOTAL

125,000 gallons
200,000 gallons
Subtotal
Contingency 10%
Engineering 20%
TOTAL

1100 gpm
Subtotal
Contingency 10%
Engineering 20%
TOTAL

$15/LF

$12/LF

$10/LF

$8/LF

Subtotal
Contingency 10%
Engineering 20%
TOTAL

$500/EA
Subtotal
Contingency 10%
Engineering 20%
TOTAL

$80/EA
Subtotal
Contingency 10%
Engineering 20%
TOTAL
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$2,912,400
366,450
38,000
$3,316,850
331,685
729,707

$125,000
260,000
$385,000
38,500
84,700

$100,000
$100,000
10,000
22,000

$555,000
696,000
390,000
168,000
$1,809,000
180,900
397,980

$600,000
$600,000
60,000
132,000

$96,000
$96,000

9,600
21,120

$4,378,242

$508,200

$132,000

$2,387,880

$792,000

$126,720



o

TABLE 11
(continued)

PHASE I - HILL COUNTRY INFRASTRUCTURE

Services to House
1200 EA 150 LF @ $7/LF
Subtotal
Contingency 10%
Engineering 20%
TOTAL

GRAND TOTAL
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$8,325,042
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Distribution lines proposed as part of the Phase I construction have been sized for the
ultimate domestic demands within the existing subdivisions. Outside of the existing
subdivisions in the rural areas, the distribution network is limited. Many distribution lines
either dead end (plugged for later extension or connection) or have been sized based on
where development is forecast between 1990 and 2000. By phasing the distribution system
in this manner, a substantial savings can be realized initially; however, it may mean that
parallel distribution lines will be required as development occurs in the future. It is
recommended the distribution lines be phased this way since no one knows for certain if the
areas where growth has been projected will actually occur as forecasted. This phasing will
also allow flexibility for planning future distribution lines as growth occurs in other areas.
Again looping is encouraged whenever and wherever possible. This will also allow smaller
lines to carry a greater capacity and may avoid parallel construction of distribution and

service extensions,

The recommended Phase II improvements are sized to accommodate the year 2010
customer and demand projections. These improvements consist of extending the distribution
lines to accommodate development and service lines to accommodate an additional 1334
connections. Projections for the year 2010 forecast an additional 384 Southwest 'B’
connections and 589 Southwest ’C’ connections between the years 2000 and 2010 associated
with storage and pumping facilities. Additional storage and associated transmission piping
is proposed for the Southwest B’ and Southwest 'C’ systems. The recommended Phase II
storage facilities include a 75,000 gallon Southwest ‘B’ ground storage reservoir and a
100,000 gallon Southwest ’C’ elevated storage tank. Southwest 'C’ system pumping
requirements include an additional capacity of 600 gpm.

The recommended Phase III improvements will upgrade the system to accommodate the
projected ultimate peak demands for the year 2020. Distribution and service lines will be
extended to accommodate development. Expansion of the storage and pumping facilities
will be necessary to serve the additional 331 Southwest 'B’ connections and 380 Southwest
’C’ connections projected for the year 2020. The Phase III improvements will include a
75,000 gallon Southwest 'B’ ground storage reservoir, a 100,000 gallon Southwest 'C
elevated storage tank, and an additional Southwest ’C’ pumping capacity of 500 gpm. It is
important that growth within the Study Area be tracked so that any expansion of the system
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will be constructed as the water demands dictate. It is possible growth may dictate that

Phase III pumping and storage improvements be constructed concurrent with Phase II.

The existing City of Austin Southwest 'B’ facilities which impact the Study Area consist of
a 36" transmission main connecting the 15,000 gpm Southwest 'B’ pump station located
along Slaughter Lane at the intersection with FM 1826 and the 2 mg Southwest *B’ elevated
storage tank located approximately 10,000 feet south of Slaughter Lane along FM 1826.
The 15,000 gpm Southwest B’ pump station is designed to serve a population of 50,000

assuming a per capita maximum day demand of 0.3 gpm/capita.

The 1985 Preliminary Engineering Report - Southwest B’ System Improvements defines the
City of Austin Southwest B’ water service area. The defined pump station service area
includes Circle C West and portions of Circle C MUD(s) #3 and #4, Shadowridge Crossing,
Upper Williamson Creek, Del Curto and Hielscher tracts. FM 1826 is the western boundary
for the service area. These areas have been projected at a residential and employment base
design population of 33,700; therefore, based on the 1985 report, there is approximately
5000 gpm of additional capacity at the Southwest 'B’ pump station. The 1985 report
indicates this additional pump capacity might be used to serve the Southwest 'B’ system
north of Highway 290 W. In addition to this 5000 gpm pump capacity, the existing 39,000
gpm Southwest A’ Davis Lane pump station will provide approximately 12,000 gpm of
water to the Southwest ‘B’ system based on a Southwest ’A’ service population of 89,636.

Based on the population forecasts developed in this report and the following assumptions
regarding storage requirements, the existing La Crosse 2 MG Southwest "B’ elevated storage
tank will approach its capacity sometime around the year 2000 and the second funded 2
MG reservoir will be required. A storage capacity of 200 gallons per connection is required
for the portion of the Hill Country Water Supply (HCWS) Study Area located outside of
the City of Austin’s existing Southwest "B’ service area. The subdivisions located south of
Highway 290 West within the boundaries of the City’s Southwest ‘B’ service area, including
those situated within the HCWS Study Area, require 200 gallons per capita storage capacity
or 560 gallons per connection. Table 12 which follows shows the effect of the recommended
population projections presented in Table 5 on the existing City Southwest B’ storage
facility.
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Table 12 defines the required storage capacity in gallons. An Extended Period Simulation
(EPS) of the University of Kentucky water model was utilized to determine storage
requirements and review the impact of the HCWS Study Area water demands on the City
of Austin storage facilities.

TABLE 12

REQUIRED STORAGE CAPACITY
OF SOUTHWEST ’'B’ SYSTEM

Within Within SW'B’
HCWS Study  HCWS Study Total Service Area  Total
Area Density  Area Density HCWS Outside Storage
Year < 1 Unit/Ac. > 3 Unit/Ac.  Study Area Study Area Req't
(Gallons) (Gallons) (Gallons) (Gallons) (Gallons)
1990 169,800 253,200 423,000 33,600 456,600
2000 312,200 1,256,600 1,568,800 320,000 1,888,800
2010 506,800 2,022,800 2,529,600 846,000 3,375,600
2020 649,000 2,714,200 3,363,200 846,000 4,209,200
H. Institutional, Legal and Financial Analysis
1. Entities Which Affect Implementation of a Regional Water System

There are numerous legal entities with the power to control, construct, own and operate
water systems. These different entities and their impact on the implementation of a regional
water system are described as follows:

Texas Water Commission

The Texas Water Commission (TWC) has the general authority to control the use of surface
and subsurface waters in the State of Texas. The TWC is the issuing authority of
Certificates of Convenience and Necessity (CCN). The TWC has the authority to review
the tax rates proposed by the holder of the CCN, The review is conducted by the TWC
staff who in turn make recommendations to the Texas Water Commission Board. A public

hearing is conducted so that the tax payers are given the opportunity to participate in the
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process. The TWC would review tax rates set by the City of Austin and/or LCRA. The
TWC would not review rates set by a non-profit water supply corporation. The rates
proposed by a corporation could be addressed in the contractual agreement with the
funding agency. The TWC also has the authority to prevent waste of water through

negligence. This power could probably extend to regulating the various utility programs.

Texas Water Development Boar

The Texas Water Development Board (TWDB) acts as the implementing agency of water
development projects for the State of Texas. The TWDB would be the funding agency for
improvements within the Hill Country Study Area.

Guadalupe-Blanco River Authority

The Guadalupe-Blanco River Authority (GBRA) and other river authorities were created
by the legislature at the request of the federal government in order to implement flood
control and related activities within the State of Texas. The Hays County portion of the
Study Area is located within the jurisdiction of the Guadalupe-Blanco River Authority. In
discussions with the GBRA it was felt that the LCRA was the logical choice to serve the
northern portion of Hays County, since it is located entirely within the Lower Colorado
River Basin and GBRA permission for the LCRA to serve this area would probably be
granted.

Lower Colorado River Authority
The Lower Colorado River Authority (LCRA) like the GBRA was created by the State

Legislature at the request of the federal government. The LCRA owns large reservoirs

with potential capacity for surface water supplies for the Study Area. The LCRA has
indicated it is interested in owning wholesale water supply systems and is currently
investigating the feasibility of serving the Study Area as part of its proposed regional water
plan. Hays County is not within the LCRA’s service area; however, as a result of the LCRA
and GBRA discussions, the LCRA, if requested, would pursue implementation of this
portion of their regional plan. The LCRA also does not have taxing authority but may use
system revenues to finance construction and maintenance as well as make available
engineering staff and provide legal assistance for implementing the project. As mentioned

in earlier sections, the LCRA policy is to contract with political subdivisions such as districts
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in order to assure a tax base for debt retirement.

City of Austin
The City of Austin can provide water service to the Study Area. The City’s service area
extends to FM 1826. The City has the authority to extend its service outside of its city

limits. The City has expressed interest in providing water as a wholesale supplier only.
The Hill Country Water Supply Corporation and the City currently have a three year
contract which commits the City to provide wholesale water service up to a maximum of
2 million gallons per day. A new contract must be negotiated for the term of the funding
before financing will be approved by the TWDB. The City will possibly be a short term
wholesale water supplier if the LCRA implements its regional water service area. This

issue will be taken into consideration during contract negotiations.

Hill Country Water Supply Corporation

The Hill Country Water Supply Corporation is a non-profit Texas corporation controlled
by its members. A CCN would be required for any areas the corporation provides water
service. The corporation does not have taxing authority and would be limited to revenue
bonds to finance the system. Rates of the corporation would not be subject to Texas Water
Commission review unless a complaint was filed. A contract would be required with all
wholesale customers requiring payment of tap fees or other fees in an amount sufficient to

cover debt service for construction and operation and maintenance of the system.

2. Recommended Involvement of Various Institutions

It is important that the participants of the Hill Country Water Supply Study Area explore
all potential options for a surface water supply. Contractual negotiations are enhanced
greatly when service issues and commitments have been identified. Two potential service
entities, the Lower Colorado River Authority and the City of Austin, have been discussed
throughout this report.

City of Austin water supply infrastructure is in place within the boundaries of the Study
Area. A three year water service contract between the City and HCWSC has been
negotiated; however, the contract period is near its expiration date. New negotiations with

the City need to proceed toward an ultimate service goal. These negotiations should include
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input from the Texas Water Development Board (TWDB) and meet all applicable TWDB
regulations regarding funding. If it is decided that a special utility district (SUD) is to be
utilized, the TWC must also review and approve the District’s creation document. Since the
infrastructure is in place, City of Austin water is the most immediately available source.
Regardless of the LCRA’s plans to ultimately serve the Study Area, consideration should
be given to the availability of water, flexibility of service and the needs of the Study Area

when negotiating a water service contract with the City of Austin.

As mentioned previously, the LCRA will not entertain serving the Study Area unless
requested. This request should be made immediately since it is imperative that the LCRA
and the City of Austin address necessary intergovernmental issues as soon as possible so
that negotiations between the Study Area and the LCRA can address cost comparisons,
Again, this service potential implies different contractual arrangements than does service
from the City of Austin. It is the policy of the LCRA to contract with other political
subdivisions, such as districts,

There are other entities which may be involved in this service negotiation process. The
City of Dripping Springs will be interested in a Certificate of Convenience and Necessity
(CCN) which overlaps their extraterritorial jurisdiction (i.e., the Heritage Oaks and Big
Country subdivisions). The Texas Water Commission will review the CCN application and
must be kept informed as to area’s service plans. THe Guadalupe-Blanco River Authority
(GBRA) will be concerned with water service within their statutory area - Hays County.
The Hays County Commissioner’s Court created the Friendship Ranch WCID and will
therefore need to be informed if this political subdivision is to be included in the adopted
service plan of the Study Area. The Travis County Commissioner’s Court will also be
interested in a service plan for this area since it now serves some of the residents by
trucking water, It is advised that representatives of the Study Area meet with and discuss
these issues with these entities to elicit aid in their endeavor to supply safe and adequate

surface water supply to the Study Area.

In addition, there may be other entities that will be involved with the implementation of
water service to the Study Area. It is necessary to work closely with local representatives,

financial consultants, legal consultants, engineers, and state and local agencies in order to
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identify other entities which must be involved in the process.

3. Legal Implementation

The entity designated to provide retail water service to land within the Study Area must
have the legal authority to provide this service. A Certificate of Convenience and Necessity
(CCN) is the permit which empowers the designated entity to provide water service. The
Texas Water Code, Chapter 13, and the Texas Water Commission Rules and Regulations,
31 TAC 291.101 et. al, established procedures and requirements for obtaining a Certificate
of Convenience and Necessity. A CCN grants to the holder the right and obligation to

provide adequate and continuous water utility service to a designated area of land.

The type entity which will ultimately provide water service to the Study Area affects the
review of the Certificate of Convenience and Necessity (CCN) application. As established,
the existing non-profit Water Supply Corporation should request a CCN in order to define
its service area boundary and preclude any other entities not holding a CCN from providing
water service to the same area. In the event a regional utility, such as the LCRA, provides
retail water service to the Study Area, then that entity should apply for the CCN, If more
than one CCN is applied for, it is important the various entities coordinate so that a
cooperative service plan is presented to the Texas Water Commission. If any certificates
exist or are issued overlap the Study Area, these certificates must be amended. If the
applying entity has the authority to incur long term debt and assess taxes to repay the debt,
the applicant may have an advantage over competing entities since it can demonstrate a

mechanism exists to retire its debt.

Before a Certificate of Convenience and Necessity can be approved, several issues must be
addressed to the satisfaction of the Texas Water Commission. These issues include (1) the
adequacy of the existing system, (2) need of additional service in the Study Area, (3) the
impact of issuance of the CCN upon the recipient and any retail public entity providing the
same kind of service in the area, (4) the ability of the CCN applicant to provide adequate
service, (5) the environmental integrity, and (6) the probable improvement of service or
decreased costs to the Study Area customers resulting from issuance of the CCN. The
applicant must submit detailed information showing it has the ability to provide adequate

and continuous water service to its customers at a reasonable cost, to fund necessary capital
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improvements, and to operate and maintain the system. A continuous water source must
be demonstrated and a long term contract with this water source negotiated. Lastly, prior
to submitting the application, the entity should have the support of its potential customers
to avoid any delays in this several month process. If there is dissension within the service
area, the TWC can conduct public hearings to ascertain the appropriate action. This
process can become time consuming and delay the CCN application.

4. Customer Fees

Table 13 outlines the estimated customer fees associated with Phase I assuming a 1200
customer base. The Table identifies the initial fees to be paid by the customer at the time
of hookup and the monthly fees. The monthly fees have been estimated for two (2)
scenarios. The corporation scenario assumes the Hill Country Water Supply Corporation
(HCWSC) remains a non-profit Texas corporation. The District scenario assumes the
HCWSC becomes a District, such as a Special Utility District (SUD). The estimated
monthly costs include a water usage fee, bond retirement fee and operation and
maintenance fee. The water usage fee is based on an average water use of 150 gallons per
capita per day. The bond requirement fees include construction costs, contingencies, legal
fees, fiscal agent fees and engineering/surveying fees. It assumes a capitalized interest rate
of 10% for the corporation and 8% for the district for 18 months, The capitalized interest
is not allowed as part of the bond issue for the corporation and therefore will have to be
financed privately. The retirement of this debt to the lender may be retired through the
rate, tap fee, or surcharge depending on the contractual arrangements make with the lender
or with the water supply corporation participants. Capitalized interest is allowed in the
bond issue for the district scenario. Tables 14 and 15 outline the costs identified for the
bond issue requirements of the corporation and district scenarios, respectively. The
operation and maintenance (O&M) fee is estimated utilizing the O&M cost identified in

Table 9 presented earlier in this report.
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Table 13 indicates the district scenario as the less expensive alternative. Comparing the
district scenario costs to the individual water well also illustrates the district as the less

expensive and more reliable water service option:

Individual Well (Complete System @ 10%) $149.00
System Maintenance 15.00
Electrical Cost 15.00

Subtotal  $179.00
Water Softener/Salt $22.00
Bottled Water or Special Treatment 16.00

Subtotal  $ 38.00
TOTAL ESTIMATED MONTHLY COST $217.00

Based on the assumptions presented in Table 13, the district scenario monthly cost runs
approximately 55% of the individual water well monthly costs as described in Section 3
Comparison of Individual Water Well System and Centralized Surface Water System Cost.
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TABLE 13
ESTIMATED CUSTOMER FEES

Initial Customer Costs

City of Austin Capital Recovery Fee $1,200
Corporation/District Tap Fee' 1,300
Service Line to House/Plumbing Modifications® 1,050

Total Initial Cost  $3,550

Monthly Costs (assuming 1200 customers) Corporation® District
Estimated Water Usage Fee $ 33.00 $ 33.00
Estimated Bond Retirement Fee $ 83.00 $ 79.00
Estimated Operation and Maintenance Fee $ 7.00 $ 7.00
Subtotal , $123.00° $119.00°

'Per information provided previously by Hill Country Water Supply Corporation.

2Service line to house assumes extension of service line for approximately 150 feet. If the
actual distance is greater, then this cost will increase. Plumbing modifications include those
modifications needed to convert to the centralized surface water system.

*The monthly cost for the corporation scenario should include financing for the capitalized
interest calculated to be $1,390,399. This cost has not been included in the $123.00/month
charge.

“This is not a bond application. These numbers will necessarily be modified to reflect the

rules of the TWDB and the Board of Directors of HCWSC. The final bond issue numbers
will be calculated by the financial advisor upon bond application.
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TABLE 14

BOND PROJECT - CORPORATION

COST SUMMARY
Construction Costs
Water Transmission
Storage
Pumping
Water Distribution
Service to Lot
Water Meter/PRV

Contingencies 10%

Engineering, Surveying, Geotechnical, etc.

Total Hard Construction Costs

Non-Construction Costs
Legal

Fiscal Fees

Bond Issue Cost

Total Non-Construction Costs

Total Bond Issue Requirements
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$3,316,850
385,000
100,000
1,809,000
600,000
96,000
630,685

1,387,507
$8,325,042

$ 140,000
145,549
19,409

$ 304,958
$8,630,000




TABLE 15

BOND PROJECT - DISTRICT
COST SUMMARY

Constructign Costs

Water Transmission

Storage

Pumping

Water Distribution

Service to Lot

Water Meter/PRV

Contingencies 10%

Engineering, Surveying, Geotechnical, etc.

Total Hard Costs

Non-Construction Costs

Legal

Fiscal Fees

Capitalized Interest

Bond Issue Cost

Total Non-Construction Costs

Total Bond Issue Requirements
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$3,316,850
385,000
100,000
1,809,000
600,000
96,000
630,685

1,387,507
$8,325,042

$ 140,000
145,549
1,096,424
18,985
$1,400,958
$9,726,000
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AMORTIZATION SCHEDULE
CORPORATION SCENARIO

Annual Total
Accrued Annual Annual
ear Interest Amortization Payment
1 903,674 0 0
2 985,758 96,319 595,352
3 983,062 207,641 1,190,704
4 961,319 229,384 1,190,704
5 937,300 253,404 1,190,704
6 910,765 279,938 1,190,704
7 881,452 309,251 1,190,704
8 849,069 341,634 1,190,704
9 813,296 377,408 1,190,704
10 713,776 416,927 1,190,704
11 730,119 460,585 1,190,704
12 681,889 508,814 1,190,704
13 628,610 562,094 1,190,704
14 569,751 620,952 1,190,704
15 504,730 685,974 1,190,704
16 432,899 757,804 1,190,704
17 353,547 837,156 1,190,704
18 265,886 924,818 1,190,704
19 169,046 1,021,658 1,190,704
20 62,065 1,128,639 1,190,704
TOTAL 13,398,015 10,020,399 22,028,015
Assumptions:

1) Interest Rate - 10.00%.

2) Capitalized Interest after 18 months is $1,390,399.



Annual

Accrued
Year Interest
1 807,288
2 864,733
3 856,242
4 832,932
5 807,687
6 780,347
7 750,737
8 718,670
9 683,941
10 646,330
11 605,597
12 561,483
13 513,708
14 461,968
15 405,933
16 345,247
17 279,525
18 208,347
19 131,262
20 47,778

TOTAL 11,309,757

Assumptions:

AMORTIZATION SCHEDULE
DISTRICT SCENARIO

Annmual
Amortization

0
132,247
280,348
304,159
329,404
356,744
386,354
418,421
453,150
490,761
531,494
575,607
623,383
675,123
731,158
791,844
857,566
928,744

1,005,829
1,089,312

10,962,146

1) Interest Rate - 8.00%

2) Capitalized Interest after 18 months is $1,096,424.

Total
Annual

Payment

0

568,545
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091
1,137,091

21,036,181
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FLOWRATE IS £EXPRESSED IN GFM AND PRESSURE L FSIG

A SUMMARY OF THE ORIGIMAL DATA FOLLOWS

DIAAZTER FROUGHNESS MINOR LOSS K

100.0
100.09
106.9
106.0
100.0
100.0
100.0
100.0
100.0
100.0

196.0
100.0
180.9
1¢8.0
100.9
100.9
100.0
100.0
100.9
100.9

100.9
100.0
70.00
100.0
190.0
100.0
100.9
100.0
1006.0

100.9
100.9
199.0
100.9

CONNECTING FIFES

FIPE NUMBER NUDE NUMEEIRS LENGTH
(FEET) {IMCHES)

1 "] 1 9.9 35.9

2 1 2 20906, 9 17,9

3 2 3 29080.90 12.0

L 3 4 3. 8 12.9

S 4 S 2000.0 12.8

& 1 6 350,08 12.9

7 & 7 A704.0 12.8

8 7 B8 259v. 8 12.9

9 8 2% 4980.9 8.0

12 23 ? . @ 3.9
THERE IS A CHECK VALVE 1IN LINE MUMBER 18

11 9 10 PAB. B 0.9

12 16 11 4490,0 8.0

13 11 12 "20Va. 9 12.9

14 (3] 12 100.0 146.0

1% 12 13 -141980.0 12.0

16 12 14 ~2009.9 12.4

17 14 15 3496.0 12.0

18 2 28 .80v9_Q 17.0

19 a 26 190. @ 16.9

2 26 27 2500.0 12.0
THERE IS A CHECK VALVE IN I_INE NUMRZIR 20

21 27 11 4000, 0 12.@

22 ] 27 Gv. e 15.9

THERE IS A FUMF IN LUINE 22 WITH USEUL POWTR =

23 15 146 3386, 0 12.0

24 16 17 49v9. 0 12,9

25 17 18 2500.0 12.9

26 14 19 5AYY. 0 12,6

az 20 19 Jeed. 0 12.9

28 21 29 7240.0 12.0
THERE IS A CHECK VALVE IN LINE NUMHER 28

29 22 21 G198, 8 346.0

30 23 22 4500.0 36.0

31 24 23 aone. e 36.9

32 1 24 2799. 6 36.0

JUNCTION MUMBER DEMAND ELLEVATION

1 75.080 183%.00 1

2 127.900 ?9:1.90 2

3 3.00 993.06 3

4 1907.09 983.40 4

S 69.09 ?82. 46 S

& 127.09 ?19.96 -3

7 287.00 950. 88 7

8 727.90 945.0@ 8

9 268.00 1830, 00 19

19 215.09 1108.90 11

11 132.00 1178.00 12

12 538.00 1199, 00 13

VRNV s WR

3z

i

8.00
9. 0@
9. 00
9. 00
8. 00
9.089
8. 00
.00
a. 80
.00

0.00
0. 00
.00
8.00
0. 00
8.09
6. 00
0.09
9.90a
9. 00

0. 090
@.00

9.00
@.00
0. 09
@.00
?.008
8.0

@. 00
9. 09
9.0e
0. 00

FIXED GRADE

11490.00

1315.00

1149.00

1140.00

.

SMOH 40 NOILHOd ALISN3Q MO %

ATINO V3HVv AQNLS

]
H

OSMOH HOd T3ZIS SNIVIN NOISSINSNYHL

I# OIMVNIOS



13 534.080 1281.00 18

14 183.00 11608.00 1é 17
15 i8.00 1074, 00 17 23
16 208,99 11135.089 23 24
17 199.00 1677.00 24 25
18 411.60 1114. 049 25 26
19 31,09 ?81.00 26 27
20 66,00 18/79.989 27 28
21 13468.80 753,09 28 29
22 4585.00 1809, 49 29 3
23 80.06 7006.00 30 31
24 4347.00 730.00 1 32
25 ) A.08 1634, 89 ? i@
26 0 A90.00 1839, 99 18 19 20
27 0.00 1836.00 29 21 22

OUTPUT SELECTIOM: ALL RESULTS ARE QUTFUT ACH PERIOD

THIS SYSTEM HAS 32 FIFES WITH 27 JUNCTIONS , 2 LOOFS AND 4 FIXED GRADE NODES

W

U

L W I L

L 3

rf e ¢ ¢
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THE FOLLOWING RESULTS ARE OHTALINED AFTHER

4 TRIALS WITH A RELATIVE ACCURACY

HCWSE MODEL - ULTIMATE HRUILD-~OUT/RESIDENTIAL DEMANDS ONLY

HOOSTER FUMP ACTING TO MAINTALN 35
PEAK HOUR DEMANMD:

1.5 GEM/ILUE

FIFPE NO. NODE NUMGTRS FLOWRATE  HEAD LOSS
1 ) 1 11441.47 ?B.0Y
2 1 2 9345, 47 0. 84
3 2 3 1326. 00 13.90
4 3 4 132398 20,77
5 4 S 1214.00 11.81
& 5 4 1143.9@ 113.54
7 6 7 1916.06 2¢.17
e 7 3 727.48 e 74
% 8 25 0. ua .00
THE CHECK VALVE IN LINE MUMBER 1@ IS CILOJED
11 9 16 -200. 00 ~13.57
12 18 11 -415.48 2. 43
13 11 12 784,26 S.26
14 ) 12 1997, 74 V.34
15 12 13 534,00 18419
16 12 14 14622.40 W19
17 14 15 143%. 00 27.50
18 2 26 466,53 3. 04
19 0 24 956.53 9.09
THE CHZICK VALVE IM LINE NUMBER 20 IS CLUSED
21 27 11 1331.26 28.01
22 2} 27 1331.26 0.09
23 15 1é 1401.06 23.09
24 14 17 1261. 99 13.15
25 17 18 1082, 06 1@.34
26 18 19 571,90 7.78
27 28 1¢ —46%. 00 ~B.87
THE CHECK VALVE IN LINE NUWMEBER 28 IS CLAGED
29 a2 21 1368.080 f.18
32 23 27 59U3 .10 7. 4%
31 24 3 PRI 13
32 1 24 1939949 4.03
!
JUNETIONM MUMEER PEMAND GIRADE L IME
1 7%.00 113991 1035. 00
2 127. 00 1131.87 998. 00
3 3.06 1117.97 993.08
4 187,00 1097.20 983, 80
5 4£9.00 104%5. 39 982. 00
& 129.00 1066.85 910. 80
7 287.00 1946.67 950,900
g 729.00 1840.95 245,00
? 200,90 1288.72 1900.00
19 215.00 1294.29 1106. 00
11 132,40 13172.92 1170.00
12 538,00 1314. 46 1190.00
13 534.00 12964, 48 1201.00
14 183. 00 1294.47 1160.00
13 38. 09 1246497 1076. 08
16 200,00 1243, 88 111%.00
17 199.00 1229.73 1977.08

PSI @ ELEV. 1200,
(EXCEFT DEMANDS FROM SWE REFORT)

FUMFHEAD MINOR LOSS

0.00
¥.20
0.00
B. 20
6.00
0.920
f.00
6.0
8.06

6.00
b.00
0.0
9.90
8.00
.00
0.00
9. 09
9.08

8.00
208.03
9.00
0.0
0.00
.29
0.00

9.00
6.020
9.900
9.00

ELEVATION FRESSURE

45. 46
58.01
54.15
49. 49
44,60
47.97
41.99
41.58
121.65
80.72
64.97
54.02
41.37
58.27
82.75
D5.89
62.28

= @.poAsSY
HCWSC-5WCY & SWR® TANKS
VELOCITY HIL./1008
0.00 361 1.79
6.00 2.89 4.02
©.00 .74 6.90
9.08 3.75 §.92
0.68 3. 44 5.96
.20 3.29 G5i.30
.28 2.88 4.20
b. 00 2.87 .30
0.0808 2.0 9.00
9.00 -1.28 -1.51
0.00 =265 -%5.83
B.00 2.22 2.63
0.00 3.85 3.37
.00 1.51 1.29
6.00 4,69 19.19
®.00 4.@8 8.4v
0.00 -1.32 -1.08
9.08 1.93 B.74
0.00 3.78 7.04
9.99 2.12 1.73
0.90 3.97 7.70
9.09 3.41 G5.79
9.00 2.684 4.14
0.00 1.68 1.56
0.09 -@.17 ~8.02
9.00 b.43 2.03
9. 00 1.88 A.03
B.00 1.%8 Bl
.00 3.27 1.49

ol ST S

n



18 411.00 1210.38 1110.09 43,50

19 531.00 1292.60 ?81.90 ?6.03
20 468. 020 1202.53 1970.00 57.43
21 1368. 00 1131.3%9 ?53. 0@ 77.52
22 458%. 00 1132.87 1006. 80 57.23
23 80.090 1134.52 900. 09 101.63
24 4347.00 113%5.88 230.08 89.22
25 a.09 1049.°235 1238.00 4.74
26 . - A470.060 1139.91 1834, 00 47.63
az @.06 1347.74 1930.00 137.77
THE MNET SYSTEM DEWAND = 15439.00
SUMMARY 0OF IWNFLOWS{+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
FIPE MUMBER FLOWRATE
1 11441.47
14 198%9.74
19 $58.53
22 1331.26
THE NET FILLOW INTQ THE SYSTEM FROM FIXED GRADE NODES = 15639.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE MNODES = 0.00
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i

dr



A SUMMARY OF CONDITIONS SFECIFIED FOR THE NeXT STMULATION FOLLOWS

THE DEMANDS ARE CHANGED FROM ORIGIMAL VALUES EY A FACTOR = 8.67
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THE FOLLOWING RESULTS ARE ORTAINZD AFTHIR

ASSUNML'S PEAK DAY 1 GFM/LUE,

FIPE MO.  NODY WUARIRS  FLOWRATE
1 ) 1 7645.79
2 1 2 £40.94
3 2 3 8E8. 42
4 3 4 8is. 1
5 4 5 813,38
& 5 & 8745
7 s 7 450, 72
8 7 g 433, 43
9 g 25 8. 68

THE CHECK VALVE I[N LINE NUABER 19 IS
11 Q@ 16 -134.09
12 16 11 -2723.95
13 11 12 951,95
14 8 12 853.03
15 12 13 357,78
16 12 14 19346, 74
17 14 15 964.13
18 2 26 31057
1% ) 24 540,87

THE CHECK VALVE [N LINE NUHBER 2¢ IS
21 27 11 1319, 44
22 2 27 1313.44
23 15 16 938. 47
24 16 17 8. 57
25 17 18 471.34
26 18 19 395,97
27 20 19 -4%. 20

THE CHECK VALVE IN LINE NUARER 208 IS
29 22 21 916.%54
30 23 22 3900, 351
31 24 23 4942, 11
32 1 24 475459

JUMCTION NUMBER DEMAND GRADE L IME
1 50. 25 1139.76
2 85. 89 1136.13
3 2.91 1127.51
4 73.03 1119.41
5 46,23 1113.99
4 86.43 1195.14
7 192,29 1975.55
8 488. 43 1892. 82
9 134.09 13083, 78
10 144.05 1318.24
11 88. 44 1322, 45
12 368. 456 1314.92
13 357.78 1304. 26
14 122,61 1385.31
1% 2006 1972.,.M
14 134,00 1281.21
17 - 133.33 1270. 10

? TRIALS WITH A RELATIVE ACCURACY

1.3 GPM/LUE

HEAD LOSS
3.084
3.83
b.62
7.89
.62
13,83
9.6l
73
?.00

CLNGED

-4.46
19.21
7.53
V. 8g
8.66
V.62
13.10
-3.83
3.04

CLOGED

27.51
.08
11.09
11.83
4.93
3.71
~-3.03

CLNGED
9.88
1.17
8.65
1.922

FUMFHEAD MINOR LOSS

0.00
8.09
0.0@
@.08
.00
0.09
0.00
8. 89
0.00

8.00
@.00
0.00
@.020
0.80
.80
?.00
B.80
0.00

©.00
218.85
8.00
2.00
©0.00
@.00
B.060

0.00
@.00
.08
@.00

ELEVATION FRESSURE

1835. @9
?98. 00
993.00
983.00
?82.00
?10.080
?50.00
F45.00

1009.00

1186.00

1170.098

119@.88

1201.00

1160.00

1076400

1115.00

1977.00

45.48
59.86
o913
59.20
57.20
84.57
63.97
64.06
131.464
87.464
48.06
54.13
45.61
62.97
95,69
72.02

83.71

9.006
0.00
B.09d
0.08
9.00
0. 08
@8.00
9. 0@
9,09

9.00
@.00
0.008
9.00
0.00
B.006
?.80
.09
0.00

0.00
?.008
o.00
?.00
8.0e
.08
9.0

9.00
8.00
0.008
6.08

= 9.00004
VELOCITY HL/10006
2.42 @.8%
1.87 1.91
2.52 3.31
2.951 3. 30
2.31 2.81
2.18 2,52
1.93 2.82
1.39 1. 09
3.6 8.80
-@3.86 -8.72
-1.77 -2.77
2.78 3.76
1.36 Ww.76
1.01 B.61
3.88 4.81
2.73 3.85
~@.89 -9.48
1.82 0. 45
3.74 4.88
2.18 L.69
2,46 3.67
2.28 2276
1.9 1.97
1.12 W.74
-9.11 -a.81
@a.29 8.02
1.26 B.25
1.27 B.26
2.19 #.71

)

¢ o ¢

&



18 275.37 1265.25
19 355.77 126155
29 40.20 1261.52
21 ?16.56 1136.14
22 3871.95 1136.22
23 53.60 1137.39
24 2912.49 1138.084
25 @.90 1692.82
26 328.30 1139.94
27 V.99 1347.97
THE MET SYSTEM DEMAND = 10478.13
SUMHARY OF INFLOWS(+)
FIPE MUMEER FLOWRATE
1 7665, 79
14 853.03
19 54%.87
22 1318.44

1110.00
%81.00
1870.00
953. 00
1990.00
900. 00
93@. 00
1930.00
1830.00
1030.900

THE MET FLOW INTO THE SYSTEM vROM FIXED GRADE NODES

THE NET FLOW OUT OF

THE SYSTEM INTO FIXED GRADE NODES

67.28
121.57
82.99
79.36
59.63
102.87
?0.15
27.22
47. 6%
138. 65

AND OUTFLOWS(-) FROM FIXED GRADE NODES

16478.13
9.09

1)

¢

i

Lt
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)

o)
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A SUMMARY OF CONDITIONS SPECEFIED FOR THE M XY SIMULATION FOLLOWS

Tt DEMANDS ARE CHANGED FROM ORIGIMAL VALUES BY A FACTOR = B.67

THE FOLLOWIMNG SPECIFIC DEMARD CHANGES ARE HADE =

JUNCTION MUMBER DEMAMD
3 1477.00
13 8Us. 10
19 887.00
22 2744.900
24 2565.08

.

¢



THU FOLLOWING RESULTS ARF ORTAINLD AFTUR

ASSUMES FEAK DAY 1 GrrM/LUE,
500 GFM FIRE FLOW @ 47 13, J
1258 GFM FIRE FLOW @ JT 3

PIFE HNO. NMODE NUMEERS FLOWRATE
1 "] 1 79723.56
2 1 2 1663. 25
3 2 3 2355, 41
4 3 2 886, 41
S 4 3 813.38
4 S 6 767.15
7 é 7 630.72
a 7 e 488, 43
? 8 25 U. 09

THE CHECK VALVF IN LIME MUMERER 19 IS
11 ? 18 ~134.409
12 19 11 -278.0%5
13 11 12 ?53.13
14 @ 12 1861, 30
15 12 i3 854. 080
14 12 14 1617.97
17 14 13 1475, 36
18 2 24 -785.25
19 o 26 11135.:55

THE CHECK VALVE IN LINF NUMBEFR 28 IS
21 27 1 1319.452
22 @ 27 1319, 62
23 15 16 14467.70
24 1? 17 133%. 90
25 17 i3 1283, 57
246 18 14 P37.20
27 20 19 R L el

THE CHECK VALVE IN tIME NUMBER 28 IS5
29 22 21 P1.5.056
38 23 22 34660, 56
31 24 23 I714.15
32 1 24 6280.16

JUNCTION NUMRCR DEMAND GRADE L EME
1 59.25 1139.95
2 85.87 1118.399
3 1477.08 1878.25
4 73.03 1848.36
o 446,23 1862.73
é 86.43 195.4.79
7 192,29 1844, 308
8 488.43 1843.57
k4 134,809 1303.55
19 144,43 1310.41
11 B88. 44 1322,22
i2 360. 446 1314.57
13 8546. 00 1271.89
14 122,61 1274.57
1% 2. 44 1265.04
14 144, w0 (IR L
17 133.33 1211.61

2 TRIALS WITH A RELATIVE ACCURACY = @.08009

1.3 GFM/LUE
T 19

HEAD L0SS
W. 05
21.15
R 15 it
?.89
.62
8.83
?.61
2.73
1]
CLOSED
G. 46
-12.21
7.94
8.33
4%. 58
20.10
27.53
-21.88
.12
CLOSED
B7.06
8.08
2. 24
28.1%
114.50
17.92
-4, @3
CLOSED
©. 08
1.80
.54
1.59

YLEVATIO
1935.089
998. 08
993.080
983. 00
?82.00
210. 00
?59.00
945.900
1000.00
1168. 00
1170.06
1190.00
1201.09
1160.00
10746.00
LD, W
1477.00

FUMFHEAD MINOR LOSS

2.08
.00
8.0
8.00
0.90
0.00
@h.00
0.0
?.00

B.90
0.00
8. 00
@.00
?.00
a.00
0.9008
a.00
9.00

@.u0
209,86
0.90
@.00
4,00
0.00
9. 00

0.00
0.00
a.99
B. 00

N FRESSURE
45.48
52.35
36.94
36.99
34.99
62,34
40. 84
41.84

131.54
87.54
65.946
54.02
38.37
o8. 31
81.%2
V4. @0
98.33

Q.00
B.00
9.00
9.0e
.99
2.00
2.9
0.39
@.08

8.90
0.0
0.00
?.00
.00
0.0
9.08
0.90
@.00

.09
0.08
.00
0.0@
@.090
0.00
.00

8.908
9.080
8.0
0.00

VELOCITY
2.52
4.72
6.78
2.51
2.31
2.18
1.93
1.3%9
8. u0

~%.86
-1.77
2.79
3.00
2.43
4.59
4.24

)

Pty

1.78

3.74
2.11
4.17
3.79
3.41
2.63
~9.11

9.29
1.15
1.17
1.98

HL/1d0e
A, 92
18.58
20.27
3.39
2,81
2.52
2d.e2
1.09
?.90

-9.72
~-2.77
3.77
3.27
3.89
18.0%
B. 69
-2.63

1.24

6. 89

L

{4

[

t?’!

~r & ¢ ™
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i8 275,37 11927.11 1119.00 37.75

19 86a7.00 1179.19 981.00 85.88
20 49.29 11772.15 1870.00 47.30
21 P16.56 1136.73 9%53.00 79.62
22 2744.90 11346.81 1000. 00 997.29
23 535. 60 1137.861 F0¢.00 103. 0%
24 266,09 11.48.37 230.00 90.29
25 0.80 1041.57 1830. 080 5.01
26 328.30 1137,38 18308. 908 47.61
27 B.00 1349.78 1936.28 138.57
THE NET SYSTEM DEMAND = 12308.132
SUHMIMARY OF I[NMFLOWS (+) AND OUTFLOWS (~-) FROM FIXED GRADE WNODES
FIFE MUMBER FLOWRATI
1 7993.66
14 1881. 30
i9 1113.53
22 13197.462
THE WET FLOW IMTQ THE SYSTEM FROM FIXED GRADE NODES = 12308.13
THE WET FLOW OUT OF THE SYSTEM INTO FIXED GiADE NODES = B.0a

g
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FLOWRATE IS EXFRESSED IN GFM AND FRESSURE IM FSIG

A SUMMARY OFF THE PRIGINAL DATA FOLILNWS

FIFE MUKMBER MODE NUNEERS LENGTH

THERE IS

THIRE IS

THERC 1S

THERE IS

JUHCITION MUMEER

ho B s I o S S I R R

18

NN U DN

19

A
i1
12
13
14
13

146

A

[SESESTSWLE SN
" -

NoUs W

28

A
29
39
31
32

(FeElT) CINCHES)
] 1 SB.9 36.9 100. 0
2 2000.9 12. 8 100.0
2 3 204¥. 4 12.9 180.9
3 4 3v00.0 12.9 18v.@
4 3 28u9, 8 12.9 100.9
S 3 ILew.0 10.9 100.0
4 7 A/58.98 19. 9 100.0
7 8 2Le8.09 ig.o 100.90
3 235 4404, 9 0.v 108.0
25 ? 56.8 8.0 1906.9
CHECK VALVE IN LINE NUMBIR 10
? 19 4000.0 8.9 100.90
19 11 41404, 8 .9 100.0
11 12 2080.0 16.0 100.9
] 12 iv. 9 172.0 100.9
12 13 1410890.9 19.9 106.0
12 14 2800.0 10.0 100.90
14 15 3404.9 19. 0 109.90
2 26 12040.0 1.0 1006.90
L 26 iov. 8 12.49 106.0
24 27 2508.9 18.9 100.9
CHECK VALVE IN LIME MUMNBER 20
27 11 4p6v0. 0 16.9 166.9
@ 27 SH.0 12,0 100.0
FUMF IN LINE 22 WITH USEFUL POWER = 50.90
15 14 Senv. @ 19.6 10%.9
14 17 ApP6. B 106.9 109.9
17 18 25006.9 19.9 199.9
18 19 5060.0 18.0 100.6
2 1? Jovd. B 18.6 10a.0
21 29 7200.0 18.6 100.0
CHECK VALVE IN LINE NUMBER 28
22 21 uign.e 36.9 100.0
23 22 4500, 0 36.Y 190.9
24 23 2L80.0 346.0 100.90
1 24 2704, 0 J5.0 100.0
DEMAND FLEVATION CONNECTING FIFES
12.00 1435. 08 1 2 32
?6.09 F98. 00 2 3 18
13.0¢ ?%3.4908 3 4
?4.00 Y83. 00 4 9
467.00 742.09 S 6
108.00 716. 09 6 ?
150.09 758.00 7 8
S92.080 ?45.00 8 9
122.00 1004. 40 1@ 11
282,60 118R. 40 11 2
44.00 1178.¢0 12 13 21
203.06 1196.40 13 14 15

DIAMETER ROUGHNESS

MIMOR LOSS K

0. 00
0. 20
2.09
2. 00
9.00
2. 00
©. 0o
2. 00
B.¢0
8. 00

.09
2.00
.00
?.00
?.09
2.00
.00
@. 00
0.0e
0.00

@.e0
0. 00

@, 00
.00
b.80
9. 00
9.0
2.00

@. 08
8.00
0.00
@.e0

FIXED GRADE

1140.00

1315.00

11406.00

1140.00

ATNO V3HV AGNLS SMOH 40O NOILHOd ALISN3A MO

% OSMOH HOd4 Qd3ZIS SNIVN NOISSINSNVHL

c# OlHVNIOS

”~,

o

-

wrd

o



| ! [ov ] e I ! 1 i

13 210.09 1261.00 LS

14 98.00 1148, 99 146 17
15 26.90 1076.00 17 23
16 77. 00 1115. 08 23 24
i7 94.99 1877. 40 04 25
18 302.09 1110.09 25 26
19 370.00 981.00 26 27
20 15. 00 107¢.08 27 28
21 290. 00 953,08 28 29
22 2495, B0 1000, 00 29 30
23 630,00 206. 09 Ky ] 31
24 768,06 ?39.00 31 32
2% é.09 1454, 04 9 19
26 ! 35.00 1030, 00 i8 19 28
27 ¢.90 1930, v P9 21 22

DUTFUT SELECTIOM: ALL RESULTS ARE OQUTFUT EACH FERIOD

TS SYSTEM HAS 32 MilCS Wit 27 JUNCTIONS 2 LOOFS AND 4 FIXCD GRADE NODES

i

s

Ay
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THI

HCWGC SIUDY AREA MODIL
HCWSC - OME FuUNK
FEAK HOUR DEMAND:

NODE MUMEERS

rIFE NO.
1 )
o 1
3 2
4 3
5 4
é S
7 &
8 7
9 8
THE CHECK VALVE
11 ?
12 10
13 11
14 )
15 v2
16 12
17 14
18 2
19 o
THE CHECK VALVE
21 27
22 @
23 15
24 16
25 17
26 18
27 2@
THE CHECK VALVE
29 22
30 23
31 24
Iz 1
JUNCTION NUMBER
1
2
3
4
5
&
7
8
o]
10
11
12
13
14
15
16
17

IN

IM

IM

GoONIULE W~

P2

LINE
11
12
12
13
i4

-

3
26
26

LIME

L IME
21
22
23
24

DEMAND
12,08
94,00
18.00
?4.00
69. 00

1e8.0e

158,00

592.00

122,090

202.00
44,00

293,00

210,09
?8. 60
24.00
77.89
4. 00

NUMKER

NUMEBER

MUMBE R

FOLLOWING RESULTS ARE ORTAIMED AFTER

5 TRIALS WITH A RELATIVE ACCURACY

ACTING TO MAIMTAIM 35

1.3 LML

FLOWIRATE
A4A7 ., 54
P12.54
183,49
1013. Q0
?17.90
350.00
742,00
592.00
“. 08
16 IS
-122.40
-324.06
347,38
865.62
219,08
1802.06
204.90
=212 .46
AP A4S
20 I4
917.33
?17.38
g/3.0a
801.069
707.9%4%
A5, 00
~1.4.00
20
20v. 99
265500
2775.98
3543, 00

18

GRADID 1LINE
L13%.98
1133.93
1124.30
1111.43
1184.58
1878.53
1851.25
1841.77
1382.67
13005.97
1321.29
1314.48
13046.84
1294.57
1266.32
1242.70
1216.14

Hr AD LOSS
D892
b5.96
i3.72
12.67
7.85

25.9%
27.38
9.4
Y. 09

CLOSED
‘P.41
-14.21
S.61
@32
7.89
28. 11
23,25
-6.%4
.83

CLOSED

31.16
B. 18
23,62
26.57
L3.18
9.29
"W, a1

CLOSED
Y. 01
B.546
¢.32

8.50

(EXCEFT DEMANDSG

e

= 3.08684

= 2998 “RO0JECTED DEVELOFMENT/RESIDENTIAL DEMANMDS OHLY

FS1 @ ELEV. 1200, SW'C? & SW HEHY TANKS
FROM SWE REFORT)

FUMFHIZAD  MIMOR 1.0SS VELOCITY HL/1000
B0 3.900 1.4] 9.31
v.09 @.00e 2.09 3.48
9.00 @. 08 2.92 4.36
0.ua 8.00 2.87 4,22
@.he 0.00 2.61 3.53
b.020 0.00 3.47 7.41
@. 06 0. 0e 3.083 5.76
.09 0.09 2.42 3.79
?.00 ?.90 0.0 9. 00
6.0e ?.00 -8.78 -3.60
0.00 6.00 -2.87 -3.48
a.0e a.008 2.2 3.30
0.00 0. 00 2.46 3.16
%.90 6.00 8.86 @.5%6
2.00 .00 4.69 19.85
a.00 ?.00 3. 6% 9. 31
8.00 2.00 -g.88 -9.58
¥.00 “.00 B.71 9.32
B.00 @.00 3.75 8. 54

215.63 0.00 2,60 3.51
8.0 v, 08 3.59 7.87
0.00 Y 9.00 3.27 6. 64
B. 00 %.0e0 2.89 5.27
0.00 0.09 1.45 1.86
“. 0y 0. 00 -9.086 ¥. e
3. 00 v.ed B.8s6 Y. 20
B.00 .00 @.85 8.12
%.20 9.0 0.87 @».13
9.00 0.09 1.12 0.20

FLEVATION FRESOHURE

1935.00
798. 00
993.00
983. 00
982.00
910.80
?50.00
4%, 09

1800.900

t1a8, 00

1170.09

1190.00

1201.00

1149.080

10746.00

1115, 00

1077.00

4l. A9
8.91
546.90
55.74
S3.12
73.87
43,48
41.93
131.16
8%, 40
65.56
54.03
45.86
58.32
B2.47
55. 34
460.09



18 302.dv 1202.76 1118.00 46. 28

19 370. 060 1193.57 781.00 §2.11
20 15.980 1123.53 18706.008 53.54
21 200,09 1138.54 953.00 80. 40
22 2495, 48 1138.55 1000. 00 60,84
23 60.00 1139.11 909. 20 103.61
24 768. 09 1139.43 730.00 075
25 8.080 1841.77 1039.00 5.18
26 35.00 1139.%7 1030. 00 47,65
27 9.00 1355.4% 1836.00 141.03
THE NET SYSTEM DEMAND = 46500. 6a
SUNHARY OF INFLOWS(+) AND DUTFLOWS (-) FROM FIXED GRADE NODES
PIFPE NUMRER FLOWRATE
1 4467 .54
14 865.62
19 249,46
22 ?17.38
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE MNODES = 6500. 08

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GKADE NODES = 9.00



A& SUMMARY OF CONDITIONS GPECIFTED FOR THE NEXT SIMULATION FOLLOWS

THE DEMANDS ARLE CHANGED FRUM NRIGTINAL VALUES BY A FACTOR =

THE FOLLOWING SPECIFIC DEMAND CHAMGES ARE MADE :

JUHCTION NUMBCIR DE.MAND
13 714.80
19 890.00
22 1517. 0@
24 454,00

@.467

o



THU' FOLLOWING RESULTS ARE OETAINED AFTER 4 TRIALS WITH A RELATIVE ACCURACY = 0,00013

ASSUMES FEAK DAY 1 GPM/LUE, 1.3 GFM/LUE
FIRE FLOW 5890 GFM € JT 13, 19

PIFE NO.  NODF NUMRER CLOWRATE  MHEAD LOSS FUMFHEAD MINOR LOSS  VELOCITY HL/1900
1 @ 1 296581 w. el 0. 00 .00 9.93 B. 15
2 1 2 61141 3.31 0. 0e 0.00 1.73 1.66
3 2 3 &S0 77 4,16 D.00 0.09 1.96 2.
4 3 4 673.71 5.3 ¢. 00 %.00 1.93 201
5 4 5 615.73 .36 8. 00 .00 1.75 1. 48
P 5 6 G670 1736 2. 00 .00 2,33 x.53
7 6 7 487,14 13.04 @.00 0.00 2.03 2,75
8 7 8 398.54 4.%52 @. e ?.00 1.62 1.81
9 8 29 . B0 B.90 8.e0 ?.00 9. 00 9.06

THE CHECK VALVE IN LINE MUAJER 18 IS CLOSED
11 9 10 —B1.74 —1.1% ?.09 0.08 -0.52 -9. 29
12 18 11 -21/.98 -7 72 a. 09 9. 08 -1.39 -1.75
13 11 12 64299 9. 36 2.00 9. 00 .71 4. 48
14 ) 12 12v35..30 W. 67 9. 00 0. 08 3.467 6. 66
15 12 13 710.00 74.91 @.00 p.080 2.98 5. 31
16 12 14 1112.28 04,40 8. 060 0.20 4.54 10,2
17 14 15 1846, 62 37-06 .00 2.0 4,28 10.99
18 2 24 -143.48 3.31 %-080 0.0@ ~-@.59 -, 28
19 8 24 167.13 @.082 8.00 p.00 @.47 P.1%
THE CHECK VALVE IN LIME MUABER 26 IS CLOSED
21 27 11 989,55 33.62 6. 00 p.08 3.72 8.40
22 ] 27 P07, 55 B-17 217.48 ?.08 2.58 .44
23 15 14 1329, 20 21.70 p.08 9.00 4.08 19.57
24 16 17 97/, 41 £i2. 42 W. 09 0.02 3.99 9,81
25 17 18 914,63 D1.23 ©.09 9.0 3.74 8. 49
26 18 19 712,27 24,72 @. 00 0.00 2.91 5. 34
27 20 19 177.71 .3 0.00 ®.00 ®.73 9.41
g 21 29 18/.76 1.26 %. 00 @.020 8.77 @, 45
29 20 21 321.74 ¢.ei 0.04 0.60 o.10 a.ee
30 23 20 1933, /6 ®.28 %. 00 9.00 8.58 ?.84
31 24 23 1092. 36 0.16 @.00 %.00 8. 60 Q.06
an 1 o2 DIAL. 34 A. 26 ?. 04 0.09 8.74 9. 89
JUNCTION MUMEER DEMAND GRADE LIME  ELEVATION FRESSURE

1 8.%4 1139.997 19035.00 45,50

2 44,32 1134, 48 998. 90 40. 89

3 12.96 1132.52 993. 00 68.46

4 62.98 1126. 49 983,00 62.18

5 46.23 1123.1.3 962,00 61.16 .

6 72.34 1118.77 910.00 87.00

7 100.50 1997.73 950. 00 64.02

8 396.64 1093.21 945.00 64,22

? 81.74 1314.82 1800. 00 1364. 42

10 135.34 1315.97 1108.00 ?@. 12

11 29.48 1323, 49 1170.00 66,40

12 136.01 1314.33 1190.09 53. 48

13 716,88 1239.43 1201.00 14.65

14 65. 66 1289.93 1149.90 Sé.31

15 17.42 Tt un 107499 Th. 6%

164 Ly RO IY]) 111", 09 46,03

17 42.94 1182. 75 1877.09 45,83

1*
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18 202,34 1161.52 1119.080 22.33

19 899.00 1134.30 ?81.00 66.65
20 19.09 1136.03% 1970, 00 28.461
21 134,04 1137.29 ?53. 08 86.72
22 1517. 00 1139, 308 10006. 00 68, 36
23 33.68 1137.08 ?08.00 103.82
24 454,089 1139.74 ?3@. 08 ?8.89
25 .49 Lwes, 2 1930. 08 Q27.39
24 23.4% 113%.98 10306.00 47.466
27 0.8 1357.31 1036. 90 141.63
THE. NET SYSTEM DEMAND = S5337.7%
SUMMARY OF THFLOWS (+) AND OUTFLOWS(-) FROM FIXED GRADE MODES
FIPE NUNMEBER FLOWRATE
1 2963, 81
14 1295.39
19 167.13
22 ?09.55

THE NET FLOW INTO THE SYSTEM FiOM ©IXED GRADE NODES = 5337.79
TUE MET FLOW QUT OF THE SYSTEM INMTO FIXED GRADE MUODES = a.v0

I

Fo



A SUMMARY OF CONDITIOWS SFECIFIED FOR THHZ WMOXT SIMULATION FOLLOWS

THE. DEMAMDS ARE CHANGED FROM OR(GIMAL VALUES EY A FACTOR = O.67

THE FOLLOWING SFECIFIC DEMAWD CHANGES ARSI HADE =

JUNUTION MUMBER DEMAND
22 151/7.60
24 454,80

‘«'h

™



FLOWRATE IS EXFRESSED IN GFM AMD PRESSURE IN FSIG

A SUMMARY OF THE ORIGEIMAL DAYA FOLLOWS

PIFE NUMHER MODE MUMNEERS LEWGTH

—
WM, COND USSP~

THERE 1S

)
=

B
0
-

THIRE IS A CHECK

e}
THERDC IS A FUMF INM

THIRE IS A CHECK
29
39
31
32

JUHCI TONM MUMBRER

NN U BWR -~

ESREE

[ iy B 8]

AN

<
- - D)
RN E~Sgr e,
<
'}

-
-

2
<]
26
VALVE
27
[
LINE
135
16
17
i8
26
2
VALVE
22
23
24

1

DEMAND
12.09
?6.00
13.00
?4.86
467.90

108.00

150.00

592.69

| 22.00

202,49
44,00

J03.00

ROUGHMESS

190.0
108.08
100.8
len.@
106.0
190.0
1006.0
108.9
1090.9
108.9

106. 0
100. 6
1006.9
100.9
196e.8
1006.90
106.0
180.9
106.0
199.6

106.9
106.9
50.00
196. 6
100.48
106.4
106.0
1806.6
100.0

100.6
109.9
100.0
188.9

CONNECTING FIFES

DIAMETER
. (FECTY  (IMGIIES)
1 50.9 36.0
2 260, 9 12.9
3 20Wd. 9 179
4 I00R. 0 12.0
5 2009, 6 1209
b 3500.9 10.0
7 47508.0 10.9
8 2500.8 10.6
2% 4904, 9 3.9
9 Sh.0 8.8
IN LINE NUHBCR 1@
10 “Woon. 8.0
11 4404, 9 3.9
12 2000, 9 10.0
12 1M9. 9 170
13 14100.0 19.9
14 2800.0 10.0
15 31400.9 19.0
26 12096. 8 16.1
26 199. 8 12y
27 2590.0 9.9
IM LIME MUNBER 26
11 4002, 0 16.9
27 56. 0 12.0
A2 WITH USEFUL POWE R
L6 3809, 0 168.9
17 40061 10. 4
18 2500. 0 19.9
19 SGa0. 0 19.9
19 3000.0 16.6
26 7200.0 1.4
IN LINE NUAKER 28
21 £104.0 356.0
22 1600, 9 36.9
23 jeadl’ N ) 34.9
24 2704, 9 35.9
ELEVATION
193%. 08 1
9983. 80 2
973,90 3
933, AN 4
902,99 5
910, P9 &
950. 99 7
945,80 8
180Y, A 1@
1104, vi i
1179, 0@ 12
1190. 1@ 13

MO NS D

32
18

15

MIMOR LOSS K

16

8. 00
1]
@.00
B.90
h.00
@.0806
a.140
@9.988
?A. 00
9.98

2.00
%.00
0. 00
a.00
?.00
0. 0e
?.00
.00
©.80
0.00

a.00
8.0

.00
.00
A. 08
9.00
@.00
0. 00

9.00
0.0
0. 40
0.00

FIXED GRADE

1140.06

1315.08

1148.080

1140.00

ATNO V3HV AGNLS SMOH 40 NOILHOd ALISN3A MO %

NOISSINSNVH.L

OSM3OH HOd4 A3ZIS SNIVIN

€# OIHVN3DS

e

Ly



13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

QUTFUT SELECTIONM: ALL RESULTS ARE

THIS SYSTEM

“ ¥haia¥iYS

|

219.00
?8.00
26.80
77.09
74,90

302.89

370. 09
15.00

208. 61

2495.04
8.0
768.06
0.006
35.00
@.00

[T I1 Yy ()

1701. 09 s
1160. 80 14
107400 17
1115. 860 23
107/. 00 04
1110. 29 25
?31.90 oy
1676. 08 27
953,08 08
100@. B0 29
S00. @0 L)
910. 00 31
1834, 09 )
1330, 20 18
1838. 00 20

HAS 32 FLIFES WITH 27 JUNCTINNS

E

17
23
24
23
26
27
28
29
30
31
32
18
19

21

QUTFUT EACH FERIOD

S

[N

2 LOOFS

AND

4 FIXED GRADE MODES



THU FOLLOWIMG RESULTS ARE ORTAINED AFTER & TRIALS WITH A RELATIVE ACCURACY = 0.03084
HCWSC SFUDY AREA MODTL ~ 2vd8 R0JECTED DEVELOFMENT/RESIDEMTIAL DEMANDS ONLY
HCWSC - OME FPUMI ACTING TO MAINTAIN 39 FPSI €@ CILEV. 1200, SW'CY' & SW'H' TANKS
FZAK HOUR DEMAMD: 1.9 GEFM/LLEI (EXCEFT DEMANDS FROM SWE REFORT)

FIFE MNO. NODE NUMEBERS FLOWRATE HAD LOSS  FUMFHEAD MINOR L.OSS VELOCITY HL/1096

1 ;) L A847 . 54 9.02 @.90 2.080 1.41 @.31
2 1 2 912,54 4696 ©.00 0.0 259 3.48
3 2 3 1831989 3.72 .00 2.00 2.92 4.36
4 3 4 1913, 66 12.67 B.00 B.00 2.87 4.2
5 4 5 91.7. 08 7. 85 %.v0 .99 2.61 3.53
6 5 b B50.00 25.95 2.00 8.00 3.47 7.4l
7 & 7 742,08 27.38 @.08 .09 3.83 .74
8 7 B 562,00 9.49 ?.60 ?.00 2.42 3.79
9 8 25 v. oY W. AB B. 08 B.00 @.00 .00
THE CHECK VALVE IN LIME NUMBER 16 IS5 CLOSED
11 9 10 ~122.90 .4 ©.00 2.00 -9.78 )
12 10 11 334,00 ~1é.21 9.00 ©.08 -2.97 ~3.68
13 11 12 547,40 be bl 0.99 ?.00 2.24 3.30
14 %) 12 865.62 9.32 2.0 0.00 2,46 3.16
15 12 13 214,00 7.85 ©.00 9.89 B.86 .56
14 i2 14 1002. 09 2. 11 9.00 .90 4.9 19. 85
17 14 15 P94, Vi 1. 25 2.00 9.00 3.649 8.31
i8 2 26 -21. 44 -6.94 0. 0o 9.00 -0.88 -G. 58
19 %) 26 747 .44 .03 *.098 ®.80 @.71 B.32
THE CHECK VALVE IN LIME MUMEBER 26 IS5 CLOSED
21 27 11 917.33 34.16 ?.00 ©.00 3.7% 8.54
22 o) 27 917.38 @.18 215.63 2.00 2.60 3, 51
23 15 16 g713.00 23.62 3. 00 0.00 3.59 7.87
24 16 17 801,00 4. 57 2.00 T 3.27 6. 64
25 17 18 747,94 13.18 ?.80 .00 289 5,27
24 18 19 A6, BB 9.39 9.08 0.00 1.65 1.88
27 28 19 ~1. 08 .91 @. 00 8.00 ~-@. 06 w.08
THE CHECK VALVE IN LINE NUMRER 28 1S CLOSED
29 22 21 204. 90 9. 01 B. B0 ?.0@ ¥. 85 %. 29
39 23 22 2455, @ B.56 h.00 B.00 0.85 B.12
31 24 23 2775. 98 W32 B. 0o 9.00 a.87 ¥.13
32 1 24 3543, 00 0.5% ®.00 ®.00 1.12 0.2@
JUNCTION RNUMRER DEMAND GRADE L INE CLEVATION FRESGURE
1 12,60 1139.98 1935.00 45,49
2 94,08 1133.93 998. 00 58.51
3 18. 00 1124.30 993.00 %56.90
4 94.00 1111.63 983, 09 55.74
5 69. 00 1104.58 982.00 53.12
& 186. 98 1878.53 910.00 73,07
7 150. 06 1851.25 950,00 43.88
8 592.00 1841.77 ?45. B9 41,93
% 122.00 130247 1880, ¥ 131.14
10 202.00 1305.07 1108. 00 8%.40
11 44,98 1321.29 1170.60 65.56
12 293.00 1314, 4¢ 1190. 08 54,83
13 210,09 1384. 84 1201.00 45. 86
14 98. 00 1294.357 1140. 00 58.32
15 26.00 1266.32 1076. 00 B2.47
16 77.00 1042, 7@ 111%, 89 LY. 34
17 94,00 1216.14 . 1077.80 4B.29
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18 392,009 1202.78 1110.00 49.28

19 370. 00 1193.57 781.00 2.11
20 19,449 I B AN 1474, 00 HECPRVE |
21 200. 6y 1138.54 953, @0 80. 10
22 2495.00 1138.53 1900.00 65,04
23 80.60 1139.11 900,00 193,61
24 7468.40 1119.43 230. 09 90,75
25 @.00 1841.77 1236.00 5.10
26 15,00 1139.277 1830.00 47.65
27 9.00 1355.4% 1836. 00 141.03
THE NET SYSTEM DEMAND = 4569, ge
SUMHARY OF INFLOWS (+#) AND OUTFLOWS (-} FROM FIXED GRADE MODES
PIFE NUMRER FLOWRATE
1 44467.54
14 Béu. 42
19 249.46
22 917.38
THE MET FLOW INMTO THE SYSTEM FROM FIXED GRADE NUODES = 4580.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GLRADE NODES = 0.00
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A CUMMARY OF COMDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE DEMANDS AKRE CHANGED FRUM ORIGIMAL VALULES RY A FACTOR = B.67
THE FOLLOWING SPECIFIC DEMAND CHAMGES ARE MADE =
SUNCTION MUMBCR DEMARND

13 710.00

19 89d. 0d

22 1517.00

24 454,00
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THE FOLLOWING RESULTS ARE ORTAINED AFTER 3 TRIALS WITH A RELATIVE ACCURACY = 0.00083

ASSUIMES PEAK DAY 1 GFM/LUF, 1.3 GFM/LUE
NO FIRE FLOW-DOMESTLIC MAX DAY GIMAND QWLY

PIPE MO. MODE NUMHRERS FLOWRATE HEAD LOSS FUMFHEAD HINOR LOSS VELDCITY HL/1000

1 ] 1 2770.06 V.01 " 1% 0.0 2.88 9w.13
2 1 2 &H11.42 332 6.00 8.00 1.73 1.66
3 2 3 6949, /7 / d.14 B. 09 .08 1.96 2.08
4 3 4 678,71 4.93 “.06 W.0e 1.93 2.1
G 4 ) b6153.73 336 0. 09 .00 1.7% 1.48
4 S & 569.50 12.34 V.00 9.0608 2.33 3.53
7 é 7 49/7.14 13.04 @.90 0.00 2.03 2275
8 7 8 394. 64 4.52 b.80 b.ae 1.62 1.81
9 8 25 v. v W. 68 3.00 9.96 B.e9v h.08
THE CHECK VALVE IM LINE NUMRER 1¢ IS CLOSED
11 9 16 -81.74 ‘1.15 V.00 0.09 ~-8.,52 -9. 29
s 10 11 -217.98 =774 0.08 0.00 -1.39 -1.7%
13 11 12 66112 .31 8.99 @.00 2.70 AL b
14 @ 12 286,93 6.084 B.090 B.90 @.81 B.41
15 12 13 146,70 .74 0.00 B.00 9.57 A. 27
14 12 14 671434 .58 D.00 @.00 2.74 4.79
17 14 139 605468 13,44 9.0 9.00 2.47 3.96
14 2 26 ~143.67 -3.31 9.0 9. 0e -0.59 -0.28
19 % 26 16712 H.B2 h.0e %.00 B.47 WalS
THE CHECK VALVE IN LINE MUMEBER 20 IS CLDSED
2 27 1M PA7.60 5.1. 49 ?.00 b.0é 3.71 .37
22 ('] 2/ YO/ A1 6.1/ 212008 W, 68 RPN 3,40
2. 15 16 GBS 1129 0. 08 .00 2.49 2.75
24 16 17 336.67 12.45 @. 00 9. 00 2.19 3.16
25 17 18 473.67 Ga 28 9.00 b.00 1.93 2.9
26 18 1 271.35% 4.47 9. e 0.00 .11 8.89
27 20 19 =19 -G B ?.00 B.20 -9.084 ©.20
THE CHECK VALVE IN LINF MUNHER 28 1% CLOSED
29 22 21 134,44 vi- B9 B-08d 9.00 9.04 ?. 09
K1 23 a2z 146L1.00 8.23 0.0 @. 08 8. 52 2.0%3
31 24 23 1704, 40 W.13 “. 0o 0.0 B.54 W. 25
32 1 24 2158.60 8.22 9.00 9. 08 9. 68 8.68
JUNCTION WUMBIR DEMAND GRADE LIME FLEVATION FRESSURE
8. 04 t13%9.99 163%5.09 45.50@
2 64,32 1136.68 798.090 60,09
3 12.96 1132.52 993.00 6@. 44
4 62,98 11246, 49 ?83.00 62.18
S 46.23 1123.13 982. 00 6l.lé
é 72.36 111e.77 916.00 87.09
7 160.50 1897.73 7590. 00 64.62
8 394. 64 1993, 21 ?45. 00 64.23
? g1.74 1315.40 1000.00 136.67
10 135. 34 1316.53 1108. 00 ?8.37
11 29.48 1324,27 1170.98 66.85
12 1346.91 1314.74 1196.99 54.15
13 1498.70 1311.22 1261.00 47.76
14 65.66 13045. 38 1160. 00 63.09
15 17.42 12e1.92 10746.08 ?3.57
14 51,09 1234, 47 1115.00 7L.7%9
17 62.98 12468.82 1077.060 82.78
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18 282.34 1261.74 1116.00 b65.76

19 261.30 1257.27 981.00 119.72
29 18,085 1237.26 1079. 00 81.15
21 134.09 1139. 41 ?53.00 80.78
22 1517.99 1139.41 1906. 00 6B.41
23 53. 60 1139.464 ?80.00 103.85
24 454,00 L139. 27 ?30. 00 28.989
28 3.90 1493.21 1934.00 27.39
26 23.45 1137.78 136,00 47.66
27 0.06 1357.76 103@.00 142.03
THEZ NET SYSTEM DEMARD = 4139.79
SUNMMARY OF IMNFLOWS(+) ANMD CUTFLOWS(—) FROM FIXED GRADE MNODES
PIPE NUHMBER FLOWRATE
1 2778.06
14 2846.73
19 167.12
22 ?87.68
THE MET FLOW INMTO THE SYSTEM FROM FIXED GRADF NODES = 4139.79
THE NET FLOW OUT OF THE SYSTEM INTO #LXED GRADE MODES = B.00
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