








recovery fees for water service in ad it ion to the City's standard wholesale rate. By this 

agreement, HCWSC originally had u til May of 1989 to obtain financing for the proposed 

water improvements; however, this d adline has been extended. 

Discussions between the City of Aus ·n and the HCWSC attorney have suggested the City 

would be willing to extend the water ervice contract for a period considerably longer than 

the initial three year contract. This is imperative if funding is to be obtained through a 

Texas Water Development Board ( B) loan. The Texas Water Development Board 

requires a water service contract be aranteed for the life of the loan. Another condition 

for a TWDB loan is for the HCWS to have a commitment from the City assuring the 

necessary water be available withou limitations for the life of the loan. The existing City 

of Austin water system is sufficient t serve the immediate needs of the HCWS Study Area. 

However, as growth occurs within th Study Area and within the City of Austin Southwest 

'B' service area, the City of Austin Southwest 'B' water system would require additional 

elevated storage either at the La Cr sse Avenue or Circle Drive location. In order for the 

HCWS to meet their long term fina cial obligations, it will be imperative for the additional 

Southwest 'B' elevated storage fadli to be constructed so that the corporation can connect 

new customers as development occ rs and thus reduce the debt burden on its initial users. 

The Study Area is located withi the City of Austin and City of Dripping Springs 

Extraterritorial Jurisdictions (ETJ). There is the possibility the City of Austin may annex 

all or a portion of the Study Area c rrently within its ETJ. However, there are many issues 

which will impact the potential for nnexation. One of the primary considerations for the 

City of Austin will be the amount f indebtedness it will encumber by annexation. Other 

issues which will affect the City'S ecision regarding annexation include: 1) whether the 

LCRA is the water supplier for the Study Area; 2) the Study Area is within the Pedernales 

Electric Cooperative Service Area recluding service via the City of Austin Electric Utility, 

and 3) a Certificate of Convenienc and Necessity (CCN) is filed and approved by another 

entity. 

3. The Possible Effect of Local Re lation and Controls Austin Plan - ector 201m 

on Study Area 

A portion of the Hill Country Wat r Supply Study Area lies within the limits of the Austin 
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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 1 to 3 units per acre. Slightly higher densities (levels 

4 and 5) are recommended for the Circle C West area/FM 1826 and along Highway 290. 

Levels 4 and 5 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 descnbed 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 Count!)' Critical Area Underground Conservation District 

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. 

5. 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 minimum, attain 30-day average maximum concentrations of five milligrams/liter 

(mg/l) 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 lO-mile boundaries for wastewater irrigation. 

6. Environmental Constraints 

Environmental Data-

The study area is situated within the physiographic region known as the Edwards Plateau. 

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 loarns 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 

BaIcones 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 atricapiIIus (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 S3 

Eurycea neotenes (Texas Salamander) G3 S3 found in the springs of the Edwards Plateau 

region 

Philadelphus emestii (canyon mock-orange) G2 S2 found on rock outcrops 

Streptanthus bracteatus (bracted twistnower) 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 faIl 

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 result 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 

creeks 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 dramatically 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. 
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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 ms!. 

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 ms!. 

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 ms!. 

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

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

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

statement generated. 

3) 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. 

4) 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. 

5) 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. 

6) Upon agreement with the governmental entities to fund or participate m 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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7) 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. 

8) 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. 

9) 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. 

10) 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. 

11) 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 '8 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 cost is $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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Transmission Mains 
500 LF 16" 
80,450 LF 12" 
17,450 LF 8" 
6,000 LF 6" 

Storage 

TABLE 8 
RECOMMENDED SYSTEM· THE SYSTEM 

CONSTRUCTION RELATED COSTS 
(ULTIMATE CONFIGURATION) 

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

$ 25,000 
2,896,200 

366,450 
114.000 

$3,401,650 
340,165 
748.363 

SW 'B' ground storage 275,000 gallon 
SW 'c' elevated storage 400,000 gallon 

$ 275,000 
520.00Q 

$ 795,000 
79,500 

174,900 

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 Ea. @ $500/Ea. 

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

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 

$ 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 

$4,490,178 

$1,049,400 

$ 231,000 

$2,925,120 

$2,141,700 

$ 342,672 

HILL COUNTRY INFRASTRUCTURE AND DISTRIBUTION TOTAL $11,180,070 

Services to House 
3245 Ea. 150 LF @ $7/LF Subtotal 

Contingency 10% 
Engineering 
TOTAL 

GRAND TOTAL 
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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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1. 

2. 

3. 

4. 

5. 

TABLE 9 

HILL COUNTRY WATER SUPPLY 
PROJECTED OPERATION AND MAINTENANCE COSTS 

Standard 
Description Unit Cost Per Month Yearly Cost Comments 

General Accounting $250 per month $3,000 Payables reviewed once 
per month 

Customer Billings $3.50jcustomer* $50,400* Billing once per month 
(or $4,200) 

Basic Operations 
A) Storage & line $1,200jlump sum $14,400 Storage tank & line flushing 

maintenance per Texas Health Dept. 

B) Fire hydrant $200jlump sum $2,500 Maintenance as per 
maintenance manufacturers 

recommendations 

C) Booster station $100jlump sum $1,200 Maintenance as per 
maintenance manufacturers 

recommendations 
w /Landscape maintenance 
of Booster station and 
reservoir grounds 

D) Booster Station $2,140 per month $25,367 Electricity Source: 
electrical charge Pedernales Electric 
(Phase I) Cooperative 

Clean tanks (2) $500 Once per year (lump sum) 

Emergency Service Estimate $400 $5,000 For broken fire hydrants, 
(estimated) hydrants, dug up mains and 

service lines, etc. 
TOTAL $8,490** $102,367** 

Note: 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 

** Assumes repainting of Phase I storage tanks will occur when Phase II storage tanks are 
constructed. 
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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. 
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TABLE 10 

PHASING OF CONSTRUcnON RELATED COSTS' 

Phase I Phase II Phase III 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 1,488,6902 1,087,8302 4,964,4002 

Services to Meter Box3 792,000 880,440 469,260 2,141,700 

Meter/PRY 126,72Q 140,870 75,082 342,672 

Subtotal $8,325,042 $2,995,600 $1,992,772 $13,313,414 

Services to House4 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. 

2Due 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). 

3 Assumes 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 SYfSTEM 
CONSTRUCTION RELATED COSTS 

Transmission Mains 
80,900 LF 12" $36/LF $2,912,400 
17,450 LF 8" $21/LF 366,450 
2,000 LF 6" $19/LF 38,000 

Subtotal $3,316,850 
Contingency 10% 331,685 
Engineering 20% 729,707 

TOTAL $4,378,242 
Storage 
SW "B" ground storage 125,000 gallons $125,000 
SW "c" elevated storage 200,000 gallons 260,000 

Subtotal $385,000 
Contingency 1 0% 38,500 
Engineering 20% 84,700 

TOTAL $508,200 
Pumping 
SW"C" 1100 gpm $100,000 

Subtotal $100,000 
Contingency 10% 10,000 
Engineering 20% 22,000 

TOTAL $132,000 
Distribution Mains 
37,000 LF 4" $15/LF $555,000 
58,000 LF 3" $12/LF 696,000 
39,000 LF 2 1/2" $lO/LF 390,000 
21,000 LF 2" $8/LF 168,000 

Subtotal $1,809,000 
Contingency 10% 180,900 
Engineering 20% 397,980 

TOTAL $2,387,880 
Services to Meter Box 
1200 EA $500/EA $600,000 

Subtotal $600,000 
Contingency 10% 60,000 
Engineering 20% 132,000 

TOTAL $792,000 
Meter/PRV 
1200 EA $80/EA $96,000 

Subtotal $96,000 
Contingency 10% 9,600 
Engineering 20% 21,120 

TOTAL $126,720 
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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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$1,260,000 

126,000 
277.200 

$8,325,042 

$1,663,200 
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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 Board 

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 

Page 88 



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. aI., 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. 

Page 91 



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%) 
System Maintenance 
Electrical Cost 

Subtotal 

Water Softener/Salt 
Bottled Water or Special Treatment 

Subtotal 

TOTAL ESTIMATED MONTHLY COST 

$149.00 
15.00 
15.00 

$179.00 

$ 22.00 
16.00 

$ 38.00 

$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 

Corporation/District Tap Fee 1 

Service Line to House/Plumbing Modifications2 

$1,200 

1,300 

1.050 
Total Initial Cost $3,550 

Monthly Costs (assuming 1200 customers) Corporation3 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 $123.004 $119.004 

1Per 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. 

3The 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. 

4Th is 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 PROJECf . 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 

Construction Costs 

Water Transmission 

Storage 

Pumping 

Water Distribution 

Service to Lot 

Water Meter/PRY 

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 



APPENDIX A 

AMORTIZATION SCHEDULES 



AMORTIZATION SCHEDULE 
CORPORATION SCENARIO 

Annual Total 
Accrued Annual Annual 

Year Interest Amortization Payment 

1 903,674 ° ° 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 

10 773,776 416,927 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. 



AMORTIZATION SCHEDULE 
DISTRICf SCENARIO 

Annual Total 
Accrued Annual Annual 

Year Interest Amortization Payment 

1 807,288 ° ° 2 864,733 132,247 568,545 
3 856,242 280,848 1,137,091 
4 832,932 304,159 1,137,091 
5 807,687 329,404 1,137,091 
6 780,347 356,744 1,137,091 
7 750,737 386,354 1,137,091 
8 718,670 418,421 1,137,091 
9 683,941 453,150 1,137,091 

10 646,330 490,761 1,137,091 
11 605,597 531,494 1,137,091 
12 561,483 575,607 1,137,091 
13 513,708 623,383 1,137,091 
14 461,968 675,123 1,137,091 
15 405,933 731,158 1,137,091 
16 345,247 791,844 1,137,091 
17 279,525 857,566 1,137,091 
18 208,347 928,744 1,137,091 
19 131,262 1,005,829 1,137,091 
20 47,778 1,089,312 1,137,091 

TOTAL 11,309,757 10,962,146 21,036,181 

Assumptions: 

1) Interest Rate - 8.00% 

2) Capitalized Interest after 18 months is $1,096,424. 
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18 411.00 1210.38 1110.00 43.50 
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PIPE NO. NOD:.: NU;1BO~S I~LOWRATE :1::(\ n lOSS PUMPHEAD MINOR LOSS VELOCITY HL/1000 

1 0 1 7665.79 0.04 0.00 0.00 2.42 0.B5 

2 1 2 6.','3.94 S.83 0.00 0.00 1.87 1.. 91 
3 2 3 888.42 6.62 0.00 0.00 '"l 110':.., 

.:...J ... 3.31 
4 3 4 8:)·',.11 '1.89 0.00 0.00 2.51 3.30 

5 4 ,. 
.J B13.~3B 5.62 0.00 0.00 2.31 2.81 

6 5 6 767.13 :).83 0.00 0.00 2 .. 18 ""\ .::- ') 
.-_ .. ....J ... 

7 6 '1 6El0.72 9.6:l 0.00 0.00 1.93 2.02 
8 7 0 4'lO. 43 ;>.73 0.00 0.00 1. 39 1. 09 
9 8 ..,r 

.:. . .J 0.B0 0.01!l 0.00 0.1!l0 0.00 0.00 
THE CH[CK VALVE IN LINE NUMBER H) IS CL.I]:.,ED 

11 9 10 -134.00 -6.46 0.00 0.00 -0.86 -0.72 
12 10 11 '210.05 ·1·~). 21 0.00 0.00 -1.77 -2.77 
13 11 12 (7~1. 95 7.53 0.00 0.00 2.70 3.76 
14 0 12 853.\13 ~J. 08 0.01'1 0.1'11'1 1.36 0.'16 
15 12 13 357.78 8.66 1'1.00 0.00 1.01 0.61 
16 12 14 10:36.74 ~7 .. 62 0.00 0.00 3.08 4.81 
17 14 1 ~., 964.13 13.10 0.00 0.00 2.73 3.85 
18 2 26 ·3P.57 '3.83 0.00 0.00 ··0.89 -0.48 
19 0 26 640.87 0.04 0.00 0.00 1 .. 02 0.45 

rHE CHECK VALVE IN LINE NUMBER 20 IS CI .. O';ED 
21 27 11 131[1.44 27.51 0.00 0.00 3.74 6.88 
22 0 27 l.3 til. 14 ~.08 210.05 0.00 ~.10 .1..69 
23 15 16 930.67 11.00 0.00 0.00 2.66 3.67 
24 16 t7 S-H.S7 t1.03 0.00 0.00 2.28 ::'.76 
25 17 18 671.34 4. 9~~ 0.00 0.00 1.90 1.97 
26 18 19 39:;.97 .1.71 0.00 0.00 1.12 0.74 
27 20 19 ·'40.20 -·0. 0~3 0.00 0.00 -0.11 -·0.0:l 

THE CaECK VALVE IN LINE NUi1BER 28 IS CLI):,ED 
29 22 2:L 916.56 0.08 0.00 0.00 0.29 0.02 
30 23 22 390:1. 31 L 17 0.00 0.1'10 1. 26 ~ '")c-. .:...., 
31 24 23 4042.11 0.65 0.00 0.1'10 1.27 0.26 
32 1 24 6951. ,~0 1.92 0.1'11'1 1'1.00 2.19 0.71 

JUHCTI ON NUMBER DEMAND GI~ADE LINE ELEVATION PRESSURE 
1 30.25 11:39 _ 96 1035.1'11'1 45.48 
2 85.09 1136.13 998.00 59.86 0-
3 2.01 1.l.2?31 993.1'11'1 59.1'5 
4 73.03 1119.61 983.1'10 59.20 
5 46.23 1113.99 982.00 57.20 
6 86.43 1105.16 910.00 84.57 
7 192.29 10'}3. :55 950.00 63.07 
8 488.43 1092.82 945.00 64.06 
9 134.00 131tl.3.18 1000.00 131. 64 

10 144.05 1310.24 1108.00 87.64 
11 88.44 1322.1\5 1170.00 66.06 
12 360.46 1314.92 1190.00 54.13 
13 35'1.78 1306.26 1201.00 45.61 
14 122.61 1305.31 1160.1'10 62.97 
1:5 :!:i.4/1 1 ;I')~I. :'1 107 .... 00 \l3.fo\l 
16 134.00 1281.21 1115.00 72.02 
17 . 133.33 1270.18 .til 77 .00 83.71 
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18 275.37 1265.25 1110.00 67.28 
19 355.'77 1261. .. :'j5 981.00 121.57 
20 40.20 1261.52 1070.00 82.99 
21 916.56 1136.14 953.00 79.36 
22 3071.95 :L136.22 1000.00 59.03 
23 53.60 1137. :3" 900.00 102.87 
24 2912.49 1138.04 930.00 90.15 
25 0.00 1092.82 1030.00 27.22 
26 328.30 1139.96 1030.00 47. c!,5 
27 0.00 134'1.97 1030.00 138.65 

TI:[, NET SYSTEM DEKAND 10478.13 
SUMMARY OF INFLOWS I.) AND OUTFLOWSI-) FROM FIXED GRADE NODES 

PI PE NUMBER 
1 

14 
19 
22 

FLOWRATf 
7665.7? 
853.03 
64~.B7 

1:518.44 

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 10478.13 
111E NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES 0.00 
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A SU11MARY OF CONDIT rONS SPEC [nt,:D :70R r:iE I'I'~XT SIMULATION FOLLOWS 

Till:. DEMANDS ARE CHANGED FROM OFnGmAL VALUE.S BY A FACTOR 0.67 

THE FOLLOWiNG SPECIFIC DEMAND C:1ANGFS ARE MADE 
JUN~TION NUMBER DEMAND 

3 1471.00 
13 856.00 
19 887.00 
22 2744.00 
24 2566.00 
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THI' FOlLOWHIG RESULTS ARE OItTAINl D AF'Tl"R 2 TRIALS WI TH A RELATIVE ACCURACY 0.00009 

PI PE NO. 
1 
2 
3 
4 
5 
6 
7 
El 
9 

ASSUMES PEAK DAY 1 GPM/lUE, I.J GPM/LUE 
500 GPM FIRE FLOW @ JT 13, JT 19 
1250 GPM FIRE FLOW @ JT 3 

NODf NUMBE"RS Fl(lWRATE HEAD lOSS 
0 1 79'13 •. ,6 ~J. 05 

:;> 1663.25 21.1~) 

2 3 236,3. H 'l~)" 55 
3 4 006.41 9.89 
4 5 8\3.38 :"5.62 
5 {, 76'7.15 8.83 
6 7 630. l'2 <J.61 
7 El 488.43 2.7:3 
8 ")~ 

4,J ~.1l0 ~I. 00 
THE CHECK VALVE' HI LINE. NUMBEI~ 10 IS CLOSED 

11 9 10 , .. l:H. ~llij .:,,. 46 
12 10 11 -270.05 -12.21 
13 11 12 93,3. 13 7.54 
14 0 12 10[:1.30 0.3:3 
15 12 13 85~.00 13 .. 58 
16 12 g 1617.97 20. 1\'\ 
17 14 13 14'/::; • .56 2?53 
10 2 2l -785 .. 25 -21.08 
19 0 26 111l.5::; ~). 12 

THE CHECK VALVE IN LINf NUMBFR 20 IS CLOSED 
21 27 It 1.51'1 •. '.;! '"~J,, 56 
22 iii 27 1319. 6~' 0.08 
23 15 16 146'1.70 ".!:j.24 
2J! 

~t 
1'7 133~'i. 9111 28.19 .. ~ 1.13 12W;~ .. ,:;7 l1.50 ~,J 

26 18 IS' 927.20 17.92 
27 20 19 '4\1. ',10 'H.03 

THE CHECK VALVE IN LINE NUMBER 28 IS CLOSED 
29 22 21 91.~.:;6 ~). 08 
30 23 :~2 3660.56 1. 0(/) 
31 24 23 ,1711.1.(, 'fl. 56 
32 :~~ f>2H0.16 1 . ~)9 

PUMPHfAD MINOR LOSS 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.0111 
0.00 0.0111 

0.00 0.00 
0.00 0.00 
0.01'1 0.00 
0.00 0.0111 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.1'10 0.00 
209.86 0.00 

0.00 0.00 
0.00 0.0111 
1'1.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
\1.00 0.00 

JUNCTION NLH1B::R DEMAi~D GR:,\DE UI~[ rLEVATION PRESSURE 
1 50.25 113(/.95 1035.00 45.48 
2 83.\1'1 11.trl.30 998.00 52.35 
3 147'7.00 10713. 2~i 993.00 36.94 
4 73.03 1060.36 983.00 36.99 
5 46.23 1062.73 982.00 34.99 
6 86.43 105,l. '70 910.00 62.36 
7 192.29 1044.30 950.00 40.86 
8 408.43 1011. 57 945.00 41. 84 
9 134.00 1303.55 1000.00 131. 54 

10 144.05 1310.01 1108.00 87.54 
11 80.44 1322.22 1170.00 65.96 
12 360.46 1314 •• S7 1190.00 54.02 
13 856.00 12'71.09 1201.00 30.37 
14 122.61 1274.:>7 1160.00 58.31 
1 ~; 2~). 46 12t')~ .. 04 111176. il0 81.92 
U, 1..14. 1\1\ I .' .~'1. fI~ I 1J ~,.II\II\ :',4.11\0 
17 13:~.3:~ .1211.61 1077.0111 58.33 

VELOCITY Hl/1000 
'"l I::"~ 
"-"vI<.. ~~92 

4.72 10.58 
6.70 2~.27 

2.51 3.30 
2.31 2.81 
2.18 '"l e·..., 

.:.. • .;J..:.. 

1.93 :')" 02 
1.39 1.0<1 
0.0111 0.00 

'''0.86 -0.72 
-1.77 -2.77 
2.70 3.77 
3.00 3.27 
2.43 3.09 
4.59 10.0'5 
4 .. 24 0.69 

-2.23 -2.63 
1.713 1. 24 

3.74 6.89 
2.11 1. 70 
4.17 0.41 
3.79 7. 0~j 
3.41 ~"J. 80 
2.63 3.5B 

-0. 11 -0.01 

1'1.29 0.02 
1.15 0.22 
1. 17 ~.22 

1.98 III. ~';9 
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18 275 .. 37 11'n.ll (110.00 37.75 
19 887.00 1179.19 981.00 85.88 
20 40.20 lln.15 1070.00 47.30 
21 916.56 1136.73 953.00 79.62 .,., 
•. L ~!744. 00 1136.111 1000.00 59.29 
23 5~3 ~ 60 1137.81 900.00 103.05 
24 2366.00 1158.37 930.00 90.29 
25 0.00 1041. 57 1030.00 5.01 
26 328.30 113,}.3B 1030.00 47.61 
27 0.00 1349.78 1030.00 138.57 

THE NET SYSTEM DEMAND 123011.13 
SUMMARY OF INFLOWS(.) AND OUTFLOWS(-) FROM FIXED GRADE NODES 

F' I PE NUI·mER 
1 

14 
19 
22 

FL.OWRATC 
799:1.66 
1881.30 
1113.55 
131'J.62 

TI:E HET FLOW INTO THE SYSTEM FROM FIxrD GRADE NODES = 1230B.13 
rHE NET FLOW OUT OF r:1E Sy:nEM UHO 1'. J: X":D G:~t\DE NODES 0.00 
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.. 
IlOWRATE IS EXPRESSED IN GI'M AND PRESSURE IN PSIG 

" ,.. 
A SUMj1ARY OF THE pRIGINAL DATA FOU .. I)W:; 0 , 

~ -t 
PIPE NUKBER NODE NUKBERS LlI-l(' HI DIAMETER ROUGHNESS MINor, LOSS K FIXED GRADE C :0 \ 

(FCc~T) <LNC:lr·s) m • 1 0 50 .. 0 :16.0 100.0 0.00 114111.00 Z Z 
2 1 2 21'\00.111 12.0 100.O 0.00 U) U) \ 
3 2 3 "0"1l.11I t~. ~J 100.111 0.00 - ~ 4 3 4 3000.0 12.0 10O.0 0.00 -t -::; 1 :3 21l1l\.1.0 t~.~ 100.0 0.00 -< U) ~ 
6 ::; 6 3~'00. III 10.0 100.0 0."00 U) 
7 , 7 4/: .• 11.0 HI. ~J 10O.0 0.00 ." -" 
8 7 8 2:'00.0 10.0 100.0 0.00 0 0 ~ 
9 :J 25 41l\.11l.1<1 D.1i) 100.0 0.00 :lJ Z 10 2!J 9 50.0 B.0 100.0 0.00 

~ T:IERE IS A CaECK VAL VI;: IN LINE NlJiUCloR 10 - iii: 11 9 10 ~000.0 B.0 100.0 0.00 0 • U) 
12 hi 11 41l,11l.0 ::l.id 100.0 111.00 Z - (') 13 11 12 2000.0 10.0 100.0 0.00 Z m 14 II 12 10'1.11 1;~.I'J 100.0 111.00 131::;.00 0 U) Z 13 12 13 14tidll.0 HI. id 100.0 0.00 "TI 16 12 14 2000.0 10.0 100.0 0.00 UJ » 
17 11 1::; H\JII.0 hI. \J 100.0 11.00 :x - az 18 2 211 12~00_~ 10.0 100.0 0.00 (') N 

0 19 II 26 1\.10.0 12 .. \» 100.0 11.00 1140.00 m 
20 26 27 2c;\J11I.0 til.\;) 100.0 111.00 ~ C ~ THrRE IS A CHECK VALVE IN LINE NUKBER 20 U) 
21 27 11 40.,0.0 HI.0 100.0 0.0111 "TI N 
22 0 27 5~). 0 12.0 100.1'1 0.00 114111.00 U) 0 Tt:II:[ IS A PUMP IN LINE 22 WITH U~;~FUL f'OWI.I~ '50.~0 ~ :lJ 23 \3 16 10,)".0 1 id.') 100.0 111.00 c: 
24 16 17 41tl011.0 10.0 100.0 0.00 

~ :x 'It 17 1B 2::;00.0 1 \J.') 100.0 0.00 ' • ..J 

(') 26 1B 19 51'10111.0 10.0 100.0 0.00 
27 20 19 ,3\;)1l0.111 tIl. ~J 100.0 0.00 • ~ 2B 21 20 7200.0 10. III 100.0 0.00 :lJ U) 

meRE IS A caECK VALVE IN LINE NIJilBER 28 m (') 29 22 21 5:10111.0 36.0 100.0 0.00 • 30 13 22 4600.0 36. ~J 100.0 0.00 • 31 2~ 23 2!.J0~. 0 36.0 100.0 0.00 
0 32 1 24 21'1Il.0 J~.(r) 100.0 0.00 z 
!< ~ 

JUI,n ION NUMBER DEMAND FLEVATION CONNECTING F'I PES 
t 12.00 103~;. 00 1 2 3") 
::' 96.00 9'18.01'\ 2 3 18 ! 

3 1G.011 9'1.3. 110 3 4 
4 94.00 983.00 4 ::; 
5 6'1.00 9B2.00 ::; 6 
6 108.00 910.00 6 7 
7 130.00 9313.00 7 8 
8 592.00 94~.00 8 9 , 
9 122.00 1000.00 10 11 

10 202.00 11011.110 11 12 
11 44.00 11713.00 12 13 21 I, 
12 203.00 1.1 </0.110 13 14 15 16 



1 • " .. ' I ..... 
( 

• 
13 210.00 1201.00 l5 
14 98.00 1160.00 16 17 

, 
15 26.00 1076.00 17 23 
16 77.00 1l:l5.00 23 24 
17 94.00 107/.00 :)4 25 • 
18 302.00 1110.00 .,~ 

~.J 26 
19 390.00 981.00 ~!6 27 
20 15.00 11'170.00 27 28 to 
21 200.00 '133.00 28 29 
22 2495.0~ 101/10.00 29 30 
23 80.00 '/00.00 ;50 31 -24 768.00 9:\0.00 31 32 
25 0.00 ULlI<!. !!HI 9 10 
26 35.00 11/130.00 18 19 20 • 
27 0.00 lIM0.00 20 21 22 

OU'fF'lIT SELECTION: ALL RlSULTS ARE OUTPUT EACH PERIOD ~ 

i 

Tins SYS f£/i :tAS 32 ... U''CS W [Tit :'7 JUNeT (nNS • :> U10F'S AI~D 4 FIxeD GRADE NODES 



HI! FOLl.OWlNIi RESULTS ARE OItTAI~I[ () AFT! R 5 TRIALS WITH A RELATIVE ACCURACY - 0.001'194 

:ICWSC ~:;rUDY A:~',A MOD::L- 2"'0~ ::';~OJECTED DEVELOPMUH IRESIDENTIAL DEMANDS ONLY 
HCWSC - ONE PUMP ACT1NG TO MAINTAIN 35 PSI @ ELEV. 1201'1, SW'C' ~ SIJ'It' TANKS 
P~AK HOUR DEMAND, 1.5 r;pt'1/tU:':: (EXCEPT DEMANDS FROM SWB REPORT) 

PIPE NO. NODE NUMfI!:,RS I-LnWI~ATE HrAD LOSS PUMf'HEAD MINor~ L,OSS VELUCITY HL/101'10 
1'1 1 441.1 .. ~4 1i\.02 \1.11\1 1'1.1'10 1.41 \1.31 

2 :2 t71 :'l .. ~j4 6.91. 0.1'10 0.00 2. ~:i9 3.41'1 
3 2 3 10,H •• 10 :1.72 0.00 1'1.01'1 2.92 4.36 
4 3 4 101.'l.00 12.6'7 1'1.1'10 1'1.01'1 2.87 4.22 
5 4 ::; 91.'1 •• )1'1 7.05 0.111'1 1'1.01'1 2.61 3.'53 
6 5 6 050.1'10 25. 9~:, 1'1.1'10 1'1.01'1 3.47 7.41 
7 6 7 7 4,~. \)\1 V.39 1'1.00 1'1.01'1 3.03 ~j. 76 
8 7 8 5""'2 .. 00 9.4'1 0.00 1'1.01'1 2.42 3.79 
9 9 25 ".1)0 1d.1'I0 1'1.1'11'1 0.01'1 1'1.1'11'1 1'1.1'11'1 

lHE CHECK VALVE IN LINf NUMBER HI IS CLOSED 
11 9 til -122 .. ~0 '? 41 1'1.01'1 1'1.1'11'1 -1'1.78 -1'1_60 
12 10 11 -'32~. 1'11'1 -16.21 1'1.01'1 1'1.01'1 -2.1'17 -3.68 
13 11 12 34?_JI'I ,S.61 1'1.1'11'1 0.1'11'1 2.24 3.31'1 
14 0 12 86~.62 0.32 1'1.01'1 1'1.1'11'1 2.46 3.16 
15 1'2 13 211).00 7 .. 85 0.1'11'1 1'1.1'11'1 1'1.96 0 .. 56 
16 12 14 11'102.1'10 20.11 1'1.1'11'1 0.1'11'1 4.1'19 10.05 
17 14 15 901.~)il ',~:}. 25 1'1.00 0.1'11'1 3.69 8.31 
19 2 26 <>1~.46 -6.94 0.1'10 1'1.1'11'1 -0.99 -0.58 
19 1'1 26 ','1'1.46 '.).03 11.01'1 0.1'11'1 1'1.71 0.32 

lHE CHECK VALVE IN LINE NUMBEk :'0 IS CLOSED 
21 27 1 I 917 •• I:l 31.16 1'1.00 0.00 3.75 B .. 54 
22 1'1 27 917.313 0.1B 215 .. 63 1'1.1'11'1 2.61'1 3.51 
23 15 16 CllrJ.00 '<!.~. 62 1'1.00 \1.00 3 .. 59 7.B7 
24 16 17 801.00 26.57 1'1.1'10 0.01'1 3.27 6.64 
25 17 IB 70/.00 l3.18 0.01'1 0.1'11'1 2.89 ':i.27 
26 18 IS' 4~:;.00 9.39 0.00 0.00 1.65 1.9U 
27 20 19 -- 1.;.0\1 'fI.01 \1.00 0.01'1 --0.1'16 0.01'1 

lHE CHECK VALVE IN LINE NUMBEk 2fl IS CLOSED 
29 22 21 20\<J • ..,,, 1<1.01 0.00 0.1'11'1 1'1.06 0.1'11'1 
30 23 2~ 26SI~:;. 0~ 1'1.56 0.00 1'1.1'11'1 0.85 0.12 
31 24 2.3 277;j. »1'1 ~.32 0.00 1'1.1'11'1 1'1.97 0.13 
32 1 24 3~;4:1. 00 o .,-

... hJ 0.00 1'1.01'1 1. 12 0.20 

JUNC rION NU;H<:~R DEMAN) I; I~ !\I)f: 1 _ [NI:: 'LEVATION PRES!'illRE 
1 12.00 l 1.1'1. 98 1035.00 4~:j. 49 
2 96.01'1 1133.03 999.1'11'1 58.51 
3 18.00 1124.31'1 993.1'11'1 56.91'1 
4 94.00 1111. ';3 983.1'10 55.74 ( 

5 69.01'1 1104.58 992.1'11'1 ~3.12 
6 IBB.BB 10'713.';3 911'1.1'11'1 73.07 
7 151'1.1'11'1 1051.25 950.1'11'1 43.B8 ( 
8 592.e0 1011..17 945.1'11'1 41.93 
9 1::>2.1'10 1302.67 1000.01'1 131.16 

10 202.0A 1,\0:';.1'17 1108.1'11'1 85.40 ( 
11 44.1'10 1321.29 1170.1'11'1 65.~6 
12 21'13.01'1 1314.';8 1191'1.1'11'1 54.1'13 
13 210.1'10 1306.B4 1201.1'10 45.86 ( 
14 98.01'1 12174,,":;7 1160.01'1 SO.32 
15 26.00 t266.32 1076.01'1 92.47 
16 77.01'1 1242.70 1115.1'10 5~i. 34 { 
17 94.01'l 1216.14 11'177.00 60.29 



I T I'" '" " """I 

18 302. o iii 120~~.?6 1.110.00 40.28 
19 390.00 1193.57 981.00 92.11 
20 1.5.00 1173.::;5 1.070.00 53.54 
21 200.00 1138.54 953.00 80.40 
22 2495.00 113B.53 1000.00 60.04 
23 80.00 1139.11 900.00 103.61 
24 768.00 11.59. 4"~ 930.00 90.75 
.,~ 0.00 1041.77 1030.00 5.10 ,-, 
26 3~.00 113'1. '17 1030.00 47.65 
27 0.00 13~j5 .. 4::; 1030.00 141. 03 

THE NET SYSTEM DEMAND 6~00.1i10 

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES 

PIPE NUMEtt:R 
1 

14 
19 
22 

FLOWRATF: 
4467.54 

86:=;.62 
249.46 
917.38 

11;b NET FLOW INTO THE SYSTEM FROM FIXED ~RADf NODES = 
THE NET FLOW OUT O~ rHE SYSTEM II~ ro I'" r XED t.;<ADE NODES 

6500.00 
0.00 

( 



ft CUMMARY OF CONDITIONS nf'~Clrll D FOR TH~ NEXT SIMULATIUN FOLLOWS 

THE Dt::l1ANDS ARE CHANGED '::~')11 I1RIG TNAL VAI.U'-:S BY A FACTOR 0. {'7 

11:E FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE 
JUNCTION NUl1B~R DEHAND 

13 710.00 
19 690.00 
22 
24 

1517.00 
4'54.00 
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1HI' FOLLOWING RESULTS ARl OB1AINED AFTER 4 TRIALS WITH A RELATIVE ACCURACY 0.00013 

ASSUMES PEAK DAY 1 GPM/lUE, I . .! GPM/LUE 
FIRE FLOW 500 GPM @ JT 13, 19 

PIPr-: NO. NODf::: NUI"B:'::~<S :'LOW:~,HE il::(\O LOSS PUMPHEAD MINOR LOSS VELOCITY HL/:l.000 
1 Ii) 1 296~.81 0.01 0.00 0.00 0.93 0. l~j 

2 2 l, 1.1. 41. J.31 0.00 0.00 1.73 1.66 
3 2 3 6<;'0.77 4.16 0.00 0.00 1. 96 2.013 
4 3 4 b 7:1" J 1 ;',.03 0.00 0.00 1.93 ::_). ~ 1 

5 4 ~ 
.J 61:".73 3.3b 0.00 0.00 1.75 1. 68 

6 5 6 :'-dl? .. '.i0 t ~'> .. ~-5b 0.00 0.00 :.'. 3:'~ :.1. :';3 

7 6 7 lW7.14 13.04 0.00 0.00 ~'. 03 ~ .. 7~'.j 

8 7 B 3Il\~) .. /)4 4. ~:;2 0.00 0.00 1. t.):...~ :1..81 
S' 8 2!:J 0.00 0.00 0.00 0.00 0.00 0.00 

THE CHECK VALVE IN LINE NUM3CR 10 IS CUJ:;ED 
11 9 HI ··Bl.74 -'1 .. 15 0.00 0.00 -0.52 -0 .. 2(7 

12 10 It --;'tl.llB -7.72 0.00 0.00 -1. 39 -1.75 
13 1:1 1 :' 662.99 9.36 0.00 0.00 ~.71 4.611 

14 0 12 12'1:) •. 10 ~J. 67 0.00 0.00 3.67 b.66 
1~ 12 13 '710.00 74.91 0.00 0.00 2.90 5.31 
16 12 14 1112.:!B ','4.40 0.00 0.00 4.54 1 ::.~. 20 
17 14 1 ,. 

.J 1046.62 37.06 0.00 0.00 4.28 10.90 
18 -, 

~ 26 -11.3. ,~8 '3.31 0.00 0.00 -0.59 -0.28 
IS' 0 26 167.13 0. 0;.~ 0.00 0.00 0.47 ~ .. l~) 

THE CHECK VALVE IN LINE NUMBER 20 IS CUJ:;ED 
21 27 11 909 .. ~;'.i5 33.62 0.00 0.00 3.72 8.40 
-.'> ~~ 0 27 90? .. :j~ B.17 217.48 0.00 2.58 3.46 
23 15 16 1029.20 31.70 0.00 0.00 4.20 10.57 
24 1.6 1.7 9] /. ,(,t :.sU.42 0.00 0.00 3.99 '1.61 
2~'j 17 18 '114.63 21 .. 2:i 0.00 0.00 3.74 8.49 
26 18 1 '7 71:·~.2? 'U) .. 72 0.00 0.00 2.91 5.:34 
27 20 IS' 177.71 1 .. 23 0.00 0.00 0.73 0.41 
28 21 20 1:1/.1b 3.2.6 0.00 0.00 0.77 ~ .. 45 
29 22 21 32:l. 76 0.01 0.0" 0.00 0.10 0.00 
30 23 22 1.83:3. /6 v.;.2B ".00 0.00 0.58 0.06 
3:1 24 23 11)';' 2. :16 0.16 0.00 0.00 0.60 0.06 '~ 

32 1 24 23 'loS .. 31.) <,\.26 0.00 0.00 0.74 iii. 09 

">Ii 

.ilJ14CTI ON NUNBER DEMAND GI'<AD~ L nlE ELEVATION PRESSURE 
1 8.04 11.W.99 1035.00 45.50 t,. 

2 64.32 :1:136.68 998.00 60.09 
3 12.06 11.~2 .. 32 993.00 60.46 
4 62.98 1126.49 983.00 62.18 Ie 

5 411.23 1123.13 9B2.00 61.16 
6 72. :36 1110.77 910.00 87.00 
7 100. ~;0 1097.73 950.00 64.02 4' ~ 
8 396.64 1093.21 945.00 64.22 
9 81..74 1314.82 1.000.00 136.42 

10 135.34 1315.97 1108.00 90.12 (. 
11 29.48 U23.6'7 1170.00 66.60 
12 136.01 1314.33 1190.00 53.U8 
13 710.00 12:l'J.13 1201.00 16.65 ( 
14 65 .. 66 128'7.93 1160.00 56 .. :51 
Jr.:- 17.4;> 1 :.;,i;'" IH1 .107/ •• 1'11'1 71:1.b5 .. 
II. :',', I _ :",~, l~I~'l .. lt1 111~').00 4t..01 ( 
1'7 62. (/U 11B2.7:; 1077.00 45.83 

( 



18 202.34 .1.161.52 1110.00 22.33 
19 890.00 1134. 00 981. 00 66.65 
20 10 .. 05 :[1:16.03 1070.00 28.61 
21 LH.00 I1J'l. :"1 953.00 00.72 ., -, 
.:..,,;. 1517.00 1:139.30 1000.00 60. ~,6 
23 ::'].60 I1T/. :',8 900.00 10].82 
24 4~j4.00 1139.74 9:50.00 90.fl9 
2:; 0.00 lW/~~ .. 21 1030.00 :~/ .. 39 
26 ~3 .. 4~:; 1139.98 1030.00 47.66 
27 0.00 lJ:'i7. ,31 1030.00 141.fl3 

TI:~. NET SYSTEM DEMAND 533l.79 
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES 

F'JPE NUI'OBER 
1 

14 
19 
22 

FLOWRATE 
2963.81 
1295.3~ 
167.13 
909.55 

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 
ll:l NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES 

5337.79 
0.00 

~ 

fI 

'" 
c. 
, 
" 
t 



A SU01MARY OF CONDIT IONS SPECIFIED f'OR T!iE I~·~XT SIMULATION FOLLOWS 

Tt:E DEMANDS ARE CHAN'ED FROM ONI~INAL VALUES DY A FACTOR 0.6/ 

THE FOLLOWING SPECIFIC DEMAND C:tANGES ARE MADE 
JUNCTION NUMDm DEMt:ND 

22 151/.00 
24 4~j4. 00 

~ 

" 

~ 

Eo. 

(.. 

(. 

( 



,~ 

FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 
oJ 

sa-
A SUMi1ARY OF THE ORIGINAL DATA nlu .. I)W~ r 

PIPE NUMBER NODE NUMBERS Ll 1-1& TH DIAMETER ROUGHNESS MINDl~ LOSS K FIXED GRADE ~ -t 
(FT:::n (1011.:: 1":51 ::u 

0 50~(i1 :16. II) 100.0 0.00 1140.00 C ~ 
2 1 2 21'\00.0 12.0 100.0 0.00 m z 
:3 2 3 c0')I<l. II) 1 c.~] 100.0 0.00 Z m 
4 3 4 3000.0 12.0 100.0 0.00 m s: 5 4 3 2011)11).0 12. ,) 100.0 0.00 - -6 5 6 3:,00.0 10.0 100.0 0.00 -t m 
7 ," 7 47:";0.0 til. ~] 100.0 0.00 -< m 
B 7 8 2~0~ .. 0 10.0 100.0 0.00 -9 <l 25 41<l1'l1<l.1<l D.H 100.0 0.00 ~ 0 

10 2~ 9 50.0 0.0 100.0 0.00 0 Z 
T:1ERE IS A C:1ECK VALVr,: IN LINE NlJiH<U~ 1.0 ::u 

1 :l 9 to , \4000.0 0.0 100.0 0.00 -t m 
12 HI 11 44"11:1.0 D. (,-) 100.0 0.00 - (') 
13 11 12 2\\\10.0 10.0 100.0 0.00 0 m 
14 \I 12 11<l\1.0 1? ,] 100.0 0.00 1315.00 Z i: Z 13 12 13 1.41\)0.0 HI.,] 100.0 0.00 
16 1:) 14 2000.0 10.0 100.0 0.00 0 » > 
17 1 4 15 3400.13 hl.k\ 100.0 0.00 - ::u 
18 ., 26 12\100.0 10.0 100.0 0.00 

"TI Z -- m 0 19 II) 26 101<1.0 1 L_ .... J 100.0 0.00 1140.00 ::I: 
20 '2t} 27 2::;,)11).0 1"). I) 100.0 0.00 0 (I) :tt: THIRE IS A CHECK VALVE IN LINE NUMBER 20 

~ -21 27 11 40~10. 0 HI.0 100.0 0.00 N (.,) 

~2 0 27 50.0 12.0 100.0 0.00 1140.00 (I) m 
n:Er,[ IS A f'UM~' IN LINE 22 WITH US~FUL PoWE k 50.00 C 

'23 t :') 16 J0ml.0 HI. II 100.0 0.00 ·m 
24 u, 17 4000.0 11'1.0 100.0 0.00 -t "TI 
~~5 17 18 2::;00.0 HI. 'J 100.0 0.00 c: 0 
26 18 19 5000.0 10.0 100.0 0.00 

~ ::u 
2"1 '20 19 3000.0 HI. II 100.0 0.00 
28 2] 20 7200.0 10.0 100.0 0.00 ~ 

T:lr,:RE IS A C:1ECK VALVE IN LINE NIJi.\[<ER 28 ~ 0 29 22 21 5100.0 36.0 100.0 0.00 ::u ~ 30 13 22 4600.0 36. ,) 100.0 0.00 m 
31 2~ 23 2~;00. iii 36.0 100.0 0.00 

~ m 
..52 24 27~)1:l.0 .st,. e 100.0 0.00 0 

0 4-

JUI~r:1 I O~I ~IUMBER DEMAND ELEVATIO~I CONNECTING F'IF'ES Z 
t 12.00 103:';.00 1 2 32 !:( 
2 96.00 998.00 2 3 18 " 3 13.00 99:3.00 3 4 
4 94.00 '/B3.00 4 5 
5 6'7.00 902.00 5 6 '" 6 108.00 910.00 6 7 
7 130.00 950.00 7 8 
8 592.00 94~,.00 0 9 • ,. 
9 1.22.00 100"1.00 10 11 

1\'\ 2~:"~. 0'" 1:1011.110 11 1 :) 

11 44.00 1ll0.00 12 13 ::!1 " 12 :;>0:~. 00 t 1 'Iii. il0 13 14 15 16 



& •• ,,' .. '"'' i t· ~ "'.' ,.' , 
• 

13 210.00 120t.00 L5 
14 98.00 1160.00 16 17 
15 26.00 1.076.0~ 17 23 
16 77.00 1115.00 23 24 
17 94.00 H\7/.00 ~:)4 25 
18 302.00 :l111l.01'! ..,~ 

~J 26 
19 3'J0.01'! 9fll.00 ::?6 27 
2e 1~5.00 11'170.110 '27 28 
21 200.00 '1::;3.00 ~!8 29 
22 249S .. 0V\ t000.00 29 30 
23 80.01<\ 900.00 :30 31 
24 76B.00 930.00 31 32 
25 0.1<\1<\ 1.0311.00 9 10 
26 35.00 1030.1<\0 1B 19 20 
27 0.1<\1<\ 10,30.1<\0 20 21 22 

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD 

THIS SYSrE11 :lAS 32 PU"[S WITH :'7 JUNCTll'lNS • 2 LOOF'S AI~D 4 FIXED GRADE NODES 

'. 
c. 

t. 

( 



HI! FOLLOWING RESULTS ARE OBTAHIE DAFT! R 5 TRIALS WITH A RELATIVE ACCURACY 0.00084 

:lCW3C s rUDY !\:~~:A MOD''' .... 2»"1(,] :";WJECTED DEVELOPMENT IRESI DEIH IAL !)EMANDS ONLY 
HCWSC - ONE PUMI' ACTlI~G TO MAHITAIN 35 PSI @ ELEV. 1::'.00, SW'C' ~ SW'l<' TANKS 
P~AK HOUR DEMAN!), 1.5 GPM/LUC (EXCEPT DEMANDS FROM SWB REPORT) 

PIPE NO. 
1 

NODE NUMBERS 
o 1 

FLOW RATE HrAD LOSS 
44/ll .. :;4 t;.). Q)2 

2 2 91?5~ 6.96 
3 2 3 1031.Y0 U.72 
4 3 4 101;5.00 12.l>l 
5 4 5 91?Q0 7.05 
6 5 6 850.00 25.95 
7 6 7 742.~0 ~7.38 

8 7 8 5~2.00 9.49 
9 8 23 ~.~0 ~.00 

lHE CHECK VALVE IN LINE NUMBER 10 IS CLOSED 
11 9 10 -122.~0 ·:'.41 
12 10 11 -32~.00 -16.21 
13 11 12 349.38 6.61 
14 0 12 86~.62 0.32 
15 12 13 21~.e0 7.85 
16 12 14 1002.00 20.11 
17 14 15 904.~0 28.25 
18 2 26 -214.46 -6.94 
19 0 26 241.46 0.03 

lHE CHECK VALVE IN LINE NUMBER 20 IS CLOSED 
21 27 11 917.38 31.16 
22 0 27 917.38 0.18 
23 15 16 878.~0 ~1.62 
24 16 17 801.00 26.57 
25 17 18 701.~0 13.18 
26 IB 1~ 4~5.00 9.39 
27 20 19 -tj.00 ~.01 

lHE CHECK VALVE IN LINE NUMBER 28 IS CLOSED 
29 22 21 2~0.~0 0.01 
30 23 22 26~5.0~ 0.56 
31 24 23 2773.H0 ~.32 

32 1 24 3543.00 0.55 

PUMF'HEAD 
0.00 
0.00 
0.00 
0.00 
0.IMIl 
0.00 
0.0<1 
0.00 
0.00 

0.00 
0.00 
<1.00 
0.00 
0.<10 
0.00 
0.00 
0.00 
0.00 

0.00 
215.63 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.130 
0.00 
0.00 

MINOR t..oss 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0. o iii 

JUNe r r ON NU;1[c:~F< 

1 
2 
3 
4 
5 
6 
7 
o 
9 

I)EMAI~II 

12.00 
96.00 
18.00 
94.00 
69.00 

10U.00 
150.00 
~j92. 00 
122.00 
202.00 

r; fUI 1>1: I.INC 
1139.9B 
1133.03 
1124.30 
1111.63 
1104.58 
1078 •• '03 
10~1.25 

1011.77 
1302.67 
130:,.07 
1321.:'9 
t.314~~a 

1306.84 
12·/4 .. :37 
t266 .. 32 
t~,'4:"!. 70 
1216.14 

,·LEVATIDN 
1035.00 
998.00 
993.00 
983.00 
982.00 
910.00 
950.00 
945.00 

PF,EsriURE 
4~j. 49 
58.51 
56.90 
55.74 
53.12 
73.07 
43.B8 
41.93 

10 
11 
12 
13 
14 
15 
lb 
17 

44.00 
203.00 
210.00 
90.00 
;!6.01'! 
77.00 
94.00 

11100.00 
1108.00 
1170.00 
1190.00 
1201. 00 
\160.00 
1076.00 
'11~.1Il0 
1077.00 

131.16 
85.40 
65.56 
54.03 
45.U6 
58.32 
82.47 
~-,~,.34 

b0.29 

VELCJC ITY 
1.4:1 
2 .. ~j9 
2.92 
2.87 
2.61 
3.47 
3.03 
2.42 
0.00 

-0.70 
-2.07 

2 .. 24 
2.46 
0.86 
4.09 
3.t.9 

-0.08 
0.71 

'3 .. 75 
:>.60 
3 .. 5(1 
3.27 
2.89 
1.65 

··0.06 

0.06 
0.85 
\l.87 
1.12 

HL/10013 
(1.31 
3.40 
4.36 
4 7? 
3 .. 53 
7.4:l 
,j.76 
3.7'1 
0.00 

-·0.60 
-3.6H 

:1.30 
3.16 
~.56 

10.II,j 
B.31 

-0.58 
0.32 

B.54 
3.5.1 
7.87 
6.64 
~~; .. 27 
1.813 
(1.00 

0.00 
0.12 
0.1.3 
0.20 

• 

-. 

.. 

.. 

.l'. ... 

t.. 

(. 

(.. 

(.. 

l, 



18 302.00 l2i<1;.~. 'J6 1.110.00 40. :'8 
19 3911.111'1 '1.193.:;7 981.00 92.11 
2~ 1: •• 00 t 11/.~. ~',j :',1 11'1'/0.1'11'1 ~'l.~ .. ~'J'" 

21 200.00 1138.54 95~~.00 80.40 
22 2495.00 11.38.53 1000.00 60.04 
23 80.00 '[139.11 900.00 103.61 
24 768.00 1U9.4.3 930.00 90.75 
25 0.00 1041.77 1030.00 5 .. 10 
26 35.00 113'J.?7 1030.00 47.65 
27 0.0101 1355 .. 4~:; 1030.00 141.03 

THE NET SYSTEM DEMAND 6500.00 
SUMMARY OF INFLOWS(.) AND OUTFLOWS(-) FROM FIXED GRADE NODES 

PIPE NUMBt:R 
1 

14 
19 
22 

FLOWRATF 
4467.54 
86~;. 62 
;.~49. 46 
917.38 

H:l NET FLOW INTO THE SY!HEM FI'WM FlXE.D GRADf NODES = 
THE NO FLOW OUT OF fHE SYSTEM IIHO F r XED t;:<ADE NODES 

6~;00.00 

0.00 

~ 

t 

t. 

c.. 

c.. 

( 



,.. SUMMARY OF CONDITIONS Sf'ECIFIED FOR THE NEXT SIMULATION FOLLOWS 

THE DEMANDS ARE CHANGED ~ROM ORIGINAL VAlU~S BY A FACTOR ~.67 

THE FOLLOWING SPECIFIC DEMA~ID CHAI%ES ARE MADE 
JUNCTION NUMB;:R DEilAND 

13 710.00 
19 B9~.~0 

22 
24 

1517.00 
454.~~ 

'e 

v 

(,j 

G,.. 

II 

:J 

~ 

~ 

.. 
.., 

:.. 

... 

~ 

~ 

~ 

~ 

" 
". 
l 



T:1E FOLLOWING R:::SULTS ARE OL<TAII~CD Ar'- r:':R 3 TRIALS WITH A RELATIVE ACCURACY 0.00003 

ASSUMES PEAK DAY 1 GrM/LUE. 1.3 GF'M/LUE 
NO FIRE FLOW-DOMESTIC MAX DAY DeMAND ONLY 

PIPE ~IO. NOD[ NUI-IBf F(S f LOWRATE HfAD LOSS F"lJt1f' HE A D MINOR LOSS VELDCI TV HL/1000 
1 0 1. ;!T7~1. ~)6 'l.liH 0.00 0.00 0.88 0.13 
2 2 ,"\11.42 J.3:' 0.00 0.00 1.73 1.66 
3 2 3 6'1.). II 1\. 16 0.00 0.00 1. 96 2.08 
4 3 4 <'>711.71 6.03 0.00 0.00 1.93 2.~:l 

5 4 ;j 61.,.13 :1.36 0.00 0.00 1. 7~:i 1.68 
6 5 6 ~)69 .. 50 1.2 .. 36 0.00 0.00 2.33 3 .. 5~."S 
7 6 7 49/. 1. 4 1:-1.04 0.00 0.00 2.03 2.75 
8 7 8 396.64 4 11""'", 

• .J.:.. 0.00 0.00 1.62 1.81 
9 8 2:) I<l. »0 0.00 0.00 0.00 0.00 0.00 

lHE CHECK VALVE IN LINE NUMBER 10 IS CLOSED 
11 9 1(;\ -[H. 74 '1.15 0.00 0.00 "-0 .. 52 -0.29 
1':' 10 11 -;, 1"7.08 -7.72 0.00 0.00 - 1. 39 -1. 7~5 
13 11 12 6i,1_1.2 ~). 31 0.00 0.00 2.70 4.66 
14 0 1" ~ 286.93 0.04 0.00 0.00 0.81 0.41 
15 12 l..J 110./0 .3.74 0.00 0.00 0.57 0.27 
16 12 14 671. ~14 9.5B 0.00 0.00 2.74 4.7'1 
17 14 13 60S • .s8 I __ ~. 46 0.00 0.00 2.47 3.96 
1U 2 21.. -143.67 --3.31 0.00 0.00 -0.59 --0.28 
19 0 ',::~6 l.61. I:' H.02 0.00 0.00 0.47 ~.15 

1 HE CHECK VALVE IN LINE NUMBER 20 IS CLOSED 
21 27 11 'If' 7 .. /,n LI.49 0.00 0.00 :3.71 O. :37 
:22 Il :','./ C)~/ ./,0 101. I ! ~~ 1 / .. IJ ,S 1I.1l0 :,~ .. t;.d .\ .. 4~:, 
23 15 16 5lJ~J .. 76 1. 1 .. ::~5 0.00 1l.00 2.40 3.75 
24 16 17 :5:,6.67 .12.1.:5 0.1'10 1'1.00 2.19 3.16 
:~5 17 18 4Tl • .s? .',. 28 0.00 1'1.00 1. 93 :~.~Jl 

26 18 1S' 271. 3~:j 4.4l 0.1'10 0.00 1. 11 0.89 
27 20 19 _ . .1.1,:1. 1-1":'; -ri). I'll 1'1.00 0.00 -0.04 0.00 

lHE CHECK VALVE IN L.HIE i'l1J~il'EI~ 20 1!3 CLOSED 
29 22 21. 1.31. »0 Ii. 00 0.00 iii. 00 0.04 0.00 
30 23 22 16~:l. 1'10 0 .. ~3 0.00 0.00 0.52 0.0:'; 
31 24 23 17\'11.60 1..:\. 13 11.00 0.00 0.54 0.1'15 
32 2~ 21513.61'1 0.22 0.00 0.1'10 0.68 0.0U 

JUNCTION NUMB;:r~ DEMAND GFlADL LlIK I~LEVATION PRESSURE 
1 8.04 1139.99 1035.00 45.50 
" 64.32 1136 .. b8 998.00 60.09 L 

-3 12.06 1132 .. 52 993.00 60.46 
4 62.'10 1l. 26.4'1 9U3.00 62.18 
5 46. 2:~ 1123.13 982.00 61.16 
6 7:!.36 1110.77 910.00 87.00 
7 100.50 10'l7.73 950.00 64.02 
8 396.64 Hln.21 945.00 64.23 
9 81. 74 1315.40 1000.00 136.67 

11'1 13~;. 34 1316.35 1108.00 90.37 "" ~ 11 29.48 1:524.27 1170.00 66.85 
12 136.01 1:114. '/6 1190.00 54.15 
13 140.70 1311.22 1201.00 47.76 ~ 
14 65.66 1.303.38 1.160.00 63.00 
15 17.42 1:>91.92 1076.00 93.5"J 
16 :s 1.. ~'jf' I :-'UII.l,7 1115.00 7 L. 7'7 '-
17 62.98 1268 .. 02 10ll.00 82.78 

( 



18 202.34 1261..74 1110.00 65.76 
19 261. :30 12::;7 .. 27 981.00 119.72 
20 10.05 1237 .. 26 1070.00 81.15 
21 134.00 1139.41 953.00 80.78 
22 1517.00 11.59.11 1000.00 60.41 
23 53.60 tl39.64 900.00 103.B5 
24 434.00 1LI'I.I/ 930.00 90.90 
,>C' 
~.J 0.00 10'/3.21 1030.00 27. ~\9 
26 23.45 1137.78 1030.00 47.66 
27 0.00 1357.76 1030.00 14:>.03 

THE NET SYSTEM DEMAND 41.59.79 
SUMMARY OF INfLOWS(.) AND OUTFLOWS(-) FROM FIXED GRADE NODES 

PIPE NUi1BER 
1 

14 
19 
22 

FLOWRATE 
2778.06 
28b. (13 
167.12 
907.b8 

TI:~. NET FLDW I~ITO THE SYSTEM FROM FIXfD GRADF NODES = 
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES 

4139.79 
0.00 

~! 

, 
~ 

:. 

( 

:r 



BIBLIOGRAPHY 

"2020 Population and Employment Forecasts". Austinplan Review. 1989. 

"Austin Forecast Recommendations". City of Austin Austinplan Executive Committee. 
1986. 

"Austinplan Preliminary Population Distributions and Land Use Scenarios". City of Austin 
Austinplan Land Use Task Group. 1987. 

"Austin's Water Management Plan". City of Austin Resource Management Department 
and Water and Wastewater Utility. 1985. 

"Balcones Canyonlands Habitat Conservation Plan Study Area Maps." Kent Butler and 
Associates, Inc. and Espey-Huston and Associates, Inc. 1990. 

Brune, Gunnar and Gail L. Duffin. "Occurrence, Availability, and Quality of Ground Water 
in Travis County, Texas." Report 276. Texas Department of Water Resources. 1983. 

"City of Austin 1980 Census Reports I-II". City of Austin Department of Planning and 
Growth Management. 1986. 

City of Austin Interim Land Development Code. City of Austin. 1988. 

"Community Workshop I Background Information Sector 20 - Austinplan". City of Austin 
Department of Planning and Growth Management. 1987. 

Garner, L.E. and K. P. Young. "Environmental Geology of the Austin Area: An Aid to 
Urban Planning." Bureau of Economic Geology. The University of Texas at Austin. 
Report of Investigations No. 86. 1986. 

"Growth Watch". Annual Edition 1987. City of Austin Planning Department. 1989. 

"Hays County Regional Water and Wastewater Study". HDR Engineering, Inc. 1989. 

"Know Your Grasses." Texas Agricultural Extension Service. The Texas A&M University 
System. 1984. 

"Lake Travis (West) Feasibility Study Update". Turner Collie & Braden, Inc. 

"Lake Travis (West) Regional Water and Wastewater System Feasibility Study". Turner 
Collie and Braden, Inc. 1985. 

"Lower Colorado River Authority Act of 1934 As Amended". Lower Colorado River 
Authority. 1989. 

"Major and Historical Springs of Texas". Report 189 Texas Water Development Board. 
1975. 



"Preliminary 1989 Population Projections for Travis County". Texas Water Development 
Board. 1989. 

"Preliminary Analysis of 1170' MSL versus 1140' MSL Hydraulic Grade Line Servicing 
Southwest 'B' Pressure Zone - Addendum to Preliminary Engineering Study, Southwest 'B' 
System Report". Murfee Engineering Company. 1986. 

"Preliminary Engineering and Creation Reports for Southwest Austin (Circle C) Municipal 
Utility Districts #1, 2, 3 and 4." Murfee Engineering Company. 1984. 

"Preliminary Engineering Report Southwest 'A' Water Distribution System Analysis". Espey 
Huston & Associates, Inc. and Carlson and Dipple, Inc. 1985. 

"Preliminary Engineering Report Southwest 'B' System Improvements." Murfee Engineering 
Company. 1985. 

"Regional Water System Study for City of Dripping Springs". Turner Collie and Braden, 
Inc. 1988. 

"Rules and Regulations for Public Water Systems". Texas Department of Health Water 
Hygiene Division. Adopted 1978. 

"Sector 20 Land Use Plan - Austinplan". City of Austin Planning Department. 1989. 

"Sector 21 Land Use Plan - Austinplan". City of Austin Department of Planning and 
Development. 1989. 

"Sector Plan Handbook." Austinplan Integration Committee. 1988. 

"Sector Plan Handbook - Austinplan". City of Austin Planning and Growth Management 
Department. 1988. 

Senger, Rainer K and Charles W. Kreitler. "Hydrogeology of the Edwards Aquifer, Austin 
Area, Central Texas." Bureau of Economic Geology Report of Investigations No. 141. 
1984. 

Sexton, Chuck. "Endangered Species Map". City of Austin. 1989. 

Slade, Raymond M., Michael E. Dorsey and Sheree L. Stewart. "Hydrology and Water 
Quality of the Edwards Aquifer Associated with Barton Springs in the Austin Area, Texas." 
U.S. Geological Survey Water Resources Investigation Report 86-4036. 1986. 

Slagle, Diana L., Ann F. Ardis and Raymond M. Slade, Jr. Water-Resources Investigations". 
Report 86-4062. 1986. 

"Slaughter and Williamson Creeks Drainage Study for Circle C Development." Murfee 
Engineering Company. 1984. 



"Soil Survey of Comal and Hays Counties, Texas." United States Department of Agriculture 
Soil Conservation Service and Texas Agricultural Experiment Station. 1984. 

"Soil Survey of Travis County, Texas." United States Department of Agriculture Soil 
Conservation Service and Texas Agricultural Experiment Station. 1974. 

'Texas Ground-Water Resources. National Water Summary 1984: Hydrologic Events, 
Selected Water-Quality Trends and Ground-Water Resources." United States Geological 
Survey Water-Supply Paper 2275. 1985, 397-402. 

'Texas National Heritage Program Information System". Texas Parks and Wildlife 
Department. 1990. 

"The Black-capped Vireo in Texas." Texas National Heritage Program. Texas Parks and 
Wildlife Department. PWD-BR-300-2-4j88. 

"The Golden-Cheeked Warbler in Texas." Texas Parks and Wildlife Department. 
PWD-BR-4000-000K-lj89. 

"Title 31. Natural Resource and Conservation Part IX Texas Water Commission Chapter 
313. Edwards Aquifer Subchapter A." Texas Register 14 Tex. Reg. 4388. 1989. 

"Water Distribution System Analysis for the Oak Hill Area Annexation Water Service Plan". 
Espey-Huston & Associates, Inc. 1983. 

Wooldridge, H.G. "The History and Prehistory of the Colorado River". Lower Colorado 
River Authority. 

"Year-End Report - 1988: A Statistical Review of Austin's New Home Market". Builders' 
Report Update Research. 1989. 

Trippet, A.R. and Garner, L.E. "Guide to Points of Geologic Interest in Austin". 
Guidebook Number 16. Bureau of Economic Geology, The University of Texas at Austin. 
1976. Second Printing 1983. 

"Guidebook to the Cretaceous and Tertiary Sediments of the Austin Area". University 
Student Geologic Society. The University of Texas at Austin. 1983. 

"Guidebook to the Geology of Travis County." The Student Geology Society. The 
University of Texas. 1977. 


