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EXECUTIVE SUMMARY 

A variety of locations were evaluated as potential sites for additional wastewater treatment facilities in the 

Georgetown Regional Planning Study. Initially, fifteen potential sites were considered, and of these four 

were selected for further consideration. The four sites chosen for analysis were: 

The City of Georgetown wastewater facility located along the San Gabriel River just downstream of 

the park road bridge; 

Dove Springs Development Corporation located along an unnamed fork of Mankin's Branch 

Creek in the vicinity of CR 102; 

Mankin's Crossing at the San Gabriel River between State Highway 29 and the Mankin's Branch 

Creek confluence; and 

Berry Creek near the confluence of the San Gabriel River and Pecan Branch Creek. 

Many factors were taken into account in making the final site recommendations. As with any wastewater 

treatment facility, the impact of discharges into receiving streams had to be considered, and treatment 

levels necessary to achieve standards specified by the TWC for Segment 1248 had to be determined. In 

addition, much of the Georgetown Regional Planning Area is located over the rectlarge zone of the Ed

wards Aquifer. This provides a further constraint in planning, bec.3use the TWC has prohibitled additional 

discharges into streams overlying the recharge zone of the aquifer. 

Other factors that were considered during the course of the study included additional environmental con

straints, such as biological considerations or archaeological features, that might influence the ultimate 

choice of site(s). Finally, the costs associated with scenarios lllat met the requisite criteria were consid

ered, in order to determine the most economical alternative. 

The expected water quality downstream of the outfall of a variety of wastewater treatment plants at various 

treatment levels was determined. Several scenarios were constructed in order to determine the 

combination of plants that would give a total treatment capacity of 8 MGD while maintaining water quality 

levels in the receiving stream above Ihe minimum DO level of 5 mg/L. The following conclusions were 

drawn from the QUAL-TX modeling of Segment 1248: 

The City of Georgetown could discharge up to approximately 4 MGD from the existing facility with a 

treatment level upgrade to 10/314 and installation of an outfall main in order to discharge effluent 

beyond the Edwards Aquifer recharge zone. The minimum DO, under summer critical low flow 

conditions, resulting from this discharge would be 5.2 mglL. It is not likely that the City of 
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Georgetown's treatment facility could be expanded beyond 4 MGD without requiring a treatment 

level of 5/2/5. 

With or without upgrading the City of Georgetown facility, the proposed Dove Springs WWTP 

could discharge 2.4 MGD at a treatment level of 10/3/4 without violating the main stem of the San 

Gabriel River (Segment 1248) minimum DO level of 5.0 mg/L under critical summer low flow 

conditions. 

Without upgrading the Georgetown facility to a treatment level of 10/3/4, the combined discharge 

of the Dove Springs Development Corporation and Mankin's Crossing facilities at 5.5 MGD (a total 

segment treatment capacity of 8 MGD) would result in violation of the 5.0 mg/L minimum DO crite

rion. The minimum predicted DO concentration is 4.3 mg/L. 

With the City of Georgetown facility upgraded to a treatment level of 10/3/4, Dove Springs 

Development Corporation could discharge up to 2.4 MGD and the Mankin's Crossing facility could 

discharge up to 3.0 MGD, both at a treatment level of 10/3/4, without violating the state criterion. 

Without upgrading the Georgetown facility to a treatment level of 10/3/4 a combined discharge of 

Dove Springs Development Corporation, Mankin's Crossing and Berry Creek facilities at 5.5 MGD 

(a total treatment capacity of 8 MGD) would result in violation of the 5.0 mg/L minimum DO 

criterion. The minimum predicted DO concentration is 4.3 mg/L. 

With the City of Georgetown facility upgraded to a treatment level of 10/3/4, Dove Springs 

Development Corporation could discharge up to 1 MGD, a Berry Creek facility up to 2 MGD, and 

the Mankin's Crossing facility could discharge up to 2.5 MGD, all at a treatment level of 10/314, 

without violating the state criterion. The minimum predicted DO concentration is 5.1 mg/L. 

A 7 MGD facility located at Berry Creek or an 8 MGD facility located at Mankin's Crossing would re

quire a treatment level of 5/2/5 to maintain DO levels above 5 mg/L at summer critical low flow con

ditions. 

Immediately downstream, Lake Granger (Segment 1247) is directly affected by the quality of the effluent 

discharged into Segment 1248. EPA National Eutrophication Survey data for Texas lakes indicate that 

Lake Granger is most likely phosphorus limited. This suggests that control of point and nonpoint sources 

of phosphorus may be important. However, this factor did not at/ect the choice of future plant locations. 

The geological, biological and cultural resources of the area were surveyed in order to determine whether 

there were any features that would be determinative in choosing the location of the treatment plant(s). 

The most critical factor in this study was determining the eastern edge of the recharge zone of the 
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Edwards Aquifer. The geological study was specifically designed to address this paint, as well as to 

determine the location of wells producing potable water from the aquifer. The survey confirms the original 

assumption that the three new sites chosen for consideration, Berry Creek, Dove Springs and Mankin's 

Crossing, are not located on the recharge zone of the Edwards Aquifer. 

The biological survey, which included sampling at five sites along Segmenl 1248, indicated that no bio

logical habitats of particular note would be adversely affected by the construction of a WWTP at any of the 

proposed localions. Several endangered or threatened bird species have been observed in the area, but 

the immediate vicinity does nol appear to be a preferred habitat for any of them. 

A survey of cultural resources revealed that the area is rich in archaeological sites. The only extensive ex

cavations have taken place in association with the construction of reservoirs. However, the available in

formation indicates that sites are liI(ely to be prevalent in drainages, particularly al the confluence of 

streams. Availability of lithic raw materials and proximity to springs increases the probability of such sites. 

Thus, potential WWTPs may be localed on prehistoric sites. These sites are particularly significant and 

also difficult to identify if buried in alluvial landforms. A complete archaeological survey of any proposed 

site is recommended, and may be required by the EPA or the TWDB. None of the proposed sites was 

eliminated based on this brief survey. 

Water quality modeling of selected combinations of sites at various treatment levels was used to select the 

following scenarios for economic evaluation: 

A singte, 8.0 MGD facility at Mankin's Crossing with a treatment level of 5/2/5; 

A two plant scenario that maintains the existing treatment plant at 2.5 MGD with an upgraded 

treatment level of 10/3/4. A large, 5.5 MGD plant would be built at Mankin's Crossing at a 

treatment level of 10/2/6; 

A three plant scenario with the existing 2.5 MGD treatment plant, a 2.0 MGD plant at Berry Creek 

and a 3.5 MGD plant at Mankin's Crossing, all at a treatment level of 10/3/4; 

A four plant scenario with a 1.0 MGD plant at Dove Springs. The existing plant is maintained at 2.5 

MGD, the Berry Cleek plant is built at 2.0 MGD and the Mankin's Crossing plant has a maximum 

capacity of 2.5 MGD. All plants operate at a treatment level of 10/3/4; 

A two-stage scenario in which the existing plant is maintained at 2.5 MGD and temporary, 1.2 MGD 

package treatment plants are located at Berry Creek and Dove Springs. When the capacity of 
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these two ptants is exceeded, all of their lIows will be diverted to a large, 5.5 MGD plant at Mankin's 

Crossing. 

It is assumed that each of these scenarios meets the TWC criteria for maintaining minimum DO 

concentrations, as specified by tile TWC, for Segment 1248 of the San Gabriel River. Thus, further 

narrowing down of the alternatives is liI(ely to rely heavily on economic considerations. Cost estimates 

were derived for each of these scenarios, with and without 15 percent water conservation. The analysis 

estimated the capital costs of each option in 1990 dollars with a 25 year pay-out period at 10 percent 

interest. Annual costs were then converted to present (1990) values using a 5 percent annual discount 

rate. 

A comparison of the five scenarios considered shows tIlat the cheapest scenario is a two-stage scenario in 

which temporary package plants are used to service the majority, but not all, of the service area during an 

initial ten year period. This scenario has the advantage of deferring the capital cost of a large treatment 

plant for ten years (15 years with water conservation). In deciding on the second stage of this scenario, 

the other four scenarios were analyzed for costs. 

The most expensive alternative is the one plant scenario. Two factors contribute to the heavy costs asso

ciated willl this option. First, the existing treatment plant is abandoned, resulting in the immediate con

struction of an additional 2 MGD of capacity as compared with the other scenarios. The other reason is the 

fact that water quality modeling shows that the construction of a single, large facility, discharging a total of8 

MGD, would have to have a treatment level of 5/2/5 in order to meet minimum DO concentrations, as 

specified by the TWC, for Segment 1248 of the San Gabriel River. 

Of the remaining three scenarios, cost increases as a function of the number of plants constructed. Thus, 

the recommended second phase of the two stage scenario is to retain the existing Georgetown plant at 

2.5 MGD and to build a large, 5.5 MGD plant at Mankin's Crossing. An additional advantage of the two 

plant scenario as opposed to scenarios in which additional plants are constructed concerns lIexibility. 

Given the fact that very large growth projections have been used to construct these scenarios, it is likely 

that there is considerable inaccuracy associated with the growth scenario constructed for each drainage 

area. Thus, scenarios that allow for large service areas will accommodate a greater degree of lIexibility in 

growth patterns. This will reduce the probability of providing excess capacity at one site, while requiring 

acceleration of the construction schedule at another. 

Based on these considerations, it is recommended that two temporary package plants be constructed in 

order to accommodate immediate increases in demand and to defer improvements to the existing 
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Georgetown WWTP. Later, as demand increases, the existing plant would be upgraded to a treatment 

level of 10/314 and the package plants replaced by a larger plant at Mankin's Crossing. 

The following development schedule is recommended: 

Immediately converting the existing Georgetown WWTP from a parallel stream process to a single 

stream, series two-stage process, thereby limiting its capacity to an average daily flow of 1.67 

MGD. 

Diverting flows trom basins 0 and 3b from the existing plant to a new, 1.2 MGD package plant at 

Dove Springs. This plant would also serve basins SWID, E and F. 

Constructing a 1.2 MGD temporary package plant at Berry Creek to serve the Berry Creek water

shed (basins B, Bland C) and basin A. 

In 2000 (or when flows to the Dove Springs plant approach plant capacity) replacing this plant with 

a 2.8 MGD plant at Mankin's Crossing. 

In 2010 (or when the Berry Creek plant approaches full capacity) abandoning this plant and di

verting the flows to the Mankin's Crossing plant. 

In 2015 upgrading the existing Georgetown plant 10 a treatment level of 10/314 in order to 

increase its capacity to 2.5 MGD while complying with the TWC mandate. 

Increasing the capacity of the Mankin's Crossing plant to a total capacity of 5.5 MGD in two phases, 

in order to extend its lile to the end of the planning horizon. 

Implementing a rigorous water conservation plan, in order to defer much of this capital investment 

for as much as five years. 
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INTRODUCTION 

I.A Authorization 

Because of the projected growth in the Georgetown area, the City of Georgetown and the Town of Weir, 

together with several private land developers, have agreed to participate in a feasibility study for the de

velopment of regional wastewater facilities. This study, financed in part by the Texas Water Development 

Board (TWDB), was initiated as a result of House Bill 2 and House Joint Resolution 6, passed by the 65th 

Texas Legislature in 1985, in order to encourage cost-effective regional water and wastewater facility de

velopment. 

Accordingly, the City of Georgetown contracted with Wallace, Winkler and Rice, Inc. to undertake a study 

of the adequacy of existing wastewater facilities in the Georgetown area, and to evaluate the nature, timing 

and costs associated with alternative scenarios for facility improvements required to meet the predicted 

demand by the year 2030. 

I. B Scope and Objectives of Study 

The study area considered for the Georgetown Regional Wastewater Planning Study was the area de

fined by the City of Georgetown as its Century Plan Planning Area plus the recently incorporated Town of 

Weir. However, much of this area is quite distinct in character from the existing urban development in the 

immediate Georgetown vicinity, and unlikely to require organized wastewater service during the planning 

horizon. As a result, a wastewater service area that contained the future urban growth areas described in 

the Georgetown Century Plan was delineated out of the larger region. lt consisted of the Georgetown 

Extra-territorial Jurisdiction (ETJ) (as of January 1988), the Town of Weir and its associated watersheds, 

plus three small areas adjacent to lhe Georgetown ETJ. The area includes the certified service area of the 

Williamson County MUDs #5 and #6, approximately 1,500 acres of privately owned land and portions of 

major waterslleds that include the San Gabriel River, Berry Creek, Pecan Branch, Smith Branch and 

Mankin's Branch. 

Growth in the Georgetown area has been driven by many of the same factors that have driven growth in 

Central Texas in general, namely, the overall condition of the State's economy added to its desirable geo

graphic location. The Balcones fault, which parallels IH 35 provides topographical relief to an otherwise 

predominantly lIat terrain. However, the fault line also defines the eastern edge of a limestone plateau 

(tile Edwards) which is underlain by a series of aquifers. These aquifers provide a source of drinking water 

lor the area and are particularly susceptible to contamination from point and non-point sources. 
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The objective of the study was to determine the adequacy of existing wastewater treatment facilities given 

population growth projections and the fact that flows being received by the existing treatment plant ap

proach and occasionally exceed the rated plant capacity. Given that additional treatment capacity will be 

needed, cost estimates were determined for various alternative development scenarios. In developing 

these scenarios, consideration was paid to the fact that further discharge of effluent to streams overlying 

the Edwards Aquifer recharge zone is restricted by the Texas Water Commission (TWC). 

Protecting the quality of water that recharges the Edwards Aquifer is of primary concern to the TWOB, the 

TWC and allected cities. This fact has strongly influenced the way that wastewater management can be 

approached in the Georgetown area. In addition to constraining the amount of treated sewage that can be 

discharged over the recharge zone, a reduction in the overall number of septic tank systems is also a goal 

of the TWOB and TWC. Because many of the proposed developments to the west and northwest of 

Georgetown are located on the recharge zone, finding a means to dispose of wastewater in these areas is 

critical. This problem has provided an added incentive for regional planning for wastewater management 

in the Georgetown area. 

I.C Contents of Report 

This report focuses on the problem of providing adequate wastewater treatment facilities in the George

town area, given the following assumptions: 

the existing city wastewater treatment plant is approaching full capacity; 

it is unlikely that additional discharge of treated sewage will be allowed by the TWC at this or any 

other site located over the Edwards Aquifer recharge zone; 

considerable growth is projected in the Georgetown area, particularly over the Edwards Aquifer 

recharge zone in areas not currently served by centralized treatment facilities; and 

it is unlikely that major technological advances for on-site systems will reduce the likelihood of 

aquifer contamination. 

The scope of the study includes an assessment of existing wastewater treatment facilities and a determi

nation of future demand for the years 1990, 2000, 2010, 2020 and 2030. These estimates have been 

derived from a combination of population projection scenarios together with land use intensity predic

tions. In determining these estimates, an attempt has been made to assign future wastewater flows to 

specific drainage basins within the study area, in order to locate areas most in need of facility expansion. 
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Suitable wastewater collection and treatment alternatives have been identified and evaluated relative to 

these growth areas. Assessments of project costs, environmental constraints, water quality impacts, fea

sibility and permitting requirements are presented for a variety of alternative scenarios. Recommendations 

are made for wastewater treatment plant and major collection line locations and sizing, phasing of different 

projects and potential financing mechanisms. Given the uncertainties associated with growth projections, 

a major consideration has been maintaining flexibility and allowing for incremental expansion of the various 

treatment facilities. 

Data used in the study have been derived from a variety of sources. The data collection portion of this 

study relied heavily on previous population projections and land use intensity maps, particularly those in

cluded in the Georgetown Century Plan and the 1983 and 1985 studies prepared by Samuel L. Wyse As

sociates. Computer modeling, using the TWC QUAL-TX Water Quality Simulation Model, was used to de

termine water quality constraints associated with various plant size and location scenarios. Environmental 

constraints were determined from existing geological, biological and archaeological data, verified by field 

investigation. Cost estimates were derived from the known cost of wastewater treatment plant construc

tion, land prices, interceptors costs and the need for pumping stations based on the topography of the 

area. Throughout the course of the study, several public meetings were held in order to address the con

cems of the study participants and affected public entities, as well as private land owners. 

The report is organized into ten sections, with the water quality modeling runs included as a appendix. 

Subsequent sections include: 

A description of existing conditions in the area, including past growth patterns and predicted fu

ture trends. Existing wastewater collection and treatment facilities are evatuated, together with 

plans for future expansion of wastewater services (Section II). 

The methodology used and results obtained for population projections and wastewater flow pre

dictions are given for each drainage basin, with and without aggressive water conservation efforts 

(Section III). 

A variety of potential wastewater treatment plant sites are evaluated and four sites selected for 

further evaluation and modeling. The technical, institutional and economic criteria used in making 

this selection are explained (Section IV). 

Using computer modeling techniques, the water quality of Segment 1248 (the San Gabriel River 

below Georgetown) and Segment 1247 (Lake Granger) was determined for a variety of scenarios 

involving various combinations of these four plant sites at various utilization capacities and treat-
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ment levels. These data provided additional constraints to be added to the site selection criteria 

(Section V). 

Three reports that define the environmental constraints associated with additional wastewater 

treatment facilities are included. Section VI contains geological, biological and archaeological 

evaluations of tile area with particular reference to potential treatment plant sites and the location 

01 interceptor systems. 

Given the projected population/land use distribution and the various environmental and water 

quality constraints, wasteload collection system alternatives are presented. Major interceptors, 

minor collectors and pump stations required by each alternative are described and the costs 

associated with each scenario presented (Section VII). 

Given the technical, environmental, water quality and economic constraints delineated in previous 

sections, various wasteload collection and treatment system alternatives are evaluated. 

Recommendations are made about the location of treatment plants and the sizing of interceptors. 

Cost estimates are included, together with phasing recommendations. An attempt has been 

made to incorporate some flexibility into the process so that decisions can be made in response to 

actual growth patterns (Section VIII). 

A financial plan is presented in order to assist the region in raising the funds needed to meet the 

capital costs associated with these recommendations (Section IX). 

A water conservation plan that could reduce overall wastewater production by as much as 20 per

cent, if implemented, is presented in Section X. 
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II EXISTING CONDlTlONS 

Il.A Description of Study Area 

Il.A.l Geography 

The City of Georgetown is localed in Central Texas within the San Gabriel River basin of the Brazos River. 

To the west is an uplifted limestone plateau, separated by the Balcones escarpment from the more east

erly Grand and Blackland Prairies. West of this fault line streams are commonly incised into the limestone 

strata and provide a source of recharge for the underlying aquifers. East of the fault line the streams me

ander across wide valleys cut in soft substrates that are generally less porous and permeable. Another 

characteristic of the escarpment is its destabilizing inlluence on water-laden air masses originating in the 

Gulf of Mexico. The escarpment region is the locus of the largest recorded flood-producing storms in the 

conterminous United States. 

The geological features of the area therefore provide both opportunities and constraints for human 

habitation. The availability of both surface and ground water in the area is probably one of the reasons that 

evidence of human activity extends back into prehistoric times. However, the vulnerability of the ground

water to contamination, together with the flood-prone nature of the area, does result in some constraints 

to development activities. 

II.A.2 Climatology 

The San Gabriel watershed is located in the subtropical region with hot summers and mild winters. Tem

peratures vary from an average of 9.5°C (49.1°F) in January to 29.3°C (84.7°F) in July. Prevailing winds 

are southerly throughout most of the year. However, northerly winds can bring sharp drops in tem

perature during winter monttlS. These cold spells typically last a few days. Precipitation averages 80 cen

timeters (31.5 inches) of which an insignificant amount faits as snow. Winter preCipitation is mainly in the 

form of light rain, whereas most olller rain results from thunderstorms. Although distributed throughout 

the year, greatest precipitation is experienced in late spring, with a secondary peak occurring in 

September. 

From tile perspective of wastewater treatment, it is significant that the months of July and August are typi

cally the warmest and the teast precipitous. An inverse relationship exists between riverine water 

temperature and its ability to recover from waste loading. Also, a given stream configuration tends to ex

hibit higher average temperatures as the flow is reduced. Therefore, the concurrence of these two clima

tological conditions greatly increases tile recovery period and thus the need for higher treatment levels. 
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II.A.3 Hydrology 

The City of Georgetown is located on Segment 1248 of the San Gabriel River (North Fork) near its conflu

ence with the South Fork. This segment is defined upstream by Nor1h San Gabriel Dam, which has con

trolled its flow since Marcil 1980, and downstream by Lake Granger (Segment 1247). Lake Georgetown, a 

man-made, 1,300 acre reservoir behind North San Gabriel Dam, provides flood control and water supply 

for the Georgetown area. The drainage area of Segment 1248 totals 973.4 square kilometers (375.9 

square miles) and includes the Middle and South Forks of Ihe San Gabriel, Berry Creek, Pecan Branch, 

Smith Branch and Mankin's Branch. 

Segment 1248 receives much of its flow during spring months, both from surface run-off and from springs 

in the Edwards Aquifer and associated limestone formations. Notable springs are Berry Springs located 

8.1 kilometers (5.0 miles) north of Georgetown on Berry Creek, and Mankin's Branch Springs 9.7 kilome

ters (6.0 miles) east of Georgetown on Mankin's Branch. In the Circleville vicinity the Wilson Springs con

tribute flow from the Wolfe City Sands. 

The Georgetown area depends on both surface and groundwater for its supply of potable water. Al

though the Edwards Aquiler is the largest groundwater producer in Texas, it does not supply an unlimited 

quantity of water. tn general the quality is good and only slightly saline. However, during periods of 

drought real water quality problems exist and both Austin and Georgetown have developed costly water 

treatment plants. Other sources of groundwater are the Trinity Sands, a much larger formation which 

yields less water, and the Alluvium Aquifers located along stream beds and recharged by streams. 

The Edwards Aquifer is an artesian aquifer lying within compact, impermeable layers of limestone. It is 

rectlarged by rainwater returning through surface faults in tile Edwards Limestone outcrops and from 

streamflow entering the outcrop in the stream channels. Water levels in the aquifer are sensitive to 

recharge and discharge rates; in recent years increased pumping has resulted in the cessation of many 

springs during drought periods. High infillralion rates resull frorn its rather limited storage capacity and the 

fact that it is overlain by a very thin unsaturated zone. This makes it susceptible to contamination from sur

face sources, demonstrated by the increasingly higll amounts of bacteria and nitrate nitrogen detected in 

many wells in the past few years. 

II.B. Land Use Patterns 

II.B.l Historical Trends 

The San Gabriel River is located in the Grand and Blackland Prairies. Fertile, black clay soils between 

Georgetown and Circleville support the growth of maize, cotton and corn, as well as livestock rearing. Ini-
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tially, the predominant impact on Georgetown's economy was its role as a market center for the surround

ing farm areas. In recent years, Georgetown's position as a major agricultural trading center has declined; 

cash receipts from agricultural products were 14 percent of the total county effective buying income in 

1980 and dropped to less than 5 percent by 1985 (Cenl.!!G'- Plan - SOCio-&.QQnomic Condilions p. 89). 

Recent developments have resulted in a diversification and expansion of the region's economic base. 

The City's employment base has also been dominated by the service sector. However, between 1980 

and 1984 the proportion of jobs in this sector declined from more tloan one third of the total jobs to less 

than one quarter. This is a reftection of the rapid expansion of other sectors of the economy, particularly 

finance, insurance and real estate, and the govemment sector. Construction and manufacturing continue 

to make up significant and growing sectors of the economy. Major industries located in Williamson County 

include electric equipment manufacturing, limestone quarrying, electronic components fabrication, oil 

field equipment construction and pharmaceutical preparation. Overall the number of jobs available in 

Georgetown increased from 3,824 in 1980 to 6,494 in 1984 (Century Plan - Socio-Economic Conditions 

p. 93). 

The City of Georgetown and adjacent developed areas combine to form a functioning economic unit of 

approximately 18,500 people. Georgetown is also part of the Austin Metropolitan Statistical Area (MSA), 

which includes Austin, Buda, Round Rock, Pflugerville, Leander and Cedar Park, thereby encompassing 

parts of Hays, Travis and Williamson Counties. Since 1980 an increasing number of Georgetown resi

dents appear to be working outside the City. Thus, the growth of Georgetown is influenced by, but does 

not directly parallel, the growth of the Austin MSA. 

The population of the City of Georgetown has more than doubled since 1970, a slightly lower rate than 

that of Williamson County, but faster than that of the State as a whole. Between 1980 and 1987 the rate 

was faster Itlan that of the Austin MSA. Most of this increase can be accounted for by the overall migration 

into central Texas, which has declined considerably since the economic downturn beginning in 1986. 

Thus, the growth of Georgetown will be largely dependent upon the state of the regional economy and 

the job opportunities that are created. 

II. B. 2 Planning for Future Growth 

Because Georgetown has experienced considerable rates of growth over the last few decades, the City 

has undertaken several studies in order to predict future growth rates and the need for infrastructure. The 

first comprehensive plan prepared for the City of Georgetown in 1964 was mostly descriptive, and con

tained few recommendations. A more detailed plan, the 1976 CQillprehensive Urban Plan was prepared 

by Samuel L. Wyse Associates, and contained a greater level of detail, but suffered from a lack of commu-
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nity input. In 1979 the City undertook a series of public hearings in each of eight sectors of the City, in or

der to obtain citizen input on needs, issues and problems. This supplement to the 1976 plan, a Guide to 

~fowth afl1L~'IeIQpmenLln..G~~tmw...~lillS, focused on immediate problems and provided a guide 

for decision making in association with rezoning and subdivision action. 

Another plan, produced in 1983 and updated in 1985 by Samuel L. Wyse Associates, included a ~ 

opmenllmpact Analysis, a Ihor1lli9-hfare Plan and a Parks and Hecreation Plan. The ~velopment Impact 

Ang[Y.lill; included a QID!~QP1illlfl1.£'1illl which was adopted by the City in February 1986. A more exten

sive study was undertaken by the City in the subsequent two years, culminating in the Georgetowl1J&n: 

lury Plarj. It was designed to be a comprehensive planning document that took into account all of the so

cio-economic and phySical factors that have an impact on and are affected by growth and development. 

II.B.2.a Studies by Samuel L. Wyse Associates 

The ~veloI2!lliillUmpact Analw (1985) was designed to provide an analysis of the impact of the very 

large number of development proposals received by the City in 1983 and 1984. Data on numbers and 

types of building permits were analyzed in terms of their potential impacts on population, land use, facili

ties and the environment. Using 24 Planning Districts, population predictions for each area were made for 

the year 2005. As compared to previous studies, much more development (up to 40 percent of total fu

ture growth) was predicted for the northwest part of town and less in the south. In addition, the number of 

duplexes and apartments was conSiderably increased, thereby increasing the density of development. 

Previous lOW-density areas along Iii 35 between the forks of the San Gabriel Hiver, and far to the east 

along State Highway 29 were predicted to be potential sites for development, requiring additional exten

sions of utilities and facilities. 

In general, it was felt that drainage divides would have a large impact on the pat1ern of growth. Also, that 

the growth 01 cerlain areas would be GOnstrained by tile availability 01 utility services, particularly in the west 

and northwest. The opening of the South Smith Branch toward Habbit Hill and the Berry Creek drainage 

area to the north is also dependent upon the provision 01 sewer services. Growth in the southwest is 

constrained by the presence of quarry lands; development to the southeast depends upon better vehic

ular access. 

The study also revealed, given the predicted growth pattern, an inadequate amount 01 commerCial, retail 

and industrial area, and an inadequate amount of public and semi-public lands. Assuming a total popula

tion of 35,000 (in 2005), an additional 194 acres of commercial land (400 square feet per person), an 

additional 26 acres 01 public and semi-public land (0.12 acres per 100 persons), an additional 137 acres 01 

school land (0.64 acres per 100 persons) and an additional 207 acres of developed park and recreation 
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space (0.97 acres per 100 persons) were considered necessary. In addition, streets make up 25 percent 

of developed land and industrial activities were expected to account for 30 percent of the future labor 

force. Including the quarry, industrial activities were expected to require a total of1 ,742 acres, with an ad

ditional 10 percent for railroad lines and facilities. 

With most of this proposed development in the design and plaiting stage, it was anticipated that most of 

the impact would not be felt until 1987. However, assuming all of the development proceeded as 

planned, ttle proposed number of dwelling units would far exceed the absorption rates anticipated for the 

near future. 

Recommendations were made concerning land use suitability of each matrix, taking into account access, 

relationship to residential areas, ease of providing utility services, physical limitations and current uses. 

The following conclusions were drawn: 

Grow1h to the east would benefit from accessibility of utility facilities and limited amounts of envi

ronmentally-sensitive areas, but would be constrained by major drainage divides. 

The aesthetic qualities of the northwest will result in a doubling of its population, limited mainly by 

the utility system. 

Large lot residential development is expected to continue to the west and extreme northwest of 

the City where there is no sewer service. 

Expansion in tile southwest will be limited by the quarry property. 

Higher intensity commercial and multi-family uses are expected near the intersections along IH 35, 

particularly at F.M. 2338, the North Loop near the airport, and F.M. 2243. 

I-leavy industrial uses are predicted along the Georgetown Railroad near IH 35 and U.S. Highway 

81 in the south; light industrial uses are anticipated near the airport and between IH 35 and U.S. 

Highway 81 in the north. 

II.B.2.b The Georgetown Century Plan 

In order for long-term aspects of grow1h management plans to transcend short-term changes in the socio

political and economic environment, it is necessary for the plan to be officially adopted by the City Council. 

The cornerstone of this endeavor was laid in April 1986, when the citizens of Georgetown voted to amend 

the City Charter by adding a provision establishing " ... comprehensive planning as a continuous and on

going governmental function ... " This provision created not only the requirement for the process of 
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comprehensive planning, but also indicated that the results of the process were to be documented 

tluough the adoption of a "comprehensive plan," subsequently named the Georgetown Cenlu~. 

TIle process began with a Significant financial commitment by the City in its fiscal 1986-87 and 1987-88 

budgets. A planning area was established (see Figure 11.1). covering approximately 156 square miles. 

The boundaries, established by a combination of geographical and jurisdictional factors, encompassed 

that area that could reasonably be expected to be included in the Georgetown extra-territorial jurisdiction 

(ET J) by tile end of the Century Plan period (the year 2010). The south and southwest limits of the plan

ning area generally follow the boundary of the Georgetown Independent School District (GISD) and also 

coincide with tile common ET J line between Georgetown and Round Rock or Leander, respectively. The 

eastern limit extends north from the GISD line along County Road 100 until it joins the San Gabriet River 

just south of Manllin's Branch confluence. The line then follows the San Gabriel River north along the 

officially adopted line of demarcation between Georgetown and Weir. From FM 972 around to the San 

Gabriel River tile north and west boundaries were established by projecting two arcs each having a 5 mile 

radius. 

The following requirements of the Charter amendment relate directly to the Georgetown Regional 

Wastewater Planning Study: 

The purpose of the Plan is to: manage the future development, 

ensure appropriate and beneficial use of natural resources, 

facilitate the provision of wastewater facilities and services. 

All public and private development should be in conformity with the adopted Plan. 

Each of several Plan elements should be coordinated and internally consistent. 

Another contribution made by the Century Plan to this study comes from information contained in the nine 

Base StuQ)' reports published by the City in the first half of1987. The central topic of each of these reports 

roughly matches an aspect or "element" of the community identified by the City Charter as being a 

required portion of the comprehensive plan. Each study was designed to provide an inventory, as well as 

a broad understanding of existing conditions, past trends and future needs of the community. In this 

study, PaJ1icuiar attention was paid to tile SQCiQ-El<Q!lQillk CQm!j1iQ!~, Physical F!t~, J..!1ill1i.Qs. and 

Land- U~Qy reports. 

TIle next phase of tile .Q!2!lJI.L~lilll to be implemented was the EQJ[Qy.£'la.rt.£lfLmenl. drafted by a seventy 

fille (75) member citizen advisory group using tile .6llli!t.IDllilY as an information base. Tile Policy Plan 

delineates the policies, goals and objectives to be achieved by actions of the City relative to thirteen cate-
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gories that cover the spectrum of subject areas specified in the City Charter. It also discusses at greater 

length the projected scope, function and guiding principtes of the Plan, as well as administrative rules and 

procedures. Subsequent to a public review and comment period, the Century Ptan-Policy Plan element 

was adopted by the City Council in February 1988. This action established the policy statements and ad

ministrative procedures as legally binding guidelines for subsequent City actions for the life of the Plan. 

The following statements from tile .1J!e.a£Qlicy Ptan SumlllillY. brochure are directly retated to this anatysis: 

Develop a water resources system to provide an adequate quantity and quality of water to meet 

the city's needs; 

Increase the quality of life by upgrading existing and providing new facilities and services; 

Work towards establishing individually self-supporting utility operations; 

Devetop a system to aid in the creation of environmentally suitable devetopment projects; 

Establish utility policies which consider the needs of all citizens and take precautions to prevent 

harmful impacts on the environment; 

The illliities Functional Ptal! will encourage and provide for economic development in George-

town; 

Provide ... wastewater ... services to meet the needs of and encourage economic development. 

The current phase of the Cenill.J)I .... Eilln activity began in the first quarter of 1988 and is scheduled to con

tinue through Aprit 1989. This phase involves the preparation and adoption of three of the 15 "functional 

plan elements" discussed in the EQ!icy Pial! and derived from the City Charter. This eHort is expected to 

constitute the l.ill~, IfllfllilLQ..rtalion and !.!1i!illi!s. elements of the Century Plan. Since this work is pro

ceeding concurrently with the regional wastewater study and will not be completed prior to the submittal of 

the final report, its results cannot be fully incorporated into this study. However, some of the preliminary 

decisions have been utilized to the degree appropriate in formulating recommendations for the expansion 

of wastewater facilities. 

The centerpiece of this current phase of tile !&n1J.L1J'.E!sill is the development of a computerized system 

for establishing and monitoring the quantitative relationship between infrastructure demands generated 

by development (specifiC'.ally water, wastewater and traffic demands) and the capacity of the infrastructure 

network to satisty those demands. The technical aspects of this program are being carried out under con

tract with a consultant team headed by Richard Verdoorn, tnc. of Austin. A key concept involved in this 
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system is the allocation of a fixed maximum quantity of the known capacity (both existing and proposed) to 

each parcel of land in the Georgetown Planning Area. Thus, as long as these maximum limits are not ex

ceeded, the required future demand/capacity for each network will be known. 

In an eHort to utilize as much of this concurrent planning effort as possible, three preliminary products 

were incorporated into tile wastewater study. The QQ.DlillY£lillL:.l'relin.li!llirY-.Land Use Intensit~ was 

developed by the City for use in proviSional modeling of future infrastructure demands. It has been used 

in this study to indicate the likely location and land use activity mix of expected future growth. Also used in 

this study were the L.illliLJ.lli~nfrastrtJctur~ivalency U!!l!llli. developed to quantify the demand in 

gallons of wastewater per acre per day for some 15 types of land use activity in Georgetown. Finally, the 

initial results of the computer modeling for existing land use wastewater generation were used to help es

tablish 1I1e base line from which future demands were projected. Each 01 these products was used to 

varying degrees in the distribution and projection 01 population and wastewater flows and is discussed in 

more detail in Section III 01 this report. 

Il.e Wasteload Collection Systems 

The major wastewater collection system within the Georgetown area is that operated by the City of 

Georgetown. It serves an estimated 15 percent of the total study area. Figure 11.2 shows the location and 

configuration of the existing network of collection lines, manholes, pump stations and the treatment 

facility. 

Previous studies have organized the collection system network into eight major interceptor lines. 

Interceptors 1-4 serve the older part 01 the City south and east of the South Fork San Gabriel. Almost all of 

these lines are over 30 years old and constructed of vitrified clay. Thus, they are nearing the end 01 

expected service life. At one time the majority of this portion of the system flowed by gravity to the 

treatment plant. However, currently there are two lift stations, the small Scenic Drive and the 15th Street 

lift stations added during the 1970s and serving Interceptor 3. More recently, Interceptor 3 was separated 

at IH 35 so that flows generated west of the expressway are now diverted south into Interceptor O. Also, 

with the construction of tile 3rd Street Lift Station in 1987, flows generated west of Business 35 are now 

diverted from Interceptor 1 into the reconstructed Interceptor 5. 

Interceptor 5 runs from the major lift station located in San Gabriel Prtrk west along the North Fork San 

Gabriel. Much of this system is vitrified clay pipe and 10-20 years old. Several major modilications were 

made to this system during 1986-87 including: the replacement 01 the major trunk line from the park tolH 

35; the construction of a new trunk line from IH 35 to Big Country Lift Station and the elimination 01 that lift 

station in favor of an inverted syphon; and the replacement of the trunk line upstream to the Little Country 
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Lift Station. Additional improvements further upstream are still needed to reduce inflow/exflow and pro

vide for future service extension. 

Interceptor 6 runs from the Park Lift Station north to Georgetown High School. This network. moslly of 

PVC pipe. appears to be in good general condition. The likely future service area is quite limited. How

ever. this line could provide service for the septic tank developments existing along Business 35 North. 

Interceptor 7 runs from the Park Lift Station northwest to just short of the Serenada area. This system 

serves all of the land between IH 35 and FM 2338 except for an area immediately surrounding Northside 

Middle School served by Interceptor 5. It is similar in age and construction to Interceptor 5. but has signifi

canlly less line less than ten years old. The naturaf service area of this system has been tripled by the 

construction of three lift stations that pump effluent from the Pecan Branch Creek basin. All three of these 

facilities operate near capacity and some segments of the gravity line along Northwest Blvd. are over

loaded. TIle Reata Lift Station is the largest pumping facility and is scheduled for minor improvements in 

the Georgetown FY 1988-89 budget. However. this section of the City is likely to remain prime for future 

development and as this occurs. capacity problems will increase. Previous studies have recommended 

the elimination of these three lift stations and the construction of a new major interceptor along Pecan 

Branch Creek. Unless a new treatment facility is located downstream (between IH 35 and the Berry Creek 

confluence). the wastewater would still need to be pumped into the downtown treatment plant. This 

could be accomplished by using the partially constructed Crystal Knoll Lift Station and force main located 

at the intersection of Pecan Branch Creek with C.R. 152. 

Interceptor 0 begins at the Southwestern Lift Station located some 2000 feet south of the wastewater 

treatment plant and runs south and west along Smith Brandl Creek to a point west of IH 35. It has served 

all connections south of State Highway 29 and west of tH 35 since the previously mentioned diversion of 

Interceptor 3 by completion of the San Gabriel Heights Lift Station. It also serves a rather narrow strip 

along the southern perimeter of the City from IH 35 to Highway 29 East. The Southwestern Lift Station 

has been overloaded during peak flow periods for some time. Similarly. the lower one third of the collec

tion line has had capacity problems. This condition is reported to be more a problem of infiltration into the 

system than of too many connections and is attributed to its construction through unstable clay soils with 

inadequate bedding. Extensive rehabilitation of this interceptor has been proposed as part of the ongo

ing wastewater rehabilitation program. Once the needed improvements have been made this tine has the 

potential for serving a very large area south of the City. This area has been designated as being the high

est priority new development area by the Century Plan and the extension of water and wastewater ser

vices to this area is currenlly in progress. 
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In summary, Georgetown has had a centralized wastewater collection system for more than 30 years. Por

tions of the system are quite old, although there have been frequent additions to it. Tile collection lines 

are fargefy of vitrified clay. About 80 percent of the pipes are clay and 20 percent are plastic. Many of ttle 

older sewer lines are in need of maintenance or replacement. Some of the laterals were constructed over 

insufficient bedding materials in low water tabfe areas, causing the lines to settle. Severe infiltration of the 

system by surface and groundwater is evident by the significant increases in the amount of water pro

cessed by the plant following a good rain. This afso results in overflows at several manhotes in the collec

tion system. These problems are being addressed through an ongoing sewer rehabilitation program and 

through the coordination of construction related to new development. 

fLO Wastewater Treatment Facilities 

II. D. 1 Georgetown Wastewater Treatment Pfant 

Georgetown currently owns and operates one WWTP located south of the San Gabriel River, east of Col

lege Street. It was originally built in 1965 and totally rebuilt with new structures and a new treatment pro

cess in 1983. It utilizes a contact stabilization process and has a rated capacity of 2.5 MGD. Sewage is re

ceived from all parts of the collection system and treated effluent is discharged directly into the San Gabriel 

River. 

The WWTP operates under Texas Permit #10489-Z, and under the National Pollution Discharge Elimina

tion System (NPDES) Permit #Tx0022667 which regulates both the quality and quantity of discharge. 

Currently, the plant's maximum allowable discharge is 2.5 MGD averaged over a month and the maximum 

daily discharge is 3.5 MGD, of which up to 1.0 MGD may be discharged via irrigation by Southwestern Uni

versity and the golf course. The pollutant level is set at 10 milligrams per liter of 5-day biolochemical oxy

gen demand (80D5) and 15 milligrams per liter of total suspended solids (TSS). There are currently no re-

quirements for nitrification. Thus, the effluent ammonia (NH3l concentration is assumed at 15 mg/L. 

In 1988 the WWTP was operating at 68 percent of its monthly rated capacity and had never exceeded its 

permitted daily limit or maximum monthly limit. In 1986 it was cited as one of the ten best in the State by 

the Texas Water Quality Board. However, there have been several instances when discharge flows have 

approached the maximum allowable and this has led to speculation that flows could exceed the maximum 

capacity of the existing plant by 1990. Analysis of self-reporting data for January 1985 through December 

1987, indicates that very high flow months correspond to periods of heavy precipitation (Figures 11.3 - 11.5). 

Most notably, the last four months of 1986 have discharge flows recorded as 2.27, 2.82, 1.82 and 2.27 

MGD as compared to preCipitation levels of 4.44, 8.12, 2.49 and 6.53 inches. Similarly, 3.55 MGD dis

charged in June 1987 is obviously the result of 8.01 inches of precipitation in late May followed by 9.78 

11-12 



40 ~ 
3.5 

3.0 + 

2.5 

/\ -;-
~ 

Flow e.) 

(MGD) 2.0 

1.5 r • 1.0 - -- -0.5 

0.0 

Jan Feb Mar 

Figure 11.3 
Flow vs Discharge of Existing Georgetown 

WWTP from 1985 TWC Self-Reporting Data 

...... Wastewater Flow 

Permitted Allowable 

• Precipitation 

- -
- - - -- - - - -
Apr May Jun Jul Aug Sep 

Month 

LO 

t 8 

7 

.............................. 
6 

-------
Precip. 

5 (inches) 

4 

• 111+ 3 - - -, 
2 - - _I 

0 

O::! Nov Doc 



4.0 T 

35 ! 
3.0 

2.51 

Flow 
T 

(MGD) 2.0 -.:.. 
1.5 

10 t I 
0.5 

0.0 

Jan Feb Mar 

Figure 11.4 
Flow vs Discharge oj Existing Georgetown 

WWTP from 1986 TWC Self-Reporting Data 

...... Wastewater Flow 

Permitted Allowable 

• Precipitation 

"T' 10 

+ 9 

• t B 

7 ,qql."qqqq_ I 
6 

Precip. 
5 (inches) 

• • 4 

3 

I I • I I • It 2 

0 

Apr May Jun Jul Au;J Sep O::t Nov Dec 

Month 



4.0 "T" 

3.5 4-

3.0 

2.5 

Flow 
or- (MGD) 2.0 -C1I 

1.5 

1.0 + 
0.51 

0.0 I 

-- Wastewater Flow 

Figure 1!.5 
Flow vs Discharge of Existing Georgetown 

WWTP from 1987 TWC Self-Reporting Data 

Permitted Allowable -• Precipitation - • 

II - II - II 

- • II II - II 

Jan Feb Mar Apr May Jun Jul Au;) Sep 

Month 

or 10 

+ 9 

t 8 

7 

................ 
6 

Precip. 
5 (inches) 

4 

3 

2 

1 

0 

ext Nov Dec 



inches in June. Throughout the remainder of 1987, base flows appear to be approximately 1.6 MGD. 

Ttlese data suggest that tile City of Georgetown has a inflow/infiltration problem that the City is currently 

addressing. 

II. 0.2 Wastewater Treatment in the Remainder of the Study Area 

Williamson County MUDs NO.5 and 6 are currently sewered and treated by a 0.4 MGD facility. This facility 

has a zero discllarge permit and disposal of effluent is by spray irrigation. Due to its location on the Ed

wards Aquifer recharge zone (Figure 11.1), it is unlikely that this permit will ever be amended to allow dis

charge to a surface water course. South and east of the City, the Dove Springs Development Corporation 

has a permit for a 0.2 MGD facilty at a treatment level of 10/15/4, with a proposed new application to the 

TWC to raise the discharge flow from this facility to 1.2 MGD. 

The remainder of the study area relies exclusively on on-site disposal systems, primarily septic tanks uti

lizing subterranean drain fields to discharge "treated" effluent (see Figure 11.6). The installation and 

operation of these facilities is regulated by the County Health Department under rules promulgated by the 

Texas Department of Health and the Texas Water Commission. Due largely to substandard installation and 

maintenance, especially of older units, these systems pose a threat to the water quality of underlying 

aquifers. This is particularly significant within the recharge zone of the western half of the study area, a 

preferred growth region. The primary regulation of these systems takes the form of construction 

standards and minimum lot size requirements for new construction. The minimum lot size for systems over 

tile recharge zone is one acre and for non-recharge areas it is one half acre. The only remedial program in 

effect is a requirement that failed systems cannot be permitted within 300 feet of an organized collection 

system with available capacity Given these requirements, it is obvious that development at normal urban 

densities can only occur in areas served by organized wastewater collection and treatment facilities. 

An accurate inventory of the number and location of on-site systems is beyond the scope of this study. 

However, the major developments using on-site disposal systems in the Georgetown Regional 

Wastewater Planning Area are shown in Table 11.1 and Figure 11.7. Table 11.1 lists 2,664 lots, many of which 

are developed and most are overlying the Edwards Aquiler recharge zone. An estimated 750,000 gallons 

per day of effluent is discharged from these systems onto the recharge zone. 

It is evident that the most significant occurrence of septic tanks is nor1h of State Highway 29 at the edge of 

or beyond the city limit. The western hall of drainage area 1 contains tile Oakcrest Ranchettes/Greenridge 

subdivisions with some 22-' residential lots covering 505 acres. Area 3a contains one 32 lot residential 

subdivision and several scattered commercial and residential lots. Area 5a includes a half-dozen 
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Table 11.1 
Major Developments Using On-site Disposal Systems 

Drainage Development Lots Acres Remarks 
Area 

1 Oakcresl Ranchettes/ 227 505 
GreenridgeaJ 

3a Legend Oaks 49 30 
Legend Oaks " 6 7 Proposed commercial 
Wolf Tract 8 9 

5a San Gabriel Estales 38 88 
Oakcrest EstatesaJ 93 176 
Turtle Bend 63 35 
Country West 39 41 

5b River Hills 70 85 
Hw)' 29 stri~ north 7 57 Residential/commercial 

A Pennington Place 38 38 
Other 100 Estimate (unplatted parcels) 

B Serenada Estates 547 718 
Andice StripaJ 4 15 
Georgetown Airport NA 45 Estimate 
Golden Oaks 49 138 
Industrial Park North 47 20 Commercial 
Gabriel Estates 25 29 

Bl Serenada East 368 250 
Logan Ranch 82 323 
Sanaloma Estates 124 53 
Brangus Ranchbl 25 60 
Air Country Estatesbl 26 56 
Tonkawan Country 24 52 
Berry Creek 98 73 
Airport Industrial Park 6 18 

C Two commercial developments 
- data not available 

D Two residential developments 
- data not available 

Dl Indian Creek 151 88 
Dove Springs 62 40 

E FM 1460 strip 59 
Rabbit Hollow 83 134 
Unnamed Subdivisionbi 12 
Clearview Estates 20 1 1 

F IH 35 Strip Westbl 15 40 
IH 35 Strip Eastbl 30 45 
McCoys Subdivision 7 13 Commercial 

Far South Advance Custom 2 17 Employs approximalely 150 
Molders Plant persons 

Wood Ranch Wood Ranch Sections 1-4 60 171 
at -Taken from the Century Plan Data Base (as developed for use III the Cenl1!!Y Plan l.and Use Plan 

E 1!2!lliillt) 
bt Estimated from the Georgetown Zoning Map 
Other data taken from Williamson County Plat Records 
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subdivisions totaling some 233 lots on 340 acres. Area 5b has 70-80 lots of various uses and plans have 

been approved by the City to extend service to part of the undeveloped area. 

The largest contiguous area developed and/or proposed for development using these systems is that 

portion of areas Band B1 adjacent to and west of IH 35. This area covers more than 4,000 acres and 

currently is divided into 1,800 to 2,000, mostly residential, lots. Also included in these two areas is the 

airport and numerous commercial lots such as Industrial Park North and other developments along 

Business 35 north of Georgetown High School. A relatively high percentage of these lots, both 

residential and commercial, have septic systems in place. 

Drainage area A east of town llas no major consolidated developments but does contain numerous 

homes on lots smaller than 10 acres. Similarly, all of the population of the Weir area (areas A 1 , A2, A2a and 

A3) are served by on-site systems. Other drainage areas, including D1, E, F and Far South, contain 

scattered, small to medium sized developments located primarily adjacent to major roadways. 
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III POPULATION AND FLOW PROJECTIONS 

Siting of wastewater treatment plants is critical, because, unlike water supply systems, collection systems 

rely primarily on gravity to transport wastewater. Lines in a wastewater collection network operate most 

economically when gravity is used to deliver effluent from individual structures to a wastewater treatment 

plant. Thus, the optimum location of a treatment plant is generally the lowest point in the service area. 

In determining the optimum site(s) for wastewater plant(s), the critical determination is to predict where 

population growth will occur within the area and how the resulting wastewater /lows can be gravity fed to a 

SUitable site for treatment. With this in mind, the study area watershed was divided into 23 drainage areas. 

The primary division lines chosen were the major ridge lines. Within these subbasins, further subdivisions 

were made based on socio--economic factors and, in some cases, major highways (see Figure 1/1.1). 

Population and land use distribution served as the basis for projecting wastewater /lows. A variety of data 

sources were used to predict both total growth within the study area, and how that growth would be dis

tributed. Having assigned residential population to each of the 23 drainage areas for each decade 

through the 2030 planning horizon, /lows were determined using a per capita rate of wastewater produc

tion. Flows resulting from anticipated commercial and industrial developments were then added to these 

estimates to derive the total projected flow for each drainage area. 

III.A Subdividing the Study Area 

III.A.l Determining Drainage Area Boundaries 

Many of the major streets in the Georgetown area have been constructed along ridge lines. Thus, in this 

study they often provide an appropriate means of delineating drainage areas, because this increases the 

extent to which gravity flow can be used to feed major interceptors. Other factors such as the existing 

collection system and development pal1erns are then used to refine these major boundaries. For 

instance, F.M. 2338 was used to define the southern limit of the Berry/Pecan Creek drainage basin west 

oflH 35. Interstate Highway 35 and State Highway 29 delineate the boundaries of basins D, I, 2, 3a, 3b, 

5b, A, and D1. Similarly, the Wood Ranch basin is bordered by Wood Road. 

Basins are labeled either numerically or alphabetically. The numeric basins represent areas currently 

served with sewer or additions to major interceptors in adjacent basins. For the numeric basins, 

consideration was given to a study per10rmed by Richardson-Verdoorn, Inc. deSignating a boundary, 

called the urban area. The alphabetically labeled basins represent areas not currently serviced with majors 

interceptors, but rather septic tanks or nothing at all. Three areas that do not conform to these criteria are 
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the Southwestem Industrial District, Wood Ranch and the Far South, named more by description than by 

any level 01 service. 

For basins 3a, 3b, 5a, and 5b, the forks of the San Gabriel River are boundaries which divide the entire 

basin into smaller sub-basins. These lines are additions to the City of Georgetown's existing interceptors 

called 3 and 5 in previous studies performed by Freese & Nichots. 

Out of the 22 basins, 15 have outer boundaries described by the TWDB Planning Area Boundary. 

III.A.2 Description of the Drainage Areas 

Within the Berry Creek watershed, drainage area B has significant tevels of development, several platted 

but undeveloped subdivisions, and contains the airport. Moving northward, B1 has considerabte existing 

development, including Williamson County MUDs 5 and 6. Like area B, it has good access because it is 

dissected by IH 35, although the eastern portion may be dependent on the construction of the proposed 

Mokan Roadway for further growth. Area C also has good access that would be enhanced by the 

construction of Mokan. Although currently demonstrating limited development, it has good potential for 

growth through the 2030 planning horizon. 

Areas A 1, A2, A2a and the eastem half of A3 include the Town of Weir, which was incorporated in 1987. It 

is predominantly rural with dryland crop farming. The northeast quadrant of the Georgetown area has al

ways experienced t~le slowest rates of growth, mostly because of accessibility problems and availability of 

adequate sewage collection and treatment facilities. This situation will continue until such time as the 

Mokan Roadway is completed or sewage collection and treatment facilities are constructed along the San 

Gabriel River below Berry Creek. 

Another major ridge line is delineated by State Highway 29, which dissects the older portion of George

town. Drainage area 2, north of SH 29, and area 0, south of SH 29, contain most of old Georgetown. They 

have the highest population density and limited potential for growth. West of IH 35 and north of the 

Middle Fork San Gabriel, drainage area 1 is an extension of the development pattern of the downtown 

area. However, the western half is currently developed on septic tanks and contains large amounts of 

floodplain thereby limiting the intenSity of growth possible. 

North of SH, 29 and also developed to varying degrees on septic tanks are drainage areas 5A, 5B and A 

and the Wood Ranch Property. Both 5A and 5B have good access and therefore good potential for 

growth. In 1986 utilities were extended to 5B and a major commercial development (Rivery) has been 

planned and approved for III is area. The Wood Ranch west of Georetown is designated as a separate area 

because of its large size under single ownerShip. Although discouraged by the CenturyJ&nd Use Plan, 
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this makes it a potential candidate for designation as a municipal utility district unless City services are 

provided. It is currently undeveloped except for that portion used as a quarry by Capital Aggregates. 

Area A, east of the developed portion of the town, contains the existing treatment plant and a significant 

area of City and university owned land. Growth potential for this area is severely limited due to large 

amounts of floodplain, lack of access and the relatively small parcel size of much of tile land. There are, 

however, a handfull of scatJered tracts large enough to constitute a major development that could become 

marketable with the completion of lhe Mokan Roadway and addition of sewage collection and treatment 

facilities along the San Gabriel River. 

With the exception of the previously discussed area 0 and limited portions of areas 3B and F, the area of 

urban development south of SH 29 has again been limited by availability of utility services. In an attempt to 

encourage growth in this area, the City has recently budgelted $600,000 for the extension of water and 

sewer services. It hopes to encourage industrial development, particularly in area F which is dissected by 

lH 35 and already has significant residential and commercial areas. Adjacent area E has good potential for 

residential growth, if Westinghouse Road is widened and the development of the Georgetown Loop 

Road proceeds. These two areas have been given high priority for growth in the Georgetown Century 

Plan and by the Georgetown City Council. 

In the southwest, areas 3A, 3B and the Southwest Industrial District (SWID) are relatively undeveloped 

and limited by lack of utilities. The eastern third of 3B is developed with higher density residential uses 

and significant commercial use. The western third contains a major rock quarry. Area 3A has relatively 

consolidated ownership but no apparent plans for development over the foreseeable future. Similarly, 

tile SWID area is expected to continue its present use as a quarry til rough most of the study period. 

The Mankin's Branch watershed in the southeast has been divided into areas 0 and 01. It contains sev

eral isolated septic tank subdivisions and the site of the proposed Dove Springs WWTP. There is consid

erable agricultural activity in the area, particularly dryland row crops and dairy farming. Future growth po

tential is poor unless the construction 01 the Mokan Roadway has a Significant impact. However, taking 

into account floodplain and property ownership patterns, these areas are more condusive to development 

than area A to the north. 

The Far SoUtil basin drains into the Brushy Creek watershed. There is high potential for future growth 

adjacent to IH 35, but wastewater would have to be pumped up into the San Gabriel River basin unless 

service could be arranged at the Brushy Greek Regional Wastewater Treatment Plant. Currently the area 

is predominantly rural with several horse breeders, but also contains a plastics manufacturing plant and 
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some "cottage" businesses. Widening of Westinghouse Road and completion of Mokan in addition to 

water and sewer services are crucial to the development of the eastern two-thirds of the area. 

III.B Population Projections 

III.B.l Projecting Total Populations 

Several attempts have been made to predict population growth rates in the Georgetown area. In general, 

the results obtained depend on the timing of the sludy. During the mid 1980s many population growth 

rate predictions were revised upwards because of the unprecented rates of growth being experienced at 

that time. For instance, the 1985 addition to the 1983 study by Samuel Wyse Associates was specifically 

designed to revise earlier projections, based on current rates of growth. Now, with the current slow down 

in economic growth, earlier, more conservative growth rates seem more acceptable. 

Population growth rates in this study rely heavily on estimates made by the TWDB, the City of Georgelown 

(Ihe Century Plan) and Samuel Wyse Associates. The TWOB has determined for each county a high and 

low population projection scenario out to the year 2030. In this study all population projections have been 

guided by these limits. In ils ~ntl.L~, the City of Georgetown has developed population projections 

10 Ihe year 2010. The rates of growth predicted by the City closely track the TWOB's low estimates to the 

year 2000 and then increase so lIlat by the year 2010 they exceed Ihe TWOB high estimate. Thus, there 

is general agreement on the rate of population growth to the year 2000, and Ihen it becomes more 

speculative. 

In order to more closely track the TWOB projections, in this study, the rate of growth predicted for 1990-

2000 was used to extrapolate out to the year 2010 using the City 2000 estimate as a baseline. This re

sulted in a value close to, but not exceeding, the TWOB upper limit. This figure was then used to extrap

olale out to Ihe years 2020 and 2030, using the same rates of growth as Ihose used by the TWOB. Table 

111.1 shows the resulting estimates, togelher with the results of the studies previously discussed. 

III.B.2 Projecting Population by Drainage Area 

The most detailed attempts to predict the geographic distribution of growth in the Georgetown area were 

the studies carried out by Samuel Wyse Associates. Using total population projections, they distributed 

Ihe population among single family and multi-family units and assigned these living units to different areas 

of the city based on development trends and some of the socia-economic and physical criteria discussed 

earlier. Detailed maps were produced showing existing dwelling units by drainage area and those pre

dicted for the year 2005 (assuming 2.7 persons per unit). 
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Table 111.1 
Georgetown Population Projections 

Year City TWOB (Low) TWDB (High) WWR 

Total %/year Total %/year Total %/year Total %/year 

1980 9,441 9,441 9,441 9,441 

8.0 7.9 9.9 7.4 

1990 17,000 16,867 18,822 16,433 

4.4 4.5 4.6 4.9 

2000 24,500 24,388 27,514 24,500 

6.6 2.8 3.6 4.9 

2010 43,500 31,159 37,500 36,389 

3.1 3.4 3.0 

2020 ------ 40,890 50,411 47,392 

2.2 3.4 3.3 

2030 ------ 49698 67,767 63,209 

Using the maps produced by Samuel Wyse Associates, the 23 drainage areas developed for this study 

were overlayed (Figure 111.2). The 1985 population for each of these new areas was then recalculated to 

reflect any differential between them and the Wyse drainage basins (also called Planning Districts). 

Because the total 2005 population predicted by Samuel Wyse Associates (35,033) closely approximated 

the estimates made by the ·rWDB for the year 2010, the Wyse basin distributions were selected as the 

total population by area for the year 2010. Some adjustment was then made for the targetted growth in 

areas E and F, the implications of the Century Plan Draft Land Use Intensity Map, and population 

projections associated with the proposed development in MUDs 5 and 6 in area B1. The following 

assumptions were made: 

the total population lor each decade must be equal to the numbers given in Table 111.1 (plus the 

Town of Weir); 

the rate of growth in the downtown area (areas 0, 1 and 2) will probably be less than that of the 

area as a whole; 

growth is likely to be concentrated in those areas where residential subdivisions and commercial 

tracts are already proposed, especially areas B, B 1, 5A, 58, E and F; 

the construction 01 Mokan would favor development in drainage areas 01 and eastern portions 01 

Band B1; 
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the Town of Weir (areas AI, A2., A2a and A3) would grow at the same rate as the surrounding rural 

Williamson County, as estimated by the TWDB; 

Using the present (1985) and future (2010) values for each drainage area, the rate of population growth in 

each was determined. These numbers were used to develop estimates for the years 1990 and 2000, as

suming a linear rate of growth. Similar rates of growth for each drainage basin were used to project out to 

the years 2020 and 2030. Using all of these assumptions, the population estimates shown in Table 111.2 

were obtained. 

Table 111.2 
Population Projections for each Drainage Area 

Pro·ected Population 

Basin Desai[!tion 1990 2000 2010 2020 2030 

0 Downtown (south) 3,438 5,164 7,497 8,327 10,290 

1 North Fork San Gabriel 3,078 4,144 6,051 7,215 8,745 

2 Downtown (north) 3,033 3,723 5,547 6,754 10,441 

3a South Fork San Gabriel 0 286 455 576 748 

3b South Fork San Gabriel 1,253 1,845 2,624 3,582 4,532 

5a Booty's Crossing 296 688 1,090 1,909 2,524 

5b Middle Fork San Gabriel 292 420 748 928 1,463 

A San Gabriel 350 635 1,145 1,477 1,998 

B Pecan Branch 1,552 2,313 3,145 4,095 5,446 

Bl Berry Creek 1,900 2,832 4,471 5,419 7,207 

C Dry Berry Creek 0 0 0 0 0 

D Mankin's Branch 0 151 271 407 541 

01 North Mankin's Branch 130 192 324 447 682 

E Smith's Branch 275 576 1,210 2,541 3,831 

F 1- 35 South 695 1,345 2,586 3,394 4,387 

W.R. Wood Ranch 141 186 226 321 373 

SWID Industrial District 0 0 0 0 0 

F.S. Westinghouse Road 0 0 0 0 0 

Al East Weir 35 64 90 115 151 

A2 Middte Weir 92 140 186 238 314 

A2a West Weir 86 138 182 233 307 

A3 East Fork San Gabriel 55 88 123 156 206 

16,701 24,930 36,971 48,134 64,186 

II I.e Projecting Wastewater Flows 

Wastewater flows were determined for each drainage area from a combination of residential and commer

ciallindustrial estimates. Residentiat flows were based on previously discussed population projections; 

commercial/industrial flows were estimated from available land use data. In all cases current use patterns 
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were used; ~l.!lIllllions were made about wallir conservation. Using the data in Table 111.2, residential 

uses were calculated assuming 110 gallons per person per day. This represents the current rate of 

wastewater generation in Georgetown, as published in the Century Plan Utilities Base Study (1987). 

Residential flows predicted lor each drainage area are shown in Table 111.3. 

The City of Georgetown has implemented an intensive infiltration/inflow (1&1) remediation program aimed at 

reduction of identified excessive 1&1 problems. The goal of the program is to reduce average daily dry 

weather flows to levels acceptable under the SRF program «120 gpcd). The Texas Design Criteria for 

Sewerage Systems (31 TAC §§317.4) recommends municipal sewerage collection system and WWTP 

designs based on 100 gpcd. The 110 gpcd used in this study is an average of recommended maximum 

and minimum design standards. However, with the implementation of a water conservation program that 

reduced water consumption by 15 percent, per capita flows would be less than 100 gallons per day. 

Table 111.3 
Residential Flow Projections for each Drainage Area 

Projected Wastewater Flow (MGDlai 

Basin Desaipbon 1990 2000 2010 2020 2030 

0 Downtown (south) 0.378 0.568 0.825 0.916 1.132 
1 North Fork San Gabfiel 0.339 0.456 0.666 0.794 0.962 
2 Downtown (norttl) 0.334 0.410 0.610 0.743 1.149 
3a Soulh Fork San Gabriel 0.000 0.031 0.050 0.063 0.082 
3b South Fork San Gabriel 0.138 0.203 0.289 0.394 0.499 
5a Booty's Crossing 0.033 0.076 0.120 0.210 0.278 
5b Middle Fork San Gabriel 0.032 0.046 0.082 0.102 0.161 
A San Gabfiel 0.039 0.070 0.126 0.162 0.220 
B Pecan Branch 0.178 0.266 0.362 0.471 0.626 
Bl Berry Creek 0.219 0.326 0.514 0.623 0.828 
D Mankin's Branch 0.000 0.017 0.030 0.045 0.060 
Dl North Mankin's Branch 0.014 0.021 0.036 0.049 0.075 
E Smith's Branch 0.033 0.069 0.145 0.304 0.460 
F 1- 35 South 0.076 0.148 0.284 0.373 0.483 
W.R. Wood Ranch 0.015 0.020 0.025 0.035 0.041 
Al East Weir 0.004 0.007 0.010 0.013 0.017 
A2 Middle Weir 0.010 0.015 0.020 0.025 0.035 
A2a West Weir 0.009 0.015 0.020 0.026 0.034 

A3 East Fork San Gabriel 0.006 0.010 0.012 0.018 0.022 

1.857 2.774 4.226 5.367 7.164 
gI Based on the population projections shown in Table 111.2 and assuming 110 ged. 

Commercial/industrial estimates were based on land use intensity maps and the Equivalency Tables pro

duced for the !:&!ltUry Plao. A two-step process was used. First, the total amount of commercial, industrial 

and public use acreage for a given population base had to be delermined. This acreage then had to be 
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geographically distributed by drainage area. As described in Section II.B.2.a, Samuel Wyse Associates 

used the per capita amount of acreage typically needed to sustain a population to determine the amount 

of acreage needed for commercial, industrial and public uses for their 2005 estimated population. As ex

plained earlier, their estimates were readily adapted to Ollr 2010 estimates, given the discrepancy in total 

population predicted. 

The Century Plan Land Use Intensity Map (Figure 111.3) was then used to assign the total commercial, 

industrial and other acreage to specific drainage areas. Because the original land use intensity maps vastly 

overestimate the amount of acreage likely to be developed for each use, the number of developed acres 

was typically estimated as a percentage of total land area assigned to each use. Then, using values 

developed for Georgetown in the Century Plan Land Use Element for the wastewater production per acre 

for each use, the total industrial/commercial wastewater production per drainage area could be determined 

(see Table IliA). As with population projections, data for 2000,2020 and 2030 were extrapolated from the 

rates of growth determined by comparing values for the present with those for 2010. 

Table 111.4 
Industrial Flow Projections for each Drainage Area 

Projected Wastewater Flow (MGD)aI 

Basin Desaiption 1990 2000 2010 2020 2030 

C Dry Berry Creek 0.010 0.025 0.038 0.050 0.065 

SWID Industrial District 0.100 0.175 0.230 0.300 0.353 

F.S. Westinghouse Road 0.075 0.100 0.150 0.195 0.230 

A3 East Fork San Gabriel 0.006 0.010 0.012 0.017 0.023 

0.191 0.310 0.431 0.562 0.671 

a/ Based on land use intensity data developed in the Century Ploo. 

The values for wastewater flows produced from both residential and commerciallindustrial were summed 

for each basin, as shown in Table 111.5. Based on these eslimales, total flows for the region will exceed 2 

MGD by 1990 and will approach 8 MGD by the year 2030. However, as explained in Section X, a rigorous 

water conservation program could result in a considerable reduction in wastewater generation. The sce

nario described focuses on reducing water consumption in new construction (because 01 the high rates of 

projected growth) and assumes that a stringent plumbing code would reduce per capita wastewater 

generation from 110 gcd to 80 gcd. Tile overall result would be a 15-20 percent reduction in wastewater 

generation in the Georgetown area by the year 2020. We have not taken water conservation into account 

in developing the plant location scenarios, becauso it is unlikely to affect these decisions. However, it is 

abundantly clear from the discussion in Section VII that reducing wastewater generation could result in 

considerable cost savings, by delaying the construction of various phases of the project. 

111-10 



'" :E 
w 

>- a: 
::;) 

c (!l 

L<. 

::) ... 
en 

" Z -Z 
Z iii! $ C2!S 

ea: ... 
A- a... « 
a::: 
III ... 
ea: 

~ 

• 
>-

III 

I-
C/) 

... 
z 

en 

w 
I-z 
w 
C/) 
::J 

ea: • 0 z « 
....J ... >-ea: 

Z 
a: « z 

0 -" 
...... ~~-: 

,I 
III 
a::: 

.~ 

~ 

,- --- ;--

:::::i 
w 
a: 
a... 

Z • 0 ... .,: ' 

III 

" a::: 
0 
III 

" 



Table 111.5 
Total Flow Projections for each Drainage Area 

Projected Wastewater Flow (MGD) 

Basin Description 1990 2000 2010 2020 2030 
0 Downtown (SOUlll) 0.378 0.568 0.825 0.916 1.132 
1 North Fork San Gabriel 0.339 0.456 0.666 0.794 0.962 
2 Downtown (north) 0.334 0.410 0.610 0.743 1.149 
3a Soutll Fork San Gabriel 0.000 0.031 0.050 0.063 0.082 
3b South Fork San Gabriel 0.138 0.203 0.289 0.394 0.499 
5a Booty's Crossing 0.033 0.076 0.120 0.210 0.278 
5b Middle Fork San Gabriel 0.032 0.046 0.082 0.102 0.161 
A San Gabriel 0.039 0.070 0.126 0.162 0.220 
B Pecan Branch 0.178 0.266 0.362 0.471 0.626 
Bl Berry Creek 0.219 0.326 0.514 0.623 0.828 
C Dry Berry Creek 0.010 0.025 0.038 0.050 0.065 
D Mankin's Branch 0.000 0.017 0.030 0.045 0.060 
01 North Mankin's Branch 0.014 0.021 0.036 0.049 0.075 
E Smith's Branch 0.033 0.069 0.145 0.304 0.460 
F 1- 35 South 0.076 0.148 0.284 0.373 0.483 
W.R. Wood Ranch 0.015 0.020 0.025 0.035 0.041 
SWID Industrial District 0.100 0.175 0.230 0.300 0.353 
F.S. Westinghouse Road 0.075 0.100 0.150 0.195 0.230 
AI East Weir 0.004 0.007 0.010 0.013 0.017 
A2 Middle Weir 0.010 0.015 0.020 0.025 0.035 
A2a West Weir 0.009 0.015 0.020 0.026 0.034 
A3 East Fork San Gabriel 0.012 0.020 0.025 0.035 0.045 

2.048 3.084 4.657 5.928 7.835 
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IV IDENTIFICATION OF POTENTIAL TREATMENT PLANT SITES 

I V. A Preliminary Screening of Potential Sites 

The screening of potential sites for wastewater treatment facilities was a two-stage process. Initially, City 

staff selected fifteen sites, based on the following criteria: 

The topography of the area. Because gravity flow is the most economical way of transferring 

sewage from individual structures to the treatment plant, optimum locations would be downhill 

from a significant service area and at the confluence of several subareas. 

The lower limit of the largest service area is Mankin's Crossing, given the boundaries of this re

gional wastewater study. 

Williamson County MUDs 5 and 6 have a permit to treat wastewater and use the effluent for 

irrigation. Dove Springs Development Corporation has a 2.5 MGD permit but no facility has been 

constructed. 

There is market pressure to increase the quantity of develoment in the northwest portion of the 

City and this is dependent upon the provision of centralized wastewater treatment facilities in or

der to protect the Edwards Aquifer. 

The City wishes to encourage growth to the south of town and is taking appropriate steps to en

courage this. 

Many existing lift stations are now or will become overloaded and offer the possibility of being 

consolidated and/or replaced by small treatment plants. 

Using these criteria, fifteen sites were selected and the advantages and disadvantages of each delin

eated, as shown in Figure IV.l and Table IV.l. 

I V . B The Selection of Sites for Further Evaluation 

In an attempt to quantify the next stage of the selection procedure, each of the 15 potential sites was 

rated with respect to the chosen criteria (see Table IV.2). The criteria were selected to encompass a vari

ely of allributes, both physical and socio··economic. The importance given to each factor is reflected in 

the range of values aSSigned to it. The following rationale was used, with the criteria listed in order of 

importance: 
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Table IV.I 
Potential Candidate SRas Chosen for Initial Screening 

Site ~~---------- Oisadvanta~ 

1 Mankins Crossing San Gabriel River Could serve largBst area by gravity Largest distance from developrMnt 
oolwoon Stale liwy 29 aJld Mankin's Relalillely femole Located in broad floodplain 
Branch Creek confluaoca 

2 Weir - San Gabriel Ri\o'er north of Could serve large area by gra ... ity Poor accessibility 
Sidle Hw'r' 29 and south of Weir Remote, but closer to development than SigniUcent distance from development 

Mankin's Crossing Floodplain 
3 Berrys Creek - near confluence of Sila previously studied Significant portion of study area not 

BeuY's C(lWi<. and Pecan Branch Closest gravity site to Georgetown WWTP served by gravity 
with the San Gabriel Hiver Good potential road and rail access I.ocated in broad floodplain 

Good location relative to projected near" Potenlial significant public opposition 
term developement 

4 Dry Berrys Creek near confluence Site prelliously studi&d Poor access except adjacent to IH 35 
with Berrys Creek Could coincide with future development Broad floodplain 

Remote location potentially lin Ie public On Edwards Aquifer recharge lone 
opposition PlObability of Significant public opposition 

Demand tied to Mokan Roadwav 
5 Dry Berrys Creek downstream of Site previously stUdied Reiatillely small service area 

Hi 35 crossing Gould coincide with future developrnent Poor access except adjacent to IH 35 
Remote location potentially little public On Edwards ~uiter recharge zone 
0E!~osition Demand tied clost:lty to Mokan Roadwav 

6 Airport Ad - 8errys Creek between EXisting zero discharge permits for Small service area 
Ailport Rd and IU 35 WCMU()s II 5 & 6 011 Edwatds Aquifer recharge zone 

Good potential QCCEtSS 

Consolidated ownafship downstream 
Good future demand potential 

7 Wilding Berrys Creek between Existing permits for WCMUOs # 7 & 8 Uncertain future demand 
WGMUDs * 5 & 6 and WCMUOs Con::;idsl able septic tank devetopment On Edwards Aquifer ret.:harg6 zone 
# 7 & 8 Remota location - potentially httle public 

opposition 
Could coincide with futurs developrnent 

8 Crystali Knoll lift station on Pecan Would eliminate existing lift station Fragmented land ownership 
Blanch Creek Moderately Siled service area On Edwards Aquftel recharge lone 

Good e~istin9 and future development 
Helalillfillt sood access and tlood~lain 

9 Reala lift station on Paean Would eliminate overloaded lift station High land costs 
Bran(;h Creek Good existing and future dsyelopment mix Potential for significant public opposition 

Good"""""" Helalillely small service area 

---~ 

__ M!!lifTIal floodplain .E!oblems _______ ---- On Edwards Aquifer rechar~e zone 
1 0 Middle Fork ollhe San Gabriel Moderately largB service area with Limited access 

above Geof9t:!town Country Club consolidated ownerShip Undeveloped serv~ atea 
Potential for irrigation of gall COUIS9 Potential for significant public opposition 
GCin belVa Wood Ranch tract .. _----- On Edwa,ds Aquifer recharge _zone 

11 South Fork of the San Gabriel Moderately largB service area Broad floodplain location 
above State Hwy' 29 bridge Some existing dewlopamnt Potential for significant public opposition 

C{JIJld eliminato two existing litt stalions On Edwards M.~llet recharge zone 
1 2 Smith Branch Creek near Slate Could eliminate overloaded lift station On Edwards Aquifer tachalge lone 

Hwy 29 (;ro::.::.i09 L arga service alea with good existing and Small gravity service area 
fulure development mix 
Potential for irrigation of gall cour~e 
Consolidated land ownershi~ 

1 3 Smith Branch Creek near Business 35 Would relislle overloaded lift station Potential for significant public opposition 
Naar planned future development On Edwards Aquifer recharge zone 
At:rcreational opponunities wiltl discharge High land costs 
downstlearn 
Muderately large salvice area with 
good develo~ment mix 

14 Unnamed fork of Mankins Branch Oischafg8 permit issu&d Very small gravity service area 
G(eek near en 102 Could ti8rve Smith Branch intercept,?r Future developrnent closely tied to Mckan 
(Dove SpJings WW I P site) Noar existing development Hoalway 

PI~rt)l available 
1 5 Current City of Georgetown plant Minimal potential public opposition Cannot accommodate larger sefllice area 

Mlilimal development problems On Edwards Aquifer recharge lone 
Guod serv~~_a ______ 
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Criteria bl 
Size of Service Area 
On Edwards Aquifer 
Amount of Existing Development 
Potential For Development 
Previous I n v e s tmentil n frastru ct u re 
Potential for Public Opposition 
Site Availability 
Accessibility 
Floodplain 
I TOTAL __ ----

a 1 Site location numbers: 
1 Mankin's Crossing SGR 
2 Town of Weir SGR 
3 Berry Creek SGR 
4 Dry Bem Creek SGR 
5 Dry Berry Creek IH·35 
6 Airport Read BC 
7 Wilding Be 
8 Crystal Knoll PBC 
9 ReataPBC 
1 0 Middle Gabriel 
1 1 South Fork 
1 2 Southwestern SBC 
1 3 Business IH-35 SBC 
1 4 Doves Springs MBC 
1 5 Existing Georgetown WWTP SGR 

1 
1 0 
0 
1 
1 
2 

- 2 
3 
4 
- 4 

15 cl 

Table IV.2 
Criteria Used to Evaluate Potential Wastewater Treatment Plant Locations 

2 3 
8 6 
0 0 
2 3 
2 3 
0 2 

• 3 - 5 
4 2 
2 4 

• 3 - 1 
12 dl 10 cl 

Site al 
4 5 6 7 8 
3 1 1 0 2 

- 1 0 - 1 0 - 1 0 - 1 0 - 1 0 
1 1 3 2 4 
4 3 6 4 4 

2 2 4 4 6 

- 3 • 2 . 2 - 2 - 3 
3 4 4 4 4 
2 5 5 2 5 

- 4 • 3 . 3 - 3 - 2 
- 2 1 8 1 1 0 
b / Range of Ranking Values: 

Size of Service Area ~> 0 to 10 
On Edwards Aquifer ~> 0 or -10 

9 1 0 1 1 
1 1 1 

- 1 0 . 1 0 -·1 0 
5 - 3 
3 3 3 
7 0 5 

. 6 - 6 • 4 
3 4 2 
4 4 2 

- 2 - 3 - 4 
5 - 7 . 2 

Amount of EXisting and Potential Development :> 0 to 10 
Previous Investment/Infrastructure -> 0 to 10 
Potential for Public Opposition _> -6 to 0 
Site Availability _> 0 to 6 
Accessibility => 0 to 6 
Fioodplain => -6 to 0 

c / Selected for further evaluation 
d 1 Not selected because of its proximity to Sites 1 and 3. 

12 1 3 I 14 
4 2 0 

- 1 0 - 1 0 
5 5 2 
5 5 2 
8 2 4 

. 2 . 3 - 2 
4 4 5 
6 6 4 

- 3 - 2 0 
17 el 9 15 cl 

e / Not selected because of its proximity to Site 15, the existing Georgetown WWTP. 

15 
5 

- 1 0 
6 
4 
10 
0 
6 
6 
0 

27 cl 



The size of tile service area served by gravity was considered to be the most important factor and 

rated on a scale of 1 to 10. This factor could be critical in determining the economic viability of a 

given site. 

The location of the potential site with respect to the Edwards Aquifer is probably just as important 

and could be determinative, unless an outfall pipe could be built in order to discharge effluent 

below the fault line. The Texas Water Commission Ilas adopted TWC Rule 313 which essentially 

prohibits 1I1e permitting and construction of new wastewater treatment facilities discharging to any 

water course on the Edward's recharge zone; two recent discharge permit applications within the 

Georgetown study area were denied for this reason. Sites located on the Edwards Aquifer were 

given a negative, -10 rating. 

The amount of development served by the potential site also relates to the economic viability of a 

site. A total potential score of 10 was used to reflect the importance of this factor. Different criteria 

were used to assess existing development and the potential for future growth, because of the 

uncertainty associated with the latter. 

The relationship of the site to existing infrastructure (collection systems and lift stations), as well as 

other types of investment such as previous studies and/or wastewater treatment plant permits, 

was rated on a scale of 1 to 10. 

The potential for public opposition was considered to be of somewhat lesser importance and was 

rated on a scale of 0 to -6. 

Three physical characteristics of the site, availability, accessibility and relationship to the flood

plain, were each rated on a scale of 1 to 6. None of these features was considered to be determi

native in site location decisions, but could be significant in asseSSing the cost of each option. 

Summing the values obtained for each site resulted in a potential maximum score of 42 and an minimum of 

-22. Seven sites scored a value of 10 or higher and were considered for further evaluation: 

Current City of Georgetown plant (Site 15) rated highest and was chosen for further evaluation. Its 

main advantages are the existing infrastructure at the site, the availability of land and probability of 

limited public opposition. Although it already has a moderately-sized service area, its main draw

backs are the limited potential for an increase in the size of its service area and the fact that it is lo

cated on the Edward Aquifer recharge zone. 
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Smith Branch Creek near State Highway 29 (Site 12) had the second highest score with many of 

the attributes of the current site. II is the site of an existing lift station that presently dillerts flows to 

the downtown location. Because of its close proximity to the downtown site and the fact that it is 

located on the Edwards Aquifer recharge zone, it was fell that it could continue to serlle as the site 

of a lilt station, serlling either the downtown or DOlle Springs site. It was not considered for further 

ellaluation. 

Unnamed fork of Mankin's Branch Creek near CR 102 (Site 14, DOlle Springs site) is a site that al

ready has a permit for a 0.2 MGD WWTP. Its main adllantage is that it is oft the Edwards Aquifer 

recharge zone. Howeller, it has a lIery small grallity service area and wastewater flows would halle 

to be pumped into the drainage basin. It was further ellaluated as the potential site for a small 

WWfP. 

Mankin's Crossing (Site 1) had the same ollerall rating as the DOlle Springs site and was consid

ered for further ellaluation. Although somewhat remote from existing and potential dellelopment, 

it has the largest grallity service area. 

Weir (Site 2) is upstream from Mankin's Crossing. Its close proximity to Mankin's Crossing and the 

fact that it had a slightly smaller service area eliminated it from further consideration. 

Berry Creek near the confluence with Pecan Branch (Site 3) has many of the attributes of Mankin's 

Crossing. Being further upstream it has a smaller service area but is closer to existing and poten

tial dellelopment. It was ellaluated in the context of a multi-plant scenario. 

Crystal Knoll lift station (Site 8) has a moderately-sized serllice area not far from downtown. How

eller, because it is located on the Edwards Aquifer recharge zone and wastewater coutd be grallity 

fed to the Berry Creek site, it was not considered furtller. 

The four selected sites, the current City of Georgetown plant, DOlle Springs, Mankin's Crossing and Berry 

Creek, were then assessed in lIarious combinations with respect to water quality effects, as described in 

Section V. The wastewater flow projections described in Section III were used to predict the wastewater 

load that would realistically be dillerted to each site under each dellelopment scenario. 
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v SAN GABRIEL RIVER AND LAKE GRANGER WASTELOAD EVALUATION 

V.A Introduction 

V.A.l Hydrology 

Segment 1248 at the San Gabriel River (North Fork) is located in Central Texas in the Brazos River Basin. 

It extends trom Lake Georgetown at the North San Gabriel Dam a total at 38.3 kilometers (23.7 miles) to 

the headwaters at Granger Lake, a point 1.9 kilometers (1.2 miles) downstream at SH 95. The drainage 

area totals 973.4 square kilometers (375.9 square miles), including parts at Willliamson and Burnet Coun

ties, as well as the City at Georgetown, portions at Bertram and several small communities. Seven kilome

ters (4.3 miles) below the Lake Georgetown dam is the confluence with the South Fork San Gabriel River. 

Glher major tributaries are the Middle Fork San Gabriel, Berry Creek, Pecan Branch, Smith Branch and 

Mankin's Branch. 

Lake Granger (Segment 1247) is located in central Texas about 6.5 miles east at the City at Granger and 

9.5 miles northeast at the City at Taylor. The lake constitutes a 21,000 acre impoundment along the San 

Gabriel River as a result of a 15,240 toot long dam 31.9 river miles upstream trom its confluence with the 

Little River. 

Both segments receive much at their flow during spring months, both tram surface run-ott and tram 

springs in the Edwards Aquiter and associated limestone formations. Notable springs are Berry Springs 

located 8.1 kilometers (5.0 miles) north at Georgetown on Berry Creek, and Mankin's Branch Springs 9.7 

kilometers (6.0 miles) east at Georgetown on Mankin's Branch. In the Circleville vicinity the Wilson Springs 

contribute flow trom the Wolfe City Sands. 

Segment 1248 has been regulated since March 1980 by the North San Gabriel Dam at the headwaters. A 

statistical analySiS at flow data collected since this time was performed to determine the 7-day 2-year low

flow value (7Q2) tor Segment 1248. The results obtained trom USGS stations are shown in Table V .1, to

gether with those tor two tributary stations collected over the period at record, 1968-1984. 

Table V.l 
7-day 2-year Low-flows (702) tor Segment 1248 

LJSGS Station Location 7-day 2-year low-flow 
Number W/s !t3,s 

08104700 Upstream at IH 35 northwest at Georgetown 0.007 0.24 

08105300 Near Weir 0.328 11.57 

08104900 South Fork San Gabriel River at Georgetown 0.009 0.33 

08105100 Berry Creek near Georgetown 0.005 0.18 
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The stream channel is deeply eroded to limestone beds 3.1 to 4.6 melers (10-15 feet) below the flood

plain. II is surrounded by a wide, wooded river valley with gently-sloping grassy banks. Elevation of the 

main stem decreases from 244 meters (800 feet) at the headwaters to 165 meters (540 feet) at the its 

boundary with Segment 1247, an average slope ot 0.0021. 

V.A.2 Water Quality Standards 

Pursuant to Texas~L C.Q.d~ §26.023 and Federal Water Pollution~nlrol Act §303, rules on required 

water quality standards and numerical criteria have been developed for both segments. The rules con

cerning Texas Surface Water Quality Standards are contained in 31 TAC §§333.11-333.21 and in the 

most current TWC publication of the Texas Surface Water Quality Standards. 

For Segments 1247 and 1248 of the San Gabriel River the deSignated uses are: contact recreation, high 

quality aquatic habitat and public water supply. The numerical criteria developed tor the San Gabriel River 

are intended to ensure water quality consistent with these designated uses. The water quality criteria ot 

both segment are shown in Table V.2. 

Table V.2 
Water Qualit y Criteria of Segments 1247 and 1248 

Parameter Segment 1247 Segment 1248 

Dissolved oxygen Not less than 5 mg/L Not less than 5 mg/L 

pH (range) 6.5 to 9.0 6.5 to 9.0 

Temperature Not to exceed 90°F Not to exceed 95°F 

Chloride (annual average) Not to exceed 25 mg/L Not to exceed 35 mg/L 

Sulfate (annual average) Not to exceed 30 mg/L Not to exceed 30 mg/L 

Total dissolved solids 

(annual average) Not to exceed 290 mg/L Not to exceed 350 mg/L 

Fecal coliform 

(3D-day geometric mean) Not 10 exceed 200/100 mL Not to exceed 200/100 mL 

The new Texas Water Quality Standards (adopted April 4, 1988) condition permit issuance on non impair

ment of deSignated uses. Theretore, not onty must tile numerical criteria ot tile segment be maintained, 

but all designated uses must be maintained. Deviation trom these rules can only be accomplished 

IIlfough imptementation ot a Use Attainability Study conducted under the guidance of the U.S. Environ

mental Protection Agency. 
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Determination of criteria attainment is made from samples collected one foot below the water surface (or 

one third of the water depth if the depth is less than t.5 feet) if the stream exhibits a vertically mixed water 

column. If the stream is vellically stratified, a depth integrated sample is required. Sampling is required 

four or more times a year. Exceptions to these numerical criteria apply whenever the flow equals or ex

ceeds the low flow criteria, defined as either the 7Q2 or 0.0028 m3 /s (0.1 tt3/s), whicllever value is higher. 

V.A.3 Wastewater Discharges 

Approved, pending and projected permits for wastewater discharge affecting Segment 1248 of the San 

Gabriel River as of January 15, 1987 are shown in Table V.3. Existing loadings are based on monthly self

reporting data. Permitted loadings are based on the 30-day (or annual) average value in the permit. Am

monia nitrogen loading is based on an assumed effluent concentration of 15 mg/L NH3-N for those do

mestic discharges that do not have a pemlitted Nl-kN limitation or that did not self-report NH3-N. 

In general, the current permit limitations required for domestic discharges to the San Gabriel River required 

advanced secondary treatment. Final permit limitations for the two existing dischargers total 0.13 m3/s, 

110 kg/day BOD5 and 165 kg/day NH3-N (2.9 MGD, 2421b/day BOD5 and 365 Ib/day NH3-N). If approved, 

pending applications would add 0.03 m3/s, 29 kg/day BOD5 and 20 kg/day NH3-N (0.8 MGD, 65 Ib/day 

BOD5 and 44 Ib/day NH3-N). 

Wastewater flows have increased over the period of record from approximately 0.5 MGD in 1975 to 1.6 

MGD in 1985 and are projected at 2.5 MGD by 1990 without water conservation. However, since 1983 

BOD5 10adings have decreased significantly, from a high of 210 Ib/day to 31 Ib/day in 1985, as a result of 

improvements to the Georgetown wastewater treatment plant. 

There are no direct dischargers to Lake Granger (Segment 1247) or its tributaries within 5 miles of the 

reservoir. However, Texas Water Code §§ 309.3(d) requires all new dischargers within five miles of a 

public drinking water supply reservoir that discharge into tributaries to that reservoir must treat to at least a 

level of modified secondary treatment with enhanced solids separation. 

V.A.4 Water Quality Conditions 

Data stored in the Texas Natural Resources Information Service (TNRIS) Stream Monitoring Network 

(SMN) data base, which includes that collected by TWC at two monitoring stations within Segment 1248, 

indicate that all of the mean values for measurements taken during the period October t, 1981 and 

September 30, 1985 are within the numerical criteria. A minimum dissolved oxygen level measurement of 

3.7 mg/L and a maximum fecal coliform sample of 5121100 mL indicate that violations occurred during the 

period. 
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Discharger name River 
Permit No. Kilometer 

Georgetown 96.3 

(10489.002) 

SCB Development 89.7 

Company (8.0) 

(12831.001) 

168 Acre No 89.7 

Georgetown J V (15.8) 

(13261.001 Pdq) 

Pecan Branch 89.7 

Utility 

(13297.001 Pdg) 

Dove Springs 84.2 

Development Co. (6.9) 

(13322.001) 

Table V.3 
Existing, Projected, and Permitted Wastewater loading to 

Segment 1248 of the San Gabriel River AI 

Status Flow BOD5 NH3-N DO 
IMGD) (mall) (maIL) (mall) 

Existing (1985) 1.6017 2.3 15.0 5.0 

Projected (2005) 2.8000 10.0 3.0 4.0 

Permitted (final) 2.5000 10.0 15.0 2.0 

Existing (1985) No discharge 

Projected (2005) 0.4000 10.0 15.0 4.0 

Permitted (final) 0.4000 10.0 15.0 2.0 

Existing (1985) ~ ot in existenc 

Projected (2005) 0.3250 10.0 3.0 4.0 

Pendina permit 0.3250 10.0 3.0 4.0 

Existing (1985) ~ ot in existenc 

Projected (2005) 0.2000 10.0 3.0 4.0 

Pendina permit 0.2000 10.0 3.0 4.0 

Existing (1985) ~ ot in existenc 

Projected (2005) 0.2500 10.0 15.0 4.0 

Permitted (final) 0.2500 10.0 15.0 4.0 
j!! As used in the TWC Segment 1248 Wasteload Evaluation. 

BOD5 NI-i:J-N 
(lb/day) (lbiday) 

30.5 200.4 

233.5 70.1 

208.5 312.8 

33.4 50.0 

33.4 50.0 

27.1 8.1 

27.1 8.1 

I 

16.7 5.0 

16.7 5.0 

20.8 31.3 

20.8 31.3 



SMN dissolved oxygen trend data collected at SH 29 east of Georgetown indicate average values greater 

than the criterion of 5 mg/L in all years from 1968 to 1985. Minimum values below the criterion were ob

tained in two years. At the low water crossing in San Gabriel Park at Georgetown, upstream of the 

Georgetown discharge, all SMN measurements for the period of record have been greater than the crite

rion. Data collected between 1974 and 1985 from the North Fork San Gabriel at IH 35 in Georgetown, 

again, upstream of the Georgetown discharge, indicate that dissolved oxygen levels remained above the 

criterion for this period. 

Likewise, SMN data indicate relatively good water quality for Segment 1247. 

V.A.5 Classification and Rank 

Classification and Rank are taken from Ihe State of Tmms Water Quality InventQry (1988) prepared by 

TWC. Segment 1248 was classified as "water quality limited" and ranked 34 out of a possible 342. TWC 

designation of a segment as "water quality limited" as opposed to an "effluent limited" designation, indi

cated that there is either a demonstrated history of water quality standard violations within the segment or 

that there is a significant probability, usually demonstrated through model studies, that there will be viola

tions of the State standards resulting from future development discharges at conventional treatment lev

els. For "water quality limited" segments, treatment levels for each proposed discharge are considered on 

a case-by-case basis. Each proposed discharge is analyzed with respect to its individual impact as well as 

Ihe cumulative impact of all other dischargers to the segment on the designated uses and water quality 

standards of that segment. Hence, each proposed discharge lIow and location must be modeled to de

termine the synergistic effect of it and other existing or proposed discharges. Segment 1247 is not 

ranked. 

V. B QUAL-TX Surface Water Quality Model Simulations 

v . B. 1 Impact Analysis Overview 

Water quality simutations using the QUAL-TX Model can serve two separate functions: (1) for existing or 

proposed facilities, the model can be used to predict the DO concentrations downstream of the treatment 

planl outfall under existing or proposed conditions; and (2) where minimum receiving streamwater quality 

crileria Ilave been established, the model can be used to analyze any number of proposed facility location 

and treatmenllevel scenarios. 

The scope of this modeling analysis included simulation of the main stem of the San Gabriel River be

tween Lake Georgetown and Lake Granger (Segment 1248) under a variety of proposed wastewater 

treatment plant locations, each at different flows and treatment levels. The goal of this QUAL-TX Model 
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application was to provide information on treatment plant locations and treatment levels necessary to 

maintain DO levels downstream of the oulfall(s) above the minimum standard of 5 mg/L. 

Serious candidate sites were further analyzed to determine appropriate treatment levels necessary to 

preserve the numeric water quality criteria and designated uses of the San Gabriel River. Section VIII de

scribes IlOW this information was used with the engineering and economic analyses to develop a set of 

options for future wastewater collection and treatment in the Georgetown area through the year 2030. 

V. B. 2 Model Description and Formulation 

V.B.2.a General 

Impacts of wastewater discharges on receiving streams are generally predicted and evaluated through the 

application of computer simulation models. These models vary in complexity from simple dissolved oxy

gen (~O) models to lull ecological models which are capable 01 predicting populations densities of algae, 

production of macrophytes and other rooted aquatic plants, and fish populations. Selection of an appro

priate model is generally a function of the level of sophistication required by a particular application and the 

availability of data. TIle more sophisticated the model, the more data it generally requires. 

In addition to their use as lools in impact analyses of proposed actions, these models are frequently used 

as design aids in determining the assimilative capacity of receiving streams, constrained by the prescribed 

standards for that particular water body. Through iterative application of the simulation models, appropri

ate elfluent limits can be established for proposed wastewater treatment facilities. The TWC generally ac

cepts the QUAL-TX Steady-State Stream Simulation Model as the standard in the evaluation of impacts of 

a proposed WWTP discharge on the receiving stream water quality and pertormance of wasteload evalua

tions. 

QUAL-TX is a longitudinally segmented steady-state simulation model that attempts to account for the 

major sources and sinks of a number of water quality constituents in a system composed of a number of 

complex interacting subsystems, each with its own set of physical and biological characteristics (Figures 

V.I and V.2). The model is capable of computing longitudinal concentrations of a number of physical, 

chemical and biological water quality parameters such as: stream velocity, width. depth. temperature and 

dispersion characteristics; biochemical oxygen demand, dissolved oxygen, ammonia, nitrite. nitrate and 

phosphorus concentrations; and production of algae and macrophytes. 

In most applications. the primary parameter of interest in QUAL-TX simulations is dissolved oxygen. which 

is computed as a function of the following simultaneous actions: 
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DO consumption through biochemical oxidation of dissolved and suspended organic material not 

removed in the wastewater treatment process (BOD); 

DO consumption through biochemical oxidation of ammonia (NH3 ) to nitrite (N02 ) and then nitrate 

(N03 ); 

DO consumption through biochemical oxidation of organic sediments (SOD); 

DO consumption through algal respiration at night; 

DO production through natural diffusion and turbulent mixing at the air/water interface; 

DO production through day-time algal photosynthesis. 

A simplification of the basic QUAL-TX oxygen balance equation is: 

DO = 000 - BOD - NOD - SOD - RESP + REAER + PROD 

where, DO 
000 

BOD 
NOD 
SOD 

RESP 
REAER 

PROD 

dissolved oxygen concentration, 
initial condition dissolved oxygen, 
biochemical oxygen demand, 
nitrogenous oxygen demand, 
sediment oxygen demand, 
oxygen consumed by algal respiration, 
oxygen added to the water column through reaeration, and 
oxygen produced by algae photosynthasis. 

[V-I) 

However, in other applications the primary interest may be the rate of removal of a specific parameter, the 

concentration of a parameter at a specific location downstream of ttle discharge, or the production of algae 

or rooted aquatic plants. 

V.B.2.b Segmentation 

The QUAL-TX model considers a series of longitudinally-oriented computational elements representing 

stream segments. During simulation the concentration of a water quality constituent is calculated by: 

G = Gin + Gw ± Reaction - Gout 

where the concentration of the constituent within the element 
the concentration from the previous element, transported by flow 
any concentration added to the element from an outside source 
the concentration to the next element, transported by flow 

[V-2) 

The element length for each situation is a function of data availability, computation time and desired solu

tion accuracy. Intuitively, an element length of one meter would allow for a more representative simulation 

than a 500·meter element length given the availability of data at one·meter intervals. Because computer 

V-It 



time for simulation is greater with decreasing element size, a balance must be determined between com

putalion time and resulting solution accuracy. Generally, data are available at several hundred meter or 

kilometer intervals, and a 0.5to 1.0 kilometer element size is used. 

Elements representing stream segments with similar physical and chemical characteristics are grouped 

into reaches. Modeling reaches of a stream generally represents the transport of flow from the source, or 

headwaters, to the lower boundary. Tributaries are represented by separate reaches and contribute flow 

at intermediate points along the mainstem. Hydraulic characteristics and biological and physical rate coef

ficients may be specified for individual reaches. 

V.B.2.c Hydraulics 

The hydraulic characterization of stream segments is important in dissolved oxygen modeling as physical 

properties of a system directly affect atmospheric reaeralion, a primary DO source. Because the shape of 

a stream changes as a function of flow, flow-dependent velocity and depth equations are necessary for 

eaell stream reach. These equations are: 

V=ad' 

where V 
o 
D 

W 

velocity 
flow 
depth 
width 

a,c,e coefficients 
b,d,f exponents 

W=eOf [V-3], [V-4], [V-5] 

According to the taws of continuity, ONIW must equal D, and, therefore b+d+f must equal 1.0. When data 

are not sufficient to regress these exponential values, typical values are assumed and the velocity and 

depth coefficients a and c may then be calculated from known velocity, depth and ffow relationships. 

V.B.2.d Water Quality KinetiCS 

This section describes individual phySical or chemical parameters and the associated sources (+) and sinks 

(-) considered by the OUAL-TX model for each parameter. 

Carbonaceous Biochemical Oxygen Demand (CBOD) 

BOD is the dissolved and suspended organic material in the water column. CBOD refers specifically to the 

carbonaceous portion of the material and excludes any nitrogenous components. CBOD is expressed in 

terms of either oxygen demand or oxygen used in the decay of the substance, not in terms of the specific 

substance. CBOD may generally be accounted for as follows: 

CBOD = CBODwasleload oonlribulions + CBODrunoff oonlribulions - CBODdecayed - CBODsettled [V-6] 
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Nitrogenous Biochemical Oxygen Demand (NOD Qr NBQD) 

NOD refers to the nitrogenous portion of dissolved and suspended organic material in the water column. 

The nitrogen series consists of organic nitrogen (ORGN), ammonia nitrogen (Nl-fs), nitrite nitrogen (N02 ), 

and nitrate nitrogen (NOs)· As ORGN decays, it becomes Nl-fs which oxidizes to form N02 and NOs. Be

cause the reaction from N02 to NOs is usually instantaneous, these two components are usually ex

pressed as one (N02+S)· The oxidation of Nl-fs utilizes dissolved oxygen at a laboratory rate of about 4.33 

mg/L oxygen consumed per 1 mg/L Nl-fs oxidized. Nl-fa and N02 +S are also consumed by algae and 

macrophytes as nutrients. All of these forms of nitrogen are contributed to a system by point source 

wasteloads, as well as by natural contributors. Water column sources and sinks may be generalized as 

follows: 

Algal biomass - ORGN decay - ORGN settling 

Decayed ORGN - Nl-fa decayed - Algal uptake 

Decayed Nl-fa - Algal uptake 

Sediment Oxygen Demand (SOD) 

SOD is the settled organic material which decays to exert an oxygen demand from the water column. Nat

urally-occurring SOD is commonly caused by settled detritus in a stream. In theory, 100 percent of all set

lied organic material becomes an oxygen-demanding substance. Realistically, however, in areas where 

settling velocities are large compared to advective velocities, sediment layers may build up so that only a 

thin top layer is exposed to the dissolved oxygen in the water column. QUAL-TX allows for this occur

rence by providing a percent conversion factor for both settled CBOD and ORGN. SOD is considered 

within QUAL-TX as: 

SOD SODbackgrOUnd + CBODsettled+ ORGNsettled [V-?) 

Atmospheric Reaeration (K2) 

Reaeration is a term used to describe natural diffusion and turbulent mixing at the air/water interface. At 

the primary DO source, reaeration is generally expressed as a function of stream velocity and depth. Sev

eral equations are available for the calculation of atmospheric reaeralion in this manner as implied by the 

following: 

where 

b 
o aV K2 at 20 C = _ .. -

V 
o 

a,b,c 

DC 

velocity 
depth 
constants 

[V-B) 
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The TWC generally uses the Texas equation which was regressed from reaeration data measured in 

streams throughout Texas. Reaeration is measured in the field using krypton-tritium radiotracer tech

niques. The Texas equation for reaeration is, specifically: 

[V-g] 

Photosynthetic Reaeralion 

This type of reaeration occurs as a result of the photosynthesis/respiration cydes of aquatic plantlife. Over 

a diurnat period, photosynthesis produces oxygen and respiration consumes oxygen. The net effect 

over a daily period is assumed to be a dissolved oxygen source. In the QUAL-TX model, when algae and 

macrophyte growth are not being simulated, this DO source is expressed through the use of algae or 

macrophyte water column concentrations in the initial conditions specifications. 

Temperature 

Water temperature directly affects the rate at which decay and other processes take place. For example, 

the rate at which bacteria consume oxygen while decaying ammonia nitrogen slows significantly at colder 

temperatures. In order to take this into account, all rates are input at 20°C values and corrected to actual 

temperatures internally. This temperature correction is in the form of: 

[V-10] 

Theta values have been determined experimentally for each rate. 

V.B.2.e QUAL-TX Input Requirements 

In order to perform a QUAL-TX model simulation, data collected for a stream must be reduced to the ap

propriate format. First, the segmentation of the stream is used to describe each reach. This is input into 

the model as beginning and ending stream distances, as well as the length of each element within the 

reach. Hydraulic equations must also be specified for each reach. Using measured time-of-travel data in 

conjunction with average flows, widths and depths of the time-of-travel reach, the coefficients of the hy

draulic equations can be calculated. Ideally, hydraulic information would be available for all reaches in a 

system; however, this is not generally the case. In addition to these requirements, headwater and 

wasteload flows and associated quality must be available for major sources. Because QUAL-TX simulates 

a diurnal average, diurnal data, which include dissolved oxygen and temperature, are collected. Samples 

analyzed by a laboratory are composited over a diurnal period and result in BOD, nitrogen series, phos

phorus and conservative water quality constituents. For each complete set of data, a flow balance is used 
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V.B.3 Existing Wasteload Evaluation 

The Texas Water Commission Water Quality Assessment Unit performed a wasteload evaluation (WLE) for 

the San Gabriel/North Fork San Gabriel River, Segment 1248, in 1985 and 1986. A DRAFT of that 

evaluation was published on March 16, 1987. A final report has not been adopted by the TWC. The TWC 

study focussed on existing permitted facilities or facilities with pending permits applications. In addition, 

the TWC study did not consider development scenarios beyond the proposed maximum lifetime capaci

ties of existing facilities, e.g., the Georgetown facility was projected at a maximum discharge rate of 2.8 

MGD for 2005. The discharge flows and treatment levels used in that study are shown in Table V.4. 

As part of 1987 WLE, the TWC calibrated and validated the QUAL-TX Water Quality Simulation Model for 

Segment 1248 and its major tributaries using measured data collected on August 20, 1985 and Septem

ber 26, 1979, respectively. The segmentation devetoped for the TWC WLE formed a basis for the seg

mentations used in this study Examination of the calibration and validation simulation output demon

strated a reasonable fit with the empirical data. 

The major conclusions of the TWC WLE are: 

"The ultimate permitted treatment level with a 4 mg/L effluent dissolved oxygen requirement for 

the Georgetown WWTP allows for maintenance of the dissolved oxygen criterion in the San 

Gabriel River at flows of 1.8 MGD or less under critical summer conditions and for flows greater 

than 1.8 MGD under critical non-summer low flow conditions. 

"At discharges greater than 1.8 MGD during critical summer months, the 5 mg/L criterion may be 

attained in the San Gabriel River with nitrification at the Georgetown WWTP." 

The major recommendations of the TWC WLE are: 

"The City of Georgetown should meet effluent qualities of 10 mg/L 80D5 , 3 mg/L NH3 -N, and 4 

mg/L DO during the summer months of May through September at discharges greater than 1.8 

MGD. Otherwise, effluent qualities of 10 mg/L 80D5 , 15 mg/L NH3-N, and" mg/L DO are re-

quired. 

"All other dischargers should retain their final permitted values. Where advanced secondary 

treatment is specified, a 4 mg/L dissolved oxygen concentration should be required. 

"Requests for discharges greater than those outlined in the projection will be considered on a 

case-by-case basis. New dischargers to the segment should be commensurate with those con

sidered in this wasteload evaluation and will be considered on a case-by-case basis. 
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Discharger name River 
Permit No. Kilometer 

Georgetown 96.3 

(10489.002) 

SCB Development 89.7 

Company (8.0) 

(12831.001) 

168 Acre No 89.7 

Georgetown J V (15.8) 

(13261.001 Pdq) 

Pecan Branch 89.7 

Utility 

(13297.001 PdQ) 

Dove Springs 84.2 

Development Co. (6.9) 

(13322.001 ) 

Table V.4 
Existing, Projected, and Permitted Wastewater loading to 

Segment 1248 of the San Gabriel River B,! 

Status Flow BOD5 NH3-N DO 
(MGD) (mall) (mall) (mq/l) 

Existing (1988) 1.7000 2.3 15.0 5.0 

Projected (2005) 2.8000 10.0 3.0 4.0 

Permitted (final) 2.5000 10.0 15.0 2.0 

Existing (1988) No discharge 

Projected (2005) 0.4000 10.0 15.0 4.0 

Permitted (final) 0.4000 10.0 15.0 2.0 

Existing (1988) ~ ot in existenc 

Projected (2005) 0.3250 10.0 3.0 4.0 

Pendina permit 0.3250 10.0 3.0 4.0 

Existing (1988) ~ ot in existenc 

Projected (2005) 0.2000 10.0 3.0 4.0 

Pendina permit 0.2000 10.0 3.0 4.0 

Existing (1988) ~ ot in existenc 

Projected (2005) 1.0000 10.0 3.0 4.0 

Permitted (final) 0.2500 10.0 15.0 4.0 
! Current use and projected permit conditions. 

BOD5 N~-N 
(Ib/day) (lb/day) 

32.4 212.7 

233.5 70.1 

208.5 312.8 

33.4 50.0 

33.4 50.0 

27.1 8.1 

27.1 8.1 

16.7 5.0 

16.7 5.0 

20.8 83.2 

20.8 31.3 



V.B.4 

"New effluent limitations as recommended in this wasteload evaluation shall be complied with no 

later than July I, 1992, regardless of the availability of state and/or federal funds. 

"All existing permits should be amended to reflect the recommended effluent limitations and to 

include compliance schedules for meeting those limitations as soon as is determined practicable 

and feasible by the Texas Water Commission. 

"Regionalizalion of facilities is strongly encouraged to take advantage of economies of scale and 

improved operation and maintenance opportunities at larger facilities. 

"Existing uses, which have been identified and attained, must be maintained in accordance with 

existing stalutes." 

aUAL-TX Simulation Alternatives 

The result of the screening analysis described in Section IV was the selection of four recommended loca

tions for modeling analysis using the QUAL-TX Water Quality Simulation Program. The four sites chosen 

for modeling are: 

The City of Georgetown (G.T.) wastewater facility located along the San Gabriel River just down

stream of the park road bridge, on the assumption that either a variance could be secured to TWC 

Rule 313 that would allow expansion of the existing facility, or that the effluent could be economi

cally piped downstream, off of the Edwards recharge zone; 

Dove Springs Development Corporation (D.S.) located along an unnamed fork of Mankin's Branch 

Creek in the vicinity of CR 102; 

Mankin's Crossing (M.X.) at the San Gabriel River between State Highway 29 and the Mankin's 

Branch Creek confluence; and 

Berry Creek (B.C.) near the confluence of the San Gabriel River and Pecan Branch Creek. 

In the selection of future development scenarios for simulation with QUAL-TX, the following facls are sig

nificant: (1) the City of Georgetown currently owns and operates a permitted 2.5 MGD facility with a treat

mentlevel of 10/15/2. This permit is likely to be renewable, at current levels, with the TWC for the fore

seeable future and, if necessary, the City of Georgetown could increase the treatment levels of this facility 

to extend its useful tife to the term of the planning horizon, and (2) the Dove Springs Development 

Corporation currently has a permit for 0.2 MGD at a treatment level of 10/15/4, with a proposed new appli

cation to the TWC to raise the discharge flow from this facility to 1.0 MGD. 
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The various combinations of sites selected for simulation with the QUAL-TX water quality model are listed 

in Table V.5. The simulation scenarios were developed under the assumption that, for the immediate fu

ture, the City of Georgetown will continue to utilize its existing 2.5 MGD treatment facility and that the Dove 

Springs Development Corporation permit will be issued for 1.0 MGD at a treatment level of 10/3/4. The 

simulation scenarios are described as follows: 

Scenario A (Figure V.3) assumes only the Georgetown facility under a its currently permitted con

ditions (Aa I); under conditions with the current flow and conditions necessary to meet the dis

solved oxygen criteria of the San Gabriel River-Segment 1248 (Aa2); and with an expansion of the 

facility to 4.0 MGD, with treatment levels of 10/314 and 5/215, respectively (Abl and Ab2). 

Scenario 8 I (Figure V.4) assumes the exislence of only the City of Georgetown facility and the 

proposed Dove Springs Development Corporation facility. Tilree simulation cases are consid

ered. For the first case (8 I al) the City of Georgetown and Dove Springs Development Corpora

tion discharges are assumed at Iheir permitted or assumed permitted levels. The second case 

(81 a2) assumes that Georgetown is at its currently permitted level and the Dove Springs Devel

opment Corporation plant will be permitted for 2.4 MGD at a treatment level of 10/3/4. In the third 

case (Bla3) the Georgetown facility is upgraded to treat 2.5 MGD at a trealmentlevel of 10/314 

and tlie Dove Springs Development Corporation facility is permitted at 10/314 with a capacity of 

2.4 MGD. 

§l&..'lilfio B2 (Figure V.4) assumes that the City of Georgetown WWTP will be expanded to ac

commodate 4 MGD at a treatmenllevel of 10/314 and the Dove Springs Development Corporation 

treatment facility will be designed to accommodate 1.2 MGD at 10/314 (B2al) with a future expan

sion to 2.4 MGD at 10/314 (B2a2). 

Scenario CI (Figure V.5) assumes that the Georgetown treatment plant operates at 2.5 MGD. 

Simulation case C 1 al assumes Georgetown at a treatment level of 10/15/2, Dove Springs Devel

opment Corporation at 10/314 with a capacity of 1 MGD and a new facility at the Mankin's Crossing 

site to accommodate 4.5 MGD at a treatment level of 1013/4. Simulation case Cla2 assumes the 

Georgetown facility will be upgraded to a treatment level of 10/314 and the Dove Springs Devel

opment Corporation and Mankin's Crossing facility will operate as in scenario Cl (1.0 MGD and 4.5 

MGD, respectively, with a 10/3/4). Simulation case Cla3 assume the City of Georgetown oper

ates at 2.5 MGD with an upgraded treatmenl level of 10/3/4; Dove Springs Development 

Corporation plant will be expanded to 2.4 MGD at a treatment level of 10/3/4, and a Mankin's 

Crossing plant will be constructed to accommodate 3 MGD at a treatment level of 1013/4. 
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.s.!:;~!L.Qg (Figure V.5) assumes that the Georgetown plant will operate at a capacity of 4 MGD 

and all facilities will have a treatment level of 10/3/4. Simulation case C2al assumes a capacity of 1 

MGD at the Dove Springs plant with a larger, 3 MGD plant to be constructed near Mankin's Cross

ing. In simulation case C2a2 the combined capacity of these two plants remains the same; how

ever, the Dove Springs plant is expanded to 2.4 MGD and the Mankin's Crossing plant is con

structed with a capacity of 1.6 MGD. 

Scenario Dl (Figure V.6) assumes that the Georgetown plant capacity remains at the current 2.5 

MGD, the Dove Springs plant has a capacity of 1.0 MGD and two additional treatment plants are 

considered. The Mankin's Crossing plant is constructed at a capacity of 2.5 MGD and a fourth 

plant is constructed at Berry Creek with a capacity of 2 MGD. For simulation case D 1 a 1 the 

Georgetown plant stays at its present treatment level of 10/15/2, with an upgrade to 10/3/4 for 

scenario D 1 a2. The other three plants are all assumed at a treament level of 10/3/4 for both 

cases. 

Scenario D2 (Figure V.6) assumes an upgrading of the Georgetown plant to 4 MGD with a treat

mentlevels of 10/3/4. The Dove Springs and Berry Creek plants are included with varying capaci

ties (totalling 4 MGD) at a treatment level of 10/3/4. Simulation case D2al assumes Dove Springs 

has a capacity of 1 MGD and Berry Creek has a capacity of 3 MGD. Simulation case D2a2 assumes 

the Dove Springs capacity increases to 2.4 MGD and that the Berry Creek capacity is reduced to 

1.6 MGD. 

~~ (Figure V.7) considers one large, 7 MGD plant at Berry Creek. Simulation case El is at 

a treatment level of 10/3/4 and in E2 tile treatment level is increased to 5/2/5. 

SceflilliQ£ (Figure V.7) considers one large, S MGD plant at Mankin's Crossing. Simulation case 

Fl is at a treatment level of 10/3/4 and in F2the treatment level is increased to 5/2/5. 

S!:;enario G (Figure V.S) eliminates the plant at Dove Springs and allocates 2 MGD to Berry Creek 

and 3.5 MGD to Mankin's Crossing. The Georgetown plant remains at2.5 MGD. All plants operate 

at a treatment level of 10/3/4. 

~-ill.iQJ:l (Figure V.9) assumes two plants, the existing Georgetown plant (at 2.5 MGD) and an 

additional plant at Mankin's Crossing with a capacity of 5.5 MGD. Both have a treatment level of 

10/3/4. 
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Table V.5 
QUAL-TX San Gabriel River Simulation Scenarios 

Scenario Case Facility Discharge Rate Treatment Level Total Discharge 
(MGD) (BOD5/NH3/DOettl) (MGD) 

A Aal Georgetown 2.5 10/15/2 2.5 
Aa2 Georgetown 2.5 10/3/4 2.5 
Abl Georgetown 4.0 10/3/4 4.0 
Ab2 Georgetown 4.0 5/2/5 4.0 

Bl Bl al Georgetown 2.5 10/15/2 3.5 
Dove Springs Dev. 1.0 10/15/4 

Bla2 Georgetown 2.5 10/15/2 4.9 
Dove Springs Dev. 2.4 10/3/4 

Bla3 Georgetown 2.5 10/3/4 4.9 
Dove SprinQs Dev. 2.4 10/3/4 

B2 B2al Georgetown 4.0 10/3/4 5.2 
Dove Springs Dev. 1.2 10/3/4 

B2a2 Georgetown 4.0 10/3/4 6.4 
Dove SprinQs Dev. 2.4 10/3/4 

Cl Clal Georgetown 2.5 10/15/2 8.0 
Dove Springs Dev. 1.0 10/3/4 
Mankin's Crossing 4.5 10/3/4 

Cla2 Georgetown 2.5 10/3/4 8.0 
Dove Springs Dev. 1.0 10/3/4 
Mankin's Crossing 4.5 10/3/4 

Cla3 Georgetown 2.5 10/3/4 7.9 
Dove Springs Dev. 2.4 10/3/4 
Mankin's CrossinQ 3.0 10/3/4 

C2 C2al Georgetown 4.0 10/3/4 8.0 
Dove Springs Dev. 1.0 10/3/4 
Mankin's Crossing 3.0 10/3/4 

C2a2 Georgetown 4.0 10/3/4 8.0 
Dove Springs Dev. 2.4 10/3/4 
Mankin's Crossing 1.6 10/3/4 

01 DIal Georgetown 2.5 10/15/2 8.0 
Dove Springs Dev. 1.0 10/3/4 
Berry Creek 2.0 10/3/4 
Mankin's Crossing 2.5 10/3/4 

Dla2 Georgetown 2.5 10/3/4 8.0 
Dove Springs Dev. 1.0 10/3/4 
Berry Creek 2.0 10/3/4 
Mankin's Crossing 2.5 10/3/4 

02 D2al Georgetown 4.0 10/3/4 8.0 
Dove Springs Dev. 1.0 10/3/4 
Berry Creek 3.0 10/3/4 

D2a2 Georgetown 4.0 10/3/4 8.0 
Dove Springs Dev. 2.4 10/3/4 
Ber!}' Creek 1.6 10/3/4 

E El Berry Creek 7.0 10/3/4 7.0 
E2 Berry Creek 7.0 5/2/5 7.0 

F Fl Mankin's Crossing 8.0 10/3/4 8.0 
F2 Mankin's CrossinQ 8.0 5/2/5 8.0 

G Gl Georgetown 2.5 10/3/4 
Berry Creek 2.0 10/3/4 
Mankin's Crossing 3.5 10/3/4 8.0 

H HI Georgetown 2.5 10/3/4 
Mar~kin's Crossing 5.5 10/2/6 8.0 
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V.B.5 Simulation Results 

Scenario A simulation results (Table V.6 and Figure V.IO) show that the current Georgetown wastewater 

treatment facility, operating at currently permitted flow and treatment levels under critical summer low flow 

and temperature conditions, cannot maintain the lWC prescribed minimum dissolved oxygen level of 5 

mg/L in the San Gabriel River downstream of its outfall. The minimum dissolved oxygen concentration 

predicted as a result of the Georgetown wastewater discharge is 4.3 mg/L. In addition, the dissolved oxy

gen sag remains below 5.0 mg/L for at least 7 kilometers (4.4 miles) downstream of the outfall. Increasing 

the Georgetown plant treatment level to 10/3/4 results in minimum DO levels greater than 5.5 mg/L down

stream of its outfall, well above the State's minimum criteria. In addition, at a treatment level of 10/314 the 

City of Georgetown could discharge to the San Gabriel River 4.0 MGD and maintain a minimum DO level of 

5.2 mg/L. 

Scenario Bl (Table V.7 and Figure V.ll) also shows, that at currently permitted levels, the City of 

Georgetown violates the State's minimum dissolved oxygen concentration of 5.0 downstream of its out

fall. However, the addition of the Dove Springs Development Corporation discharge at either 1.0 MGD or 

2.4 MGD with treatment levels of 10/15/4 or 10/3/4 does not suffiCiently depress DO concentrations to vi

olate the State criteria. 

Scenario B2 (Table V.8 and Figure V.12) does not demonstrate any violations of the states minimum dis

solved oxygen criteria for the San Gabriel River Segment 1248. Increasing the Dove Springs Develop

ment Corporation etfluent flow from 1.2 to 2.4 MGD does not significantly depress dissolved oxygen lev

els. The likely reason for this minor impact is a combination of tile dilution supplied by the background flow 

of the San Gabriel River flow and tile Georgetown discharge (O!olal = 10.3 MGD) which has recovered to a 

dissolved oxygen level of approximately 6.4 mg/L prior to the Dove Springs Development Corporation 

release. 

fu&n.ruiQ..C1. (Table V.9 and Figure V.13) demonstrates the compound effects of the Dove Springs De

velopment Corporation outfall and a facility built near the confluence of the San Gabriel River with Mankin's 

Branch Creek. Because of the close proximity of the confluence of Mankin's Branch Creek, the receiving 

stream for the Dove Springs Development Corporation outfall, and the likely location of a Mankin's Cross

ing facility, the combined impact of the two outfalls becomes significant. Under this development scenario 

it would be necessary for the City of Georgetown to increase treatment levels to 10/3/4 to allow the Dove 

Springs Development Corporation to increase their flow to 2.4 MGD. The Mankin's Crossing plant would 

be limited to 3.0 MGD at a treatment level of 10/3/4 in order to preclude violation of the State's water qual

ity standards. If higher flow rates are desired at either the Dove Springs or Mankin's Crossing plants a 

treatment level of 5/2/5 would be necessary. 
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Tablll V.7 
Simulat)on Scenario 81 . DO, BOD, and NH3 Concentrat)ona eJ 

--~~ 

Simulation Scenario Blal 
Ai ...... ~ "_Aow,~ 00, ffi IL ~~- NH3 mglL --104.0 0.007 ••• 0 .• 0.2 

103.5 0.007 6.8 d .• 0.2 
103.0 0.007 6.' 0.3 0.2 
102 5 0.007 7.0 D .• 0.1 
102.0 0.007 7.0 OA 0.1 
101.5 0.007 7.1 0.' 0.0 
101.0 0.007 7.1 0.5 0.0 
100.5 0.007 7.1 0.5 0.0 
100.0 0.047 6.5 1.0 0.1 
91L5 0.0 70 •. 5 1.0 0.2 
99.0 0.094 6.6 0.' 0.2 
08.5 0.117 6 .• 0 .• 0.2 
9a.O 0.141 6.6 0 .• 0.2 
97.5 0.164 6.6 0.8 0.2 
117 _0 0.197 6 .• 0.7 0.2 
96.5 0.221 ••• 0 .• 0.2 
96.0 0.343 5.1 3 .• 4.' 
95.5 0.343 '.6 3.3 •. 6 
95.0 0.343 • 5 3.1 '.5 
IH.5 0.343 •. 5 2.8 ••• 
94.0 0.343 .3 2.8 '.2 
93.5 0.343 ••• 2.7 '.1 
93.0 0.343 ... 2.' 3.' 
92.5 0.343 ••• 2.' 3.8 
92.0 0.343 •. 6 2.2 3.7 
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90.5 0.343 •• 1. • 3.3 
90.0 0.343 ••• 1 .6 3.0 
a 9. 5 0.343 ••• 1 A 2.7 
89.0 0.361 •. 7 1.3 2.3 
88.5 0.374 ••• 1.2 2.0 
88.0 0.388 5.0 1.1 1.8 
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a 7.0 0.388 ••• O .• 1.4 
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85.0 0.388 •. 0 0.7 1.0 
84.5 0.388 •. 1 o 7 0 .• 
84.0 0.388 •. 2 0 .• 0.8 
83.5 0_431 5.8 1.3 I.' 
83.0 0.431 5 7 1.2 1 .3 
82.5 0.431 '.7 1.1 1 .2 
82.0 0.431 '.8 1.0 1 .1 
81.5 0.431 5.' 0 .• 1.0 
81.0 0.431 •. 0 0.' 0 .• 
80.5 0.431 •. 1 0.8 0.8 
80.0 0.431 •. 2 0.8 0.7 
7 G. 5 0.431 •. 3 0.7 0.7 
7 G.O 0.431 6A 0 .• 0.5 
78.5 o 431 6.' 0 .• 0.5 
78_0 0.431 6 .• D .• 0.' 
77.5 0.431 6.7 0.6 D .• 
71.0 0.431 6.7 D .• D .• 
76.5 0.431 6.8 D .• 0.3 
7S.0 0.431 •. 8 0.5 0.3 
75.5 0.431 6 .• 0.' 0.3 
75.0 0.431 6 .• D .• 0.2 
74.5 0.431 7.0 0.5 0.2 
14.0 0.431 7.0 0.5 0.2 
73.5 0.431 7.0 D .• 0.2 
73.0 0.431 7.1 0.5 0.1 
72.5 0.431 7. 1 OA 0.1 
72.0 0.431 7. 1 OA 0.1 
71.5 0.431 7.1 D .• 0.1 
71.0 0.431 7.1 OA 0.1 
70.5 0.431 7.2 0.' 0.1 
700 0.431 7.2 0.' 0.1 
69.5 0.431 7.2 0.' 0.0 
69.0 0.431 7.2 0.' 0.0 
68.5 0.431 7.2 0.' 0.0 
68.0 0.431 7.2 0.' 0.0 
67.5 0.431 7.2 OA 0.0 
67.0 0.431 7.2 0.' 0.0 
66.5 0.431 7.3 0.' 0.0 
66.0 0.431 73 0.' 0.0 

aI Scenario 61 . G&Orgolown and Dove Spring_ O .... elopmenl Company OnIV 
B101 . (i.r @ 2.5 MUD wi 10/1~/2; O.S. @ 1.0 MGD wI 10llb/4 
81a2 G.T. @ 2.5 MGD wI 10115,12; O.S. @ 2.4 MGD wi 101314 
614103· G.T. @ 2.5 MGD wi 10rJ/4; O.S. @ 2.4 IlAGO w/1013/4 

'Slmulation&--;na~oB'Ia2-
~O, mgJL_ BOD,_~ _.!it13, ffig/L_ 

6 .• D .• 02 
•. 8 0.' 0.2 

••• 0.3 0.2 
7.0 O .• 0.1 
7.0 0.' 0.1 
7.1 0.' 0.0 
7.1 0.5 0.0 
7.1 0.5 0.0 
•. 5 1.0 0.1 
•. 5 1.0 0.2 
•. 6 0 .• 0.2 
6 .• 0.' 0.2 
6.6 0 .• 0.2 
6.6 0.8 0.2 
6 .• 0.7 0.2 

••• 0 .• 0.2 
5.1 3.6 ••• ••• 3.3 ... 
•. 5 3.1 •. 5 
'.5 2.8 • •• •. 3 2.8 '.2 

••• 2.7 '.1 ... 2.5 3.' 

••• 2.' 3.8 
.6 2.2 3.7 
'.7 2.1 3.5 
•. 8 2.0 3., 

••• 1. • 3.3 
•. 6 1.6 3.0 

••• 1.4 2.7 
'.7 1 3 2.3 

••• 1.2 2.0 
5.0 1.1 1.8 
5.2 1.0 1.6 
5.' 0 .• lA 
5.5 0 .• 1 3 
5.7 0.8 1 .2 
5.8 0.7 1.1 
'.0 0.7 1.0 
'.1 0.7 0 .• 
'.2 0.6 0.8 
5.7 2.0 0 .• 
5 .• 1.8 0 .• 
5.7 1.7 0.8 
5.8 1 6 0.8 
5.8 1 • 0.7 
5 .• 1 3 0.7 
'.0 1 2 0.6 
6.1 1. 1 0.' 
'.2 1.1 0.5 
•. 3 1.0 0.5 ... 0.' 0.5 
6.5 0 .• 0.' 
6.5 0.8 0.' 
6.6 0.8 0.' 
•. 7 0.7 0.3 
•. 7 0.7 0.3 
6.8 0.7 0.3 
•. 8 0.6 0.2 
6 .• 0 .• 0.2 
6 .• 0.6 0.2 

••• 0 .• 0.2 
7.0 0 .• 0.2 
7.0 0.5 0.1 
7.0 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.2 0.5 0.1 
7.2 0.5 0.1 
7.2 0.' 0.0 
7.2 D .• 0.0 
7.2 0.' 0.0 
7.2 D .• 0.0 
7.2 D .• 0.0 
7.2 0.' 0.0 

V-39 

Simulation Scenario Bl a3 
00 "!lIiL 6OD~~l NH3, mg/l 

••• 0 .• 0.2 
•. 8 D .• 0.2 ... 0.3 0.2 
70 0., 0.1 
7.0 0.' 0.1 
7.1 OA 0.0 
7.1 0.5 0.0 
7.1 D .• 0.0 

••• 1.0 0.1 
•. 5 1.0 0.2 ... 0.' 0.2 

••• 0 .• 0.2 

••• 0.' 0.2 ... 0.8 0.2 

••• 0.7 0.2 

••• 0 .• 0.2 
5 .• 3 .• 1.1 
5.' 3.3 1.1 
5.' 3.1 1.1 
5.7 2.8 1.1 
'.6 2.8 1.1 
5.7 2.7 1 .1 
'.8 2.' 1.1 
5.8 2.' 1.1 
5 .• 2.2 1.0 
6.0 2.1 1.0 
6.0 2.0 1.0 
'.1 1.. 1.0 
6.0 1.6 0.' 
6.0 I.. 0.8 
'.0 1.3 O • ., 

•. 1 1.2 0.6 
'.2 1.1 0.6 
6.3 1.0 D .• 
6.' 0 .• 0.5 

••• 0.8 0 .• 
•. 5 0.8 0.' 

••• 0.7 D .• 

'.7 0.7 0.3 
'.7 0.7 0.3 
'.8 0 .• 0.3 
•. 1 2.0 0.' 
'.0 1.8 0.5 
6.0 1.7 0.5 
'.1 I.. 0.5 
'.1 I.. 0.5 
•. 2 1.3 D .• 

'.3 1.2 0.' 
6.3 1.1 0.' 
'.5 1.0 0.3 
'.5 0 .• 0.3 ... 0.' 0.3 
'.7 0.8 0.3 
6.7 0.8 0.3 
•. 8 0.7 0.2 
•. 8 0.7 0.2 

••• 0.7 0.2 
6.' 0.6 0.2 

••• 0.6 0.2 
7.0 D .• 0.1 
7.0 0 .• 0.1 
7.0 D .• O. 1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.1 0.5 0.1 
7.2 0.5 0.1 
7.2 0.5 0.0 
7.2 0.5 0.0 
7.2 0.' 0.0 
7.2 D .• 0.0 
7.2 0.' 0.0 
7.2 0.' 0.0 
7.3 0.' 0.0 
7.3 D .• 0.0 
7.3 0.' 0.0 
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Figure V.11 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming 
City of Georgetown and Dove Springs Development WWTPs Only 

- Scenario 81 -

Tx. Stream Standard 

G.T. @ 2.5 MGD wi 10/15/2; D.S. @ 1.0 MGD wi 10/15/4 

G.T. @ 2.5 MGD wi 10/15/2; D.S @ 2.4 MGD wi 10/314 

G.T. @ 2.5 MGD wi 10/3/4; D.S. @ 2.4 MGD w/10/3/4 

II I I I I I I I I I I I 

1 9 9 9 9 9 9 9 8 a a 8 a a 8 7 7 7 7 
0 0 0 9. a 6. 5 3. 2 O. 9 7. 6 4. 3 1 . 0 8. 7 5. 4 
4 2. 1 5 5 5 5 5 5 5 5 5 

5 
River Kilometer 

7 7 6 6 6 
2. 1 9. 8 6. 
5 5 5 



Tabl. v.a 
SlmulallOfi Scenario 82 . 00, BOD, and NH3 Conc.ntralloll8 aI 

--
Simulation Scenario 82a1 

- ,- Sl~ulation Scenario 82a2-
Al"'.r Km Flow CffiS 00 mg/L BOO mglL NU3 Olj:lll DO m~/l 

104.0 0.007 6.6 0.6 0.2 6.6 
103.5 0.007 6.8 0.' 0.2 6.8 
103.0 0.007 6.' 0.3 0.2 6 .• 
102.5 0.007 7.0 0.' 0.1 7.0 
102.0 0.007 7.0 0.' 0.1 7.0 
101.5 0.007 7.1 0.' 0.0 7.1 
101.0 0.007 7.1 0.5 0.0 7. I 
tOO.5 0.007 7.1 0.5 0.0 7.1 
100.0 0.047 6.5 1.0 0.1 6.5 
99.5 0.070 6.5 1.0 0.2 6.5 
99.0 O.OtH 6.6 0.' 0.2 6.6 
98.5 0.117 6.6 0 .• 0.2 ••• 98.0 0.141 ••• O.B 0.2 ... 
97.5 0.164 •. S 0.8 0.2 6 .• 
97.0 0.197 ... 0.7 0.2 6.6 
96.5 0.221 6.6 0.6 0.2 6.6 
96.0 0.408 5.5 '.6 I.. 5.5 
95.5 0.408 5.2 '.3 I.. 52 
95.0 0.408 5.2 '.0 I.' 5.2 
94.5 0.408 5.2 3.7 I.' 5.2 
94.0 0.408 5.2 3.7 I., 5.2 
93.5 0.408 5.2 3.5 I.' 5.2 
93.0 0.408 5.3 3.3 1 • 5.3 
92.5 0.408 5.' 3.1 1.3 5 .• 
92.0 0.408 5.' 3.0 1.3 5.' 
91.5 0.408 5.5 2.8 1.3 5.5 
91.0 0.408 5.6 2.7 1.3 5.6 
90.5 0.408 5.6 2.5 1.2 5.6 
90.0 0.408 5.5 2.2 1.2 5.5 
89.S 0.408 5.5 2.0 1.1 5.5 
8iiLO 0.427 5.5 1.7 1.0 5.5 
8e.5 0.440 5.6 1.6 0 .• 5.6 
88.0 0.453 5.7 I.. 0.8 5.7 
87.5 0.453 5.8 1.3 0.7 5.8 
87.0 0.453 6.0 1.2 0.7 6.0 
86.5 0.453 6.1 1.1 0.6 6.1 
86.0 0.453 6.2 1.0 0 .• 6.2 
85.5 0.453 6.3 1.0 0.5 6.3 
85.0 0.453 6.3 0 .• 0.5 6.3 
94.5 0.4S3 6.' 0.8 0.' ••• 
84.0 0.453 •. 5 0.8 D .• •. 5 
83.5 0.506 6.2 I. • 0.5 •. 0 
83.0 0.506 •. 2 1.3 0.5 5.8 
82.5 0.506 6.3 1.2 0.5 6.0 
82.0 0.506 6.3 1.1 0.' 6.0 
81.5 0.506 6.' 1.1 0.' •. I 
91.0 0.506 •. 5 1.0 0.' •. 1 
80.5 0.506 6.5 0.' 0.3 6.2 
80.0 0.506 6.6 0 .• 0.3 6.3 
79.5 0.506 6.6 0.8 0.3 6.3 
79.0 0.506 6.7 0.8 0.3 6.' 
78.5 0.506 6.7 0.7 0.3 6.5 
78.0 0.506 6.8 0.7 0.2 6.5 
17.5 0.506 •. 8 0.7 0.2 •. 6 
17.0 0.506 6 .• 0.6 0.2 •. 7 
76.5 0.506 6 .• 0.6 0.2 6.7 
76.0 0.506 1.0 0.6 0.2 •. B 
75.5 0.506 7.0 0.6 0.1 6.8 
75.0 0.506 7.0 0.6 0.1 6 .• 
74.5 0.506 7.0 0.5 0.1 6.B 
74.0 0.506 7 1 0.5 0.1 S .• 
73.5 0.506 I. 1 0.5 0.1 7 0 
73.0 0.506 7. I 0.5 0.1 7.0 
72.5 0.506 I. 1 0.5 0.1 7 0 
72.0 0.506 1.2 0.5 0.1 7.1 
71.5 0.506 1.2 0.5 0.1 7.1 
71.0 0.506 1.2 0.5 0.0 7.1 
70.5 0.506 "/.2 0.5 0.0 7. 1 
70.0 0.506 7.2 0.' 0.0 7. I 
(itL5 0.506 1.2 0.' 0.0 7.2-
69.0 0.50B 1.2 0.' 0.0 1.2-
68.5 0.506 1.2 0.' 0.0 7.2 
68.0 0.506 7.3 0.' 0.0 7.2 
67.5 0.506 7.3 D .• 0.0 7.2 
67.0 0.506 7.3 0.' 0.0 7.2 
66.5 0.506 1. ::I 0.' 0.0 7.2 
66.0 0.506 7.3 '=<; ,,=--l'_~ -_O~::z:--~-aI Scenario B2 Georg81o\Ml and Do .... Springs D.v.Iopr;II~nt Company Dnly 

62a1 - G.T. @ 4.0 MGD w/l00/4j D.S. @ 1.2 MOl) wi 1013/4 

7.3 

62 ... 2 - G. r. @ 4.0 MGO wI 101314; O.S. @ 2.<4 MGD wi 1013/4 

V-41 

BOO moll NH3 ~l 
0.6 0.2 
0.' 0.2 
0.3 0.2 
D .• 0.1 
0.' 0.1 
0.' 0.0 
0.5 0.0 
0.5 0.0 
1.0 0.1 
1.0 0.2 
0 .• 0.2 
O.B 0.2 
O.B 0.2 
0.8 0.2 
0.7 0.2 
0.6 0.2 
4.6 I.. 
'.3 I.. 
'.0 1 .. 
3.7 1 .. 
3.7 1 .. 
3.5 1 .. 
3.3 1 • 
3.1 1 .3 
3.0 1 3 
2.8 1.3 
2.7 1 3 
2.5 1.2 
2.2 1.2 
2.0 1.1 
1.7 1.0 
1.6 0.8 
1 • 0.8 
I 3 0.7 
1 2 0.7 
1. 1 0 .• 
1 .0 0 .• 
1.0 0.5 
O.B 0.5 
0.8 0.' 
0.8 0., 
2.0 0 .• 
1.8 0 .• 
1.7 0.6 
1.6 0 .• 
1.5 0.5 
I.. 0.5 
1.3 0.5 
1.2 0.' 
1.1 0.' 
1.0 0.' 
1.0 0.' 
0." 0.3 
0." 0.3 
0.8 0.3 
0.8 0.3 
0.7 0.2 
0.7 0.2 
0.7 0.2 
0.7 0.2 
0.6 0.2 
0.6 0.2 
0.6 0.1 
0.6 0.1 
0.5 0 1 
0.5 O. 1 
0.5 O. 1 
0.5 O. 1 
0.5 O. 1 
0.5 O. 1 
0.5 O. 1 
0.5 0.0 
0.5 0.0 
0.5 0.0 
0.' 0.0 
0.' 0.0 
0.' 0.0 
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Figure V.12 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming 
City of Georgetown and Dove Springs Development WWTPs Only 

- Scenario B2 -

G.T. @ 4.0 MGD wi 10/3/4; D.S. @ 1.2 MGD wi 10/3/4 

G.T. @ 4.0 MGD wi 10/3/4; D.S @ 2.4 MGD wi 10/3/4 

9 9 9 9 9 9 9 8 8 8 8 8 8 8 7 7 7 7 
0 9. 8 6. 5 3. 2 O. 9 7. 6 4. 3 1 . 0 8. 7 5. 4 
1 5 5 5 5 5 5 5 5 5 

River Kilometer 

1- -

7 7 6 6 6 
2. 9. 8 6. 
5 5 5 



Tdhle V.Q 
Simulation Scenario C1 - DO, BOO, and Nti3 Concentratlons aJ 

~---------- ·-Slmulation-SC;~a;-IO-C1-.-'------
-~~-

Simulation Sc 
~ _BOD, 

81Iarkl"'C1 ~---
AI .... r 
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Figure V.13 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming City of Georgetown. 
Dove Springs Development. and Mankin's Crossing WWTPs 

- Scenario C1 -
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Scenario C2 Crable V.l 0 and Figure V.14) does not indicate any violations of the State's water quality cri

teria. 

Scenario 01 (Table V.l1 and Figure V.15) again demonstrates that the key to minimizing the adverse im

pacts of all future development on tile water quality of the San Gabriel River is tile upgrading of the 

Georgetown facility to a treatment level of 10/3/4. 

~jQD2 crable V.12 and Figure V.16) demonstrates tllat a 3 MGD facility at a treatment level of 10/3/4 

buill near the confluence of Berry Creek and the San Gabriel River would result in a violation of the State's 

water qllality criteria even witll tile Dove Springs Development Corporation plant limited to 1 MGD at a 

treatment level of t 0/3/4. A more appropriate development scenario for this combination of plants, from a 

water quality standpoint, would be to enlarge the Dove Springs Development Corporation facility to 2.4 

MGD and limit tile Berry Creek plant to 1.6 MGD. 

ScenariQ.....!; (Table V.13 and Figure V.17) examined the probability of developing one large regional 

wastewater facility to accommodate 7 MGD constructed near the confluence of Berry Creek and tile San 

Gabriel River. Simulations indicate that a treatment level of 5/2/2 would be necessary to maintain dis

solved oxygen levels above the State criteria of 5.0 mg/L. 

Scenario F (Table V.14 and Figure V.18) also examined the construction of a single, 8 MGD facility near 

Mankin's Creek Branch confluence wi til the San Gabriel River. Simulations, again, indicate that a treat

mentlevel of at least 5/2/5 would be necessary to maintain a 5 mg/L DO level downstream of the outfall. 

fu&..rlgrjQJi (Table V.15 and Figure V .19) assumes tllat tllere are three treatment plants: the existing City 

of Georgetown plant at 2.5 MGD, a 2 MGD facility built near the confluence of Pecan Branch, Berry Creek 

and the San Gabriel River and a 3 MGO facility near the confluence of Mankin's Branch and the San Gabriel 

River. Simulations demonstrate that operating all of the plants at a treatment level of 10/3/4 would main

tain the 5 mg/I DO standard for Segment 1248 downstream of all outfalls. 

~illi2..l:! (Table V.16 and Figure V.20) is a two plant scenario. The Georgetown treatment plant could 

operate at 2.5 MGD at a treatment level of 10/3/4 and maintain Segment 1248 minimum DO concentration 

levels at 5 mg/L. However, a Mankin's CrOSSing facility at 5.5 MGD would require a treatment level of 

10/2/6 to maintain DO levels greater tllat 5 mg/L downstream of its outfall. 
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Table V.lO 
Simulation Scenario C2 . DO, BOD, and NH3 Cooctlnb alions aJ 

---.-
-Simulation Scan'Qii'; C2al--- Simulation Scenario C2a2 

AjVflf Km Flow, cms 
104.0 0.007 
10:1.5 0.007 
103.0 0.007 
102.5 0.007 
102.0 0.007 
101.5 0.007 
101.0 0.007 
100.5 0.007 
100.0 0.047 
,,5 0.070 
99.0 0.094 
98.5 O. 117 
98.0 O. 141 
97.5 O. 164 
tH.O O. 197 
96.5 0.221 
9. 0 0.408 
\15.5 0.408 
9,5.0 0.408 
94.5 0.408 
8, 0 0.408 
93.5 0.408 
93.0 0.408 
92.5 0.408 
92.0 0.408 
91.5 0.408 
91.0 0.408 
90.5 0.408 
90.0 0.408 
89.5 0.408 
89.0 0.426 
88.5 0.440 
88.0 0.453 
87.5 0.453 
87.0 0.453 
86.5 0.453 
86.0 0.453 
85.5 0.453 
85.0 0.453 
84.5 0.585 
84.0 0.585 
83.5 0.628 
b3.0 0.ti28 
82.5 0.628 
82.0 0.628 
e 1.5 0.628 
81.0 0.628 
80.5 0.628 
80.0 0.628 
79.5 0.628 
711.0 0.628 
78.5 0.628 
78.0 0.628 
17.5 0.628 
77.0 0.628 
76.5 0.628 
76.0 0.628 
75.5 0.628 
75.0 0.628 
74.5 0.628 
74.0 0.628 
73.5 O.621i 
73.0 0.628 
72.5 0.628 
72.0 0.628 
71.5 0.628 
71.0 0.628 
70.5 0.628 
70 0 0.628 
611.5 0.628 
69.0 0.628 
68.5 0.628 
68.0 0.628 
67.5 0.628 
67.0 0.628 
136.5 0.628 
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.0 
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~~Q __ . ___ .Q,2~_· __ ._ 7..:.E-_ 

BOD rr~!-
0.6 
0.4 
0.3 
04 
0.4 
0.' 
0.5 
0.5 
1.0 
1.0 
0 .• 
0 .• 
0 .• 
0 .• 
0.7 
0.6 
4 .• 
4.3 
4.0 
3.7 
3.7 
'.5 
3.3 
3.1 
3.0 
2 .• 
2.7 
2.5 
2.2 
2.0 
1.7 
1.6 
1.4 
1.3 
1.2 
1.1 
1.0 
1.0 
0 .• 
2 .• 
2 .• 
2.7 
2.S 
2.3 
2.2 
2.0 
1. • 
1.1 
1.6 
1.5 
1.4 
1.3 
1.2 
1.2 
1.1 
1.0 
1.0 
0 .• 
0 .• 
0 .• 
0 .• 
0 .• 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.' 
0.' 
0.5 
O.S 
05 
0.5 
0.5 
0.5 

_ ...Q..:...~ --' 

NH3. mOll DO, .w/L BOD, mglL 
0.2 •. 6 0.6 
0.2 0.8 0.4 
0.2 ... 0.3 
0.1 7.0 0.4 
0.1 7.0 0.4 
0.0 7.1 0.4 
0.0 7. I 0.5 
0.0 7.1 0.5 
0.1 6.5 1.0 
0.2 •. 5 1.0 
0.2 6.6 0 .• 
0.2 ... 0 .• 
0.2 6.6 0 .• 
0.2 ... 0 .• 
0.2 ... 0.7 
0.2 6 .• 0.' 
1.4 5.5 4.6 
1 • 5.2 4.3 
1 .4 5.2 4.0 
I 4 5.2 3.7 
I 4 5.2 3.7 
1.4 5.2 3.5 
1.4 5.3 3.' 
1 .3 '.4 3.1 
1.3 '.4 3.0 
1.3 5.5 2 .• 
1.3 5.0 2.7 
1.2 5 .• 2.5 
1.2 tI.5 2.2 
1.1 5.5 2.0 
1.0 5.S 1.7 
0 .• 5., 1.. 
0 .• 5.7 1.4 
0.7 5 .• 1.3 
0.7 •. 0 1.2 
0.' tLl 1.1 
0.' 6.2 1.0 
0.5 S.3 1.0 
0.5 6.3 0 .• 
1.0 5 .• 2.0 
1.0 5 .• 1.. 
1.0 5. , 2.7 
0 .• 5.4 2.5 
0 .• 5.' 2.' 
0 .• 5.5 2.1 
0 .• 5.6 2.0 
0.7 5.6 1.. 
0.7 5.7 1.7 
0.7 5 .• 1 • 
0 .• 5 .• 1.5 
0 .• ..0 1.4 
0.6 •. 1 1. • 
0.5 •. 2 1.2 
0.5 ... 1 1 
0.5 ... 1 .1 
0.' •. 4 I .0 
0.4 •. 5 1 0 
0.4 •. 5 0 .• 
0.' 6.6 0 .• 
0.' ..7 0 .• 
0.' ..7 0 .• 
0.3 6 .• 0.7 
0.2 6 .• 0.7 
0.2 6.8 0.7 
0.2 • •• 0.7 
0.2 6 .• 0.6 
0.2 7.0 0.6 
0.2 1.0 0.6 
O. I 7.0 0.' 
0.1 1.0 0.' 
O. I 7. I O.S 
0.1 7. I 0.5 
0.1 7. 1 0.5 
0.1 7. 1 0.5 
0.1 7.2 0.5 
0.1 7.2 0.5 

___ t!.:...!_. __ ___ L2 __ __0_._5 __ 
aJ Scenario C2 . City of Georgetown, Do .. e Springs Development Company, and Mankin's Crosaing Facility 

C2dl . G.T. @ 4.0 MOD wi 10rJ14; D.S. 1.0 MGD.,.,/ 10r314; M,X. @ 3.0 MGD wi 101'J/4 
C2a2 . G.r. @ 4.0 MGD wi 10iJ14; D.S. 2.4 MGO wI 101314; M.X. @ 1.6 !.AGO wI 100/4 

V-46 

NH3 nl9/l 
0.2 
0.2 
0.2 
0.1 
0.1 
0.0 
0.0 
0.0 
0.1 
0,2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
1.4 
1.4 
1 4 
I 4 
I 4 
1 .4 
1 .. 
1 .3 
1 3 
I 3 
1.3 
1.2 
1.2 
1.1 
1.0 
0 .• 
0 .• 
0.7 
0.7 
0 .• 
0.' 
0.5 
0.5 
0 .• 
0.7 
0 .• 
0, • 
0 .• 
0 .• 
0.7 
0.7 
0.7 
0 .• 
0.' 
0.5 
0.5 
0.5 
0.5 
0,4 
0.' 
0.4 
0.' 
0.' 
0.' 
0.' 
0.' 
0.2 
0.2 
0.2 
0.2 
0.2 
0 I 
O. I 
O. I 
O. 1 
0.1 
0.1 
0.1 
0.1 
0.1 

---.Q:.L _ 



8 

7 

6 

5 

< DO (mg/L) 4 ;,. 
-..j 

3 

2 

0 

Figure V.14 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming City of Georgetown, 
Dove Springs Development, and Mankin's Crossing WWTPs 

- Scenario C2 -
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G.T. @ 4.0 MGD wi 10/3/4; D.S. @ 1.0 MGD wi 10/3 /4; M.X. @ 3.0 MDG wi 10/3/4 

G.T. @ 4.0 MGD wi 10/3/4; D.S @ 2.4 MGD wi 10/3/4; M.X. @ 1.6 MGD wi 10/3/4 
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lalJle V.ll 
Simulation Scenario 01 • DO, BOD, and NU3 C"..orlcelltrl:lotioll6 aJ 

----~~ -.----.- --SimUlation ScenarlO-ofaT·-----

flow CHlS DO mg/l BOD mall Nli3 moll 
0.007 6.6 O.S 0.2 
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01<11 G.l. @ 25 MGD wI 10115/2; O.S. La MGD wi 101314; B.C. @ 2.0 MGD wi 10iJ/4i M.X. @ 2.5 MGO wi 10/3/4 
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Figure V.15 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming City of Georgetown, 
Dove Springs Development, Berry Creek, and Mankin's Crossing WWTPs 

- Scenario D1 -

Tx. Stream Standard 

G.T. @ 2.5 MGD wi 10/15/2; D.S. @ 1.0 MGD wi 10/314; 
B.C. @ 2.0 MGD wi 10/3/4; M.X. @ 2.5 MGD wI 10/3/4 

G.T. @ 2.5 MGD wi 10/3/4; D.S. @ 1.0 MGD wi 10/3/4; 
B.C. @ 2.0 MGD wi 1013/4; M.X. @ 2.5 MGD wi 10/3/4 
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TliIlIht V.12 
Simulation ScendfM:l 02 - DO, BOD, and NH3 Concenlultiona aJ 

----sfmulation Scenarlo-02at--- ,...---------.--- SlrnUi'ation Scenario 02012 
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a/ Scenario D2 - CII,. ot GeorgakJwn-:-OO~. Sprlngll O .... ~opm.nl Company, and Bwry Creek Facilitles 
02al - G.T. @4.0 MGD wI 101314; U.S. 1.0 MGO w/l0/J/4; B.C. @ 3.0 MGD wi 101314 
02012 - G.T. @ 4.0 MGD wi 1013/4; D.S. 2.4 MaO w/l013/4j B.C. @ 1.6 MGO wi 1013/4 
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Figure V.16 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming City of Georgetown, 
Dove Springs Development, and Berry Creek WWTPs 

- Scenario D2 -

G.T. @ 4.0 MGD w! 10/3/4; D.S. @ 1.0 MGD wi 10/3/4; B.C. @ 3.0 MGD wi 1013/4 

G.T. @ 4.0 MGD wi 10/3/4; D.S @ 2.4 MGD wi 10/3/4; B.C. @ 1.6 MGD WI 10/3/4 
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TilblilV.13 
Simulation Scenario E - 00, BOD, and NH3 Concentra.tlons aJ 

---
SlmulaUon Scenarla- El Simulation Scenarkl E2 

Allier Kill Flow em. 00 moiL BOD "JIlL NHa "!9!1 DO n~L BOO f!lj}/L 
104.0 0.007 6.6 0.6 0.2 6.6 0.6 
103.5 0.007 6.8 0.4 0.2 6.8 0.4 
103.0 0.007 6.S o.a 0.2 6.S o.a 
102.5 0.007 7.0 0.4 0.1 7.0 0.4 
102.0 0.007 7.0 0.4 0.1 7.0 0.4 
101.5 0.007 7.1 0.4 0.0 7.1 0.4 
101.0 0.007 7.1 0.5 0.0 7.1 0.5 
100.5 0.007 7.1 0.5 0.0 7.1 0.5 
100.0 0.047 6.5 1.0 0.1 6.5 1.0 
QY.5 0.070 6.5 1.0 0.2 6.5 1.0 
QQ.O 0.094 6.6 O.S 0.2 6.6 0." 
96.5 0.117 6.6 O.S 0.2 6.6 O.S 
98.0 0.141 6.6 0 .• 0.2 6.6 O.S 
Q7.5 0.164 6.6 0.8 0.2 6.6 0.8 
97.0 0.197 6.6 0.7 0.2 6.6 0.7 
96.5 0.221 6.6 0.6 0.2 6.6 0.6 
96.0 0.233 6.7 0.8 0.2 6.7 0.8 
95.5 0.233 6.8 O.S 0.2 6.8 O.S 
95.0 0.233 6.8 0.7 0.2 6.8 0.7 
94.5 0.233 6.0 0.6 0.2 6.9 0.6 
94.0 0.233 6 .• 0.8 0.2 6." 0.8 
Q3.5 0.233 6." 0.8 0.2 6.9 0.8 
93.0 0.233 7.0 0.7 0.2 1.0 0.7 
92.5 0.233 7.0 0.7 0.2 7.0 0.7 
92.0 0.233 7.0 0.7 0.2 7.0 0.7 
91.5 0.233 7.0 0.7 0.2 7.0 0.7 
91.0 0.233 7.0 0.7 0.2 7.0 0.7 
90.5 0.233 7.1 0.7 0.2 7.1 0.7 
90.0 0.233 7. I 0.6 0.2 7.1 0.6 
89.5 0.233 7.0 0.5 0.2 7.0 0.5 
89.0 o 558 4.6 5.4 1.7 5.5 2 .• 
88.5 0.571 4.a 4.8 1 .6 5.4 2.7 
88.0 0.585 4. I 4.4 1 .5 5.3 2.4 
87.5 0.585 4.1 4.0 1.4 5.3 2.2 
a 7.0 0.585 4.1 3.7 1.4 5.3 2.1 
86.5 0.585 4.2 3.3 1.3 5.4 1.9 
86.0 0.585 4.3 a.l I a 5.4 1.8 
85.5 0.585 4.5 2.8 1 . 2 5.5 1.6 
as.o 0.585 4.6 2.6 I .1 5.6 1.5 
84.5 0.585 4.8 2.4 1. 1 5.7 1 • 
84.0 0.585 ••• 2.2 1 .0 5.8 1 3 
83.5 0.585 5.1 2.0 1.0 5 .• 1 2 
83.0 0.585 5.2 1." 0." 6.0 1 .2 
82.5 0.585 5.4 1.7 0.8 6.1 1.1 
82.0 0.585 5.5 1.6 0.8 6.1 1.0 
81.5 0.585 5.7 1.5 0.7 •. 2 1.0 
81.0 0.585 5.8 1.. 0.7 6.a 0." 
80.5 0.585 5." La 0.6 6.4 0." 
80.0 0.585 6.0 1.2 0.6 6.' 0.8 
79.5 0.585 6. I 1.1 0.6 6.5 0.8 
79.0 0.585 6.2 1.1 0.5 6 .• 0.7 
78.5 0.585 6.3 1.0 0.5 6.6 0.7 
78.0 0.585 6.' 1.0 0.' 6.7 0.7 
77.5 0.585 6.4 0." 0.4 6.7 0.7 
77 .0 0.585 6.5 0." 0.4 6.8 0.6 
78.5 0.585 6.6 0.8 0.3 6.8 0.6 
76.0 0.585 6.6 0.8 0.3 6 .• 0.6 
75.5 0.585 6.7 0.7 0.3 6." 0.6 
75.0 0.585 6.7 0.7 0.3 6 .• 0.6 
74.5 0.585 6.8 0.7 0.2 7.0 0.5 
74.0 0.585 6.8 0.6 0.2 7.0 0.5 
73.5 0.585 6 .• 0.6 0.2 7.0 O.S 
73.0 0.585 6." 0.6 0.2 7.0 0.5 
72.5 0.585 7." 0.6 0.2 7. 1 O.S 
72.0 0.585 7.0 0.6 0.2 7.1 O.S 
71.5 0.585 7.0 O.S 0.1 7.1 0.5 
71.0 0.585 7 1 0.5 0.1 7.1 0.5 
}0.5 0.585 7 1 O.S 0.1 7.2 O. S 
10.0 0.585 7. I 0.5 0.1 7.2 0.5 
69.5 0.585 7.1 O.S 0.1 7.2 O .• 
69.0 0.585 7.1 0.5 0.1 7.2 0.4 
68.5 0.585 7.2 0.5 0.1 7.2 0.4 
68.0 0.585 7.2 O.S 0.1 7.2 0.4 
67.5 0.585 7.2 0.5 0.1 7.2 0.4 
67.0 0.585 7.2 0.5 0.0 "1.3 0.4 
66.5 0.585 7.2 0.5 0.0 7.3 0.4 
_~ ____ ~~-.:§~ ____ 1.:.~ __ ~ __ ~ __ .-LL_,--_O.4 
aJ Scenario E Berry Creek Planl Only 

El . B.C @ 7.0 MGO wI 10/3/4 
El B.C. @ 7.0 MGO wi 5/215 
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Figure V.17 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming Berry Creek WlNTP Only 
- Scenario E -
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Table V.14 
SlmuJalloo Scenario F - DO, SOD, and NHa Concentratlone B/ 

------,-------,----- Simulallon ScenCC"'''IoC-cF''1;-----,----Slmuiation Scenario F2 

RJ ... er KIn Flow erne DO mg/l BOD mg/I,. NH3 IIlgJl DO mQ/l BOD mQll NH3 mg/l 
104.0 0.007 6.6 0.6 0.2 6.6 0.6 0.2 
103.~ 0.007 6.8 0.4 0.2 6.8 0.4 0.2 
103.0 0.007 6.9 0.3 0.2 6.9 0.3 0.2 
102.5 0.007 7.0 0.4 0.1 7.0 0.4 0.1 
1020 0.007 7.0 0.4 0.1 7.0 0.4 0.1 
101.5 0.007 7.1 0.4 0.0 7.1 0.4 0.0 
101.0 0.007 7.1 0.5 0.0 7.1 0.5 0.0 
100.5 0.007 7.1 0.5 0.0 7.1 0.5 0.0 
100.0 0.047 6.5 1.0 0.1 6.5 1.0 0.1 
119.5 0.070 6.5 1.0 0.2 6.5 1.0 0.2 
99.0 0.094 6.6 0.9 0.2 6.6 0.9 0.2 
9S.5 0.117 6,6 O.g 0.2 6.6 0.9 0.2 
98.0 0.141 6.6 0.9 0.2 6.6 0.9 0.2 
97.5 0.164 66 0.8 0.2 6.6 0.8 0.2 
97.0 0.197 66 0.7 0.2 6.6 0.7 0.2 
Q6.5 0.221 6.6 0.6 0.2 6.6 0.6 0.2 
{l6.0 0.233 6.7 0.8 0.2 6.7 0.8 0.2 
95.5 0.233 6.8 0.9 0,2 6.8 0.9 0.2 
95.0 0.233 6.8 0.7 0.2 6.8 0.7 0.2 
94.5 0.233 6.9 0.6 0.2 6.9 O.S 0.2 
g4.0 0.233 6.9 0.8 0.2 6.9 0.8 0.2 
93.5 0.233 6.9 0.8 0.2 6.9 0.8 0.2 
g3.0 0.233 7.0 0.7 0.2 7.0 0.7 0.2 
92.5 0.233 7.0 0.7 0.2 7.0 0.7 0.2 
92.0 0.233 7.0 0.7 0.2 7.0 0.7 O.~ 

91.5 0.233 7.0 0.7 0.2 7.0 0.7 0.2 
91.0 0.233 7.0 0.7 0.2 7.0 0.7 0.2 
gO.S U.233 7.1 0.7 0.2 7.1 0.7 0.2 
90.0 0.233 7.1 0.6 0.2 7.1 0.6 0.2 
89.5 0.233 7.0 0.5 0.2 7.0 0.5 0.2 
8iLO 0.251 7.0 0.5 0.1 7.0 0.5 0.1 
89.5 0.265 7.0 0.5 0.1 7.0 0.5 0.1 
88.0 0.278 7.0 0.5 0.1 1,0 0.5 0.1 
87.5 0.278 7.0 0.5 0.1 7.0 0.5 0.1 
87.0 0.278 7.1 0.5 0.1 7.1 0.5 0.1 
8S.5 0.278 7.1 0.5 0.1 7.1 0.5 0.1 
86,0 0.278 7.1 0.5 0.1 7.1 0.5 0.1 
85.5 0.279 7.1 0.5 0.1 /.1 0.5 0.1 
85.0 0.278 7.1 0.4 0.1 7.1 0.4 0.1 
84.5 0.628 4.7 5.5 1.6 5.6 3.0 1.1 
84.0 0.628 4.3 5.0 1.6 5,4 2.7 1.1 
83.5 0.628 4.0 4.6 1.5 5.3 2.5 1.1 
83.0 0.629 4.0 4.3 1.5 5.3 2.3 1.1 
82.5 0.628 4.0 3.9 1.4 &.3 2.2 1.0 
82.0 0.628 4.0 a.s 1.4 5.3 2.0 1.0 
81.5 0.628 4.2 a.3 13 5.4 1.9 10 
81.0 0.628 4.3 3.1 1.3 5.5 1.7 0.9 
80.5 0.628 4.4 2.8 12 5.5 1.6 0.9 
80.0 0.628 4.6 2.6 1.1 5.6 1.5 0.9 
79.5 0.S28 4.8 2.4 1.1 5.7 1.4 0.8 
7fLO 0.628 4.g 2.2 1.0 5.6 1.3 0.8 
78.5 0.628 5.1 2.1 1.0 !i.1I 1.2 0.7 
78.0 0.628 5.2 1.9 0.9 6.0 1 2 0.7 
77.5 0628 5.4 1.8 0.8 6.1 1.1 0.7 
77.0 0.628 5.5 1.7 0.8 6.\ 1.0 O.S 
76.5 0.628 5.6 1.5 0.7 6.2 1.0 0.6 
7s.0 0.628 5,7 1 -4 0.7 6.3 0.9 0.5 
75.5 0.628 5.8 1.4 0.7 6,4 0.9 0.5 
75.0 0,628 6.0 1 3 0.6 6.4 0.8 0.5 
74.5 0.628 S.l 1.2 0.6 6.5 0.8 0.5 
74.0 0.628 S.2 1.1 0.5 0.6 0.9 0.4 
73.5 0.628 6.2 1.1 0.5 6.6 0.7 0.4 
73.0 0.628 6.3 1.0 0.5 6.7 0.7 0.4 
72.5 0.628 6.4 O.g 0.4 6.7 0.7 0.3 
72.0 0.628 6.5 0.9 0.4 6.9 0.6 0.3 
71.5 0.628 6.5 0.8 0.4 6.8 0.6 0.3 
71.0 0.628 6.S 0.8 0.3 6.8 0.6 0,3 
70.5 0.628 6.7 0.8 o.a 6.9 0.6 0.2 
70.0 0.628 6.7 0.7 0.3 6.9 0.6 0.2 
69.5 0.628 6.6 0.7 0.3 6.9 0.5 0.2 
69.0 0.628 6.8 0.7 0.2 7.0 0.5 0.2 
68.5 0.628 6.9 0.] 0.2 7.0 0.5 0.2 
68.0 0.628 6.9 0.6 0.2 7.0 0.5 0.2 
67.5 0.628 6.9 0.6 0.2 7.1 0.5 0.1 
67.0 0_628 7.0 0.6 0.2 7.1 0.5 0.1 
66.5 0.628 7.0 0.6 0.1 7.1 0.5 0.1 

~~.~6~-~O~~~"0~~~_1~~~'~-O~~_1---~O~-6~---~-0.1 _______ !~-1 ____ ~ __ ~O~-5~ __ ~ __ ~O~-~1 __ _" 
aJ Scenario F Mankin a CroK'ng Planl OnIV 

Fl . M.X. @ a,o MGD wi 10fJ/4 
F2 . M.X. @ 8.0 MGD wi 5/215 
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Figure V.18 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming Mankin's Crossing WWTP Only 
- Scenario F -
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TaLlie V.IS 
Simulalion Scenario G - DO. BOD. and NH3 CoIlclmlration8 aJ 

SimulaHon Sctlnano G 
RI\ltH Km Flow cmll DO mWl BOD mall NH3, mall 

104.0 0.007 6"6 0"6 0"2 
103.5 0.007 6"8 0", 0"2 
103.0 0.007 6"" 0"3 0"2 
102.5 0.007 7"0 0"4 0" 1 
102.0 0.007 7"0 0"4 0" 1 
101.5 0.007 '"' 0", 0"0 
101.0 0.007 '"' 0"5 0"0 
100.5 0.007 '"' 0"5 0"0 
100.0 0.047 6"5 LO 0" 1 
99.5 0.070 6"5 LO 0"2 
99.0 0.094 6.6 0.' 0.2 
98.5 0.117 6.6 0.' 0.2 
98.0 0.141 6.6 0 .• 0.2 
97.5 0.164 6.6 0"8 0"2 
97.0 0.197 6.6 0.7 0.2 
96.5 0.221 6.6 0.6 0.2 
96.0 0.343 5.8 '"6 Ll 
95.5 0.343 5.6 3.3 1 "' 95.0 0.343 5.6 3.1 1 .1 
94.5 0.343 5.7 2.8 1 .1 
94.0 0.343 5"6 2.8 L 1 
93.5 0.343 5.7 2.7 Ll 
93. a 0.343 5.0 2.5 Ll 
92.5 0.343 5.8 2.4 Ll 
92. a 0.343 5 .• 2.2 LO 
91.5 0.343 6"0 2" 1 1 "0 
91.0 0.343 6.0 2"0 LO 
90.5 0.343 6.1 L. LO 
90.0 0.343 6.0 L6 0 .• 
89.5 0.343 6"0 L4 0"8 
8!LO 0.448 5.' 2.' L2 
811.5 0.462 5.' 2"5 L1 
O. 0 0.475 5.3 2.3 LO 
.7 5 0.475 5"3 2" 1 0"' 
B7 ° 0.475 5", L. 0"" 
8' 5 0.475 5.5 L7 0"' 
86.0 0.475 5.7 L6 0.' 
85.5 0.475 5.8 L5 0.7 
85.0 0.475 5"" 1.3 0.7 
84.5 0.607 5.3 3.0 I .1 
84.0 0.607 5.2 2"0 L 1 
83.5 0.607 5.1 2.6 1 .0 
83.0 0.607 5.2 2"' 1 .0 
82.5 0.607 5.2 2.2 0." 
82.0 0.607 5"3 2"0 0"" 
81.5 0.60 7 5.4 1 .. 0.8 
81.0 0.607 5.5 1 .B O"B 
80.5 0.607 5.7 1 .6 0" 7 
80.0 0.607 5"B 1 "5 0" 7 
79.5 0.607 5"" 1 "4 0"6 
19.0 0.607 6.0 1 "3 0"6 
78.5 0.607 6" 1 1 2 0.5 
78.0 0.607 6.2 1 "2 0.5 
77.5 0.607 6"2 1 "' 0"5 
77 .0 0.607 • • 1 "0 0", 
76.5 0.607 6"' 1 .0 0.4 
76.0 0.60 7 6"5 0 .• 0.4 
75,5 0.607 6.5 0"" 0"4 
75,0 0.607 6 "6 0.8 0.3 
74.5 0.607 67 0"8 0"3 
74.0 0.607 6" 7 0" 7 0"3 
73.5 0.607 6"8 0" 7 0", 
73.0 0.607 6 8 0.7 0.2 
72.5 0.607 6"" OJ 0"2 
72.0 0.607 6"" 0.6 0.2 
71.5 0.607 6"" 0"6 0.2 
71.0 0.607 7 "0 06 0.2 
70.5 0.607 7"0 0"6 0 1 
70.0 0.607 LO 0"6 0" 1 
69.5 0.607 7.1 0.5 O. 1 
69,0 0.607 '"' 0"5 0 1 
68.5 0.607 7.1 0" 5 0.1 
68.0 0.607 J.l 0"5 0" 1 
67.5 0.607 7.2 O.S 0.1 
67.0 0.607 7.2 0"5 0.1 
66.5 0.607 7"2 0"5 0" 1 

__ 6_~.:L_ __ ~~L- ___ ~ ___ O~ ___ ----...2~ 
aJ Senaria G . Clly of Gecwg.town. Berry Creek, and Mankin'a QOtialng 

Plallb Ont)'o 
G.T. @ 2.5 MGD w/1013/4j B.C. @ 2 MOD wi IOrd/4; 
M,X. @ 3.5 MGD wi 10/314 
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Figure V.19 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming City of Georgetown, 
Berry Creek, and Mankins Crossing WWTPs 

- Scenario G -

Tx. Stream Standard 

G.T. @ 2.5 MGD wi 10/3/4; B.C. @ 2.0 MGD wi 10/3/4; M.X. @ 3.0 MGD wi 10/3/4 

1 9 9 9 9 9 9 9 8 8 8 8 8 8 8 7 7 7 7 7 7 
0 9. 8 6. 5 3. 2 O. 9 7. 6 4. 3 1 . 0 8. 7 5. 4 2. 1 

5 5 5 5 5 5 5 5 5 5 

River Kilometer 

6 6 6 
9. 8 6. 
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Table V.16 
Slrnullilbon ScWlaoo H . DO, BOO, and NH3 Concentrations aI 

SImulation Se&nano H 
RI"'iH Km Row ems 00 mgfl BOO, m~/L NH3 '!!JI!l 

104.0 0.007 B.B O.B 0.2 
103.5 0.007 B .• 0.4 0.2 
103.0 0.007 B .• 0.3 0.2 
102.5 0.007 7.0 0.' 0.1 
102. a 0.007 7.0 0.4 0.1 
101.5 0.007 7.1 0.' 0.0 
101.0 0.007 7.1 0.5 0.0 
100.5 0.007 7.1 0.5 0.0 
100.0 0.047 6.5 1.0 0.1 
99.5 0.070 B.5 1.0 0.2 
99.0 0.094 B.B 0 .• 0.2 
98.5 0.117 B.B 0 .• 0.2 
98.0 0.141 B.B 0 .• 0.2 
fn.5 0.164 6.6 0 .• 0.2 
97.0 0.197 6.6 0.7 0.2 
96.5 0.221 6.6 0.6 0.2 
96.0 0.343 5 .• 3.6 1.1 
95.5 0.343 5.6 3.3 1.1 
95.0 0.343 5.B 3.1 1.1 
94.5 0.343 5.1 2 .• 1.1 
g4.0 0.343 5.6 2 .• 1 .1 
93.5 0.343 5.7 2.7 1.1 
93.0 0.343 5.8 2.5 1.1 
92.5 0.343 5 .• 2.' 1.1 
92,0 0.343 5 .• 2.2 1.0 
91.5 0.343 6.0 2.1 1.0 
91.0 0.343 B.O 2.0 1.0 
90.5 0.343 6. 1 1.. 1.0 
90.0 0.343 6.0 1.6 0." 
89.5 0.343 B.O I.. 0 .• 
89.0 0.361 B.O 1.3 0.7 
88.5 0.374 B.l 1 .2 0.6 
08.0 0.388 6.2 1. 1 O.B 
87.5 0.389 6.3 1.0 0.5 
Bl.a 0.388 6.4 0." 0.5 
86.5 0.388 B .. O .• 0.' 
88.0 0.388 8.5 0 .• 0.4 
85.5 0.388 6.8 0.7 0.4 
85.0 0.388 6.7 0.7 0.3 
84.5 0.628 5.' 4.1 1.0 
84.0 0.629 5.' 3.7 0." 
83.5 0.628 5.2 3.' 0 .• 
83.0 0.628 5.1 3.2 0." 
82.5 0.628 5.1 2 .• 0 • 
82.0 0.628 5.1 2.7 0 • 
81.5 0.628 5.2 2.5 0 • 
81.0 0.628 5.3 2.3 0.7 
80.5 0.628 5.' 2.1 0.7 
80.0 0.628 5.5 2.0 0.7 
79.5 0.B28 5.6 1 .. 0.6 
7iLO 0.628 5.7 1 .7 0.6 
78.5 0.628 5.' 1 .6 0.6 
7a.O 0.628 5 .• 1 .5 0.5 
77 .5 0.628 6.0 1 .4 0.5 
II 0 0.628 6.1 1 .3 0.5 
76 5 0.628 B.2 1 .2 0.' 
76.0 0.628 6.3 1 .1 0.' 
75.5 0.628 6.4 1.1 0.4 
75.0 0.628 6 .. 1.0 0.' 
74.5 0.628 6.5 1.0 0.3 
74.0 0.628 B.6 0 .• 0.3 
73.5 0.628 6.6 0 .• 0.3 
73.0 0.628 6.7 0.8 0.3 
72.5 0.629 6.7 0.8 0.3 
72.0 0.628 6.' 0.8 0.2 
71.5 0.629 6.8 0.7 0.2 
71.0 0.628 6 .• 0.7 0.2 
70.5 0.628 6 .• 0.7 0.2 
70.0 0.629 8 .• 0.6 0.2 
69,5 0.628 7.0 0.6 0.2 
69.0 0.628 7.0 O.B 0.1 
68.5 0.628 7.0 0.6 0.1 
68.0 0.628 7.1 0.6 0.1 
67.5 0.628 7.1 0.5 0.1 
67, a 0.628 7.1 0.5 0.1 
66.5 0.628 7. 1 0.5 o. 1 
66.0 0.628 7. 1 0.' 0.1 

aI Seen anon H· City 0' Georgetown and J.,48JlkJna Cr&ak Plants Only 
G.T. @ 2.5 MGO w/l0J3/4 and M.X. @ 5.5 MGD wI 10/216 
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Figure V.20 
San Gabriel River - Segment 1248 

Dissolved Oxygen Concentrations Assuming 
City of Georgetown and Mankin's Crossing WWTPs Only 

- Scenario H -

Tx. Stream Standard 

G.T. @ 2.5 MGD wi 10/3/4; M.X. @ 5.5 MGD wi 10/2/6 

II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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V.8.6 QUAL-TX Simulation Conclusions 

The Texas Water Commission Wasteload Evaluation lor Segment 1248 concluded: 

"The ultimate permitted treatment level with a 4 mg/L eftluent dissolved oxygen requirement for 

the Georgetown WWTP allows lor maintenance of the dissolved oxygen criterion in tile San 

Gabriel Riller at flows of 1.8 MGD or less under critical summer conditions and for flows greater 

than 1.8 MGD under critical non-summer low flow conditions. 

"At discharges greater than 1.8 MGD during critical summer months, the 5 mg/L criterion may be 

attained in the San Gabriel River with nitrification at the Georgetown WWTP." 

Simulations per/ormed in accordance with this regional wastewater planning study substantiate both of 

these conclusions and add the following case-specific conclusions: 

The City of Georgetown could discharge up to approximately 4 MGD from the existing facility with a 

treatment level upgrade to 10/3/4 and installation of an outfall main to discharge effluent beyond 

the Edwards Aquifer recharge zone. The minimum DO, under summer critical low flow conditions, 

resulting from this discharge would be 5.2 mg/L. It is not likely that the City of Georgetown's 

treatment facility could be expanded beyond 4 MGD wittlOut requiring a treatment lellel of 5/2/5. 

With or without upgrading the City of Georgetown facility, the proposed DOlle Springs WWTP 

could discharge 2.4 MGD at a treatmentlellel of 10/314 without violating the main stem of the San 

Gabriel River (Segment 1248) minimum DO level of 5.0 mg/L under critical summer low flow 

conditions. 

Without upgrading the Georgetown facility to a treatment level of 10/3/4, the combined discharge 

of the Dove Springs Dellelopment Corporation and Mankin's Crossing facilities at 5.5 MGD (a total 

segment treatment capacity of 8 MGD) would result in violation of the 5.0 mg/L minimum DO crite

rion. The minimum predicted DO concentration is 4.3 mg/l. 

With the City of Georgetown facility upgraded to a treatment level of 10/3/4, DOlle Springs Devel

opment Corporation could discharge up to 2.4 MGD and the Mankin's Crossing facility could dis

charge up to 3.0 MGD, both at a treatment level of 10/3/4, without violating the state criterion. 

Without upgrading the Georgetown facility to a treatment level of 10/3/4 a combined discharge of 

Dove Springs Development Corporation, Mankin's CrOSSing and Berry Creek facilities at 5.5 MGD 

(a total treatment capacity 01 8 MGD) would result in violation of the 5.0 mg/l minimum DO 

criterion. The minimum predicted DO concentration is 4.3 mg/L. 
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With the City of Georgetown facility upgraded to a treatment level of 10/3/4, Dove Springs Devel

opment Corporation could discharge up to 1 MGD, a Berry Creek facility up to 2 MGD, and the 

Mankin's Crossing facility could discharge up to 2.5 MGD, all at a treatment level of 10/3/4, without 

violating the state criterion. The minimum predicted DO concentration is 5.1 mg/L. 

A 7 MGD facility located at Berry Creek or an 8 MGD facility located at Mankin's Crossing would re

quire a treatment level of 5/2/5 to maintain DO levels above 5 mg/L at summer critical low flow con

ditions. 

V. C Water Quality Simulations - Segment 1247: Lake Granger 

As with stream water quality models, there is a myriad 01 empirical and mechanistic models available lor 

prediction 01 the long-term eutrophication impacts to an impoundment resulting Irom a proposed activity. 

And, as with stream water quality models, selection 01 the most appropriate model is often a lunction of 

availability 01 data; the more data available, the more sophisticated the model that can be used. 

For this study, a two phased approach to the eutrophication analysis was used. First, the trophic state of 

Lake Granger was calculated, based on either nitrogen or phosphorus as the limiting nutrient, for condi

tions with and without a Georgetown Regional WWTP in place. These loadings were compared with com

puted boundary condition loadings for oligotrophic-mesotrophic and mesotrophic-eutrophic conditions. 

Second, the mean water column concentrations 01 nitrogen and phosphorus were computed for Lake 

Granger and resulting chlorophyll-a concentrations were computed using regressions developed from the 

U.S. EPA National Eutrophication Survey 01 Texas lakes. These concentrations were compared with the 

observed levels in other Texas lakes and the potential for eutrophic conditions in Lake Granger predicted. 

V.C.1 Mass Loading Rate Method 

V. C. 1. a Model Description 

Numerous investigators have related the annual areal mass loadings (gmim2/yr) of nitrogen and phospho

rus to Ihe trophic slate of reservoirs throughout the United States and Europe (Vollenweider, 1968 and 

1975, Chapra and Rechow, 1983, U.S. EPA, 1983). Vollenweider's work is the most widely recognized 

and used for this type of eutrophication analysis. 

Vollenweider's original eutrophication criteria (1968) were developed for U.S. and European lakes pre

dominantly in the nortllern temperate zones (Table V.17) but were modified to include a broader cross

section 01 U.S. lakes (Figure V.21). Texas impoundments, however, are often light limited and do not re

spond as readily to high nutrient loads as impoundments in other regions of the country. For this reason, 

eutrophication criteria were doubled and used only as a guideline of potential eutrophication. 
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Table V.17 
Permissible Loading Levels for Total Nitrogen 
and Total Phosphorus (Biochemically Active) 

(gm/m 2 /yr) 

Permissible Loadings, Dangerous Loading, 
up to in excess of 

N P N P 

1.0 0.07 2.0 0.13 

1.5 0.10 3.0 0.20 

4.0 0.25 8.0 0.50 

6.0 0.40 12.0 0.80 

7.5 0.50 15.0 1.00 

90 0.60 18.0 1.20 
Source: Engin~ring Ap~~r Lake Management - Volume I: Dala Analysis and Empirical 

Modeling. 
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Figure V. 21 Vollenweider's (1975) Phosphorus Loading Plot Revised to 
Include the Effects 01 Flushing on Trophic State. 
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The primary equations in annual average nutrient mass loading calculation is: 

where 0) 

Pn 

Pp 

Nn 

Np 

A 

and 

Annual average areal loading, gmlm2/yr, 

Total annual phosphorus load from point sources, gm/yr, 

Total annual phosphorus load from non-point sources, gm/yr, 

Total annual nitrogen load from point sources, gm/yr, 

Total annual nitrogen load from non-point sources, gm/yr, and 

Surface area of the impoundment. 

[V-t I), [V-12) 

Based on the work by Vollenweider and others, trophic boundaries have been established between olig

otrophiC - mesotrophic and mesotrophic - eutrophic systems. 

where U)'1 

0)' 
2 

aand B 

p 

and [V-I 3), [V-14) 

Oligotrophic - mesotrophic boundary annual areal loading, gm/m2/yr, 

Mesotrophic - eutrophic boundary annual areal loading, gm/m2/yr, 

Boundary water column concentration constants, mg/L, 

Mean reservoir depth, meters, 

Inverse of hydraulic retention time, l/yr, and 

Net sedimentation rate, m/yr. 

Accepted ranges of boundary constants are: a ; 0.010 - 0.020 mg/L and B ; 0.020 - 0.030 mg/L for 

phosphorus and a ; 0.10 - 0.20 mg/L and B ; 0.20 - 0.40 mg/L for nitrogen. A typical settling rate for 

phosphorus is usp ; 12.4 m/yr and a typical range of settling rates given for nitrogen is usn ; 10 - 16 rn/yr. 

v. c. 1 . b Simulation Assumptions 

The following assumptions were applied to the Lake Granger eutrophication simulations: 

Flows into and out of the impoundment consist of annual average flows as recorded by the U.S. 

Geological Survey (USGS Stations No.08105300 near Weir and No. 08105700 near Lanesport), 

corrected for intervening drainage area contributions. Hydraulic residence time of the impound

ment was computed using monthly calculated inflows and outflows, recorded lake content (USGS 

Station No. 08105600), and computed monthly net lake evaporation. 

The proposed Georgetown Regional Wastewater Facility(ies) will operate at a maximum of 7 - 8 

MGD with an eHluent total phosphorus concentration of approximately 10 mg/L, 80% of which is 

ortho-phosphate (P04-P). The WWTP eHluent total inorganic nitrogen entering the impound-
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ment will be the sum of NH3 , N02 , and N03 as predicted by the QUAL-TX simulations for Reach 

No. 29 Element No. 96 (approximately 38 Km downstream of the proposed discharge point). 

Phosphorus water column trophic state boundary concentrations are u. = 0.020 mg/L and p 
0.040 mg/L. Nitrogen water column trophic state boundary concentrations are u. = 0.20 mg/L 

and J3 = 0.40 mg/L. These are double the normally accepted Vollenweider boundary values. 

Phosphorus settling rate is 12.4 m/yr: Nitrogen settling rate is 16 m/yr. 

Non-point contributions of phosphorus at background levels recommended in the QUAL-TX 

Model documentation: [P) = 0.020 mg/L and [N) = 0.10 mg/L. 

V.C.1.e Input Data 

The input data required for the empirical approach to eutrophication analysis are summarized below. 

Drainage area feeding Lake Granger = 730 mi2 (including drainage area of Lake Georgetown) 

Lake Geometry 

Volume V 
Surtace Area A 
Depth Zavg 

Outflow Rate Q 

65,510 at (80,805,028 m3 ) 

4,400 ac (17,805,585 m2) 
5.91 m 
279 cts (248,998,795 m3/yr) 

Nonpoint Source Nutrient Loadings to Lake Granger 

Phosphorus 

Non-point Sources 

Nitrogen 

Non-point Sources 

(0.020 mg/L)(246,636,272 m3/yr)(1 0-6 kg/mg)( 1 03 Um3 ) 
4,933 kg/yr 

(0.10 mg/L)(246,636,272 m3/yr)(1 0 6 kg/mg)( 1 03 Um3 ) 

24,664 kg/yr 

Point Source Nutrient Loadings Under 1988 Discharge and Treatment Levels 

fj~orus 

Point Source 

Nitrogen 

Point Source 

(8.0 mg/L}(0.07492 rn3 /sec}(31 ,536,000 see/yr) 
(10.6 kg/mg)(103 Um3 ) 

18,900 kglyr 

(7.14 mg/L)(O.07492 m3 /sec}(31 ,536,000 sec/yr) 
(10 6 kg/mg)(l03 Um3 ) 

16,868 kglyr 
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Point Source Nutrient loadings Under Projected 2030 Discharge and Treatment levels 

Phosphorus 

Point Source 

Nitrogen 

Point Source 

(B.O mg/l){O.30667 m3/sec){31 ,536,000 sec/yr) 
(lOG kg/mg){103 Um3) 
77,369 kglyr 

(I 0.59 mg/l){O.30667 m3/sec){31,536,000 sec/yr) 
{lO-G kg/mg){103 Um3) 
102,417 kglyr 

v. C. l.d Eutrophication Potential Calculations 

Hydraulic Retention Time 

Without a Georgetown WWTP 

'tw/o = via = BO,805,02B m3/246,636,272 m3/yr 0.328 yrs 

Pw/o = 1/'t = 1/0.328 yrs = 3.0521yr 

With Georgetown's Existing WWTP - 1988 

'tWI (1988) = via = 80,805,028 m3/248,998,795 m3/yr = 0.325 yrs 

Pwl (1988) = lh = 1/0.325 yrs = 3.081/yr 

With a Georgetown Regional System - 2030 

'twl (2030) = via = 80,805,028 m3/256,307,417 m3/yr = 0.315 yrs 

Pwl (2030) = lit = 1/0.315 yrs = 3.170/yr 

Phosphorus Trophic Boundary Loadin~ 

Without Georgetown 

w'plW/O (O.020 mg/l) [(5.91 m){3.052/yr) + 12.4 m/yr] = 0.609 gm/m2/yr 
(O.609 grn/m2/yr){ 1 0 3 kg/gm){ 17,805,585 m2 ) = 10,839 kglyr 

W'p2w/o (O.040 mg/L) [(5.91 m){3.0521yr) -I- 12.4 m/yr] = 1.217 gm/m2/yr 
(1.217 gm/m2 /yr){I0-3 kg/gm){17,805,5B5 m2) = 21,678 kglyr 

With Georgetown's Existing WWTp - 1988 

hl'plwl (1988) (0.020 mg/L) [(5.91 rn)(3.081 Ill/yr) /- 12.4 m/yr] = 0.612 gm/m2/yr 
(0.612 gm gm/m2/yr)(10 3 kg/gm)(17,805,585 m2) = 10,900 kg/yr 

W'p2wl (1988) (0.040 mg/l) [(5.91 m){3.081/yr) -I- 12.4 m/yr] = 1_224 gm/m2/yr 
(1.224 gm/m2/yr) (1 0-3 kg/glll){17,805,585 m2 ) = 21,800 kg/yr 

With a Georgetown Regional System - 2030 

W'plwl (2030) (0.020 mg/l) [(5.91 m){3.170 m/yr) + 12.4 m/yr] = 0.623 gm/m2/yr 

= (0.623 gm/m2/yr)(10-3 kg/gm)(17,805,585 m2) = 11,0BB kg/yr 
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W'p2w1 (2030) (0.040 mg/L) [(5.91 m)(3.170/yr) + 12.4 m/yr] = 1.224 gm/m2/yr 
(1.224 gm/m2/yr)(10-3 kglgm)(17,805,585 m2) = 22,175 kg/yr 

Nitrogen Trophic Boundary Loadings 

Without Georgetown 

w'nlw/o (0.20 mg/L) [(5.91 m)(3.052/yr) + 16 m/yr) = 6.807 gm/m2/yr 
(6.807 gm/m2/yr)(1 0.3 kglgm)(17,805,585 m2 ) = 121,211 kg/yr 

w'n2w/o (0.40 mg/L) [(5.91 m)(3.052/yr) + 16 m/yr) = 13.615 gm/m2/yr 
(13.615 gm/m2/yr)(10 3 kglgm)(17,805,585 m2) = 242,422 kg/yr 

With Georgetown's Existing WWTP - 1988 

w'nlwl (1988) (0.20 mg/L) [(5.91 m)(3.081/yr) + 16 m/yr] = 6.842 gm/m2/yr 
(6.842 gm/m2/yr) (1 0.3 kglgm)(17 ,805,585 m2) = 121,821 kglyr 

w'n2w1 (1988) (0.40 mg/L) [5.91 m)(3.081/yr) + 16 m/yr] = 13.681 gm/m2/yr 
(13.681 gm/m2/yr)(10-3 kglgm)(17,805,585 m2) = 242,642 kg/yr 

With a Georgetown Regional System - 2030 

W'nlw/(2030) (0.20 mg/L) [(5.91 m)(3.170/yr) + 16 m/yr] = 6.947 gm/m2/yr 
(6.947 gm/m2/yr)(10 3 kglgm)( 17,805,585 m2) = 123,694 kg/yr 

W'n2w/(2030) (0.40 mg/L) [5.91 m)(3.170/yr) + 16 m/yr) = 13.893 gm/m2/yr 

(13.893 gm/m2/yr) (1 0-3 kglgm)(17,805,585 m2) = 247,388 kg/yr 

Eutrophication Potential 

The potential eutrophication impacts of the effluent from a Georgetown Regional WWTP on Lake Granger 

are evident from inspection of Table V.18. 

Without the proposed Georgetown facility, the annual average areal loadings of phosphorus and nitrogen 

from the contributing drainage area (4,933 kg/yr and 24,664 kg/yr, respectively) are within the permissible 

limits for maintenance of a oligotrophic system. However, with the Georgetown WWTP, the annual aver

age areal loadings of phosphorus and nitrogen are 23,833 kg/yr and 41,532 kg/yr in 1988 and 82,302 

kg/yr and 127,081 kglyr in 2030 

V.C.2 Comparison of Loadings and Chlorophyll-a Concentrations with Those of 
Other Texas Lakes 

Between 1973 and 1976 the U.S. EPA pertormed a national lake eutrophication survey in an attempt to 

correlate, among other things, mass loadings of nitrogen and phosphorus from point and non-point 

sources with chlorophyll-a concentrations in lakes (U.S. EPA, 1977). Hundreds of reservoirs across the 

United States were sampled for temperature, depth, conductivity, pH, dissolved oxygen, total phospho-
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rus, kjeldahl nitrogen, dissolved ortho-phosphorus, ammonia-nitrogen, nitrite and nitrate-nitrogen, and 

heavy metals. Algal assays were periormed to determine the limiting nutrient for each lake; in Texas 39 

lakes were sampled (Tables V-19, V-20 and V-21). Each lake was ranked nationally according to median 

tolal phosphorus, median inorganic nitrogen, median secchi disk depth, mean chlorophyll-a, minimum DO 

and median ortho-phosphate concentrations. 

Parameter 

Phosphorus 

plw/o 

p2w/o 

plwl (1988) 

p2wl (1988) 

plwl (2030) 

p2wl (2030) 

Nitrogen 

nlw/o 

n2w/o 

nlw/ (1988) 

n2w/ (1988) 

nlwl (2030) 

n2wl (2030) 

Table V.18 
Trophic State Indicators of Lake Granger Without 

and Wilh a Georgetown Regional Wastewater 
Treatment Plant 

0)' Actual Loading w/w' Actual Loading 
(kg/yr) w (kg/yr) ( - ) w (kg/yr) 

(Yr 1988) (Yr 1988) (Yr 2030) 

10,839 4,933 0.46 4,933 

21,678 4,933 0.23 4,933 

10,900 23,833 2.19 -

21,800 23,833 1.09 -

11,287 - - 82,302 

22,175 - - 82,302 

121,211 24,664 0.20 24,664 

242,422 24,664 0.10 24,664 

121,821 42,532 0.34 -
243,642 42,532 0.17 -

123,694 - - 127,081 

247,388 - - 127,081 
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w/w' 
( - ) 

(Yr 2030) 

0.46 

0.23 

-

-

7.27 

3.78 

0.20 

0.10 

-

-

1.03 

0.51 



Table V.19 
Texas Lake Data 

Median Tot-P Median Inorg-N 
Lake Name m9/L m9/L 
Amistad Lake 0.013 0.500 
Bastrop Lake 0.022 0.090 
Bellon Reservoir 0.016 0.185 
Braunig Lake 0.134 0.150 
Brownwood Lake 0.027 0.100 
Lake Buchanan 0.036 0.250 
Caddo Lake 0.055 0.070 
Calaveras Lake 0.038 0.060 
Canyon Lake 0.010 0.450 
Lake Colorado City 0.043 0.090 
Corpus Christi Lake 0.113 0.130 
Diversion Lake 0.025 0.080 
Eagle Mountain Lake 0.024 0.070 
Fort Phantom Hill Lake 0.060 0.105 
Garza Little Elm Reservoir 0.045 0.380 
Kemp Lake 0.023 0.110 
Houston Lake 0.097 0.260 
Lake of the Pines 0.031 0.090 
Lavon Reservoir 0.063 0.180 
Livingston Lake 0.196 0.555 
Lyndon B. Johnson Lake 0.042 0.420 
Medina L.ake 0.010 0.600 
Lake Meredith 0.021 0.070 
Palestine Lake 0.031 0.180 
Possum Kingdom Reservoir 0.023 0.070 
San Angelo Reservoir 0.098 0.140 
Sam Raybum Reservoir 0.029 0.150 
E. V. Spence Reservoir 0.036 0.080 
Somerville Lake 0.053 0.115 
Stamford Lake 0.073 0.060 
Stillhouse Hollow Reservoir 0.018 0.160 
Tawakoni Lake 0.046 0.100 
Texarkana 0.106 0.120 
Texoma Lake 0.042 0.160 
Travis Lake 0.018 0.250 
Trinidad Lake 0.389 0.110 
Twin Buttes Reservoir 0.029 0.250 
White River Reservoir 0.020 0.110 
White River Reservoir 0.028 0.120 

Source: U.S. Environmental Proteclion Agency National Eulrophication Survey. 
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Mean Chi or-a 
IIglL 

2.042 
12.892 

8.025 
22.762 

4.887 
8.606 

14.808 
22.500 

2.500 
12.675 
19.756 
15.867 
5.662 
6.317 

14.156 
10.217 
16.650 
12.919 

5.400 
16.112 

8.100 
12.944 

3.037 
10.619 

9.495 
24.675 

6.267 
11.775 
24.491 
18.457 
3.917 

18.246 
19.119 
12.493 
5.595 

24.300 
8.708 
4.333 
6.912 



Table V.20 
Texas Lake Data 

Sorted in Descending Order on Phosphorus 

Lake Name 
Trinidad Lake 
Livingston Lake 
Braunig Lake 
Corpus Christi Lake 
Texarkana 
San Angelo Reservoir 
Houston Lake 
Stamford Lake 
Lavon Reservoir 
Fort Phantom Hill Lake 
Caddo Lake 
Somerville Lake 
Tawakoni Lake 
Garza Little Elm Reservoir 
Lake Colorado City 
Texoma Lake 
Lyndon B. Johnson Lake 
Calaveras Lake 
E. V. Spence Reservoir 
Lake Buchanan 
Palestine Lake 
Lake of the Pines 
Twin Buttes Reservoir 
Sam Raybum Reservoir 
White River Reservoir 
Brownwood Lake 
Diversion Lake 
Eagle Mountain Lake 
Possum Kingdom Reservoir 
Kemp Lake 
Bastrop Lake 
Lake Meredith 
White River Reservoir 
Travis Lake 
Stillhouse Hollow Reservoir 
Belton Reservoir 
Amistad Lake 
Medina Lake 
Canyon Lake 

Median Tot-P 
mg/L 

0.389 
0.196 
0.134 
0.113 
0.106 
0.098 
0.097 
0.073 
0.063 
0.060 
0.055 
0.053 
0.046 
0.045 
0.043 
0.042 
0.042 
0.038 
0.036 
0.036 
0.031 
0.031 
0.029 
0.029 
0.028 
0.027 
0.025 
0.024 
0.023 
0.023 
0.022 
0.021 
0.020 
0.018 
0.018 
0.016 
0.013 
0.010 
0.010 

Median Inorg-N 
mg/L 

0.110 
0.555 
0.150 
0.130 
0.120 
0.140 
0.260 
0.060 
0.180 
0.105 
0.070 
0.115 
0.100 
0.380 
0.090 
0.160 
0.420 
0.060 
0.080 
0.250 
0.180 
0.090 
0.250 
0.150 
0.120 
0.100 
0.080 
0.070 
0.070 
0.110 
0.090 
0.070 
0.110 
0.250 
0.160 
0.185 
0.500 
0.600 
0.450 

Source: U.S. Environmental Protection Agency National Eutrophication Survey. 
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Mean Chlor-a 
ftg/L 

24.300 
16.112 
22.762 
19.756 
19.119 
24.675 
16.650 
18.457 

5.400 
6.317 

14.808 
24.491 
18.246 
14.156 
12.675 
12.493 
8.100 

22.500 
11.775 

8.606 
10.619 
12.919 

8.708 
6.267 
6.912 
4.887 

15.867 
5.662 
9.495 

10.217 
12.892 

3.037 
4.333 
5.595 
3.917 
8.025 
2.042 

12.944 
2.500 



Table V.21 
Texas Lake Data 

Sorted in Descending Order on Chlorophyll-a 

Lake Name 
San Angelo Reservoir 
Somerville Lake 
Trinidad Lake 
Braunig Lake 
Calaveras Lake 
Corpus Christi Lake 
Texarkana 
Stamlord Lake 
Tawakoni Lake 
Houston Lake 
Livingston Lake 
Diversion Lake 
Caddo Lake 
Garza LiMle Elm Reservoir 
Medina Lake 
Lake 01 the Pines 
Bastrop Lake 
Lake Colorado City 
Texoma Lake 
E. V. Spence Reservoir 
Palestine Lake 
Kemp Lake 
Possum Kingdom Reservoir 
Twin BuMes Reservoir 
Lake Buchanan 
Lyndon B. Johnson Lake 
Bellon Reservoir 
White River Reservoir 
Fort Phantom Hill Lake 
Sam Raybum Reservoir 
Eagle Mountain Lake 
Travis Lake 
Lavon Reservoir 
Brownwood Lake 
White River Reservoir 
Stilihouse Hollow Reservoir 
Lake Meredith 
Canyon Lake 
Amistad Lake 

Median Tot-P 
mg/L 

0.098 
0.053 
0.389 
0.134 
0.038 
0.113 
0.106 
0.073 
0.046 
0.097 
0.196 
0.025 
0.055 
0.045 
0.010 
0.031 
0.022 
0.043 
0.042 
0.036 
0.031 
0.023 
0.023 
0.029 
0.036 
0.042 
0.016 
0.028 
0.060 
0.029 
0.024 
0.018 
0.063 
0.027 
0.020 
0.018 
0.021 
0.010 
0.013 

Median Inorg-N 
mg/L 

0.140 
0.115 
0.110 
0.150 
0.060 
0.130 
0.120 
0.060 
0.100 
0.260 
0.555 
0.080 
0.070 
0.380 
0.600 
0.090 
0.090 
0.090 
0.160 
0.080 
0.180 
0.110 
0.070 
0.250 
0.250 
0.420 
0.185 
0.120 
0.105 
0.150 
0.070 
0.250 
0.180 
0.100 
0.110 
0.160 
0.070 
0.450 
0.500 

Source: U.S. Environmental Protection Agency National Eutrophication Survey. 
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Mean Chlor-a 
~lg/L 

24.675 
24.491 
24.300 
22.762 
22.500 
19.756 
19.119 
18.457 
18.246 
16.650 
16.112 
15.867 
14.808 
14.156 
12.944 
12.919 
12.892 
12.675 
12.493 
11.775 
10.619 
10.217 
9.495 
8.708 
8.606 
8.100 
8.025 
6.912 
6.317 
6.267 
5.662 
5.595 
5.400 
4.887 
4.333 
3.917 
3.037 
2.500 
2.042 



V.C.2.a Procedures 

In an attempt to determine the relative impact of the anticipated nitrogen and phosphorus mass loadings 

to Lake Granger with and without additional regional wastewater treatment facility(ies) located near 

Georgetown, a statistical analysis was performed on the EPA National Eutrophication Survey data for 

Texas lakes and the results used to predict the chlorophyll-a concentrations in Lake Granger. The follow

ing is an outline of that procedure: 

The EPA data was checked for potential anomalies or evidence of potential sampling errors. A 

three-dimensional plot of the chlorophyll-a, nitrogen, and phosphorus data was used to identify 

potential outliers and then the original data was rechecked to ascertain the reasonableness of the 

data. 

A multiple linear regression was performed on the EPA data for Texas lakes specifying the mean 

chlorophyll-a concentration as the dependent variable and total phosphorus and inorganic nitro

gen concentrations as the independent variables. 

The developed regression equation was used to predict the chlorophyll-a concentration that may 

be anticipated in Lake Granger with and without a regional WWTP discharge. 

Whole lake water column concentrations for Lake Granger with and without a Georgetown regional 

WWTP were computed using the following equation: 

UJ = [P] (zavg P + uJ => [P] = ro'(zavg P + uJ [V-15] 

The predicted nitrogen, phosphorus, and chlorophyll-a concentrations were then compared to 

the concentrations of other Texas impoundments. 

V.C.2.b Computations 

The three-dimensional plot identified two potentially anomalous data points (Figure V.22). In both cases, 

very high mass loadings of either nitrogen or phosphorus did not result in correspondingly high observed 

concentrations of chlorophyll-a. For these two points it was assumed that there was some mechanism 

other than nitrogen or phosphorus concentrations controlling the rate of algae growth (like light) and 

these points were removed from the sample population (Figure V.23). 

The multiple linear regression revealed a large pOSitive coefficient with respect to total phosphorus con

centrations and a small negative coefficient for the inorganic nitrogen concentrations (Table V.22) 
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Table V.22 

Multiple Linear Regression Results 
(Chi-a; Dependent Variable; [N) and [PI ; Independent Variables) 

Variable 

Constant 

Total Phosphorus 

Inorganic Nitrogen 
Correlation Coefficient (r2) 0.69 

Coefficient 

-5.92 

Simple Linear Regression Results 
(Chi-a; Dependent Variable; [PI = Independent Variable) 

Variable 

Constant 

Total Phosphorus 
Correlation Coefficient (r2) = 0.68 

Coefficient 

5.37 

143.47 

The coefficient of correlation (r2) was 0.69, indicating only a reasonable fit of the data by the equation. 

Because a negative coefficient for the inorganic nitrogen concentration was considered highly unlikely 

and so individual regressions were performed for nitrogen and phosphorus (Figures V.24 and V.25). The 

stope of the nitrogen line was indeed negative and, therefore, was removed from consideration as a pos

sible controlling nutrient in these systems. Also the r2 for the phosphorus regression was 0.68 which was 

nearly as good as the multiple regression correlation. Therefore, the equation used for the antiCipated 

chlorophyll-a concentration was: 

(Chi-a) 5.37 + 143.47· /Tot-P) 

where (Chi-a) 

/Tot-P) 

5.37 and 143.47 

Predicted chlorophyll-a concentration, mg/L, 

Total water column phosphorus concentration, mg/L, 

Regression constants. 

[V-16) 

Without a Georgetown WWTP discharge the Lake Granger phosphorus and Chlorophyll-a concentrations 

would be: 

(P)w/o (4,933 kglyr)/(17,805,585 m2)} / ((5.91 m)(3.052 yr) + 12.4 mlyr)· 103 mg/L/kg/m3 
0.0091 mg/L and 

(Chl-a)w/o = 5.34;+ 143.47 (0.0091) 6.65 J19/L 
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With the Existing .Q~WJP discharge the Lake Granger phosphorus and Chlorophyll-a 

concentrations would be: 

[Plwl {(4,933 + 18,900 kg/yr)/(17,805,585 m2)} / ((5.91 m)(3.081 yr) + 12.4 m/yr}· 
1 03 mg/Llkg/m3 
0.0437 mg/L and 

(Chl-alwl 5.34 + 143.47 (0.0437) = 11.61 Ilg/L 

Wjth a 2030 Georgetown Regional System discharge the Lake Granger phosphorus and Chlorophyll-a 

concentrations would be: 

[Plwl ((4,933 + 77,369 kglyr)/(17,805,585 m2)} / ((5.91 m)(3.170 yr) + 12.4 m/yr}· 
103 mg/Llkg/m3 
0.148 mg/L and 

[Chl-alwl 5.34 + 143.47 (0.148) 26.4 ~Ig/L 

V.C.2.c Results 

EPA National Eutrophication Survey data for Texas lakes indicate that Lake Granger is most likely 

phosphorus limited, i.e., phosphorus is the limiting nutrient to the grow1h rate of algae within the 

reservoir. Given this fact, phosphorus becomes the nutrient of control from point and nonpoint 

sources. 

• Lake Granger is an extremely short detention-time reservoir. The average hydraulic detention 

time, "t, is approximately four months. Conversely stated, Lake Granger passes through approxi

mately three volumes 01 the reservoir per year. Short retention time reservoirs tend to be rela

tively forgiving with respect to high nutrient loading. Because the contact time between the water 

with high nutrient concentrations and the algae population is fairly short, the algae do not have the 

opportunity to fully utilize the available nutrient for biomass production. 

• Lake Granger receives approximately 248,998,795 m3/yr 01 storm water runoff and wastewater 

discharge flows. At the City of Georgetown's present rate 01 discharge of 1.71 MGD (1987), the 

City wastewater discharge accounts for very little (approximately 1 percent) of the total annual av

erage inflow to Lake Granger. However, the City contributes approximately 18,900 kg/yr 01 phos

phorus and 16,868 kg/yr of inorganic nitrogen to Lake Granger, ranking it as the highest single 

source 01 nutrient loadings to the lake. 
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• Non point sources contribute approx 4,933 kg/yr of orthophosphate and approximately 16,861 

kglyr of inorganic nitrogen to Lake Granger. 

• With the City of Georgetown's treatment plant removed from the system, nonpoint source load

ings to Lake Granger would result in a classification of the lake as oligotrophic under the classifica

tion system developed by Vollenweider et al. Under existing conditions, assuming the City of 

Georgetown discharges at 1.71 MGD, the combined point and nonpoint source loading to Lake 

Granger result in a probable classification as mesotrophic. Under 2030 development conditions, 

assuming a regional system comprised of one or more plants treating a total of 7 MGD, the total 

loading from point and nonpoint sources of nitrogen and phosphorus would be approximately 

127,081 kg/yr and 82,302 kg/yr respectively. This would result in the classification of Lake 

Granger as highly eutrophic under the Vollenweider et al classification sclleme. 
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VI ENVIRONMENTAL CONSIDERATIONS 

VLA Introduction 

In considering the expansion 01 wastewater treatment facilities in the Georgetown area, a variety of envi

ronmental issues arise. As mentioned earlier, the area straddles the Balcones Escarpment, with the pre

ferred growth areas overlying the Edwards Aquifer recharge zone. Thus, in siting such facilities, geo

logical considerations may by of great importance, in particular for determining the eastern boundary of the 

recharge zone. 

Because the area is at the junction of two distinct biological ecosystems, it has the potential to have a great 

variety of species, some of which may not occur in other areas of the state. An overall survey of the area 

was undertaken in order to determine whether it contained any threatened or endangered species or any 

unique habitats. A similar overview of cultural resources is also presented, because previous excavations, 

largely in association with reservoir construction, have revealed a diversity of artifacts. 

This section consists of three reports prepared under subcontract. The geological data was analyzed by 

Charles Woodruff, Consulting Geologist, Austin, Texas; the biological data was collected by Paul Price 

and Associates, Austin, Texas; and the cultural resources information was compiled by David Brown and 

Marybeth Tomka, Horizon Environmental Services, Inc., Austin, Texas. 

VI.B Geology and Groundwater Hydrology of the Georgetown Area, 

VI.B.1 Introduction 

VI.B.1.a General Setting 

The Cily of Georgetown lies astride the Balcones Fault Zone. This fault zone comprises a series of high

angle normal faults that generally trend northeast-southwest and that have overall displacement down to

ward the Gulf of Mexico. Owing to the geometry of faulting, Lower Cretaceous limestones are exposed 

west of the main fault line; Upper Cretaceous claystones, chalks, and marls are exposed to the east. How

ever, in the Georgetown area, detailed bedrock conditions are commonly obscured by extensive veneers 

of alluvium that occur at various topographic elevations on the east side of the fault zone. 

Bedrock changes across the fault zone have had profound impacts on terrain, soil, vegetation and various 

hydrologic attributes. West of the main fault line, streams are commonly incised into the limestone strata 

and form ruggedly dissected landscapes. These incised streams furnish recharging waters into porous 

strata. East of the fault line, streams have meandered across wide valleys cut in the soft substrates. 

Bedrock is generally less porous and permeable, hence, recharge is not a major process there. Besides 
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the effects on surface water and groundwater supplies, the fault zone has imposed major controls on 

weather patterns. The Balcones Escarpment is the first extensive topographic break inland from the Gulf 

of Mexico, and thus it has a destabilizing influence on water-laden air masses. The Escarpment region is 

the locus 01 largest flood-producing storms in the conterminous United States. 

Various hydrologic issues pose potential problems with land use in the Georgetown area. The Edwards 

Aquifer historically has been the main source 01 potable water for Georgetown and other communities 

along the fault zone. Most aquifer recharge occurs west of the main fault line, but the upper member of 

the aquifer (the Georgetown Limestone) occurs at low topographic levels to the east. Facilities must also 

be planned with peak storms in mind. The Thrall Flood of 1921 resulted from more than 38 inches of rain 

falling within 24 hours--one of the record rainfall events ever recorded in the country. 

VI.B.1.b Purpose 

Given the geologic, topographic and hydrologic setting of the Georgetown area, wastewater treatment 

and disposal must be planned with the various hydrologic resources and processes in mind. Specific at

tention must be given the Edwards Aquifer. Hence, a geologic survey has been included as part of the 

engineeringlwater-quality planning and design studies. 

The objectives of the geologic survey are to present a geologic map and to delineate the recharge zone 

of the aquifer. Special attention is also given existing water wells, as they indicate where potable water is 

produced from the aquifer. Moreover, data on depth, water chemistry and method of well completion pro

vide information on aquifer characteristics and on the likelihood of vertical groundwater movement in areas 

beyond those mapped as being subject to recharge. These data allow planners and designers of the 

proposed wastewater treatment facilities to mitigate possible impacts. 

VI.B.1.c Methods 

This survey is based mainly on compilation of two types of data: geologic mapping and the locations and 

tabular information on water wells. Besides the compilation of existing data, field surveys were periormed 

to verify the gross accuracy of the geologic and hydrologic information. 

The geologic map is derived from an unpublished report by the Bureau of Economic Geology at the Uni

verSity of Texas at Austin (mapping by E. W. Collins, in Kreitler and others, 1988). It shows the extent of 

outcropping rocks and sediments, and the inferred presence of faults. 

Ground water data were obtained from a survey 01 the "Located Well File" from Central Records of the 

Texas Water Commission. This data file contains information on well completion, strata penetrated, pro

ducing horizon, as well as tabular information on property owner, driller, and use to which the water is put. 
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In addition, for some wells there are data on water quality and well yield. The wells in this file represent a 

subset of actual wells occurring in the area. Many recently drilled wells have not been included in the 

State files; likewise, early wells may have escaped the inventory altogether. 

The wells inventoried are limited to those listed in the State data files as having produced water from the 

Edwards Aquifer. These wells are identified by an official State Well Number (SWN), the last three digits of 

which are shown with each well's spotted location. The complete SWN is seven digits long; the first four 

digits corresponding to 1-degree quadrangle (two first digits); the next two digits correspond to the 7.5-

minute quadrangle within the specified 1-degree grid. 

VI.B.2 Findings 

VI.B.2.a Geologic Setting 

A geologic map of the Georgetown area clearly shows the effect of the Balcones Fault Zone. Faults with 

displacements of several tens of feet trend northeast-southwest. Displacement is down-to-the-east. 

Hence, progressively younger strata are exposed in a west to east traverse. The main line of fault dis

placement roughly coincides with Interstate Highway 35 (IH-35). West of the main fault line, bedrock is 

Edwards Limestone and older, underlying units. East of the main fault, progressively younger strata are 

exposed: Georgetown Formation, Del Rio Clay, Buda Limestone, Eagle Ford Formation and Austin Chalk 

(see Table Vl.l). Besides the main faults, there are numerous other faults of small displacement that gen

erally parallel the trends of the major faults (Collins, 1987). In addition, bedrock is locally cut by numerous 

joints (fractures without appreciable displacement), which as pointed out by Collins (1987), are most com

mon in areas close to major faults. 

The geologic setting determines local hydrologic processes. The recharge zone of the aquifer is defined 

as including the outcropping extent of the Edwards Limestone plus the Comanche Peak Formation below 

and the Georgetown Formation above. Of the three members, the Edwards Limestone is, by far, the main 

water-bearing unit. It is the thickest (up to 300 tt thick in the area surveyed), and the only one of the three 

that exhibits major karst features (caves and sinkholes), which provide conduits for rapid transmission of 

groundwater. 

The Georgetown formation is in hydrologic communication with the underlying Edwards. However, the 

Georgetown is not a major transmitter of groundwater. Local recharge into, or discharge from, the aquifer 

may occur, but the most likely loci for recharge and discharge are along faults or associated fractures. 

Georgetown Springs issue forth along the San Gabriel River from the Georgetown Limestone (beneath a 

veneer of alluvium). This discharge, however, is probably controlled by fracture porosity associated with a 

major fault nearby (Collins, 1987). 
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Table VI.1 
General Stratigraphic Section - Georgetown Area 

Formation/Group 

Quaternary Age--Surface Deposits 

Qu--Surface Deposits Undivided 

Qt--Terrace Deposits 

Qal--Alluvium 

CretaceQus Age--Bedrock 

Kau--Austin Chalk 

Kef--Eagle Ford Formation 

Kbu--Buda Limestone 

Kdr--Oel Rio Clay 

Kgt--Georgetown Formation 

Ked--Edwards Limestone 

Kc--Comanche Peak Formation 

General Description 

Sand and gravel, dominantly limestone; caliche cement 

common; occurs at various topographic levels. 

Sand and gravel, dominantly limestone fragments; occu

pies flat terrain above present floodplains. 

Modern valley deposits--channel and floodplain; coarse 

gravel in channels; fine-grained sediment in floodplains. 

Chalk and soft limestone, thin to thick bedded; not an 

important water-bearing unit; porous zones localized 

along fractures. 

Clay-shale, dark gray, high montmorillonite; local lenses 

of limestone; major aquitard. 

Limestone, upper part resistant; lower part easily eroded; 

not an aquifer. 

Claystone; high shrink swell; low permeability; forms the 

seal above the Edwards Aquifer. 

Limestone, nodular, locally marly and thin-bedded; up

per member of Edwards Aquifer. 

Limestone, hard, pure, variable bedding; solution fea

tures common; major water bearing formation. 

Limestone; nodular, marly; limited water-bearing unit; 

basat member of Edwards Aquifer. 

On the basis of the areal extent of geologic units, there have been various constructs of the eastern edge 

of tile recharge zone in the Georgetown area. Th& Bureau of Economic Geology (BEG) delineated the 

boundary of the recharge zone on the basis of their geotogic mapping in the area. The BEG boundary 

coincides with the eastelll extent of the Georgetown Formation (Kriegtter and others, t988). The Texas 

Water Commission (TWC) mapped another line that does not coincide with the outcrop of any recharging 
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unit. The TWC line was drawn before the I3EG maps were produced, and it represents a more conserva

tive interpretation on where recharge might occur (Figure Vl.l). 

Both constructs provide likely margins of safety in terms of protecting the aquifer. This is true because of 

the generally low water-transmitting properties of tile Georgetown Formation. In matters of effluent dis

charge, such margins of safety are important. And, given the possibility of faults providing avenues for 

upward or downward movement of groundwater, the TWC boundary is preferred because of its greater 

margin of safety. The TWC boundary coincides with a fault that crosses the San Gabriel River near its con

fluence with Berry Creek. This fault, according to tile BEG map, does not represent a major transposition 

of bedrock units; Del Rio Clay occurs on both sides of the fault plane. Hence, the fault is an unlikely av

enue for groundwater movement. 

Subsurface data also support the conclusion that hydrologic communication between surface waters and 

groundwater is unlikely at or beyond the TWC aquifer bounda/Y. Groundwater data compiled from TWC 

files contain some information on rock properties at depth. This information includes geophysical logs and 

drillers' records of rocks penetrated (although there are no geophysical logs in this area). A few wells in 

the vicinity of the confluence of Berry Creek and San Gabriel River (downstream from the TWC aquifer 

boundary) have drillers' reports that show the contact between Del Rio Clay and Georgetown Formation 

(the top of the aquifer) at depths of several tens of feet below river level. One log, which is likely in error, 

shows a depth to the top of the aquifer of more than 200 feet. These subsurface geologic interpretations, 

although sparse, support the conclusion that there is little likelihood for infiltration beyond the aquifer 

boundary assigned by TWC. 

VI.B.2.b Groundwater 

A survey of the Located Well File of the TWC resulted in the plotting of 65 wells that produce (or histori

cally produced) from the Edwards aquifer in the Georgetown vicinity (Figure VI.2). These wells are impor

tant sources of information on the aquifer, although the data are not consistent in quality or quantity from 

well to well. Available information includes depth drilled, total dissolved solids (in milligramslliter), wells in 

which open-hole completion has been employed, wells used for public water supply, and the drillers' pick 

for the top of the aquifer (Del Rio/Buda contact). 

The groundwater data indicate the widespread use of groundwater from the Edwards Aquifer across the 

prairie terrain east of Georgetown. Data on water quality suggest that the eastern limit of potable water in 

the aquifer (the "bad-water lines") may lie east (downstream) of the confluence of Mankin's Branch and the 

San Gabriel River. The nearest well downstream from that confluence displays a total dissolved solids 

value of 1800 mg/l. The increase in water salinity to a vallJe greater than 1000 mg/l marks the recom-
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mended limit of potability. Hence, the "bad-water line" marks the effective eastern limit of the aquifer as a 

reservoir for human uses, although the well producing water with a total dissolved solids level of 1800 mgll 

is denoted as a "public-supply" well in TWC records. It is not apparent what public entity uses this water, as 

the well is situated far from any apparent development. 

As already mentioned, the groundwater data show drillers' interpretations of the strata that delineate the 

upper limits of the aquifer. Besides these interpretations, well depth suggests actual depth of the water

bearing strata. In the vicinity of the Berry Creek/San Gabriel River confluence, the shallowest well is 72 It 

deep. That depth probably is slightly greater than the depth to the Edwards aquifer. Notably, the Del Rio 

Clay is approximately 75 It thick in this area, and that well (SWN 58-20-411) is situated in an area of Del Rio 

Clay veneered by alluvium. 

Several wells (58-20-409, 410, and 411) are apparently completed as "open-hole" wells. This is unlikely, 

because they penetrate Del Rio Clay near the suriace, and for that reason they would be subject to long

term failure due to spalling and plastic creep of the unstable claystone into the well bore. At any rate, 

special attention should be paid to any ·open-hole" wells, should they actually exist, because such wells 

may provide conduits for transmission of suriace waters into the subsuriace. Such transfer is unlikely to 

result in pollution of the groundwater reservoir to any great extent, but it may result in contamination of the 

immediate environs of the culprit well. Such contamination is common in areas where barnyards, 

cesspools or septic tanks are situated near open-bore wells. 

VI.C Conclusions 

Geological mapping and information from water-well files suggest the limits to the recharge zone of the 

Edwards Aquifer. In the Georgetown area, and especially along San Gabriel River, a conservative 

interpretation of the eastern edge of the recharge zone is near the confluence of Berry Creek with the 

San Gabriel. This interpretation is supported by suriace mapping (downstream extent of exposed 

Georgetown Limestone) and by subsuriace mapping (drillers' logs indicating depth to the aquifer of sev

eral scores of feet). Cautionary information is posed by well-completion and water-quality data. Several 

open-hole wells may occur near the Berry Creek-San Gabriel River juncture, and these wells could act as 

conduits for interchange of waters between the slJriace and the subsuriace. Water-chemistry data indi

cate that the eastern edge of the potable aquifer may lie somewhat west of the confluence of Mankin's 

Branch with the San Gabriel River. 
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VI.C BIOLOGICAL RESOURCES OF THE SAN GABRIEL RIVER BETWEEN 

GEORGETOWN AND LAKE GRANGER 

VI.C.l Introduction 

This survey is intended to provide an overview of the biological resources of the San Gabriel River from 

the existing wastewater outfall in Georgelown to Lake Granger. II is based on available literature and ob

servations made during a field survey conducted July 14th, 1988. 

The river was observed at five locations: 

Station 1: the 2550 foot reach from the existing Georgetown outfall below the city park to the low 

water dam below the islands; 

Station 2: from the State Highway (SH) 29 bridge extending about 1200 feet downstream. 

Station 3: the vicinity of the FM 1660 bridge; 

Station 4: the vicinity of the unmarked county road bridge upstream of SH95; and 

Station 5: near Registration Box 7 of the Granger Wildlile Management Unit on County Road 347. 

These locations are the only public access points within this river reach, and Station 5 is part of Lake 

Granger. 

VI.C.2 Regional Setting 

The San Gabriel River is part of the Little River system, a major tributary of the Brazos River. The San 

Gabriel is a fourth order stream with its headwaters rising in the Edwards Plateau Region of eastern Burnet 

County and its confluence with the Little River in central Milam County. At Georgetown, where the North 

and South forks of the San Gabriel join, the river drains an area of 399 square miles, while the drainage 

area at the SH 95 crossing just upstream of Granger Lane is 602 square miles (USGS, 1965). In spite of a 

200 square miles gain in drainage area, there appears to be little or no gain in discharge in this approxi

mately 20 mile reach (USGS, 1988). Since Lake Georgetown was completed on the North San Gabriel 

upstream of the City of Georgetown in 1980, the amount and timing of streamflow in this reach has been 

altered by reservoir operation. 

In the reach from Georgetown to Lake Granger, the San Gabriel River traverses the transition between the 

Edwards Plateau and Blackland Prairies Vegetation Regions (Gould, 1969). The eastern boundary of the 

former region, which generally corresponds to the Balconian Biotic Province (Blair, 1950), is marked by 
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the Balcones Escarpment. The San Gabriel crosses the escarpment between the City of Georgetown and 

the SH 29 bridge. 

Downstream of SH 95 the river is contained within the Granger Wildlife Management Unit. This area is 

maintained by Texas Parks and Wildlife Department and owned by the U.S. Army Corps of Engineers as 

part of the Lake Granger lands. Riverine (flowing water) habitat gives way to Lake Granger backwater be

tween SH 95 and Station 5. 

VI.C.3 Habitats 

The river in this reach is generally bordered by a riparian woodland 01 varying width, while the surrounding 

countryside is mostly open land cleared for agricultural activities. While rangeland constitutes the domi

nant land use in the vicinity 01 Georgetown and in the Balconian uplands to the west, dry cropland pre

dominates in eastern Williamson County (TDWR, 1978). Riparian woodland, consisting primarily 01 rela

tively recent regrowth and 01 pecan bottoms, tends to become wider downstream as mesic conditions ex

tend farther from the river in the deeper soils and lesser relief of the Blacktand Prairie. 

Streambanks at the three upper stations are generally low (up to 10 feet) but steep to vertical. At Stations 

2 and 3 they typically consist of massive, low limestone bluffs. A notable exception is the 30 foot sandy 

bluff on the lett (north) side of the river below the city park in Georgetown. Vegetation is restricted to ri

parian strips and does not shade much of the channel. 

tn the upper part of the study reach, the channet of the San Gabriel River is typically 130 to 140 feet in 

width, with a solid limestone slab substrate occaSionally covered by sheets or bars of gravel (Figure VI.3). 

Large, vegetated gravel bars occupy a 600-1000 foot reach of the channel below the existing wastewater 

outfall at Station I, creating several cobble-gravel riffles where the channel is constricted. However, riffle 

habitat in the rest of this reach appears to be quite restricted in extent, except for the shallow sheets of 

water flowing over solid limestone bottoms. 

Water depths are generally shallow at the upper stations, not more than about two feet at Stations 1 and 2. 

Station 3 exhibited deeper pools (>3 feet) up and downstream of the shallow (2-5 inch) slab bottom pre

sent at the bridge crossing. Deeply eroded grooves and potholes in the slabs provide some cover for for

age fish, but these stations were typically quite open, with litlle aquatic vegetation or structural diversity 

except along the banks. Aquatic vegetation was most abundant at Station 2 when this survey was con

ducted. Channel configurations and substrates are illustrated in Figure VI.3, drawn from measured tran

sects at each station. 
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At Station 4 the channel is much narrower (45-65 feet), deeper (to 41 inches) and is contained within 

steep (30-45°). sandy banks about 20 feet high. Because of the narrow channel and steep banks, the 

stream is almost completely shaded here. Substrates are unconsolidated at Station 4, ranging from 

muddy sand to gravel and cobbles. In this reach, gravel riffles alternate with deeper pools that are mostly 

floored with sand and gravel but also exhibit patches of muddy sand and accumulations of leaves and 

woody debris. Such areas are important as invertebrate and forage fish habitat. Although aquatic vegeta

tion is only sparsely present at the upper stations where suitable substrates occur, shading and deeper 

water result in its complete absence at Station 4. 

At Station 4, the San Gabriel River has changed character markedly from that of its upper reaches. It is now 

a typically eastern stream with a relatively narrow and deep channel sharply incised into its floodplain, and 

banks and bed of unconsolidated clays, sands and gravel. Dense shading and little plant life result in pri

marily detrital food chains. 

At Station 5, the channel was completely inundated by backwater from Lake Granger and was extremely 

turbid on July 14th, 1988. Numerous stumps and standing dead trees were present in the water. 

VI.C.4 Important Species 

The more common tree species observed along the study reach include pecan (Carya i/linoiensis), cedar 

elm (Ulmus crassifolia), American elm (u. americana), Texas ash (Fraxinus texensis), hackberries (Celtis 

spp.) willow (Salix spp.), sycamore (Platanus occidentalis), bur oak (Querous macrocarpa), osage orange 

(Mac/ura pomifera), chinaberry (Meila azedarach) and an occasional bald cypress (Taxodium distichum). 

Shrub and vine species include possumhaw (lJex decidua), button bush (Cephalanthus occidentalis), 

buckthorn (Rhamnus caroliniana), dewberry (Rubus spp.), mustang grape (Vilis muslangensis), green 

briar (Smilax rotundifolia), and poison ivy (Rhus loxicodendron). 

Adjacent to the water, streambank and marginal aquatic vegetation includes large grasses such as switch

grass (Panicum virga tum) and johnsongrass (Sorghum halapense), giant ragweed (Ambrosia trifida), rat

tlebush (Sesbania drummondi), cocklebur (XantlJium strumarium), and smartweed (Polygonum spp.). 

Sedges (Carex spp.), parrotfeather (MyriophylJium brasi/iense), watercress (Nasturtium officinale), and 

marestail (Hippuris vulgaris) were collected at Station 2. Submersed and marginal aquatic vegetation was 

less abundant at Stations 1 and 3, apparently due to a lack of suitable substrate, and absent at Station 4. 

Large clumps of dark, filamentous algae were observed at Stations 2 and 3, where they occurred both at

tached and as floating masses. The clumps consisted mostly of Oscil/atoria princeps, a bluegreen alga 

commonly occurring in waters significantly enriched by organic and nutrient input. Other algal taxa present 
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included Scenedesmus dimorphus, S. quadricauda, Dacty/ococcopsis fascicu/aris, Chlorella sp., Pedias

trum sp., and Coe/astrum sp., all taxa known to be tolerant of organic pollution (Palmer, 1968). 

The cases and nets of caddisflies (Trichoptera) of the family Hydropsychidae were present in very large 

numbers on the rock slabs flooring Stations 2 and 3. Station 3, in addition, harbored large populations of 

another caddisfly, f1elicopsyche sp. These insects are widely distributed in well illuminated, rocky bot

tomed streams throughout central and west Texas, where they are typical herbivores feeding directly on 

suspended and attached algae. However, both taxa include relatively tolerant species and their presence 

in such large numbers is probably reflective 01 the algal abundance IIlat results from nutrient enrichment 

(Hilsenhoft, 1988). 

A total of eight fish species were collected in seine samples at stations 1 and 4. Numbers collected at 

each station are shown in Table V1.2. 

Table VI.2 
Fish Species Collected at Stations 1 and 4 

Generic name 

Dorosoma cepedianum 

Notropis venustus 

N. /utrensis 

Pimepha/es vigi/ax 

Micropterus punctu/atus 

Lepomis mega/otis 

Gambusia aftinis 

Sarotherodon aureus 

Common name 

Gizzard shad 

Blacktail shiner 

Red shiner 

Bullhead minnow 

Spotted bass 

Longear sunfish 

Mosquito fish 

Blue tilapia 

Station 1 

24 

8 

5 

14 

4 

Station 4 

31 

2 

Both collections are somewhat depauperate, but the one from the upstream station has a much more eq

uitable distribution of individuals among species, and includes two predacious species that have no 

equivalents at Station 4. Blue tilapia is an introduced herbivorous species. 

Endangered and threatened species of known or possible occurrences in Williamson County are listed in 

Table V1.3. 
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Peregrine Falcon 

The peregrine falcon is a medium to large falconid whose populations were decimated largely due to the 

ellects of environmental pollutants such as DDT (Farrand 1983). One of the two subspecies found in 

Texas (Falco peregrinus lundrius) is considered endangered by both the USFWS and TPWD, while the 

other subspecies (F. p. analum) is listed as threatened by the USFWS and endangered by TPWD. 

The peregrine falcon is a swift raptor which feeds almost exclusively on birds ranging in size from that of 

small passerines to ducks (Bent, 1938). Peregrine falcons occur only as migrants in north Texas (USFWS 

1984). During this time almost any area with trees or other perch structures and an adequate supply of 

prey might be considered potential habitat for this species. Thus, the importance of relatively small 

acreages considered individually in terms of peregrine falcon value is small. 

Whooping Crane 

To the American public, the whooping crane is perhaps the best known of America's endangered 

species. The species is extremely rare with just over 90 individual birds existing in the traditional wild flock 

(Johnson, 1968). It is listed as endangered by both USFWS and TPWD. 

The whooping crane is the tallest native avian inhabitant of Texas, where it is a winter resident of shallow 

wetland habitats of the Aransas National Wildlife Refuge and surrounding areas of the Gulf Coast (Farrand, 

1983). Oberholser (1974) described the whooping crane as an omnivore that feeds on crabs, shrimp, 

frogs, craWfish, plant roots and tubers, acorns, and sorghum and other grains. 

Portions of north Texas, including Williamson County, lie within the migratory corridor that whooping 

cranes follow enroute to their nesting groundS in Wood Buffalo National Park, Canada (Whooping Crane 

Recovery Team, 1980). However, in Texas there are no know regular migration stopover points such as 

are found in certain areas of Nebraska; in fact, there are only a few scattered confinned ground sightings of 

whooping cranes anywhere in Texas other than on the coastal wintering grounds (Whooping Crane Re

covery Team, 1980; 1981). 

Interior Least T lilll 

The least tern is a miniature member of the family Laridae, which includes the gulls, terns and skimmers. 

Like olher members of the family, the least tern is an excellent flier and is found in association with aquatic 

habitats and their margins, especially in coastal regions. It feeds by hovering above the water and then 

diving for small fish and invertebrates at or near the surface (Oberholser 1974). 
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Inland breeding populations of the least tern are considered by some 10 be taxonomically distinct at the 

subspecific level from Ihe more common coastal breeding populations; however, nol all workers agree 

(Endangered Species Division, 1986). The interior form breeds locally in the Missouri Valley along the 

larger streams from North Dakota south to the Brazos River system of North Texas. Here it nests in pairs or 

small cotonies on river sandbars or sandllats, but is otherwise similar in behavior to the coastal subspecies 

(Jolmsgard, 1979; Oberholser, 1974). Nesting and/or summer occurrence has been confirmed for areas 

along the Red River between Texas and Oklahoma (Ducey, 1981). During winter the interior least tern 

ranges from south Texas to Oaxaca, Mexico (Oberholser 1974). Alterations in its preferred riverine habitat 

have apparently caused a dedine in populations. This decline has led to the listing of the inlerior least tern 

as endangered by both the USFWS and TPWD. 

Blacked-capped VireQ 

The btack-capped vireo is an inhabitant of well-drained bushy or thicket-covered hills typical of many parts 

of the Edwards Plateau (Oberholser 1974). The species has become very rare in parts of its historic range 

as a result of nest parasitism by tile brown-headed cowbird (Molothrus ater) and land use practices (eg. fire 

suppression, pasture maintenance) that reduce the availability of its successional nesting habitat (Marshall 

et ai, 1985; Grybowski, 1986; Austin, 1987; Wahl and Parent, 1988). 

American swallow-tailed kite 

The kite is currently considered threatened by TPWD, and is under review by USFWS as a "Category 2" 

species (further biological research needed to evaluate its status). The species prefers wetland wood

lands and associated native prairie type habitats. 

White-faced Ibis and Wood Stork 

Both are threatened avian species that do not breed in or near Williamson County (in the United States the 

latter nests only in Florida). However, both species often exhibit a postnesting wandering period during 

which they may occur very irregularly at inland locations (Ober/lOlser, 1974). 

VII.D Cultural Resources Along the San Gabriel River West of Georgetown 

VII.D.1 Introduction 

The project area extends along the banks of the San Gabriel River downstream from Georgetown, in 

Williamson County, extending nortl'l along the courses of Berry Creek and Pecan Branch and south along 

Mankin's Branch and Smith Branch. Tile files of the Texas Archaeological Research Laboratory at the 

University of Texas and at the Texas Historical Commission were inspected for previously recorded cultural 
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resource sites in and around the study area. Following a briel background 01 the prehistory and history 01 

the region, all of the previousty recorded cultural resource sites in the study area are listed and briefly de

scribed below. Where possible, observations have been made on their archaeological or historical value 

and potential eligibility lor the National Register of Historic Places. These evaluations are followed by a 

general discussion 01 site location parameters in the region and recommendations for treatment plant 

locations that would lessen the potential impact on cultural resources 01 the area. 

Cultural resources in the State 01 Texas are potentially protected by both Federal and State, and in some 

cases by county and municipal, legislation and regulations. The focal point of the Federal legislature is the 

National Historic Preservation Act 01 1966 as amended (NHPA). This legislation creates the National Reg

ister of Historic Places (NRHP) and states that the Advisory Council for Historic Preservation (ACHP) must 

be afforded the chance to comment when any cultural resources eligible lor inclusion on the National 

Register are present in an area affected by Federal agency actions or actions funded or permitted by Fed

eral agencies. In effect, the NHPA and associated Federal agency regulations, as currently interpreted, 

generally require a complete archaeological survey to be undertaken in conjunction with most Federal or 

Federally-permitted projects, particularly in previously unsurveyed areas in regions where cultural re

sources are expected. Sites discovered during survey must be evaluated for their potential eligibility to 

the NRHP. This evaluation must be approved by the State Historic Preservation Officer (SHPO). II signifi

cant resources (Le., eligible for the NRHP) are located during archaeological survey conducted under the 

auspices of NHPA, these resources must be protected or their destruction mitigated by approved data re

covery programs. 

In addition to the Federal cultural resource protection process, sites on land owned or controlled by politi

cal subdivisions of the State fall under the purview of the Texas Antiquities Code. This code identifies all 

archaeological sites on land belonging to municipalities, water districts and other political subdivisions as 

State Archaeological Landmarks. Should any potential sites located on lands earmarked lor wastewater 

treatment plant construction be eligible for formal designation 01 landmark status under the code, some 

measure 01 protection or mitigation 01 impact may be necessary. Administration of such sites and formal 

deSignation is done by the Texas Antiquities Committee (TAC). In practice, when projects involve both 

Federal and State agencies or furiding, either the TAC or the SHPO will take the lead in determining the 

eligibility 01 the archaeological site lor protection under the various legislative acts. 
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Vl.D.2 Cultural Setting 

Vl.D.2.a Cultural Background 

Following initial general syntheses by Pearce (1932) and Sayles (1935), Kelley (1947) compiled what was 

probably the best early chronological framework available for prehistoric period in Central Texas. Suhm, 

Krieger and Jelks' (1954) treatment of the Central Texas region in their massive cultural synthesis for the 

entire state tended to be somewhat more conservative than Kelley's. Suhm's (1960) early review of the 

archaeology of Central Texas, which extended the 1954 Suhm, Krieger and Jelks presentation, was fol

lowed by a number of attempts to refine the chronology for limited periods (Jelks 1962). Initial subregional 

studies (JotlOson, Suhm and Tunnel 1962; Sorrow,Shafer and Ross 1967) were followed in 1967 by the 

first statistical analysis of the available data (Johnson 1967). 

At the most general level, the prehistory of Central Texas reflects four general stages, as originally defined 

by Sullm. Krieger and Jelks (1954). With revised terminology. these are the Paleoindian. the Archaic. the 

Late Prehistoric and the Historic. The Paleoindian stage was originally devised to encompass the earliest 

inhabitants of the New World. spreading across the continent in the waning years of the Pleistocene era. 

T/lese cultures are distinguished by their distinctive lithic technology. including a series of well-made 

lanceolate projectile points such as Clovis. Folsom and Plainview. Site types include both rock shelters 

and open sites. These peoples have been described as nomadic big-game hunters and many of the early 

sites of this period are associated with now extinct large mammals of the Pleistocene era. The first 

occupations of the New World. however, may have occurred much earlier than the 11,500 B.P.date ohen 

given for the early Clovis culture and. outside of the Great Plains and the Rocky Mountain West. big game 

hunting may not have been tile most important economic pursuit (e.g.,Black and McGraw 1985:36-7). 

Providing a firm date for the end 01 the Paleoindian period is difficult, primarily because of the gradual 

warming trend which marks the end of the Pleistocene. Clearly. however, the warming climates at the end 

01 the Pleistocene can be associated with noticeable cultural change. The later Archaic cultures, 

tradilionally dated as beginning around 8,500 B.P., were distinguished from the earlier Paleoindian cul

tures by increasingly regionalized traditions in the former with a perceived broadening exploitation of the 

available resource base. As generally understood. these peoples began to seltle into their environment. 

becoming familiar with the resources of the regions that they inhabited. This is a trend which must have 

begun during the lalter part of the Paleoindian stage and continued throughout most of the ArchaiC. 

White the Earty Archaic period retained many technological similarities to the Paleoindian period. the Mid

dle Archaic hunter-gatherers are increasingly distinctive. In Central Texas, the appearance of the bumed 

rock midden site type distinguishes this period. Toward the end of the Archaic period, population densi

ties may have increased and connections may have been established between the hunter-gatherers of 
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Centrat Texas and the complex cultures developing in surrounding regions. Large burial sites in some 

parts of south central and coastal Texas during the Late Archaic may indicate intensive reoccupation of 

certain sites or, possibly, increasing sedentarism of the cultural groups. 

The final prehistoric period in Texas, the Late Prehistoric, is marked by the introduction of new technolo

gies, including the bow and arrow and ceramiCS, as well as potentially new adaptive strategies. While the 

earliest part of this period, beginning about A.D. 500, may indicate introduction of new technologies into 

existing cultural patterns, the latest part seems to indicate the possible actual introduction of peoples fol

lowing a southward extension of the range of the bison. Although the Late Prehistoric stage has been 

traditionally separated from the Archaic, Prewitt (1981) has cogently argued against the separation of this 

period into a different stage. 

Later attempts (Weir 1976; Prewitt 1981; 1983) have further refined the Central Texas chronology be

yond this simple four stage model and elucidated the culture history of the area. In the most complex for

mulation to date, Prewitt (1981; 1983) has subdivided the Archaic and Late Prehistoric into eleven named 

phases. From earliest to latest, these phases are Circleville, San Geronimo, Jarrell, Oakalla, Clear Fork, 

Marshall Ford, Round ROCk, San Marcos, Uvalde, Twin Sisters, Driftwood, Austin and Toyah. Although 

there is little question of the general trends that Prewitt recognizes (many of them were recognized as 

early as Suhm, Krieger and Jelks' work and some were identified previously by Johnson), the actual dating 

of periods may be problematic as is the primary association of artifacts that would allow the appropriate use 

01 the phase concept (Johnson 1986). 

Although the Historic stage theoretically begins in Texas with the arrival 01 Alvar Nunez Cabeza de Vaca 

and the survivors of the Narvaez expedition on the Texas coast in 1528, there may have been earlier 

landings, notably by the expeditions sent by Francisco Garay, then governor of Jamaica, to the mouth of 

the Rio Grande between 1519 and 1523 (Salinas 1986:34-8). In any case, the influences of European 

colonization were not strongly telt for several centuries. By IIle middle of the 18th century, however, 

massive depopulation and cultural disintegration was evident among native Indian groups. 

Although several early Spanish expeditions probably crossed southeastern Williamson County, the earli

est expedition which may have entered the study area was that ot the Marques de Aguayo in 1721. This 

large expedition may have crossed the San Gabriel near Georgetown (Scarbrough 1973:56). The first 

settlement in the area was that at Mission San Xavier founded in 1746 on the San Gabriel River just east of 

the Williamson County line. Eventually three missions were built, all of which were moved in 1756 to the 

San Saba River. 
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Anglo settlement of Williamson County was slow in coming. Besides the Robertson Colony, there was 

very little settlement in the county prior to the Texas Revolution although the area was the scene of con

siderable activity. Several trails traversed the county, perhaps the most notable of which was the Double 

File Trail which crossed the San Gabriel downstream from Georgetown, within the present study area. The 

ill-fated Santa Fe expedition camped at this crossing on the night of the 20th of June, 1841, before 

heading north toward New Mexico (Scarbrough 1973:99-100). During the fall and winter of 1846, a com

pany of Rangers was stationed near this crossing (Scarbrough 1973: 1 09). 

The 1840s brought increased settlement in the area and, in 1848, the town of Georgetown was founded 

and Williamson County was formed from Milam County by the Texas Legislature. Early settlement in the 

project area included communities on Berry Creek (Johnsonville and Berry's Creek) and at the confluence 

of Mankin's Branch with the San Gabriel River (Cooke Settlement). John Berry built a mill on Berry Creek as 

early as 1846, while James Francis Towns built a mill in 1870 near the Double File Trail crossing. Later, in 

1892, Harvey T. Stearns built a gin at Mankin's Crossing. Early schools were established on Mankin's 

Branch (including both Mankin's and Bailey schools), at Fairview, between Georgetown and Weir, and at 

East View, four miles east of Georgetown on Highway 29 (Scarbrough 1973). 

VI.D.2.b Previous Archaeological Research 

The more than 700 cultural resource sites which have been recorded in Williamson County reflect not only 

the high intensity of human utilization of the area both prehistorically and historically, but the frequency of 

archaeological studies in the area. Much of the archaeological investigations in north central Williamson 

County have been associated with the two major reservoirs on the San Gabriel River, the North Fork (now 

Lake Georgetown) and Granger (formerly Laneport) lakes. These two areas were initially surveyed by the 

Texas Archaeological Salvage Project at the University of Texas at Austin (Shafer and Corbin 1965). A to

tal of 79 archaeological siles were recorded for both of these reservoir areas. 

A number of sites were tested in the North Fork Reservoir area. Most of these early projects were con

ducted by the Texas Archaeological Salvage Project, later the Texas Archaeological Survey (TAS). 

Among the early test excavations were those at the John Ischy site (Sorrow 1969) and the Barker site 

(Sorrow 1970). Sorrow (1973) laler tested eight additional sites. Later, four additional siles were tested 

and additional surveys recorded 47 new sites (Jackson 1974). Further projects in the North Fork area in

cluded projects by Texas A& M (Pal1ersoll 1977; Patterson and StJafer 1980) and the Institute of Applied 

Sciences at North Texas State University (Sullivan, Hays and Humphreys 1976; Hays 1982). 

Following the survey in !tIe Granger reservoir area, testing was conducted at three sites by Eddy (1973). 

Prewitt (1974) conducted limited excavations at the Loeve-Fox site. Somewhat later, Texas A&M con-

VI-21 



ducted excavations at 41 WM21 at Granger dam (Shafer et al. 1978) and at three prehistoric sites in the 

Hoxie Bridge area (Bond 1978). Prewitt (1982) returned to excavate the Loeve-Fox as well as the Loeve 

and Tombstone Bluff sites and NTSLJ conducted excavations at eight sites and tested four other sites in 

the reservoir area (Hays 1982). 

Within the present study area, there have been only a few small archaeological surveys, most of which 

have recorded cultural resource sites. The earliest professional survey in the study area was that of Whit

sett (1977) who recorded one site on the West Fork of Smith Branch southeast of the City of Georgetown. 

This site was not recommended for further work. In 1979, Kleinschmidt recorded three archaeological 

sites along Peca~ Branch east of FM 418 in conjunction with a proposed LCRA electric substation. Sur

face collections were made at tile more extensive of the three, 41 WM430, but none were recommended 

for further work (Kleinschmidt 1979). Shortly thereafter, Whitsett and Fox (1979) conducted an archaeo

logical survey in conjunction with a planned expansion of the existing wastewater treatment facility at 

Georgetown. Two sites were recorded, one of which was noted as destroyed and the other, 41 WM432, 

was determined eligible for the NRHP. A 1984 survey of a proposed Texas Department of Highways and 

Public Transportation highway borrow pit found a low level scatter of possible prehistoric material in a large 

cobble field on Berry Creek but recorded no sites (Weir 1984). Most recently, a survey by Cole (TARL site 

files) for a planned wastewater treatment facility for the Dove Springs subdivision recorded a site on a 

tributary of Mankin's Branch. All of the sites recorded in these surveys are described in greater detail be

low. 

VI.D.3 Previously Recorded Sites 

VI.D.3.a Prehistoric Resources 

A total of 17 prehistoric archaeological sites has been recorded within the boundaries of the study area. 

None 01 these sites have been formally listed on the NRHP (Steely 1984), although at least one has been 

determined to be eligible. No determination of National Register eligibility has been made lor most of the 

remaining sites. From the documentation available, it is possible only to make very general statements re

garding the value of individual sites other than those for which previous evaluations have been made. 

The list below summarizes these previously recorded prehistoric sites. Since archaeological survey has 

only been conducted for a minuscule portion 01 the area, it can only be assumed that these sites may be 

representative 01 a mudl larger sample 01 sites actually present. 

41WM141 

This prehistoric site is located on a gently sloping eastern edge 01 Rabbit Hill 550 meters south of Smith 

Branch upstream from its confluence with the San Gabriel River. The underlying bedrock at the site is 
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mapped as part of the Eagle Ford Group and Buda L.imestone Formation (Barnes 1981). Soils are Hous

ton Black Clay with eroded 3-5 percent slopes (Werchan and Coker 1983). Elevation of the site is 890 

feet (271 m) MSl. Erosion and plowing have both disturbed the integrity of the site. 

Site 41 WM141 consists of one burned rock midden and a lithic scatter of unreported size and depth. The 

recorder has a private collection from this site (TARL site files). The paucity of information precludes a 

complete evaluation. The Houston Black Clay does not often yield deeply buried cultural materials, but if 

the midden were intact, the site could be eligible for the National Register. 

41WM28Q 

This prehistoric site, recorded by Whitsett (1977), is located on the floodplain south of the West Fork of 

Smith Branch's upstream from the confluence of Smith's Branch with the San Gabriel River. The geology 

is mapped as fluviatile terrace deposits overlying Del Rio Clay and the Georgetown Formation substrate 

(Barnes 1981). Soils are Heiden clay with 1-3 percent slopes (Werchan and Coker 1983). Elevation of the 

site is 720-740 feet (219-226 m) MSl. The site has been plowed. 

Cultural materials cover an area approximately 75 X 40 meters in size with apparently no depth. A sparse 

scatter of lithic debitage and artifacts, possible burned rock, and 1880s glass and pottery are reported 

from the site (TARL site files). The site reportedly represents occupations during the Middle and Late Ar

chaic periods. Plowing at the site has apparently damaged whatever contextual integrity the site may have 

had and Whitsett (1977) does not recommend further work for the site. This site does not appear to be 

eligible for the National Register. 

41WM3Ia 

This prehistoric site, recorded by Kleinschmidt (1979). is located along the southern bank of Pecan 

Branch and may once have extended across to the northern side as well. Underlying sediments are 

mapped as fluviatile terrace deposits (Barnes 1981). Soils are Fairlie clay with 1-2 percent slopes 

(Werchan and Coker 1983). Elevation of the site is 700 feet (213 m) MSl. Vegetation is reported to be 

Bermuda grass and dense areas of weeds. The site has been severely eroded according to Kleinschmidt 

(TARL site files). 

Lithic debitage covers an area 100 by 20 meters (approximately EIW) with disturbed soil approximately 40 

centimeters deep. Cultural materials consist of natural chert cobbles, cores, flakes, and one biface. Cul

tural alliliation is unknown. Disturbances at this site apparently preclude recovery of significant information 

and Kleinschmidt (1979) does not recommend this site for further work. Although there is a slight possi

bility of shallowly buried deposits, it does not appear likely that the site is eligible for the NRHP. 
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This prehistoric site, also recorded by Kleinschmidt (1979), is located in a plowed field 90 meters south of 

Pecan Branch upstream of its confluence with the San Gabriel River. It is just south of 41 WM378. Under

lying geological sediments are mapped as fluviatile terrace deposits (Barnes 1981). Soils are Fairlie days 

with 1-2 percent slopes (Wercflan and Coker 1983). Elevation of the site is 700-710 feet (213-216 m) 

MSL. 

The site covers an area approximately 100 X 100 meters in size with no obvious depth. Cultural materials 

consist of natural chert and limestone cobbles, cores, and large flakes. Five concentrations of lithic mate

rial were noted by Kleinschmidt (1979). None of these five discrete concentrations of material can be es

tablished as contemporaneous. The presence of natural cobbles and large flakes probably indicates use 

of the site as a resource procurement area. The plowed field location of this site and the lack of depth de

tracts from its potential to yield cultural information. Kleinschmidt (1979) did not recommend this site for 

further work and it is apparently not eligible for the National Register. 

41WM421 

This prehistoric site is located on an alluvial terrace 120 meters north of the San Gabriel River upstream 

from its confluence with Pecan Branch. Alluvium and fluviatile terrace deposits are mapped in the area 

(Barnes 1981). The soils are predominantly Krum silty clay with 1-3 percent slope (Werchan and Coker 

1983). Elevation of the site is 650-657 feet (198-200 m) MSL. At the time of recording, grasses covered 

the terrace Which was being eroded by an arroyo to the east and atong a dirt road to the west. In addition, 

two abandoned modern buildings lie on top of the site. 

Covering an acre, the site consists of lithic material including bifaces, flakes, cores and burned rock. 

Brookshire (T ARL site files) notes the terrace deposit is 25 feet (8 m) thick, but does not give a depth for 

the cultural deposit. No shovel tests were excavated. Some of the burned rock was noted as having 

been washed downslope. 

Although, erosion was reported for both the east and west margins of the site and modern buildings were 

noted, the depth of the alluvial sediments suggests the potential for intact cultural deposits. The original 

recorded suggested that it warranted further investigations. It is likely that this site will need testing to de

termine its potential for National Register. 

41WM422 

This prehistoric site is located in a plowed field adjacent to modem structures, 400 meters north of the San 

Gabriel River. This site is one of two sites on the gently sloping terrace; the other is 41 WM423. The Un-
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derlying sediments are mapped as alluvium and fluviatile terrace deposits (Barnes 1981). The site appears 

to be in an active floodplain. Soils are Krum silty clay with a mixture of 0-1 percent and 1-3 percent slope 

(Werchan and Coker 1983). The site is at an elevation of 620 feet (189 m) MSL. 

The site materials are scattered over an area not more than 50 meters in diameter and have an unknown 

depth. Cultural materials consist of lithic debitage and cores of chert. No features were observed. Site 

41 WM422 may represent a primary reduction loci as the recorder notes abundant naturally occurring chert 

in the viCinity (TARL site files). The potential for buried deposits is high given the nature of the location. 

Although the modern buildings may have disturbed the integrity of the site, it may need to be tested to 

determine NRHP eligibility. 

41WM423 

Site 41 WM423 is located in a plowed field 0.8 kilometers north of the San Gabriel River. This site is the 

second of two sites on the gently sloping left bank of the river; the other is 41 WM422. The under1ying 

sediments are mapped as fluviatile terrace deposits bordering on the Austin Chalk Formation (Barnes 

1981). Soils are Krum silty clay with a mixture of 0-1 percent and 1-3 percent slope (Werchan and Coker 

1983). The site is at an elevation of 650 feet (198 m) MSL. 

The extent of the site is no more than 50 meters in diameter with an unknown depth. Cultural materials 

include a scatter of flakes, cores and chips of chert. The recorder (TARL site files) notes the abundance of 

naturally occurring chert possibly indicating a primary reduction loci. The lack of available information pre

cludes statements about the site's potential information yield. National Register eligibility can not be de

termined without further testing. 

41WM424 

This prehistoric sile is located in a plowed field 350 meters south of the San Gabriel River downstream 

from its confluence with an unnamed south bank tributary. II is part of a complex of sites on this steep 

bluff; these other sites are 41 WM425, 41 WM426 and 41 WM427. The geology is mapped as fluviatile ter

race deposits over1ying the Austin silty clay with 1-3 percent stope (Werchan and Coker 1983). The site is 

at an elevation of 650 feet (198 m) MSL. II is adjacent to a dirt road, a tank and two modern buildings. 

The size of the site is 9 by 12 meters. Depth is unknown. Lithic debris and cores were the only cullural 

materials noted. No features were observed. Historic plowing of III is site has disturbed the context of the 

cultural materials. This disturbance is further compounded by the existence of the modern structures. No 

information is provided on potential depth of cultural material at the site, however, Further testing may be 

required to determine National Register eligibility. 
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41WM425 

Site 41 WM425, at the time of recording, was located in the heavily wooded slopes 500 meters from the 

San Gabriel River and downstream from its confluence with an unnamed south bank tributary. This site is 

part of a complex of sites including 41WM424, 41WM426, and 41WM427. The geology is mapped as flu

viatile terrace deposits overlying Austin Chalk (Barnes 1981). Soils are Altoga silty clay loam with 3-5 per

cent slope and experiencing sheet and gully erosion (Werchan and Coker 1983). The site is at an eleva

tion of 660 feet (201 m) MSL. 

The site is 60 by 15 meters in size and is covered by 5 centimeters of humus. The soil was noted by 

Brookshire (TARL site files) to be no more than 2 meters in depth. A moderate amount of lithic material 

was observed including a large number of burned rock scattered across the site. Two bifaces, ground 

stone fragments, "hammerhead", flakes and cores were also seen. 

Although some erosion has occurred and is continuing the large numbers of burned rock and the diver

sity of tools may suggest a camp site. The apparent depth of the soils and density of artifacts suggest that 

the site warrants testing to determine National Register eligibility. 

41WM426 

This prehistoric site is located on a terrace 520 meters south of the of the San Gabriel River downstream 

from its confluence with an unnamed south bank tributary. Adjacent to a dirt road, it is part of a complex of 

sites including 41WM424,41WM425 and 41WM427. The geology is mapped as fluviatile terrace deposits 

overlying Austin Chalk (Barnes 1981). The soils are very gravelly clay loam of the Eddy series with 3-8 

percent slope (Werchan and Coker 1983). At the time of recording the site was grass covered. The site is 

at an elevation of 650 feet (198 m) MSL. 

The site is no more than 30 meters in diameter and has an unknown depth. It contains large amounts of 

lithic debris and cores, two pieces of which have been fire-cracked. Although Brookshire (TARL site files) 

does not give a depth of the deposit, the large amounts of cultural materials alluded to suggest the need 

for further work. Testing is necessary to determine Nationaf Register eligibility. 

41WM427 

Site 41 WM427, at the time of recording, was located on the heavily wooded slopes 45 meters south of 

the San Gabriel River. It is part of a complex of sites including 41 WM424, 41 WM425 and 41 WM426. The 

geology is mapped as alluvium and fluviatile terrace deposits (Barnes 1981). The soils are very gravelly 

ctay loam of the Eddy series with 3-8 percent slopes (Werchan and Coker 1983). The site lies at an eleva

tion of 600-610 feet (183-186 m)MSL. 
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The site is 8 by 9 meters, and, although the depth of cultural materials was not noted, the terrace deposit 

is 3 meters deep. Cultural materials consist of small quantities of bumed rock, exhausted cores, and flakes 

and chips. Although slope wash is evident and the cultural materials are few in number, the depth of the 

terrace deposit warrants further testing to determine if this site is eligible for the National Register. 

41WM430 

This prehistoric site, one of a series of three recorded by Kleinschmidt (1979), is located on the east bank 

of Pecan Branch, extending from the crest of a hill to the base of the slope. The underlying sediments are 

mapped as fluviatile terrace deposits (Barnes). Soils are Fair1ie clay with 1-2 percent slopes (Werchan and 

Coker 1983). Elevation of the site is 700-720 feet (213-219 m) MSL. 

Site 41 WM430 extends approximately 100 meters EIW by 500 meters NNW/SSE with only a thin soil 

cover. Prehistoric materials include large cores, observed at the bottom of the hill, small cores and modi

fied and unmodified flakes, and bifaces were observed at the hill top. Kleinschmidt (TARL site files) noted 

that the dynamic soils may be partially responsible for the burying of small specimens. The slope wash is 

evident by the presence of larger cores at the base of the hill. The site is reported to be suggested of a 

lithic procurement area; however, the existence of bifaces and retouched specimens is contradictory un

less testing cobbles was a secondary use of the site. The surficial nature of the Site, even though it may 

be partially buried, implies low information yield. Kleinschmidt (1979) does not recommend further work at 

this site. 

41WM431 

This prehistoric site, recorded by Whitsett and Fox (1979), is located 500 meters from the south bank of 

the San Gabriel River upstream from its confluence with Smith's Branch. Underlying sediments include the 

Eagle Ford Group and Buda Limestone Formation (Barnes 1981). A mixture of soils is present consisting 

of Queeny clay loam at the site center surrounded by Sunev clay loam with 1-3 percent slope and Denton 

silty clay with 1-3 percent slope. The site ranges from 690-700 feet (210-213 m) MSL in elevation. It has 

been highly disturbed by the adjacent roads and sewage plant. 

A thin scatter of lithic material and bumed rock comprise this surficial site, 75 by 50 meters in size. No tem

poral diagnostics or features were observed. The highly disturbed nature 01 this site, as reported by Whit

sett and Fox (1979) precludes high information yield. Following the recommendation of Whitsett and Fox 

(1979), the Texas Historical Commission has determined that this site is not eligible for the National Regis

ter. 
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This prehistoric site, also recorded by Whitsett and Fox (1979), is located along a road above the banks of 

the San Gabriel River, 30 meters from the south bank upstream from its confluence with Smith's Branch. 

The geology is mapped as alluvium and fluviatile terrace deposits (Barnes 1981) with soils of Sunev silty 

clay loam of 1-3 percent slope (Werchan and Coker 1983). Elevation of the site is 680-690 feet (207-210 

m) MSL. In places at least 50 percent of the materials have been disturbed or totally removed. 

A burned rock midden and associated lithic materials and snail shells cover an area 100 by 30 meters in 

size. The midden has a possible depth of a meter, while the northeast portion of the site may be only 20 

centimeters deep where gravels are being exposed. Cultural materials consist of burned rock, lithic deb

itage, snail shells, possibly attracted by the organic materials, and one large stemmed biface. Wtlitsell and 

Fox (1979) place this site in the Archaic. The stemmed biface is considered early by the recorders. The 

only feature observed was the burned rock midden on the southwestern portion of the site. 

The results of earth moving machinery and erosional processes have damaged portions of this site. How

ever, the potential one meter depth to the midden suggests a high information yield. Following recom

mendations by Whitsell and Fox (1979). the Texas Historical Commission has deemed this site eligible for 

the National Register. 

41WM540 

This prehistoric site is located on a limestone bluff 150 meters south of Berry Creek, more than 10 kilome

ters upstream from its confluence with the San Gabriel River. Underlying bedrock is mapped as Freder

icksburg Group limestone (Bames 1981). Soils are of the Eckrant rock outcrop on gently rolling topogra

phy ranging from 1-30 percent slopes. Elevation of the site is 780-790 feet (237-240 m) MSL. Vegeta

tion is reported to consist of sparse grasses, cedar scrub, pecan, oak and elm trees (TARL site files). Cat

tle grazing, hunting leases and looting have disturbed the contextual relationships of this site. 

The lithic scalier covers an area 200 by 200 meters in size with a 20 m-diameter burned rock midden in the 

northeast section of the site. The bedrock is noted to be thinly covered in some areas of the site (TARL 

site files). Materials observed at the site consist of a Pedernales Point, thumbnail scrapers, and various bi

faces. The burned rock midden was the only feature noted. Although the site has been surface collected 

and partially destroyed by pothunters, the large diameter of the midden and its surrounding lithic scalier 

suggests a high information yield. Further testing is necessary to determine if the site may warrant Na

tional Register status. 
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This prehistoric site is located on a rise 30 meters south of the north bank of Cowan Creek. An unnamed 

drainage forms the northern boundary. The site is more than 10 kilometers upstream of the conlluence of 

Berry Creek and the San Gabriel River. Underlying bedrock is mapped as the Fredericksburg Group 

(Barnes 1981). Soils in the site area consist of Georgetown stony clay loam with 1-3 percent slope 

(Werchan and Coker 1983). The site lies at an elevation of 810-815 feet (247-248 m) MSL. Heavy weed 

cover was noted by the site's original recorders (TARL site files). Vegetation at the site consists of various 

grasses with dense weeds and a mixture of pecans, live oaks, elms and sycamore. The site area has been 

cultivated in the past. It has been disturbed by looters in the last 10-15 years. Some of the looters' pot

holes were noted to be 30-50 centimeters in diameter. 

The site contains a burned rock midden 175 meters east-west and approximately 200 meters north-south 

with lithic debris extending to the south and northwest. At least 50 cenlimeters of fill was observed in the 

potholes, but the recorders note that the site may be 2-3 meters in total depth (TARL site files). Large 

amounts of burned rock were observed but without intact hearth features. The recorders reported the 

removal of three partial human skeletons from the midden proper and noted the partial exposure of human 

bone. Two tibias were collected by the recorders from these recent exposures. Cultural material consists 

of large amounts of lithic debris, including flakes and chips, cores, bilace fragments (moslly with manufac

turing breaks), limestone, quartzite and possible granite manos, and a cluster of five grinding slabs. Faunal 

material from the site included the remains of deer, rodent and a bison bone fragment as well as some 

burned bone. Two features were observed, one being the midden itself, and the other being the appar

ent human burial. The burial may represent a cairn feature. The site appears to date to the Archaic period 

and probably was a campsite. 

The wealth of cultural material and the possibility of deeply buried and intact deposits suggest a prime 

candidate for controlled excavations. Continued vandalism and the owners' plan to develop the area are 

immediate threats to the site. The potential for high information yield prompted the recorders to suggest 

its designation as a State Archaeological Landmark and its eligibility for the NRHP. 

41WM735 

This prehistoric site, recorded by Cole (19B7) in a survey of the proposed Dove Springs wastewater treat

ment plant, is located at the conlluence of two branches of a major tributary of Mankin's Branch, upstream 

from its confluence with the San Gabriel River. The underlying sediments are mapped as undivided Del 

Rio Clay and Georgetown Formation (Barnes 19B1). Soils are Houston Black Clay with 1-3 percent slopes 

(Werchan and Coker 1983). The site has recenlly been plowed. 
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The recorder reports a thin lithic scatter within which was a 30 x 16 meter area of burned limestone and 

chert which is interpreted as a disturbed bumed rock midden. Among the cultural material observed at the 

site, in addition to flakes, chips and bumed rock, were several cores and two side scrapers. No diagnostic 

artifacts were observed and no intact features were noted. The site has been recommended as not eligi

ble for inclusion on the NRHP, but no formal determination has yet been made (THC project files). 

VI.D.3.b Historic Resources 

A total of 47 historic sites have been recorded in and adjacent to the proposed treatment plant study area 

in conjunction with the historic resource survey of Georgetown conducted for the Georgetown Heritage 

Society (Hardy, Heck and Moore 1984). None of these sites have been assigned state trinomial site num

bers, but some of the individual sites have been nominated for the NRHP as part of the Georgetown Na

tional Register District. Individual information is not available on many of these sites. Instead, the sites are 

summarized by area and by the low, medium and high priority categories established in the original survey 

report. 

Those properties in the Georgetown Extraterritorial Jurisdiction area which were considered eligible for 

the NRHP as part of a Multiple Resource Area District include the J. J. Johnson House on Rabbit Hill Road, 

just outside of the study area to the south, another house on County Road 188 near Smith's Branch, and 

the MKT railroad bridge east of town. The Johnson house has been placed on the National Register of 

Historic Places. The house on Smith Branch has subsequently been moved and is no longer considered 

eligible for the NRHP, while the railroad bridge has been passed by the NRHP State Board of Review and 

is considered eligible for the Register, although it has not yet been formally approved. Another structure, 

located east of Georgetown on Highway 29, has been nominated for the NRHP and has also passed the 

Board of Review but has not yet been formally placed on the Register. 

Among the other high priority historic sites not nominated for the NRHP are a cemetery on Rabbit Hill 

Road, three residences on FM 1460, three residences on Highway 29 and a residence on County Road 

152. Ten additional medium probability sites were noted, all residences with the exception of one ceme

tery and a bam and standing chimney all on FM 971. It should be noted that while only a few of these sites 

have been nominated or considered eligible for the NRHP as structures, others among them may have ar

chaeological value that would support their listing on the NRHP. 

Not included on this list are a series of sites described in Scarbrough's (1973) Williamson County history. 

These sites, some of which were noted briefly in the background section, could be assumed to be signifi

cant historic archaeological sites should any undisturbed remains be found on the ground in these areas. 
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Among the areas that may be particularly signifiC'.ant are the Town's Mill/Double File Trail crossing', Mankin's 

Crossing, Berry's Mill, Berry's Creek and Johnsonville settlements, and some of the early county schools. 

VI.D.4 Site Location Patterns 

Although less than one percent of the study area has been subjected to archaeological survey, patterns 

of site location can be deduced from the small sample of recorded sites and the pattern of site location at 

nearby Georgetown and Granger Lakes. Although the vast majority of the survey has been conducted in 

the bottomlands of the San Gabriel River in conjunction with water resources and wastewater projects, a 

small amount of upland survey has been conducted southwest of Georgetown in conjunction with the 

Georgetown Heritage Sodety historic resource survey(Kleinschmidt 1984}. 

As is typical of prehistoriC sites in many areas, the primary location factor is proximity to water. Sites will in

crease in density, size, depth and significance as a direct function of distance to drainage and with the 

significance of the drainangeway. A corollary to this statement is that sites tend to be even more 

frequently located at the confluence of drainages. A minor corollary, important primarily in the Balcones 

Escarpment area, is that sites are frequently associated with springs. 

A secondary location factor is the availability of stone raw materials for tools. Site density seems to be 

slightly greater in those areas where lithic resources are available. Whether this is a factor of visibility, or 

one of cultural pattems, is not clear. Availability of limestone is a key factor in the location of one particular 

sile type, the burned rock midden. Summarizing the site location factors for prehistoriC sites, we have: 

close to drainages; 

increased density near larger drainages; 

close to stream confluences; 

close to lithic raw materials; 

close to springs. 

Although there is insuHicient information available for a detailed treatment of sites by landform category, 

there are some important criteria that may be applicable to the potential Significance of sites found within 

these areas. Although prehistoric site significance is not directly linked to landform, there is often a very 

good correlation between site value and the potential for site preservation, which is generally linked to 

landform type. 
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In general, sites buried in alluvial landforms will be more difficult to recognize on survey, potentially calling 

for mechanical melhods of identification. They will be more difficult and expensive to assess and mitigate, 

if such actions, are necessary. Since Ihe density of sites in alluvial areas is often great, the chance of en

countering a potentially significant site is likely to be high in alluvial areas. However, very recent alluvial 

formations, such as the low modem point bar deposits, which may have formed in the lasl 500 to 1000 

years, are less likely 10 conlain significant deposits. Very ancienl alluvial landforms, which ceased forming 

prior 10 12,000 years ago, will also be unlikely to yield significanl prehistoric sites. 

Although sites are found on older terraces and on eroded Crelaceous landforms, these sites are much 

less likely to exhibil buried material and Ihus, less likely to provide new and significant cull ural informalion. 

One nolable exception 10 Itlis generalizalion is Ihe burned rock midden, a prehistoric mound consisting of 

fraclured limeslone rocks associaled wilh both slream terraces and upland areas. Genera"y, the co

occurrence of exposed limes lone formations and drainages are key localional factors for this type and, 

thus, iI is common along and above the Balcones Escarpmenl area. Wherever Ihis sile Iype is found, iI is 

possible Ihal it may contain significant information. Location of facilities below the City of Georgetown will 

greally reduce the possibilily of encountering this site type. 

Summarizing the factors which influence site significance, we have: 

Alluvial areas, where buried sites may be highly significant; 

Very recent alluvium and ancient terraces, where sites are less likely to be significant; 

Cretaceous deposits, where buried sites are rare with the exception of the burned rock midden in 

limestone rich areas. 

Historic site locations depend on slighlly different criteria than prehistoric sites. The primary factors in their 

location is transportational axes, such as roads and railroads. The intersection of such routes with 

drainages, as atlhe Double File Trail and Mankin's Crossings, is a prime location for historic resources. It is 

important to note, however, that roads change through time; the absence of a modern road does not 

necessarily indicate Ihe absence of significant historic resources. A detailed historic background of a 

specific area can usually pinpoint key areas, if not specific hisloric resources, that may be significanl in the 

history of a particular area. Previously unknown historic siles are nor infrequent, however, and archaeo

logical survey may be necessary to locate all polential historic resources. Unlike prehistoric sites, there is 

lillie areal correlation with site significance. Age, physical condilion and potential contribution to regional 

history are more important criteria for the determination of site significance. 
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VI.D.5 Recommendations 

The criteria above will provide a general guide to the archaeological potential for various areas. While cul

tural resources are not likely to be a fatal flaw to wastewater treatment plant construction, prior considera

tion 01 historic and archaeological sites is an important planning tool. The mitigation of project impacts to 

an archaeological site can add significant unexpected expense to any project. It is therefore recom

mended that as options for plant siting are narrowed, a continued dialogue is maintained with an archaeol

ogist to prevent at least the most obvious problems. Brief reconnaissances would be useful for potential 

plant sites in the intermediate phase of the siting process. 

Because of the density of archaeological sites within the region, a complete archaeological survey 01 any 

proposed treatment facility is recommended. This is likely to be required by the various agencies in

volved, either the Environmental Protection Agency or the Texas Water Development Board. Because 

archaeological survey can be expensive, particularly in an alluvial area, it is recommended that the actual 

site be chosen prior to 100 percent cultural resources survey. It is emphasized, however, that an archae

ologist be included in all stages of the planning to avoid the potentially unnecessary cost of locating any 

proposed development on a significant cultural resource. 
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VII WASTEWATER TREATMENT PLANT ALTERNATIVES 

VII.A Introduction 

VII.A.1 Selection of Development Scenarios 

Based on the water quality evaluations described in Section V, five development scenarios were selected 

for further consideration and economic analysis. The chosen scenarios were the ones most likely to en

able a combined treatment load of 8 MGD at the least cost, while maintaining water quality levels in the re

ceiving stream above tile minimum DO level of 5 mg/L. An additional constraint that affected the choice of 

scenarios resulted from the TWC wasteload evaluation for Segment 1248, which directly impacts the op

eration of the existing Georgetown facility. The scenarios selected for further evaluation were: 

ScenariO F2, a single, 8.0 MGD facility at Mankin's CrOSSing with a treatment level of 5/2/5; 

Scenario H, a two plant scenario that maintains the existing treatment plant at 2.5 MGD with an up

graded treatment level of 10/3/4. A large, 5.5 MGD plant would be built at Mankin's CrOSSing at a 

treatment level of 10/2/6; 

Scenario Gl, a three plant scenario with the existing 2.5 MGD treatment plant, a 2.0 MGD plant at 

Berry Creek and a 3.5 MGD plant at Mankin's Crossing, all at a treatment level of 10/3/4; 

Scenario 01 a2 is a four plant scenario with a 1.0 MGD plant at Dove Springs. The existing plant is 

maintained at 2.5 MGD, the Berry Creek plant is built at 2.0 MGD and the Mankin's Crossing plant 

has a maximum capacity of 2.5 MGD. All plants operate at a treatment level of 10/3/4; 

A two-stage scenario in which the existing plant is maintained at 2.5 MGD and temporary, 1.2 MGD 

package treatment plants are located at Berry Creek and Dove Springs. When the capacity of 

these two plants is exceeded, all of their flows will be diverted to a large, 5.5 MGD plant at Mankin's 

Crossing, resulting in a scenario resembling Scenario H. 

VII.A.2 Modification of Existing Georgetown Treatment Plant Operation 

VII.A.2.a TWC Mandated Effluent limits 

The TWC wasteload evaluation for Segment 1248, DRAFT March 16th, 1987 and not finalized, mandates 

that the City of Georgetown provide a treatment level of 10/3/4 at all discharges greater than 1.8 MGD for 

the summer season, May to September. The wasteload evaluation further stipulates that these additional 

treatment levels be in place by July 1, 1992. Therefore, the City of Georgetown is faced with a decision 
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within the next 3 years as to how they will comply with the pending TWC mandate. Modeling performed in 

evaluation of additional treatment plant sites and treatment levels demonstrated clearly that the City of 

Georgetown WWTP discharge levels are the key to maintaining DO concentrations above the State mini

mum criteria of 5 mg/L for Segment 1248 and dictate the treatment levels of all downstream WWTPs. The 

City of Georgetown currently discharges an average of 1.7 MGD of treated effluent to the San Gabriel 

River. Therefore, the City's decision as to how to comply with the TWC's wasteload evaluation must be 

made in the very near future. 

VII.A.2.b Compliance Options 

There are three obvious options that can be pursued by the City in order to comply with the TWC dis

charge limit requirements: 

The City can upgrade the existing WWTP to provide nitrification at the current design flow of 2.5 

MGD. This upgrade would require the installation of additional aeration basins and air supply ca

pacity, in order to provide the additional hydraulic retention times and increased air required for 

complete nitrification. It is estimated that this upgrade would cost approximately $1.3 million. If the 

City decides to pursue this option, design on the upgrade for the treatment plant must begin im

mediately. 

The City may unload the existing facility to a capacity level not exceeding an average daily flow of 

1.8 MGD and continue normal operation. Since nitrification is not required by the TWC waste load 

evaluation at flows less than 1.8 MGD, there will be no additional costs incurred at the treatment 

plant. However, there will be additional costs associated with the provision of treatment capacity, 

lift stations and interceptors to accommodate the additional flow at another facility, as well as the 

additional costs associated with higher treatment levels that would be necessary at downstream 

plants. 

The City can modify the existing facility operation at a reduced flow, in order to provide nitrification, 

and divert the additional flows to a new facility. The cost of this modification would be approxi

mately the same as unloading the plant to less than 1.8 MGD and continuing normal operation. 

However, the modeling analysis indicates that there may be a cost saving resulting from lower re

quired treatment levels at larger downstream plants. 

VII.A.2.c Description of Existing Treatment Process 

The existing Georgetown WWTP is a parallel stream contact stabilization process (Figure VII.1). The de

sign capacity of the existing plant is 2.5 MGD with a peak 2 hour treatment capacity of 7.5 MGD. The efflu-
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ent limits currently prescribed in the TWC permit are 10 mg/L BODs, 15 mg/L NH3 and 2 mg/L DO in the 

effluent. The contact stabilization process was developed to take advantage of the absorptive properties 

of activated sludge. Raw sewage, after passing through bar screens and an aerated grit chamber, enters 

an aerated contact basin wllere BOD is absorbed into the activated sludge. Tile residence time in the 

contact chamber is approximately 20-40 minutes. The sewage then passes through a clarifier, where the 

activated sludge with the absorbed BOD settles to the bottom and the relatively clear supernatant is 

removed at the top of the tanks. Some of the activated sludge at the bottom of the clarifier is transferred to 

an anaerobic digester, where the cellular material is broken down to facilitate separation of water from the 

sludge solids. 

A portion of the sludge from the bottom of the clarifier is returned to the reaeration basin where, in the 

presence of oxygen lor 3-6 hours, oxidation of the biochemical oxygen demanding organic material oc

curs. During this period the absorbed organics are utilized for the production of energy and new cells by 

the microorganisms in the activated sludge. The aeration vofume requirements of the contact stabilization 

process are approximately 50 percent 01 those of a conventional activated sludge plant. The contact sta

bilization process has been found to work very well on domestic waste, needing a minimum aeration tank 

volume and no primary clarification. Thus, it is often the least cost alternative for domestic wastewater 

treatment and is particularly attractive to cities witllout large industrial dischargers. 

VII.A.2.d Modification of Existing Treatment Process 

Because of the short hydraulic retention aeration times, the contact stabilization process is not conducive 

to nitrification in a single stage process. Therefore, modification of the existing Georgetown WWTP 

operation to accomplish nitrification requires conversion of the split stream parallel process to a single 

stream, series two-stage process (Figure VI1.2). Under the proposed modifications, the existing George

town plant would be unloaded to an average daily flow of 1.67 MGD. The TWC design criteria for sewage 

systems requires that tile maximum aeration basin loading be less than or equal to 50 pounds of BODs per 

day per thousand cubic feet of aeration capacity (Ib BODs/day/l ,000 ft3). Because the existing George

town facility was somewhat over-designed to accommodate future expansion, 1.67 MGD can be accom

modated in a series operation with an aeration basin loading of approximately 49.4 Ib BODs/day/l,OOa ft3 

01 aeration capacity in the first stage, thereby complying with the lWC design criteria. 

Carbonateous BOD destruction would be accomplished primarily in the first stage. After first stage 

aeration, the effluent would pass to the second stage aeration basin, where it would be metabolized by 

primary nitrification bacteria, Nitrosomonas and Nitrobacter. Destruction of nitrogenous BOD would be 

completed in this second stage, where some additional destruction of carbonateous BOD would also 

occur. Table VII. 1 compares the City of Georgetown WWTP with the TWC design criteria under existing 
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and proposed operational conditions. The existing facility is described, together with the proposed 

modifications, and both operational conditions are compared with the numerical design criteria prescribed 

by 1118 TWC. The modified operation complies with all of the numerical criteria prescribed by the TWC for 

the contact stabilization process and the nitrification process. 

Costs associated with this operational change should be small. The original design of the facility allowed 

each of the parallel streams to accommodate 75 percent of the design flow (1.875 MGD). Therefore, the 

piping associated with these operations was commensurately sized. In addition, parallel designs allow the 

flexibility of transfer of wastewater among treatment units; therefore, the majority of the piping necessary 

to accomplish this operational change should already be in place. 

The motivation for enacting this operational change is that the treatment levels and treatment capacities of 

downstream facilities are greatly impacted by the properties of the Georgetown effluent. By providing 

nitrification at the existing Georgetown facility, the DO sag curve downstream of the outfall will be mini

mized and at the point of discharge of either the Berry Creek or Mankin's Crossing facility the DO levels will 

recover sufficiently to allow larger quantities of discharge at the 10/3/4 treatment level, while meeting the 5 

mg/L minimum DO standard for the San Gabriel River Segment 1248. This operational change does not, 

however, permanently retieve the City of Georgetown of the obligation to upgrade the existing WWTP. 

Population and flow projections for the basins that will contribute to this facitity indicate that by the year 

2030, flows to the plant will average approximately 2.5 MGD. This modification does, however, postpone 

until some future date the capital expenditure necessary to provide additional nitrification capacity to the 

2.5 MGD plant. 

VII.B Methodology 

VII.B.l Determining Wasteload at each Site 

VII.B.1.a Service Area Delineation 

The service area served by each plant under each scenario is sllOwn in Figures VII.3 - VII.6. In general, the 

service area boundaries are drawn along major ridge lines in order to provide maximum benefit from the 

available gravity flow within the overall area. The result is a consolidation of various combinations of the 

drainage areas described in Section lilA 

Drainage areas are labeled either numerically or alphabetically. The numeric basins represent areas cur

rently served with sewers or additions to major interceptors in adjacent basins. The alphabetically labeled 

basins represent areas not currently serviced with majors interceptors, but rather septic tanks or nothing at 
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Unit DescT'1otlOr 01 EXisting FaclUties c l 

Headworl<.& 

Bar Scre"ns One mecnanlcahy cleaned ba~ screen; 
and one manually ch~aned bar screen. 

Raw Water !orYPI1 • .,..etpt: whr: 5 constan~ spsed SBW-

Ut: Statior. lags pumps, one 70e gprr.. two : .300 gPl'n. 
land two 2.600 gprr.; rated firm capacity Is 

Grit Chambe, 

15.900 gpm 

ITWO, Beratad ,erett Chambers with 442 
total st: 14 ft leneth 

Aeratlon Basins 
Spa::& Loa:ii~s Two Rac:tanguiQ..' Basins with total volume 

of 141.670 d operated In parallel with 
two·thirds raaeratlor, and one-third 
cornact volume 

Alt Supply I ~our C8n~. ~owers: two 4.200 sctm; two 
14.200 scfrr:; two 2,100 scfm; total cap-
ICily 12.600 sctm @ 7 psi 

Sechmentatlon 
/TWO drculB:" BS t. diameter operated u Clarifiers 
!partalle: strearm wIti"' ar, liIf1ecttve total 
surtBCfl Bree. ot 10,044 51, effective tota! 

!vOlume oj 120,528 c~, and a weir length 
of 412 ft. 

Sluoge Handling 
Dlg_s1er One aetoblc digeS1er wttt1 27 day SRT and 

6, ,172 c:f total volume; coarse bubbl_ 

Siudg. Drying Open Beds with a total area of 53.600 .t 
Bods 

Chlorination 
Chlorine Contac Two basins with a tota! volume of 

Chamber 105,000 oal. 

Table VJI.1 
Comparlsor City 01 Georgetown Wastewater ireatment FaclUty With TWC Design Crtterla 

Uno,,: Existing and Proposed Operatlona.l Conditions 8' b! 

TWC Design Criteria 

I DeSCtlDtIOn o~ Modified ~adlltlits d ContaC1 StabHization Exls.'tlnc Daslpn 

Unmodtfl&d 
7.s MGD each 8.0 MGD eac:tl 

Unmodified 7.5 MGD total 8.5 NtGD total 

I Hydraulic rot.ntion timo I Hydraulic rotontion tim. Unmodified 
of 5 minutes (Ct 7.5 MGD I of 5 mInutes @ 9.2 MGD 

Two Rectangular Basins with total voluma I 50 IbfBOOiday/l,OOO cf 37 Ib/BOO/oay/1,OOO cj 
of 141,670 c1 operated Jr. sarin with @2.5MGD @2.5MGD 
Intermediate darlflcatlon between stag.; 
each ataee with two-thirds r&aeration and 
on&--thirc cornact volume 

Four cent. blowers: two 4.200 &Ctm; two '.C scfmllb BO~S/day 2.4 sctml1b BOOS/day 
4,200 sc1m; two 2,100 sctm: total cap-
city 12.600 sctm @ 7 psi 

1500 gpd/sf/day (average) 11250 gpdisf/day (average) Two clrculs: 85 11 diameter operated as 
pan 01 a series stream witt; an effective .. ,20e gpd/sf/day (peak) ~ 665 god/sf/day (peak) 
10181 surtBCfl wea Of 10,044 51. effectlvil 30,000 gpdftt we it (max. 8,100 gpdfft weir (max.) 
total volume of 120,528 c1, and a weir 

I lenatt'. 01412 ft. 

UnmodIfied 30 sctm/1,OOO c1 I 
Mlnumun SRT o. 15 days; 

10 cl vol.Ab BOD5/day I 

Unmodified , ,0 sf/capita 2.':3 sf/capita 

Unmodified 20 mInute detention 20 mlnut" detention 

tim. "" 7.5 MGD timo "" 7.£ MGD 

TWC Design Crheria I 
Con:. Stab, w. Nitrification Modified Deslpn 

7.5 MGD eacn 4.5 MGD total 

7.5 MGD total 4.5 MGD total 

Hydraullc retention time Hydraulic retention tlma 
of 5 mInutes @J 4.5 MGD o~ 10.2 minutes (fb 4.5 MGD 

50 Ib/BOO/day!i ,000 c1 49 Ib/BOD/day/l,OOO cl I 

@1.67MGD @1.67MGD 

'.0 sctmllb BODS/day First stage ~ 
3.6 sctmllb BODS/day 

secord stage • 
10.0 &etm~b BODS/day & 

9.2 sc1ml1b NH3/d~ 

400 gpd/sf/oay laver age) 333 gpd/sf/day (average) 
1,Ooe gpd/sf/day (peak) Bge gpdlst/day (peak) 

30,000 gpd/fi weir (max. 17.200 gpdttt welt {max, 

30 scfm/1,OOO of 
Mnumun SRT of 15 days; 
10 cl vol.llb BODS/day 

'.0 IIf/caplta 3.' S sf/capita 

20 mlnutfl detention 33 minute detIJntlon 
tim" @ 4.5 MGD time,," 4.5 MGD 

a/ Th" exlstlng G"orgetown wastewaler facUlty will be unloaded from tt5 current design capacity of 2.5 MGD (7.5 MGD peak) to 1.67 MGD (4.5 MGD peak) through construction of new Int_roeptor lines and 11ft stations 
that will redJr9C'l wast"water from the southern portion 01 the Cit)' (basins 0, 38., and 3b) to the proposed Mankin's CrosBlns 1adllty. 

b 1 TWC Design CrIteria 10r Spwerags Systems ate found In Texu Administrative Code (TAC) Title 31 §§317.1·317.13 (printed 6/27/88). 
cf Sourca: ·Clty of Georgetown, Texas Wastewater Treatment Plant Site Stud}", prepared by Freese and NIChOls, Inc. July, 1987. 
d I The existing parallel stream contiC'l-stablllzation treatment system (0 des~gn • 2.5 MGD) will be converted to a two stage serier. contac1·stablllzation system (0 design. , .67 MGD). Carbonateous BOD tfl)ductlon will 

accomplished In the first stage; nItrogenous BOD reduction (nitrification) will be accompUshed In the second stags. 



and proposed operational condilions. The existing facility is described, together with the proposed 

modifications, and both operational conditions are compared with the numerical design criteria prescribed 

by the TWC. The modified operation complies with all of the numerical criteria prescribed by the TWC for 

the contact stabilization process and the nitrification process. 

Costs associated with this operational change should be small. The original design of the facility allowed 

each of the parallel streams to accommodate 75 percent of the design flow {1.875 MGD}. Therefore, the 

piping associated with these operations was commensurately sized. In addition, parallel designs allow the 

lIexibility of transfer of wastewater among treatment units; therefore, the majority of the piping necessary 

to accomplish this operational change should already be in place. 

The motivation for enacting this operational change is that the treatment levels and treatment capacities of 

downstream facilities are greatly impacted by the properties of the Georgetown effluent. By providing 

nitrilication at the existing Georgetown facility, the DO sag curve downstream of the outfall will be mini

mized and at the point of discharge of either the Berry Creek or Mankin's Crossing facility the DO levels will 

recover sufficiently to allow larger quantities of discharge at the 10/314 treatment level, while meeting the 5 

mg/L minimum DO standard for the San Gabriel River Segment 1248. This operational change does not, 

however, permanently relieve the City of Georgetown of the obligation to upgrade the existing WWTP. 

Population and flow projections for the basins that will contribute to this facility indicate that by the year 

2030, lIows to the plant will average approximately 2.5 MGD. This modification does, however, postpone 

until some future date the capital expenditure necessary to provide additional nitrification capacity to the 

2.5 MGD plant. 

VII.B Methodology 

VII.B.1 Determining Wasteload at each Site 

VII.B.1.a Service Area Delineation 

The service area served by each plant under each scenario is shown in Figures VIl.3 - VII.6. In general, the 

service area boundaries are drawn along major ridge lines in order to provide maximum benefit from the 

available gravity flow within the overall area. The result is a consolidation of various combinations of the 

drainage areas described in Section lilA 

Drainage areas are labeled either numerically or alphabetically. The numeric basins represent areas cur

rently served with sewers or additions to major interceptors in adjacent basins. The alphabetically labeled 

basins represent areas not currently serviced with majors interceptors, but rather septic tanks or nothing at 
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all. Three areas, the Southwestern Industrial District, Wood Ranch and the Far South, do not conform to 

the above criteria and are named more by description than by any level of service. 

For the numeric basins, consideration was given to the RVI study boundary, called the urban area, which 

was to be completed before submission of this report. With no applicable final data at this time, the major 

interceptors were reviewed for 2030 flows and sized accordingly, giving due credit to the existing lines 

whenever possible. 

For basins 3a, 3b, 5a, and 5b, the forks of the San Gabriel River are boundaries which divide the entire 

basin into smaller sub-basins. As stated previously, these lines are additions to the City of Georgetown's 

existing interceptors, called 3 and 5 in previous studies performed by Freese & Nichols. 

VII.B.lob Wasteload Projections 

As described in Section III.C, wasteload projections were based on a combination of residential and com

mercial flows. Residential flows were computed from population projections at 110 gal/cap/day. The Land 

Use Intensity Map was used to determine the number of acres for commercial land use in each drainage 

area. Richardson-Verdoorne, Inc. (RVI) assigned each intensity of land use a value for wastewater 

production, expressed as gallons per acre per day. These values were used to calculate the average daily 

commercial wastewater flow in the designated basin. 

Using the wasteload projections for each drainage area shown in Table VI1.2, wasteload projections for 

each service area were predicted for the years 1990, 2000, 2010, 2020 and 2030. For each treatment 

plant in each scenario the same calculations were done assuming that water conservation measures would 

result in a 15 percent reduction in wastewater generation. These data are shown in tabular form accompa

nying the description for each scenario. 

The wastewater flow projections at each site were then used to determine the optimum construction 

schedule for each plant. As a rule, WWTPs are deSigned for future expansion as replicate images of the 

first construction phase. Also, the phasing of capacity increases at anyone site should be between 10 

and 20 years, in order to take advantage of economies of scale without overbuilding. 

Because interceptors are not readily replaced to accommodate increased capacity, the major interceptors 

were sized based on peak flows expected in the year 2030. Average flow, shown in Table VI1.2, is the av

erage daily flow that would occur during the month of maximum flow. Peak flow is the maximum flow ex

pected in any two-hour period. The peaking factors used for each basin range from 2.5 to 4, based on 

basin size, interceptor length and magnitude of flow. Larger basins, longer lines and larger average flows 

were assigned lower values. 
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Basin 
0 
1 
2 
3a 
3b 
5a 
5b 
A 
B 

Bl 
C 
D 
Dl 
E 
F 

W.R. 
SWID 
F.S. 
Al 
A2 

A2a 
A3 

Table VI1.2 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a Single Georgetown 
Regional Facility at Mankin's Crossing 

Projected Wastewater Flow (MGD) 
Description 1990 2000 2010 2020 

Downtown (south) 0.378 0.568 0.825 0.916 
North Fork San Gabriel 0.339 0.456 0.666 0.794 
Downtown (north) 0.334 0.410 0.610 0.743 
South Fork San Gabriel 0.000 0.031 0.050 0.063 
South Fork San Gabriel 0.138 0.203 0.289 0.394 
Booty's Crossing 0.033 0.076 0.120 0.210 
Middle Fork San Gabriel 0.032 0.046 0.082 0.102 
San Gabriel 0.039 0.070 0.126 0.162 
Pecan Branch 0.178 0.266 0.362 0.471 
Berry Creek 0.219 0.326 0.514 0.623 
Dry Berry Creek 0.010 0.025 0.038 0.050 
Mankin's Branch 0.000 0.017 0.030 0.045 
North Mankin's Branch 0.014 0.021 0.036 0.049 
Smith's Branch 0.033 0.069 0.145 0.304 
1- 35 South 0.076 0.148 0.284 0.373 
Wood Ranch 0.015 0.020 0.025 0.035 
Industrial District 0.100 0.175 0.230 0.300 
Westinghouse Road 0.075 0.100 0.150 0.195 
East Weir 0.004 0.007 0.010 0.013 
Middle Weir 0.010 0.015 0.020 0.025 
West Weir 0.009 0.015 0.020 0.026 
East Fork San Gabriel 0.012 0.020 0.025 0.035 

2.048 3.084 4.657 5.928 
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2030 
1.132 
0.962 
1.149 
0.082 
0.499 
0.278 
0.161 
0.220 
0.626 
0.828 
0.065 
0.060 
0.075 
0.460 
0.483 
0.041 
0.353 
0.230 
0.017 
0.035 
0.034 
0.045 
7.835 



For each scenario the average and peak flows used to determine the size of each interceptor are 

presented, together with the source of the flows (population base or contributing interceptor). Where 

flows are cumulative, a prime (') designation is used to show that sizing is based on cumulative flows rather 

than on the flow per basin used elsewhere. 

VII.B.2 Evaluation and Sizing of Collection Systems 

VII.B.2.a Gravity Sewers 

In order to utilize existing topographical conditions and to reduce operation and maintenance costs, grav

ity sewer collection lines were used wherever possible. Gravity lines are normally used if sufficient slope is 

available to provide the correct flow characteristics for the projected flows. 

In some instances the slope required to attain these characteristics is achieved through deep installation. 

Occasionally, no actual capital cost savings over pressurized lines is realized because of the depth re

quired to obtain the correct line slopes. 

VII.B.2.b Force Mains/Lift Stations 

Force mains are normally required to convey flows from lift stations to the required point of delivery. In 

general, they are much smaller than gravity lines and are installed at shallow depths. Therefore, the cost of 

a force main can often be approximately the same or less than the cost of a gravity line. The only signifi

cant difference in cost between a lift station and a force main lies in the capital expenditure and operation 

and maintenance costs, which can average as much as $75/day per lift station. This difference is due to 

increased energy consumption and equipment maintenance of lift stations. 

VII.B.2.c Sizing of Lines 

Sanitary sewers are designed as open channels, with wastewater flowing downstream in the pipe under 

the force of gravity. Assuming a uniform, steady, open channel flow. Manning's equation applies: 

[VII-1 J 

where: Q = quantity of flow in cubic feet per second 

n coefficient of roughness (commonly adopted value for sewer design is 0.013) 

A cross-sectional area of flow in square feet 

S slope of the hydraulic gradient in feet per foot 

R = hydraulic radius in feet (cross·sectional area divided by the wetted perimeter) 
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Assuming a hydraulic grade and calculating the design flows as described above, the line is sized accord

ingly using Manning's equation and solving for the diameter (D): 

[VII-2) 

The hydraulic gradient slopes for the proposed lines were calculated based on topographic information 

taken from U.S. Geological Survey maps. For calculation purposes, the pipes were assumed to be flowing 

full with Manning's n value equal to 0.013. 

V II. B. 3 Estimating Capital Costs 

VII.B.3.a Wastewater Treatment Plants 

The capital costs of building the WWTPs were calculated using the data shown in Figure VII.? Because 

costs do not increase as a linear function of plant size, empirical data were used to construct cost esti

mates. It is evident that a linear relationship exists between logarithmic increases in plant size and loga

rithmic increases in costs. Different cost curves are also obtained for different treatment levels. 

The capital costs derived from Figure VI I.? are based on 1986 data. For the purposes of this report, 4 per

cent inflation has been used to adjust the figures to 1990 dollars. In addition to the capital cost of con

structing each WWTP, the following estimates have been included: 

engineering fees based on ASCE General Engineering Service Fee Curves; 

land costs based on $5,000 per acre; 

surveying and staking fees based on 3 percent of construction costs; 

legal and administrative fees based on 2.5 percent of construction costs; 

permitting expenses and other fees based on 2 percent of construction costs; 

contingencies based on 10 percent of construction costs. 

Based on these assumptions, estimates were derived for each phase of each project in 1990 dollars. 

These data were tabulated for each scenario. Assuming an interest rate of 10 percent and a pay-out pe

riod of 25 years, the capital costs were converted to annual costs. Assuming an annual discount rate of 5 

percent, the costs incurred in each year for each scenario were then converted to 1990 dollars. The 
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graphs show the cumulative costs incurred for each scenario for the total pay-out period, which extents to 

2050 in most cases. 

VII.B.3.b Collection System 

A complete interceptor system for each scenario has been outlined. Wherever possible, the lines follow 

the existing interceptor layout. However, it is assumed that, because of the age of many of these lines, all 

of them will have to be replaced within the planning horizon. No attempt has been made to determine 

when the construction costs for each of these interceptors will be incurred. 

The capital cost, by interceptor, for construction of the wastewater collection systems include: 

capital expenditures for lift stations and line excavation cut to a maximum depth of a feet and lined 

with a trench safety syslem; 

manholes located every 250 feet (4 feet diameter manholes for pipe diameters less than 21 

inches and 6 feet for pipe diameters 21 inches or greater). 

Cost do not indude operation and maintenance or power. 

As in the case of the cost estimates for the WWTPs, the total cost of each collection system was amortized 

over 25 years at a 10 percent annual rate of interest, discounted at 5 percent per year to 1990 dollars. 

However, because no attempt was made to determine when each interceptor would be constructed (or 

replaced), construction costs reflect those that would be incurred if all of the lines were built in 1990. This 

has the effect of inflating the cost estimates as compared with the WWTPs. 

VII.C Results 

VII.C.1 One Plant Scenario 

VII.C.I.a Wastewater Treatment Plants 

~g of facility Construction 

Figure VI1.8 shows the total daily wastewater generation predicted for the Georgetown area until 2030, 

using the data shown in Table VII.2. It is antiCipated that growth in the service area would increase from 2.1 

MGD in 1990 to 7.8 MGD in 2030. Also shown are the predicted results if a rigorous water conservation 

program were implemented. Assuming a 15 percent reduction in wastewater generation, the total flows in 

2030 would be reduced to 6.7 MGD (Table VII.3 and Figure VII. a). 
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Basin 
0 
1 
2 
3a 
3b 
5a 
5b 
A 
B 

Bl 
C 
0 

01 
E 
F 

W.R. 
SWID 
F.S. 
AI 
A2 

A2a 
A3 

Table VII.3 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections lor a Single Georgetown 
Regional Facility at Mankin's Crossing With 15% Water Conservation 

Proiected Wastewater Flow (MGD) 
Description 1990 2000 2010 2020 2030 

Downtown (south) 0.321 0.483 0.701 0.779 0.962 
North Fork San Gabriel 0.288 0.388 0.566 0.675 0.818 
Downtown (north) 0.284 0.349 0.519 0.632 0.977 
South Fork San Gabriel 0.000 0.026 0.043 0.054 0.070 
South Fork San Gabriel 0.117 0.173 0.246 0.335 0.424 
Booty's Crossing 0.028 0.065 0.102 0.179 0.236 
Middle Fork San Gabriel 0.027 0.039 0.070 0.087 0.137 
San Gabriel 0.033 0.060 0.107 0.138 0.187 
Pecan Branch 0.151 0.226 0.308 0.400 0.532 
Berry Creek 0.186 0.277 0.437 0.530 0.704 
Dry Berry Creek 0.009 0.021 0.032 0.043 0.055 
Mankin's Branch 0.000 0.014 0.026 0.038 0.051 
North Mankin's Branch 0.012 0.018 0.031 0.042 0.064 
Smith's Branch 0.028 0.059 0.123 0.258 0.391 
1- 35 South 0.065 0.126 0.241 0.317 0.411 
Wood Ranch 0.013 0.017 0.021 0.030 0.035 
Industrial District 0.085 0.149 0.196 0.255 0.300 
Westinghouse Road 0.064 0.085 0.128 0.166 0.196 
East Weir 0.003 0.006 0.009 0.011 0.014 
Middle Weir 0.009 0.013 0.017 0.022 0.030 
West Weir 0.008 0.013 0.017 0.022 0.029 
East Fork San Gabriel 0.010 0.017 0.021 0.030 0.038 

1.741 2.624 3.961 5.043 6.660 
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In the single treatment plant scenario, all of this flow would be accommodated by one large treatment facil

ity at Mankin's Crossing. The existing Georgetown treatment plant would be abandoned. Figure VI1.9 

shows a possible construction scenario that results in a total treatment capacity at Mankin's Crossing of 8 

MGD by the year 2030. Construction would take place in three phases, starting with a 4 MGD plant in 

1990. Table Vtl.2 shows that a plant of this size would accommodate all of the predicted growth in the 

study area untit 2010. At this time, additional capacity woutd be required. The addition of another 2 MGD 

of capacity would extend the life of the plant until 2020. At that time another 2 MGD would be needed to 

fulfill the requirements of the planning period. 

In Table VI1.3 and Figure Vll.l0, similar estimates are made for wasteload predictions under conditions of 

15 percent water conservation. An initial 3 MGD plant would be adequate until the year 2005. The addi

tion of another 2 MGD of capacity at this time would extend the life of the plant until 2020. In 2020 another 

2 MGD of additional capacity would be required to meet the demands predicted for 2030. 

Cost Estimates 

Table VilA shows the cost estimates for a single plant at Mankin's Crossing with and without water conser

vation. Based on the water quality modeling data, a higher, 5/215 treatment level is necessary. From the 

data in Figure V11.7, a 4 MGD plant at this treatment level would cost $14.66 million for a total cost of $18.26 

million. With water conservation, a 3 MGD plant is proposed at a total cost of $14.17 million. Each 2 MGD 

increase in capacity would cost $7.97 million for a total cost (in 1990 dollars) of $9.92 million. 

These capital costs were then amortized over 25 years at 10 percent interest. A 5 percent discount rate 

was then applied to each annual payment and the cumulative costs determined. These estimates are 

shown in Figure VII.11. The result is a total cost of $39.60 million without water conservation and $34.63 

with conservation. 

VILC.l.b Wastewater Collection Systems 

With one plant located at Mankin's Crossing, the majority of the collection system will depend on gravity 

flow. Highway 29 represents the division of flows corning in from the north and south, with the exclusion 

of basin 0 which flows by gravity toward the existing plant, north of Highway 29 (see Figure VII.12 and 

Table VII.5). 

Contributing Flows SQuth of Highway 29 

Since 1985, basins 3a and 3b have been diverted to the Smith Branch interceptor, F', and will continue 

under all scenarios. As the Southwestern Industrial District develops, force mains to basins 3b and F will 
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Georgetown Regional Wastewater Planning Study 

Possible Build-out Demand and Capacity Relationship for a Single 
Georgetown Regional Facility at Mankin's Crossing With 15% Water Conservation 
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Table VI1.4 

Estimated Cost 01 SinglE! Regional Facility a1 Mankin's Crossing 
With and Without Water Conservation (1990 Through 2030) al 

Proposed Mankin'. Crossing Facility Without Water Conservation: 

Function 1990 1995 2000 , . Construction Cost bl 14.662 
2. Engineering c/ , .026 

3. Lande!! 0.00' 
4. Surveying and Staking 81 0.440 
5. Legal and Adminstration fl 0.367 
6. Permitting and Fees 91 0.293 
,. Continoencies hi , .466 

ITotai , 8.255 0.000 0.000 

Proposed Mankin's Crossing Facility WIth 15% Water Conservation: 

Function 1990 1995 
1. Construction Cost bl , '.384 
2. Engineering c/ 0.797 
3. Land e!! 0.00' 
4. Surveying and Staking e/ 0.342 
5. Legal and Adminstration 11 0.285 
6. Permitting and Fees gl 0.228 
7. Continoencies hi , .138 

!Total 14.174 0.000 
a,' All costs assume 1990 dollars (Oo/c annual inflation). 
b / Computed from Capital Cost Curves (Figur. VII. 7). 
c / Based on ASeE General Engineering Service FeEl Curves. 
d / Based on current estimated cost of $5,OOO/acre. 
e / Based on 3% 01 construction cost. 
f I Based on 2.5%, of constructton cost 
9 I Based on ?/c of construction cost. 
h I Based on 1 (lQ/c of construction cost. 

2000 

0.000 

Total Cost ($ Million) 
2005 2010 2015 

7.966 
0.558 
0.000 
0.239 
0.199 
0.159 
0.797 

0.000 9.918 0.000 

Total Cost ($ Million) 
2005 2010 2015 
7.966 
0.558 
0.000 
0.239 
0.'99 
0.'59 
0.797 
9.9'8 0.000 .... 0.000 

2020 2025 2030 
7.966 
0.558 
0.000 
0.239 
0.'99 
0.'59 
0.797 

I 9.918 0.000 0.000 

I 2020 2025 2030 
7.966 
0.558 
0.000 
0.239 
o. '99 
0.159 
0.797 

I 9.91.B 0.000 0.000 
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Georgetown Regional Wastewater Planning Study 

Cumulative Treatment Cost for Single Regional Facility at Mankin's 
Crossing With and Without 15% Water Conservation 
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Interceptor 
Mankin's Crossin( 

Al 
A" 

A2' 
A2 
A2a 
A' 
A 

A3 
B' 
B 

B l' 
Bl 
C 
D' 
D 

FS 
Dl 
Dl' 
E 
F 
F' 

(.5)SWID(East) 
0' 
3a 
3b 
3b' 

(.5)SWID(West) 
2W 
2E 
2N 
1 " 
1 ' 
5a 
5b 

W.R. 

Table VI1.5 
Flows Used to Determine Pipe Sizing In Collection Systems 

Single Plant Development Scenario 

2030 Pop. Contributing Total Average 
Served Areas Daily Flows (MGD 

WWTP 
151 16,610 

A' + A2 + A2a 5,575,585 
A2 + A2a 68,310 

314 34,540 
307 33,770 

A + A3 + C + B + Bl 5,507,275 
2N + 2W + 2E + 0 + 

219780 3,941,741 
412 45,320 

B + Bl + C 1,520,214 
5,446 626,290 

P 893,924 
7,207 828,805 

65,119 
Dl + D 2,771,321 

541 D + FS 289,489 
229,979 

682 Dl' + Dl 2,481,832 
E + F + SWID + 3a + 3b 2,406,812 

3,831 459,720 
4,387 F + SWID(East) 924,431 

3b' + F 1,947,092 
441,861 

10,290 1,131,900 
748 82,280 

4,532 498,520 
3a + 3b + (.5)SWID(East) 1,022,661 

441,861 
(.33)2 + 0 1,514,737 

(.33)2 382,837 
(.33)2 + 1 " 1,824,387 

1 + 5a + 5b + WR 1,441,550 
(.66) 1 .. 5a 922,147 

2,524 277 ,640 
1,463 5b + WR 201,960 

373 41,030 
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Peak Flow 
J.MGQl 

66,440 
13,938,963 

273,240 
138,160 
135,080 

13,768,188 

9,854,353 
181,280 

4,560,642 
2,505,160 
3,575,696 
3,315,220 

260,476 
6,928,303 

1,157,95 
919,916 

6,204,580 
6,017,030 
1,838,880 
3,697,724 
5,841,276 
1,767,444 
3,395,700 

329,120 
1,994,080 
3,067,983 
1,767,444 
4,544,211 
1,531,348 

5,473 
4,324,650 
3,688,586 
1,110,560 

807,840 
164,120 



divert these flows into the Smith Branch interceptor as well. Basin E gravity flows into the eastern end of 

the Smith Branch interceptor, and here, a lift station and force main will pump the cumulative flows into 

basin Dl, where gravity flow is achieved past the western ridge line. The Far South basin, which is a com

bination of force mains and gravity lines, will be pumped into the southwest end of basin D which gravity 

flows and converges with basin Dl. The cumulative flows from basins D and Dl gravity flow into the 

Mankin's Crossing wastewater treatment plant through the line called D'. 

Contributing Flows North of Highway 29 

To the west, flows contributing to line A east of the existing treatment plant include Wood Ranch into 5b, 

5a and 1 into l' (which parallels an existing 10" interceptor) and l' and 5b into I" (which parallels an exist

ing 12" interceptor). Line I" contributes to 2N (2 North), which parallels the same 12" interceptor as I", 

and line 0 contributes to 2W (2 West). Lines 0 and 2W parallel an existing 10· interceptor, which leads to 

the existing treatment plant. Lines 2N and 2E (2 East) lead to the existing treatment plant as well. Line A 

is the main interceptor leading to the Mankin's Crossing wastewater treatment plant. 

Lines Bland C converge to form line B 1'. Lines B l' and B converge to form line B'. Lines B' and A3 con

verge with line A to form line A'. Lines A2a and A2 converge to form line A2', which combines with line A' 

to form line A". Lines Aland A" gravity flow into the Mankin's Crossing wastewater treatment plant. 

VII.C.2 Two Plant Scenario 

VII.C.2.a Wastewater Treatment Plants 

Phasing of Facilities 

In the two plant scenario the existing Georgetown plant is retained at its present capacity. However, its 

service area is reduced such that it will meet the demands of this area predicted for 2030. This has the ef

fect of saving costs in two ways. First, the collection systems do not have to be modified once a decision 

is made as to which drainage areas are to be served by each plant. Second, the plant is currently under 

TWC mandate to upgrade treatment levels for all flows greater than 1.8 MGD. In order to retain its current 

level of operation, a higher level of treatment is required. Under this, and subsequent scenarios, the 

treatment capacity would be reduced to 1.7 MGD until 2015, and major improvements to the plant could 

be delayed, as described in Section VII.A.2. 

A second, larger plant would be built at Mankin's Crossing. A 2 MGD plant built in 1990 would provide 

enough capacity until 2005. The addition of another 2 MGD of capacity at this time (plus an upgrade at the 

Georgetown plant in 2015) would extend the life of the plant until 2020. At this time an additional 1.5 MGD 
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would be needed to extend the life of the plant until 2030. In Figure VI1.13 the flow capacities of each 

plant are superimposed on flow projections, demonstrating how the demand at each site would be met. 

In Table VIL6 the drainage areas served by each plant are shown. In order to reduce the service area of 

the existing plant so that its capacity is adequate until the year 2030, some of its current drainage areas are 

diverted to Mankin's Crossing. Because State Highway 29 lies along a major ridge, the best way to 

achieve this is to divert all flows south of the highway to Mankin's Crossing. This leaves drainage areas 1, 

2, 5a, 5b and the Woods Ranch in the Georgetown service area. In addition to serving all areas south of 

State Highway 29 (areas 0, 3a, 3b, SWID, E, F, F.S., D, and Dl), the Mankin's Crossing plant would serve 

the Berry Creek watershed (areas B, Bland C), Weir (A 1, A2, A2a and A3) and drainage area A. 

The same calculations were performed under conditions of 15 percent water conservation. Table VII.7 

shows how wastewater generation would be reduced under this scenario. By 2030 total flows to the 

Georgetown plant would be reduced to 2.2 MGD, and to the Mankin's Crossing plant to 4.5 MGD. As a re

sult, upgrading the Georgetown plant could be delayed further, to 2020, and the Mankin's Crossing plant 

could be built in three, smaller increments. Starting with a 1.5 MGD plant in 1990, Mankin's Crossing 

would not have to be increased to 3 MGD until the year 2000. The addition of another 1.5 MGD of capacity 

in the year 2015 would provide enough capacity until 2030 (Figure VIL14). 

Cost Estimates 

The two plant scenario assumes that the existing Georgetown treatment plant will be upgraded in 2015 

wilhout water conservation and in 2020 with conservation. This is estimated to cost a total of $1.26 million. 

A second facility is built at Mankin's Crossing at a treatment level of 101216. A 2 MGD plant would cost a to

tal of $6.08 million (approximately the same as a 10/314 plant) and a 1.5 MGD plant (under conditions of 15 

percent water conservation) would cost a total of $4.75 million, the initial phases proposed in 1990 under 

the two plant scenarios. Each additional 1.5 MGD increase in capacity is also estimated at $4.75 million 

(Tables VIL8 and VIL9). 

Each set of figures for capital outlay was amortized over 25 years at 10 percent interest, and the total ex

pense for each year was then converted to present value using a 5 percent discount rate. The cumulative 

cost for each scenario is shown in Figure V11.15. Without water conservation this amounts to a total of 

$17.06 million and with conservation to $15.24 million. 
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Figure VII.13 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown 
and Mankin's Crossing Plants 

I!III Mankin's Crossing Demand 

• City of Georgetown Demand 

~ Mankin's Crossing Capacity 

P2 City of Georgetown Capacity 

1990 1995 2000 2005 2010 

Year 

2015 2020 2025 2030 



Table VII.6 
Georgelown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown 
and Mankin's Crossing Plants 

Basins Contributing to Existing City of Georgetown Facility: 

Proiected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 

1 North Fork San Gabriel 0.339 0.456 0.666 0.794 
2 Downtown (north) 0.334 0.410 0.610 0.743 
5a Booty's Crossing 0.033 0.076 0.120 0.210 
5b Middle Fork San Gabriel 0.032 0.046 0.082 0.102 

W.R. Wood Ranch 0.015 0.020 0.025 0.035 
0.753 1.008 1.503 1.884 

Basins Contributing to a Mankin's Crossing Facility: 

Proiected Wastewater Flow {MGD} 
Basin Description 1990 2000 2010 2020 

0 Downtown (south) 0.378 0.568 0.825 0.916 
3a South Fork San Gabriel 0.000 0.031 0.050 0.063 
3b South Fork San Gabriel 0.138 0.203 0.289 0.394 
A San Gabriel 0.039 0.070 0.126 0.162 
B Pecan Branch 0.178 0.266 0.362 0.471 
Bl Berry Creek 0.219 0.326 0.514 0.623 
C Dry Berry Creek 0.010 0.025 0.038 0.050 
D Mankin's Branch 0.000 0.017 0.030 0.045 
Dl North Mankin's Branch 0.014 0.021 0.036 0.049 
E Smith's Branch 0.033 0.069 0.145 0.304 
F 1- 35 South 0.076 0.148 0.284 0.373 

SWID Industrial District 0.100 0.175 0.230 0.300 
F.S. Westinghouse Road 0.075 0.100 0.150 0.195 
Al East Weir 0.004 0.007 0.010 0.013 
A2 Middle Weir 0.010 0.015 0.020 0.025 
A2a West Weir 0.009 0.015 0.020 0.026 
A3 East Fork San Gabriel 0.012 0.020 0.025 0.035 

1.295 2.076 3.154 4.044 

Total Required Treatment Capacity: 

ProLected Wastewater Flow (MGD) 
I Basin I Description 1990 J 2000 1 2010 I 2020 J 
I All IT otal Wastewater Flow 2.048 I 3.084 I 4.657 I 5.928 I 
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2030 
0.962 
1.149 
0.278 
0.161 
0.041 
2.591 

2030 
1.132 
0.082 
0.499 
0.220 
0.626 
0.828 
0.065 
0.060 
0.075 
0.460 
0.483 
0.353 
0.230 
0.017 
0.035 
0.034 
0.045 
5.244 

2030 
7.835 



Table VI!.7 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown 
and Mankin's Crossing Plants With 15% Water Conservation 

Basins Contributing to Existing City of Georgetown Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 

1 North Fork San Gabriel 0.288 0.388 0.566 0.675 
2 Downtown (north) 0.284 0.349 0.519 0.632 
5a Booty's Crossing 0.028 0.065 0.102 0.179 
5b Middle Fork San Gabriel 0.027 0.039 0.070 0.087 

W.R. Wood Ranch 0.013 0.017 0.021 0.030 
0.640 0.858 1.278 1.603 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 

0 Downtown (south) 0.321 0.483 0.701 0.779 
3a South Fork San Gabriel 0.000 0.026 0.043 0.054 
3b South Fork San Gabriel 0.117 0.173 0.246 0.335 
A San Gabriel 0.033 0.060 0.107 0.138 
B Pecan Branch 0.151 0.226 0.308 0.400 

Bl Berry Creek 0.186 0.277 0.437 0.530 
C Dry Berry Creek 0.009 0.021 0.032 0.043 
D Mankin's Branch 0.000 0.014 0.026 0.038 

Dl North Mankin's Branch 0.012 0.018 0.031 0.042 
E Smith's Branch 0.028 0.059 0.123 0.258 
F 1- 35 South 0.065 0.126 0.241 0.317 

SWID Industrial District 0.085 0.149 0.196 0.255 
F.S. Westinghouse Road 0.064 0.085 0.128 0.166 
Al East Weir 0.003 0.006 0.009 0.011 
A2 Middle Weir 0.009 0.013 0.017 0.021 

A2a West Weir 0.008 0.013 0.017 0.022 
A3 East Fork San Gabriel 0.010 0.017 0.021 0.030 

1.101 1.766 2.683 3.439 

Total Required Treatment Capacity: 

Projected Wastewater Flow (MGD) 
I Basin I Description 1990 I 2000 I 2010 I 2020 I 
I All I Total Wastewater Flow 1.741 J 2.624 I 3.961 I 5.042 i 
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2030 
0.818 
0.977 
0.236 
0.137 
0.035 
2.202 

2030 
0.962 
0.070 
0.424 
0.187 
0.532 
0.704 
0.055 
0.051 
0.064 
0.391 
0.411 
0.300 
0.196 
0.014 
0.030 
0.029 
0.038 
4.457 

2030 
6.660 
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Figure VI1.14 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown 
and Mankin's Crossing Plants With 15% Water Conservation 

III Mankin's Crossing Demand 

• City of Georgetown Demand 

~ Mankin's Crossing Capacity 
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Table VII.B 
Estimated Cost of City of Georgetown and Mankin's Crossing 

Wastewater Treatment Plants Without Water Conservation (1990 Through 2030) aI 

Exl.1I G Faclll , : 
Tota! Cost ($ Million) 

Function 1990 1995 2000 2005 2010 
1 . Construction Cost bi 
2 Engineering cl 

3. Land d! 
4. SurveYing and Staking e,' 
5. Legal and Adminstration 11 
6. Permitting and Fees 91 
7. Continoencies hi 

1T0tai --- J -- 0.000 O.OOQ. - 0.000 
-

0.000. O.OO() 

prop08ed ManKin". Crossin Faclll!y! 
Total Cos! r$ Million) 

Function 1990 1995 2000 2005 2010 
1 . Construction Cost bl 4.BBO 4.BBO 
2. Engineering cl 0.344 0.344 
3. Landdl 0.001 0.001 
4. Surveying and Staking o! 0.146 0.146 
5. Legal and Adminstration fl 0.122 0.122 
6. Permitting and Fees 91 0.098 0.098 
, . Continoencies hi 0.488 0.48B 

ITot .. 6.079 0.000 0.000 6.079 0.000 

Total Projected Expenditures Without Water Conservation: 
I .... _~_I ,..._ • II!!' •• ,,,, _\ 

Total Cost 
a.' AI! costs assume 1990 dollars (0% annual inflation). 
b! Computed from Capit" Cost Curves (Figur. VII.7). 
c / Based on ASCE General Engineering Service Fee CUrves. 
d I Based on current estimated cost of $5,OOO/acre. 
e! Based on ~/D 01 construction cost. 
f I Based on 2.5% of construction cost. 
9 I Based on 20/0 of construction cost. 
h I Based on 1 0'% of construction cost. 

2015 ; 

1.000 
0.OB1 
0.000 
0.030 
0.025 
0.020 
o 100 
1.256 j 

2015 I 

0.00.0 

2020 2025 2030 

! 

I 

0.000 0.000. 0.000 I 

2020 2025 2030 
3.786 
0.267 
0.001 
0.114 
0.095 
0.076 
0.379 
4.716 0.000 0.00.0 
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Table VIi.9 
Estimated Cost of City of Georgetown and Mankin's Crossing 

Wastewater Treatment Plants With 15% Water Conservation (1990 Through 2030) 

... A .... ,I.~ '-" ....... ,:tf ............. , J u"" .• . 

I 
Function I 1990 1995 2000 

1 . Construction Cost b/ 

2. Engineering c/ 

3, LanddJ 

14 

Surveying and Staking e/ 

5. Legal and Adminstration 1/ 
6. Permitting and Fees gi 

i7 Continoencies hi 
ITotai 0,000 0,000 0.000 

. .... ,.. ........... ............... _. __ ...... III . ........... 

Function 1990 I 1995 2000 
1. Construction Cost b,t 3.786 I 3.786 
2. Engineering c! 0.295 0.273 
3. Land d' 0.001 0.000 
4. Surveying and Staking e/ 0.114 0.114 
5. Legal and Adminstration 11 0.095 0.095 
6. Permitting and Fees g/ 0.076 0.076 
7, Continoencies hi 0.379 0.379 

I Total 4.745 0.000 4.721 

Total Projected Expenditures With 15% Water Conservation' 

1990 J 1995 
ITotai Cost 4,745 I 0.000 

al AI! costs assume 1990 dollars (0'%, annual inflation). 
b I Computed from Capital Cost Curves (Figure VI1.7), 
c / Based on ASCE. General Engineering Service Fee Curves. 
d / Based on current estimated cost of $5,OOO/acre. 
e / Based on JOIc, 01 construction cost. 
f / Based on 2.5% of constructton cost. 
9 / Based on ~/o 01 construction cost. 
h / Based on 1 0% of construction cost. 

1 2000 
I 4.721 

Tota! Cos! ($ Million) 

2005 2010 2015 ! 

0,000 0,000 0,000 

Total Cost ($ Million) 
2005 2010 I 2015 

3.786 
0.273 
0.000 
0,114 
0.095 
0.076 
0.379 

0,000 0.000 4.721 

Total Cost ($ Million) 

J 2005 I 2010 I 2015 I 
I 0.000 I 0,000 I 4.721 I 

J 
2020 2025 2030 , 

1.000 , 

0, 081 

I 

0.000 
0.030 
0.025 
0.020 

I 0.100 
1.256 0.000 0.000 i 

2020 2025 2030 

0.000 0.000 0.000 

2020 I 2025 I 2030 
1,256 I 0.000 I 0.000 I 
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Cumulative Treatment Cost for City of Georgetown and Mankin's 
Crossing Plants With and Without 15% Water Conservation 
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VII.C.2.b Wastewater Collection Systems 

As with the one plant scenario, the two plant collection system will rely heavily on gravity flow. Highway 29 

represents the division 01 flows coming in from the north and south. The existing plant is kept at 2.5 MGD 

by diverting basin 0 to the Mankin's Crossing plant (see Figure VII.16 and Table Vll.l 0). 

Contrjbuting Flows South-.QfJ::tighway 29 

Flows from basins 3a and 3b are diverted to the existing 12" Smith Branch interceptor, F', through the 

force main 3b'. As the Southwestern Industrial District develops, force mains leading to basins 3b and F 

will divert SWID flows into the Smith Branch interceptor as well. 

Basin E gravity flows into the eastern end of the Smith Branch interceptor, and here, a lift station and foree 

main will pump the cumulative flows into basin 01, where gravity flow is achieved past the western ridge 

line. Flows from basin 0, through a series of gravity sewers and force mains, will also be diverted to basin 

Dl through the force main 0'. 

A combination of force mains and gravity lines will pump sewage from the Far South basin into the south

west end of basin D, which gravity flows and converges with basin Dl. The cumulative flows from basins D 

and Dl gravity flow into the Mankin's Crossing wastewater treatment plant through the line called D'. 

Contributing Flows North of Highway 29 

To the west, flows contributing to the existing treatment plant include Wood Ranch into 5b, 5a and 1 into 

I' (which parallels an existing 10" interceptor) and I' and 5b into 1" (which parallels an existing 12" inter

ceptor). Line 1" contributes to 2N (2 North), which parallels the same 12" interceptor as 1" and leads to 

the existing treatment plant. Lines 2E (2 East) and 2W (2 West) lead to the existing treatment plant as well. 

Lines Bl and C converge to form line Bl'. Lines BI' and B converge to form line B'. Lines A and A3 con

verge with line B' to form line A'. Lines A 1 and A" gravity flow into the Mankin's Crossing wastewater treat

ment plant. 
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Interceplor 

Table VII.l0 
Flows Used to Determine Pipe Sizing In Collection Systems 

2 Plant Development Scenario 

2030 Pop. Contributing Total Average 
Served Areas Daily Flows (MGD 

Mankin's Crossin~ WWTP 
Al 1 51 16,610 
A" A' + A2 + A2a 1,853,624 

A2' A2 + A2a 68,310 
A2 314 34,540 
A2a 307 33,770 
A' A + A3 + C + 6 + 61 1,785,314 
A 1,998 219,780 

A3 412 45,320 
6' 6 + 61 + C 1,520,214 
6 5,446 626,290 

61 ' 61 + C 893,924 
61 7,207 828,805 
C 65,119 
D' Dl + D 3,903,221 
D 541 D + FS 289,489 

FS 229,979 
Dl 682 Dl' + 0' + Dl 3,613,732 
Dl ' 3b + E + F + SWID(East) 2,406,812 
E 3,831 459,720 
F 4,387 F + SWID(East) 924,431 
F' 3b' + F 1,947,092 

(.5)SWID(Easl) 441,861 
0' 10,290 1,131,900 

o West 565,950 
o East 565,950 

3a 748 82,280 
3b 4,532 498,520 
3b' 3a + 3b + (.5)SWID(East) 1,022,661 

i(.5)SWID(West\ 441"861 
Georgetown WWTP 

2W ( .33)2 382,837 
2E (.33 )2 382,837 
2N (.33)2 + 1 " 1,824,387 
1 " 1 + 5a + 5b + WR 1,441,550 
1 ' (.66) 1 + 5a 922,147 
5a 2,524 277,640 
5b 1,463 5b + WR 201,960 

W.R. 373 41,030 
1 8,745 317,444 
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Peak Flow 
(MGD) 

66,440 
5,560,872 

273,240 
138,160 
135,080 

5,355,942 
879,120 
181,280 

4,560,642 
2,505,160 
3,575,696 
3,315,220 

260,476 
9,758,053 

1,157,95 
919,916 

9,034,330 
7,220,436 
1,838,880 
3,697,724 
5,841,276 
1,767,444 
3,395,700 
2,263,800 
2,263,800 

329,120 
1,994,080 
3,067,983 
1 767 444 

1,531,348 
1,531,348 

5,473 
4,324,650 
3,688,586 
1,110,560 

807,840 
164,120 

1,269,776 



VII.C.3 Three Plant Scenario 

VII.C.3.a Wastewater Treatment Plants 

Phasing of Facilities 

The three plant scenario assumes that an additional plant would be built at Berry Creek. The existing 

Georgetown plant would serve the same areas as those described in the previous scenario, with an up

grade in 2015 without water conservation measures, and in 2020 with water conservation. 

A plant at Berry Creek would serve the Berry Creek watershed (drainage areas B, B1 and C) plus drainage 

area A. This results in total wastewater flows to this plant of 1.7 MGD by 2030 without water conservation 

and 1.5 MGD with conservation (Tables VII.11 and VII.12). The remaining basins would be served by 

Mankin's Crossing. Figure VI1.17 shows the total capacity served by each plant under a no conservation 

scenario. In Figure VII.1S the overall reduction in flows as a result of conservation is shown. These figures 

also show the requisite plant capacities for each scenario. 

Without water conservation a 1 MGD plant at Berry Creek built in 1990 would have to be increased to 2 

MGD in 2015. At Mankin's Crossing a 1.5 MGD plant could be built in 1990 and increased to 3.5 MGD in 

2005. With water conservation, the Berry Creek plant could be built in two 0.75 MGD increments, in 1990 

and 2010. This would provide adequate capacity for the whole of the planning period. AI Mankin's 

Crossing only two 1.5 MGD components would be required, one in 1990 and the other in 2010. 

Cost Estimates 

In the three plant scenario the capital costs in 1990 are the first phases of an additional plant at both 

Mankin's Crossing and Berry Creek, both at a treatment level of 10/3/4. Al MGD plant at Berry Creek is 

estimated to cost a total of $3.32 million and a 1.5 MGD plant at Mankin's Crossing would cost $4.75 mil

lion. By 2005 additional capacity would be required at Mankin's Crossing at a cost of $6.11 million. In 

2015 the existing Georgetown plant would be upgraded at a cost of 1.26 million and an additional 1 MGD 

of capacity would be added at Berry Creek at a cost of $3.32 million (Table VII.13). 

Using a scenario in which water conservation results in a 15 percent reduction in wastewater flows, the ini

tial phase would be reduced to a cost of $2.57 million at Berry Creek with a similar expenditure in 2010. 

Additional capacity would also be required at Mankin's Crossing in 2010 at a cost of $4.74 million. Im

provements to the Georgelown plant would cost $1.26 million in 2020 (Table VII.14). 

The capital costs amortized over 25 years at 10 percent interest were summed for each year. Using a 5 

percent discount rate, annual expenditures were converted to present value. The cumulative costs are 
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Table VII.ll 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown, 
Berry Creek, and Mankin's Crossing Plants 

Basins Contributing to Existing City of Georgetown Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 

1 North Fork San Gabriel 0.339 0.456 0.666 0.794 
2 Downtown (north) 0.334 0.410 0.610 0.743 
5a Booty's Crossing 0.033 0.076 0.120 0.210 
5b Middle Fork San Gabriel 0.032 0.046 0.082 0.102 

W.R. Wood Ranch 0.015 0.020 0.025 0.035 
0.753 1.008 1.503 1.884 

Basins Contributing to a Berry Creek Facility: 

Projected Waslewater Flow (MGDt 
Basin Description 1990 2000 2010 2020 

A San Gabriel 0.039 0.070 0.126 0.162 
B Pecan Branch 0.178 0.266 0.362 0.471 
Bl Berry Creek 0.219 0.326 0.514 0.623 
C Dry Berry Creek 0.010 0.025 0.038 0.050 

0.446 0.687 1.040 1.306 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 

0 Downtown (south) 0.378 0.568 0.875 0.916 
3a South Fork San Gabriel 0.000 0.031 0.050 0.063 
3b South Fork San Gabriel 0.138 0.203 0.289 0.394 
0 Mankin's Branch 0.000 0.017 0.030 0.045 

01 North Mankin's Branch 0.014 0.021 0.036 0.049 
E Smith's Branch 0.033 0.069 0.145 0.304 
F 1- 35 South 0.076 0.148 0.284 0.373 

SWID Industrial District 0.100 0.175 0.230 0.300 
F.S. Westinghouse Road 0.075 0.100 0.150 0.195 
AI East Weir 0.004 0.007 0.010 0.013 
A2 Middle Weir 0.010 0.015 0.020 0.025 

A2a West Weir 0.009 0.015 0.020 0.026 
A3 East Fork San Gabriel 0.012 0.020 0.025 0.035 

0.849 1.389 2.114 2.738 

Total Required Treatment Capacity: 

Projected Wastewater Flow (MGD) 
I Basin I Description 1990 I 2000 I 2010 I 2020 
I All IT otal Wastewater Flow 2.048 I 3.084 I 4.657 I 5.928 
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2030 
0.962 
1.149 
0.278 
0.161 
0.041 
2.591 

2030 
0.220 
0.626 
0.828 
0.065 
1.739 

2030 
1.132 
0.082 
0.499 
0.060 
0.075 
0.460 
0.483 
0.353 
0.230 
0.017 
0.035 
0.034 
0.045 
3.505 

I 2030 
I 7.835 



Table VII.12 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown, Berry Creek, 
and Mankin's Crossing Plants With 15% Water Conservation 

Basins Contributing to Existing City of Georgetown Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

1 North Fork San Gabriel 0.288 0.388 0.566 0.675 0.818 
2 Downtown (north) 0.284 0.349 0.519 0.632 0.977 
5a Booty's Crossing 0.028 0.065 0.102 0.179 0.236 
5b Middle Fork San Gabriel 0.027 0.039 0.070 0.087 0.137 

W.R. Wood Ranch 0.013 0.017 0.021 0.030 0.035 
0.640 0.858 1.278 1.603 2.202 

Basins Contributing to a Berry Creek Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

A San Gabriel 0.033 0.060 0.107 0.138 0.187 
B Pecan Branch 0.151 0.226 0.308 0.400 0.532 

Bl Berry Creek 0.186 0.277 0.437 0.530 0.704 
C Dry Berry Creek 0.009 0.021 0.032 0.043 0.055 

0.379 0.584 0.884 1.111 1.478 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.321 0.483 0.700 0.779 0.962 
3a South Fork San Gabriel 0.000 0.026 0.043 0.054 0.070 
3b South Fork San Gabriel 0.117 0.173 0.246 0.335 0.424 
0 Mankin's Branch 0.000 0.014 0.026 0.038 0.051 

01 North Mankin's Branch 0.012 0.018 0.031 0.042 0.064 
E Smith's Branch 0.028 0.059 0.123 0.258 0.391 
F 1- 35 South 0.065 0.126 0.241 0.317 0.411 

SWID Industrial District 0.085 0.149 0.196 0.255 0.300 
F.S. Westinghouse Road 0.064 0.085 0.128 0.166 0.196 
Al East Weir 0.003 0.006 0.009 0.011 0.014 
A2 Middle Weir 0.009 0.013 0.017 0.021 0.030 

A2a West Weir 0.008 0.013 0.017 0.022 0.029 
A3 East Fork San Gabriel 0.010 0.017 0.021 0.030 0.038 

0.722 1.182 1.799 2.328 2.979 

Total Required Treatment Capacity: 

Projected Wastewater Flow(MGD) 
I Basin I Description 1990 I 2000 I 2010 I 2020 I 2030 

I All ITotal Waslewater Flow 1.741 I 2.624 I 3.961 I 5.042 I 6.660 
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Figure VI1.17 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, 
Berry Creek, and Mankin's Crossing Plants 
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Figure VI1.18 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, 
Berry Creek, and Mankin's Crossing Plants With 15% Water Conservation 
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Table VI1.13 
EstImated Cost of City of Georgetown. Berry Creek, and Mankin's Crossing 

Wastewater Treatment Plants Without Water Conservation (1990 Through 2030) a! 

Existing Georgetown Faellltv: 

Function '990 1995 2000 
1 . Construction Cost bl 
2. Engineering c/ 
3. Land d/ 
4. Surveying and Staking s/ 

15 
Legal and Adminstration ff 

6. Permitting and Fees 9/ 

17. Continoencies hi 
IT otal 0.000 0.000 0.000 

r ...... ,... .... ___ -_." -, ........ ............ 

I Function I 1990 1995 2000 

I~: 
Construction Cost bl 2.646 
Engineering cl 0.206 

3. LanddJ 0.001 
4. Surveying and Staking al 0.079 
5. Legal and Admin stration f/ 0.066 
6. Permitting and Fees gl 0.053 
7. Continoencies hi 0.265 

/Total ~.~ L_. O.OOO __ ~,~. 

t"'roposea ManKIn-. ~r08sm rBclmy.; 

Function 1990 1995 2000 
1 . Construction Cost bl 3.786 
2. Engineering c! 0.295 
3. LanddJ 0.001 
4. Surveying and Staking 9/ 0.114 
5. Legal and Adminstration 11 0.095 
6. Permitting and Fees 91 0.076 
7. Continoencies hI 0.379 

I Total 4.745_ c. O.oog _ 0.000 

Total Projected Expenditure. Without Water Con •• rvatlon: 
I 

1990 1995 
I Total Cost 8.061---.l 0.000 

al All costs assume 1990 dollars (0% annual inflafion). 
b 1 Computed from Capital Cost Curves (Figure VII. 7). 
c 1 Based on ASCE General Engineering Service Fe. Curves. 
d I Based on current estimated cost of $5,OOO/acre. 
e I Based on 3% 01 constnJct;on cost. 
f I Based on 2.SD/Q of construction cost. 
g I Based on 2% of construction cost. 
h I Based on 1 Q%, of construction coSt. 

I 2000 

J 0.000 
I 

J 

Total Cost ($ Million) 
2005 2010 2015 I 

1.000 
0.081 
0.000 
o 030 
0.025 
0.020 
0.100 

0.000 0.000 1.256 i 

Total Cost ($ Million) 
2005 2010 2015 i 

2.646 
, 

0.206 
0.000 
0.079 
0.066 
0.053 
0.265 

0.000 0.000 3.315 

Total Cost ($ Million) 
2005 2010 2015 I 
4.880 
0.381 
0.000 
0.146 
0.122 
0.098 
0.488 
6.115 0.000.._ c......Jl .. 000 _ 

Total Cost ($ Million) 
2005 2010 2015 I 
6.115 .1 3.315 .1 #REFI L 

2020 2025 2030 

0.000 I 0.000 0.000 

2020 2025 2030 

I 

0.000 0.000 O~J 

, 

2020 2025 2030 

0.000 0.000 0.000 

I 
2020 I 2025 J 2030 I 
0.000 .1 0.000 .1 0.000 J 



shown in Figure VII.19 for each scenario. This amounts to $20.14 million without water conservation and 

$16.90 million with conservation. 

VII.C.3.b Wastewater Collection Systems 

Three Plant Scenario 

As with the one plant and two plant scenarios, the three plant collection system will consist mostly of grav

ity sewer lines. Again, Highway 29 represents the division of flows coming in from the north and south, 

and the existing plant is kept at 2.5 MGD by diverting flows from basin 0 to the Mankin's Crossing plant 

(see Figure VI1.20 and Table VII.15). 

Contributing Flows South of Highway 29 

Flows from basins 3a and 3b are diverted to the existing 12· Smith Branch interceptor, F', through the 

force main 3b'. As the Southwestern Industrial District develops, force mains leading to basins 3b and F 

will divert SWID flows into the Smith Branch interceptor as well. 

Contributing Flows North of Highway 29 

To the west, lIows contributing to the existing treatment plant include Wood Ranch into 5b, 5a and 1 into 

l' (which parallels an existing 10· interceptor) and l' and 5b into 1· (which parallels an existing 12· inter

ceptor). Line 1· contributes to 2N (2 North). which parallels the same 12· interceptor as 1· and leads to 

the existing treatment plant. Lines 2E (2 East) and 2W (2 West) lead 10 the existing treatment plant as well. 

Basin E gravity lIows into the eastern end of the Smith Branch interceptor, and here, a lilt station and force 

main will pump the cumulative flows into basin 01, where gravity flow is achieved past the western ridge 

line. Flows from basin 0, through a series of gravity sewers and force mains, will also be diverted to basin 

Dl through the force main 0'. 

A combination of force mains and gravity lines will pump sewage from the Far South basin into the south

west end of basin D, which gravity flows and converges with basin Dl. The cumulative flows from basins D 

and Dl gravity flow into the Mankin's Crossing wastewater treatment plant through the line called D'. 

Lines Bland C converge to form line B 1'. Lines B l' and B converge to form line B' which leads to the 

Berry's Creek site. Lines A and A3 lead directly to the confluence of Berry Creek with Pecan Branch. 

Lines A2a and A2. converge to form line A2', which leads to line A· along the San Gabriel River. Lines Al 

and A" gravity lIow into the Mankin's Crossing wastewater treatment plant. 
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Figure VI1.19 
Georgetown Regional Wastewater Planning Study 

Cumulative Treatment Cost for City of Georgetown, Berry Creek, 
and Mankin's Crossing Plants With and Without 15% Water Conservation 
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Table VII.15 
Flows Used to Determine Pipe Sizing In Collection Systems 

3 Plant Development Scenario 

2030 Pop. Contributing Total Average 
Interceptor Served Areas Daily Flows (MGO 

Mankln's Creek WWTP 
AI 151 16,610 
A" A2 + A2a 68,310 

A2' A2 + A2a 68,310 
A2 314 34,540 

A2a 307 33,770 
A3 412 45,320 
0' 01 + 0 3,903,221 
0 541 0+ FS 289,489 

FS 229,979 
01 682 01' + 0' + 01 3,613,732 
01' 3b + E + F + SWIO(East) 2,406,812 
E 3,831 459,720 
F 4,387 F + SWIO(East) 924,431 
F' 3b' + F 1,947,092 

(.5)SWI0(East) 441,861 
0' 10,290 1,131,900 

o West 565,950 
o East 565,950 

3a 748 82,280 
3b 4,532 498,520 
3b' 3a + 3b + (.5)SWI0(East) 1,022,661 

(.5)SWI0(West 441,861 
Berry Creek WWTP 

A 1,998 219,780 
B' B + Bl + C 1,520,214 
B 5,446 626,290 

B l' Bl + C 893,924 
Bl 7,207 828,805 
C 65,119 

GeorQetown WWTP 
2W (.33 )2 382,837 
2E (.33 )2 382,837 
2N (.33)2 + I" 1,824,387 
1 " 1 + 5a + 5b + WR 1,441,550 
1 ' (.66) 1 + 5a 922,147 
1 8,745 (.33)1 317,444 

5a 2,524 277,640 
5b 1,463 5b + WR 201,960 

W.R. 373 41,030 
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Peak Flow 
(MGO) 

66,440 
273,240 
273,240 
138,160 
135,080 
181,280 

9,758,053 
1,157,95 
919,916 

9,034,330 
7,220,436 
1,838,880 
3,697,724 
5,841,276 
1,767,444 
3,395,700 
2,263,800 
2,263,800 

329,120 
1,994,080 
3,067,983 
1,767,444 

879,120 
4,560,642 
2,505,160 
3,575,696 
3,315,220 

260 476 

1,531,348 
1,531,348 

5,473 
4,324,650 
3,688,586 
1,269,774 
1,110,560 

807,840 
164,120 



VII.C.4 Four Plant Scenario 

VII.C.4.a Wastewater Treatment Plants 

Phasing of Facilities 

Under the four plant scenario, it is assumed that a plant with a capacity of 1 MGD is built at Dove Springs. It 

would serve some of the drainage areas served by Mankin's Crossing in the three plant scenario. Tables 

VII.16 and VII.17 show the basins served by each plant, without water conservation and with conservation. 

Initially, the Dove Springs facility would serve basins 0, 3b, SWID, E and F. By 1995 its capacity would be 

inadequate for all of these basins and flows from basin 0 would then be diverted to Mankin's Crossing. By 

2015 the divertion of flows from basins 3b and SWID to Mankin's Crossing would also be necessary. 

The phasing of the construction of each plant, together with demand projections for its service area, is 

shown in Figures VII.21 and V11.22. The scenarios for the Georgetown plant and the Berry Creek plant, 

with and without water conservation, resemble the three plant scenarios. Because the service area of the 

Mankin's Crossing plant is initially reduced to drainage areas 01, F.S., A I, A2, A2a and A3, the initial pro

posed phase is a 0.25 MGD temporary package plant. In 1995, with the addition of flows from basin 0, a 

1.25 MGD plant would be necessary, with a similar unit added in 2015. With water conservation, each unit 

could be reduced to 1.0 MGD. 

Cost Estimates 

Under the four plant scenario the Mankin's Crossing plant is reduced in size because of the addition of a 

plant at Dove Springs. Cost estimates for the Georgetown and Berry Creek plants are the same as in the 

three plant scenario. An initial 0.25 MGD package plant at Mankin's Crossing would cost $0.80 million and 

a 1 MGD ptant at Dove Springs would cost $3.32 million. The construction of a 1.25 MGD plant at Mankin's 

Crossing in 1995 and again in 2015 would cost $4.04 million (Table VI1.18). With water conservation, the 

cost of these units would be reduced to $3.32 million each (Table VII.19). 

Cumulative costs were calculated as in the other scenarios and are shown in Figure VII.23. Total costs for 

all four plants discounted to present value amount to $21.43 million without water conservation and 

$19.00 million with conservation. 

VII.C.4.b Wastewater Collection System 

The collection system consists mostly of gravity sewer lines. However, with the addition of the Dove 

Springs plant, which has a small gravity service area, more lift station/force main combinations occur in this 

scenario. Again, Highway 29 represents the division of flows coming in from the north and south, and the 
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Table VII.16 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown, 
Berry Creek, Dove Springs, and Mankin's Crossing Plants 

Basins Contributing to Existing City of Georgetown Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 

1 North Fork San Gabriel 0.339 0.456 0.666 0.794 
2 Downtown (north) 0.334 0.410 0.610 0.743 
5a Booty's Crossing 0.033 0.076 0.120 0.210 
5b Middle Fork San Gabriel 0.032 0.046 0.082 0.102 

W.R. Wood Ranch 0.015 0.020 0.025 0.035 
0.753 1.008 1.503 1.884 

Basins Contributing to a Berry Creek Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 

A San Gabriel 0.039 0.070 0.126 0.162 
B Pecan Branch 0.178 0.266 0.362 0.471 

Bl Berry Creek 0.219 0.326 0.514 0.623 
C Dry Berry Creek 0.010 0.025 0.038 0.050 

0.446 0.687 1.040 1.306 

Basins Contributing to a Dove Springs Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 

0 Downtown (south) 0.378 0.000 0.000 0.000 
3b South Fork San Gabriel 0.138 0.203 0.289 0.000 

SWID Industrial District 0.100 0.175 0.230 0.000 
E Smith's Branch 0.033 0.069 0.145 0.304 
F 1- 35 South 0.076 0.148 0.284 0.373 

0.725 0.595 0.948 0.677 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 

0 Downtown (south) 0.000 0.568 0.825 0.916 
3a South Fork San Gabriel 0.000 0.031 0.050 0.063 
3b South Fork San Gabriel 0.000 0.000 0.000 0.394 
0 Mankin's Branch 0.000 0.017 0.030 0.045 

01 North Mankin's Branch 0.014 0.021 0.036 0.049 
SWID Industrial District 0.000 0.000 0.000 0.300 
F.S. Westinghouse Road 0.075 0.100 0.150 0.195 
AI East Weir 0.004 0.007 0.010 0.013 
A2 Middle Weir 0.010 0.015 0.020 0.025 

A2a West Weir 0.009 0.015 0.020 0.026 
A3 East Fork San Gabriel 0.012 0.020 0.025 0.035 

0.124 0.794 1.166 2.061 

Total Required Treatment Capacity: 

Projected Wastewater Row (MGD) 
I Basin I Description 1990 I 2000 I 2010 I 2020 J 
I All ITotal Wastewater Row 2.048 I 3.084 I 4.657 J 5.928 I 
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2030 
0.962 
1.149 
0.278 
0.161 
0.041 
2.591 

2030 
0.220 
0.626 
0.828 
0.065 
1.739 

2030 
0.000 
0.000 
0.000 
0.460 
0.483 
0.943 

2030 
1.132 
0.082 
0.499 
0.060 
0.075 
0.353 
0.230 
0.017 
0.035 
0.034 
0.045 
2.562 

2030 
7.835 



Table VI!.17 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a City of Georgetown, Dove Springs, 
Berry Creek, and Mankin's Crossing Plants With 15% Water Conservation 

Basins Contributing to EXisting City of Georgetown Facility: 

Proiected Wastewater Row (MGDJ 
Basin Description 1990 2000 2010 2020 2030 

1 North Fork San Gabriel 0.288 0.388 0.566 0.675 0.818 
2 Downtown (north) 0.284 0.349 0.519 0.632 0.977 
5a Booty's Crossing 0.028 0.065 0.102 0.179 0.236 
5b Middle Fork San Gabriel 0.027 0.039 0.070 0.087 0.137 

W.R. Wood Ranch 0.013 0.017 0.021 0.030 0.035 
0.640 0.858 1.278 1.603 2.202 

Basins Contributing to a Berry Creek Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 2030 

A San Gabriel 0.033 0.060 0.107 0.138 0.187 
B Pecan Branch 0.151 0.226 0.308 0.400 0.532 
Bl Berry Creek 0.186 0.277 0.437 0.530 0.704 
C Dry Berry Creek 0.009 0.021 0.032 0.043 0.055 

0.379 0.584 0.884 1 .111 1.4 78 

Basins Contributing to a Dove Springs Facility: 

Proiected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.321 0.000 0.000 0.000 0.000 
3b South Fork San Gabriel 0.117 0.173 0.246 0.000 0.000 

SWID Industrial District 0.085 0.149 0.196 0.000 0.000 
E Smith's Branch 0.028 0.059 0.123 0.258 0.391 
F I- 35 South 0.065 0.126 0.241 0.317 0.411 

0.616 0.507 0.807 0.575 0.802 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Row (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.000 0.483 0.701 0.779 0.962 
3a South Fork San Gabriel 0.000 0.026 0.043 0.054 0.070 
3b South Fork San Gabriel 0.000 0.000 0.000 0.335 0.424 
D Mankin's Branch 0.000 0.014 0.026 0.038 0.051 
Dl North Mankin's Branch 0.012 0.018 0.031 0.042 0.064 

SWID Industrial District 0.000 0.000 0.000 0.255 0.300 
F.S. Westinghouse Road 0.064 0.085 0.128 0.166 0.196 
AI East Weir 0.003 0.006 0.009 0.011 0.014 
A2 Middle Weir 0.009 0.013 0.017 0.021 0.030 

A2a West Weir 0.008 0.013 0.01'1 0.022 0.029 
A3 East Fork San Gabriel 0.010 0.017 0.021 0.030 0.038 

0.106 0.675 0.993 1.753 2.178 

Total Required Treatment Capacity: 

Projected Wastewater Row (MGD) 
,. Basin I Description 1990 I 2000 I 2010 I 2020 I 2030 

All I Total Wastewater Row 1.741 I 2.624 I 3.961 I 5.042 I 6.660 

VII-52 



:5 ... 
01 
to) 

8 

7 

[] Dove Springs Demand 

I!lI Barry Creek Demand 

.. Mankin's Crossing Demand 

• City of Georgetown Demand 

6 ~ ~ Dove Springs Capacity 

5 

Wastewater 4 
Flow (MGD) 

3 

2 

1 

o 

[J Berry Creek Capacity 

EO! Mankin's Crossing Capacity 

1990 1995 

Figure VII.21 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, 
Berry Creek, Dove Springs, and Mankin's Crossing Plants 
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Figure VI1.22 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, Berry Creek, 
Dove Springs, and Mankin's Crossing Plants With 15% Water Conservation 
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Tabl. VI1.1a 
Estimated Cost of City of Geortletowr., Berry Creer" DovEl Splinge. and Mankin's Crouing 
Wast_atet Treatment Plants Wltnou~ Water Conservation (1990 Through 2030) a/ 

Exl.tlng aeargetawn "'.CUlt : 

Function '990 1995 
1. Construction Cost bl 

2. Englneerlne cl 
3. Land dl 

4. Surveying and Staking ei 
5. Legal and Admlnstratlon fl 
6. P.rmltting and Fees gi 
7. Contlngenelee hi 

Total 0.000 0.000 

r' .. jo> .... __ P.,,)' ""'_" .-... "" . 
Fundlon 1990 1995 

1. Conlltruc1ion Cost b/ 2.646 
2. Engln •• rlng cJ 0.20S .. lAnd Of 0.001 
4.. Surveying and Staking .' 0.079 
5. i..eeai lind Adminetratlon 1.' O.OSS 
6. Permitting and Fe .. 91 0.053 
7. Contlno.nele. hI 0.265 

ITotal 3.SH 0.000 

Propo .. a Mankin'. ero •• ln HCIIIW: 

Fundlcn Hl90 '995 
,. Construc1ion Cost bl 0.636 3.223 
2. Englne.rlng cl 0.050 0.251 
3. Land dl 0.001 0.001 
4. SurveyltlQ and staking eI 0.019 0.097 
5. Lega! and Admlnltttation tl 0.01£ 0.081 
£. Permtttlns and F ... gl 0.013 0.0£4 
7. Cantlngenelee h.1 0.064 0.322 

Total 0.800 4.039 

r' .. "' ......... ......... "'jo>'"'»" ..... " ••• 

FunctIon 1990 1995 

" Construction Cost bl 2.647 
2. Engineering cI 0.20$ 
3. Land dl 0.001 
4. Su""eylng and Staking eI 0.079 
5. Lagal and Admlnllrtratlon 11 O.OSS 
6. Parmlttlng and F ... gf 0.053 
7. Contil1!:lenele. hI 0.265 

Total 3.318 0.000 

al All cost&. assume '990 dollar, (0% annual Inflation). 
b I Computed from Capital eo.t Curve. (Figure V11.7), 
c f Baud on ASCE General Engln..nng Service Fa. Curv-. 
dl SaNd on current estimated coat of S5,OOOiacre. 
e / Bued on 3% of oonatruct!on COIR. 
f I S ... d on 2.5% of conltruction COIR. 
g f Bued on 2% of conatructlon coat. 
h I Sa.ed on 10% of conatruction collt 

Total Cost $ MlIllonl 
2000 2005 20'0 2015 , 2020 

",.000 
0.081 
0.000 
0.030 
0.025 
0.020 
0.100 

0.000 0.000 0.000 , .256 0.000 

Total Cost S. Million 
2000 2005 2010 2015 I 2020 

2.646 
0.206 
0.000 
0.079 
0.066 

I 0.053 
0.2£5 

0.000 0.000 C.OOO S.3H I 0.000 

Total Ccs~ $ Million 
2000 2005 2010 2015 2020 

3.223 
0.251 
0.000 
0.097 
0.081 
0.064 
0.322 

0.000 0.000 0.000 4.038 0.000 

Total Cost IS Mlillonl 
2000 2005 2010 2015 2020 

0.000 0.000 0.000 0.000 0.000 

I 2025 2030 

I 

j 
C,OOO 0.000 

I 

2025 2030 

0.000 I 0.000 , 

2025 2030 

0.000 0.000 

2025 2030 

0.000 0.000 
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Tabl9 VJ!.19 
Estimated Coat. of City of Georgetown, b$rry Cte ... DaY. Springs .• no Mankin's Cr08li1ng 
Walltewat.r Treatment Plants Wltn 15'% Water Conservation (1990 Througt, 2030) ,,; 

t:xl.ung u.org_1ClwI"I roaclllT : 

FunctIon 1990 , 995 
~. ConstructIon Cost bi 

2.. Engln.erlng c.l 

3. Land d! 
4 Surveying and Staking eI 
5. L~al and AdminlJtratlon f/ 
6. P.rmlttlng and F .. s 9/ 
7 ContmoenCiae hi 

ITotal 0.000 0.000 

. ''''''' ... - ... _., r ... ,-" .......... 
Function , 990 1995 

1. Conlltruction Coat bi 2.050 
2 Englneerl~ c! O.1S0 
3. und d! C.OO~ 

4. Surveying and Staking a l 0.DS2 
5. L~a; and Admlnatratlon ti 0.051 
6. Permltttng and Fen g.' 0.04; 
7 ContJnoenc!es hi 0.205 

/Totai 2.570 _~_.OOC 

t"tOpo .. c IUnKln'. ""ro •• ln ~CIIITY: 

Function '990 1095 
,. ~nstrucbon CoBt bl 0.6313 2.646 
2. Engineering cJ 0.050 0.206 
3. Land dl 0.00' 0.001 
4. Surveying and Staklne el 0.01 g 0.07g 
5. Legal and Adrninstratlon fi O.OH 0.OS6 
€. Permttljng and Fe. pI 0.01 :3 0.053 
7 Contrnoenclas hi 0.064 0.265 

Total C.SOO 3.31 B 

,..ropoe8CJ IJ",ve ;:,pnn9_ ,..."III1Y;_ 

FunctIon H_QQ 1QQ5 

1. Construction ColO: b/ 2.646 
2. Engineering ci 0.206 
3. Land d.l 0.001 
4. Surveying and Staking eI 0.079 
:.. L.gal and Adminstriltion fl 0.06S 
6. Permitting and Fe" 91 0.053 
7. Contlno.ndes hi 0.265 

"Total 3.31 B 0.000 

a I All COSt5 88-.um. 1 QQO doUan (0% annual Inflation). 
b,' Computed from Capital Coal CUrYes (Rgure VII.7), 
c! BaHO on ASCE Gener.1 Engln..nng SelVloe F.e OJrv",
d / £laNd on cutTen-: • .-bmated 00.' of $5,OOOiacre. 
a I eased on 3% oj construction ooc. 
f euad on 2.5·,~ of conlltrUction cost. 
51 e ... d on 2'%. 01 construction colt 
h S •• ad on 1D'Y. 01 construction cost. 

Total Cost ($ MililanI 
2000 2005 2010 2015 2020 

1.000 
0.OS1 
0.000 
0.030 
0.025 
0.020 
0.100 

0.000 0.000 0.000 0.000 1.25€ 

Total Cost $ Million 
2000 2005 20iO 20,5 2020 

2.0S0 
0.1 SO 
0.001 
0.062 
0.05; 
0.041 

I 0.205 
0.000 __ °-,900 ~o_ I.. 0.000 _L._.O.ODD _ 

Total Cost (S MUllan 
2000 2005 20iO 2015 2020 

2.646 
0.206 
0.000 
0.079 
0.066 
0.053 
0.265 

0.000 0.000 0.000 3.315 0.000 

Total Cos1 S MHiiofl 
2000 2005 2010 2015 2020 

0.000 0.000 0.000 0.000 0.000 

2025 I 2030 

0.000 0.000 

2025 2030 

I 

I 

I 

_ jl,OO,!L 0.000 , 

2025 2030 

0.000 0.000 

2025 2030 

0.000 0.000 
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Figure VI1.23 
Georgetown Regional Wastewater Planning Study 

Cumulative Treatment Cost for City of Georgetown, Berry Creek, Dove Springs, 
and Mankin's Crossing Plants With and Without 15% Water Conservation 
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existing plant is kept at 2.5 MGD by diverting flows from basin 0 to the Dove Springs plant, and later, to the 

Mankin's Crossing plant (see Figure VI1.24 and Table VI1.20). 

Contributing Flows South of Highway 29 

Basins 3a and 3b are diverted to the existing 12° Smith Branch interceptor, F' through the force main 3b'. 

As the Southwestern Industrial District develops, force mains leading to basins 3b and F will divert SWID 

flows into the Smith Branch interceptor as well. 

Basin E gravity flows into the eastern end of the Smith Branch interceptor, and here, a lift station and force 

main will pump the cumulative flows into basin Dl , where gravity flow leads to the Dove Springs plant. 

Flows from basin 0, through a series of gravity sewers and force mains, will also be diverted to the Dove 

Springs plant through the force main 0'. 

Because the Dove Springs plant is limited to 1.0 MGD, between the years 1990 and 2000 the flows out of 

basin 0 will have to be diverted to the Mankin's Crossing plant through the construction of another force 

main leading to a gravity sewer beyond the Dove Springs plant. In addition, between the years 2010 and 

2020, the flows from 3b' will have to be diverted to the Mankin's Crossing plant. 

A combination of force mains and gravity lines will pump sewage from the Far South basin into the south

west end of basin D which gravity flows and converges with the gravity line in basin Dl. The cumulative 

flows from basins D and D1 gravity flow into the Mankin's Crossing wastewater treatment plant through the 

line called D'. 

Contributing Flows North of Highway 29 

North of Highway all future collection system details are the same as described in the three plant scenario. 

VII.C.S Two Stage Scenario 

VII.C.S.a Wastewater Treatment Plants 

Phasing of Facilities 

Under this scenario the same sites as those utilized in the four plant scenario are employed. However, by 

limiting the service area and installing temporary package treatment plants in the initial stage, considerable 

capital cost savings can be realized. Initially, 1.2 MGD package plants are located at Dove Springs and at 

Berry Creek. The basins served by these plants are shown in Tables VI1.21 and VI1.22 and resemble those 

in the four plant scenario; no service is provided to Dl , the Far South and the Weir basins. By the year 

2000, the capacity of the Dove Springs plant would be exceeded and a 2.8 MGD plant would be neces-
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InterceIJIor 

Table VI1.20 
Flows Used to Determine Pipe Sizing in Collection Systems 

4 Plant Development Scenario 

2030 Pop. Contributing Total Average 
Served Areas Dailv Flows (MGD)I 

Mankin's Crossin~ Plus Dove Springs WWTPs 
Al 151 16,610 
A" A2 + A2a 68,310 

A2' A2 + A2a 68,310 
A2 314 34,540 

A2a 307 33,770 
A3 412 45,320 
D' (.67)Dl + 0' + D 2,494,063 
D 541 D + FS 289,489 

R3 229,979 
D1 682 D' + (.3)Dl 1,409,157 
Dl' E+F 1,384,151 

E 3,831 459,720 
F 4,387 F + SWID(East) 924,431 
F' Parallel SB 924,431 

(.5)SWID(East) 441,861 
0' 10,290 OEast + OWest 2,154,561 

o West 3a + 3b + (.5)0 1,588,611 
o East 565,950 

3a 748 82,280 
3b 4,532 498,520 
3b' 

1(.5)SWID(West 441,861 
Berry. Creek WWTP 

A 1,998 219,780 
B' B + B1 + C 1,520,214 
B 5,446 626,290 

B I' Bl + C 893,924 
Bl 7,207 828,805 
C 65 119 

Georgetown WWTP 
2W (.33)2 382,837 
2E (.33)2 382,837 
2N (.33)2 + I" 1,824,387 
1 " 1 + 5a + 5b + WR 1,441,550 
1 ' (.66)1 + 5a 922,147 
1 8,745 317,444 

5a 2,524 277,640 
5b 1,463 5b + WR 201,960 

W.R. 373 41,030 

VII-60 

Peak Flow 
JMGD~ 

66,440 
273,240 
273,240 
138,160 
135,080 
181,280 

6,235,158 
1,157,95 
919,916 

4,227,472 
4,152,453 
1,838,880 
3,697,724 
3,697,724 
1,767,444 
5,386,403 
4,765,833 
2,263,800 

329,120 
1,994,080 

1,767,444 

879,120 
4,560,642 
2,505,160 
3,575,696 
3,315,220 

260476 

1,531,348 
1,531,348 

5,473 
4,324,650 
3,688,586 
1,269,774 
1,110,560 

807,840 
164,120 



Table VI1.21 
Georgetown Regional Wastewater Planning Study 

Wastewater Flow Projections for a C~y of Georgetown, Berry 
Creek, Dove Springs, and Mankin's Crossing Plants, Built in Two Stages 

Basins Contributing to Existing City of Georgetown Facility: 

Projected Wastewaler Flow (MGD) 
Basin Descri£tion 1990 2000 2010 2020 2030 

1 North Fon. San Gabriel 0.339 0.456 0.666 0.794 0.962 
2 Downtown (north) 0.334 0.410 0.610 0.743 1.149 
Sa Booty's Crossing 0.033 0.076 0.120 0.210 0.278 
5b Middle FOlk San Gabriel 0.032 0.046 0.082 0.102 0.161 

W.R. Wood Ranch 0.015 0.020 0.025 0.035 0.041 
0.753 1.008 1.503 1.884 2.591 

Basins Contributing to a Berry Creek Facility: 

Projected Wastewater Flow (MGD) 
Basin Descrilltion 1990 2000 2010 2020 2030 

A San Gabriel 0.039 0.070 0.000 0.000 0.000 
B Pecan Branch 0.176 0.266 0.000 0.000 0.000 
Bl Berry Creek 0.219 0.326 0.000 0.000 0.000 
C Dry Berry Creek 0.010 0.025 0.000 0.000 0.000 

0.446 0.687 0.000 0.000 0.000 

Basins Contributing to a Dove Springs Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.378 0.000 0.000 0.000 0.000 
3b South Fon. San Gabriel 0.138 0.000 0.000 0.000 0.000 

SWID Industrial District 0.100 0.000 0.000 0.000 0.000 
E Smith's Branch 0.033 0.000 0.000 0.000 0.000 
F I· 35 South 0.076 0.000 0.000 0.000 0.000 

0.725 0 0 0 0 

Basins Contributing to a Mankin's CrOSSing Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.000 0.568 0.825 0.916 1.132 
3a South Fori< San Gabriel 0.000 0.031 0.050 0.063 0.082 
3b South Fon. San Gabriel 0.000 0.203 0.289 0.394 0.499 
A San Gabriel 0.000 0.000 0.126 0.162 0.220 
B Pecan Branch 0.000 0.000 0.362 0.471 0.626 
Bl Berry Creek 0.000 0.000 0.514 0.623 0.828 
C Dry Berry Creek 0.000 0.000 0.038 0.050 0.065 
D Mankin's Branch 0.000 0.017 0.030 0.045 0.060 
Dl North Mankin's Branch 0.000 0.021 0.036 0.049 0.075 
E Smith's Branch 0.000 0.069 0.145 0.304 0.460 
F I ~ 35 South 0.000 0.148 0.284 0.373 0.483 

SWID Industrial District 0.000 0.175 0.230 0.300 0.353 
F.S. Westinghouse Road 0.000 0.100 0.150 0.195 0.230 
Al East Weir 0.000 0.007 0.010 0.013 0.017 
A2 Middle Weir 0.000 0.015 0.020 0.025 0.035 

A2a West W .. jr 0.000 0.015 0.020 0.026 0.034 
A3 East FOlk San Gabriel O.q~ 0.020 0.025 0.035 0.045 

0.000 1.389 3.154 4.044 5.244 

Total Required Treatment Capacity: 

Proiected~Wastewater Flo",~GQl 
I Basin I Descrilltion 1990 I 2000 I 2010 I 2020 I 2030 

I All I Total Wastewater Flow 1.924 i 3.084 .1 4.657 i 5.928 I 7.835 
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Table VII.22 
Georgetown Regional Wastewater Planning Study Wastewater 

Flow Projections for a CUy of Georgetown, Dove Springs, Berry Creek 
and Mankin's Crossing Plants, Built In Two Stages WUh 15% Water Conservation 

Basins Contributing to Existing City 01 Georgetown Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

1 North Fork San Gabriel 0.288 0.388 0.566 0.675 0.818 
2 Downtown (north) 0.284 0.349 0.519 0.632 0.977 
5a Booty's Crossing 0.028 0.065 0.102 0.179 0.236 
5b Middle Fork San Gabriel 0.027 0.039 0.070 0.087 0.137 

W.R. Wood Ranch 0.013 0.017 0.021 0.030 0.035 
0.640 0.858 1.278 1.603 2.202 

Basins Contributing to a Berry Creek Facility: 

Prolected Wastewater Flow (MGD) 
Basin Descrietion 1990 2000 2010 2020 2030 

A San Gabriel 0.033 0.060 0.107 0.000 0.000 
B Pt;tcan Branch 0.151 0.226 0.308 0.000 0.000 
Bl Berry Creek 0.186 0.277 0.437 0.000 0.000 
C Drv Berrv Creek 0.009 0.021 0.032 0.000 0.000 

0.379 0.584 0.884 0.000 0.000 

Basins Contributing to a Dove Springs Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.321 0.483 0.000 0.000 0.000 
3b South FOlk San Gabriel 0.117 0.173 0.000 0.000 0.000 

SWID Industrial District 0.085 0.149 0.000 0.000 0.000 
E Smith's Branch 0.028 0.059 0.000 0.000 0.000 
F 1·35 South 0.065 0.126 0.000 0.000 0.000 

0.616 0.990 0.000 0.000 0.000 

Basins Contributing to a Mankin's Crossing Facility: 

Projected Wastewater Flow (MGD) 
Basin Description 1990 2000 2010 2020 2030 

0 Downtown (south) 0.000 0.000 0.701 0.779 0.962 
3a South Fork San Gabriel 0.000 0.000 0.043 0.054 0.070 
3b South FOlk San Gabriel 0.000 0.000 0.246 0.335 0.424 
A San Gabriel 0.000 0.000 0.000 0.138 0.187 
B Pecan Branch 0.000 0.000 0.000 0.400 0.532 
Bl Berry Creek 0.000 0.000 0.000 0.530 0.704 
C Dry Berry Creek 0.000 0.000 0.000 0.043 0.055 
D Mankin's Branch 0.000 0.000 0.026 0.038 0.051 
Dl North Mankin's Branch 0.000 0.000 0.031 0.042 0.064 
E Smith's Branch 0.000 0.000 0.123 0.258 0.391 
F 1- 35 South 0.000 0.000 0.241 0.317 0.411 

SWID Industrial District 0.000 0.000 0.196 0.255 0.300 
F.S. Westinghouse Road 0.000 0.000 0.128 0.166 0.196 
Al East Weir 0.000 0.000 0.009 0.011 0.014 
A2 Middle Weir 0.000 0.000 0.017 0.021 0.030 

A2a West W"ir 0.000 0.000 0.017 0.022 0.029 
A3 East Fork San Gabriel 0.000 0.000 0.021 0.030 0.038 

0.000 0.000 1.799 3.439 4.458 

Total Required Treatment Capacity: 

Projected Wastewater Flow (MGD) 
, Basin, Description 1990 , 2000 , 2010 + __ 2020 , 2030 
, All 'Total Wastewater Flow 1.635 , 2.432 , 3.961 5":042 I 6.660 
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sal)' at Mankin's Crossing to serve all of the basins south of SH 29 plus Weir. The Berl)' Creek plant would 

be adequate until 2010, at which time it would be abandoned and the flows from the Berl)' Creek water

shed would be diverted to Mankin's Crossing. This would necessitate an increase in the capacity of this 

plant to 4.15 MGD. The addition of another similar unit in 2020 would increase its capacity to 5.5 MGD to 

accommodate all of the flows for tile duration of the planning period. 

With water conservation, the Dove Springs plant would be adequate until 2005 and a plant at Mankin's 

Crossing would not have to be built until this time. The life of the Berry Creek plant could also be ex

tended an additional five years. The Mankin's Crossing plant would have a total capacity of 4.5 MGD by the 

end of the planning horizon. The phasing of the construction of each plant, together with demand 

projections for its service area, is shown in Figures VI1.25 and V11.26. 

Cost Estimates 

Under the two stage scenario many of the capital costs incurred in the previous scenarios are deferred. As 

in the previously described scenarios, considerable cost savings can be realized by modifying the 

operation of the existing Georgetown wastewater treatment facility to achieve nitrification versus an 

immediate upgrade at existing or permitted conditions. However, immediate provisions must be made to 

accommodate current development southeast of Georgetown in the vicinity of the Dove Springs 

subdivision. The Dove Springs Development Corporation has a TWC permit to construct and operate a 

0.250 MGD package plant. 

The City of Georgetown has the opportunity to purchase one or more used 1.2 MGD package plants. The 

incremental cost of site preparation for a 1.0-1.2 MGD treatment plant versus a 0.250 MGD treatment plant 

is, relatively, insignificant. Georgetown's wastewater department staH have prepared detailed cost 

estimates based on the purchase of two used 1.0-1.2 MGD package plant at current market values. 

Estimated costs for used package plants range from $40,000 to $100,000. Construction of a site pad and 

access roads, provision of electric service and ancillal)' equipment is estimated at less than $900,000. 

The major cost associated with the unloading and modified operation of the existing Georgetown facility is 

for a lift-station to transfer the wastewater over the basin boundal)'. 

The initial cost estimates include two temporal)' package plants for a total outlay of $2 million. In the year 

2000 a 2.8 MGD plant at Mankins Crossing would cost $8.23 million with a $4.32 million unit added in 2010 

and again in 2020 (plus the cost of upgrading the existing facility)(Table VII.23). With water conservation, 

additional deferment of expenditure would be possible, with a 3 MGD plant built at Mankin's Crossing in 

2005 at a cost of $8.77 million. Anotller 1.5 MGD of capacity would cost $4.75 million in 2015 (Table 

VII.24). 
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Figure VI1.25 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, Berry Creek, 
Dove Springs, and Mankin's Crossing Plants Built in Two Stages 
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Figure VI1.26 
Georgetown Regional Wastewater Planning Study 

Possible Capacity Build-out for City of Georgetown, Berry Creek, 
Dove Springs, and Mankin's Crossing Plants With 15% Water Conservation Built in Two Stages 
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Table VIl.23 
Eldimated Coat 01 CUy of Geatgetown, SIIrry Cr.~, Dew. Spring&., and Mankin's Cro .. lng 

West.water Treatment Plants Built Ir. Two Stages Wlthou1 Water Cone.rvatlon (1990 Through 2030) al 

Exletlng Oeorge own Fecllltr 

Function , 990 '995 
,. Conatructlon Co.t bi 
=:. Enpin.erlnQ cl 
3. Land dl 
4. SUrY.ylng and Staking ei 
5. L.gal and Admlnw.bon 11 
S. Permitting lind Fe~ gl 
i. ContlllPllncies hI 

Total 0.000 0.000 

,.n;tpoe.s;l coerry "".-_.. ... .... ,!..Iq; 

Function ,990 ,995 
,. Construcbon Coat b/ 

2. Engineering cl 
3. Lend d l 

4. Surveylng."d Staklng ./ 
5. Legal and Admlnw.tlon f/ 

• Permitting and Fe. 91 
7 Contll:lQ~ncieE h! 

Total 1.000 0.000 

Propo_d MIInkln'. Cro.sln FIIclllty: 

Function , g90 '995 
,. ConlltTudion Colii'! b/ 

2. Engln .. rlng cJ 
3. Land d/ 
4. Surveying and Staking eI 
5. Legal and Admind"atlon fl 
S. Permitting and Few gi 
7 ContillPencies h: 

)Total 0.000 0.000 

r-ropo • .-g ,",pv. ~prlng. '-.""11 . 

Function , eQO , 995 

1. Construction Cost b i 

2. Engineering 01 
3. Land dl 
4. Surveying and Staklne eI 
5. Legal and Admlnllttation fl 
B. Permitting and Fe. gl 
7. Contlnpende. hi 

I Total , .000 0.000 

al All coats aasume , 990 doUar. (0-", annual Inflation). 
b I Computed from Capital Coal Curve. (Agur. VIL7). 
c'" &Nd on ASCE General Engm..nng S.rvIoe Fe. CurvM. 
d I SaMd on curren: ell'!lmat.d cosl 01 55.ODD/aora . 
• I Bued o~ 3'r~ of construction cost. 
f 1 Sued on 2.5% of conatruction colli. 
g / Su..:! on 2'Y. of construction colli. 
h! Bu«l on , 0% of construction coat. 

1etal Cost IS MUhon 
2000 2005 20Hl 2015 I 2020 

1.000 
0.081 
0.000 
0.030 
0.025 
0.020 
0.100 

0.000 C.OOO 0.000 -:.256 , 0.000 

Total Coat ($ Million) 
2000 2005 2010 2015 2020 

0.000 0.000 0.000 0.000 0.000 

Total Coat ($ Million 
2000 2005 2010 2015 2020 
6.510 3.450 3.450 
0.512 0.269 0.269 
0.001 0.000 0.000 
0.197 0.104 0.'04 
0.164 0.086 0.0815 
0.131 0.OS9 O.OSg 
0.657 0,345 0.345 
B.233 0.000 4.323 0.000 4.323 

Total CoBi ($ Million) 
2000 2005 2010 2015 2020 

0.000 0.000 0.000 0.000 0.000 

2025 2030 

I 

0.000 0.000 

2025 2030 

I 
I 

J 
0.000 0.000 

2025 2030 

0.000 0.000 

2025 2030 

0.000 0.000 
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Tabl. VIJ.24 
E.bmat.d COlt of City of G.orgetoWn, BelT)' Cr ..... , Dov. Sprlng&. and Mankln'& CrOllsing 

Waat.wat.r Treatm.nt Plant6 Built In TVIIIO Stages WIth 15% Water Connrvatlon (1900 Through 2030) aJ 

tXl8t1ng Uaofgatown ,...Ollil : 

Function HIQO '9g5 
~. Connuc:bon Colt bl ,. E.nglneerlng ci 
3. Land dl 

4. Surveytng and Staking a/ 
5. L.gal and Admln.tultlon 11 
E. Pannltbng and Fe .. gl 
7. Contlno.nei.s hI 

Total 0.000 0.000 

,.., ... 1"' ..... - .... ," _._ ..... w ..... 

Function , g90 ,e95 
,. Construction Cost bi 
.2. Englne.rlng cl 
3. Land d! 
4. Surv.ylng and Staking a/ 
5. Le{la! and Admlnatratlon II 
6. Pennlttlng an(l F ... gl 
7. Contlnpenei.s hI 

ITotal , .000 C.oOO 

f"ropo .. a _nKln', \;;fO"ln ""CIIIW: 

Function ,gOO '995 
,. ConBtruetion Cost bl 

2. E.nglne.rlng c/ 
3. Land dl 
4. Surveying and Staking e/ 
5. Legal and Admlnlltratlon 1/ 
6. Permitting and Fe" 91 
7 Contino.nde. hI 

Tota,1 0.000 0.000 

,.. .................. --...... 1"' .... 1:1' ............. 

Function '990 , 995 
,. Conlltrucbon Coat b/ 
2. E.nglneerlng c/ 
3. Land dl 
4. Surve)'lng and Staking eI 
5. Ll89al and Admlnttratlon fl 
6. P.rmlttlne and Fe .. g! 
7. Continoeneles hI 

Tot.I , .000 0.000 

a' Ali CO&u a .. um. 1 Q90 dollars (~ annual Inflation). 
b / Compulad from Capital Cos! Curv., (Agur. VI!.7). 
C I BaNd on ASCE G.,.ra! Eng1naerlns SarvI,* h. Curv ... 
d I S .. ed on amen1. .. timeteo' OOa1 01 $5.000'acr •. 
• / Sued on 3% of con&tructlon coal 
f / Be..,d on 2.5"10 ot con.u-uC'llon coat 
g! B_ed on 2% of conetnJctlon co.t. 
h! Baud on i 0% of conlttruc:tlon co.t. 

Total Cost :5 MUllonl 
2000 2005 20'0 2015 I 2020 

'.000 
0.081 
0.000 
0.030 
0.025 
0.020 
0.100 

O.OOD 0.000 0.000 0.000 ~ .256 I 

Total Cost !- MUllon~ 

2000 2005 2010 2015 I 2020 I 

I 
0.000 0.000 0.000 0.000 I 0.000 ! 

Total Cos1 :5 Million) 
2000 2005 2010 2015 2020 

7.000 S.700 
0.546 0.206 
0.001 0.000 
0.2'0 0."4 
O. ;75 0.Og5 
O. '40 0.076 
0.700 0.:37;; 

C.OOO 8.772 0.000 4.74P i C.OOO 

Total Cos~ S Mlillonl 
2000 2005 2010 2015 2020 

0.000 0.000 0.000 0.000 0.000 I 

2025 2030 

0.000 0.000 

2025 2030 

I 

0.000 0.000 

2025 2030 

0.000 C.OOC 

2025 2030 

0.000 0.000 
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Cumulative costs were calculated as in the other scenarios and are shown in Figure VII.27. Total costs for 

all four plants discounted to present value amount to $16.99 million without water conservation and 

$12.96 million with conservation. 

Present-worth economic analyses are partially designed to emphasize the time-value of money. Delaying 

expenditures necessary to upgrade the existing Georgetown facility will have a lower present-worth, 

especially if a 8-7/8% discount rate (as recommended by the TWDB) is used, than an immediate plant 

upgrade. Even without this added economic justification, operational modification of the existing plant, at 

a minor cost, and the flexibility afforded by the two interim plant scenario stands on its own merits. 

VII.C.5.b Wastewater Collection System 

In order to accommodate flows to all of the plants in both stages of this scenario, the layout of the collec

tion system is the same as for the four plant scenario. 

VII.C.6 Comparison of Costs lor Each Scenario 

Figure VI1.28 shows the costs for the construction of WWTPs under each of the scenarios described in 

the previous sections. Clearly, the one plant scenario is the most expensive and the two stage scenario is 

cheapest. For the other three scenarios, cost increases as a function of the number of plants built. The 

implementation 01 a water conservation plan would also result in considerable cost savings, primarily as a 

result of defering capital expenditures. 

The cost of the collector system in each scenario is shown in Table VI1.25 and Figure V11.29. In this case, 

there is less difference in the cost of each scenario. Additional costs associated with the one and two 

plant scenario are incurred as a result of needed large interceptors to divert flows from both the Berry 

Creek watershed and the southern part of the planning area to Mankin's Crossing. No attempt has been 

made to determine when each interceptor will be built and this has the effect 01 inflating these costs rela

tive to those estimated for the WWTPs. In fact, several of the larger interceptors would not be built until 

construction of the Mankin's Crossing plant is completed, a delay of at least ten years in the two stage 

scenario. 
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Figure VI1.27 
Georgetown Regional Wastewater Planning Study 

Cumulative Treatment Cost for City of Georgetown, Berry Creek, Dove Springs, 
and Mankin's Crossing Plants With and Without 15% Water Conservation 
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Figure VI1.28 
Georgetown Regional Wastewater Planning Study 

Cost of Treatment Capacity With and Without 15% Water Conservation 
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Table VII.25 
Capital Costs for Collection Systems a/ bl c/ 

Interceptor One Plant Two Plant Three Plant Four Plant 
O(east) 143,700 344,950 344,950 344,950 
O(west) 0 361,050 361,050 461,150 

0' 0 112,500 112,500 165,000 
1 ' 219,500 219,500 219,500 219,500 
1 125,600 125,600 125,600 125,600 
1 " 440,500 440,500 440,500 440,500 
2W 378,575 179,075 179,075 179,075 
2E 101,790 101,790 101,790 101,790 
2N 111,400 111,400 111,400 111,400 
3a 130,050 130,050 130,050 130,050 
3b 423,700 423,700 423,700 423,700 
3b' 162,500 162,500 162,500 N/A 
5a 123,600 123,600 123,600 123,600 
5b 313,250 313,250 313,250 313,250 
A 955,920 384,720 384,720 384,720 
A' 460,790 340,090 NlA N/A 
A" 746,350 550,850 217,350 217,350 
B 1,257,500 1,257,500 1,257,500 1,257,500 
B' 139,650 139,650 139,650 139,650 
B1 854,410 854,410 854,410 854,410 
B1' 139,650 139,650 139,650 139,650 
C 320,170 320,170 320,170 320,170 
0 307,350 307,350 307,350 307,350 
0' 591,770 671,420 671,420 565,220 
01 647,100 647,100 647,100 539,100 
01' 212,000 232,000 232,000 192,000 
E 475,200 475,200 475,200 475,200 
F 897,260 897,260 897,260 814,060 

w.R. 76,050 76,050 76,050 76,050 
A3 176,220 176,220 176,220 176,220 
A1 179,550 179,550 179,550 179,550 
A2 232,920 232,920 232,920 232,920 
A2' 64,260 64,260 64,260 64,260 
A2a 189,450 189,450 189,450 189,450 
F.S. 719,000 597,500 597,500 597,500 

SWIO 428,400 356,400 356,400 356,400 
TOTAL $12,745,135 $12,239,185 $11,565,595 $11,218,295 

a/ Costs Include hft stations every 250 ft ( 4 It-<Jla. for pipes < 21 In; 6 It-<Jla. for pipes> 21 In). 
bl Costs assume a maximum depth of cut of 8 ft. and installed trench safety system. 
c/ Costs do not include O&M ($75/dayleach for service), power, engineering, or right-of-way. 
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VIII OVERALL EVALUATION AND RECOMMENDATIONS 

VIII.A Evaluation of Alternative Scenarios 

A variety of locations were evaluated as potential sites for additional wastewater treatment facilities in the 

Georgetown Regional Planning Study. Initially, fifteen potential sites were considered, and of these four 

were selected lor further consideration. The four sites chosen for analysis were: 

The City of Georgetown wastewater facility located along the San Gabriel River just downstream of 

the park road bridge; 

Dove Springs Development Corporation located along an unnamed fork of Mankin's Branch 

Creek in the vicinity of CR 102; 

Mankin's Crossing at the San Gabriel River between State Highway 29 and the Mankin's Branch 

Creek confluence; and 

Berry Creek near the confluence of the San Gabriel River and Pecan Branch Creek. 

Many factors were taken into account in making the final site recommendations. As with any wastewater 

treatment facility, the impact ot discharges into receiving streams had to be considered, and treatment 

levels necessary to achieve standards specified by the lWC tor Segment 1248 had to be determined. In 

addition, much of the Georgetown Regional Planning Area is located over the recharge zone of the Ed

wards Aquifer. This provides a further constraint in planning, because the TWC has prohibilted additional 

discharges into streams overlying the recharge zone ot the aquifer. 

Other factors that were considered during the course of the study included additional environmental con

straints, such as biological considerations or archaeological features, that might influence the ultimate 

choice of site(s). Finally, the costs associated with scenarios that met the requisite criteria were consid

ered, in order to determine the most economical alternative. 

This section presents a synopsis of the data as it pertains to the site selection process. 

VIII.A.1 Water Quality Constraints 

Section V describes the expected water quality downstream of the outfall of a variety of wastewater treat

ment plants at various treatment levels. Several scenarios were constructed in order to determine the 

combination of plants that would give a total treatment capacity of 8 MGD while maintaining water quality 

levels in the receiving stream above the minimum DO level of 5 mg/L. The following conclusions were 

drawn from the QUAL-TX modeling of Segment 1248: 
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The City of Georgetown could discharge up to approximately 4 MGD from the existing facility with a 

treatment level upgrade to 10/3/4 and installation of an outfall main to discharge effluent beyond 

the Edwards Aquifer recharge zone. The minimum DO, under summer critical low flow conditions, 

resulting from this discharge would be 5.2 mg/L. It is not likely that the City of Georgetown's 

treatment facility could be expanded beyond 4 MGD without requiring a treatment level of 5/2/5. 

With or without upgrading the City of Georgetown facility, the proposed Dove Springs WWTP 

could discharge 2.4 MGD at a treatment level of 10/3/4 without violating the main stem of the San 

Gabriel River (Segment 1248) minimum DO level of 5.0 mg/L under critical summer low flow 

conditions. 

Without upgrading the Georgetown facility to a treatmenllevel of 10/3/4, the combined discharge 

of the Dove Springs Development Corporation and Mankin's Crossing facilities at 5.5 MGD (a total 

segmenl treatment capacity of 8 MGD) would results in violation of the 5.0 mg/L minimum DO 

criterion. The minimum predicted DO concentration is 4.3 mg/L. 

With the City of Georgetown facility upgraded to a treatment level of 10/3/4, Dove Springs 

Development Corporation could discharge up to 2.4 MGD and the Mankin's Crossing facility could 

discharge up to 3.0 MGD, both at a treatment level of 10/3/4, without violating the state criterion. 

Without upgrading the Georgetown facility to a treatment level of 10/3/4 a combined discharge of 

Dove Springs Development Corporation, Mankin's Crossing and Berry Creek facilities at 5.5 MGD 

(a total treatment capacity of 8 MGD) would results in violation of the 5.0 mg/L minimum DO 

criterion. The minimum predicted DO concentration is 4.3 mg/L. 

With the City of Georgetown facility upgraded to a treatment level of 10/3/4, Dove Springs 

Development Corporation could discharge up to 1 MGD, a Berry Creek facility up to 2 MGD, and 

the Mankin's Crossing facility could discharge up to 2.5 MGD, all at a treatment level of 10/3/4, 

without violating the state criterion. The minimum predicted DO concentration is 5.1 mg/L. 

A 7 MGD facility located at Berry Creek or an 8 MGD facility located at Mankin's Crossing would re

quire a treatment level of 5/2/5 to maintain DO levels above 5 mg/L at summer critical low flow con

ditions. 

Immediately downstream, Lake Granger (Segment 1247) is directly affected by the quality of the effluent 

discharged into Segment 1248. EPA National Eutrophication Survey data for Texas lakes indicate that 

Lake Granger is most likely phosphorus limited. This suggests that control of point and nonpoint source 

phosphorus may be important. However, this factor did not affect the choice of future plant locations. 
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VIII.A.2 Environmental Considerations 

The geological, biological and cultural resources of the area were surveyed in order to determine whether 

there were any features that would be determinative in choosing the location of the treatment plant(s). 

The most critical factor in this study was determining the eastern edge of the recharge zone of the Ed

wards Aquifer. The geological study was specifically designed to address this point, as well as to deter

mine the location of wells producing potable water from the aquifer. The survey confirms the original as

sumption that the three new sites chosen for consideration, Berry Creek, Dove Springs and Mankin's 

Crossing, are not located on the recharge zone of the Edwards Aquifer. 

The biological survey, which included sampling at five sites along Segment 1248, indicated that no bio

logical habitats of particular note would be adversely affected by the construction of a WWTP at any of the 

proposed locations. Several endangered or threatened bird species have been observed in the area, but 

the immediate vicinity does not appear to be a preferred habitat for any of them. 
I 

A survey of cultural resources revealed that the area is rich in archaeological sites. The only extensive ex

cavations have taken place in association with the construction of reservoirs. However, the available in

formation indicates that sites are likely to be prevalent in drainages, particularly at the confluence of 

streams. Availability of lithic raw materials and proximity to springs increases the probability of such sites. 

Thus, potential WWTPs may be located on prehistoric sites. These sites are particularly significant and 

also difficult to identity if buried in alluvial landforms. A complete archaeological survey of any proposed 

site is recommended, and may be required by the EPA or the TWDB. None of the proposed sites was 

eliminated based on this brief survey. 

VIII.A.3 Economic Considerations 

Following water quality modeling of selected combinations of sites at various treatment levels, five sce

narios were selected for economic evaluation. It is assumed that each of these scenarios meets the TWC 

criteria for maintaining minimum DO concentrations, as specified by the TWC, for Segment 1248 of the 

San Gabriel River. Thus, further narrowing down of the alternatives is likely to rely heavily on economic 

considerations. 

As described in Section VII, cost estimates have been derived for each scenario, with and without 15 per

cent water conservation. The analysis estimated the capital costs of each option in 1990 dollars with a 25 

year pay-out period at 10 percent interest. Annual costs were then converted to present (1990) values 

using a 5 percent annual discount rate. The rationale for discounting the costs in this way was to allow for 

the time value of money and to give greater weight to construction costs that had to be incurred immedi-
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ately. In this way, economic value could be assigned to measures, such as water conservation, that result 

in the deferment of capital investment. 

Figure VIII.1 compares the present value of each of the live scenarios analyzed in the previous section. 

Clearly, the cheapest scenario is the two-stage scenario in which temporary package plants are used to 

service the majority, but not all, of the service area during an initial ten year period. This scenario has the 

advantage of deferring the capital cost of a large treatment plant for ten years (15 years with water conser

vation). In deciding on the second stage of this scenario, the other four scenarios were analyzed for 

costs. 

The most expensive alternative is the one plant scenario. Two factors contribute to the heavy costs asso

ciated with this option. First, the existing treatment plant is abandoned, resulting in the immediate con

struction of an additional 2 MGD of capacity as compared with the other scenarios. The other reason is the 

fact that water quality modeling shows that the construction of a single, large facility, discharging a total of 8 

MGD, would have to have a treatment level of 5/2/5 in order to meet minimum DO concentrations, as 

specified by the TWC, for Segment 1248 of the San Gabriel River. This higher treatment level results in 

both higher construction and maintenance costs. 

Of the remaining three scenarios, cost increases as a function of the number of plants constructed. The 

primary reasons for this are the economies of scale associated with the construction of these facilities and 

the fact that there is always a certain level of excess capacity at any WWTP, especially when it is first con

structed. This will increase with the number of facilities. Two other factors are pertinent in evaluating the 

costs associated with these three alternatives: the feasibility and cost of collection systems and the 

amount of lIexibility in accommodating expanded demand. 

The addition of a plant at Dove Springs in no way at/ects the layout of the collection system. Interceptors 

downstream of the Dove Springs plant can easily be made to accommodate the flows from this location to 

the Mankin's Crossing facility. Thus, addition of a fourth plant adds unnecessarily to the cost. Without the 

Berry Creek plant, an additional interceptor would be necessary in order to transport sewage from the 

Berry Creek watershed to the Mankin's Crossing facility. However, it is unlikely that the costs associated 

with this would outway the advantages of eliminating this site and choosing the two plant scenario. 

An additional advantage of the two plant scenario as opposed to scenarios in which additional plants are 

constructed concerns lIexibility. Given the fact that very large growth projections have been used to con

struct these scenarios, it is likely that there is considerable inaccuracy associated with the growth scenario 

constructed for each drainage area. Thus, scenarios that allow for large service areas will accommodate a 
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greater degree of flexibility in growth paHerns. This will reduce the probability of providing excess capacity 

at one Site, while requiring acceleration of the construction schedule at another. 

VIII.B Recommendations 

Based on water quality and environmental considerations, five scenarios were evaluated to determine the 

most cost efficient scenario for providing wastewater treatment in the Georgetown Regional Planning 

Area. Based on economic considerations the two stage scenario is recommended for implementation. 

This scenario involves the following construction schedule: 

Immediately converting the existing Georgetown WWTP from a parallel stream process to a single 

stream, series two-stage process, thereby limiting its capacity to an average daily flow of 1.67 

MGD. 

Diverting flows from basins 0 and 3b from the existing plant to a new, 1.2 MGD package plant at 

Dove Springs. This plant would also serve basins SWID, E and F. 

Constructing a 1.2 MGD temporary package plant at Berry Creek to serve the Berry Creek water

shed (basins B, Bland C) and basin A. 

In 2000 (or when flows to the Dove Springs plant approach plant capacity) replacing this plant with 

a 2.8 MGD plant at Mankin's Crossing. 

In 2010 (or when the Berry Creek plant approaches full capacity) abandoning this plant and di

verting the flows to the Mankin's Crossing plant. 

In 2015 upgrading the existing Georgetown plant to a treatment level of 10/314 in order to 

increase its capacity to 2.5 MGD while complying with the TWC mandate. 

Increasing the capacity of the Mankin's Crossing plant to a total capacity of 5.5 MGD in two phases, 

in order to extend its life to the end of the planning horizon. 

Implementing a rigorous water conservation plan, in order to defer much of this capital investment 

for as much as five years. 
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IX REGIONAL DESIGNATION, INSTITUTIONAL CONSIDERATIONS, AND 
FINANCIAL PLAN 

IX.A Regional Designation 

Sections 26.081 through 26.086, Subchapler C, of the Texas Water Code (Vernon's Texas Codes 

Annotated, Vol. 1, 1988) provide the mechanisms and procedures for creation and designation of re

gional and area-wide waslewater treatment systems. The goal of regional and area-wide collection and 

treatment is the prevention of pollution and maintenance and enhancement of water quality. The State's 

desire to encourage and promote regional wastewater system planning is underscored by the TWDB 

Planning Grant Program which was created specifically to promote regional planning. The TWDB has 

identified a number 01 specific regions and areas throughout the state which are particularly suited to re

gional planning. The Georgetown area is one of those identified areas. 

Creation of designation regional treatment entities and enforced compliance are functions delegated the 

Texas Water Commission. The following is an abbreviated outline, constructed from Texas Water Code, of 

the regional designation process. 

§ 26.082 Hearing to Define Area of Regional or Area-Wide Systems - Normally, the TWC holds a 

public hearing to identify a potential designated regional areas when current or projected 

residential, commercial, industrial, and/or recreational growth will rapidly exceed existing or 

planned collection and treatment capacities. The TWDB, as part of their ongoing state-wide plan

ning program, formally identified the Georgetown area (in part because of the scenic San Gabriel 

River and attempts to reduce discharges over the sensitive Edward Aquifer Recharge Zone and in 

part because of the rapid growth an expansion during the last decade) as desirable and feasible 

for regional wastewater planning. The TWDB published, in the Texas Register, a formal request 

for proposals (RFPs) to perform regional wastewater planning activities in and around 

Georgetown. The City responded to that proposal and subsequently was awarded the regional 

wastewater planning function and a 50% matching-fund grant. A public hearing was held in 

Georgetown on describing the proposed wastewater planning activities and project scope. 

§ 26.083 ~g to Designate Systems to Serve the Area Defined - At the hearing to designate 

the regional area held under § 26.082, or at a separately initiated hearing, the commission may is

sue an order designating an entity to provide regional or area-wide wastewater collection, treat

ment, and disposal. Regional designation was not assigned to the City through the awarding of 

the Planning Grant Funds. The City simply agreed to fund 50% of the project cost, aided by indi

vidual contributions, and serve as manager and sponsor the regional planning activities. 

Sponsorship of TWDB regional planning activities does not commit or empower the City to serve 
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IX. B Institutional Considerations 

Several entities could be considered to manage and mainlain the Georgetown Regional Wastewater Plan 

(GRWWP). These entities include but are not limited to the Brazos River Authority, Williamson County, a 

special district that would include the approximate planning area, and the City of Georgetown. 

The Brazos River Authority ("Authority") possesses the expertise and experience required to properly 

administer a regional wastewater plan. The "Authority" is an agency that is self sufficient and supports 

itself from fees and income from its projects. The "Authority" is not intimately involved in development in 

the Georgetown area and the Georgetown area is only a small part of the overall Brazos River Basin with 

which the it is concerned. The "Authority" is probably not the most effective agency to operate and 

maintain the Georgetown Regional Wastewater Plan. 

Williamson County is also capable of administering the GRWWP. This is not, however, a normal county 

function. Williamson County would be directly involved in only a few of the land development projects that 

could impact the GRWWP. The County is not usually involved in land use planning or zoning and would 

probably not be an efficient administrator of the GRWWP. 

A special district charged specifically with administering the GRWWP could be proposed for creation by 

the Texas Legislature. Such a district could be given tax raising and fund raising authority to develop in

come to support a staff to administer the GRWWP. The district would probably require a confirmation 

election of all the citizens within the district boundaries. However, the electorate and most politicians are 

normally reluctant to create more bureaucracy and more taxing authorities. Without an overriding, press

ing and urgent need, such districts are normally not confirmed. Therefore, a special district is probably not 

the most expedient way to administer and update the GRWWP. 

The City of Georgetown has sufficient staff to administer, update and maintain the GRWWP. The City of 

Georgetown has adequate funding from wastewater revenues to fund maintenance. It is intimately 

involved in land development, land use planning, zoning changes and infrastructure improvements. The 

City is the logical choice for maintaining the GRWWP and becoming the deSignated regional planning 

authority by the Texas Water Commission. 

The City ot Georgetown would be prudent to establish procedures and guidelines for maintaining and 

operating regional facilities that might involve districts and cities other than Georgetown. Procedures 

similar to those used by "Authority" for their regional wastewater system would appear to be appropriate. 

Funding for capital improvements and for the "Authority" staff and overhead is derived from project 

financing and from project operation and maintenance revenues. 
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IX.C Financial Plan 

The selected alternative for the Georgetown Regional Wastewater System is a two plant system with a 

plant at Mankin's Crossing and the existing plant in Georgetown. A part of the development of this sce

nario, due to the current demand and the availability of two large package treatment plants, involves locat

ing these two interim plants at Dove Springs and Berry Creek. Construction of the plant at Mankin's 

Crossing could thereby be delayed for at least ten years. For the purposes of this report, the cost of these 

interim plants is used to develop Ihe financial plan. 

The acquisition and planning of the implementation of these interim plants is currently being accom

plished by the City of Georgetown. Exact cost estimates are not available at this time. For purposes of this 

report, it is assumed that $1,000,000.00 would cover the cost of the Dove Springs facility, including the 

acquisition of the treatment plant, the refurbishing of the treatment plant and erection, along with lift sta

tions, force mains and outfall mains. The proposed layout should be within reasonable conformance with 

the two plant scenario. A similar, $1,000,000.00 cost estimate is also used for the interim plant at Berry 

Creek. This will include acquisition of the plant, acquisition of the site, permitting and installation of the 

plant, along with the required headworks and outfall line, again in reasonable conformance with the two 

plant plan. 

The construction of additional plants in the Georgetown regional system will certainly increase the opera

tion and maintenance costs for wastewater treatment. Some common use of supervisors, labor, laboratory 

personnel and equipment should be considered; however additional labor and operator cost is unavoid

able. In addition, major costs associated with the operation of the type of plant under consideration are 

power or energy costs. Operation and maintenance costs are typically $.50 per thousand gallons of 

wastewater treated. 

The Dove Springs treatment plant is expected to be significantly loaded shortly after commencement of 

initial operations, as a result of diversions from the currently hydraulically overloaded Georgetown WWTP. 

The approximate estimated operation and maintenance cost for the Dove Springs facility is $120,000.00 

per year. 

The Berry Creek interim plant is most likely to be built in response to increased wastewater service. This 

could be new subdivisions, relief of existing sewage treatment ptants with no discharge permits, or the 

extension of wastewater service to the large areas of septic tank service in the Georgetown area within the 

Edwards recharge zone. Due to the nature of this type of service, the Berry Creek plant can be expected 

to be significantly underloaded during Ihe initial years of operation. The current approximate operation 
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and maintenance costs during the early years of the Berry Creek plant is assumed to be $70,000.00 per 

year. 

The City of Georgetown wastewater system in 1988 averaged approximately 4449 customers during the 

year. Of these, roughly 4000 were residential customers, and approximately 449 were non-residential 

customers. These customers generated approximately 8000 to 10,000 gallons per month of wastewater. 

These figures reflect a per capita contribution of approximately 105 gallons per capita daily. The current 

City of Georgetown wastewater rates are listed in the Table IX.1. 

Table IX.1 
Current Wastewater Rates 

Residential Non Residential 

$5.00/minimum for first 3000 gal. $1 O/minimum for first 3000 gal. 

$1.25/1000 above 3000 gal. 

$1.50/1000 above 3000 Qal. 

The City of Georgetown has several alternatives available for the financing of the interim facilities. It can fi

nance wastewater facilities with publicly sold tax or revenue bonds or with bonds sold to the Texas Water 

Development Board under the Water Quality Fund or under the State Revolving Loan Fund. 

The City of Georgetown was "A" rated after its last bond issue in 1987. If the "A" rating can be maintained, 

the City should be able to sell tax bonds in the amount of approximately one million dollars for a rate of ap

proximately 7.5 percent. Tax bonds require an election of the taxpayers and are often not used for rev

enue producing activities such as wastewater facilities, but are more commonly reserved for non revenue 

producing facilities such as police facilities, park facilities, fire facilities and other such facilities including 

street and drainage improvements. The City of Georgetown would probably be well advised not to use tax 

bonds for financing regional wastewater improvements. 

General revenue bonds sold on the open market are a possible source of funding for the regional 

wastewater system. With the previously mentioned "A" rating, the City of Georgetown could expect to sell 

revenue bonds on the open market for approximately 8 to 8 1/2 percent. Revenue bonds do not require 

an election but there are some expenses involved in the marketing of these bonds. Also, the interest rate 

is subject to market fluctuations and is not known until the bonds are sold. 

The State 01 Texas, through the Texas Water Development Board, has made available water quality bonds 

to public entities in the State of Texas. These are state bonds which are sold in large amounts and then 

re-Ioaned to municipalities such as Georgetown. The current interest rate on these bonds is approxi

mately 8 percent. The advantage 01 these bonds over the publicly sold revenue bonds is that the interest 
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rate is known in advance, no ratings or trips to New York are required to market the bonds, and the bonds 

can be marketed in a relatively short amount of time. The City of Georgetown should seriously consider 

the Texas Water Development Board's funds as a source of financing for this project. 

The state revolving loan fund is a state backed and federal grant supported fund source for wastewater 

projects for public entities in the State of Texas. The current rate on these bonds is approximately 4 per

cent. To utilize these funds a city must go through the procedures used for some time by the Envi

ronmental Protection Agency and now administered by the Texas Water Development Board. Specifi

cally, the City of Georgetown would need an updated infiltration-inflow analysis, an updated facility plan, 

and must design the improvements in accordance with the then current regulations. These funds are not 

available normally to finance step 1 (Infiltration-Inflow Analysis and Facility Plan), or step 2 (Engineering), 

but become available after the satisfactory completion of these sleps and prior to step 3 (Construction). 

This report supplies much of the information necessary to apply for state revolving loan fund monies. 

Soft costs associated with municipal wastewater construction can normally be reduced by not utilizing the 

State Revolving Loan Fund. These costs include infiltration-inflow analysis, facility planning, and other 

administrative costs. In some cases hard costs (construction costs) have been reduced by not utilizing 

State Revolving Loan Fund by reducing the level of redundancy and duplication of facilities in treatment 

plant construction. If time is a critical element, a more direct method of funding than the State Revolving 

Loan Fund is recommended. 

For purposes 01 this study, revenue requirements will be estimated using the Texas Water Development 

Board Funds in the 8 percent range and in the 4 percent range (Table IX.2). Although two interim plants 

are proposed for 1990, the need lor the Dove Springs plant is more pressing and urgent and the need for 

the Berry Creek plant is less urgent. For these reasons, the financial requirements for the two facilities will 

be estimated separately, since these plants may well be financed and constructed separately. 

The rates shown in Table IX.3 should cover the cost of the amortized capital indebtedness and operation 

and maintenance costs associated with the proposed facility improvements. The Dove Springs treatment 

facility with 4 percent and 8 percent financing is shown. A combination of Dove Springs at 8 percent and 

Berry Creek plant at 4 percent financing is also shown. No increase in customer count is included in these 

projections, so the last projection with Berry Creek is extremely conservative. 

1X-6 



Table IX.2 
Cost Requirements Analysis 

Facility and Expense 4% Funds 8% Funds 
Dove Springs: 

Operation & Maintenance 
Cost per year $120,000 $120,000 

Approximate Amortization 
Cost on $1,000,000 Budget per year $73,580 $117,460 

Approximate Total Annual Requirement $193,580 $237,460 

Average Increase in Revenue 
Required per Customer per 
Month (4449 Customers) $ 3.63 $4.45 

Berry Creek: 

Operation & Maintenance Cost per year $ 70,000 $ 70,000 

Approximate Amortization 
Cost on $1,000,000 Budget per year $ 73,580 $117,460 

Approximate Total Annual Requirement $143,580 $187,460 

Average Increase in Revenue 
Required per Customers per 
Month (4449 Customersf $2.69 $3.51 

Table IX.3 
Rate Requirement Analysis 

Classification Minimum Over Minimum 8,000 Gal. Bill Net Change 

Current Rates 

Residential $5.00/3000 gal $0.25/1000 gal $11.25 -

Non Residential $10.00/3000 gal $1 .50/1000 gal $17.50 -

J. Possible Rate with Dove Springs (4%) 

Residential $7.50/3000 gal $1.50/1000 gat $15.00 +$3.75 

Non Residential $14.00/3000 gal $1.50/1000 gal $21.50 +$4.00 

Possible Rate with Dove Sj)rings (8%) 

Residential $8.25/3000 gal $1.50/1000 gal $15.75 +$4.50 

Non Residential $14.50/3000 Qal $1.50/1000 gal $22.00 +$4.50 

Possible Rate wittl Dove Springs (8%) and Berry Creek (4%) 

Residential $10.00/3000 gal $1.75/1000 gal $18.75 +$7.50 

Non Residential $16.50/3000 Qal $1. 75/1000 Qal $25.25 +$7.75 
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X WATER CONSERVATION AND DROUGHT CONTINGENCY PLANNING 

X.A Introduction 

X.A.1 Planning Area and Project 

Because of the projected growth in the Georgetown area, the Cities of Georgetown and Weir have agreed 

to participate in a feasibility study for the development of regional wastewater facilities. This study, fi

nanced by the Texas Water Development Board, was initiated as a result of House Bill (HB) 2 and House 

Joint Resolution (HJR) 6, passed by the 65th Texas Legislature in 1985, in order to encourage cost

effective regional water and wastewater facility development. 

The service area established for the current study is generally described as the Georgetown ET J and the 

Town of Weir. It includes the certified service area of the Williamson County MUDs #5 and #6, approx

imately 1,500 acres of privately owned land and portions of major watersheds that include the San Gabriel 

River, Berry Creek, Pecan Branch, Smith Branch and Mankin's Branch. The area projected for future 

urban development by the Georgetown Century Plan is, for the most part, within the study service area. 

The overall objective of the study is to determine the adequacy of the existing wastewater treatment fa

cility given population growth projections and the fact that flows being received by the existing treatment 

plant approach and occasionally exceed the rated plant capacity. Given that additional treatment capacity 

will be needed, cost estimates will be determined for various alternative development scenarios. These 

include the phasing in of different-sized treatment plants at a variety of locations. In this section we de

scribe water conservation measures that could have an impact on the projected wastewater treatment de

mands and therefore the phasing of projects. 

X.A.2 Utility Evaluation Data 

The study service area covers approximately 61 square miles (39,000 acres) and is generally circular in 

shape. The current service area population is estimated at between 16,000 and 18,000; the Georgetown 

water system currently serves some 6,000 customers. The remainder of service in the area is provided by 

one of two water supply corporations or private on-site wells. Georgetown's average daily water pumpage 

was 3.8 million gallons per day (MGD) or 222 gallons per capita per day (gcd) in 1986. The peak pumpage 

for this period was 8.79 MGD or 517 gcd. Of the total water pumped during 1986 some 46 percent was 

not metered according to the July 1987 Century Plan Utility Study. This study projects average demand 

for the year 201 0 at 13.93 MGD (216 gcd) and a peak demand of 31.5 MGD (489 ged). 

The City is currently supplied via a series of groundwater wells with an average daily capacity of about 5 

MGD and a peak capacity of 8.5 MGD under non-drought conditions. Additionally, the recently 
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constructed surface water treatment plant at Lake Georgetown can provide 6 MGD average and 18 MGD 

peak supply. Treatment capacity is limited to 6 MGD at the surface water plant and 6 MGD at the 

groundwater facility located near San Gabriel Park. 

The City of Georgetown wastewater system is the major organized system treatment facility in the service 

area. A small facility with a zero discharge permit serves Williamson County MUDs No. 5 and 6. The 

balance of the area is served by on-site disposal systems (septic systems). The Georgetown wastewater 

treatment plant is located along the San Gabriel River opposite San Gabriel Park, north and east of 

downtown. This facility has an average daily rated capacity of 2.5 MGD. The permitted discharge is 2.5 

MGD averaged over a month and 3.5 MGD maximum on any given day. The actual average discharge for 

1986 was 1.897 MGD and for 1987 was t.718 MGD. Projected discharge for 1990 is t.808 MGD. 

X.A.3 Need for and Goals 01 Program 

The Texas Water Development Board has promulgated Financial Assistance Rules which require water 

conservation planning for any entity receiving financial assistance from the Board. The origin of these re

quirements is HB 2 and HJR 6. On November 5th, 1985 Texas voters approved an amendment to the 

Texas Constitution that provided for the implementation of HB 2. Because the City of Georgetown has al

ready adopted a drought contingency plan, this document provides specific guidelines for developing a 

water conservation program that will meet the regulatory requirements of the Texas Water Development 

Board for the Georgetown Regional Planning Area. 

Since the early 1960s per capita water use in the state has increased approximately four gallons per capita 

per decade. More important, per capita water use during droughts is typically about one third greater than 

during periods of average precipitation. Thus, the goals of the program are to reduce overall water usage 

through water conservation practices and to provide for a reduction in water usage during times of short

age. 

Water use in the residential and commercial sectors involves day-to-day activities of all citizens of the state, 

and includes drinking, bathing, cooking, toilet flushing, fire protection, lawn watering, swimming pools, 

laundry, dishwashing, car washing and sanitation. The objective of a conservation program is to reduce 

the quantity of water required for each of these activities, where practical, through implementation of effi

cient water use practices. The drought contingency program provides procedures for both voluntary and 

mandatory actions placed in effect to temporarily reduce usage demand during a water shortage crisis. 

Drought contingency procedures include water conservation and prohibition of certain uses. Both are 

tools that city officials will have available to them in order to effectively operate in all situations. 
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The water conservation plan outlined below will have the overall objective of reducing water consumption 

in the Georgetown area. It will have the added advantage of reducing the amount of wastewater needing 

treatment. Because the focus of this report is regional planning for wastewater treatment needs, we will 

focus on measures that specifically reduce the amount of wastewater produced. Such measures will have 

the effect of extending the time until additional wastewater treatment capacity must be provided. 

Various cities throughout the country have adopted water conservation techniques and technologies de

pending upon the severity of their water supply situation. In particular, California has taken significant 

steps to reduce water consumption, and here in Texas, Austin has an aggressive water conservation pro

gram. Drawing on the experiences of some of these cities, we can make some assumptions about tile 

feasibility, cost and effectiveness of specific measures. For the purpose of reducing the quantities of 

wastewater produced, two of the measures outlined below deserve particular attention: adopting vigorous 

plumbing codes for new construction and retrofitting. 

According to the TWDB figures, between 1990 and 2030, a fourfold increase in population is to be ex

pected in the Georgetown Regional Planning Area. A similar increase in wastewater flows is also projected 

(with a minimal, 5 percent reduction in per capita production by 2030). With such high rates of growth, it is 

evident that the greatest savings in water usage can be realized by adopting stringent plumbing codes for 

new construction. Nationwide it is being realized that the marginal cost of supplying wastewater treatment 

facilities is so high that new plumbing codes that reduce water usage by 25-30 percent are the most eco

nomical solution. If such a code were adopted by Georgetown, wastewater production in all new 

construction would be reduced from 110 gcd to 80 gcd. 

Existing facilities can also be retrofitted in order to reduce water consumption. Although this may involve 

some capital outlay, all of the measures are cost-effective, and various schemes have been devised to re

cover the costs. For instance, a plan for San Antonio assumes that a 2 percent increase in water and 

wastewater rates for 5 years would raise enough money to cover a $100 rebate for each customer 

retrofitting a toilet to flush on 1.5 gallons (resulting in an overall savings on the customer's water and 

wastewater bill). An aggressive retrofit program can result in water savings of 15-25 percent per resi

dence. With market penetration typically running at 20-50 percent, this would result in an overall water 

consumption savings of around 5 percent. In its water conservation program, the City of Austin estimates 

a 6.7 percent savings within 5 years. This program consists of substituting low-flow shower heads, in

stalling toilet dams and checking for leaks. The benefit/cost ratio is estimated at more than ten, with an av

erage savings to the customer of $52/year from reductions in water, wastewater and electricity. 
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In Figure X-1, lWDB projections for wastewater flows in the Georgetown area to the year 2030 are shown. 

Also shown are the flows that would result from the adoption of the two measures outlined above. Overall 

savings in wastewater flows by 2020 are approximately 18 percent. The assumptions made are: 

adoption of a code that would reduce water consumption in all new construction from 110 gcd to 

80 gcd; 

this code would be phased in during the 1990s (for this period 90 gcd was used in the estimate); 

existing uses could be reduced by 5 percent through retrofit and other conservation measures. 

These savings in water demand can be related directly to savings in wastewater collection and treatment 

costs. By redUCing average daily demand and peak 2 hour flows to the wastewater plants by as much as 

15 percent, collection systems, lines and required wastewater treatment capacity will be reduced 

commensurably by 15 percent. Operation and maintenance costs to the wastewater systems will also be 

reduced because of lower chemical requirements, reduced pumping requirements and appropriate lift 

station sizing. Design of water treatment and distribution systems, however, are influence more by fire 

protection requirements than average daily per capita water usage. Fire protection demands are a 

function of population quantities and densities and are are not significantly influenced by water 

conservation programs. Average daily treatment capacities, water treatment plant chemical costs, 

operation and maintenance costs and pumping costs will be reduced significantly through the imposition 

of water conservation measures. 

The drought contingency program includes those measures that can cause the city to significantly reduce 

water use on a temporary basis. These measures involve VOluntary reductions, restrictions and/or 

elimination of certain types of water use and water rationing. Because the onset of an emergency condi

tion is often rapid, it is important that the city be prepared in advance. Further, the citizen or customer 

must know that certain measures not used in the water conservation program may be necessary if a 

drought or other emergency condition occurs. With the adoption of Ordinance 84-42, the City of 

Georgetown has provided for the orderly implementation of a drought management scheme that gives the 

mayor the authority to declare an emergency situation in response to specific triggering criteria. 

X. B Long-term Water Conservation 

X.B.1 Plan Elements 

Nine principal water conservation methods are delineated as part of the proposed water conservation 

plan. 
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X.B.1.a Education and Information 

The City of Georgetown will promote water conservation by informing water users about ways to save wa

ter inside of homes and other buildings, in landscaping and lawn maintenance, and in recreational uses. 

Information will be distributed to water users as follows: 

Initial Year: 

The initial year shall include the distribution of educational materials outlined in the Maintenance 

Program section. 

Distribution of a fact sheet explaining the newly-adopted Water Conservation Program and the el

ements of the Drought Contingency Plan. The initial fact sheet shall be included with the first dis

tribution of educational material. 

In addition to activities scheduled in the Maintenance Program, an outline of the program and its 

benefits shall be distributed either through the mail or as a door-to-door hand-out. 

Maintenance Program: 

Distribution of educational materials will be made semi-annually, limed to correspond with peak 

summer demand periods. The City currently distributes such material and will incorporate material 

available from the American Water Works Association (AWWA), Texas Water Development Board 

(TWDB) and other similar associations in order to expand the scope of this project. A wide range 

of materials may be obtained from: 

Texas Water Development Board 

P.O. Box 13231, Capitol Station 

Austin, Texas 78711-3231 

Regular articles will be published in the Williamson County Sun, a widely circulated area newspa

per. These publications will correspond to distribution of the mailouts, or more often if conditions 

warrant. 

New customers will be provided with a similar package of information as that developed for the ini

tial year, namely, educational material, a fact sheet explaining both the Water Conservation Pro

gram and the elements of the Drought Contingency Plan, and a copy of ·Water Saving Methods 

that can be Practiced by the Individual Water User: 
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X.B.1.b Plumbing Codes 

The Cily of Georgetown has adopted Appendix J 01 the 1985 version of the Standard Plumbing Code 

which requires water saving plumbing devices on all new construction. The Codes has been in effect for 

several years. It will be amended to include insulation of all hot water heater pipes and appropriate liltration 

equipment for new swimming pools. 

During the t 990s a more stringent plumbing code will be adopted for all new construction and remodelled 

structures. The most significant components under consideration are: 

showers used for other than safety reasons shall be equipped with approved flow control devices 

to limit total flow to a maximum of 3 gallons per minute (gpm); 

toile Is shall use a maximum of 1.6 gallons per flush; 

urinals shall use a maximum of 1.5 gallons per flush. 

XI.B.1.c Retrofit Program 

The City of Georgetown will make available, through its education and information programs, pertinent in

formation for the purchase and installation of plumbing fixtures, lawn watering equipment and appliances. 

The advertising program will inform existing users of the advantages of installing water saving devices. 

The City will coni act local plumbing and hardware stores and encourage them to stock water conserving 

fixtures, including retrofit devices. 

In addition, the City will embark upon an aggressive retrofit program. Several alternatives are summarized 

in Table X.1. Market penelration is based on the experience 01 other cities offering such programs. Sav

ings are calculated on the basis 01 2.72 persons per household lor a total 01 5,472 residences in the 

Georgetown area. 

The least cost alternative is to deliver two packages/house containing two flow restrictors, a plastic restric

tor for a shower head, a toilet bag and two dye tablets. Based on past experience, the toilet bags are the 

most acceptable to customers and could be expected to realize savings of 4.8 gcd in participating house

holds. A more acceptable and more permanent option is to provide customers with low-flow shower 

heads and toilet dams. Because of the greater costs associated with providing these items, vouchers 

would be included in the water bill to be exchanged at convenient locations for each neighborhood. It is 

assumed that most 01 the equipment claimed through this mechanism would be installed. Another more 

full-prool system, used extensively in the City 01 Austin, involves the installation allow-flow shower heads 

and toilet dams at no charge fo the customer. In Austin market penetration has exceeded 50 percent and 
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Table X.1 
Expected Savings to the City of Georgetown 

Through Implementation of a Water Use 
Retrofit Program 

Action Costlhouse ;Y Savings/hse QI 

Distribution of water $1.00 

saving kits jl 

Vouchers for shower $8.00 

heads and toilet dams s;' 

Installation of shower $20.00 

heads and toilet dams hi 

Refunds for replacing $200.00 

toilets jI 

-gj Assumes two bathrooms per single-family residence. 
Q' Based on 11 0 ged. 

13.1 gpd 

27.7 gpd 

27.7 gpd 

32.6 gpd 

g! Percentage of residences participating fully in the program. 
Q' Total program implementation cost. 
fi Cost per gpd saved. 

Penetration g! 

50 percent 

20 percent 

50 percent 

10 percent 

II Assumes free distribution to all service area residences @ two kits per residence. 
s;' Assumes participant retrieval of kits @ two kits per residence. 
h' Assumes installation by City personnel or private contractors. 
i' Assumes $100 per toilet. 

Total savings 

35,721 gpd 

30,315 gpd 

75,787 gpd 

17,832 gpd 

- ----

Total cost gt Costlgpd f}.1 

$2,736 $0.076 

: 

$8,755 $0.289 

$54,720 $0.722 

$109,440 $6.137 
I 

--- ----- -



in participating household has resulted in water savings of around 15 percent. A fourth option is to pro

vide rebates of $100 to customers who replace their toilets with those that flush on 1.5 gallons. 

X.B.1.d Water Rate Structure 

The City of Georgetown has changed its water rate structure from a declining block rate to a more progres

sive rate structure. Three new rate tiers have been adopted for residential customers, with the lowest 

priced tier based on average residential consumption during winter months. The higher rate blocks would 

be given higher base rates during summer months. A different rate structure is used for employment cus

tomers. Because this new rate structure is still not conducive to conservation, an additional modification is 

under consideration. This would be designed with two objectives in mind: to encourage conservation by 

penalizing water use above base flows required by each use; and raising revenues in order to pay for the 

retrofit program and/or the capital cost of providing additional treatment capability. 

X.B.1.e Universal Metering 

All water users, including utility, City oHices and public facilities are currently metered. Also master meters 

are installed and periodically calibrated at all existing water sources. All new construction, including multi

family dwellings, are separatety metered. The program of universal metering will continue, and is made 

part of the Water Conservation Plan. 

The City of Georgetown, through its computer billing system, currently monitors water consumption and 

inspects meters that vary from previously established norms. In addition, the City will establish the follow

ing meter maintenance and replacement programs: 

Master meter 
Larger than 1 inch 
1 inch and less 

Test and Replacement Period 

Annually 
Annually 
Every 5 years 

Through a successful meter maintenance program, coupled with computerized billing and leak detection 

programs, the City wi" be able to maintain water delivery rates, from production to consumer, in the 85 

percentile range. 

X.B.1.f Water Conservation Landscaping 

In order to reduce the demands placed on the water system by landscape watering, the City, through its 

information and education program, wi" encourage customers and local landscaping companies to utilize 

water saving practices during installation of landscaping for residential and commercial institutions. The 

following methods will be promoted by the education and information program: 
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X.B.l.i 1m plementa 110 nlEn 'orcem ent 

The slaff of Ihe Public Utility Divisioll of the City of Georgetown will administer Ihe Water Conservation 

Program. They will oversee the execution and implementation of all elements of the program and su

pervise the keeping of adequate records for program verification. 

The plan will be enforced through the adoption of the Water Conservation Plan by ordinance of the City 

Council of the City of Georgetown in the following manner: 

Water service taps will not be provided to customers unless they have met the plan requirements. 

The proposed block rale structure should encourage retrofitting of old plumbing fixtures that use 

large quantities of water. 

The building inspector will not certity new construction that fails to meet plan requirements. 

The City will adopt the final approved plan and commit to maintain the program for the duration of the City's 

financial obligation to the State of Texas. 

X.B.2 Annual Reporting 

In addition to the above outlined responsibilities, the City staH will submit an annual report to the Texas 

Water Development Board on the Water Conservation Plan. The report will include the following: 

Information that has been issued to the public. 

Public response to the plan. 

The effectiveness of the water conservation plan in reducing water consumption, as demon

strated by production and sales records. 

Implementation progress and status of the plan. 

X.B.3 Contracts with Other Political Subdivisions 

The City will, as part of a contract for sale of water to any other political subdivision, require that entity to 

adopt applicable provisions of the City's water conservation and drought contingency plan or already have 

a lWDB-approved plan in effect. These provisions will be through contractual agreement prior to the sale 

of water to the political subdivision. 
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Encourage subdivisions to require drought-resistant grasses and the use 01 low water using 

plants. 

Initiate a program to encourage the adoption 01 xeroscaping. 

Encourage landscape archilects to use low water using plants and grasses and efficient irrigation 

systems. 

Encourage licensed irrigation contractors to use drip irrigation systems, when possible, and to 

design all irrigation syslems with conservation features such as sprinklers that emit large drops 

rather than a fine mist and a sprinkler layout that accommodales prevailing wind pattems. 

Encourage commercial establishments to use drip irrigation for landscape watering, when practi

cal, and to install only ornamental fountains that use minimal quantities of water, including recy

cling features. 

Encourage local nurseries to offer adapted, low water using plants and grasses and efficient wa

tering devices. 

X.B.1.g Leak Detection and Repair 

The City will utilize modern leak detection techniques, including listening devices, in locating and reduc

ing leaks. Through its computerized billing program the Cily can readily identify excessive usage and 

takes steps to delermine whether it is a result of leakage. Once located, all leaks are immediately repaired. 

A conlinuous leak detection and repair program is vital to the City's profitability. The City is conlident that 

the program more than pays for ilself. A monthly accounting of water delivery efficiencies is made by the 

City. 

X.B.1.h Recycle and Reuse 

The City of Georgetown owns and operates a wastewater treatment facility northeast of the City. The City 

has contracted with the adjacent golf course for use of treated effluent for irrigation. Additional reuse, 

possibly by the cemetery or nearby agricultural fields, may be explored, if current Texas Health Depart

ment requirements can be met. 
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X.B.U Implementatlon/Enlorcement 

The staff of the Public Utility Division of the City of Georgetown will administer the Water Conservation 

Program. They will oversee the execution and implementation of all elements of the program and su

pervise the keeping of adequate records for program verification. 

The plan will be enforced through the adoption of the Water Conservation Plan by ordinance of the City 

Council of the City of Georgetown in the following manner: 

Water service taps will not be provided to customers unless they have met the plan requirements. 

The proposed block rate structure should encourage retrofitting of old plumbing fixtures that use 

large quantities of water. 

The building inspector will not certity new construction that fails to meet plan requirements. 

The City will adopt the final approved plan and commit to maintain the program for the duration of the City's 

financial obligation to the State of Texas. 

X.B.2 Annual Reporting 

In addition to the above outlined responsibilities, the City staff will submit an annual report to the Texas 

Water Development Board on the Water Conservation Plan. The report will include the following: 

Information that has been issued to the public. 

Public response to the plan. 

The effectiveness of the water conservation plan in reducing water consumption, as demon

s trated by production and sales records. 

Implementation progress and status of the plan. 

X.B.3 Contracts with Other Political Subdivisions 

The City will, as part of a contract for sale of water to any other political subdivision, require that entity to 

adopt applicable provisions of the City's water conservation and drought contingency plan or already have 

a lWDB-approved plan in effect. These provisions will be through contractual agreement prior to the sale 

of water to the political subdivision. 
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