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LIVESTOCK 

E. coli contributions from sheep and goats in the watershed were based on 2002 USDA census 

data for Caldwell, Hays, and Travis Counties. Using county totals for these animals, goats and 

sheep were distributed across rangeland and pasture land uses for the SELECT analysis. The 

average density of sheep and goats was determined for each county, and then the total population 

within the watershed was estimated by considering only the portions of these counties within the 

Plum Creek Watershed. Based on these numbers, the total potential daily E. coli load for sheep 

and goats was estimated using: 

5.0*/10*18*#/ 9 daycfuSheepGoatsLoadGoatSheep  

Where 18*10
9 
cfu/day*0.5 is the average daily E. coli production per animal (EPA 2001). 

 

Sheep and Goat Distribution

 

Sheep and Goat Density

 
Figure F.4. Estimated sheep and goat distribution and relative density in the Plum Creek Watershed. 

 
In the same way, bacteria load contributions from horses in the Plum Creek Watershed were 

estimated using 2002 USDA census totals for the counties that make up the watershed. Horses 

were distributed only across pasture/hay land uses in the watershed. An average density of horses 

was determined for each county, and the total population of horses within the watershed was 

estimated by summing the average density across the areas of Caldwell, Hays, and Travis 

Counties that lie within the Plum Creek Watershed. Based on the total population of horses in the 

watershed, the total potential daily E. coli load produced by horses was estimated using:  

5.0*/10*2.4*# 8 daycfuHorsesLoadHorse  

where 4.2*10
8 
cfu/day*0.5 is the average daily E. coli production per horse (EPA 2001). 
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Horse Distribution

 

Horse Density

 
Figure F.5. Estimated horse distribution and relative density in the Plum Creek Watershed. 

 
Cattle E. coli contributions were estimated in the same way as those for sheep and goats and 

horses. Using 2002 USDA census data for Caldwell, Hays, and Travis Counties, the total number 

of cattle in these areas was distributed across rangeland and pasture/hay land uses. The average 

density of cattle in each county was estimated and the portions of these counties within the Plum 

Creek Watershed yielded the estimated total number of cattle within the watershed. Based on this 

population density, the total potential daily E. coli bacteria load for each subwatershed was 

estimated using: 

5.0*/10*4.5*# 9 daycfuCattleLoadCattle  

where 5.4*10
9
 cfu/day*0.5 is the average daily E. coli production per head of cattle (EPA 2001). 
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Cattle Distribution

 

Cattle Density

 
Figure F.6. Estimate cattle distribution and relative density in the Plum Creek Watershed. 

 

URBAN RUNOFF 

Results of a study commissioned by the City of Austin (1997) demonstrated a relationship 

between the amount of impervious surface cover and runoff bacteria concentration. This 

relationship was used to evaluate urban runoff potential in the Plum Creek Watershed. For each 

of the watershed’s “major” cities (Kyle, Lockhart, and Luling), percent impervious cover within 

the city limits was determined based on land use classification. Percent cover was then correlated 

with a corresponding runoff bacteria concentration at that level of urban development based on 

the City of Austin study. Using 2004 total annual rainfall data from the nearby NOAA Austin 

Station and an assumed runoff coefficient of 1, the average daily potential rainfall depth was 

calculated. Using the resulting rainfall depth, potential runoff volume was calculated. Using this 

volume and the bacteria concentration corresponding to the appropriate level of impervious 

cover, the total potential daily E. coli load in urban runoff for each subwatershed was calculated.  

 

WASTEWATER 

SELECT was used to evaluate WWTFs based on their permitted discharge rates. Only actively 

discharging WWTFs in the Plum Creek Watershed (City of Lockhart #1, City of Lockhart #2, 

City of Luling North, City of Buda, and City of Kyle) were included in the SELECT analysis. 

Average maximum daily potential E. coli loads were calculated by assuming that each facility 

was discharging effluent in their subwatersheds at the 2004 permitted volume and with bacteria 

concentrations equal to the Texas Surface Water Quality Standard criterion (126 cfu/100 mL). 
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Wastewater Treatment 

Facility 

Flow  

(MGD) 

City of Lockhart No. 1 1.1 

City of Lockhart No. 2 1.5 

City of Luling North 0.9 

City of Buda 0.3 

City of Kyle 1.5 

 

100%-25% BUFFER APPROACH 

For SELECT analysis of the Plum Creek Watershed and consistent with EPA (2001) TMDL 

guidelines, a buffer was placed around streams to account for the reduced likelihood of 

contamination by sources located farther away from the creek and its tributaries. Within 100m of 

waterways, 100% transmission to the mainstem of the creek was assumed. Virtually all of the 

bacteria from a source within that distance from water would be expected to reach the stream 

alive. Beyond 100m, a 25% transmission of bacteria was assumed, since only in conditions of 

high rainfall would sufficient runoff occur to carry bacteria to the creek from surrounding upland 

areas. This reduces the estimated effects of potential inputs that are in fact far removed from the 

stream and less likely to add to bacterial and/or nutrient loads within Plum Creek under most 

circumstances. The buffer was applied to all potential pollutant sources in the watershed and 

affected total load contributions from each.  
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Appendix G: Plum Creek Permit History 
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Appendix H: Small MS4 Stormwater Program Overview 

Minimal Control Measures & Compliance Strategies 
 

Control Measure What is Required Best Management Practices 

Public Education and 
Outreach 

Implement a public education 
program to distribute 
educational materials to the 
community about the impacts 
of stormwater discharges on 
local water bodies and the 
steps that can be taken to 
reduce stormwater pollution 

Brochures or fact sheets 

Recreational guides 

Alternative information sources 

A library of educational materials 

Volunteer citizen educators 

Event participation 

Educational programs 

Storm drain stenciling 

Storm water hotlines 

Economic incentives 

Public Service Announcements 

Tributary signage 

Public 
Participation/Involvement  

Provide opportunities for 
citizens to participate in 
program development and 
implementation 
 

Public meetings/citizen panels 

Volunteer water quality monitoring 

Volunteer educators/speakers 

Storm drain stenciling 

Community clean-ups 

Citizen watch groups 

“Adopt A Storm Drain” programs 

Illicit Discharge Detection 
and Elimination 

Develop, implement and 
enforce an illicit discharge 
detection and elimination 
program 

A storm sewer system map showing 
outfalls and receiving waters 

Legally prohibit non-storm water 
discharges into the MS4 

Implement a plan to detect and address 
non-storm water discharges into the 
MS4 

Educate public employees, businesses, 
and the general public about the 
hazards of illegal discharges and 
improper disposal of waste 
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Control Measure What is Required Best Management Practices 

Construction Site Runoff 
Control 

Develop, implement, and 
enforce an erosion and 
sediment control program for 
construction activities that 
disturb 1 or more acres of land  

Have an ordinance or other regulatory 
mechanism requiring the implementation 
of proper erosion and sediment controls 
on applicable construction sites 

Have procedures for site plan review of 
construction plans that include 
requirements for the implementation of 
BMPs to control erosion and sediment 
and other waste at the site  

Have procedures for site inspection and 
enforcement of control measures 

Have sanctions to ensure compliance 
(established in the ordinance or other 
regulatory mechanism) 

Establish procedures for the receipt and 
consideration of information submitted by 
the public 

Post-Construction Runoff 
Control 

Develop, implement, and 
enforce a program to reduce 
pollutants in post-construction 
runoff to their MS4 from new 
development and 
redevelopment projects that 
result in the land disturbance of 
greater than or equal to 1 acre 

Non-
Structural 
BMPs  
 

Planning Procedures 

Site-Based BMPs 

Structural 
BMPs 

Stormwater 
Retention/Detention BMPs 

Infiltration BMPs 

Vegetative BMPs 

Pollution Prevention/Good 
Housekeeping 

Develop and implement an 
operation and maintenance 
program with the ultimate goal 
of preventing or reducing 
pollutant runoff from municipal 
operations into the storm sewer 
system 

Employee training on how to incorporate 
pollution prevention/good housekeeping 
techniques into municipal operations 

Maintenance procedures for structural 
and non-structural controls 

Controls for reducing or eliminating the 
discharge of pollutants from areas such 
as roads and parking lots, maintenance 
and storage yards 

Procedures for the proper disposal of 
waste removed from separate storm 
sewer systems 

Ensure that new flood management 
projects assess the impacts on water 
quality and examine existing projects for 
incorporation of additional water quality 
protection devices or practices 
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Appendix I: Draft East Hays County  

Wastewater Compact 
 

Whereas the parties to this compact, the cities of Buda, Niederwald, Uhland and Kyle, Hays 

County and the Guadalupe-Blanco River Authority (GBRA) all function in East Hays County 

(EHC), and  

 

Whereas all parties share common interests in: 

 

 the protection of water quality,  

 the beneficial reuse of water to the extent practical, 

 minimizing reliance on On-Site Sewage Facilities (OSSFs), 

 the provision of high quality and cost-effective water and wastewater services, 

 

and whereas all parties recognize that much of the future water and wastewater infrastructure in 

EHC will have to be provided initially by the private sector in new developments, and whereas 

all parties understand that the common interests will be served by adopting a uniform approach, 

the parties jointly enter into this compact. The key elements to the compact are: 

 

1. The parties recognize that in low-density or remote locations, OSSFs are the most 

practical and cost-effective means of meeting home wastewater needs. However, OSSFs 

provide no opportunity for effective wastewater reuse, and raises the potential for water 

quality impacts as systems age, the parties agree to encourage larger private 

developments to install centralized wastewater systems. The parties recognize that 

specific conditions will determine the number of housing units needed for a central 

wastewater system, but as an initial target agree that OSSFs would not be appropriate for 

developments of 10 or more homes. 

 

2. The parties believe that domestic wastewater treatment is an important public service, 

with the potential to affect citizens outside of the immediate project area. The parties also 

recognize that proper operation and maintenance of wastewater infrastructure is essential 

to the public welfare. Because it is important to the public, the parties agree that central 

wastewater facility operations should be a public function, and that future wastewater 

facilities in the EHC area should be operated by a public rather than a private entity. The 

parties recognize that the private sector must be involved in the design, permitting and 

construction of wastewater facilities to serve new developments, but the parties anticipate 

that these new developments will at some future time become a part of a municipality. As 

such, the parties agree that central wastewater facilities associated with new 

developments should be jointly permitted (e.g. private developer and public entity) and 

operated by the public entity. 

 

3. An important aspect of wastewater operations is the quality of the water produced. The 

parties agree that a high quality effluent that is discharged to surface waters is important 

and will encourage the level represented by the Texas Commission on Environmental 
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Quality’s (TCEQ) 5-5-2-1 effluent set will be the goal for all new facilities. That is 

operating at full flow with a monthly average effluent quality of BOD5 of 5 mg/L, TSS 

of 5 mg/L, ammonia-Nitrogen of 2 mg/L and total Phosphorus of 1 mg/L. The parties 

recognize that this goal can be met in several ways including direct treatment, treating to 

a different level, and meeting the goal by use of an offsetting amount of effluent for 

irrigation, or through wetland polishing. 

 

4. The parties recognize that EHC has limited water supplies and that providing good 

quality water to serve future growth will be a challenge. To conserve water supplies to 

the extent practical, the parties jointly desire new development to include provisions to 

minimize potable water use in irrigation. This can include a purple pipe system for 

irrigation and/or cisterns for providing water for toilet flushing and lawn irrigation. 

 

5. Parties agree to jointly participate, to the extent desired, in the review of new proposed 

projects and plans, and in special studies involving rates or other issues. 

 

6. All parties agree to participate in supporting the core provisions of the Compact. For 

example, this could include opposing a private permit applicant in the TCEQ hearing 

process that refuses to follow the central treatment, effluent quality, or reuse provisions 

of the Compact.  

 

Agreed to on this _____ day of ____ 

 

_________________ for the City of Kyle 

 

_________________ for the City of Buda 

 

_________________ for the City of Niederwald 

 

_________________ for the City of Uhland 

 

_________________ for Hays County 

 

_________________ for GBRA

 

 



 
 

Plum Creek Watershed Protection Plan 

153 

References 
 

American Veterinary Medical Association. 2002. U.S. Pet Ownership and Demographics Source 

Book. Schaumberg, Ill. Center for Information Management, American Veterinary Medical 

Association. 

City of Austin. 1997. Evaluation of Non-point Source Controls, Volumes 1-2. COA-ERM/WQM 

& WRE. 1997-04. 

Di Giovanni, G.D. and E. Casarez. 2006. Final Report: Upper and Lower San Antonio River, 

Salado Creek, Peach Creek and Leon River Below Proctor Lake Bacterial Source Tracking 

Project. Prepared for the Total Maximum Daily Load Program, Environmental Planning and 

Implementation Division, Texas Commission on Environmental Quality. 

EPA. 2001. Protocol for Developing Pathogen TMDLs. Office of Water, United States 

Environmental Protection Agency. 

EPA. 2006. An Approach for Using Load Duration Curves in Developing TMDLs. Office of 

Wetlands, Oceans, and Watersheds, United States Environmental Protection Agency. 

Follett, C.R. 1966. Texas Water Development Board Report 12: Ground-Water Resources of 

Caldwell County, Texas. Prepared by the U.S. Geological Survey in cooperation with the 

Texas Water Development Board, Caldwell County Commissioner’s Court, and the 

Guadalupe-Blanco River Authority. 

GBRA and UGRA. 2003. Investigation of Impacts of Oil Field Activities on the San Marcos 

River and Plum Creek in Caldwell County. Prepared in cooperation with the Guadalupe-

Blanco River Authority and the Texas Commission on Environmental Quality under the 

Authorization of the Texas Clean Rivers Act. 

Hellgren, E.C. 1997. Biology of feral hogs (Sus scrofa) in Texas. Feral Swine Symposium, Texas 

Cooperative Extension Service. 

Hone, J. 1990. Notes on Seasonal Changes in Population Density of Feral Pigs in Three Tropical 

Habitats. Australian Wildlife Research 17:131-134.  

Lockwood, M. 2005. White-Tailed Deer Population Trends. Federal Aid in Fish and Wildlife 

Restoration. Project W-127-R-14. Texas Parks and Wildlife Department.  

Reed, Stowe, and Yanke. 2001. Study to Determine the Magnitude of, and Reasons for, 

Chronically Malfunctioning On-Site Sewage Facility Systems in Texas, Prepared in 

Cooperation with the Texas On-Site Wastewater Treatment Council. 

Tate, J. 1984. Techniques for Controlling Wild Hogs in Great Smoky Mountains National Park: 

Proceedings of a Workshop. U.S.D.I. National Park Service Southeast Region, 

Research/Resources Manage. Rep. Ser-72. 87pp. 

Texas Water Commission. 1991. Waste Load Evaluation for Plum Creek in the Guadalupe River 

Basin Segment 1810. 

USDA. 2002. 2002 Census of Agriculture – County Data. National Agricultural Statistics 

Service: 560-634, 716-718, 719-729, 730-732, 733-734. 

Zeckoski, R. W., B. L. Benham et al. 2005. BLSC: A Tool for Bacteria Source Characterization 

for Watershed Management. Applied Engineering in Agriculture 21(5):879-889. 



 
 

 




