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Executive Summary
Introduction
One hundred and ninety-seven (197) waterbodies in Texas are impaired because they do not meet bacteria criteria established by the state to protect contact recreation use (freshwater and saltwater) and/or oyster water use. The freshwater contact recreation use criterion used to determine impairment includes both a geometric mean for E. coli of 126 colonies per 100 ml and a single sample maximum of 394 per 100 ml. The saltwater contact recreation use criterion includes both a geometric mean for Enterococci of 35 colonies per 100 ml and a single sample maximum of 89 per 100 ml. Finally, the oyster water use criteria includes a median fecal coliform concentration of 14 colonies per 100 ml and no more than 10% of samples may exceed 43 colonies per 100 ml. The ongoing Triennial Water Quality Standards Review process will be re-examining these criteria.
As required by Section 303(d) of the Clean Water Act, Texas has committed to complete TMDLs for these bacteria-impaired waterbodies within 13 years of the listing date (i.e. 2017 for new waterbodies listed on the 2004 list). In order to identify the best and most cost- and time-effective methods to develop bacteria TMDLs and TMDL Implementation Plans (I-Plans), the Texas Commission on Environmental Quality (TCEQ) and the Texas State Soil and Water Conservation Board (TSSWCB) established a joint technical Task Force on Bacteria TMDLs on September 27, 2006. The Task Force was charged with:
· reviewing U.S. Environmental Protection Agency (EPA) Total Maximum Daily Load (TMDL)  guidelines and approaches taken by selected states to TMDL and I-Plan development,
· evaluating scientific tools, including bacteria fate and transport modeling and  bacterial source tracking (BST),
· suggesting alternative approaches using bacteria modeling and BST for TMDL and I-Plan development, emphasizing scientific quality, timeliness and cost effectiveness, and
· identifying gaps in our understanding of bacteria bacteria fate and transport requiring additional research and tool development. 

Task Force members are Drs. Allan Jones, Texas Water Resources Institute; George Di Giovanni, Texas Agricultural Experiment Station–El Paso; Larry Hauck, Texas Institute for Applied Environmental Research; Joanna Mott, Texas A&M University–Corpus Christi; Hanadi Rifai, University of Houston; Raghavan Srinivasan, Texas A&M University; and George Ward, University of Texas at Austin. Dr. Allan Jones was named Task Force Chair by TCEQ and TSSWCB.
More than 40 Expert Advisors (Appendix 1) with expertise on bacteria related issues have also provided significant input to the Task Force during the process. Included in this group are university scientists, environmental consultants, and representatives of  local, state and federal agencies with jurisdictions impacting bacteria and water quality.
Recommendations from the Task Force are intended to be used by the State of Texas, specifically TSSWCB and TCEQ, to keep Texas as a national leader in water quality protection and restoration
. 
Bacteria Fate and Transport Models
 

This section, coordinated by Drs. Hanadi Rifai and Raghavan Srinivasan, describes the strengths and weaknesses of several bacteria fate and transport models that have been used for TMDL and I-Plan development. Table 1 below is a matrix for bacteria modeling tools. Other modeling tools described in EPA publications are summarized in Appendix 2. 
Table 1 Bacteria Modeling Matrix
	
	
	Statistical and Mass Balance
	 
	 
	Mechanistic/Hydrologic/WQ

	Model
	
	LDC
	MB
	BLEST
	BSLC
	BIT
	
	
	HSPF
	SWAT
	SWMM
	WASP

	Watercourse Type
	Watersheds
	 
	 
	x
	x
	x
	 
	 
	x
	x
	x
	 

	
	River/Stream
	x
	 
	x
	x
	x
	 
	 
	x
	x
	   
	x

	
	Lake/Reservoir
	 
	 
	x
	x
	x
	 
	 
	 
	 
	 
	x

	
	Fresh/Saltwater Estuarine
	
	x
	x
	x
	x
	
	
	
	
	
	x

	TMDL Step
	Development
	x
	x
	x
	x
	x
	 
	 
	x
	x
	 
	x

	
	Implementation
	
	
	x
	
	
	
	
	x
	x
	
	x

	Model Type
	Analytical
	x
	x
	x
	x
	x
	 
	 
	 
	 
	 
	 

	
	Numerical
	
	
	
	
	
	
	
	x
	x
	x
	x

	Spatial Dimensions
	1-D
	 
	 
	 
	 
	 
	
	
	
	
	
	x

	
	2-D
	 
	 
	 
	 
	 
	
	
	
	
	
	x

	
	3-D
	 
	 
	 
	 
	 
	
	
	
	
	
	x

	Time Scale
	Steady-state
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 
	x

	
	Time Varying
	 
	 
	 
	 
	 
	 
	 
	x
	 
	x
	x

	
	Single Storm Event
	 
	 
	 
	 
	 
	 
	 
	x
	x
	x
	 

	
	Continuous in time
	 
	 
	 
	 
	 
	
	
	x
	x
	x
	x

	Watershed Characteristics
	Rural
	x
	x
	x
	x
	x
	
	
	x
	x
	
	 

	
	Urban
	x
	x
	x
	x
	x
	
	
	x
	x
	x
	 

	
	Sediment transport
	 
	 
	 
	 
	 
	
	
	x
	x
	
	x

	In-Stream Processes
	Bacteria Re-growth
	 
	 
	 
	 
	 
	
	
	
	
	
	

	
	Bacteria Die-off
	 
	 
	 
	 
	 
	
	
	x
	x
	
	

	
	Settling
	 
	 
	 
	 
	 
	
	
	x
	x
	
	

	
	Re-suspension
	 
	 
	x
	 
	 
	
	
	x
	x
	
	

	WLA Sources
	WWTP
	 
	x
	x
	 
	 
	
	
	x
	x
	
	x

	
	Storm Sewers
	 
	x
	x
	 
	 
	
	
	x
	x
	
	x

	LA Sources
	Septic Tanks
	 
	x
	x
	x
	x
	
	
	x
	x
	
	

	
	Direct Deposition
	 
	x
	x
	x
	x
	
	
	x
	x
	
	x

	
	Bed Sediment
	 
	x
	x
	 
	 
	
	
	x
	
	
	x


Notes: 1. Shaded areas: not applicable.
Bacterial pollution in surface water bodies is a complex phenomenon to model because of numerous bacteria sources in most watersheds. In addition, several fate and transport processes control their behavior and distribution on the land and in streams. Indicators such as E. coli, Enterococcus spp., and fecal coliform bacteria, although typically nonpathogenic, are used to identify the potential for the presence of other disease-causing organisms. These bacteria originate from human and non-human sources and are released into water bodies via point sources (such as wastewater treatment plant effluent and runoff from stormwater drainage networks) as well as dispersed (or nonpoint) sources (such as direct runoff from residential yards and streets, on-site sewage disposal, deposition from birds, and re-suspension of bacteria from stream sediment). Bacteria are present in both water and sediment, and experience re-growth and death within a water body. Furthermore, bacteria concentrations in streams vary spatially and temporally because of variability of flow within the stream network and loads entering the streams from various sources at different times. Because of this complexity, most states use mathematical models in understand bacteria dynamics when conduction bacteria TMDLs and I-Plans. However, selecting an appropriate model for bacteria TMDLs is a challenge. Numerous water quality models are available and the bacterial sources and their fate and transport are complex. Both the characteristics of each watercourse and the nature of its pollutant loads should be considered. Selection of a model is an important and critical step that should be undertaken early in the TMDL development process in consultation with stakeholders and modeling experts. 
Since bacteria TMDLs estimate the maximum bacteria load that a waterbody can receive and still meet water quality standards. TMDL development involves estimating both existing and allowable loads, the instream water quality effects of these loads, and as well as the reductions that would be required to meet standards. Implementation plan development, on the other hand, involves designing realistic bacteria reduction strategies for different sources and examining their effects on water quality. The different goals 

of TMDL development and I-Plan development may require the use of different bacteria models with different levels of sophistication. The two basic modeling strategies that have been used for developing and implementing TMDLs and I-Plans involve: (1) the use of statistical models or mass balance models that rely on available flow and water quality data, and (2) the use of mechanistic (process or physically based) hydrologic/water quality models combined with landscape loading models. The most common models used for bacteria TMDLs and I-Plans are described below. Other models are described briefly in Appendix 2.
Statistical and Mass Balance Bacteria Models

The most common statistical model used in bacteria TMDLs is the Load Duration Curve (see Appendix 4). Other spatially explicit and statistical models can also be used in developing bacteria TMDLs. A GIS tool, Spatially Explicit Load Enrichment Calculation Tool (SELECT) is being developed by Texas A&M University’s Spatial Sciences Laboratory and Biological and Agricultural Engineering Departments to calculate contaminant-loads resulting from various sources in a watershed. SPARROW (SPAtially Referenced Regressions On Watershed attributes) is a hybrid statistical/deterministic regional water quality assessment model that uses mechanistic functions with spatially distributed components for pollutant predictions (Smith et al., 1997). 

Mass balance methods, on the other hand, while commonly used, are not uniform in their approach and tend to be watershed specific.

Load Duration Curves (LDC)
Efforts to formulate useful TMDLs have lead to the development of many predictive tools for the estimation of necessary reductions to meet water quality goals. States required to develop TMDLs as part of consent decrees have been under a great deal of pressure to produce TMDLs quickly to comply with federal law. Other states faced with budgetary constraints need a cost-effective means to develop TMDLs to restore impaired waters. As a result, simplistic approaches to identify sources of pollution and allocate loads are needed to identify bacteria load reductions to meet water quality standards. Load duration curve (LOC) methodologies are acknowledged as a useful tool for addressing bacteria impairments since they are easy to understand, produce reasonable results and have minimal data requirements (Stiles 2001, Bonta 2002). 
Load duration curves are simply a means to graphically represent streamflow data in terms of pollutant loadings. The analysis begins with a flow duration curve where the x-axis is based on the frequency of exceedance of specific flows (y-axis) during the entire period of record represented in the data (Figure 1). The resulting graph depicts the range of flows (expressed as an exceedance frequency) experienced at a single point over time (the higher the percentage, presumably, the lower the flow).  
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Figure 1: Example flow duration curve
In order to make this approach useful for TMDL purposes it is necessary to convert the flow duration curve to a load duration curve. This is accomplished by multiplying the flow (at each frequency interval) by the water quality standard (Figure 2). The resulting plot represents the maximum amount of a pollutant that can be discharged for every flow experienced in the specific stream, in essence the total maximum daily load. The plotted line in Figure 2 is equal to the water quality criteriaon times the flow. 
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Figure 2: Example load duration curve
Monitoring data can be added to the graph to identify those flow conditions where pollutant levels may be above allowable loadings. This is done by multiplying the water quality data by the flow that occurred when the sample was taken. The data points can then be plotted at the appropriate flow frequency and compared directly to the standard (Figure 3).
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Figure 3:  Data assessment using load duration curve
Load duration curves provide useful information at several levels for the TMDL development process. In the most basic form, the tool allows for gross differentiation of the sources of bacteria (Figure 4). Generally speaking, points that exceed the allowable load at low flows (high exceedance frequency) are likely to be the result of point source discharges, for example a waste water treatment facility discharging bacteria into a slowly flowing stream. In contrast, points occurring above the criteria at the mid range and high flows are typically caused by nonpoint source inputs. An example might be surface runoff carrying bacteria from livestock or wildlife sources into a rapidly flowing stream. 
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Figure 4: Source identification using load duration curve
Developing load reduction scenarios based upon the load duration curve requires the examination of relationships between the data and the TMDL expressed in the curve. This usually requires comparisons between statistical representations of the data (means, regression lines, confidence intervals) and the TMDL, the difference between the two values represents the required reduction. Statistical estimates of the data may include all of the points or just those that occur above the TMDL line.

The segmentation of the load duration curve allows for the development of appropriate implementation strategies that target specific flow conditions (Cleland 2002). Exceedances occurring at the low flows (high exceedance frequencies) will require regulatory actions to control point sources. At the mid range and high flows, management measures directed towards nonpoint sources should be developed. At some point in the flow frequency, control of pollutant sources becomes unfeasible. Pollutant loadings at these high flow events typically exceed design specifications for control actions. For this reason, it may be reasonable to exclude data and loadings that occur beyond this point.

Several states have developed bacteria TMDLs using these methods and produced reasonable scenarios to address impairments. Oklahoma developed TMDLs for bacteria in the Upper Canadian River in several nonpoint source dominated watersheds. In Maryland, a TMDL for bacteria was developed for Cabin John Creek. This approach also used bacteria source tracking tools to further refine source loadings. The Kansas Department of Health and Environment used the load duration methodology to develop a bacteria TMDL for the Kansas River. Texas is currently developing several TMDLs that will apply the approach to address several bacteria impairments.

As with all predictive tools used in TMDL development, the load duration curve approach has both strengths and weaknesses. The primary strengths of this approach are in the minimal data requirements (although large datasets are preferable in all cases), simplicity and as an illustrative model. The simplistic nature of the model can also be considered a weakness in that very few inputs are considered for estimating resulting bacteria loads, potentially increasing uncertainty. This method also does not work very well in tidally influenced areas, and intermittent streams tend to produce truncated curves. Finally, the load duration approach can only differentiate between point and nonpoint sources, whereas, more mechanistic models provide more detailed assessments of specific sources of bacteria loads. On the other hand, specific source identification may not be necessary since a TMDL, in the most basic form, only requires differentiation between point (WLA) and nonpoint (LA) sources. Further refinements may be desirable for developing measures to control sources in the I-Plan following the TMDL. Additional tools (targeted monitoring, sanitary surveys, bacterial source tracking, and more complex models) used in conjunction with load duration methods have the potential to significantly refine source identification and increase the power of this analytical tool.  

Spatially Explicit Load Enrichment Calculation Tool (SELECT)

SELECT spatially references the sources, and is being developed under ArcGIS 9 environment. SELECT will calculate and allocate pathogen loading to a stream from various sources in a watershed.  All loads will be spatially referenced. In order to allocate the E. coli load throughout the watershed, estimations of the source contributions will be made. This in turn allows the sources and locations to be ranked according to their potential contribution. The populations of agricultural animals, wildlife, and domestic pets will be calculated and distributed throughout the watershed according to appropriate land use.  Furthermore, point sources such as Waste Water Treatment Plants will be identified and their contribution quantified based on flow and outflow concentration. Septic system contribution will also be estimated based on criteria including distance to a stream, soil type, failure rate, and age of system. Once the watershed profile is developed for each potential source, the information can be aggregated to the sub-watershed level to identify the top contributing areas. 

SPARROW (SPAtially Referenced Regressions On Watershed attributes)

SPARROW spatially references various watershed components, such as stream monitoring data, pollutant sources, etc., to surface water flow paths that are defined by a digital drainage network. It then imposes mass-balance constraints to empirically estimate terrestrial and aquatic rates of pollutant flux. Applications of SPARROW include estimation of the spatial distributions of pollutant yields, pollutant sources, and the potential for delivery of those yields to receiving waters. This information can be used to (1) predict ranges in pollutant levels in surface waters, (2) identify the environmental variables that are significantly correlated to the pollutant levels in streams, (3) evaluate monitoring efforts for better determination of pollutant loads, and (4) evaluate various management options for reducing pollutant loads to achieve water-quality goals. SPARROW has been used previously to estimate the quantities of nutrients delivered to streams and watershed outlets from point and diffuse sources over a range of watershed sizes (Smith et al., 1997; Alexander et al., 2000, 2001; Preston and Brakebill, 1999). This approach can be utilized for bacteria TMDLs because it not only uses process-based models to simulate transport of pollutants, but it also uses the actual historical monitoring data
 and known predictor variables to predict the various model input parameters. In this manner, a more realistic model can be developed that closely describes the conditions of the particular watershed (Schwarz, et al., 2006).

Mass Balance Method
The method, as the name implies, involves undertaking a mass balance between source loads entering the water body and the bacteria load within the stream. Sources are typically inventoried, quantified and compared to existing and allowable in-stream loads at specified points within the stream (typically, where the TMDL is sought) for different flow conditions. Mass balance methods require more data than the LDC method, but are more amenable for use in TMDL implementation. These methods have typically been developed using spreadsheets. The main advantages of the mass balance method are that they can be used for tidal and non-tidal water bodies, including both TMDL and I-Plan development. In addition, they can be used for watersheds where both point and nonpoint sources appear to contribute at both low flow and high flow conditions. The main disadvantage is that the mass balance method, like the LDC method, is static and does not allow for temporal variations in loading. The mass balance method, however, does account for spatial variations since it estimates the various sources within the watershed.

In Texas, one of the more recent mass balance applications is described in Petersen
 (2006) in which the Bacteria Load Estimator Spreadsheet Tool (BLEST) was used to calculate bacteria loads from all sources and land uses on a subwatershed basis for Buffalo and White Oak Bayous
. The loads were accumulated by segment and calculated for low, median and high flow conditions in a stream. Sources include wastewater treatment plants, septic tanks, nonpoint source runoff
, sanitary sewer overflows and bypasses, sewer leaks and spills, in-stream sediment and wildlife and domesticated animals. BLEST was used to calculate existing loads and allowable loads and to estimate the load reductions that would be required to meet the standard.
 The limitations of this tool include the extensive amount of inventory data required, the use of literature values for some of its variables (for example: the rate of failure for septic systems), and the absence of attenuation or loss mechanisms that might affect loads before they reach the water body. Additionally, and due to its static nature, temporal variations in the source loads are not modeled.

Similar tools to BLEST have been developed elsewhere, for example, the Bacteria Source Load Calculator (BSLC) from the Center for TMDL and Watershed Studies at Virginia Tech University (http://www.tmdl.bse.vt.edu/outreach/C85/). 

Another tool is the Bacteria Indicator Tool (BIT) from EPA (http://www.epa.gov/waterscience/ftp/basins/system/BASINS3/bit.htm). The Bacterial Indicator Tool is a spreadsheet that can be used to estimate the monthly accumulation rate of fecal coliform bacteria on four land uses (cropland, forested, built-up, and pastureland). The tool also estimates the direct input of fecal coliform bacteria to streams from grazing agricultural animals and failing septic systems. Output from BIT can be used as input to WinHSPF and the Hydrological Simulation Program Fortran (HSPF) water quality model in BASINS (Better Assessment Science Integrating Point and Nonpoint Sources). BIT has been used in Texas.
Mechanistic Hydrologic/Water Quality Bacteria Models

A number of simulation models have been used to describe (in mathematical form) the mechanisms of water movement as well as loading and transport of pollutants. Both researchers and managers desire to have a means to create scenarios to simulate environmental outcomes in response to specific management practices. Models are used to predict the water quality in a water body based upon changes in pollutant loading and various allocation strategies. These models can be used both for TMDL and I-Plan development to evaluate spatial and temporal variation of bacteria loading within a watershed. These models, however, suffer from extensive data requirements and their level of sophistication require a significant investment of resources for parameterization ad calibration. In general, in-stream water quality models are steady-state or transient and are hydrologically driven (via rainfall) or hydrodynamically driven (via velocities in the water body). A steady-state model does not allow for variations over time, and averages water quality over time. A dynamic or transient model, on the other hand, allows for changes over time and can be used to estimate bacteria loads and concentrations at different points in time anywhere in the stream.

Ward and Benaman (1999) identified a number of models as being appropriate for use in Texas TMDLs. Their list includes: ANSWERS, CE-QUAL-W2, DYNHYD, EFDC, GLEAMS, HSPF, POM, PRMS, QUALTX, SWAT, SWMM, TxBLEND and WASP. Their assessment categorized these models based on the watercourse type and the scale of resolution for time. For example, HSPF, SWAT, PRSM, SWMM and ANSWERS were characterized as watershed type models that can be used for “slow time variation” and “continuous time variation.” Other tools that have been used for TMDL development include BSLC and BIT described previously. ArcHydro, although not considered a typical model, was used to develop bacteria loading estimates for Galveston Bay.
Of the above list of models identified by Ward and Benaman (1999) for use in Texas TMDLs, the most commonly used for bacteria include: HSPF, SWAT, SWMM, and WASP, with HSPF being the most commonly used of the four. These models all require many input variables, a substantial investment in set-up, calibration and validation time, and have a steep learning curve. The differences among the four models are discussed below.

HSPF (Hydrological Simulation Program – FORTRAN)
HSPF has been in extensive use since the 1970’s, and is distributed by EPA’s Center for Exposure Assessment Modeling. This watershed hydrologic model has been commonly used for TMDL development for a variety of conventional water quality parameters in Texas
 and other states. The required data include land use, watershed and subwatershed boundaries, location and data for rainfall gages and surface water quality monitoring stations, detailed descriptions of stream geometry and capacity, detailed information about sources within the watershed, sedimentation and re-suspension characteristics, and bacteria die-off rates, to name a few. Development of an HSPF model for a given watershed is both complex and time consuming and involves substantial calibration and validation. HSPF can be used for most types of watersheds (except possibly tidally influenced streams) regardless of the land use, and it requires input from hydrologic and hydraulic models as well as GIS data layers. HSPF allows for a detailed spatial resolution within the watershed and allows for estimation of bacteria loads from runoff from the land surface as well as re-suspension from the streambed and from direct deposition sources. Disadvantages include the inherent difficulty in its application, its poor documentation and inadequate simulation of bacteria fate and transport processes (for example, transport of bacteria associated with sediment, sedimentation and re-suspension, re-growth and die-off processes are simplified and end up being treated as calibration variables
).

SWAT (Soil and Water Assessment Tool
)
The SWAT model is a continuation of nearly 30 years of modeling efforts conducted by the U, S. Department of Agriculture (USDA) Agricultural Research Service (ARS). SWAT has gained international acceptance as a robust interdisciplinary watershed modeling tool as evidenced by international SWAT conferences, SWAT-related
 papers presented at numerous other scientific meetings, and dozens of articles published in peer-reviewed journals. The model, like HSPF, has been adopted as part of the EPA Better Assessment Science Integrating Point & Nonpoint Sources (BASINS) software package and is being used by many federal and state agencies, including the USDA within the Conservation Effects Assessment Project (CEAP). Reviews of SWAT applications and/or components have been previously reported, sometimes in conjunction with comparisons with other models (e.g., Arnold and Fohrer, 2005; Borah and Bera, 2003; Borah and Bera, 2004; Steinhardt and Volk, 2003; Gassman, et. al 2005).
SWAT was developed primarily to estimate loads from rural and mainly agricultural watersheds; however, the capability for including impervious cover was accomplished by adding urban build up/wash off equations from SWMM. A microbial sub-model was incorporated to SWAT for use at the watershed or river basin levels. The microbial sub-model simulates (1) functional relationships for both the die-off and re-growth rates and (2) release and transport of pathogenic organisms from various sources that have distinctly different biological and physical characteristics. SWAT has been used in Virginia and North Carolina for bacteria TMDL development. 


. 

SWMM (Storm Water Management Model
)

This model was developed primarily for urban areas. SWMM
 simulates real storm events based on meteorological data and watershed data, and that has been the most common way for applying the model, although it can be used for continuous simulations. While SWMM was developed with urban watersheds in mind, it can be used for other watersheds. The biggest advantage of SWMM is in its ability to model the detailed urban drainage infrastructure including drains, detention basins, sewers and related flow controls. However, SWMM is it does not simulate the in-stream water quality or the quality within the receiving stream
. Linking it to WASP can circumvent this limitation. Perhaps the best application for SWMM can be to characterize the bacterial pollution from the urban drainage infrastructure but this somewhat limits the usefulness of SWMM within a bacterial TMDL context to implementation rather than TMDL development
.

WASP (Water-quality Analysis Simulation Program

)
This model is also distributed by EPA’s Center for Exposure Assessment Modeling. It is a well-established water quality model incorporating transport and reaction kinetics. Unlike HSPF, however, WASP is not rainfall-driven, rather it is velocity-driven, thus it is usually coupled with a suitable hydrodynamic model such as DYNHYD or EFDC. WASP is typically used for main channels
, reservoirs and for bays and estuaries
 and not for modeling watershed-scale processes. Problems studied using WASP include biochemical oxygen demand and sources of bacteria.

 dissolved oxygen dynamics nutrients and eutrophication, organic chemical and heavy metal contamination
.

Important Considerations for Bacteria Modeling

· The expectations from using a model for TMDL development or implementation must be realistic and commensurate with the level of data and information available for the watershed in question. The model used will only be as good as the data used to develop it.

· Models should be used as part of the TMDL framework and not as an end-all tool for decision-making. The model should be perceived as evergreen and continually evolve as the knowledge base used in developing it changes.

· In-stream sediment settling and re-suspension processes are not well represented in most models available to date and thus their role in bacterial concentrations in water bodies is poorly understood.

· Bacterial re-growth and death are also not well represented in presently available models. Bacteria death is typically approximated using first-order expressions, and the first-order decay constant is determined from controlled laboratory and/or field experiments that do not mimick the full range of variables involved.

· Transient (time-varying) models such as HSPF provide bacterial concentrations on a very detailed time scale (minutes or hours), whereas most bacterial measurements are made much less frequently (once a week or once a month or once a quarter) thus complicating calibration and validation of the model.

· The models that are hydrologically driven such as HSPF are biased toward high flow conditions since rainfall is the main driver for flow in the water body. These models have to be fine-tuned to represent bacterial sources in dry weather conditions (under mostly effluent dominated conditions).

· The main value of simple models such as LDC, BLEST or BIT is in determining required reductions to meet the standard.

· The main value of detailed models is that they allow for spatial and temporal analysis of different reduction strategies and their effectiveness in improving in-stream water quality.

· Uncertainty in model results should be considered and assessed but also put in context relative to the uncertainty in loading data.

Bacteria Source Tracking 

This section, coordinated by Drs. George Di Giovanni and Joanna Mott, describes the strengths and weaknesses of several bacterial source tracking (BST) tools that have been used. The USEPA has also issued a microbial source tracking guidance document  (USEPA 2005) which provides technical details on many different BST methods, quality control measures, discussion of library size and representativeness, statistical analysis, project design, and case studies. Detailed discussions of these topics are outside the scope of this report, but these issues have been considered in the recommendations presented below.  

The premise behind BST is that genetic and phenotypic tests can identify bacterial strains that are host specific so that the original host animal and source of the fecal contamination can be identified. Often Escherichia coli (E. coli) or Enterococcus spp. are used as the bacteria targets in source tracking, as this provides a direct link with water quality standards which are usually based on one of these two indicators
 (for example, (Parveen, Portier et al. 1999; Dombek, Johnson et al. 2000; Graves, Hagedorn et al. 2002; Griffith, Weisberg et al. 2003; Hartel, Summer et al. 2003; Kuntz, Hartel et al. 2003; Stoeckel, Mathes et al. 2004; Scott, Jenkins et al. 2005)).  While there has been some controversy concerning host specificity and survival of E. coli in the environment (Gordon, Bauer et al. 2002), this indicator organism has the advantage that it is known to correlate with the presence of fecal contamination and is used for human health risk assessments.  Bacterial source tracking of E. coli, therefore, has the advantages of direct regulatory significance and availability of  standardized culturing techniques for water samples, such as EPA’s Method 1603 (USEPA 2005).

Description of Methods

There have been many different technical approaches to bacterial source tracking ((Scott, Rose et al. 2002; Simpson, Santo Domingo et al. 2002; Meays, Broersma et al. 2004), but there is currently no consensus on a single method for field application. Genotypic (molecular) tools appear to hold promise for BST, providing the most conclusive characterization and level of discrimination for isolates. Of the molecular tools available, ribosomal ribonucleic acid (RNA), genetic fingerprinting (ribotyping), repetitive element polymerase chain reaction (rep-PCR), and pulsed-field gel electrophoresis (PFGE) are emerging as a few of the versatile and feasible. BST techniques Antibiotic resistance profiling, a phenotypic characterization method, also has the potential to identify the human or animal origin of isolates, and variations of this technique have been applied in several BST studies. Carbon source utilization is another phenotypic method that has been used in Texas as well as other states as a source tracking method
. (See Table 2 below)
	Technique
	Acronym
	Target organism(s)
	Basis of characterization
	Previously Used or in Progress in Texas
	Used in other states
	Accuracy of  source identification
	Size of library needed for water isolate IDs
	Capital cost
	Cost per sample (reagents and consumables only)
	Ease of use
	Hands on processing time for 32***  isolates
	Time required to complete processing 32 isolates

	Enterobacterial repetitive intergenic consensus sequence polymerase chain reaction
	ERIC-PCR
	Escherichia coli
(E. coli) and Enterococcus spp.
	DNA fingerprint
	Yes
(Di Giovanni)
	Yes
	Moderate
	Moderate
	$20,000

($15,000 BioNumerics software, $5,000 equipment)
	$8
	Moderate
	3 h
	24 h**

	Automated ribotyping (RiboPrinting)†
	RP
	E. coli  and Enterococcus spp.
	DNA fingerprint
	Yes
(Di Giovanni)
	Yes
	Moderate
	Moderate
	$115,000

($100K RiboPrinter, $15K BioNumerics software)
	$40
	Easy
	1 h
	24 h

	Pulsed field gel electrophoresis
	PFGE
	E. coli  and Enterococcus spp.
	DNA fingerprint
	Yes
(Pillai and Lehman)
	Yes
	High
	Large
	$30,000
	$40
	Difficult
	10 h
	5 days

	Kirby-Bauer antibiotic resistance analysis‡
	KB-ARA
	E. coli  and Enterococcus spp.
	Phenotypic fingerprint
	Yes

(Mott)
	Yes
	Moderate*
	Moderate
	$35,000
	$15
	Easy
	3 h
	24 h**

	Carbon source utilization
	CSU
	E. coli  and Enterococcus spp.
	Phenotypic fingerprint
	Yes

(Mott)
	Yes
	Moderate
	Moderate
	$15,000
	$10
	Easy
	4 h
	24 h**

	Bacteriodales polymerase chain reaction
	Bacterio-dales PCR
	Bacteriodales species
	Genetic marker presence or absence

(not quantitative)
	Yes
(Di Giovanni)
	Yes
	Moderate to high for only human, ruminant, horse, and pig sources
	Not applicable 
	$5,000
	$8
	Easy to moderate
	3 h
	8 h**

	Enterococcus faecium surface protein polymerase chain reaction or colony hyb.
	E. faecium esp marker
	E. faecium
	Genetic marker presence or absence

(not quantitative)
	Yes
(Di Giovanni)
	Yes
	High for only human
	Not applicable
	$8,000
	$8 to $12
	Easy to moderate
	3 to 6 h
	8 to 24 h**

	ERIC and RP 2-method composite
	ERIC-RP
	E. coli
	DNA fingerprints
	Yes

(Di Giovanni)
	No
	Moderate to high
	Moderate
	$120,000
	$48
	Moderate
	4 h
	24 h

	ERIC and KB-ARA 2-method composite
	ERIC-ARA
	E. coli
	DNA and phenotypic fingerprints
	Yes

(Di Giovanni)
	No
	Moderate to high
	Moderate
	$55,000
	$23
	Moderate
	6 h
	24 h

	KB-ARA and CSU 2-method composite
	ARA-CSU
	E. coli  and Enterococcus spp.
	Phenotypic fingerprints
	Yes

(Mott)
	Yes
	Moderate to high
	Moderate
	$50,000
	$23
	Easy to moderate
	7 h
	24 h


Table 2. Relative comparison of several bacterial source tracking techniques

†A manual ribotyping version is also used by some investigators (i.e. Dr. M. Samadpour with IEH Laboratories and Consulting Group in Seattle), but no detailed information is available for comparison.
‡A variation of this technique using replica plating and +/- scoring of growth on media with different concentrations of antibiotics, called ARA, has been used extensively in Virginia for TMDLs.

*This technique is better for distinguishing broader groups of pollution sources. For example, “wildlife” and “livestock” as opposed to “avian wildlife”, “non-avian wildlife,” “cattle,” etc.
**With sufficient personnel, up to approximately 150 isolates can be analyzed in 24 h. 

***Thirty two isolates selected for comparison because it is the maximum throughput per day of the RiboPrinter, which is the only automated system described. 

To initiate a BST study for Lake Waco and Belton Lake, Texas four years ago, a review of BST methods was performed. At that time, and still today, there is no consensus among BST experts as to the best approach or technique. The enterobacterial repetitive intergenic consensus sequence polymerase chain reaction (ERIC-PCR),  RiboPrinting, pulsed field gel electrophoresis (PFGE), and Kirby-Bauer antibiotic resistance analysis (KB-ARA) were chosen for the Texas study because they appeared promising from previous BST and other scientific studies, and cover the spectrum in cost, ease of use, and discriminatory ability. This allowed us to not only evaluate the practical application of these methods for the identification of human and animal sources of fecal pollution, but also to perform a comprehensive comparison of the methods and composite data sets for further consideration and use in future studies. Additionally, carbon source utilization (CSU) has been used in Texas in conjunction with KB-ARA.  Each of these five methods has its strengths and weaknesses, which are described below. A disadvantage of each of these techniques is that reference libraries of genetic or phenotypic fingerprints for E. coli isolated from known sources (e.g., domestic sewage, livestock and wildlife) are needed to identify the sources of bacteria isolated from environmental water samples. Thus, the development of an identification library can be a time consuming and expensive component of a BST study. Libraries of isolates from various parts of Texas have been developed using these methods. 

ERIC-PCR
Enterobacterial repetitive intergenic consensus sequence polymerase chain reaction (ERIC-PCR), a type of rep-PCR, has moderately high ability to resolve different closely related bacterial strains (Versalovic, Schneider et al. 1994). Consumable costs for ERIC-PCR are inexpensive and labor costs for sample processing and data analyses are moderate. ERIC-PCR is a genetic fingerprinting method used in previous BST studies (e.g. McLellan, Daniels et al. 2003; Leung, Mackereth et al. 2004; Casarez, Pillai et al. 2006) as well as many microbial ecology and epidemiological studies. ERIC elements are repeat DNA sequences found in varying numbers and locations in the genomes of different bacteria such as E. coli. The PCR is used to amplify the DNA regions between adjacent ERIC elements. This generates a DNA banding pattern or fingerprint which looks similar to a barcode pattern. Different strains of E. coli bacteria have different numbers and locations of ERIC elements in their bacterial genomes, and therefore, have different ERIC-PCR fingerprints. ERIC-PCR is useful as a screening technique for library development because of its moderate cost and moderately high ability to resolve different strains of the same species of bacteria.
Ribotyping
Ribotyping is a genetic fingerprinting method used in previous BST studies (e.g. . Parveen, Portier et al. 1999; Scott, Parveen et al. 2003; Moore, Harwood et al. 2005), as well as many microbial ecology and epidemiological studies (e.g. Verduin, Kools-Sijmons et al. 2000; Clark, Kruk et al. 2003), as well as many microbial ecology and epidemiological studies, although there is not a consensus as to the best protocol. Ribotyping has a moderate ability to resolve different strains of the same bacteria species. An automated ribotyping system (DuPont Qualicon RiboPrinter) is available, which saves labor costs and requires little training, but the initial investment and the consumable cost per isolate are expensive. The RiboPrinter was originally developed for use in identification and characterization of microbial isolates for the food industry. An endonuclease enzyme (e.g. Hind III) selectively cuts E. coli DNA wherever it recognizes a specific DNA sequence. The resulting DNA fragments are separated by size and probed for fragments containing particular conserved ribosomal RNA gene sequences, which results in DNA banding patterns or fingerprints that look similar to barcode patterns. Different strains of E. coli bacteria have differences in their DNA sequences and different numbers and locations of enzyme cutting sites, and therefore have different ribotyping fingerprints. By automating the process, the RiboPrinter System can analyze up to 32 samples per day, whereas manual ribotyping methods, which require highly trained and experienced personnel,  may require up to several days to complete. All bacteria isolate sample processing is automated using standardized reagents and a robotic workstation, providing a high level of reproducibility. The RiboPrinter was originally developed for use in identification and BST of microbial isolates for the food industry. Since the system employs standardized methods and reagents, results obtained from other laboratories using the system are directly comparable. 
Pulsed-field Gel Electrophoresis (PFGE)
Pulsed-field gel electrophoresis (PFGE) is another leading genetic fingerprinting method used in BST. PFGE has very high resolution and can discriminate between closely related bacteria strains. While this allows higher confidence in the matches made, typically fewer environmental isolates are identified compared to other BST techniques. The entire bacterial genome is fragmented using an infrequent cutting restriction endonuclease enzyme (e.g. Xba I) which cuts DNA wherever it recognizes a specific rare sequence. All the DNA fragments are separated by size and stained to visualize the resulting genetic fingerprint that resembles a barcode. Different strains of E. coli bacteria have differences in their DNA sequences and different numbers and locations of enzyme cutting sites and therefore, have different PFGE fingerprints. PFGE is currently being used by the Centers for Disease Control and Prevention (CDC) to track foodborne E. coli O157:H7 and Salmonella isolates. CDC currently uses this standardized protocol as the basis of its “PulseNet” outbreak surveillance network that allows public health laboratories nationwide to quickly compare their PFGE fingerprints to the CDC central reference library. Although it requires more training and cost, PFGE has very high resolution and can discriminate between closely related strains. While this level of resolution allows higher confidence in the matches made, fewer species identifications can be made, and a very large (and costly) library is needed for field application. In addition, some bacteria strains have genomic DNA in configurations that do not permit effective restriction endonuclease digestions. 
Kirby-Bauer Antibiotic Resistance Analysis (KB-ARA)

Antibiotic Resistance Analysis was one of the first approaches developed for bacteria source tracking and has been used for many TMDL studies in the United States. It relies on the principle that bacteria from intestinal tract of different animals have been exposed to different antibiotics and will exhibit different profiles of resistance to a panel of antibiotics. Several methods have been used for antibiotic resistance analysis; however all rely on the same principle and the data are usually statistically analyzed using discriminant analysis to categorize isolates. The Kirby-Bauer antibiotic resistance analysis (KB-ARA) technique follows procedures used in the clinical laboratory for evaluating the antibiotic resistance of bacteria isolates and has the advantage of strong quality assurance/quality control requirements. The method involves measuring the diameter of the zone of inhibition of bacterial growth around a filter disk impregnated with a specific antibiotic. By comparison to resistant and susceptible control strains, the response of the E. coli isolates can be determined. In the procedure used in several studies in Texas (Mott) to further standardize and automate the assay, an image analysis system is used to measure the zones of inhibition and provide electronic archival of data. The KB‑ARA profile for an isolate consists of the measurements of the zones of inhibition in response to 20 antibiotics, each at a standard single concentration. Among ERIC-PCR, RiboPrinting, PFGE and KB-ARA, the KB-ARA method has the lowest ability to discriminate closely related bacteria strains. However, it also has the lowest initial and per sample cost and takes the least time and training.
Carbon Source Utilization (CSU)

Carbon source utilization is another phenotypic method, less widely used than ARA. It is   based on the principle that bacteria from different animals have been exposed to a range of carbon sources (dietary differences between animals). It is most commonly conducted using the Biolog Microbial Identification System (MIS) (Biolog, Inc., 3939 Trust Way, Hayward, CA 94545). Bacteria are grown on specific media and then transferred to 96 well microplates, with each well containing a different carbon source and an indicator that changes color if the source is utilized. The plates are incubated and read using an automated plate reader, which can provide color intensity data for each well. The profiles of utilization of the carbon sources of unknown source isolates are compared to the profiles of known source isolates (the library) and discriminant analysis is used to categorize isolates. This approach has been used both in Texas, in conjunction with KB-ARA, and in other states as a stand-alone method.  
Method Comparisons and Composite Data Sets in a Previous Texas Study
As mentioned above, a BST project was completed for Lake Waco and Belton Lake in which E. coli isolates were analyzed using RP, ERIC-PCR, PFGE and KB-ARA. For this study, BST analyses were performed using the individual techniques, as well as composite data sets (Casarez, Pillai et al. 2006). The congruence (concordance) between the groupings of isolates by individual BST methods and different combinations of composite data sets was determined using the same statistical software (BioNumerics, Applied Maths, Austin, Texas) and Pearson’s product moment correlation coefficient. The four-method composite library generated the most desirable BST results in regards to accuracy, blind quality control study results, library quality measures, and ability to identify water isolates. However, as few as two methods in combination may be useful based on congruence measurements, library internal accuracy (i.e., rates of correct classification, RCCs), and comparison of water isolate identifications. In particular, the combinations of ERIC-PCR and RiboPrinting (ERIC-RP), or ERIC-PCR and Kirby-Bauer antibiotic resistance analysis (ERIC-ARA) appeared promising. These two-method composite data sets were found to have 90.7% and 87.2% congruence, respectively, to the four-method composite data set. More importantly, based on the identification of water isolates, they identified the same leading sources of fecal pollution as the four-method composite library. ERIC-ARA has the lowest cost for consumables and has high sample throughput, but requires a considerable amount of hands-on sample and data processing. Due to the high cost of RiboPrinting consumables and instrumentation, ERIC-RP has a higher cost than ERIC-ARA. However, ERIC-RP has the advantage of automated sample processing and data preprocessing that the RiboPrinter system provides. 
Regulatory Expectations and Capabilities of BST Methods
BST may not be needed, or may not be suitable for all TMDL studies. In some cases, more rigorous monitoring of waterbodies and determination of E. coli levels may identify the major sources of pollution. No BST method developed to date can provide 100% accuracy of pollution source identification in field studies. Regulatory agencies continue to have high hopes and expectations for BST in aiding them to address water quality issues. Ideally, agencies and stakeholders would prefer identification of pollution sources to the level of individual animal species. Performing a three-way split of pollution sources into domestic sewage, livestock and wildlife source classes would likely be more scientifically justified with the current levels of accuracy and confidence of BST techniques in general. The division of host sources into the seven classes in the Lake Waco study was a compromise between the capabilities of the E. coli BST techniques and their practical application. Comparisons of the rates of correct classification (RCC, measurements of library internal accuracy) for two-, three-way splits of host sources show high accuracy in distinguishing human from animal sources (83% and 95% RCCs, respectively); and distinguishing domestic sewage, livestock, and wildlife (83%, 72% and 73% RCCs, respectively). The RCCs for the seven-way split of source classes ranged from 22% to 83%, although those classes of particular interest (domestic sewage and cattle) were relatively high (83% and 60%, respectively). Identifying pollution loading down to the sampling station level would require collecting hundreds of water samples per sampling site to analyze a statistically significant number of E. coli, making this approach not feasible. More realistic for BST is identification of fecal pollution sources at the watershed level. Alternatively, a higher number of E. coli isolates (e.g. 50) can be analyzed from fewer water samples to identify statistically significant differences in pollution sources. However, this will only provide pollution source identification on very limited time scales, and not an overall assessment of the waterbody. 

Future Direction

As described above for the TSSWCB study for Lake Waco and Belton Lake, a cost-effective alternative to using multiple BST methods for each study is to use the two-method combination of either ERIC-PCR and RiboPrinting (ERIC-RP), or ERIC-PCR and Kirby-Bauer antibiotic resistance analysis (ERIC-ARA). Based on other studies in Texas, CSU and KB-ARA may also be a suitable combination. It is important to note that in nearly all cases, no single BST method should be solely relied upon. This is particularly true with the phenotypic methods, such as KB-ARA, which alone cannot provide the resolution needed for most BST studies.  Factors to be considered when choosing the methods include the level of resolution needed for the particular study. In some cases, it may be critical to determine specific animal groups, while in other cases broad categories may provide the level of resolution needed for management decisions. Cost constraints, equipment needs, and expertise available are other factors that should be considered in the decision.

Since the Lake Waco study was initiated, there have been significant developments in library-independent BST methods, including bacterial genetic markers specific to different animal sources and humans (for example, (Bernhard and Field 2000; Dick, Bernhard et al. 2005; Scott, Jenkins et al. 2005; Hamilton, Yan et al. 2006).  Library-independent methods are cost-effective, rapid, and potentially more specific than library-dependent methods. Concerns with many of the recently developed library-independent approaches include uncertainties regarding geographical stability of markers and the difficulty of interpreting results in relation to regulatory water quality standards and microbial risk, since some target microorganisms are not regulated. More importantly, these library-independent methods can only detect a limited range of pollution sources. For example, the Bacteriodales PCR (Bernhard and Field 2000; Dick, Bernhard et al. 2005) can detect fecal pollution from ruminants, humans, horses and pigs; but no further discrimination is possible. 

Identification libraries consisting of thousand of isolates from different geographical regions in Texas have already been established for ERIC-PCR, PFGE, RiboPrinting, CSU and KB-ARA patterns. In addition, several thousand more E. coli isolates from source samples have been archived and are available to researchers. Library development is one of the most costly components of BST studies. It would be most economical to build upon the libraries already established in Texas. It is recommended that agencies use contractors that use BST methods that will strengthen and expand the current Texas library.
Further research is needed to determine if a regional library built from different projects using the same protocols may be useful for the identification of water isolates from other watersheds. That is, geographic and temporal stability of the existing E. coli library will need to be explored. Currently, we are cross-validating the libraries generated in the Lake Waco study and the San Antonio watershed study in an attempt to explore issues of geographical and temporal stability of BST libraries, refine library isolate selection, and determine accuracy of water isolate identification. By selecting E. coli source isolates that are correctly identified in both watershed libraries, we hope to find more geographically universal and host-specific isolates, resulting in more accurate source tracking. 

The infrastructure for BST work in Texas needs to be expanded. More laboratories with trained personnel and equipment are needed. This could be facilitated by the use of automated systems for BST analyses. In addition to the RiboPrinter, an automated system for repetitive element PCR (repPCR) using BOX primers (Diversilab, Athens, Georgia) has been developed and may be an alternative to ERIC-PCR. For just the E. coli isolates selected through cross-validation of existing libraries, funding is needed to develop a complete data set using BST techniques selected for use in Texas.
For future TMDL studies, an assessment phase using a “toolbox” approach is recommended. The assessment phase should include targeted monitoring of suspected pollution sources, use of library-independent methods to identify the presence of domestic sewage pollution, and screening of water isolates from the new watershed against the existing library to determine the need for collection of local source samples and expansion of the library.
Recommended Decision-Making Process for

Texas TMDL and I-Plan Development

This section recommends a decision tree to be used in choosing appropriate BST and bacteria fate and transport modeling approaches for Texas conditions.

Step 1: Stakeholder Involvement  

Leaders within the watershed should be enlisted to participate at the outset of the project (after listing on the 303(d) list) and collaborate on all aspects of the TMDL development. County commissioner courts, soil and water conservation districts, community leaders, TPDES permit holders, cities (especially with MS4 permits), actual watershed landowners, and other potential contributors should form the basis for the stakeholder group.
Step 2: Sanitary Surveys
Sanitary surveys representative of warm and cool seasons, as well as low and high flow conditions, should be conducted with assistance from TPWD biologists, TDA/TCE personnel, Texas Department of State Health Services, TCEQ Regional Office staff, cities and municipalities, and SWCD and TSSWCB personnel to identify potential contamination sources. Point sources (WWTPs), nonpoint sources, stream sediment sources, and re-growth below WWTPs or other stream sources should be evaluated. Additional monitoring (above and beyond that described in Step 2) should be conducted to evaluate upstream-downstream water quality effects of identified sources, transport mechanisms (dye studies), and other observations.

Step 3: Thorough Monitoring
TMDL development must be based on thorough monitoring. Monthly sampling for one year is considered to be the absolute minimum although greater frequency (biweekly) and duration (2-3 years) is recommended. This monitoring should not begin until input from the stakeholder is received (Step 1). Monitoring should include measurement of the indicator bacteria levels and flows and represent the range of flows (low, medium and high flows); spatial variability (sites that resulted in listing of the waterbody, major tributaries, and all WWTP discharges); and seasonal fluctuations present. At a minimum, at sites responsible for listing of the waterbody, 100-200 isolates from approximately 40 samples should be archived for potential use for BST analysis in Step 5. These isolates should represent all seasons and flow conditions.

Step 4: Load Duration Curves

Once Steps 1 and 2 have been initiated, load duration curves should be developed (utilizing the attached guidance) for all sites having adequate
 concentration and flow data in order to develop initial estimates of load reduction requirements needed and at which flow condition exceedences were most prevalent. Update LDC’s as additional data becomes available from Step 2 and finalize once Step 2 is completed to represent the most recent 5 years of data.

Step 5: Bacteria Source Tracking
If further assessment of sources beyond the sanitary survey and monitoring is needed
, conduct BST analysis of bacteria isolates saved in Step 2 above. Utilize decision matrix to determine most appropriate BST method to utilize. Evaluate relative contributions from livestock, humans, and wildlife. Then, use these relative contributions and ambient monitoring to estimate load reductions from each category
.

Step 6: TMDL Development
If data is sufficient and buy-in from stakeholders has been obtained, write the TMDL using results of intensive sampling effort, load duration curves, sanitary surveys, BST study (if applicable
) and other simple empirical methods (as needed). Use complex modeling only when needed to increase stakeholder confidence in allocation of loading reductions to WLA and LA.

Step 7: TMDL-IP Development
For Implementation Plan development, conduct detailed simulation modeling studies only as needed. Calibrate models with concentration and flow data from Step 2 and BST data from Step 5 (if applicable) to predict effectiveness of possible implementation strategies as recommended by stakeholders. Utilize decision matrix to determine the most appropriate model to utilize and then use stakeholder input to guide the modeling.

Research and Development Needs

This section, coordinated by Drs. Larry Hauck and George Ward, summarizes research and development needed in the next three to five years to improve the tools and methods available to TCEQ and TSSWCB for bacteria TMDL and implementation plan development. These research and development needs may be generally considered to be motivated by the need to quantify and reduce uncertainties in the measurement, identification, and modeling of bacterial contaminants.

In previous sections, the diversity of bacteria sources within watersheds and the complexity of their proliferation and movement on the landscape and in receiving waters have been discussed. There are unavoidable inaccuracies in the depiction of the origin, fate and transport of environmental indicator bacteria within fate and transport models, and these represent common sources of uncertainties associated with the load allocation process of a TMDL and its subsequent implementation plan development. Broadly, uncertainties may be reduced by efforts along two parallel paths: (1) refinement of kinetic-and transport-type input parameters used in the preferred models to be applied in the State of Texas and (2) reformulation of kinetic processes in these same models to better represent the present state of understanding of bacteria fate and transport. Laboratory and field studies in combination with model enhancements will be needed in these efforts to reduce uncertainties. BST methods can strongly support the TMDL process, and additional research and development in this arena is also anticipated to be important in reducing uncertainties and providing for improved tools and methods.

The specific research and development needs reported herein were accumulated based on the collective expertise of Task Force members and Expert Advisors, recommendations from the Texas A&M Roundtable Discussions of August 10, 2006, studies reported in Rifai et al. (2005), and an overview report on bacteria fate and transport modeling (Benham et al., 2006).
Characterization of Sources

Often a high level of uncertainty exists in the specification of bacteria sources within fate and transport models. Because of the numerous sources of fecal bacteria and the diversity of delivery mechanisms of the bacteria to receiving waters, a broad spectrum of research items will provide useful information.

· Studies to quantify species-specific bacteria production in feces and to measure the variability of this production. There are numerous mammalian and avian species (human, pet, livestock, and wildlife), all of which shed fecal bacteria. Within these proposed studies, focus is suggested on dominant and relevant species. While bacteria content of feces has been reported in the literature for some species and has been summarized in some reports used in TMDL development, often this information has not been the focus of the reported research and therefore has not undergone thorough peer review.  Further, some indications exist that fecal bacteria content may be related to latitude, elevation, diet, and water source, which increases the anticipated variability of the data.

· Studies to quantify behavioral patterns of important mammalian and avian species.  These studies would entail investigations for important species of the fraction of time spent in the water, preferential defecation locations (herding and flocking behavior), and other factors that impact location of feces deposition.

· Studies to improve methods of estimating animal densities in watersheds. Estimations of livestock and wildlife densities in a watershed are often based on limited data and county-level data, and potentially there may be no existing data for some important sources of fecal bacteria (e.g., feral hogs, coyote, rodents, and migratory birds). Improved methods are needed to optimize use of existing data to quantify source densities and to provide means of estimating pet, livestock, and wildlife densities for species for which there is no or limited information.

· Studies to predict spatial and temporal variability of bacterial production in the watershed.  Development of a spatially-explicit tool that will assess bacterial sources, distribute estimated loads to the land as a function of land use and source type, and generate bacterial load input parameters for watershed-scale simulation.

· Studies to improve characterization of bacteria loadings from wastewater treatment facilities (WWTFs) and sanitary sewer collection systems. WWTFs are required to disinfect their effluents using chlorination or other equivalent methods (e.g., ultraviolet radiation), and under conditions of proper operation bacteria loads are typically low from such facilities.  However, under less than optimal conditions, WWTFs can directly discharge significant bacterial loads directly into receiving waters. Less than optimal conditions may occur as a result of wet weather, upsets in operating conditions, etc.  Re-growth of bacteria after incomplete disinfection can be another concern worthy of more study. Quantification of fecal bacteria concentrations in the effluent of WWTFs will require sampling of facilities of various permitted capacities, different operational conditions, and varying ages over a wide range of environmental and operational conditions.  A related facet of bacteria loading is associated with sanitary sewer collection systems.  Studies to quantify frequency of and conditions causing (e.g., wet weather, grease, and rags) overflows from sanitary sewer systems and associated bacteria loadings can provide important information to models of urban areas.

· Studies to quantify failure rates of on-site sewage facilities (OSSFs). Failing OSSFs and even straight pipe discharges can be an important contribution of bacteria loading to some receiving waters. Local information at the county and city level will often be important in estimating failed OSSFs in a watershed. However, state- or regional-level statistical analyses relating failure rates to income level, education, age of communities, soil types, rainfall, and physiographic region will provide additional support and defense of estimates regarding failure rates and bacteria loadings from OSSFs.  

Characterization of Kinetic Rates and Transport Mechanisms

Quantification of production, mobilization, and movement of fecal bacteria from the landscape to receiving waters and the subsequent fate and transport of these bacteria in receiving waters is addressed by some comprehensive hydrologic/water-quality models as well as simpler ad hoc models (e.g., mass balance methods). In many instances, the scientific understanding of relevant processes concerning fate and transport on the landscape and in receiving waters is primitive, and in other instances, this scientific understanding exceeds the representation of those processes in existing models. Note that buildup (e.g., accumulation and proliferation) and mobilization of bacteria on the landscape will also be considered under this loose definition of fate and transport. Within this subsection, the focus will be upon possible studies to enhance the understanding of fate and transport processes, and within the next subsection, potential enhancements to hydrologic/water-quality models will be discussed. This artificial separation, however, should not be taken to mean that the empirical data collection and analyses designed to better understand physical, chemical, and biological processes important to landscape and receiving water fate and transport of fecal bacteria can occur in the absence of interaction with model enhancement efforts. To the contrary, such interactions are encouraged and are absolutely necessary to the overall success of improving our TMDLs and implementation plans.

· Studies to quantify buildup and mobilization of fecal bacteria from the landscape. The release of fecal bacteria during rainfall-runoff events is a function of many processes antecedent to the event (e.g., rates and timing of manure and feces deposition, in situ die-off rates, growth, etc.) and activity during the event (e.g., rainfall duration and intensity and transport processes). Studies that increase understanding of the processes and factors determining bacteria buildup and mobilization and that provide quantification of those processes and factors are needed to enhance our understanding of mechanisms delivering bacteria to receiving waters. These studies can include different land uses (e.g., low-density residential and surface applied manure application fields, to name but two) and could also include investigations of important transport mechanisms such as surface mobilization and runoff and subsurface movements, including preferential pathways.

· Studies to identify dominant environmental factors that affect bacterial transport in landscapes (e.g., vegetative cover, soil type, temperature, etc).

· Studies to quantify bacteria die-off phases in receiving waters. While bacteria die-off is generally assumed to follow Chick’s law, experimental data indicate that fecal bacteria often do not follow this law and that die-off occurs in various phases. Further, die-off (and possibly re-growth) during these phases is further complicated by such factors as 1) whether the bacteria are planktonic, attached to suspended sediment, or re-suspended from bed sediments and 2) water temperature and levels of nutrients and suspended solids present. Further research to identify and define bacteria die-off phases and to mathematically describe die-off under a variety of conditions will improve our knowledge base on bacteria existence in receiving waters. 

· Studies to identify dominant environmental factors that affect bacterial transport in streams (e.g., physical and chemical composition of stream waters (pH, TSS, TDS, nutrients, etc), temperature, etc).

· Studies to provide better understanding of spatial and temporal distribution of instream bacteria conditions under various environmental conditions. The State’s existing monitoring programs provide insufficient information to quantify spatial and temporal distributions of fecal bacteria at the time scales typically applicable in TMDLs. These time scales may in some instances be less than a day. Intensive spatial and temporal sampling of selected streams under various conditions (e.g., rainfall-runoff and dry conditions, high and low water temperatures) could enhance our basic understanding of bacteria issues within the State.

· Studies to quantify suspended bacteria in stream water column and deposited bacteria in stream sediments.  Resuspension of bacteria from sediments to water column during peak flows and stream-bed erosion should be studied.  Further, studies  to improve understanding of sediment contributions to water-column bacteria levels. Settling of bacteria to sediments during periods of low turbulence and re-suspension of sediments and associated bacteria during conditions of high turbulence are recognized fate and transport processes. Studies are needed to better understand and quantify the interactions of the water column and sediments from the perspective of bacteria fate and transport dynamics in Texas streams and tidal systems. These studies will also need to consider die-off and re-growth of bacteria under various sediment, nutrient, and water temperature conditions.

Enhancements to Bacteria Fate and Transport Models

Hydrologic/water quality models and some of the simpler models that partially incorporate mechanistic processes could benefit from improvements to their fate and transport processes.

· Enhancements to allow better representation of bacteria life cycle and processes. With support from the previously mentioned experimental studies on characterization of bacteria fate and transport, existing models can benefit from improvements and modifications in their representation of bacteria life cycles and processes.

· Enhancements to allow better representation of fate and transport processes.  Again, with support from experimental studies, benefits to selected bacteria models would result from improvements in their representations of i) sorption and bacteria release processes on the landscape and in receiving waters, ii) die-off and re-growth, iii) other fate and transport processes, and (iv) effects of various environmental factors (e.g. temperature, light intensity, pH, etc) on growth and die-off.

· Studies to improve linkages of bacteria source tracking and allocation modeling. A stand-alone spatially explicit load allocation tool’s results can be validated with BST data or vice versa. Research is needed to determine benefits of linking BST and allocation modeling.  At least two questions need to be addressed by these studies. Can BST and modeling be linked in a manner the benefits either TMDL load allocation or implementation plan development? If there is a benefit to such linkage, how would that linkage occur?

Bacteria Source Tracking

Within the section on BST, a few areas of research and development were mentioned, and these are repeated below.

· What is a reasonable expectation for the level of source identification by BST? Can BST methods reliably identify to the individual animal species level or is a coarser cut all that is reasonable (i.e., separation into categories of sewage, livestock, and wildlife).

· Can library-independent BST methods be developed to assist in the TMDL process?

· Is there usefulness to the development of a regional known-source library for BST library-dependent methods?

· What issues exist with geographical and temporal stability of BST libraries?

· What are appropriate ambient water sampling protocol to provide desired statistical confidence with BST findings? For example, in some past studies, 10 to 12 monitoring events are conducted at each station; for each ambient water monitoring event five water samples are collected at a station with one to two minutes between collection of each sample; and two randomly selected bacteria isolates from each cultured sample are subsequently identified using BST methods. Is this level of sampling adequate for the subsequent statistical characterization of sources and determination environmental conditions influencing source contributions (often wet versus dry weather conditions)?

These listed items can be developed into a series of studies to advance BST methods and the utility of these methods for Texas bacteria TMDLs.

Determination of Effectiveness of Control Measures

Though considered beyond the scope of research directly supporting bacteria TMDL and implementation plan development, another area of research entails determination of effectiveness of various control practices and best management practices to remove and reduce bacteria loadings and concentrations from sources. Success of an implementation plan and willingness of individuals and entities to adopt various control practices and best management practices may be greatly enhanced in the presence of scientifically conducted studies showing efficacy of various practices under a variety of conditions (e.g., rainfall patterns, landscape position, etc.).

· Studies to determine efficiency of agricultural best management practices. Prominent BMPs for bacteria load reduction from agriculture could be evaluated to determine their efficiencies under a variety of environmental conditions. 

· Studies to determine efficiency of urban control practices. Prominent control practices for achieving bacteria load reduction from urban and suburban areas could be evaluated to determine their efficiencies under a variety of environmental conditions.

Quantification of Uncertainty and Communication of Risk

Because of the nature of the pollutant, bacteria TMDLs and implementation plans, while using best available information and applying accepted methods of determination, will contain uncertainties. Even if sources of error in field sampling, kinetics modeling, and numerical implementation could be entirely eliminated, there is a core uncertainty associated with the "noise" in the bacterial determination methodologies themselves, as indicated by imprecision in replicate measurements. The spectrum of those involved in bacteria TMDLs (including, to name a few, the regulated community, those imposing regulations, engineers and scientists performing technical evaluations, and those providing assistance to unregulated sources) are cognizant of the potential for high levels of uncertainty in bacteria TMDL development. Efforts to reduce this uncertainty and to provide heightened defensibility of the process are both worthy and necessary goals, and the research and development studies enumerated above will provide significant advances towards realization of those goals. However, the brutal reality is that over the near future uncertainties, that are sometimes quite large compared to other water-quality parameters, will exist in TMDL and implementation plan development. Hence, the need exists for one other potential area of research—quantification of uncertainty and the associated communication of risk resulting from the uncertainty associated with TMDLs and implementation plans.

· Studies to quantify uncertainty. A body of literature exists on uncertainty and how to incorporate uncertainty analysis, typically via Monte Carlo techniques, into environmental models. In fact, the latest version of SWAT contains a feature allowing the performance of uncertainty analysis. Some other models employed in TMDL load allocation development do not contain this feature. Knowledge of how to incorporate uncertainty into the TMDL and implementation process can be obtained from existing literature. That knowledge can be transferred to the unique characteristics of the Texas TMDL process for purposes of developing methods to allow quantification of uncertainty.

· Development of means of risk communication. An important application of uncertainty quantification is in the communication of risk. Again, a body of literature and experience exists on risk communication that can be exploited for application to the Texas situation. Development of proper means to communication the risks arising from uncertainties in the TMDL process can assist in overcoming roadblocks that can dampen stakeholder enthusiasm or become excuses for no action in reducing bacteria loadings. Successful risk communication can assist in overcoming the uncertainties within bacteria TMDLs and implementation plans and also assist in moving the process toward the desired outcome of restored and improved water quality. Lessons learned and areas of known difficulties in present and recent bacteria TMDLs that originate from uncertainties in the process, especially in the context of interactions with stakeholders, can provide a focus for the development of best mechanisms of risk communication.

Prioritization of Research and Development Activities

The research and development activities briefly described above are not exhaustive, but these activities do provide indications of major areas where advancements can occur in TMDL and implementation plan development. These needs encompass a breadth of activities that most certainly will exceed the resources available for the successful performance of all potential studies. Purposefully, within this section no attempt has been made to prioritize these research and development activities. The selected activities need to be focused to support management decisions, which provide a broad direction to the TMDL and implementation plan processes. For example, such broad direction could include which models are to be supported in the near term for TMDL development. Also, known technical needs can define and inform prioritization of research and development needs that will over the next several years improve the tools and methods available to TCEQ and TSSWCB for bacteria TMDL and implementation plan development. Review of existing literature will be an important first step in further defining some of the possible research and development activities
 enumerated above under several headings: characterization of sources, characterization of kinetic rates and transport mechanisms, enhancements to bacteria fate and transport models, bacteria source tracking, determination of effectiveness of control measures, and quantification of uncertainty and risk communication.
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Appendix 2: Models Used in Bacteria TMDLs as Described in EPA Publications

HSPF: Hydrological Simulation Program—Fortran

HSPF is a comprehensive watershed-scale model developed by EPA. The model uses continuous simulation of water balance and pollutant buildup and washoff processes to generate time series of runoff flow rates, as well as pollutant concentration at any given point in the watershed. Runoff from both urban and rural areas can be simulated using HSPF; however, simulation of CSOs is not possible. Because of the comprehensive nature of the model, data requirements for HSPF are extensive and using this model requires highly trained personnel (EPA 2002b).

SWMM: Storm Water Management Model

SWMM is a comprehensive watershed-scale model developed by EPA. It can be used to model several types of pollutants on either a continuous or storm event basis. Simulation of mixed land uses is possible using SWMM, but the model’s capabilities are limited for rural areas. SWMM can simulate loadings from CSOs. The model requires both intensive data input and a special effort for validation and calibration. The output of the model is time series of flow, storage and contaminant concentrations at any point in the watershed (EPA 2002b).

STORM: Storage, Treatment, Overflow, Runoff Model

STORM is a watershed-loading model developed by the U.S. Army Corps of Engineers for continuous simulation of runoff quantity and quality. The model was primarily designed for modeling storm water runoff from urban areas, but it also can simulate combined sewer systems. It requires relatively moderate to high calibration and input data. The simulation output is hourly hydrographs and pollutographs (EPA 2002b).

CE-QUAL-RIV1: Hydrodynamic and Water Quality Model for Streams

CE-QUAL-RIV1 is a dynamic, one-dimensional model for rivers and estuaries consisting of two codes—one for hydraulic routing and another for dynamic water quality simulation. CE-QUAL-RIV1 allows simulation of unsteady flow of branched river systems. The input data requirements include the river geometry, boundary conditions, initial in-stream and inflow boundary water quality concentrations and meteorological data. The model predicts time-varying concentrations of water quality constituents (EPA 2002b).

Predicting the response of lakes and estuaries to pathogen loading requires an understanding of the hydrodynamic processes. Shallow lakes can be simulated as a simplified, completely mixed system with an inflow stream and an outflow stream. However, simulating deep lakes or estuaries with multiple inflows and outflows that are affected by tidal cycles is not a simple task. Pathogen concentration prediction is dominated by the processes of advection and dispersion, and these processes are affected by the tidal flow. The size of the lake or the estuary, the net freshwater flow, and wind conditions are some of the factors that determine the applicability of the models. The lake and estuary models are briefly described below (EPA 2002b).

WASP5: Water Quality Analysis Simulation Program

WASP5 is a general-purpose modeling system for assessing the fate and transport of pollutants in surface water. The model can be applied in one, two or three dimensions and can be linked to other hydrodynamic models. WASP5 simulates the time-varying processes of advection and dispersion while considering point and nonpoint source loadings and boundary exchange. The waterbody to be simulated is divided into a series of completely mixed segments, and the loads, boundary concentrations, and initial concentrations must be specified for each state variable (EPA 2002b).

CE-QUAL-ICM: A Three-Dimensional Time-Variable Integrated-Compartment Eutrophication Model

CE-QUAL-ICM is a dynamic water quality model that can be applied to most waterbodies in one, two or three dimensions. The model can be coupled with three-dimensional hydrodynamic and benthic-sediment model components. 

CE-QUAL-ICM predicts time-varying concentrations of water quality constituents. The input requirements for the model include 140 parameters to specify the kinetic interactions, initial and boundary conditions, and geometric data to define the waterbody to be simulated. Model use might require significant expertise in aquatic biology and chemistry (EPA 2002b).

EFDC: Environmental Fluid Dynamics Computer Code

EFDC is a general three-dimensional hydrodynamic model developed by Hamrick (1992). EFDC is applicable to rivers, lakes, reservoirs, estuaries, wetlands and coastal regions where complex water circulation, mixing and transport conditions are present. EFDC must be linked to a water quality model to predict the receiving water quality conditions. HEM-3D is a three-dimensional hydrodynamic eutrophication model that was developed by integrating EFDC with a water quality model. Considerable technical expertise in hydrodynamics and eutrophication processes is required to use the EFDC model (EPA 2002b).

CE-QUAL-W2: A Two-Dimensional, Laterally Averaged Hydrodynamic and Water Quality Model

CE-QUAL-W2 is a hydrodynamic water quality model that can be applied to most waterbodies in one dimension or laterally averaged in two dimensions. The model is suited for simulating long, narrow waterbodies like reservoirs and long estuaries, where stratification might occur. The model application is flexible because the constituents are arranged in four levels of complexity. Also, the water quality and hydrodynamic routines are directly coupled, allowing for more frequent updating of the water quality routines. This feature can reduce the computational burden for complex systems. The input requirements for CE-QUAL-W2 include geometric data to define the waterbody, specific initial boundary conditions and specification of approximately 60 coefficients for the simulation of water quality (EPA 2002b).
QUAL2E: The Enhanced Stream Water Quality Model

QUAL2E is a steady-state receiving water model. The basic equation used in QUAL2E is the one-dimensional advective-dispersive mass transport equation. Although the model assumes a steady-state flow, it allows simulation of diurnal variations in meteorological inputs. The input requirements of QUAL2E include the stream reach physical representation and the chemical and biological properties for each reach (EPA 2002b).

TPM: Tidal Prism Model

TPM is a steady-state receiving water quality model applicable only to small coastal basins. In such locations, the tidal cycles dominate the mixing and transport of pollutants. The model assumes that the tide rises and falls simultaneously throughout the waterbody and that the system is in hydrodynamic equilibrium. Two types of input data are required to run TPM. The geometric data that define the system being simulated are the returning ratio, initial concentration and boundary conditions. The physical data required are the water temperature, reaction rate, point and nonpoint sources, and initial boundary conditions for water quality parameters modeled (EPA 2002b).

BASINS: Better Assessment Science Integrating 

Point and Nonpoint Sources

BASINS system Version 2.0, with the Nonpoint Source Model (NPSM), can be used to predict the significance of fecal coliform sources and fecal coliform levels watersheds. BASINS is a multipurpose environmental analysis system for use in performing watershed and water quality-based studies. A geographic information system (GIS) provides the integrating framework for BASINS and allows for the display and analysis of a wide variety of landscape information (e.g., land uses, monitoring stations, point source discharges). The NPSM model within BASINS simulates nonpoint source runoff from selected watersheds, as well as the transport and flow of the pollutants through stream reaches. Through calibration of model parameters and representation of watershed sources, the transport and delivery of bacteria to watershed streams and the resulting in-stream response and concentrations were simulated (EPA 2002a).
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Appendix 3: EPA Bacteria TMDL Guidelines
This section provides an overview of several EPA guidance documents related to the use of models and BST to develop bacteria TMDLs. Components of a TMDL include (1) Problem Statement, (2) Numeric Targets, (3) Source Assessment, (4) Linkage Analysis, (5) Allocations, and (6) Monitoring/Evaluation Plan (for phased TMDLs). Because BST and modeling are primarily used to assist with source assessment, linkage analysis and allocations, this chapter will focus primarily on these components of the TMDL (EPA 2002a).

Overall, EPA allows a great deal of flexibility in bacteria TMDL development as long as the method selected adequately identifies the load reductions or other actions needed to restore the designated uses of the waterbody in question. There are trade-offs associated with using either simple or detailed approaches. These trade-offs, along with site-specific factors, should always be taken into account and an appropriate balance struck between cost and time issues and the benefits of additional analyses (EPA 2002a).
Source Assessment

Source Assessment involves characterizing the type, magnitude and location of pollutant sources of fecal indicator loading. Source assessments also consider the conditions under which a particular source may have the most influence. For example, nonpoint sources typically predominate during high flow events while point sources predominate under low flows. For this reason, data collection efforts to support source assessment must focus on specific conditions. Monitoring data should be used to estimate the magnitude of loads from the major sources when available. In the absence of such data, a combination of literature values, best professional judgment, bacteria source tracking, and empirical techniques/models is necessary. In general, EPA (2002a) recommends the use of the simplest approach that provides meaningful predictions.

EPA (2002a) encourages starting with the assumption that models are not required. If it is determined that models are required, then the following factors should be considered:

· Availability of data and/or funds to support data collection

· Availability of staff
· Familiarity of staff with potential models or other analytical tools
· Level of accuracy required

Depending on the complexity of the sources in the watershed, load estimation might be as simple as conducting a literature search or as complex as using a combination of long-term monitoring and modeling. Analysis of pollutant waste loads from point sources are generally recommended to be based on the effluent monitoring required for the National Pollutant Discharge Elimination System (NPDES) permit or based upon the permit’s effluent limitations (EPA 2002a). However, many NPDES and TPDES permits do not include either report or effluent limits for bacteria.
Nonpoint source loads are typically separated into urban and rural categories since runoff processes differ between these environments. Pathogen loads in urban stormwater can be estimated using a variety of techniques, ranging in complexity from very simple loading rate assumptions and constant concentration estimates, to statistical estimates, to highly complex computer simulation (EPA 2002a). Examples of techniques for estimating pathogen loads in urban storm water include the FecaLOAD model, constant concentration estimates, statistical or regression approaches, and stormwater models, such as SWMM and HSPF.

Rural nonpoint source loads may also be estimated using a variety of techniques, ranging from simple loading function estimates to use of complex simulation models. Techniques, such as the loading function approach, site-specific analysis, estimates of time series of loading, and detailed models, such as AGNPS
 (Agricultural Nonpoint Source), may be used (EPA 2002a). Models are discussed in greater depth in the Linkage Analysis section.
DNA fingerprinting may also provide information for Source Assessments (EPA 2002a). There are many BST methods available and more are under development. Overall, molecular BST methods may offer the most precise identification of specific types of sources, but are limited by high costs and detailed, time-consuming procedures (EPA 2002c). Costs vary however, based on:

· Analytical method used

· Size of the database needed

· Number of environmental isolates analyzed

· Level of accuracy needed

· Number of subwatersheds and geographical size of the area under study
  

Comparison studies have shown that no single method is clearly superior to the others. Thus, the decision on which method to use depends on the unique set of circumstances associated with the area in question, the results of sanitary surveys, and budgetary and time constraints. A decision tree was created by EPA to assist in deciding whether BST methods are necessary to determine the sources of fecal pollution in a particular watershed and, if so, which group of methods might be most appropriate (EPA 2005). The decision tree included on the next 4 pages consists of five steps:

· Adequately defining the problem
· Conducting a sanitary survey

· Determining the potential number of major sources 

· Ensuring the watershed/study area is of manageable size

· Determining the desired level of discrimination

.
. 
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Human only #1 and Species Specificity #2 (EPA 2005)
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Define by Groups #3 (EPA 2005)
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Define to specific sources by type and location #4 (EPA 2005)
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Linkage Analysis and Allocations

EPA (2003) has identified three analytical methods appropriate for calculating loads and linking water quality targets and sources:

· Empirical Approaches – When sufficient observations are available, existing data can be used to determine linkage between sources and water quality targets (e.g. regression approach).

· Simple Approaches –When permitted sources are sole source of bacteria, simple dilution calculations and/or compliance monitoring are adequate.

· Detailed Modeling – When sources of bacteria are complex, a water quality modeling approach (i.e. dynamic or steady-state modeling) is typically used. When detailed modeling is used, different types of models are required for accurate simulation for rivers and streams as compared to lakes and estuaries because the response is specific to the waterbody.

Steady-state modeling uses constant inputs for effluent flow and concentration, receiving water flow and meteorological conditions and is generally used where insufficient data exists for developing a dynamic model. Steady-state modeling provides very conservative results when applied to wet weather sources. If a state elects to use a steady state model, EPA recommends a dual design approach (i.e., load duration curve) where the loadings for intermittent or episodic sources are calculated using a flow duration approach and the loadings for continuous sources are calculated based on a low flow statistic (EPA 2003).

Dynamic modeling considers time-dependent variation of inputs and applies to the entire record of flows and loadings. EPA (2003) recommends the use of dynamic modeling to calculate loads. The three dynamic modeling techniques recommended are:

· Continuous simulation
· Monte Carlo simulation

· Log-normal probability modeling
Specific models recommended by EPA can be divided into two categories—watershed loading models and pathogen concentration prediction models. Loading models provide estimates of either the total pollutant loading or a time series loadings. The key watershed loading models suited for pathogens include HSPF, SWMM and STORM
 (EPA 2002b). These are briefly described in Appendix 3 and the previous section about models.

Prediction of pathogen concentration in rivers and streams is dominated by advection and dispersion
 processes and bacteria die-off. One-, two- and three-dimensional models have been developed to describe these processes. Waterbody type and data availability are the two most important factors that determine model applicability. For most small and shallow rivers, one-dimensional models are sufficient. However, for large and deep rivers and streams, two- or three-dimensional models that integrate the hydrodynamics of the system should be used (EPA 2002b). The river and stream models are briefly described in Appendix 3 and include the following:

· HSPF: Hydrological Simulation Program–FORTRAN
· CE-QUAL-RIV1: Hydrodynamic and Water Quality Model for Streams
· WASP5: Water Quality Analysis Simulation Program
· CE-QUAL-ICM: A Three-Dimensional Time-Variable Integrated-Compartment Eutrophication Model
· EFDC: Environmental Fluid Dynamics Computer Code
· CE-QUAL-W2: A Two-Dimensional, Laterally Averaged Hydrodynamic and Water Quality Model
· QUAL2E: The Enhanced Stream Water Quality Model
· TPM: Tidal Prism Model
In closing, EPA (2002a) recommends that when developing linkages between water quality targets and sources, states should:

· Use all available and relevant data (specifically monitoring data for associating waterbody responses with flow and loading conditions).

· Perform a scoping analysis using empirical analysis and/or steady-state modeling to review and analyze existing data prior to any complex modeling. The scoping analysis should include identifying targets, quantifying sources, locating critical points, identifying critical conditions, and evaluating the need for more complex analysis.

· Use the simplest technique that adequately addresses all relevant factors when selecting a technique to establish a relationship between sources and water quality response.
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Appendix 4: State Approaches to Bacteria TMDLs 




This section provides a brief overview of approaches other states are using to develop TMDLs for bacteria and related issues. EPA has allowed much flexibility in developing pathogen TMDLs, as outlined in the agency’s 2002 publication “Protocols for Developing Pathogen TMDLs” and 2003 DRAFT publication “Implementation Guidance for Ambient Water Quality Criteria for Bacteria.” As a result, states have taken a variety of approaches to developing bacteria TMDLs. A large number of bacteria TMDLs have been approved by EPA since 1996 (Table 1). Most of these have been approved in states in which EPA is under court order or agreed consent decree to establish TMDLs.

Table 1. EPA Approved Pathogen TMDLs in Regions 3, 4, 6, and 7.

	EPA

Region
	State
	EPA Approved TMDLs
	Court

Order
	Litigation

Dismissed

	
	
	FC
	Pathogen
	Bacteria
	Fecal
	TC
	E. coli
	
	

	3
	Delaware
	
	
	25
	
	
	
	Yes
	

	3
	DC
	22
	9
	
	
	
	
	Yes
	

	3
	Maryland
	57
	1
	
	
	
	
	
	Yes

	3
	Pennsylvania
	1
	100
	
	
	
	
	Yes
	

	3
	Virginia
	186
	94
	
	1
	
	
	Yes
	

	3
	W. Virginia
	196
	
	
	
	
	
	Yes
	

	
	
	
	
	
	
	
	
	
	

	4
	Georgia
	534
	
	
	
	
	
	Yes
	

	4
	Florida
	21
	
	
	48
	45
	
	Yes
	

	4
	Kentucky
	23
	
	
	
	
	
	
	

	4
	Alabama
	26
	
	
	
	
	
	Yes
	

	4
	Mississippi
	172
	
	
	
	
	
	Yes
	

	4
	N. Carolina
	38
	
	
	1
	
	
	
	Yes

	4
	Tennessee
	62
	
	
	
	
	191
	Yes
	

	4
	S. Carolina
	270
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	6
	Arkansas
	2
	
	
	
	
	
	Yes
	

	6
	Louisiana
	27
	
	
	
	
	
	Yes
	

	6
	New Mexico
	20
	
	
	
	
	
	Yes
	

	6
	Oklahoma
	0
	
	
	
	
	
	
	Yes

	6
	Texas
	0
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	7
	Kansas
	471
	
	
	
	
	
	Yes
	

	7
	Nebraska
	11
	
	
	
	
	20
	
	

	7
	Missouri
	3
	
	
	
	
	
	Yes
	

	7
	Iowa
	
	1
	
	
	
	
	Yes
	


A brief overview of the TMDL methods used by states in EPA Regions 3, 4, 6 and 7, along with a few examples from select states in other regions is presented here. EPA Region 4 was initially targeted by this survey because environmental conditions (i.e. climate, rainfall, temperature) are most like the eastern portion of Texas where a majority of the 303(d) listings occur. This was later expanded to other regions. Much of the information for this summary was acquired from EPA’s TMDL website at http://www.epa.gov/owow/tmdl/ and the websites of the individual states referenced.

EPA Region 6

In EPA Region 6, a total of 49 fecal coliform TMDLs are reported to have been approved since January 1, 1996. The load duration curve model was the primary model used to develop the approved TMDLs to date. The only exceptions are the two TMDLs developed in Arkansas, which used empirical methods.

Although no bacteria TMDLs are currently approved in Texas, a number of bacteria TMDLs and watershed protection plans are under way. Texas has primarily used the HSPF and load duration curve models for a majority of the TMDLs under development to date (Table 2). Unlike other states in Region 6, Texas has supplemented the models utilizing BST. The primary BST methods that have been used include:

· ERIC-PCR conducted at TAES-El Paso

· RiboPrinting conducted at TAES-El Paso

· Antibiotic Resistance Analysis (ARA) conducted at the University of Houston

· Carbon Source Utilization (CSU) conducted at the University of Houston

· Ribotyping conducted at Institute for Environmental Health, Inc., Seattle, WA 
· Ribotyping conducted at Source Molecular Corporation, Inc in Miami, Florida

· Antibiotic Resistance Profiling (ARP) conducted at Texas A&M University-Corpus Christi

· Pulse Field Gel Electrophoresis (PFGE) conducted at Texas A&M University-Corpus Christi and Texas A&M University – College Station

Table 2. Bacteria TMDLs Under Development In Texas.

	Project
	HSPF
	Load Duration
	Other Models
	Bacteria Source Tracking Method

	Upper San Antonio River
	(
	
	
	ERIC-PCR and RiboPrinting

	Leon River
	(
	
	
	ERIC-PCR and RiboPrinting

	Peach Creek
	(
	
	
	ERIC-PCR and RiboPrinting

	Adams and Cow Bayous
	(
	
	RMA2/ACE
	No BST

	White Oak and Buffalo Bayous
	(
	
	
	ARA and CSU

	Lower San Antonio River
	
	(
	
	ERIC-PCR and RiboPrinting

	Atascosa River
	
	(
	
	No BST

	Elm and Sandies Creeks
	
	(
	
	No BST

	Upper Trinity River
	
	(
	
	Ribotyping (Institute for Environmental Health, Inc., Seattle, WA)

	Guadalupe River above Canyon Lake
	
	(
	
	Ribotyping (Source Molecular Corporation, Inc., Miami, FL)

	Upper Oyster Creek
	
	(
	
	Ribotyping (Institute for Environmental Health, Inc., Seattle, WA)

	Copano Bay and Mission and Aransas Rivers
	
	
	ArcHydro\Monte Carlo Simulation
	ARP and PFGE

	Oso Bay and Oso Creek
	
	
	ArcHydro\SWAT
	No BST

	Gilleland Creek
	
	(
	
	No BST

	Clear Creek
	
	(
	
	

	Metropolitan Houston (Brays, Greens, Halls, and other Bayous)
	(
	
	
	ARA and CSU

	WPP – Lake Granbury
	
	
	
	

	WPP – Buck Creek
	
	
	TBD
	E. faecium, ERIC-PCR, RP

	WPP – Bastrop Bayou
	
	
	
	

	WPP – Plum Creek
	
	(
	SELECT, SPARROW, SWAT
	No BST


EPA Region 3

In EPA Region 3, a total of 462 fecal coliform, 204 pathogen, and 25 bacteria TMDLs have been approved. Litigation has driven the development of these large numbers of TMDLs. Examples of the methodologies used in specific watersheds in Virginia and West Virginia are discussed below.
Virginia’s approach is most similar to Texas, in many respects. Virginia develops bacteria TMDLs primarily using either load duration curves or the HSPF model (or a modified version – NPSM); however, in a number of TMDLs, BST has been utilized in conjunction with simplified modeling approaches. A load duration curve is primarily used to develop both fecal coliform and E. coli TMDLs addressing the single sample maximum criteria (e.g., Guest River). The HSPF model is used to develop both fecal coliform and E. coli TMDLs addressing calendar month geometric mean and single sample maximums (e.g., Linville Creek). In Muddy Creek, EPA’s BASINS with NPSM, a modified version of HSPF, was used. In Big Otter River, HSPF was used to estimate current loads. The point source allocations were set at levels equivalent to their permit limits
. The NPS allocations were set by source category for the mainstem and mouths of tributaries and were expressed as fecal coliform loads per year needed to meet the numeric criteria (ACFW, 2001). 

In the Little Wicomico River Watershed TMDL and Coan River Watershed TMDL, Virginia DEQ utilized its point source inventory, a shoreline survey and antibiotic resistance analysis to determine the potential sources of bacteria and quantify source loadings from humans, livestock and wildlife. To develop these TMDLs, a simplified modeling approach (Tidal Volumetric Model) was used. This simple approach is applicable to watersheds with small drainage areas, no wastewater treatment plant
 point sources, and where land use is not as diverse. The goal of the procedure is to use BST data to determine the relative sources of fecal coliform violations and use ambient water quality data to determine the load reductions needed to attain the applicable criteria. The most recent 30 months of data
 coinciding with the end of the TMDL study were reviewed to determine the loading to the water body. The approach insures compliance with the 90th percentile and geometric mean criteria. The geometric mean loading is based on the most recent 30-month geometric mean of fecal coliform. The load is also quantified for the 90th percentile of the 30-month grouping.

The geometric mean load is determined by multiplying the geometric mean concentration based on the most recent 30-month period of record by the volume of the water. The acceptable load is then determined by multiplying the geometric mean criteria by the volume of the water. The load reductions needed for the attainment of the geometric mean are then determined by subtracting the acceptable load from the geometric mean load. 

Example:
(Geometric Mean Value MPN/100ml) x (volume) = Existing Load

(Criteria Value 14 MPN/100ml) x (volume) = Allowable Load

Existing Load – Allowable Load = Load Reduction
The 90th percentile load is determined by multiplying the 90th percentile concentration, based on the most appropriate 30-month period of record, by the volume of the water. The acceptable load is determined by multiplying the 90th percentile criteria by the volume of the water. The load reductions needed for the attainment of the 90th percentile criteria are determined by subtracting the acceptable load from the 90th percentile load. The more stringent reductions between the two methods (i.e. 90th percentile load or geometric mean load) are used for the TMDL. The more stringent method is combined with the results of the BST to allocate source contributions and establish load reduction targets among the various contributing sources.

The BST data determines the percent loading for each of the major source categories and is used to determine where load reductions are needed. Since one BST sample
 per month is collected for a period of one year for each TMDL, the percent loading per source is averaged over the 12-month period if there are no seasonal differences between sources. The percent loading by source is multiplied by the more stringent method (i.e. 90th percentile load or geometric mean load) to determine the load by source. The percent reduction needed to attain the water quality standard or criteria are allocated to each source category.

In West Virginia, BASINS was used by EPA in Alum Run and South Fork of South Branch of Potomac River. EPA gathered data from local sources to identify, characterize, and estimate potential fecal coliform loading from various land use categories distributed throughout the Lost River watershed. EPA then used BASINS to develop the TMDL, using a hydrologically representative time period that captured the varying hydrologic and climatic conditions in the watershed. Point source loads were estimated using observed average effluent flow and concentrations where available, or permit limits for concentration and flow. The watershed was broken down into seven land uses to evaluate nonpoint sources of bacteria (i.e. barren, cropland, forest, other rural, pasture, residential-pervious, and residential-impervious). Failing septic systems were also identified as NPS contributors to the river. BASINS provided continuous simulation of bacteria buildup and wash off, bacteria loading and delivery, point source discharge and in stream water quality response and output daily loads from each land use and point source. Existing loads were established through calibration of the model to existing water quality data. Loads were reduced until in stream concentrations met water quality standards.
EPA Region 4

A total of 1,146 fecal coliform, 191 E. coli, 49 fecal and 45 total coliform TMDLs are reported to have been approved in EPA Region 4 since January 1, 1996. As in Region 3, litigation has driven much of the TMDL development. Only Kentucky and South Carolina have escaped litigation.

Georgia has led the way in TMDL approval. EPA Region 4 completed a number of these (e.g. Chickasawatchee Creek) using the BASINS model (HSPF) for both source analysis and for linking sources to indicators. Load duration curves and the equivalent site approach (as described below) were also used in Georgia.

Georgia’s Load Duration Curve Approach. For those segments in which sufficient water quality data was available to calculate at least one 30-day geometric mean that was above the regulatory standard, the load duration curve approach was used. The method involves comparing the “current” critical load to summer and winter seasonal TMDL curves.

In cases where no stream flow measurements were available, flow on the day the fecal coliform samples were collected was estimated using data from a nearby gaged stream. The nearby stream had to have relatively similar watershed characteristics, including landuse, slope, and drainage area. The stream flows were estimated by multiplying the gaged flow by the ratio of the listed stream drainage area to the gaged stream drainage area. If a gage stream was available within the same watershed, it was used.
The “current” critical loads were determined using fecal coliform data collected within a 30-day period to calculate the geometric means, and multiplying these values by the arithmetic mean of the flows measured at the time the water quality samples were collected. Georgia’s instream fecal coliform standards are based on a geometric mean of samples collected over a 30-day period. In the load calculation, fecal coliform loads are expressed as 30-day accumulation loads with units of counts per 30 days as described below:

Lcritical = Cgeomean * Qmean
Where:

Lcritical = “current” critical fecal coliform load

Cgeomean= fecal coliform concentration as a 30-day geometric mean

Qmean = stream flow as arithmetic mean

The “current” critical load is dependent on the fecal coliform concentrations and stream flows measured during the sampling events. The number of events sampled is usually 16 events per year. Thus, it does not represent the full range of flow conditions or loading rates that can occur. Therefore, the “current” critical loads used are only representative of the time periods sampled.

The maximum fecal load at which the instream fecal coliform criteria will be met is determined using a variation of the equation above. By setting C equal to the seasonal instream fecal coliform standards, the load will equal the TMDL. However, the TMDL is dependent on stream flow. The TMDL is a continuum for the range of flows (Q) that can occur in the stream over time. Two TMDL lines are established, one line representing the summer TMDL (May through October) when the 30-day geometric mean standard is 200 counts/ 100 mL and the second line representing the winter TMDL (November through April) when the 30-day geometric mean standard is 1000 counts/ 100 mL as follows:

TMDLsummer = 200 counts (as 30-day geometric mean)/100 mL * Q * Conversion Factor

TMDLwinter = 1000 counts (as 30-day geometric mean)/100 mL * Q * Conversion Factor

The TMDL for a given stream segment is the load for the mean flow corresponding to the “current” critical load. This is the point where the “current” load most exceeds the TMDL curve and is represented as follows:

TMDLcritical = Cstandard * Qmean * Conversion Factor

Where:

TMDLcritical = critical fecal coliform TMDL load

Cstandard = seasonal fecal coliform standard as 30-day geometric mean

summer - 200 counts/100 mL

winter - 1000 counts/ 100 mL

Qmean = stream flow as arithmetic mean (same as used for Lcritical)

A 30-day geometric mean load that plots above the respective seasonal TMDL curve represents an exceedance of the instream fecal coliform standard. The difference between the “current” critical load and the TMDL curve represents the load reduction required for the stream segment to meet the appropriate instream fecal coliform standard. The load reduction can thus be expressed as follows:

Load Reduction = (Lcritical - TMDLcritical) / Lcritical * 100

Georgia’s Equivalent Site Approach. For listed segments that do not have sufficient data to calculate the 30-day geometric mean fecal coliform concentrations, an equivalent site approach is used to estimate the ”current” and TMDL loads. This approach involves calculating loads based on the relationship of the stream segments that lack sufficient data to equivalent site(s) that have data. This method provides estimates that can be refined as additional data are collected.

Development of loads using the equivalent site approach addresses three key issues:

1. Site-specific monitoring data should be used, even if it is insufficient for direct estimation of geometric means. The site-specific and equivalent site monitoring data should be combined in a weighted approach that reflects the relative accuracy of information provided by each data source.

2. Equivalent site selection has a potential impact on the resulting load estimates. In the case where a TMDL has already been prepared for a downstream segment within the same watershed, the equivalent site selection is obvious. For other segments, multiple sites within the same general region may be available for use.

3. Different landuses result in different fecal coliform concentrations. An equivalent site with a perfect landuse match is unlikely to be available. Differences in landuses among watersheds should be addressed through use of a regionalization model that identifies the extent to which variability in fecal coliform concentrations can be explained by changes in landuse.

As in the load duration curve approach, the estimated percent load reduction needed can be expressed as follows:

Load Reduction = (Lcritical - TMDLcritical) / Lcritical * 100

See Appendix C of the following document for more details:

http://www.gadnr.org/epd/Files_PDF/techguide/wpb/TMDL/Chattahoochee/chatt_fc_tmdl.pdf
Georgia’s Approach To Allocating Loads. The WLA loads are calculated based on the permitted or design flows and average monthly permitted fecal coliform concentrations or a fecal coliform concentration of 200 counts/ 100 mL as a 30-day geometric mean. If a facility expands its capacity and the permitted flow increases, the wasteload allocation for the facility will increase in proportion to the flow. These were expressed as a 30-day geometric mean, presented as units of counts per 30 days. The LA is calculated as the remaining portion of the TMDL load available after allocating the WLA and the MOS.

Florida’s methods
. 
In Kentucky, Mass Balance was used to develop a large number of their bacteria TMDLs.
Alabama has used a variety of approaches, including:

· Empirical models

· Loading Simulation Program in C++ (LSPC), Environmental Fluid Dynamics Code (EFDC), Water Quality Analysis Simulation Program (WASP)

· BASINS Watershed Characterization System (WCS) and Nonpoint Source Model (a modified version of HSPF)

· Mass balance

· Load duration curves

Mississippi has primarily utilized empirical linear regression models, BASINS NPSM, and mass balance. The BASINS NPS Model (NPSM) was used in the Pearl River TMDL, for example, to estimate current conditions. In this TMDL, point source allocations were based on modeled contributions from municipal WWTPs using monitoring data plus 50 percent
 of estimated septic tank load. NPS allocations were identified on a subwatershed basis using modeled loads. Gross allotments for each subwatershed included contributions from direct runoff, septic tanks, cattle grazing, manure application, urban development and wildlife.

North Carolina has used a number of models including BASINS HSPF, load duration curves and Watershed Analysis Risk Framework (WARMF).

Tennessee utilizes a variety of models including the BASINS Watershed Characterization System and NPS Model (NPSM); Loading Simulation Program in C++ (LSPC) / Hydrologic Simulation Program –FORTRAN (HSPF) /Watershed Characterization System (WCS) model combination, load duration curves and mass balance.

South Carolina has primarily used load duration curves. In limited circumstances, they have also used empirical methods or the BASINS/HSPF/WSC combo. A “TMDL Talk” on TMDLS.NET titled Watershed Characterization & Bacteria TMDL’s: South Carolina’s Approach may indicate greater use of BASINS/HSPF/WSC in coming years. The use of the Watershed Characterization System (WSC) ensures adequate consideration of the wide array of sources and is a key component of the technical approach toward building bacteria TMDLs and describing allocation options. In evaluating pollutant sources, loads are characterized using the best available information (i.e. monitoring data, GIS data layers, literature values and local knowledge).
 Pollutant sources are then linked to water quality targets using analytical approaches including WCS and the Nonpoint source Model (NPSM), a modified version of HSPF. Estimates of loading rates are generated by fecal coliform spreadsheet tools included with WCS. These loading rate estimates are then used by NPSM to simulate the resulting water quality response. Allocation for point sources considers discharge-monitoring information. NPS allocations for significant categories are identified at key points in the watershed from the model analyses. This approach was used for the Rocky Creek TMDL and others.
EPA Region 7

In EPA Region 7, a total of 485 fecal coliform, 20 E. coli and 1 pathogen TMDLs are reported to have been approved since October 1, 1995. Development in Kansas, Missouri, and Iowa has been driven by court orders. Much like EPA Region 6, load duration curves appear to be the method of choice for developing bacteria TMDLs. Bacteria TMDLs approved in Kansas, Missouri, and Nebraska primarily used load duration curves. Use of load duration curves in Nebraska is described in the document entitled “Nebraska’s Approach for Developing TMDLs for Streams Using the Load Duration Curve Methodology” (NDEQ 2002d).
Only one pathogen TMDL (E. coli) has been approved in Iowa. Iowa used the Soil and Water Assessment Tool (SWAT) model to estimate daily flow into Beeds Lake. The SWAT flow estimates were then used to create a load duration curve. Use of EPA’s bacterial indicator tool was used to identify the significance of bacteria sources in the watershed.

Other States

Connecticut and Delaware use the Cumulative Frequency Distribution Function Method, developed by the Connecticut Department of Environmental Protection, to develop TMDLs
. The reduction in bacteria density from current levels needed to achieve compliance with state water quality standards is quantified by calculating the difference between the cumulative relative frequency of the sample data set (a minimum of 21 sampling dates during the recreational season
) and the criteria adopted to support recreational use. Adopted water quality criteria for E. coli are represented by a statistical distribution of the geometric mean 126 and log standard deviation 0.4 for purposes of the TMDL calculations. TMDLs developed using this approach are expressed as the average percentage reduction from current conditions required to achieve consistency with criteria. The procedure partitions the TMDL into wet and dry weather allocations by quantifying the contribution of ambient monitoring data collected during periods of high stormwater influence and minimal stormwater influence to the current condition.

Washington primarily uses Load Duration Curves for calculating bacteria TMDLs. To identify nonpoint sources of bacteria, a yearlong (minimum) water quality study of possible source areas is conducted. Once the locations of the bacterial sources are narrowed down, the state works with local interests to identify sources of pollution. Two methods that can be used to identify bacteria sources: (1) pinpointing the location of the source and (2) identifying the types of sources contributing to the problem. One of the most economical methods pinpointing the locations of sources is to conduct intensive upstream-downstream water quality monitoring, including flow measurements, to identify specific stream reaches, land uses or tributaries that are a problem. Dye testing can also be used
 for pinpointing the locations of sources
. Bacteria source tracking can be used to determine the types of sources. Most bacteria source tracking techniques are quite costly; thus, it is important to pick the appropriate method and time to use BST. BST does not tell you how much each source contributes to bacterial contamination, only the different kinds of sources. In
 addition, it is possible that not all source types will be identified or, with some techniques, that sources will be misidentified
. 
Rhode Island utilized a simple approach to developing the Hunt River TMDL. The source assessment was completed by conducting site visits. Wet and dry weather fecal coliform data were used with frequency distribution of precipitation information to compute a weighted geometric mean. No point sources were present, thus the NPS allocations were expressed as a percent reduction needed to meet the numeric criteria based on a comparison of current fecal coliform concentrations with the water quality standards (ACFW 2001).
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Appendix 5: Comments from 

Expert Advisory Group

Texas Parks and Wildlife Department's 
Role in the Bacterial TMDL Process
Texas Parks and Wildlife Department ("the Department") is the state agency with primary responsibility for protecting the state's fish and wildlife resources (Parks and Wildlife Code §12.0011(a)). Further, the Department is tasked with providing information on fish and wildlife resources to entities that make decisions affecting those resources (Parks and Wildlife Code §12.0011(b)(3)).  
Texas Parks and Wildlife Department has purview over the wild animals, wild birds, and aquatic animal life of the state (Parks and Wildlife Code §61.005). The Department's authority extends, through the definition of "wildlife," to any wild mammal, animal, wild bird, or any part, product, egg, or offspring, of any of these, dead or alive (Parks and Wildlife Code §68.001).
The Department's authority is limited to indigenous species through the definition of "wild.” Exotic livestock is specifically excluded. "Wild," when used in reference to an animal, means a species, including each individual of a species that normally lives in a state of nature and is not ordinarily domesticated. This definition does not include exotic livestock defined by Section 161.001(a)(4), Agriculture Code (Parks and Wildlife Code §1.101). The Agriculture Code defines "exotic livestock" as grass-eating or plant-eating, single-hooved or cloven-hooved mammals that are not indigenous to this state and are known as ungulates, including animals from the swine, horse, tapir, rhinoceros, elephant, deer, and antelope families (Agriculture Code §161.001(a)(4)). Thus, certain species, such as feral swine, axis deer, and sika deer, do not fall within the scope of the Department's authority to protect or manage.  
The Department recognizes that water is the basis for a significant recreational resource in Texas that includes boating, fishing, swimming, sailing, diving, bird watching and paddle sports (Texas Parks and Wildlife Department, Land and Water Conservation and Recreation Plan, Recreation Priorities on Texas Waters, pg. 64). As such, the Department has established as one of its major goals to maintain or improve water quality and quantity to support the needs of fish, wildlife and recreation (Texas Parks and Wildlife Department, Land and Water Conservation and Recreation Plan, Goal 7, pg. 75). The Department recognizes that the Texas Commission on Environmental Quality ("the Commission") is the state agency with primary responsibility for protecting water quality (Water Code §26.011). The Department supports the Commission's efforts to improve and restore water quality through the Total Maximum Daily Load (TMDL) process. Within the scope of its authority, as outlined above, the Department is committed to assisting the Commission and the Texas State Soil and Water Conservation Board ("the Board") in their efforts to restore full use of waterbodies for which the contact recreation use is impaired.  
Specific Comments
1. "Begin with the end in mind.” In order to assist in restoring impaired waterbodies, it is important to develop data that are useful to the stakeholders who will ultimately implement the recommended best management practices. This may mean different things to different stakeholders.  
2. One of the tools available to the Department is to assist private landowners in developing habitat management plans. These plans contain a comprehensive treatment of past and existing management and habitat conditions, existing wildlife species to be managed, list of landowner goals, and management recommendations that detail how to achieve those goals on a specific parcel. In order to develop such plans, there is a need to have species-specific information about contributions to bacterial loads. At present, the TMDL process does not provide the information the Department would need. 

3. The approach currently taken in bacterial source tracking (BST) studies needs refinement. Overall, the point source
 library needs to be extended to include more taxa with rigorously collected samples with adequate replication for each species.  

a)       Field sampling methods need to be improved. We understand that at least some samples have been collected from deposited fecal matter. This provides opportunity for contamination. The Department would recommend killing and gutting specimens to avoid the potential for contamination.

b)       It is not clear that the BST library sampling is adequate from a statistical design perspective. We believe that the library lacks adequate replication. With the information available to us now about bacterial strains and promiscuity, we would recommend that ten or more samples be collected for each species, e.g. ten samples of great blue herons, ten samples of American egrets, etc. 

c)       In developing the library, it is important to have a sense of the species in each watershed that may be contributing the largest bacterial load to the waterbody. In general, one would expect these to be the species that spend time on or near the water. These are not necessarily the largest species in the watershed, nor would they necessarily be the species with the greatest biomass in the watershed.  

City of Waco/ Baylor University Comments to Draft One of the 

Bacteria TMDL Task Force Report
November 13th, 2006

Comment Contributors:

Rene D. Massengale, PhD

Environmental Microbiologist

Baylor University

Expert Advisor for the City of Waco

Wiley Stem

Assistant City Manager

Waco City Hall

PO Box 2570

Waco, TX 76702

General Comments on the Formation of the Bacterial TMDL Task Force Commissioned by TCEQ and the TSSWCB

1. The main task force membership does not fairly represent municipal stakeholders around the state in that it does not include a municipal representative from a city or cities that would typically be impacted by the future bacterial TMDL guidelines. These municipalities, water boards, and water authority groups will be financially responsible for implementing the TMDL assessments and implementations, yet are not represented on the task force.  Representation for these entities in the Expert Advisor group to the Task Force is not sufficient in that comments from the Expert Advisor group are currently considered but not required to be included in the document. It is recommended that a municipal representative be added to the main Task Force. 

2. The task force does unfairly represent professionals who have represented or worked for industries that have polluted Texas waterways in the past. The majority of scientists and advisors in the primary task force have been publicly involved in research or investigations paid for by representatives of private industries. For example, several of the task force representatives recently completed a (BST) project financed by the Texas Farm Bureau. It is critical to the integrity of this process that the actual and perceived fairness and objectivity that there is input from a Task Force that fairly represents ALL of the major stakeholders.  To foster this objectivity, it is recommended that input be solicited from other nationally recognized BST scientists in addition to the current task force members.

3. It is requested that all of the main task force members fully disclose and describe to the Expert Advisor Group and to the public any current or previous business, research, or consulting activities, or holdings or financial interests that might be related to this process so that any potential conflicts of interest may be identified.  

General Comments on the First Draft of the Bacterial TMDL Task Force Report

1. Recommendations and decisions regarding what methods to recommend for use in developing bacterial TMDL guidelines should be made on the basis of objective scientific data, water quality reports, and economic data available from recent studies both within the state of Texas and around the nation. This does not necessarily mean that years of additional research are required before a method can be recommended. A number of studies have been published in scientific, peer-reviewed journals and reports from state or federal agencies that provide insight into the methods that are currently available. All possible modeling and BST methods that have been published in scientific journals or used in other states should be thoroughly considered for their potential application in Texas. In addition, the TMDL Task Force Report should be expanded to include input from other nationally known BST scientists that provides an objective overview of the benefits and limitations of these methods and references appropriate scientific data and federal reports. 

2. It is not sufficient to recommend a method simply because it has been used in Texas previously. In addition, it is also not sufficient to include a partial list of methods that have been used by a few scientists within the state. Currently, there are only a few dozen scientists that conduct BST research in the nation, and there are only a handful in the state of Texas. These Texas researchers include Drs. George Di Giovanni, Joanna Mott, Rene Massengale, and Suresh Pillai among a few others. Therefore, although evidence from current and previous Texas studies should be considered, this cannot be the sole basis for method recommendations. 

3. In considering recent BST studies both from within the state of Texas and around the nation, it is also important to take into consideration the limitations of these studies, both scientific and financial. 

Comments on the Bacterial Source Tracking Section of Draft #1

1. This is a good start to the draft BST section for the Task Force report. I compliment Drs. Di Giovanni and Mott for their initial review and assessment of the BST information available and their summary of the work that has been completed in Texas in the past. 

2. The list of methods reviewed as potential TMDL BST methods is incomplete in that it does not include studies from BST scientists in the state or around the nation other than Drs. Di Giovanni and Mott. As stated in the earlier section, all major methods should be objectively reviewed for their potential benefits and limitations and applicability as a TMDL assessment method. The current list is incomplete. Other methods may also be appropriate for consideration including repPCR, routine ARA, and carbon-utilization profiling. A list of recent BST studies utilized in other watersheds can be provided upon request. 

3. A discussion of the general benefits and limitations of bacterial source tracking studies should be included in the document. This additional section should address library-based methods versus library-independent methods, library representativeness, library size, sample site selection, source category selection, and the statistical methods used to evaluate the library and analysis. This section should list scientific evidence that illustrates these benefits and limitations of the BST methods. 

4. A general section describing BST should be included that explains the basic concepts of creating a known-source library, average rates of correct classification (ARCC) values, positive-predictive values (PPV), negative-predictive values (NPV), and other concepts and statistics. This will ensure that lay persons and non-technical reviewers and readers will be able to read and understand the content of the report. This is important if all stakeholders are to be provided with equal access to the TMDL development process and understanding of that process. 

5. Ribotyping is a method that has shown good results in past BST studies; however, it does require technicians with more training despite its automation. Highly trained technicians are required for set-up, operation, troubleshooting and maintenance of the equipment. This method is significantly cost prohibitive and is the most costly method proposed in the document. The riboprinter is approximately $125,000-$150,000 and the reagent cost per assay is $40-65 depending on the quantities used. It is surprising that this method is promoted so strongly by the task force members over other much less expensive methods such as repPCR, PFGE, or ARA. Riboprinting may be feasible for larger water labs, but certainly not for small labs or municipalities with limited staffing and resources. 

6. RepPCR has been cited in the scientific literature several times as a cost-efficient, sensitive method of analyzing E. coli and Enterococci. It does require additional training of lab personnel but is actually less labor-intensive than ribotyping. In addition, repPCR produces 25-30 DNA bands in a DNA gel compared to the 10-15 bands produced by ribotyping, therefore increasing the sensitivity of repPCR over ribotyping. A separate method, ERIC-PCR, is listed in the document; however, it is listed as labor-intensive and it’s benefits are not adequately highlighted. This method has been used for genetic analysis of large numbers of isolates with reasonable discrimination; however, it is not clear as to the target DNA actually being amplified with this primer set in E. coli. It is recommended that the alternative repPCR of E. coli isolates using the BOX A1 primer set be added to the list of possible methods in the report based on recently published studies by Carson et al. 2003 (AEM 2003 69:1836) and on a project currently being completed by Dr. Massengale in the North Bosque watershed. 

7. Several nationally published studies have estimated the minimum library size for known source samples. These studies should be listed and an appropriate minimum library size suggested. A list of these publications can be provided.

8. Targeted BST that focuses on collecting water samples in an area of known contamination or higher bacterial levels can improve BST sample design as recommended by Peter Hartel (J Environ Qual 2003). This should be added to the document. 

9. Input from a modeling expert should be included regarding the minimum number of water sampling sites that should be included in assessment and a method for how to select the minimum number of water sampling sites. Inadequate sample site selection and numbers can limit the significance of TMDL assessments or any watershed study. We want to ensure that future TMDL assessments pinpoint sources of contamination as accurately as possible; thus, selection of a sufficient number of sampling sites in appropriately selected locations will be necessary. It will also be necessary to include guidance in the Task Force Report regarding how to determine the number and location of these sites in a given watershed. 

10. A discussion should be included pertaining to the selection of source categories for TMDL assessments. That discussion should review the types of animal categories to be included in a source library, how these categories should be selected, and how many samples should be isolated. Libraries consist of bacterial isolates from known source categories of fecal contamination. Previous research projects have included libraries that compared individual and combined animal categories with varying success. For example, a more detailed library may compare cattle vs. human vs. wildlife vs. poultry vs. horse while a more general library may compare human vs. nonhuman. Different goals for BST should be identified and then an appropriate plan developed for library category selection and creation. This point was also brought up in the public comments submitted by Texas Parks and Wildlife (Draft Appendix 5). 

11. A recommendation to limit clonal isolates by appropriate sample collection and bacterial strain isolation. In addition, previous research has shown that selection of a few isolates (2-5 E. coli) from each fecal sample limits the probability of obtaining clonal isolates in the library. Clonal isolates artificially inflate the average rates of correct classification and representativeness measurements of a library and should not be included. 

Parsons  Comments on Draft One of the
Bacteria TMDL Task Force Report

November 9, 2006

Suggest the document be revised from a discussion report to an issue driven and recommendations oriented format.  For example various issues identified in current TX TMDLs could be discussed. 

The Task Force should consider developing Recommendations/Positions on key components of a TMDL required by USEPA which are: water quality target; Pollutant Source Identification; linkage between pollutant sources and receiving waters; WLA; LA; MOS; seasonal variability; and public comment.  

Water Quality Target:

· Note in the document that the task force will not address water quality standards issues as directed by TCEQ.  All Task Force recommendations will be based on the premise that the current Texas designated uses (Contact Recreation and Shellfish Harvesting) and corresponding numeric water quality criteria (E. coli, Enterococcus, fecal coliform) are valid.  

· Task Force should consider and take a position on the concept that adopted TMDLs can be modified in the future if the water quality target is modified through the WQS triennial review process or a water body specific UAA is approved.  The Task Force should recommend that TCEQ and TSSWCB establish policies and procedures for modifying WLAs and LAs in approved TMDLs.  (see USEPA Memo dated August 2, 2006)

Pollutant Source Identification

· Task Force should agree on the complete list of possible bacteria sources that should be verified and discussed in a TMDL and recommend subcategories under point and nonpoint sources.

For Example:

Point sources – WWTP (major, minor), SSOs, CAFO facilities and lagoons, TPDES Phase I and Phase II Stormwater jurisdictions, wastewater collection systems? illicit discharges?

Nonpoint sources – septic systems, sediment resuspension/bacteria regrowth, wildlife, exotic wildlife species, livestock, domestic pets, marinas, illicit discharges, compost sites, etc.

· It would be useful for the Task Force to also identify a list of data gaps corresponding to each of the point and nonpoint source subcategories and make recommendations on how to move forward with TMDL development despite these gaps and identify action items to address these gaps in the future. Stakeholders must understand that these data gaps create uncertainty which will be costly to reduce and they must also understand that data gaps create the need for assumptions which ultimately serve as the basis for the required Margin of Safety. 

· Task Force should make recommendations on Bacteria Source Tracking in this section since this type of data will greatly enhance the scientific basis and provide more specificity to the Pollutant Source Identification portion of the TMDL. 

Linkages between pollutant sources and receiving waters

This corresponds strongly to the Bacteria Fate and Transport Models section of the Task Force’s First Draft Report.

· The Task Force could consider developing a short list of criteria or a decision tree tool to assist stakeholders, TCEQ and TSSWCB in selecting when to use a dynamic model or a simplistic model approach. 

· The TCEQ and TSSWCB need a deliverable from the Task Force that provides them with a set of recommendations that address specific stakeholder issues and concerns (to date and anticipated) with both complex and simplistic modeling approaches. This exercise should also consider issues associated with modeling to support TMDLs on tidal streams and shellfish waters not supporting designated uses.  This section could be organized in the following manner.

Example

Dynamic Modeling Approach (HSPF Model, SWAT)

Stakeholder Issue #1: Stakeholders disagree with the fecal production rates used for livestock and the county-wide census data used as inputs for the model. 

Technical Response, Rebuttal, and Recommendation: 

Stipulate recommendations that directly address each issue – aim the recommendations at how to move forward with TMDL development despite uncertainty.

Future Action Items: Longer term action items aimed at reducing uncertainty that would typically happen outside of the TMDL process. 

Other issues needing to be address that have been expressed include but are not limited to:

Stakeholder Issue #2: Stakeholders question the assumption that conventional treatment of wastewater results in the discharge of little to no bacteria loads in the effluent from minor and major WWTPs.  

Stakeholder Issue #3: Models have difficulty estimating bacteria loads from sediment resuspension and regrowth.  

Stakeholder Issue #4: Are the assumptions made about fecal loading from direct deposition sources (wildlife, pets with access to water) appropriate?

Stakeholder Issue #5: Are the percent failure rates used for septic systems and the corresponding transport of bacteria load from septic systems to receiving streams acceptable? 

Stakeholder Issue #6: What modeling approach is appropriate/best suited for developing TMDLs for Shellfish Waters

Simplistic Modeling Approach (Load Duration Curve)

Stakeholder Issue #1: Stakeholders do not see the benefit of using a tool that cannot simulate pollutant loading and transport.  

Technical Response, Rebuttal, and Recommendation: 

Stipulate recommendations that directly address each issue – aim the recommendations at how to move forward with TMDL development despite uncertainty.

Future Action Items: Longer term action items that would typically happen outside of the TMDL process. 

Stakeholder Issue #2: Given limited flow data for streams throughout TX and that flow data is one of two key variables in LDCs, what is the most reliable (acceptable to the stakeholders) method for estimating stream flow on ungaged streams.

Technical Response, Rebuttal, and Recommendation: 

Stipulate recommendations that directly address each issue – aim the recommendations at how to move forward with TMDL development despite uncertainty.

Future Action Items: Longer term action items that would typically happen outside of the TMDL process. 

TMDL Calculations – WLA, LA, MOS

· Task Force should concur on the complete list of categories that should be included in the WLA and LA and how the numbers should be expressed (e.g., daily loads, monthly, percent reduction goal, combination).

· Task Force should concur on the use of an implicit MOS for bacteria TMDLs or establish a detailed rationale for utilizing an explicit MOS.  Task Force should list and explain examples that would qualify as part of an implicit MOS. 

Public Comment

· Task Force should summarize stakeholder concerns about the current TCEQ and TSSWCB stakeholder participation process.  

· Task Force could make recommendations on how to improve stakeholder understanding of a key hurdle in most TMDLs – data limitations that create uncertainty.

Bacteria Source Tracking

· The table in the draft report is a very good informational matrix. 

· The Task Force needs to make a recommendation that more BST should be done to support TMDL development projects in the future around the state. 

· Rather than describe the different methods, the report should summarize in bullets the lessons learned from the 5 different BST projects done in TX.  

· The Task Force should summarize a consensus recommendation that the TCEQ and TSSWCB should support the use of two methods on all future BST projects – ERIC-PCR and Riboprinting (with at least 2 enzymes).

· The Task Force should make recommendations on what is an acceptable confidence level for the Rate of Correct Classification and a rationale for whether or not the existing known source library is of sufficient size to maintain the RCC for BST projects throughout TX. 

Recommended Decision-Making Process for Texas TMDL and Implementation Plan Development

· Task Force could make recommendations to TCEQ and TSSWCB that a policy and corresponding procedures should be established and disseminated on when TMDL implementation plans or Watershed Protection Plans should be initiated (e.g. once a TMDL has been issued for public comment, once a TMDL has been adopted by the TCEQ and TSSWCB, other?).  The Task Force could consider developing a recommendation on whether a WPP can be developed in lieu of a TMDL. 

· Task Force should try to clarify the current understanding or misunderstandings of the differences between a TMDL Implementation Plan and a WPP.  While both are aimed at restoring beneficial uses by achieving pollutant reductions, they have different components and are typically executed differently.  For example, a TMDL implementation plan is typically pollutant specific and to date have been prepared by TCEQ or TSSWCB.  A WPP can and probably should address more than TMDL pollutants in a 303(d) listed watershed and can addresses a larger watershed area.  A WPP can incorporate both restoration and protection objectives and can be initiated by TCEQ, TSSWCB, or any other organization. 

Research and Development Needs


· Some of these Task Force recommendations would be derived from the Future Action Items identified above in response to stakeholder concerns or criticisms.  

Texas Department of Transportation – Houston District Comments on the Draft One of the Bacteria TMDL Task Force Report 

Comments Submitted November 13, 2006

Introduction

The Houston District of the Texas Department of Transportation (the District) operates over 3,000 miles
 of roadway in the Houston metropolitan area.  Various surface water bodies in the District’s jurisdiction currently are listed as impaired because their contact recreational uses have been found by the Texas Commission on Environmental Quality (TCEQ) to be impaired.   This has triggered a number of bacteria Total Maximum Daily Load (TMDL) studies in the region.  Since the District is among the many entities that discharge stormwater into regional surface water bodies, and since urban stormwater frequently contains elevated bacteria levels, the District is very interested in the deliberations and findings of the Bacterial TMDL Task Force (Task Force).   We appreciate the opportunity to provide comments and to assist the Task Force in its work.

General Comments

1. Incorporate Discussion of Adaptive Management, Phased TMDLs, and Phased Implementation:  We believe that the Task Force should include an up-to-date discussion and consideration of the most recent guidance from EPA regarding options for developing phased TMDL’s , the use of adaptive management, and phased implementation.  We urge the Task Force to consider and incorporate elements from the August 2, 2006 EPA memorandum from Benita Best-Wong to all EPA regions
 so that these concepts can be included.

2. Incorporate Discussion of Wet Weather Concentrations and Loads:   Urban stormwater frequently can contain elevated bacteria concentrations and loads, however, the impact of these episodic events on attainment of contact recreational uses is not clear and certainly, no consensus on how to deal with wet weather has emerged.  Approaches to consider stormwater loads during TMDL development and implementation planning are similarly not straightforward.  We urge the Task Force to consider the November 22, 2002 EPA memorandum from Robert Wayland to all EPA regions
 so that wet weather issues can be addressed.

3. Problem Identification is Required:  The District believes that the Task Force should attempt to define the existing problems with and limitations to the TMDL process, as implemented in Texas, prior to suggesting or recommending new research and development approaches.  For example, if bacteria fate and transport models are, in fact, adequate for TMDL development and implementation plan decision-making, then new models might not be required.   We are not sure how a new model that might be marginally better in simulation accuracy or a new source identification method that might be slightly better in source identification will substantially improve the Texas TMDL program. We suggest that the problems may not lie in the tools available but rather the regulatory objectives to which the existing tools are being applied.

Bacteria Fate and Transport Models

1. Higher Level of Detail Required:  The evaluation of models and source identification tools appears to be a reasonably complete description of the available tools, but provides only a very superficial evaluation of their utility to the task at hand. This is perfectly understandable for a first draft, and is not intended as criticism of the draft, however, the District urges the Task Force to include more details about fate and transport models and their selection for various Texas waterbodies.  For example, an estuarine environment would certainly require a different model than a recreational lake or an urban stream.

2. Model Selection Challenges:  On page 2, it is mentioned that model selection is a challenging problem “due to the numerous water quality models that are available”, but it should be added that the characteristics of each watercourse and the nature of the pollutant loads also drive the decision.

3. Load Duration Curve:  The disadvantages of this method are not completely described.  Other disadvantages include (a) The inability of managers to assess water quality responses for varying implementation or load reduction scenarios.  (b) Older observed data may skew the TMDL towards sources that are no longer relevant due to changes in the watershed and the LDC only applies to points in the stream at which samples were taken. (c) The TMDL duration and frequency targets cannot be directly compared to the LDC.

4. SWAT: The model is not well explained, therefore, we feel that additional information should be provided.  For example, what are the required data?  What is the model development and set-up time?  Does the model account for re-suspension from the bed stream and from deposition sources?  What are the disadvantages and advantages of this model?

5. SWMM: Information about required data, model development and set-up time should be provided.  

6. WASP: More information should be provided concerning data requirements, model development and set-up time, and advantages and disadvantages of model usage.

7. Include Discussion of STORM and TPM:  Appendix 1 states that the EPA includes STORM and TPM as suitable models for pathogens.  Why are STORM and TPM not described in this section?  They were not evaluated by Ward and Benaman (1999), so they were not ruled out by that study.

Bacteria Source Tracking

1. Bacteria Source Tracking is Not a Silver Bullet:  Information should be provided about the advantages and disadvantages of BST in general.  Disadvantages include their propensity to be subject to false positives and negatives, the possibility of the EC population changing when exposed to environmental conditions, the possibility of the EC genetic sequence changing over time, questions about the stability of a host-based EC library, and the lack of a standard algorithm used for pattern matching.  Also, the advantage of the ability of a BST method to distinguish between individual species is debatable.  BST methods that distinguish between categories, i.e., humans, livestock, wildlife will most likely provide the necessary information to reduce the appropriate loadings.

2. BST Methods Should be Evaluated More Evenhandedly:  There are three genotypic tools (ERIC-PCR, Ribotyping, and PFGE) described in detail, yet only one ARA tool (KB-ARA) is sufficiently described.  There is no discussion why only one ARA tool is presented.  More discussion is needed as to why EPIC-PCR, Ribotyping, and PFGE were chosen for comparison.  Why are they “versatile and feasible”?

3. Expand Discussion of KB-ARA: What are the advantages of the KB-ARA method over other ARA methods?  

Recommended Decision-Making Process for Texas TMDL and Implementation Plan Development

1. Examine Other State Programs First:  Appendix 2 notes that Texas has not finalized any TMDLs since January 1996.   Prior to developing decision-making recommendations for Texas, the District urges the Task Force to closely examine decision-making in other states and to more fully understand the policy and procedural differences among Region 6 states that has led to the striking differences in TMDL approval rates.

2. Consider Technical and Regulatory Requirements as well as Stakeholder Acceptance:  We urge the Task Force to not just consider technical and regulatory requirements for both TMDL and implementation plan development, but also stakeholder acceptance.  Since stakeholder rate payers may be faced with paying extremely large implementation costs in efforts to achieve TMDL load reductions, if meaningful stakeholder involvement and buy-in is not secured, administrative appeals and litigation could result, further delaying TMDL and implementation plan adoption in Texas. 
3. Research and Development Needs

1. Consider National Guidance and Recommendations First:  The EPA and the National Academy of Sciences have both produced significant publications identifying research needs.  The District urges the Task Force to consider these publications when identifying research needs for Texas.  These publications include Reckhow, Donigian, et. al., 2001;
 Shoemaker, Dai, and Koenig, 2006;
 and EPA, July 2002.
   While these references don’t explicitly and directly address bacteria TMDL issues, they do include important findings regarding the process, policy issues, scientific rigor, and equity issues that impact bacteria TMDL development and implementation. 

Appendix 1: EPA Bacteria TMDL Guidelines

1. Source Assessment:  The draft report suggests using point source effluent monitoring data.  This would be fine for discharge permits that require compliance monitoring for bacteria, however, most municipal wastewater treatment plants are not required to monitor for bacteria under the assumption that chlorine residual is an adequate indicator of adequate disinfection process operation.  A recent study conducted by Harris County on behalf of the Stormwater Joint Task Force
 suggests that this may significantly underestimate the bacteria load from wastewater point sources.  While the controls necessary to address elevated bacteria loads from WWTP’s are available and are straightforward to implement, failure to identify WWTP’s as a significant load will 

2. Linkage Analysis:  On page 27 pathogen concentrations in streams are said to be dominated by advection, dispersion, and die-off.  We believe that re-growth and bed re-suspension are also significant factors, especially in shallow and narrow waterways.   We believe that these processes far exceed the impact of dispersion on instream bacteria concentrations.

Appendix 2: State Approaches to Bacterial TMDL Development

1. Investigate State to State Disparity in TMDL Adoption:  In the review of work in other EPA regions it is noted that Texas has yet to produce an approved bacteria TMDL while other states in Region 6 have been more successful and states in other regions have been quite prolific in the production of TMDL documents. We believe that a full understanding of the reasons for the disparity would be a very useful product for the Task Force to generate.

2. Interview State TMDL Coordinators:  The appendix indicates a lack of information on state website.  If a state website does not include adequate information on TMDL and implementation plan development, we suggest the Task Force interview state TMDL coordinators or project managers to obtain key information about approaches and methods.

Texas Parks and Wildlife Department Comments on Draft One of  the Bacteria TMDL Task Force Report

Texas Parks and Wildlife Department appreciates the opportunity to comment on the Bacterial TMDL Task Force Report, First Draft dated October 30, 2006.

Overall, the first draft is not what had been anticipated, given the scope of work of the task force as delineated in your email of October 17, 2006 to the Task Force expert advisers:

1. Review EPA TMDL guidelines and approaches taken by selected states to TMDL and implementation plan development. 

2. Evaluate scientific tools, including microbial fate and transport modeling, microbial source tracking, and others. 

3. Suggest alternative approaches to TMDL development, emphasizing scientific quality, timeliness, and cost effectiveness. 

4. Suggest alternative approaches to TMDL implementation plan and watershed protection plan development, emphasizing scientific quality, timeliness, and cost effectiveness. 

5. Develop a 3- to 5-year science roadmap to guide and improve our understanding of microbial fate and movement in Texas environments. 

We recognize that two sections of the document are not yet available. That, of and by itself, makes it difficult to comment, as the information that is presented lacks context.  However, we find the discussion in the sections that are available, Bacteria Fate and

Transport Models and Bacteria Source Tracking, to focus on what has already been done in Texas rather a comprehensive review, critique and  comparison of tools that are available.  As such, we wonder if item 2  above, "evaluate scientific tools" has actually been addressed. 
Given that this is a preliminary draft, we offer only the following

general comments.

1.       The issue of data quality is not addressed anywhere in the document.  We believe that data quality should be a major discussion point.  The selection of non-biased sampling locations and the use of methodologies providing proven, accurate, reproducible data results are requirements for any meaningful TMDL modeling effort.  We are concerned that the use of source tracking is one of the least accurate such methods.  The BST authors seem to acknowledge this themselves on pg. 15, where they note efforts to "explore issues of geographical and temporal stability of BST libraries, refine library isolate selection, and determine accuracy of water isolate identification."  

2.       Numerical estimates of uncertainty, reliability, reproducibility, and sensitivity are not presented in either the modeling or BST sections.  The BST section makes some effort in this regard, but we find the characterization of "high," "moderate," etc. not to be helpful without the anchor of some numeric analysis.  Further, it would be helpful to present information for BST regarding the tendency for false positives (or negatives).

3.       In the modeling section, we found it helpful that a specific example was presented for BLEST.  We note however, that the use of this tool for Buffalo and White Oak Bayous was presented as if it was beneficial use.  A discussion on the limitations of this method should also be included.  We are particularly interested in reliability of the calculations.

 4.       The BST section provides some discussion of and comparison between techniques, but does not provide the information necessary to determine if BST has the potential to be useful in bacterial TMDLs in Texas.  We felt the section lacked a clear, detailed discussion of both the sampling requirements and problems with the method, such as

selecting unbiased sample locations, fecal library issues with variable media, cross contamination, geographical variations, etc.; and the large variation in analytical data which necessitates a high number of samples to show statistically valid results. 

5.       In the BST section, the authors note on pg. 14 that the use of a three-way split of pollution sources into domestic sewage, livestock and wildlife source classes would likely be more scientifically justified.  In this context, what does "scientifically justified" mean?

We note that such general classification would not be meaningful or useful for Texas Parks and Wildlife Department in any efforts to manage wildlife or its habitat.  

6.       In the BST section on pg. 14, please correct and clarify the sentence that reads "Library-independent methods .... than library-independent methods."  We suspect that one of these should read "library-dependent, but we aren't sure which one.  Could the authors provide more discussion or examples of library-independent methods?

7.       Editorially, we note that the BST section is not consistent in its use of language.  In some places BST is used, while other paragraphs use MST.  Some paragraphs refer to "this study."

8.       Appendix 2 presents information on bacterial TMDL development in other states.  Much information is presented, but it is difficult to interpret.  It would be helpful to provide a context for the discussion, such as consideration of which TMDLs have been implemented successfully and resulted in actual water quality improvements.  It would seem that successful examples would be most important to Texas.   Alternatively, it would be helpful if other states have critiqued the various available techniques and to understand their decision-making process.

Respectfully submitted on behalf of Texas Parks and Wildlife Department,

Dr. Patricia Radloff, Coastal Fisheries Division

Dr. David Sager, Inland Fisheries Division

Dr. Duane Schlitter, Wildlife Division

Harris County Comments on Draft One of the
Bacteria TMDL Task Force Report 

Harris County Comments on Draft One of the Bacteria TMDL Task Force Report may viewed at: http://twri.tamu.edu/bacteriatmdl/Harris%20County%20Comments%20on%20Draft%201%20(10.30.06).pdf
LCRA Comments on Draft One of the 

Bacteria TMDL Task Force Report

1. Would it be prudent to discuss the fecal coliform versus E. coli question in the document? The Texas Surface Water Quality standard is now written for E. coli  but most of the data collected has been fecal coliform.

2. Have any TMDLs been performed for pathogens in Texas? If so, which pathogens?

3.  Appendix 3 is very similar to information found in a previous section. Could a similar table, to the one included for BST be included?

4. Is pollutant trading a possibility for bacteria TMDLs?

5. A summary of what was learned from EPA regions 3, 4 and 7 might be helpful.

6. The BST section that Drs. Mott and DiGiovanni wrote seems to be very comprehensive. Obviously, other sections have not been written yet.

Jerry Guajardo

Sr. Aquatic Scientist

Lower Colorado River Authority

(512) 473-3333 Extension 7633
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� See � HYPERLINK "http://www.dot.state.tx.us/hou/" ��http://www.dot.state.tx.us/hou/�


� See � HYPERLINK "http://www.epa.gov/owow/tmdl/tmdl_clarification_letter.html" ��http://www.epa.gov/owow/tmdl/tmdl_clarification_letter.html�


� See � HYPERLINK "http://www.epa.gov/npdes/pubs/final-wwtmdl.pdf" ��http://www.epa.gov/npdes/pubs/final-wwtmdl.pdf�





� See � HYPERLINK "http://www.nap.edu/catalog/10146.html#orgs" ��http://www.nap.edu/catalog/10146.html#orgs�


� See � HYPERLINK "http://www.epa.gov/ORD/NRMRL/pubs/600r05149/600r05149.pdf" ��http://www.epa.gov/ORD/NRMRL/pubs/600r05149/600r05149.pdf�


� See � HYPERLINK "http://www.epa.gov/ORD/NRMRL/pubs/600r05149/600r05149.pdf" ��http://www.epa.gov/ORD/NRMRL/pubs/600r05149/600r05149.pdf�


� The JTF includes the City of Houston, Harris County Flood Control District, Harris County, and the Houston District of TxDOT.





�TPWD: The issue of data quality is not addressed anywhere in the


document. We believe that data quality should be a major discussion


point. The selection of non-biased sampling locations and the use of


methodologies providing proven, accurate, reproducible data results are


requirements for any meaningful TMDL modeling effort. We are concerned


that the use of source tracking is one of the least accurate such


methods. The BST authors seem to acknowledge this themselves on pg. 15,


where they note efforts to "explore issues of geographical and temporal


stability of BST libraries, refine library isolate selection, and


determine accuracy of water isolate identification."  





�TPWD: Numerical estimates of uncertainty, reliability,


reproducibility, and sensitivity are not presented in either the


modeling or BST sections. The BST section makes some effort in this


regard, but we find the characterization of "high," "moderate," etc. not


to be helpful without the anchor of some numeric analysis. Further, it


would be helpful to present information for BST regarding the tendency


for false positives (or negatives).





�From TxDOT: Higher Level of Detail Required:  The evaluation of models and source identification tools appears to be a reasonably complete description of the available tools, but provides only a very superficial evaluation of their utility to the task. This is perfectly understandable for a first draft, and is not intended as criticism of the draft, however, the District urges the Task Force to include more details about fate and transport models and their selection for various Texas waterbodies. For example, an estuarine environment would certainly require a different model than a recreational lake or an urban stream.





�This should be highlighted/emphasized as this is atypical and specifically designed to interpret SWQM data.


�TPWD: In the modeling section, we found it helpful that a specific


example was presented for BLEST. We note however, that the use of this


tool for Buffalo and White Oak Bayous was presented as if it was


beneficial use. A discussion on the limitations of this method should


also be included. We are particularly interested in reliability of the


calculations.





�Was BLEST used in the TMDL or by other stakeholders in the watershed?


�Agricultural? Urban?


�Is the similar to BSLC from VA Tech or SELECT from TAMU SSL?


�There should be a lead-in that tells what “in-stream Bacteria Models” are; like the first sentence on p. 4 under “Mass Balance Method”


�Need discussion on in-stream water quality models versus landscape loading models.


�For example?


�Hauck: Why?


�TxDOT SWAT: The model is not well explained, therefore, we feel that additional information should be provided. For example, what are the required data? What is the model development and set-up time? Does the model account for re-suspension from the bed stream and from deposition sources? What are the disadvantages and advantages of this model?





�Hauck: we predominately use SWAT at TIAER also, but this is a biased presentation favoring SWAT over HSPF. HSPF is also supported in BASINS. SWAT is much, much better than HSPF in evaluating agricultural BMPS. HSPF can take retimed? Time steps much less than 1 day. SWAT is seldom used with a time step less than 1 day. SWAT in-stream kinetic routine, unless corrected recently, gives erroneous results. HSPF has been around for decades and has been reported extensively in the literature also, and has been successfully used on many TMDLs, including bacteria.


�Why is SWAT better or worse to use than HSPF? Under what conditions?


�What are the disadvantages of using this model for bacteria? If any, are they similar to HSPF


�The discussion of SWAT includes information relating to its years of use, the span of acceptance, and the number of articles written on the tool. Similar statistics or description should aso be added to the remaining models/tools described. Additionally, the discussion of the other models/tools includes description of advantages and disadvantages, but the SWAT description does not discuss disadvantages (presuming there are some noteworthy factors).


�TxDOT SWMM: Information about required data, model development and set-up time should be provided.  





�Who distributes SWMM?


�See comment above regarding in-stream water quality versus landscape loading models.


�Not necessarily. What about in USAR or Buffalo and White oak Bayous? Could SWMM have been used for TMDL development in these watersheds?


�Who uses WASP for bacteria ? - not a very common use for bacterial TMDLs


�TXDOT: WASP: More information should be provided concerning data requirements, model development and set-up time, and advantages and disadvantages of model usage.





�Reservoirs?


�Utility for oyster water impairments?


�What about SPARROW?


�Need a Table like the one developed for BST methods.


�TXDOT: Include Discussion of STORM and TPM:  Appendix 1 states that the EPA includes STORM and TPM as suitable models for pathogens. Why are STORM and TPM not described in this section? They were not evaluated by Ward and Benaman (1999), so they were not ruled out by that study.





�from Mott 12-1-06


�from Mott 12-1-06


�Di Giovanni and Mott need to add bulleted list of lessons learned from Texas BST studies


�TxDOT: Examine Other State Programs First:  Appendix 2 notes that Texas has not finalized any TMDLs since January 1996. Prior to developing decision-making recommendations for Texas, the District urges the Task Force to closely examine decision-making in other states and to more fully understand the policy and procedural differences among Region 6 states that has led to the striking differences in TMDL approval rates.


Consider Technical and Regulatory Requirements as well as Stakeholder Acceptance:  We urge the Task Force to not just consider technical and regulatory requirements for both TMDL and implementation plan development, but also stakeholder acceptance. Since stakeholder rate payers may be faced with paying extremely large implementation costs in efforts to achieve TMDL load reductions, if meaningful stakeholder involvement and buy-in is not secured, administrative appeals and litigation could result, further delaying TMDL and implementation plan adoption in Texas. 


�In this situation, adequate must be defined.


�Who makes this decision?  For TSSWCB, if LDCs are the recommendation, then either BST or a complex, process model is required.


�This is critically important.


�If LDC, then BST or complex, process model is required.


�Can a cost estimate and timeframe be prepared for this approach? Based on a HUC12 watershed? For all steps exclusive of a complex model


�TxDOT: Consider National Guidance and Recommendations First:  The EPA and the National Academy of Sciences have both produced significant publications identifying research needs. The District urges the Task Force to consider these publications when identifying research needs for Texas. These publications include Reshow, Domitian, et. al., 2001;� Shoemaker, Dai, and Koenig, 2006;� and EPA, July 2002.�   While these references don’t explicitly and directly address bacteria TMDL issues, they do include important findings regarding the process, policy issues, scientific rigor, and equity issues that impact bacteria TMDL development and implementation. 


�Gentry: Potential inclusions Basic research on the origin, fate, and transport of E. coli in different Texas ecosystems/agricultural systems.  


Research on the efficacy of various best management practices in these systems.


Contribution of “native” E. coli and/or E. coli re-growth to total E. coli load.


Continued development and evaluation of new BST tools, especially library independent approaches.


Integration of risk assessment into TMDL process.





� need to get full references on these


�Must have some publications from Srini and Rifai.


�Must have some publications from DiGiovanni and Mott. Also from Hauck.


�Missing references from text – Arnold and Fohrer 2005, Borah and Bera 2003, Borah and Bera 2004, Steinhardt and Volk 2003. Need TSSWCB 02-10 final report and corresponding TCEQ BST project final report.


�The descriptions for each of these models needs to specify how the models identify sources. The descriptions included here only explain fate and transport, similarly discussed in previous sections.


�Add SWAT, AGNPS, FecaLOAD.


�Both Appendix 1 and Appendix 3 have fairly overlapping discussions with what is contained in the body of the report in the BST and model chapters. Additionally, there appears to be very important information in the appendices that might be more appropriately emphasized in the body of the report. It is recommended the authors reconsider the format and the way the information is presented to the reader. Improvement could help bolster the arguments for recommended methods.


�TxDOT: Source Assessment:  The draft report suggests using point source effluent monitoring data. This would be fine for discharge permits that require compliance monitoring for bacteria, however, most municipal wastewater treatment plants are not required to monitor for bacteria under the assumption that chlorine residual is an adequate indicator of adequate disinfection process operation. A recent study conducted by Harris County on behalf of the Stormwater Joint Task Force� suggests that this may significantly underestimate the bacteria load from wastewater point sources. While the controls necessary to address elevated bacteria loads from WWTP’s are available and are straightforward to implement, failure to identify WWTP’s as a significant load will.


�AGNPS should be discussed in main body text.


�This appears to be a key factor in the decision tree included in this appendix


�May need clarification about the HUC-14. Currently Texas uses 8-3-3 which is 14, but the WBD currently under development by NRCS will use 8-2-2 or 12 digit HUCs.


�The figure with the decision tree needs a better description with a title and reference in the text. It is noted that a 14 digit HUC is very small in area. Are larger study areas possible? Are there pros/cons to larger areas? Should there be some discussion of the "level of source discrimination desired? These are but a couple of discussion areas on which the report could expand.


� < 14 digit HUC? ec


�


�Need some discussion in main body text, especially because of Copano Bay.


�Perhaps discuss in main body text?


�TxDOT: Linkage Analysis:  On page 27 pathogen concentrations in streams are said to be dominated by advection, dispersion, and die-off. We believe that re-growth and bed re-suspension are also significant factors, especially in shallow and narrow waterways. We believe that these processes far exceed the impact of dispersion on instream bacteria concentrations.





�Caution should be used when citing this document. EPA has indicated that this draft in not likely to be approved.


�Appendix 2 shall be moved to the main body and credited to Jones and TWRI (KW).


�TPWD: Appendix 2 presents information on bacterial TMDL development in other states. Much information is presented, but it is difficult to interpret. It would be helpful to provide a context for the discussion, such as consideration of which TMDLs have been implemented successfully and resulted in actual water quality improvements. It would seem that successful examples would be most important to Texas. Alternatively, it would be helpful if other states have critiqued the various available techniques and to understand their decision-making process.


�Harris County: It would be helpful if Appendix also include information related to what these approved TMDLs are doing for implementation, if there is any measure of success or failure being found with the implementation, if the stream is rural, urban or mixed and if the stream appears to be effluent dominated. 


�TxDOT: Investigate State to State Disparity in TMDL Adoption:  In the review of work in other EPA regions it is noted that Texas has yet to produce an approved bacteria TMDL while other states in Region 6 have been more successful and states in other regions have been quite prolific in the production of TMDL documents. We believe that a full understanding of the reasons for the disparity would be a very useful product for the Task Force to generate.


Interview State TMDL Coordinators:  The appendix indicates a lack of information on state website. If a state website does not include adequate information on TMDL and implementation plan development, we suggest the Task Force interview state TMDL coordinators or project managers to obtain key information about approaches and methods.





�But what are permit limits. Have discovered in Plum Creek WPP that permit limits for bacteria do not exist if Cl residual is maintained and if UV disinfection is used the permit limit is set to the WQS of 200 FC. So the load in the stream is maxed out at effluent in an effluent dominated base flow condition.


�From the PS inventory?


�But in Texas we normally only sample quarterly. Utility in Texas if ambient SWQM protocol/funding is not changed?


�Regular collection? Regardless of flow severity?


�This tabulation of state by state statistics has less value than would be more specific descriptions of what was done. If the EPA website lacks specific information, the state websites or other sources of information should be selected. If that level of effort is not practical, many of these state-by-state statistics might be better placed in a table than in a narrative. 


�What did they do with the other 50%? NPS?


�Is this what SELECT and SPARROW can do?


�Cite the Connecticut document


�Again, utility in Texas without changes in SWQM protocols?


�Expound on this.


�Sanitary surveys have been used to develop TMDLs in some instances.


�The preceding sentence seems like a very important point that is sort of lost in the bottom of an appendix


�Are there any states solely using BST to develop TMDLs? Maryland has developed TMDLs which use BST data.


�Caution should be used when citing this document. EPA has indicated that this draft in not likely to be approved.


�References – EPA 2001, EPA 2003, EPA TMDL website, ACFW 2001, TMDLs.NET, NDEQ 2002d, Connecticut 2005.


�References – EPA 2001, EPA 2003, EPA TMDL website, ACFW 2001, TMDLs.NET, NDEQ 2002d, Connecticut 2005.


�Should this be included as a recommended management strategy in bacteria TMDL I-Plans?


�Point source library?  Or the library in general?


�A, B, and C need to be carried through to the science roadmap §, if the TF concurs.





PAGE  

