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Draft One Oct. 30, 2006

Draft Two Dec. 4, 2006

Draft Three Jan. 24, 2007

All drafts, appendices, supporting material and 
comments are posted on Web site: 

http://twri.tamu.edu/bacteriatmdl/
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Charge:
◊ examine approaches that other states use 

to develop and implement bacteria TMDLs

◊ recommend cost-effective and time-
efficient methods for developing TMDLs

◊ recommend effective approaches for 
developing TMDL & Implementation Plans 
(I-Plans)
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Charge (cont.)
◊ evaluate a variety of models and BST 

methods available for developing TMDLs 
and I-Plans, and recommending under 
what conditions certain methods are more 
appropriate

◊ develop a roadmap for further scientific 
research needed to reduce uncertainty 
about how bacteria behave under different 
water conditions in Texas
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◊ load duration curves (LDC)
◊ spatially explicit statistical models

• Arc Hydro
• SPARROW 
• SELECT

◊ mass balance models 
• BLEST 
• BIT 

◊ mechanistic hydrologic/water quality models
• HSPF
• SWAT
• SWMM 
• WASP

Bacteria Fate &      
Transport Models
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Bacteria Source Tracking 
(BST) Methods

◊ ERIC-PCR

◊ Ribotyping

◊ PFGE

◊ KB-ARA

◊ CSU

◊ Bacteroidales PCR
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Three-Tier Approach to 
Bacteria TMDLs & I-Plans

◊ Tier 1 Analysis (T1)
Year 1 – Required for all bacteria TMDLs

◊ Tier 2 Analysis (T2) 
Year 2 – Implemented for most bacteria TMDLs or 
I-Plans for non-controversial TMDLs

◊ Tier 3 Analysis (T3)
Years 3 and 4 – Normally used for I-Plans or  
complex “phased TMDLs”



Tier 1 Analysis (T1)

◊ Form TMDL stakeholder advisory group
*Essential to success of TMDL process*

TWRI



Tier 1 Analysis (T1)

TWRI

◊ Develop comprehensive 
GIS inventory for watershed

◊ Implement 
source survey 
for watershed



Tier 1 Analysis (T1)
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◊ Calculate LDCs

◊ Analyze Tier 1 data with stakeholder 
advisory group
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Step 1. Develop flow duration curve

Step 2. Multiply flow curve by standard Step 3. Plot data on standard curve

Load Duration Curve 
Development
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Tier 1 Decision

After reviewing Tier 1 data with stakeholders:

◊ Complete and submit a draft TMDL
or

◊ Request evaluation of designated use of 
water body

or
◊ Proceed to Tier 2
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◊ Implement targeted monitoring to fill data 
gaps

Tier 2 Analysis (T2)

◊ Perform library-
independent 
BST and/or 
limited library 
dependent 
BST analysis
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◊ Develop simple LDC, GIS and/or Mass 
Balance Models

◊ Analyze Tier 2 data with stakeholder 
advisory group

Tier 2 Analysis (T2)
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Tier 2 Decision
After reviewing Tier 1 & Tier 2 data with 
stakeholders:

◊ Complete and submit a draft TMDL (or I-Plan 
if TMDL was developed after Tier 1)

or
◊ Request evaluation of designated use of 

water body
or

◊ Initiate a “phased TMDL” & proceed 
to Tier 3
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Tier 3 Analysis (T3)
Used only when detailed analysis is needed or for complex 

watersheds

◊ Assure extensive stakeholder involvement

◊ Implement extensive targeted monitoring

◊ Perform extensive library-dependent BST 
analysis
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◊ Complete mechanistic 
modeling

◊ Analyze Tier 3 data 
with stakeholder 
advisory group

Tier 3 Analysis (T3)

Center for Research in Water Resources
University of Texas at Austin
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Tier 3 Decision
After reviewing Tier 3 data with stakeholders:

◊ Complete and submit a draft I-Plan (or revise 
“phased TMDL”) for agency approval

or
◊ Complete and submit a draft TMDL that 

includes a recommended change in 
designated use
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Recommended approach may be altered if 
everyone agrees that a more time- and cost-

effective approach is feasible.



Research and         
Development Needs
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◊ Characterization of sources

◊ Characterization of kinetic rates and 
transport mechanism

◊ Enhancements to bacteria fate and transport 
models and BST

◊ Determination of effectiveness of control 
mechanism and quantification of uncertainty 
and risk
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