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Total Maximum Daily Load for Fecal 
Pathogens in Buffalo Bayou and 

Whiteoak Bayou

University of Houston
PBS&J

Texas A&M Corpus Christi

August 18, 2005August 18, 2005

Texas Freshwater Bacteria StandardsTexas Freshwater Bacteria Standards

ContactContact
394 MPN/100 mL394 MPN/100 mLNotNot--toto--ExceedExceed

126 MPN/100 mL126 MPN/100 mLGeometric MeanGeometric Mean

No StandardNo StandardNotNot--toto--ExceedExceed

605 cfu/100 mL605 cfu/100 mLGeometric MeanGeometric MeanNonNon--
ContactContact

Standards do not specify time period for geometric mean Standards do not specify time period for geometric mean 
calculationscalculations

Buffalo and Whiteoak BayousBuffalo and Whiteoak Bayous

Addicks Reservoir
Barker Reservoir
Buffalo Bayou
Whiteoak Bayou
Allocation Points

Legend

Note:  3 allocations
will be developed at 
the allocation points 
shown on the map

1013 – BB Tidal, 1013A – Little WO Bayou, 1013C – Unnamed Tributary of BB Tidal, 1014 – BB above Tidal, 1014H –
South Mayde Creek, 1014K – Turkey Creek, 1014M – Neimans Bayou, 1014N – Rummel Creek, 1014O- Spring Branch, 
1017 – WO Bayou, 1017A – Brickhouse Gully, 1017B- Cole Creek, 1017D- Unnamed Tributary of WO Bayou, 1017E –
Unnamed Tributary of WO Bayou

BB @ Dairy Ashford
Mouth of 

1013

Mouth of 1017

1014

1017

1013

The TMDL EquationThe TMDL Equation

TMDLTMDL =  =  ΣΣWLAWLA++ΣΣLA LA 
++MOSMOS

WLA: waste load allocation, i.e. point sourcesWLA: waste load allocation, i.e. point sources
LA: load allocation, i.e., nonpoint sourcesLA: load allocation, i.e., nonpoint sources
MOS: margin of safetyMOS: margin of safety

Summary of WLA Sources Summary of WLA Sources –– WWTP LoadsWWTP Loads

1.1. WWTP dischargesWWTP discharges
2.2. WWTP WWTP biosolidsbiosolids releasesreleases
3.3. Wet weather loads due to exceeding Wet weather loads due to exceeding 

capacity of WWTP systemcapacity of WWTP system

Allocated Load = 0Allocated Load = 0

Summary of WLA Sources Summary of WLA Sources –– MS4 LoadsMS4 Loads

1.1. Dry weather storm sewer dischargesDry weather storm sewer discharges
2.2. Storm water system dischargesStorm water system discharges
3.3. Wastewater collection/conveyance system Wastewater collection/conveyance system 

leaks and overflows (both dry and wet leaks and overflows (both dry and wet 
weather)weather)

Load reduction will be requiredLoad reduction will be required
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Summary of WLA Sources Summary of WLA Sources –– OtherOther

1.1. OnOn--site sewage facilities (i.e., septic site sewage facilities (i.e., septic 
systems)systems)

Allocated Load = 0Allocated Load = 0

Summary of LA SourcesSummary of LA Sources

1.1. Direct deposition into the bayousDirect deposition into the bayous
2.2. Stream sedimentStream sediment

Load reductions will be requiredLoad reductions will be required

Summary of Sources Summary of Sources –– MOSMOS

1.1. Margin of safety will be 5% in the allocationsMargin of safety will be 5% in the allocations

Allocation Development ToolsAllocation Development Tools

•• Spreadsheet Calculator Spreadsheet Calculator -- % Reduction % Reduction 
neededneeded

•• HSPF model HSPF model –– evaluate if geometric mean evaluate if geometric mean 
standards are met for various flow and standards are met for various flow and 
allocation scenariosallocation scenarios

Allocation Spreadsheet Allocation Spreadsheet –– Median Flow NonMedian Flow Non--
Contact Recreation Criterion ExampleContact Recreation Criterion Example

MEDIAN FLOW TMDL

BB WO
WLA = WWTPs 9            4               

WWTP Biosolids Releases
Sanitary Sewer releases

Dry Weather 604        452            
Wet Weather (SSOs)

(Billion MPN/day)

Average flows from Average flows from 
sampling show EC sampling show EC 
concentrations <5 MPN/concentrations <5 MPN/dLdL. . 
Loads in BB reflect plants Loads in BB reflect plants 
upstream of reservoirs.upstream of reservoirs.

No releases in No releases in 
relatively dry relatively dry 
weatherweather

Calculated from sewer Calculated from sewer 
overflow data assuming all overflow data assuming all 
volumes get to bayousvolumes get to bayous

Allocation Spreadsheet Allocation Spreadsheet –– Median Flow NonMedian Flow Non--
Contact Recreation Criterion ExampleContact Recreation Criterion Example

MEDIAN FLOW TMDL

BB WO
WLA = continued

Bypasses
MS4 Discharges

Runoff 3,350     1,675         
Dry Weather 203        24              

(Billion MPN/day)

No bypasses in No bypasses in 
watershedswatersheds

UH sampling data for UH sampling data for 
dry weather storm dry weather storm 
sewer flowssewer flows

Median flows for each bayou, Median flows for each bayou, 
w/ runoff fraction at 5,000 w/ runoff fraction at 5,000 
MPN/MPN/dLdL, low end of runoff , low end of runoff 
rangerange
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Allocation Spreadsheet Allocation Spreadsheet –– Median Flow NonMedian Flow Non--
Contact Recreation Criterion ExampleContact Recreation Criterion Example

Sediment input Sediment input 
calculated using calculated using 
estimated area of estimated area of 
bayou bed and bayou bed and 
assumed delivery assumed delivery 
rate. rate. 

OnOn--site sewage facilities site sewage facilities 
(OSSF) are the same as (OSSF) are the same as 
septic systemsseptic systems

Direct deposition into the Direct deposition into the 
bayous from wildlife, bayous from wildlife, 
domesticated animals, people domesticated animals, people 
in recreation areas, etc.in recreation areas, etc.

MEDIAN FLOW TMDL

BB WO
LA = Sediment contributions 0.65 0.02

OSSFs 0.001 0.001
NPS direct input to bayous 1,847     853            

(Billion MPN/day)

Allocation Spreadsheet Allocation Spreadsheet –– Median Flow NonMedian Flow Non--
Contact Recreation Criterion ExampleContact Recreation Criterion Example

NoncontactNoncontact criterion criterion 
is 605 MPN/is 605 MPN/dLdL, and , and 
25% is 151 MPN/25% is 151 MPN/dLdL. . 
Flow x 151 (605Flow x 151 (605--454) 454) 
MPN/MPN/dLdL

Sum of all  loads, Sum of all  loads, 
yielding concentrations yielding concentrations 
of about 2500 MPN/of about 2500 MPN/dLdL

MEDIAN FLOW TMDL

BB WO
MOS = Assume 25% or 151 (goal 454 MPN/dL) 369        185            

Actual Bayou Loads 6,013     3,008         
Target Bayou Loads 1,110     555            

(Billion MPN/day)

Load calculated using Load calculated using 
target concentration of 454 target concentration of 454 
multiplied by median flowsmultiplied by median flows

Example Percent Reduction RequiredExample Percent Reduction Required

81%81%Noncontact Recreation Standard
96%96%Contact Recreation Standard
WOBB

Note:  Percentage reductions are those needed to meet standard (Note:  Percentage reductions are those needed to meet standard (605 605 
for nonfor non--contact recreation, 126 for contact recreation), assuming 25%contact recreation, 126 for contact recreation), assuming 25%
margin of safetymargin of safety

Flow Conditions and Averaging PeriodFlow Conditions and Averaging Period

Allocations will be analyzed as follows:Allocations will be analyzed as follows:
1.1. Hourly EC data for all conditions over all simulation Hourly EC data for all conditions over all simulation 

period will be analyzedperiod will be analyzed
2.2. Hourly EC concentrations for median flows and below Hourly EC concentrations for median flows and below 

will also be examinedwill also be examined
3.3. Frequency of hourly concentrations will be analyzed Frequency of hourly concentrations will be analyzed 

(through cumulative frequency curves, box plots, etc)(through cumulative frequency curves, box plots, etc)
4.4. Daily values may also be examinedDaily values may also be examined
5.5. Moving 91Moving 91--day geometric mean will be calculatedday geometric mean will be calculated
6.6. Frequency of moving Frequency of moving geomeangeomean averages will be averages will be 

analyzedanalyzed

Box Plot DevelopmentBox Plot Development
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Daily and Hourly EC DataDaily and Hourly EC Data

Data broken 
down into 

months

Data broken Data broken 
down into down into 

monthsmonths

Statistical program 
calculates percentiles 

and geomeans

Statistical program Statistical program 
calculates percentiles calculates percentiles 

and and geomeansgeomeans

Box plots of modeled hourly dataBox plots of modeled hourly data

Dairy Ashford

Time period for analysis is January 2001- October 2003
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Box plots of historical dataBox plots of historical data

Dairy Ashford

Time period for analysis is 1993 - 2001; FC data were used as there were more data and was
representative of long term conditions 

n=79


