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Briefing Outlinefor Eighteen Total Maximum Daily L oadsfor
Bacteria in Buffalo and Whiteoak Bayousand Tributaries

for Segment Numbers:

1013 —Buffdo Bayou Tidd

1013A —Little White Oak Bayou

1013C — Unnamed Non-Tidd Tributary of Buffado Bayou Tidd
1014 — Buffdo Bayou Above Tidd

1014A — Bear Creek

1014B —Buffao Bayou

1014E — Langham Creek

1014H — South Mayde Creek

1014K — Turkey Creek

1014l —Mason Creek

1014M —Nemans Bayou (Newman Branch)
1014N — Rummd Creek

10140 — Spring Branch

1017 —Whiteoak Bayou Above Tidd

1017A — Brickhouse Gully/Bayou

1017B — Cole Creek

1017D — Unnamed Tributary of Whiteoak Bayou
1017E — Unnamed Tributary of White Oak Bayou

A. Introduction

This outline summarizes a totd maximum daily load (TMDL) project developed to address water
quality imparments reaed to bacterid indicators for pathogens in 18 segments located in the
Buffdo Bayou and Whiteoak Bayou watersheds in the counties of Harris, Wdler, and Fort Bend
(Figurel).

Three dasdfied watersheds are included in this sudy—Buffado Bayou Tidd, Buffdo Bayou
Above Tidd, and Whiteoak Bayou. An important unique fegture of the Buffalo Bayou Above Tidd
watershed isthat two flood control reservoirs (Barker and Addicks) arelocated at the upstream end.
The U. S. Army Corps of Engineers operates the reservoirs to minimize flooding downstream on
Buffao Bayou. The reservoirs define afourth watershed (Reservoirs watershed) that drainsinto the
Buffdo Bayou Above Tidd watershed. TMDL dlocaions are defined for dl four of the
watersheds—Buffalo Bayou Tidd, Buffado Bayou Above Tidd, Reservairs, and Whiteoak Bayou
(Tablel).

Imparments for the contact recreation use of nine segments were firg identified by TCEQ over

three separate Texas Water Quality Inventory and 303(d) Ligts, between the years 1996 and 2006
(Tabled).
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B. Background I nformation

Desgnated uses for dream ssgments are defined under the Texas Adminigrative Code (TAC)
[Title 30, Chapter 307: Texas Surface Water Quality Sandards, Section 7, Ste-pecific Uses]. The
specific uses assigned to the 18 segments included in this report are contact recregtion, aquatic life,
generd, and fish consumption. This project addresses devated levels of indicator bacteriardated to
the contact recreation usein freshwater, tiddly influenced waters, and sdtwater.

The Buffdo and Whiteoak Bayou watersheds experience frequent ranfdl events, with annud
precipitation totas of approximately 50 inches. Monthly rainfall totals are congstent throughout the
year. High intengty rainfal often causes locdized dreet flooding and occasond out-of-bank
conditions. Because the study watersheds are located near the Gulf coadt, they are subject to
extreme weether between June 1 and November 30 every year, dthough the chance of tropicd
westher declines dramaticaly in October. Asaresult, an extensve sorm water conveyance sysem
has been devel oped throughout the area.

Buffalo Bayou Tidd watershed islocated in the center of Houston and hasthe highest percentage of
impervious cover a 62 percent. Buffao Bayou Above Tidd and Whiteoak Bayou watersheds are
mostly developed, with goproximatdy 50 percent impervious cover. The Resarvoirs watershed
currently has only 14 percent impervious cover, but ongoing deveopment will increase the
impervious cover over time. The permegbility of dl soilsin these watershedsisdow to moderate.

Figure 1. Segments and Watersheds
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Table 1. Water Bodies, Watersheds and Assessment Units

Segment First Year

Number Segment Name Listed Assessment Units

1013 Buffalo Bayou Tidal 1996 1013 01
1013A Little White Oak Bayou 2002 1013A_01, 1013A_02
1013C Unnamed Non-Tidal Tributary of 2002 1013C 01

Buffalo Bayou Tidal

1014 Buffalo Bayou Above Tidal 2002 1014 01
1014A Bear Creek 2006 1014A_01
1014B Buffalo Bayou 2006 1014B_01
1014E Langham Creek 2006 1014E 01
1014H South Mayde Creek 2002 1014H_01, 1014H_02
1014K Turkey Creek 2002 1014K_01, 1014K_02
1014L Mason Creek 2006 1014L_01
1014M Neimans Bayou (Newman Branch) 2002 1014M_01
1014N Rummel Creek 2002 1014N_01
10140 Spring Branch 2002 10140 _01

1017 Whiteoak Bayou Above Tidal 1996 1017 _01, 1017_02,

1017_03, 1017_04
1017A Brickhouse Gully/Bayou 2002 1017A_01
1017B Cole Creek 2002 1017B_02
1017D Unnamed Tributary of Whiteoak Bayou 2002 1017D_01
1017E Unnamed Tributary of 2002 1017E_01
White Oak Bayou

The frequent rainfdl, well-developed storm water management system, high percentage of
impervious cover, and soilswith low permesbility create conditions conducive to bacteria trangport.
These factors cregte a system in which storm water has ahigh trave time and alow residencetime.
The watersheds are flushed frequently and the indicator bacteria do not have time to degrade,
causing high concentrationsto be ddivered to the receiving waters.

C. Problem Definition

Escherichia coli (E. coli) isthe sandard for fresh weter. The contact recrestion useis not supported
when the geometric mean of al E. coli samples exceeds 126 MPN per 100 milliliter (mL) and/or
individua samples exceed 394 most probable number (MPN) per 200 mL more than 25 percent of
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thetime The MPN isaddidticd edimate of the actud number of colony forming unitsin aweter
sample.

In the four watersheds, devated levels of bacteria are widespread and persgent. Table 2
summarizes the number of sampling stations, samples, and criteria exceedances in the watersheds
of the dassfied ssgments in the project area. Both the geometric mean and single-sample criteria
are exceeded a dl sampling locations. The geometric means of the sampling data exceed the
contact recregtion criterion between 4 and 103 times at the individud sampling locations. Multiple
sampling sations were located throughout each watershed. The project team andyzed 1,549 E. coli
samplesfor 43 sampling locations.

Table 2. Summary of Exceedances in the Four Primary Watersheds
Range of Percent
Exceedance of Times Greater
Number of Single-Sample Than Geometric
Number of E. Coli Criterion Mean Criterion
Watershed and Segments Stations Samples (MPN/100 mL) (MPN/100 mL)
Buffalo Bayou Tidal 8 299 84 to 100 14t0 103
1013, 1013A, 1013C
Buffalo Bayou Above Tidal 14 494 49t0 89 3to 27
1014M, 1014N, 10140
Whiteoak Bayou 14 465 44 to 100 4t094
1017, 1017A, 1017B, 1017D, 1017E
Reservoirs 8 291 31to 75 3to 13
1014A, 1014B, 1014E, 1014H
1014K, 1014L

D. Endpoint Identification

The endpoint for the TMDLsfor dl 18 freshwater ssgmentsis to maintain concentrations of E. coli
beow the geometric mean criterion of 126 MPN/100 mL. These TMDLS were based upon
extendve ambient monitoring of E. coli in water bodies within these watersheds. For estimation of
some source inputs, such as biosolid loads, it was necessary to convert literature vaues of fecd
coliformto E. coli, using aratio of the contact recreation Sandards (126/200).

E. Source Analysis

In response to the listing, the TCEQ initiated an investigation to identify possible point and
nonpoint sources of bacteria and to quantify the appropriate reductions necessary to comply
with established water quality standards. The most likely contributing sources of
impairment to the 18 water bodiesinclude:

= noncompliant discharges from wastewater trestment facilities;

= dorm water runoff (incdluding discharges from municipd separate dorm sewer systems,
indudtrid facilities, and condruction Sites);

= sanitary sewer overflows (lesking infrastructure pipes);

= dry weather dischargesand illicit discharges,
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=  ondgtesewagefadilities and
= direct deposition from waterfowl and wildlife.

F. Linkage

Egtablishing the potentia relationship between indream water quaity and the source of pollutant
loadings is an important component in developing a TMDL. It dlows for the evduation of
management options that will achieve the desired endpoint.

Three methods were used for analyzing exiging bacteria loads and instream water qudity. The
three methods were used because of the complex nature of the highly urbanized area, including
high amounts of impervious cover, a complex and extendve sorm water drainage system, and
numerous wastewater discharges. The methods were load duration curve (LDC) andyses, a mass
baance andyss using the bacteria load estimator Soreadsheet tool (BLEST), and a Hydrologicd
Smulaion Progran-FORTRAN (HSPF) andyss for amulaion of watershed hydrology and
water quality.

G. TMDL Calculation

TMDLs ae the sum of the individud wastdload dlocations (WLAS) for sources requiring a
discharge permit, load dlocations (LAS) for sources that do not require a discharge permit, such as
naturd background sources, and a margin of safety (MOS). The TMDL equation has higtoricaly
been written asfollows.

TMDL =) WLA +> LA + MOS

Where:
WLA = wasteload alocation (permitted source contributions);
LA = load dlocation (non-permitted source contributions); and
MOS = margin of safety.

The TMDL defines the total amount of a pollutant that can be assimilated by the receiving
water body while still achieving water quality standards. In this equation, the wasteload
alocation is the maximum allowable load from permitted sources and the load allocation
is the maximum alowable load for non-permitted sources. The margin of safety is
included to account for any uncertainty concerning the relationship between effluent
limitations and water quality.

As gaed in Title 40 of the Code of Federd Regulations (40 CFR), Section 130.2(1), TMDLSs can
be expressad in terms of mass per time, toxicity, or other appropriate measures. For E. coli, TMDLs
are expressed as MPN per day, where possible, or as a percent reduction god, and represent the
maximum one-day load the stream can assmilate while dill ataining the surface water qudity
Sandards.

Three different methods were used to evduate indicator bacteria loading and the required
reductions to meet the TMDL for each segment because of the complex nature of the highly
urbanized area. Findings from the three methods are consstent. They dl predict greeter than a 59
percent reduction in loading for both WLA and LA in order to meet the water qudity standard.
Most segments and flow conditions require greeter than a 95 percent reduction in WLA and LA to
meet the water quality standard. Thus, dl three methods are consgtent in ther findings and
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ultimately suggest that large reductionsin loading under al three flow conditionswill be required to
meet the TMDL target loads.

H. Margin of Safety

The margin of safety is designed to account for any uncertainty that may arise in specifying water
qudity control drategies for the complex environmentad processes that affect water qudity.
Quantification of thisuncertainty, to the extent possible, isthe bassfor assgning amargin of safety.

The TMDLs covered by thisreport use agenerd, implicit margin of safety for anumber of reasons.
By usng three methods to andyze indicator bacteria loads, the uncertainty in establishing the
dlocations is reduced. The method used to establish loads for wastewater trestment facilities
(WWTFs) requires areduction in loads below current requirements. Where possible, the vadues and
assumptions used in the three modds were chosen to be as protective as possible. In addition, the
water qudlity standards for contact recreetion have many assumptions built in that are protective of
human hedth so that by using the andard as the TMDL target, an additional margin of safety is
added.

|. Wasteload Allocations

Current TPDES-permitted WWTFs are dlocated a daily wastdload caculated as ther permitted
discharge flow rate multiplied by the one-hdf of the instream geometric mean waer qudity
criterion. One-hdf of the water qudity sandard (63 MPN/100mL) is used as the target to provide
ingream and downgream load capecity. The large numbers of WWTF discharges are widdy
digributed throughout the Buffalo Bayou Above Tidd, Reservoirs, and Whiteoak watersheds and
these discharges provide dl of thelow, non-storm weter flow.

If WWTFs were to discharge a the water qudity sandard (126 MPN/100mL), there would be no
cgpacity to accommodate other loads and downdream discharges. This problem is especidly
ggnificant for the Buffdo Bayou Tidd watershed, which currently has no WWTF discharges.
Buffdo Bayou Above Tidd (1014) and Whiteoak Bayou (1017) provide the low flow base for
Buffao Bayou Tidd (1013) because there are no dischargers within the Buffdo Bayou Tidd
watershed. If the discharges in both of these upstream segments are at the water qudity standard,
thereisno capacity for the Buffalo Bayou Tidd weatershed.

The WLA for each current facility (WLAwwre) isderived from the following equation.

WLAwwte =swqs/2 * flow * unit conversion factor
Where
swqs (surface water quality standard) = 126 MPN/100mL E. coli
flow (10° gal/day) = permitted flow
unit conversion factor = 37,854,120 100mL/10°%gal

Where a TMDL has been approved, domestic WWTF TPDES permits will require
conditions consistent with the requirements and assumptions of the waste load allocations.
For TPDES-regulated municipa and small-construction storm water discharges, water
quality-based effluent limits that implement the WLA for storm water may be expressed as
best management practices (BMPs) or other similar requirements, rather than as numeric
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effluent limits (November 22, 2002, memorandum from EPA relating to establishing
WLASs for storm water sources at 4). The EPA memo also states that:

“...the Interim Permitting Approach Policy recognizes the need for an iterative
approach to control pollutants in storm water discharges...[s|pecificaly, the policy
anticipates that a suite of BMPswill be used in the initial rounds of permits and that
these BMPS will be tailored in subsequent rounds.”

Using an iterative, adaptive BMP approach to the maximum extent practicable is
appropriate to address the storm water component of this TMDL. The iterative, adaptive
approach is reflected in the 2008 permit renewal application of TPDES Permit No.
WQO0004685000 for Harris County, Harris County Flood Control District, City of Houston,
Texas Department of Transportation’s MS4 Storm Water Management Plans.

J. TMDL

Throughout the source andyses above, the conditions during 2001 through 2006 were used to
determine current loads and current percent reduction gods that are needed to achieve the weater
quality sandards. However, the TMDL load alocations must be written to be gpplicable for thefull
permitted loads and the alocations must be able to accommodate future increases in permitted
sources. The future cgpacity dlowance is important in the Houston area because the growth is
expected to result in a greater than 50 percent increase of the population in the Houstor/Harris
County area by 2035 (H-GAC 2007). The population increeses in each of the four TMDL
watersheds were calculated based on the data from the H-GAC report (Table 8). The population
increases range from 15 percent to 44 percertt.

The permitted flow is nearly 3 times greater than the average reported flow for the WWTF
discharges (Table 3). The flow difference between the average reported flow and the permitted flow
is nat included in the observed flows presented in the BLEST tables. The volume of this additiona
flow represents additiond 1oad capacity based on the geometric mean criterion of 126 MPN/100mL
and additiond WLAwwrr load cgpacity based on hdf of the geometric mean criterion (63
MPN/100mL).

K. Future Capacity

The additiond load is represented in Table 3 by using the full permitted flow. This vaue represents
the current load dlocation for current permitted WWTF dischargers. The future cgpacity was
cadculaed by multiplying the average sef-reported flows times the percent population incresse
edimated for each watershed. The Buffdo Bayou Tidd watershed, which currently has no WWTF
discharges, was dlocated atwo million gallon per day (MGD) capacity for future growth.

L. Allocations

1) Watershed Allocations

The dlocationsfor the four TMDL watersheds are calculated directly (See Attachment 1). The
TMDL (load capacity) is caculated by multiplying the flow from the BLEST method timesthe
contact recregtion geometric mean criterion of 126 MPN/100mL for E. coli. This is the
indicator bacteria cgpacity of the water body. The additiond flow from using
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Table 3.

Flow and Load Changes Using Permitted Flow

Additional Load Future WWTF
Average Capacity Additional Load Capacity

Reported Flow Permitted Flow Difference (Billion (Billion (Billion Population
Watershed (MGD) (MGD) (MGD) MPN/Day) MPN/Day) MPN/Day) Increase
Buffalo Bayou Above 17.92477 48.7768 30.85203 147.15 73.58 6.42917 15.04%
Tidal
Buffalo Bayou Tidal 0 0 0 0.00 0.00 4.76962* 19.75%
Reservoirs 20.51719 73.685 53.16781 253.59 126.80 21.4067 43.75%
Whiteoak Bayou 19.97647 51.6084 31.63193 150.87 75.44 9.76622 20.50%
Total 58.41843 174.0702

MPN — most probable number
MGD = million gallons per day
* Buffalo Bayou Tida currently has no WWTF discharges, so afuture capacity for 2.0 MGD flow is allocated.




the permitted flow and the additiond flow from the future capacity in each watershed are added
to the flows for each of the three flow categories to determine the find TMDL for each
watershed and flow category. The upsream loads from the BLEST tables dso have the
additiond flow added to represent the additiona capecity and additiond load added from the
additiond upsream flow caculated usng Equation 1.

The TMDL equation, modified to accommodate the additiond factors, isexpressed as.

TMDL = XWLAwwtr + ZWLA somwaer + ZLA + MOS + ZUSL + FC
Where

SWLAwwr = waste load alocation (permitted WWTF)

YWLA somwater = Waste load all ocation (permitted storm water)

LA = load dlocation (non-permitted source contributions)

MOS = margin of safety

USL = Upstream Load

FC = Future Capacity

The TMDL, SWLAwwte MOS, ZUSL, and FC dlocations are s&t by flow and the contact
recregtion criterion. The load that remains after subtracting XWLA wwrr MOS, 2USL, and FC
is dlocated to the ZWLA som wae ad ZLA. Permitted storm water sources are dlocated 90
percent of the remaning load and the remaning 10 percent is dlocated to non-permitted
sources (nonpoint).

The TMDL dlocations for the four watersheds are presented in Tables 4, 5, and 6 for wet,
intermediate, and dry flow conditions, respectively. For the Buffao Bayou Above Tidd and
Buffao Bayou Tidd watersheds, upsream loads are conveyed by the other TMDL watersheds.
Buffdo Bayou Above Tidd recelves aload from the Reservoirs watershed and Buffalo Bayou
Tida receives|oads from Buffao Bayou Above Tidd, and Whiteoak Bayou watersheds. These
loadsareapart of the TMDL for the recelving watershed.

The TMDL load dlocations were developed for dl three flow conditions. Table 4 presentsthe
load dlocations for wet conditions. These values are congdered the critical conditions for the
Buffdo Bayou Tidd watershed, Buffao Bayou Above Tidd watershed, Reservoirs watershed,
and the Whiteoak Bayou watershed. The wet flow condition has been chosen because it
represents maximum daly load.

2) Ass=ssment Unit TMDL Allocations

Allocations are dso developed for each impaired assessment unit in the four watersheds for the
critica high flow (wet) conditions. These alocations are developed to match the 2006 303(d)
lig of impaired water bodies in Texas. The TMDL regulations (40 CFR 130.7) require that
loads be assigned to dl the entries on the 303(d) list. The EPA has gpproved the 2006 303(d)
ligt, which identifiesimpairments by individua assessment units. Initsgpprovd of thelist, EPA
has determined that each assessment unit is a segment per 40 CFR 130.7 and that a TMDL
must be written for each identified assessment unit.

The dlocations for the assessment units for the criticd conditions are determined from the
watershed ratio of the assessment unit's watershed area to the overdl watershed area. The
percentages in Table 7 are multiplied by the components of the dlocations except for the
WLAwwte and Future Capacity components, which are cdculated, based on the WWTF
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discharges in the assessment unit watershed and the population increese for the watershed
(Table8).

The find TMDL dlocations needed to comply with the requirements of 40 CFR 130.7 are
presented in Table 9. In this table, the upsream loads are combined with the load dlocation
(LA) and the future cgpacity isincluded in the TMDL. The assessment unit alocations are for
the critical conditions of high flow (wet conditions).

The find TMDL dlocaions in Table 9 are based on the current contact recregtion criteria of
126 MPN/100mL. Should the contact recregtion criteria change in the future or if the contact
recrestion use changes, the revised TMDL dlocations are recd culated using the informeation in
Appendix A of the TMDL document. An example of Appendix A isincluded in Attachment 2.
The graph in Attachment 2 shows the relaionship between the changed criteriaand the TMDL
dlocations and the equiation can be used to cadculate revised TMDL dlocations.

M. Public Participation

In accordance with requirements of law promulgated in 2001 under Texas House Bill 2912, a
gekeholder group was formed, public meetings were conducted, and natices of meetings were
posted on the TMDL program’s web caendar. Two weeks prior to scheduled meetings, the public
was formdly invited to attend. To ensure that absent members and the public were informed of past
meetings and pertinent materia, a project web page was established to provide meeting summearies,
ground rules, and a lig of committee members a the TCEQ Web dte: <www.tceg datetx.us
implementati on/water/tmdl/22-buffa obayou.html> and the Houston-Galveston Area Council Web
gte <www.h-gac.com/community/weter/tmdl/default.agpx>.

From the beginning of the TMDL project, the project team sought to ensure that sakeholders were
informed and involved. Communication and comments from the stakeholders in the watershed
grengthen TMDL projects and their implementation. Over the course of the Buffado and Whiteoak
Bayou TMDLs project, public participation has played alarge role. Members of this group include
government, permitted facilities, agriculture, business, environmentd and community interests in
the Buffa o and Whiteoak Bayou watersheds.

Eighteen meetings were held between May 2000 and July 2007 to present both project datus
reports from the TCEQ and updates on the technica aspects of the project. The meetings were held
a project milestones and were used to solicit input and feedback from the sakeholders. Stakehol der
input provided vauable locd ingght to the project Saff.

N. Implementation

In December 2007, sakeholdersin the Houstor/Harris County areainitiated an effort known asthe
Bacteria Implementation Group (BIG) to develop an arearwide implementation plan (I-Flan) to
address indicator bacteria sources throughout the greater HoustoryHarris County area. The effort is
being lead by the Houston-Gaveston Area Council with funding from the TCEQ. This effort will
include al of the water bodies that have been listed as impaired for contact recreation because of
high indicator bacteria concentrations (Table 10). The areawide 1-Plan, which will indude the
watershedsin thisreport, will be completed in June 2010, based on current estimates.

The dakeholder led Bacteria Implementation Group will develop the I-Plan for Eighteen Total
Maximum Daily Loads for Bacteria in Buffalo and Whiteoak Bayous and Tributaries, dong with
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al other TMDLsfor bacteriain the Houston area. Through the Bacteria Implementation Group, the
excdlent resources and expertise of the organizations and individuds involved in the group are
avalable to develop the plan. An adaptive management strategy will be used to develop a plan to
st priorities, provide flexibility, and will be appropriate for dl sakeholders. Socid and economic
factors may be consdered by the stakehol ders during the development of the I-Plan.
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Table 4.

TMDL Summary for All Segments at Wet Flow Conditions

Watershed

TMDL
(Billion
MPN/day)

WLAwWwTF
(Billion
MPN/day)

WLAStorm Water
(Billion
MPN/day)

LA
(Billion
MPN/day)

MOS
(Billion
MPN/day)

Upstream Load
(Billion
MPN/day)

Future WWTF
Capacity
(Billion
MPN/day)

Buffalo Bayou Above Tidal

Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1024M), Rummel Creek (1014N),
Spring Branch (10140)

2,558.25

116.32

1120.73

124.53

0.00

1190.25

6.43

Buffalo Bayou Tidal

Buffalo Bayou Tidal (1013), Little
White Oak Bayou (1013A), Unnamed
Non-Tidal Tributary of Buffalo Bayou
Tidal (1013C)

3,048.46

0.00

737.25

81.92

0.00

2224.53

4.77

Reservoirs

Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E),
South Mayde Creek (1014H), Turkey
Creek (1014K), Mason Creek (1014L)

1,393.13

175.72

1076.40

119.60

0.00

0.00

2141

Whiteoak Bayou

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

1,254.06

123.08

1009.10

112.12

0.00

0.00

9.77

WLA wwrr —wasteload alocation for WWTF discharges
WLA gomwae — Wasteload alocation for al storm water permitted discharges
MPN —Most Probable Number



Table 5.

TMDL Summary for All Segments at Intermediate Flow Conditions

Watershed

TMDL
(Billion
MPN/day)

WLAwWwTF
(Billion
MPN/day)

WI—AStorm Water
(Billion
MPN/day)

LA
(Billion
MPN/day)

MOS
(Billion
MPN/day)

Upstream Load
(Billion
MPN/day)

Future WWTF
Capacity
(Billion
MPN/day)

Buffalo Bayou Above Tidal

Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)

1,203.46

116.32

567.94

63.10

0

449.67

6.43

Buffalo Bayou Tidal

Buffalo Bayou Tidal (1013), Little
White Oak Bayou (1013A), Unnamed
Non-Tidal Tributary of Buffalo Bayou
Tidal (1013C)

1,207.47

0.00

197.00

21.89

983.81

4.77

Reservoirs

Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E),
South Mayde Creek (1014H), Turkey
Creek (1014K), Mason Creek (1014L)

649.48

175.72

407.12

45.24

21.41

Whiteoak Bayou

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

340.74

123.08

187.11

20.79

9.77

WLA wwrr —wasteload alocation for WWTF discharges
WLA gomwae — Wasteload alocation for al storm water permitted discharges
MPN —Most Probable Number



Table 6.

TMDL Summary for All Segments at Dry Flow Conditions

Watershed

TMDL
(Billion
MPN/day)

WLAwWwTF
(Billion
MPN/day)

WLA Storm Water
(Billion
MPN/day)

LA
(Billion
MPN/day)

MOS
(Billion
MPN/day)

Upstream Load
(Billion
MPN/day)

Future WWTF
Capacity
(Billion
MPN/day)

Buffalo Bayou Above Tidal

Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)

556.49

112.00

0.00

189.21

0.00

212.43

42.85

Buffalo Bayou Tidal

Buffalo Bayou Tidal (1013), Little
White Oak Bayou (1013C), Unnamed
Non-Tidal Tributary of Buffalo Bayou
Tidal (1013C)

655.83

0.00

0.00

315.71

0.00

318.66

21.46

Reservoirs

Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E),
South Mayde Creek (1014H), Turkey
Creek (1014K), Mason Creek (1014L)

336.14

144.00

0.00

143.31

0.00

0.00

48.83

Whiteoak Bayou

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

267.16

108.00

0.00

111.52

0.00

0.00

47.64

WLA wwrr —wasteload allocation for WWTF discharges
WLA gomwae — Wasteload alocation for all storm water permitted discharges
MPN —Most Probable Number



Table 7. Assessment Unit Watershed Areas
Assessment Unit Main Watershed Total area (acres) Percentage
1013_01 1013 2611.30 17%
1013A_01 1013 2288.23 15%
1013A_02 1013 10099.14 67%
1013C_01 1013 169.27 1%
1013 Total 15167.93
1014_01 1014 29799.64 2%
1014M 1014 1278.76 3%
1014N 1014 3127.89 8%
10140 1014 7158.06 17%
1014 Total 41364.35
1017_01 1017 7602.92 14%
1017_02 1017 2280.57 4%
1017_03 1017 6547.41 12%
1017_04 1017 23526.19 43%
1017A_01 1017 7624.29 14%
1017B_02 1017 5874.38 11%
1017D_01 1017 695.77 1%
1017E 01 1017 780.13 1%
1017 Total 54931.66
1014A_01 Reservoir 24084.18 14%
1014B_01 Reservoir 80155.46 45%
1014E 01 Reservoir 29812.76 17%
1014H_01 Reservoir 5014.50 3%
1014H_02 Reservoir 22451.96 13%
1014K_01 Reservoir 4487.43 3%
1014K_02 Reservoir 1931.86 1%
1014L_01 Reservoir 10356.67 5%
Reservoir Total 178294.82
GRAND TOTAL 289758.77
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Table 8.

Population Increases

Watershed 2005 2035 Increase
Buffalo Bayou Tidal 165350 206056 19.75%
Buffalo Bayou Above Tidal 368919 434246 15.04%
Reservoirs 275357 489540 43.75%
Whiteoak Bayou 325330 409226 20.50%

H-GAC 2007. 2035 Regional Growth Forecast.

Table 9. Final TMDL Allocations for All Assessment Units at Wet Flow (Critical) Conditions
TMDL WLAwWwTE WLA storm Water LA MOS
Assessment Unit (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day)

1013 01 1,574.77 1.19 267.95 1,305.63 0
1013A_01 1,379.94 1.19 234.66 1,144.09 0
1013C_01 102.08 1.19 16.37 84.52 0
1014 01 1,841.94 54.21 837.68 950.06 0
1014A_01 195.04 38.15 141.2 15.69 0
1014B_01 626.91 90.87 482.44 53.6 0
1014E 01 236.83 9.06 205 22.78 0
1014H_01 39.18 2.38 33.12 3.68 0
1014H_02 175.43 35.51 125.93 13.99 0
1014K_01 35.06 411 27.86 31 0
1014K_02 15.09 112 12.58 14 0
1014L_01 69.66 43.98 2311 2.57 0
1014M_01 76.75 2.38 34.79 39.58 0




TMDL WLAwWwTE WLA storm Water LA MOS
Assessment Unit (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day)

1014N_01 204.66 103.26 5.56 95.84 0
10140 01 434.9 0.05 209.26 225.59 0
1017_01 173.57 108.09 58.94 6.55 0
1017_02 52.06 0.10 46.77 5.2 0
1017_03 149.47 2.38 132.38 14.71 0
1017_04 537.09 0.77 482.69 53.63 0
1017A_01 175.57 3.60 154.77 17.2 0
1017B_02 137.95 79.41 52.68 5.85 0
1017D_01 12.54 2.38 9.14 1.02 0
1017E_01 12.54 2.38 9.14 1.02 0




Table 10. Watersheds Included in Houston/Harris County Implementation Plan.

Number of
Watershed Segments | Counties
Clear Creek 9 Harris, Fort Bend, Galveston, Brazoria
Buffalo & Whiteoak Bayous 18 Harris, Waller, Fort Bend
Sims Bayou 3 Harris, Fort Bend
Brays Bayou 5 Harris, Fort Bend
Halls Bayou 4 Harris
Greens Bayou 5 Harris
Eastern Houston 10 Harris
Lake Houston 14 Harris, Montgomery, Liberty, San Jacinto
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Calculation of TM DL Load Allocations

The TMDL load dlocations in the Eighteen Tota Maximum Dally Loads for Bacteriain Buffao
and Whiteoak Bayous and Tributaries are not directly derived from the three anaytica methods.
The andytica methods were used for three purposes; to andyze exiging bacteria loads; to andyze
indream water qudity, and to cdculae percent load reductions. The flow vaues used in the
BLEST method were used asthe basdine for the TMDL caculations.

The flow rate per day multiplied by the contact recregtion standard gives the maximum daily load.
Because the full permitted flow must be used for eech WWTF, an adjustment must be made in the
caculaed flows The caculated flows are based on the average daily flows from eech WWTF 0
the flows mug be adjusted to reflect the additiond flows that would occur should dl WWTFs
discharge a full permitted flow. The difference between the average reported flows and the full
permitted flowsis added to the TMDL flows to compensate for the use of the full permitted flow.

TMDL flows= Cdculated Hows+ (Full Permitted — Average Reported)

The future capacity flows are o not represented in the calculated TMDL flows. The additiond
daily flows that are based on population are added to the TMDL flows to represent the total flows
thet can be dlocated.

Totd TMDL Hows = Cdculated Hows + (Full Permitted — Average Reported) + Future
Capacity Hows.

The Total TMDL Howstimes the contact recregtion geometric mean criterion of 126 MPN/100mL
isthe Totd Maximum Daily Load for each flow range.

The TMDL is dlocated to the wagte load dlocation for WWTFs (WLAwwre), the waste load
dlocation for dl permitted sorm water (WLA somnae), the load dlocation (LA), the margin of
safety (MOS), the upstream load (USL), and the future capecity (FC).

TMDL =ZWLAwwTe + ZWLA somwater + XLA + MOS + 2USL + FC

The WLAwwre is fixed a the full permitted flow of the 126 WWTFs times one-hdf of the
geometric mean contact recreation criterion. The MOS is fixed at zero. The upsream load isfixed
a the upstream WWTF flow times one-hdf of the geometric mean contact recregtion criterion plus
the nonr-WWTF flow times the geometric mean contact recreetion criterion. The future capacity is
fixed a the future WWTF flowstimes one-hdf of the geometric mean contact recrestion criterion.

The TMDL minus the wagte load dlocation for WWTFs (WLAwwre), the margin of safety
(MQS), the upstream load, and the future capacity is the remaining load that can be dlocated to the
WLA for gormwater and to the LA.

TMDL - ZWLAwwtr - MOS - ZUSL - FC = XWLA siormwaer + LA

Ninety percent of the remaining load is dlocated to the permitted sorm water load alocation
(WLA somwae) @d theremaining 10 percent isdlocated to theload dlocation (LA).
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Example
Equationsfor Caculating TMDL Allocationsfor Changed Contact Recreetion Standards

Assessment Unit 1013 01

27,500

25,000 pZd
22,500 -

20,000 -~

17,500 14,705 7
p

15,000 7

/ 20,169

12,500

10, OOO 7’737 : 7 11,781
7,500 —

Load (10%rg/day)

5,000 o8 o

1575 /-
2,500 > 5,050
2923
0o+— - + ;
1.2 1.2

-2,500 A—A & A T A

126 206 200

630 I 1 2060
0 500 1,000 1,500 2,000 2,500
Criterion (org/100mL)

| T WLAwwif WLAsw LA —:— = TMDL |

Equations for Calculating New TMDL and Allocations

TMDL =12.2258*Std + 34.31

LA =9.7535*Sd + 76.70

WLA somwae = 2.4724* Sd - 43.57
WLAwwte =119

Where
WLAwwtr = waste load alocation (permitted WWTF)
WLA som water = Waste load allocation (permitted storm water)
LA = load dlocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard

A graph and corresponding set of equations sSimilar to this for each of the 23 impaired assessment
unitscovered by the TMDL arein Appendix A of the TMDL documen.
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Response to Public Comment

Eighteen Total Maximum Daily Loads for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
001 7/1/08 | Water Follow Bacteria TMDL Task Force Report Recom- The project was initiated in 2000, prior to the Task
Environment | mendations. The stakeholder process did not follow the Force report; however, the project used three models
Association recommendations contained in the Bacteria TMDL Task that are recommended in the Task Force report. The
of Texas Force Report (Texas Water Resources Institute, 2007) and | tiered framework is intended to be flexible to ensure
the resulting proposed document does not conform to Task | it best fits the complexity of

7/3/08 | Greater Force recommendations. The Task Force was commis- the watershed sources, available data, degree of im-
Houston sioned by the TCEQ and the TSSWCB in September 2006 | pairment, and level of accuracy required. The TCEQ
Builders and its final report was published June 4, 2007, after both has followed this concept through the development
Association TCEQ and Texas Soil and Water Conservation Board of the TMDL and is committed to continuing to fol-

(TSSWCB) approved the document in joint session. low this concept during the development and im-

7/3/08 | Harris plementation of the implementation plan (I-Plan).
County The Joint Task Force report outlines three tiers of TMDL
Public development and implementation and describes key deci- The stakeholder led Bacteria Implementation Group
Infrastructure | sions that must be made at the end of each development will develop the I-Plan for Eighteen Total Maximum
Department tier. At the end of each tier, the Task Force recommended Daily Loads for Bacteria in Buffalo and Whiteoak

7/3/08 that the calculated load reductions be evaluated to deter- Bayous and Tributaries, along with all other TMDLs
Houston mine if they are socially and economically attainable. If for bacteria in the Houston area. Through the Bacte-
Council of reductions are deemed to not be socially and economically | ria Implementation Group, the excellent resources
Engineering | attainable, the Task Force recommended that the TCEQ and expertise of the organizations and individuals
Companies complete a draft TMDL “that includes a recommended involved in the group are available to develop the

change in the designated use (i.e. Use Attainability Analy-
sis)” (See p. 38 of the Task Force report). The proposed
TMDLs do not include this element and stakeholders were
not provided with any analysis of whether the proposed
load reductions were socially and economically attainable.

We Dbelieve that requiring load reductions of more than
95% is not economically attainable, particularly, with the
region’s high rainfall depths and intensities. We strongly
urge TCEQ to modify the document to include considera-
tion of these

plan. An adaptive management strategy will be used
to develop a plan to set priorities, provide flexibility,
and will be appropriate for all stakeholders. Social
and economic factors may be considered by the
stakeholders during the development of the I-Plan.

The “Implementation and Reasonable Assurances”
section of the TMDL document has been revised to
better describe the process for developing the im-
plementation plan, noting that social and economic
factors will be a consideration.

Response to Public Comment
Page 1 of 38
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Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
001
(cont.) The TCEQ is currently developing the protocol for
Task Force recommendations, including moving forward contact recreation use attainability analyses (UAA)
with watershed-specific use attainability analyses. This and will work with stakeholders to develop UAAs.
modification could be included in the “Implementation
and Reasonable Assurances” section.
002 7/1/08 |Water Adjust Water Quality Target. The proposed TMDLs are | TCEQ must develop TMDLSs for the current water
Environment | based on an inapplicable standard. The current water qual- | quality standards. The Standards are reviewed ap-
Association ity standard for contact recreation is based on fresh water proximately every three years for all parameters.
of Texas lake studies; however, it has been inappropriately applied | Working with a stakeholder advisory group, the

to creeks, streams, and bayous. The current standard is
based on 9 experimental trials measuring lake bacteria
levels, swimmer illness rates, and non-swimmer illness
rates conducted in Oklahoma (keystone Lake) and Penn-
sylvania (Lake Erie) with different climate and aquatic
conditions than those found in the Houston region. Seven
of the 9 trials did not show a statistically significant differ-
ence in illness rates between swimmers and non-
swimmers, yet these trials were used by EPA to derive the
existing national criterion. The 9 trials revealed a moderate
correlation between E. coli levels in the water and illness
rates (0.72). However, the correlation between swimmer
and non-swimmer illness rates was similar (0.67), suggest-
ing that illness transmission could have occurred via
routes other than from water exposure. This and other pub-
lished criticisms of the EPA fresh water criteria (Haas,
2006; suggest that Texas and regional stakeholders should
conduct research into this area to improve the technical
basis for our contact water quality standards.

WEAT urges the TCEQ to modify the content of the “Im-
plementation and Reasonable Assurances” section to in-

clude a brief mention of future research activities and the
TCEQ’s intent to modify the TMDL and the Water Qual-

TCEQ is in the process of developing revised water
quality standards.

The equations that can be used to calculate revised
TMDL allocations for any changes in the contact
recreation standard are now presented in Appendix A
for each assessment unit.

It is TCEQ policy to review all completed TMDLs
after each revision of the Texas Surface Water Qual-
ity Standards and to revise TMDLS as necessary.

The “Implementation and Reasonable Assurances”
section of the TMDL report has been modified to
mention how implementation can be adjusted based
on standards changes.
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Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
002 ity Management Plan if new criterion is developed and
(cont) adopted as a result of future research.
003 7/1/08 |Water Consider Correct Use Designation. The proposed No changes have been made based on this comment.
Environment | TMDLs are based on a presumed use of contact recreation:
Association swimming with a large risk of water ingestion. Recent TCEQ has funded and is developing methods for rec-
of Texas census work funded by TCEQ and conducted by the Hous- | reational UAAs. A use attainability analysis can be
ton-Galveston Area Council (H-GAC), illustrates that even | conducted at any time and the results can be submit-
at riparian parks during favorable weather conditions there | ted during the review of the Texas Surface Water
are no swimmers in Whiteoak Bayou or Buffalo Bayou. Quality Standards. The Standards are reviewed ap-
We believe Houston area bayous are an important envi- proximately every three years for all parameters.
ronmental and quality-of-life amenity to the city and re- Working with a stakeholder advisory group, the
gion. We support improved park facilities and greater ac- TCEQ is in the process of developing revised water
cess to all bayous in the Houston area, however, we be- quality standards. Draft revisions include a two-tier
lieve that current and future public enjoyment of these re- | contact recreation use standard.
sources consists and will consist of boating and bank ac-
tivities and do not and will not include full-immersion Federal requirements do not allow adoption of a pro-
swimming. We encourage the TCEQ to add “secondary visional TMDL or one that does not meet water qual-
contact recreation” to the state surface water quality stan- ity standards.
dards framework, to develop a technically based criterion
to protect the secondary contact use (based on the ratio of
ingestion rates), and to develop a recreational use attain-
ability analysis protocol. We urge the TCEQ to add lan-
guage to the proposed TMDL that identifies the TMDL as
provisional, explicitly notes the intent of the agency to
assess the appropriateness of the use designations, to con-
duct use attainability analysis, and to modify the TMDL
and the Water Quality management Plan if the use changes
in the future.
004 7/1/08 |Water Make all Waste Load Allocations Non-Binding. Indi- All allocations in the TMDL become part of the
Environment | vidual waste load allocations for permitted wastewater state’s Water Quality Management Plan and serve as
Association treatment plants are presented in the report, however, the the guide for permitting actions. The storm water
of Texas report states that these individual waste load allocations component of the waste load allocations is no more

are “non-binding until implemented via a separate TPDES

binding than the WWTF allocations. The TCEQ
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Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
permitting action.” This flexibility is welcomed and ap- readily updates the Water Quality Management Plan.
004 plauded; however, we believe that this type of flexibility is | A statement, related to non-binding storm water dis-
(cont.) more necessary for permitted storm water discharges, charge limits has been added to the waste load allo-
since they have no control over volume, timing, and flow cation section of the TMDL report.
rate of their discharges or the bacteria concentrations in
the discharges. Wastewater treatment plants are signifi-
cantly more consistent and are subject to direct operator
control. We urge the TCEQ to include a similar statement
in the discussion of the storm water waste load allocations.
005 7/1/08 | Water Add Discussion of Implementation Approach for Per- No changes have been made based on this comment.
Environment | mitted Storm Water. WEAT believes that achieving sig-
Association nificant reductions in indicator bacteria in permitted storm | The Bacteria Implementation Group and stakeholders
of Texas water discharges will pose a huge fiscal burden on the re- | will develop the strategy for managing permitted
gion and, based on current storm water best management storm water sources in the Houston area. The stake-
practices (BMPs), may represent a huge engineering and holder led Bacteria Implementation Group will de-
technical challenge. See Clary, J., et. Al., 2008, “Can velop the I-Plan for Eighteen Total Maximum Daily
Stormwater BMPs Remove Bacteria?” Stormwater Maga- | Loads for Bacteria in Buffalo and Whiteoak Bayous
zine, May 2008, for an assessment of how well current and Tributaries, along with all other TMDLs for bac-
storm water BMPs can remove bacteria. Do to these is- teria in the Houston area. Through the Bacteria Im-
sues, WEAT urges the TCEQ to include a discussion of plementation Group, the excellent resources and ex-
how storm water permits will be modified to address re- pertise of the organizations and individuals involved
quirements. WEAT urges TCEQ to include provisions of in the group are available to develop the plan. An
EPA’s Questions and Answers Regarding Implementation | adaptive management strategy will be used to de-
of an Interim Permitting Approach for Water Quality- velop a plan to set priorities, provide flexibility, and
Based Effluent Limitations in Storm Water Permits (Fed- will be appropriate for all stakeholders. Social and
eral Register: November 6, 1996, Vol. 61, No. 216) and economic factors may be considered by the stake-
EPA Office of Water memorandum entitled: Establishing | holders during the development of the I-Plan.
TMDL WLAs for Storm Water Sources and NPDES Permit
Requirements Based on Those WLAs, from Robert Way-
land and James Hanlon to Water Division Directors, dated
November 22, 2002.
006 7/4/08 |LindaD. Numerous assumptions have been used as technical justi- No changes have been made based on this comment.

Pechacek, P.E.

fication to generate the various loads provided in this
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Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
TMDL document. However, there is no comprehensive The supporting document is identified on page ii of
006 TMDL supporting documentation or technical memoran- the TMDL and is posted on the TCEQ Web site at:
(cont.) dum that identifies these assumptions. | am requesting that | <www.tceq.state.tx.us/implementation/water/
a technical memorandum be developed that identifies tmdl/22-buffalobayou.html> under the “Project
these assumptions that serve as the technical underpin- Documents” section as “June 2008 - DRAFT TMDL
nings of the load calculation and reduction process. Technical Support Document.”
007 7/4/08 |LindaD. The use of the ratio of the two indicator bacteria standards | No changes have been made based on this comment.
Pechacek, P.E.| (E. coli and Fecal Coliform) to transform almost 50 years
of historical Fecal Coliform data to E. coli data. Where is A transformation of 50 years of fecal coliform data
the statistical documentation that supports the appropriate- | was not necessary for the analyses conducted for this
ness of this wholesale data transformation? (p.33) TMDL. In the instance cited by the commenter, the
TCEQ used the ratio to compare the estimated bio-
solids loads to the loads from all other sources so that
the concentrations could be expressed as E. coli. The
ratio was not used on the historical, ambient water
samples and a ratio was not used to develop the
TMDL allocations.
008 7/4/08 |Linda D. The use of SSO flow volume estimates obtained from the No changes have been made based on this comment.
Pechacek, P.E.| 2004 EPA’s Report to Congress were used to estimate the
SSO flow volumes. It is noted that only City of Houston The City of Houston provided a comprehensive data-
(COH) SSO data were examined for this load calculation. | base of SSOs that was used as the basis of the SSO
However, the permitted flows of these COH plants ac- evaluation for the project. For areas outside the City
count for less than half of all of the permitted flows of the | of Houston (including MUDs), an SSO database was
wastewater treatment facilities permitted in these TMDL not available to the project team. Therefore, these
watersheds (Table 11). The majority of the treatment fa- areas were evaluated as described in the technical
cilities that were not evaluated for SSO flow volume data | support document by “using a combination of SSO
were Municipal Utility District facilities. Why were the occurrence by age of pipe and housing age since SSO
MUD facilities not evaluated for SSO flow volume esti- data were not available” (see page 65).
mates? (p.39)
009 7/4/08 |LindaD. The land use types of the JTF EMCs did not match the No changes have been made based on this comment.

Pechacek, P.E.

HGAC land use types. Assumptions were made when as-
signing JTF EMCs to each HGAC land use type. In addi-

The JTF Event Mean Concentrations collected fecal
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Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
009 tion, Fecal Coliform data were transformed to E. coli data. | coliform for several different types of land uses.
(cont.) (p.47) While the Event Mean Concentrations land use types
did not match the exact land use classifications avail-
able for the Buffalo and Whiteoak Bayou watersheds,
the EMCs were considered valuable site-specific
data.
See Comment 007 for the response regarding the
conversion of fecal coliform to E. coli concentra-
tions.
010 7/4/08 |Linda D. The direct deposition load calculation methodology for No changes have been made based on this comment.

Pechacek, P.E.

feral rock doves given the number of bridge crossings with
a one-foot spacing between birds along the supports was
used to calculate bird population density. The percentage
contribution is assumed to be 50%, based on the assump-
tion that birds nests and sleep 50%of the time away from
the nest (p.58).

Typically, nesting birds remain on the nest most of the
time, not 50% of the time. Also, cliff swallows nest under
the bridges too. The nests are not along the bridge sup-
ports; rather, the birds build mud nests under the bridge
supports. However, my main concern regarding this par-
ticular assumption is that there was no discussion regard-
ing birds roosting on wires that cross the waterways. Birds
roost along the bridge supports at night and sit on the
wires during the day. It is my experience that the number
of feral rock doves sitting on wires that cross the waterway
is much larger than the population roosting along the
bridge supports at any given bridge crossing. | am incor-
porating by reference the photographs attached to my
March 8, 2007 Bacteria TMDL stakeholder comments.
Photograph numbers 15 and 16 show the doves roosting
under the bridge supports at Loop 610 and White Oak

Generally, there are insufficient data available to ac-
curately estimate populations and spatial distribution
by watershed of wildlife and avian species. Conse-
quently, it is difficult to assess the magnitude of indi-
cator bacteria contributions from wildlife species as a
general category. The estimates provided in the
TMDL are presented to generally determine if the
loads from birds and wildlife are large enough to
warrant attention during the development of the I-
Plan.
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010
(cont.)

Bayou. Photograph numbers 17 and 18 show the feral rock
doves sitting on the wire adjacent to the Loop 610 bridge.
Photograph numbers 19-21 show the bird droppings on the
concrete slope paving under the wire where the feral rock
doves in photographs 17 and 18 are sitting. Many more
birds (350 or so) are on the wire than roosting under the
bridge supports.

The photographs of the bird droppings are near the top of
the slope paving; but, the dropping extend all the way
down the face of the slop paving to the water. The drop-
pings are from direct deposition and the droppings just
build up during dry weather conditions. The longer the
antecedent dry period, the greater the build up. The bacte-
ria from these bird droppings remain in place until they are
washed off during a storm event. | have been collecting
storm water samples for analysis for over 20 years. Based
on my storm water sampling experience of collecting
samples along slope paving similar to the droppings de-
picted in photographs 19 and 20, the E. coli bacterial con-
centrations from one sample can range as high as 90,000
CFU. The length of the paving to the water’s edge coupled
by the width of the paving under the bridge should be fac-
tored into the direct deposition loading calculation. I re-
main concerned that the current method described in the
TMDL document does not come close to adequately esti-
mating the dry weather deposition from the feral rock
doves to the direct deposition bacteria load calculation.
Presumably, the extremely high bacteria counts resulting
from direct deposition mistakenly become attributed to
wet weather flows from storm sewers.

011

7/4/08

Linda D.
Pechacek, P.E.

The sediment re-suspension load was calculated by multi-
plying the occurrence of re-suspension flows, sediment
scour rates, and estimates of bayou width and stream

No changes have been made based on t

his comment.

The survival and replication of bacteria in a natural
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lengths. The discussion of the calculation methodology is | water body are difficult properties to determine. In
011 lacking clarity. In addition, the replication of the indicator | studies conducted locally and nationwide, the results
(cont.) bacteria in the sediment is not discussed or addressed ade- | vary widely from increases in concentrations to re-
quately. The bacteria replication load calculation process ductions. The difficulty with these studies is that bac-
needs to be discussed and the load needs to be appropri- teria survival and replication characteristics in a natu-
ately estimated (p.60). ral water body are affected by a large and diverse set
of conditions, such as predation, competition,
In the EPA document “Report of the Experts Scientific sunlight, and other factors.
Workshop on Critical Research Needs for the Develop-
ment of New or Revised Recreational Water Quality Crite- | The TCEQ is funding research by the Texas A&M at
ria (EPA 823-R-07-006), it is stated that replication of fe- | Galveston Sea Food Safety and Marine Sciences De-
cal indicator bacteria was reported in tropical areas and partments into the population dynamics of
has now been documented in sub tropical areas such as E. coli in the water bodies in the Houston area. De-
south Florida and even temperate climates such as the tails are presented in the response to comment
Great lakes (p.37). On the same page, the document also #29.
states that fecal indicator bacteria can replicate in the envi-
ronment, such as the soil, sediments, storm drains, or on The strategy used in the TMDL project is to
plants or aquatic vegetative matter. These experts in the assume that all of the factors controlling indicator
field of microbial water quality note that the principles of | bacteria fate and transport in the water bodies are
microbial ecology must be considered in water quality as- | balanced. As a result, the load capacity of the water
sessment, including environmental regrowth. They also bodies is not decreased due to survival and replica-
suggest that temperature influences bacterial regrowth, tion. The BLEST method and the HSPF model used
something that the BLEST calculator tool may not be ca- the regrowth/die-off factor as a calibration parameter.
pable of addressing. | remain concerned that the regrowth For these two models, the calibration of the model
load calculation in the TMDL document is not adequately | resulted in a regrowth/die-off factor that was nega-
estimated, and that the errors associated with estimating tive. The regrowth/die-off factor in these two models
the load in this TMDL document is mistakenly attributed includes many elements other than the survival and
to storm water. replication of the bacteria in the environment.
012 7/4/08 |LindaD. Direct deposition loads are generally expected under dry No changes have been made based on this comment.

Pechacek, P.E.

or intermediate flow conditions since animals take shelter
in inclement weather. Birds roosting under bridges are
already sheltered from runoff conditions; therefore, the
loading from feral rock doves roosting under bridges
should also be included in the loading for wet weather

Under wet weather conditions, all material deposited
on the ground is already accounted for in the runoff
load. Adding more deposits from animals would be
double-counting because under wet weather, the
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012 flow conditions (p. 72). Event Mean Concentrations are used for all land uses
(cont.) over the entire area.
013 7/4/08 |LindaD. The load allocation from settling is negative (p. 73). The No changes have been made based on this comment.
Pechacek, P.E.| EPA document EPA 823-R-07-006 also notes that fecal
indicator microbes are associated with settleable particu- BLEST includes a load associated with net die-off,
late matter. If the settleable sediment is not removed settling, and other unaccounted-for processes. There-
(dredged) from the waterway, then it remains a bacteria fore, the negative value includes more than just set-
reservoir and should not be counted as a negative load tling. The net processes load estimate is based on an
value in the TMDL document. average loss rate that was calculated from site-
specific studies conducted for the project.
While settling may be a reservoir for bacteria, the
TMDL is ultimately developed for the overlying wa-
ter and not for sediment. BLEST calculations account
for loading from re-suspended sediment for those wet
weather conditions when stream velocity increases,
and this loading is positive.
014 7/4/08 |Linda D. The TMDL document uses an implicit margin of safety (p. | No changes have been made based on this comment.
Pechacek, P.E.| 86). | remain concerned that the assumptions used in this
document are not conservative in consideration of my The implicit margin of safety is used because the
comments provided above. loads were analyzed via three methods—the mass
method (BLEST), load duration curves, and an HSPF
watershed model. An implicit margin of safety is ap-
propriate for TMDLs with this high degree of techni-
cal assessment and modeling.
015 7/4/08 |LindaD. The uncertainties in the TMDL document do not affect the | No changes have been made based on this comment.

Pechacek, P.E.

ultimate conclusion that large load reductions are required
to achieve water quality standards (p. 95). | concur that
large reductions are needed to improve the water quality of
the listed stream segments. However, oversimplification or
inadequate/incomplete parameter evaluation or variables

Any uncertainties in estimates of the indicator bacte-
ria loads can be accommodated during implementa-
tion by adaptive management. Implementation activi-
ties can be adjusted based on their effectiveness and
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015 related to fate and transport contributes to grossly inaccu- | efficiency.
(cont.) rate estimates for the loads of the various sources presently
identified. The stakeholder led Bacteria Implementation Group
will develop the I-Plan for Eighteen Total Maximum
Daily Loads for Bacteria in Buffalo and Whiteoak
Bayous and Tributaries, along with all other TMDLs
for bacteria in the Houston area. Through the Bacte-
ria Implementation Group, the excellent resources
and expertise of the organizations and individuals
involved in the group are available to develop the
plan. An adaptive management strategy will be used
to develop a plan to set priorities, provide flexibility,
and will be appropriate for all stakeholders. Social
and economic factors may be considered by the
stakeholders during the development of the I-Plan.
016 7/4/08 |LindaD. The TMDL document and I-Plan should be modified to No changes have been made based on this comment.
Pechacek, P.E. | allow for change as new data and new advances in water
quality/environmental science become available, and the TMDLs are modified when new information shows
TMDL load calculations and respective reductions of cur- | that the allocations should be changed.
rently identified sources should be recalculated. Such re-
calculations will be necessary if new sources are added
into the TMDL.
017 7/4/08 |Linda D. The reduction of the bacteria loads will require vast sums No changes have been made based on this comment.

Pechacek, P.E.

of capital expenditures, and it is important that the basis
for making these expenditures be appropriate to achieve
the results required under this regulatory program. It is
also important that the final TMDL loads and allocations
provide for a reasonable solution. The solution should be
achievable and should not just set up the discharge permit
holders in the listed stream segments for an inevitable
downward spiral of terminal permit noncompliance.

The Bacteria Implementation Group and stakeholders
will develop the strategy for managing permitted
storm water sources in the Houston area. The stake-
holder led Bacteria Implementation Group will de-
velop the I-Plan for Eighteen Total Maximum Daily
Loads for Bacteria in Buffalo and Whiteoak Bayous
and Tributaries, along with all other TMDLs for bac-
teria in the Houston area. Through the Bacteria Im-
plementation Group, the excellent resources and ex-
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017 pertise of the organizations and individuals involved
(cont) in the group are available to develop the plan. An
adaptive management strategy will be used to de-
velop a plan to set priorities, provide flexibility, and
will be appropriate for all stakeholders. Social and
economic factors may be considered by the stake-
holders during the development of the I-Plan.
018 7/3/08 | Greater Re-evaluate TMDL end point. TCEQ set the end point No changes have been made based on this comment.
Houston for the TMDL to be the geometric mean of 126
Builders mpn/100ml for Buffalo Bayou and White Oak Bayou. The | In the water bodies covered by this TMDL, both the
Association water quality standard allows for a single sample concen- geometric mean and the single sample criteria are
tration to exceed 394 mp/100 ml no greater than 25% of nearly always exceeded, often by wide margins (see
the time. This equated to 7 samples out of 30 are allowed Table 5). The TCEQ surface water quality standards
to be greater than 394 mpn/100ml as long as the geometric | require attainment of both criteria. Setting the TMDL
mean of all samples is 126 mpn/100ml or less. According | end point on only the single sample criterion will not
to EPA, "some TMDLs focus on capturing the magnitude | assure that the geometric mean will be attained.
of the highest observed exceedance. However, such
TMDLs may be overly protective of the water quality The TCEQ reviews the surface water quality stan-
standard, potentially inviting issues regarding reasonable dards every three years for all parameters. It is TCEQ
assurance. The objective of the TMDL is to estimate al- policy to review all completed TMDLs after each
lowable pollutant loads and to allocate these loads to the revision of the Standards and to revise TMDLSs as
known pollutant sources in the watershed so the appropri- | necessary.
ate control measures can be implemented and the WQS
achieved." 40 CFR § 130.2 (I) states that TMDLSs can be
expressed in terms of mass per time, toxicity, or other ap-
propriate measures. For fecal coliform, TMDLSs are ex-
pressed as cfu (colony forming units) per day where possi-
ble or as% reductions, and represent the maximum one-
day load the stream can assimilate while still attaining the
WQS (EPA 2007).
019 7/3/08 |Greater Re-evaluate flow data and its use to establish the Buf- No changes have been made based on this comment.
Houston falo Bayou portion of the TMDL. Actual flow data at the
Builders mouth of non-tidal Buffalo Bayou is very limited. The ma- | Data from the HSPF model were used to generate the
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019 Association jority of the data is for high flow events. To resolve this low, intermediate, and high flow conditions. The
(cont.) issue TCEQ developed a model to simulate the river model does not yield a perfect representation of the
7/3/08 |Harris County | flows. The model under predicts the peak flows, low flows | flow conditions in Buffalo Bayou. The calibration of
Public and the falling limb of the hydrograph (pages 140- 146 of | the model, however, meets many of the metrics used
Infrastructure | Technical Support Document for Buffalo and White Oak to evaluate the model performance, including total
Department TMDL, May 2008). This weak calibration skews the flow | volume and storm volume.
duration curve. Page 86 of the document supports this
statement "Although LDCs can be developed for all flow There is a lack of flow data for Buffalo Bayou at the
gauges in Buffalo Bayou, load reductions for segments Shepherd gauge for all flow conditions (the gauge
1013 and 1014 could not be determined because Addicks reports only high-flow data). Because of this condi-
and Barker reservoirs exert influence on the flow re- tion, stakeholders directed the technical team to use
gime...Thus these allocations may be unreliable. There- the synthetic flow values from the HSPF model to
fore load reductions based upon the LDCs were only de- estimate flows across the flow regime for the seg-
veloped for the Whiteoak Bayou watershed..." Although ment, based on their review of the November 2006
the data was recognized as being questionable it was used | technical report prepared by the project team.
to establish the flow categories of the BLEST mass-
balance model which adds another layer of unreliability to | The load allocations developed using BLEST are
the TMDL loads based on the best available data.
020 7/3/08 | Greater Re-evaluate the linkage of non-point loading and re- No changes have been made based on this comment.
Houston ceiving stream flow. An independent analysis on Buffalo o )
Builders Bayou flows outside of the TMDL efforts was performed | The water bodies in the project area do not respond
Association | to examine the correlation between rainfall and flow data | immediately to rainfall in the watershed. This is espe-

recorded by the above gages. Although there are some dif-
ferences in the percent distribution of rainfall values in the
different flow regimes, the differences are not significant.
The rainfall distribution analysis revealed that many low
and zero rainfall records are found to occur in high flow
periods, while some remarkable rainfall events occurred in
low to mid flow periods. It is also noted that many flow
peaks occurred after one to several day lag of the rainfall
spike. High flows may continue for an extended period
after a rainfall spike. This data indicates that the assump-
tion that storm water loads are directly linked to the in-
stream flows of Buffalo Bayou is incorrect.

cially true of rainfall that is in the distant parts of the
watershed. Also, the effects of rainfall on the flow
levels of the water bodies can be seen in the flow lev-
els for five to seven days. In the Technical Support
Document, the results of sampling during runoff
events are presented. The data show that E. coli con-
centrations in the bayous rise with the rising limb of
the hydrograph in response to the runoff. The bacteria
concentrations rise to 2 to 3 orders of magnitude
above the concentrations prior to the runoff. This
demonstrates the response of the instream flow to
storm water runoff events.
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020 o
(cont.) The only known, significant sources of flow to the
bayou are runoff and effluent discharges from
WWTFs (notwithstanding the confounding effect of
reservoir releases). Therefore, it is expected that the
flow regime in the bayou (low flow and high flow as
defined in the TMDL report) would respond to these
two sources of water (effluent and runoff).
021 7/3/08 |Greater Re-evaluate conservative assumptions: The TMDL docu- No changes have been made based on this comment.
Houston ment shows that there is no margin of safety within the
Builders TMDL equation. Although the margin of safety is not The TCEQ has used an implicit margin of safety be-
Association quantified, there are significant overly conservative as- cause the loads were analyzed using three methods—
sumptions that are part of the implicit margin of safety. the mass method (BLEST), the load duration curves,
and an HSPF watershed model. An implicit margin
7/3/08 |Harris County | The typical types of MOS used in developing TMDLs in- | of safety is appropriate for TMDLs with this high

Public
Infrastructure
Department

clude:

Explicit Set numeric targets at more conservative levels
than analytical results indicate
Add a safety factor to pollutant loading estimates
Do not allocate a part of available capacity, re-
serve for MOS

Implicit Conservative assumptions in derivation of nu-
meric targets
Conservative assumptions when developing nu-
meric model applications

Some of the conservative assumptions (implicit MOS)
applied to this TMDL include:

1) TMDL load calculated using the geometric mean as an
end point not single sample,

2) Allocating WWTP effluent at one-half the instream
bacteria concentration

degree of technical assessment and modeling.

1. See response #18

2. The load allocations for WWTF dischargers is
necessary and realistic to allow capacity for cur-
rent bacteria loads, including storm water, down
stream, especially in Buffalo Bayou Tidal.

3. In order to approve the TMDL, the EPA requires
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021
(cont.)

3) Assuming WWTP discharge at design flow.

4) Allowing for additional bacteria load from the WWTP
during rain events.

5) Holding back additional load for future WWTP growth.

6) Limiting the load to a three step flow scenario which in
turn leaves additional capacity unavailable for use.

separate waste load allocations for WWTFs.
TCEQ is also required to separate the WLA into
continuous (WWTF) and non-continuous (storm
water) loads.

The TCEQ readily takes actions to revise the WLA
components of the TMDL in order to develop
permits consistent with the TMDL. Water Quality
Management Plan updates are minor changes to
TMDLs to accommodate the re-allocation be-
tween individual permits and are processed by the
TCEQ Executive Director approximately quar-
terly.

4. Additional WWTF loads for rain events are not
part of the TMDL allocations.

5. Additional loads are not reserved for future
WWTF dischargers. The future capacity is derived
from the additional flow from new WWTF dis-
chargers. The additional flow carries a load of
one-half of the contact recreation criteria time the
flow. This provides additional capacity of one-half
of the criteria times the flow. This additional ca-
pacity is allocated to storm water runoff.

6. The use of the three flow divisions does not leave
additional capacity for bacteria loads. The entire
capacity at high flow is used in the allocations.

022

7/3/08

Greater
Houston
Builders
Association

Remove specific waste load allocations from the
TMDL.

All TMDLs require allocation of a portion of the load to
WLA and the other to LA. Since WWTP and MS4 loads
fall under the WLA portion of the equation we recommend
leaving the division between the various TPDES permit
holders (WWTP and MS4) to the implementation portion

No changes have been made based on this comment.

In order to approve the TMDL, the EPA requires
separate waste load allocations for WWTFs. TCEQ is
also required to seperate the WLA into continuous
(WWTF) and non-continuous (storm water) loads.
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022 of the TMDL. The TCEQ readily takes actions to revise the WLA
(cont.) components of the TMDL in order to develop per-
The Clean Water Act allows for some flexibility when mits consistent with the TMDL. Water Quality Man-
writing individual permits but the inclusion of loads limits | agement Plan updates are minor changes to TMDLs
this flexibility. to accommodate the re-allocation between individual
permits and are processed by the TCEQ Executive
The permitted storm water discharges need flexibility as Director approximately quarterly.
well. One option available to the regulated community for
meeting the TMDL limits is loads allocation trading. EPA | Trading can occur between a variety of loading
has written many papers about water quality trading where | sources. The TCEQ encourages the exploration of
there have been discussions about point source trading. this concept during implementation discussions.
Data collected during the development of this TMDL
show that some of the larger WWTP perform well with the
removal of bacteria and others do not. In addition to trad-
ing between plants there is the potential to shift the alloca-
tion towards the MS4 permit where loads are managed
with BMPs such as outreach and may not be able to meet
the restrictive load identified in the TMDL. We strongly
urge the TCEQ to remove specific waste load allocations
and evaluate the possibility of load allocation trading dur-
ing the implementation of this TMDL.
023 7/3/08 | Greater Add analysis of concentrations vs. flow prior to adop- No changes have been made based on this comment.
Houston tion of the TMDL. A preliminary analysis of bacteria
Builders concentrations and their associated bayou flow rates indi- | The load duration curves in the “Load Duration
Association cates that during dry weather, when recreational activities | Curve Results” section of the TMDL present the in-

such as boating would be more likely, bacteria levels
range from 1,000 to 3,000 colonies per 100 milliliter at
most monitored stations.

During wet weather conditions, bacteria levels can reach
100,000 colonies per 100 milliliter due to the contributions
from wet-weather sources. This suggests that during dry
weather, indicator bacteria levels are safe for boating (as-
suming that boating ingestion rates are 100 times less than

dicator bacteria loads plotted versus flow rates for
three locations in the Reservoirs watershed, two loca-
tions in the Buffalo Bayou Above Tidal watershed,
and one location in the Whiteoak Bayou watershed.
Although these are not concentrations, the bacteria
levels for high and low flows relative to the contact
recreation criterion can be observed. Should the Bac-
teria Implementation Group decide that concentration
versus flow analysis is helpful, the analysis can be
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023 swimming ingestion rates) and during wet weather, when performed.

(cont.) recreational activities would not be occurring, bacteria The current water quality standards for contact rec-
levels are temporarily elevated, but public exposure is reation do not distinguish between degrees of immer-
minimized. sion and the difference in those human health risks.
To explore this issue more thoroughly, HCEC suggests Draft revisions to the water quality standards are at-
that the TCEQ plot bacteria concentrations vs. the associ- | tempting to address those concerns.
ated bayou flow rate (on the day of sample collection) to
assess the differences in standards attainment during wet
and dry weather conditions. This analysis will assist the
TCEQ and stakeholders with assigning appropriate load
reductions for both dry and wet weather sources.

024 7/3/08 | Greater Add discussion of implementation approach for per- All allocations in the TMDL become part of the
Houston mitted storm water. HCEC believes that achieving sig- state’s Water Quality Management Plan and serve as
Builders nificant reductions in indicator bacteria in permitted storm | the guide for permitting actions. The storm water
Association water discharges will pose a huge fiscal burden on the re- component of the waste load allocations is no more

gion and, based on current storm water best management
practices (BMPs), may represent a huge engineering and
technical challenge. See Clary, J., et. al., 2008. "Can
Stormwater BMPs Remove Bacteria?" Stormwater Maga-
zine, May 2008, for an assessment of how well current
storm water BMPs can remove bacteria. Due to these is-
sues, HCEC urges the TCEQ to include a discussion of
how storm water permits will be modified to address
TMDL requirements. HCEC urges TCEQ to include pro-
visions of EPA's Questions and Answers Regarding Im-
plementation of an Interim Permitting Approach for Water
Quality-Based Effluent Limitations in Storm Water Per-
mits (Federal Register: November 6, 1996, Vol. 61, No.
216) and the EPA Office of Water memorandum entitled:
Establishing TMDL WLAs for Storm Water Sources and
NPDES Permit Requirements Based on Those WLAs, from
Robert Wayland and James Hanlon to Water Division Di-
rectors, dated November 22, 2002.

binding than the WWTF allocations. As described in
a previous response, the TCEQ readily updates the
water quality management plan. A statement, as re-
quested, has been added to the waste load allocation
section of the TMDL report.
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025 7/3/08 |Harris County | The specified end point listed on page 4 of the briefing No changes have been made based on this comment.
Public outline does not match the discussion of appropriate end-
Infrastructure | point as defined in 40 CFR §139.2(1) on page 5 of the Indicator bacteria concentrations must be less than
Department same. The endpoint specified in this TMDL report is the the single sample criterion of 394 MPN/100mL for
geomean criterion of 126 mpn/dL. However, 40 CFR 75% of the time to ensure that the geometric mean is
8139.2(1) states that a TMDL represents the maximum 126 MPN/100mL or less. If the TMDL target is set at
one day load; therefore this TMDL should make use of the | 394 MPN/100mL for all time periods, then the 126
single sample maximum, which, according Texas surface MPN/100mL will not be met. If the 126
water quality standards, is 394 mpn/dL. Using the geomet- | MPN/100mL geometric mean standard is used, the
ric mean as the end point is overly-conservative. The daily | 394 MPN/100mL can be exceeded 25% of the time.
maximum of 394 mpn/dL should be used instead. The use of the geometric mean is the appropriate tar-
get to attain the contact recreation use.
It should be noted that in Fact Sheet #2 WQS For
Coastal Recreation Waters, the EPA identifies a
geometric mean as a more appropriate endpoint.
“Other than in the beach notification and clo-
sure decision context, the geometric mean is
the more relevant value for ensuring that ap-
propriate actions are taken to protect and im-
prove water quality. The geometric mean is
generally more relevant because it is usually a
more reliable measure of long term water qual-
ity, being less subject to random variation, and
more directly linked to the underlying studies
upon which the 1986 bacteria criteria were
based.”
026 7/3/08 | Harris County | According to the TMDL report TCEQ appears to have No changes have been made based on this comment.

Public
Infrastructure
Department

selected a percentage of the geometric mean of 126
mpn/dL as the endpoint. The actual value used to calcu-
late the TMDL load may be different for White Oak
Bayou than Buffalo Bayou as the document does not
clearly state the end point number for White Oak
Bayou, but load duration curve discussion states that

The TMDL targets for all water bodies presented in
the allocation tables are based on the geometric mean
criterion of 126 MPN/100mL.

To analyze the WWTF contribution to the Load Du-
ration Curve analysis, one half of the permitted sin-
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026 197mpn/dL was used. Using a fraction of the geometric | gle sample value was used for all water bodies. The
(cont.) mean as the end point is overly-conservative. The daily | 197 MPN/100mL value for WWTF discharges is the
maximum of 394 mpn/100ml should be used instead. same as one-half of the geometric mean standard
which was used to determine the load allocations for
WWTFs.
027 7/3/08 |Harris County | On page 87 of the TMDL report, there is a contradiction | A description of the TMDL load allocation tables has
Public regarding the endpoint. The existing load was calculated | been added to the report in the “Assessment Unit
Infrastructure | as the median value of the observed loads plotted on the | TMDL Allocations™ section and in the “Watershed
Department | |oad duration curve for each flow regime of interest, TMDL Allocations” section.
while the TMDL was the median of the single sample ) )
water quality standard load for each flow condition. The | The single sample value cited on page 87 of the
TMDL load tables omitted critical information which TMDL report refers to the value used to represent the
made back calculating the loads nearly impossible to WWTF contribution in the load duration curve
verify or determine which end point value was used. analysis. This analysis was used to determine the
Harris County requests clarification and resolution of load reductions and not the TMDL load allocations.
this issue.
028 7/3/08 |Harris County | The 2007 EPA documents, Approach for Using Load No changes have been made based on this comment.

Public
Infrastructure
Department

Duration Curves and Options for Expressing Daily
Loads in TMDLSs state that TMDLSs are to represent the
maximum one day load a stream can assimilate while
still maintaining the water quality standard. The pro-
posed use of the geometric mean to identify the allow-
able load for the Bacteria TMDL for Buffalo and White
Oak Bayous is counter to the approach described in
these two documents. The daily maximum of 394
mpn/100ml should be used instead.

Indicator bacteria concentrations must be less than the
single sample criterion of 394 MPN/100mL for 75%
of the time to ensure that the geometric mean is 126
MPN/100mL or less. If the TMDL target is set at 394
MPN/100mL for all time periods, then the 126
MPN/100mL will not be met. If the 126 MPN/ 100mL
geometric mean standard is used, the 394MPN/100mL
can be exceeded 25% of the time. The use of the geo-
metric mean is the appropriate target to achieve the
contact recreation standard.

TMDL guidelines from the EPA identify a geometric
mean as a more appropriate endpoint. See response

Response to Public Comment
Page 18 of 38

October 8, 2008




Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
028 #25 for further explanation.
(cont)
029 7/3/08 |Harris County | Limited understanding of bacteria dynamics within Texas | No changes have been made based on this comment.

Public
Infrastructure
Department

Bayous: Scientifically supportable identification of the
sources of bacteria and the link: between sources and in-
stream levels continues to be a problem with the TMDL
study to date. Local studies point to the potential for natu-
ralized E. coli colonies growing within the sediments of
our Bayous. The dynamics of bacteria once in the stream
include a nonlinear relationship between the E. coli and
Fecal Coliform bacteria. The true impact of naturalized
bacteria on the standard as it relates to human health risks
needs to be evaluated. Without establishing the link be-
tween sources and instream effects as well as identifying
the site specific relationship between the E. coli and Fecal
Coliform bacteria, true calibration of any model used is
not feasible. Without a more accurate identification of the
sources and dynamics, calculations and estimates of pol-
lutant loads remains theoretical and the path for actually
improving the water quality in the

waterways remains unclear.

The survival and replication of bacteria in a natural
water body are difficult properties to determine. In
studies conducted locally and nationwide, the results
vary widely from increases in concentrations to re-
ductions. The difficulty with all of these studies is
that bacteria survival and replication characteristics
in a natural water body are affected by a large and
diverse set of conditions, such as predation, competi-
tion, sunlight, and other factors. There is no defini-
tive answer to the survival and replication question.

The TCEQ is funding population dynamics research
by the Texas A&M at Galveston Sea Food Safety
and Marine Sciences Departments into the dynamics
of E. coli in the water bodies in the Houston area.
The research is directed towards answering the fol-
lowing questions:

1. Can E. coli and Enterococcus spp. bacteria sur-
vive for extended periods in the natural
waters and sediment in Buffalo Bayou and
Whiteoak Bayou and in the soils in the water-
sheds?

2. Can E. coli and Enterococcus spp. bacteria repli-
cate (grow) in natural waters and soils in Buffalo
Bayou and Whiteoak Bayou?

3. If these bacteria are found to replicate in natural
waters and soils, what are they using for growth
substrates? In other words, are they utilizing
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029
(cont.)

WWTF effluent-derived substrates or other sub-
strates found in the waters and soils?

4. How does storm water runoff influence survival
and growth of these bacteria? Are these bacteria
attached to particulate matter in the watersheds
or surviving on biofilms in discharge convey-
ance systems and are then flushed into bayous
during rain events?

The strategy used in the TMDL project is to

assume that all of the factors controlling indicator
bacteria fate and transport in the water bodies are
balanced. As a result, the load capacity of the water
bodies is not decreased due to survival and replica-
tion. The BLEST method and the HSPF model used
the regrowth/die-off factor as a calibration parameter.
For these two models, the calibration of the model
resulted in a regrowth/die-off factor that is negative.
The regrowth/die-off factor in these two models in-
cludes many elements other than the survival and
replication of the bacteria in the environment.

030

7/3/08

Harris County
Public
Infrastructure
Department

Subjectivity and inconsistencies in modeling applica-
tion. Three modeling approaches were used to evaluate the
bacteria loads and to define the TMDL,; i) a watershed
model, HSPF, ii) load duration curve and iii) a mass bal-
ance model, BLEST. The flow used in all three models
was the same and produced by the HSPF model. Accord-
ing to the TMDL document, the predicted loads from the
first two models were not used because of model calibra-
tion problems or limited flow data. The BLEST model,
which multiplies flow and concentration to calculate a
load, used the flow from HSPF model. Accepting the use
of a flow data set in one model and rejecting the same data
set for use in another when the degree of complexity of the

No changes have been made based on this comment.

The BLEST mass balance method, using the flow
calculated from the HSPF model, was used to deter-
mine the TMDL target load. The load duration curve
method was not used because there is limited flow-
gauge data, and all of the gauge data for Buffalo
Bayou, both above and below tidal, are influenced by
the operation of the Barker and

Addicks flood control dam.

The load duration curve method, the BLEST mass
balance method, and the HSPF model were each used
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030
(cont)

models is the same with out clear justification is subjective
and arbitrary.

to determine the% reductions. The results of each
analysis were compared to demonstrate that they are
consistent. None of these models were used to calcu-
late the allocations. The allocations are based only on
the flows that are the basis for each method and not
on the output of any of the analysis methods.

031

7/3/08

Harris County
Public
Infrastructure
Department

Assuming the bacteria loads from the reservoirs meet the
standard is inappropriate since a good deal of wildlife and
livestock graze there. Empirical evidence is needed to sup-
port this assertion

No changes have been made based on this comment.

The Reservoir watershed and the bacteria-impaired
water bodies within the watershed have TMDL allo-
cations. The TMDL allocations are set to meet the
water quality standards, so the target for the water
flowing from the watershed is also set to meet the
criteria for E. coli. The TCEQ agrees that the effort
necessary to reach this target will be challenging. We
agree that there will be a need to further assess all
significant sources and the potential for progress.
This will be addressed in the 1-Plan developed by the
stakeholders.

032

7/3/08

Harris County
Public
Infrastructure
Department

The fecal coliform concentrations measured in biosolid
discharges range from a low of 90 to as great as 153,000
cfu/dL. Applying the assumptions that 1) all biosolid dis-
charges have an average concentration of 4,143 of fecal
coliform, 2) converting fecal coliform to E. coli using the
default conversion factor, and 3) assuming there are bio-
solid discharges throughout the region is overly-
conservative. Harris County requests that these assump-
tions be refined through empirical evidence and investiga-
tion.

No changes have been made based on this comment.

The estimate of biosolid releases was based on the
best available data and expanded at the request of the
stakeholders. The estimate shows that biosolids re-
leases are probably a significant source of indicator
bacteria to the water bodies. This helps the stake-
holders prioritize their efforts during the develop-
ment of the I-Plan. The biosolids release estimates
can be further refined during implementation, based
on the needs of the stakeholders.
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033 7/3/08 |Harris County | The TMDL report on page 46 describes how the dry No changes have been made based on this comment.
Public weather regulated storm water discharges were calculated. )
Infrastructure | "(T)these total flows ...were multiplied by 365 to get a The dry-weather flows should not be occurring from
Department | yearly flow and then divided by 291 ....to ensure dry the storm sewer system. However, they do occur
weather discharges were only counted on dry days in daily. Thus, the annual load would be the measured
MGD." The flows were initially reported in MGD and dry | flow rates multiplied by the total number of days in
days are handled separately, so no additional conversions | the year. However, in order to account for the load,
were necessary. Therefore, Harris County requests that the | Put not double-count storm sewer discharges on rainy
additional conversions be eliminated from the model. days, the load was distributed among the 291 non-
rainy days.
034 7/3/08 | Harris County | On page 60, the author describes the method for account- No changes have been made based on this comment.
Public ing bacteria input from dogs. "According to the American : o .
Infrastructure Vgterinary Mch)Jlicine Asso?:iation there a?re approximately The estimate of indicator bacteria input from dogs
Department 0.58 dogs per household.” The TMDL reported the dog was based on the best available data and expanded at
) the request of the stakeholders. The estimate, con-
density as ducted as a part of the source assessment, shows that
0.53 dogs per acre _but noted that some of thfe area as not bacteria from dog feces are probably a source of in-
suitable for recreation so the_ density was adj usteq t0 0.41 dicator bacteria in the water bodies. The estimate
dogs per acre. The dog density should increase since there | pe|ps the stakeholders prioritize their efforts during
is less usable land. These errors may not have a big impact | he development of the I-Plan. The estimate of the
on available loads but bring into question the reliability of | jnput from dogs can be further refined during imple-
other data that was manipulated. mentation, based on the needs of the stakeholders.
The estimate was not used to calculate the TMDL
allocations.
035 7/3/08 |Harris County | The methods for assigning loads to the various sources are | No changes have been made based on this comment.

Public
Infrastructure
Department

inconsistent and often include loads that are illicit or per-
mit violations. When determining the dry weather loads
for wastewater treatment facilities (WWTFs), the self re-
ported flow and bacteria counts were used. Many of the
WWTFs were assigned a value of 6.14, which appears to
be a default value, although the justification is unclear.
Other WWTFs were having performance issues during the
sampling period and their baseline concentrations were

The commenter is correct that the existing conditions
were estimated to include pollutant loading from
sources that are not allowable. However, the TMDLSs
do not include allocations for sources that are not
permitted.

The purpose of estimating loads for all sources, in-
cluding those that are not authorized, is to estimate
whether the source is contributing to the high con-
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035 assumed to be very high. Biosolid discharges, plant upsets, | centrations of indicator bacteria in the water bodies.
(cont.) plant maintenance, and sanitary sewer overflows (SSOs) This helps the stakeholders prioritize their efforts
were assigned a load, although since these represent viola- | during the development of the I-Plan.
tions they should not be assigned allocations.
Monitoring information was not available from 39 of
the 126 WWTFs. The 6.14 value represents the geo-
metric mean of the E. coli concentrations measured
from all WWTFs in the Buffalo Bayou watershed.
This value was assigned to the WWTFs for which
monitoring data was not available as an estimate of
the discharge concentrations.
036 7/3/08 |Harris County | On page 88, the endpoint is identified as the geometric A description of the TMDL load allocation tables has
Public mean concentration of 126 cfu/dL. It is difficult to repro- been added to the report in the “Assessment Unit
Infrastructure | duce the TMDL endpoints. TCEQ used the sum of the TMDL Allocations” section and in the “Watershed
Department BLEST target load and the calculated load representing TMDL Allocations” section.
the difference between actual flow and permitted flow to
identify the TMDL endpoint for each segment. The calcu-
lations are complex and not clearly identified. Harris
County requests the TCEQ clearly identify assumptions
used for model calculations.
037 7/3/08 |Harris County | Discharge List: The list of TPDES dischargers is incom- The list of dischargers has been updated to correct

Public
Infrastructure
Department

plete. If the list is to be included in the TMDL please make
sure it is complete.

the permitted flows.

The list of TPDES dischargers is correct through
2006. This is the time period for the sampling and
analysis of the bacteria loads. The modeling that was
conducted was for the conditions in the watershed
from 2001 through 2006. The load duration curve
method, the BLEST mass balance method, and the
HSPF modeling were all conducted for the condi-
tions in the watershed during this time period. The
list of WWTF dischargers represents the facilities
contributing to the indicator bacteria concentrations
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037 that were measured in the water bodies during this
(cont.) time period. The future capacity allocation will ac-
commodate the WWTF discharges that have be
added and removed since the 2006 time period.
The list has been modified to correct some permit
numbers and to correct several permitted flow rates.
038 7/3/08 |Harris County | Future capacity is held in reserve for WWTFs but not for No changes have been made based on this comment.

Public
Infrastructure
Department

Municipal Separate Storm Sewer Systems (MS4s). Please
explain the difference in approach.

Additional dischargers represent additional flow that
is not accounted for in the current allocations.
Changes in MS4 jurisdiction or additional develop-
ment associated with population increases in the wa-
tershed can be accommodated by shifting allotments
between the waste load allocation and the load allo-
cation. This can be done without the need to reserve
future capacity waste load allocations for storm wa-
ter. In un-urbanized areas, growth can be accommo-
dated by shifting loads between the load allocation
and the waste load allocation (for storm water). In
urbanized areas currently regulated covered by an
MS4 permit, development and/or re-development of
land in urbanized areas must implement the control
measures/programs outlined in an approved Storm
Water Pollution Prevention Plan (SWPPP). Although
additional flow may occur from development or re-
development, loading of the pollutant of concern
should be controlled and/or reduced through the im-
plementation of best management practices (BMPs)
as specified in both the NPDES permit and the
SWPPP. Currently, it is envisioned that an iterative
adaptive management BMP approach be used to ad-
dress storm water discharges. This approach encour-
ages the implementation of controls (i.e. structural or

Response to Public Comment
Page 24 of 38

October 8, 2008




Tracking Date Affiliation of Summary of Summary of TCEQ Action
Number | Received Commenter Request or Comment or Explanation
038 non-structural), implementation of mechanisms to
(cont.) evaluate the performance of the controls, and finally
allowance to make adjustments (i.e., more stringent
controls or specific BMPS) as necessary to protect
water quality.
039 7/3/08 |Harris County | When calibrating a model, all sources must be considered. | No changes have been made based on this comment.
Public In this case, a load that includes the frequent WWTP per-
Infrastructure | mit violations should be included for the model calibra- Models are calibrated to observed conditions. Ob-
Department tion. However, the load describing permit violations served conditions include all sources, including un-
should not be part of the "base line" load nor should it be authorized sources and violations. Any unauthorized
used in determining% reduction. These discharges are not | sources must be reduced to zero because they are
allowable under the TPDES program and should not be violations of existing regulations; these reductions
part of the TMDL equation. WWTP upsets and SSOs are are part of the overall reduction goal. Unauthorized
compliance issues that TCEQ should be addressing discharges are actively contributing to the water
through the TPDES permit program quality impairment, and should therefore be included
in any load reduction evaluation. These loads are not
part of the TMDL allocations.
040 7/3/08 |Harris County | The basis for the 90%/10% split is not clearly defined. No changes have been made based on this comment.

Public
Infrastructure
Department

Allocating 90% of the load to WLA may appear to be fair
at first look. The WLA load is broken down between
WWTP and MS4, with a respective ratio of 90% to 10%.
In other words, the WWTFs are allowed to contribute the
lion's share of bacteria loading (90% of overall 90%). Yet,
contrary to MS4s, WWTFs are in the position of being
able to fully capture and intensively treat contributing
flows. Paradoxically, the discharges that are most difficult
to control (MS4) have the most restrictive load. Harris
County requests the TCEQ clearly define the rationale for
the splitting the load allocation between WWTFs and
MS4s.

The WWTF load allocations were determined by us-
ing the permitted flow times 63 MPN/100mL, one-
half of the contact recreation criterion. The bacteria
loads remaining after the allocations for the WWTFs,
the upstream loads, and the future capacity for
WWTFs are subtracted from the load capacity
(TMDL) and then divided into 90% for the WLA for
storm water and 10% for the LA.

The assignment of 90% of the available load to per-
mitted storm water sources (WLA storm water) and
10% to unpermitted storm water (LA) was based on
an assessment of the relative magnitude of each

source. Stakeholders can request adjustment of this
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040 ratio during development of the I-Plan if information
(cont) demonstrating a better strategy for dividing the avail-
able allocations is developed or provided.
041 7/3/08 |Harris County | Since WWTP and MS4 loads fall under the WLA portion No changes have been made based on this comment.
Public of the equation, Harris County recommends leaving the
Infrastructure | division between the various Texas Pollutant Discharge Currently, the EPA requires separate waste load allo-
Department Elimination System (TPDES) permit holders -i.e. WWTP | cations for all individual waste water treatment facili-
and MS4 -to the implementation portion of the TMDL. ties (WWTFs) and an individual allocation for all
EPA has written many papers about water quality trading storm water permits (MS4, industrial, and construc-
credits between point sources. With water quality trading tion). This TMDL is only establishing an aggregate
credits, well-performing WWTFs could sell credits to WLA value for storm water in the TMDL.
poor-performing WWTFs, and even to MS4s, the latter of
which manage discharges using Best Management Prac- The TCEQ readily takes actions to revise the WLA
tices (BMPs) and which have little hope of meeting the components of the TMDL in order to develop per-
restrictive load identified in these TMDLs. mits consistent with the TMDL. Water Quality Man-
agement Plan updates are minor changes to TMDLSs
to accommodate the re-allocation between individual
permits and are processed by the executive director
approximately quarterly.
042 7/3/08 |Harris County | According to the discussion on page 22, the TMDL was No changes have been made based on this comment.
Public "evaluated under three different flow scenarios based upon
Infrastructure | the flow duration curve.” Dry conditions represent less Flow duration curves demonstrating these conditions
Department than 30" percentile, intermediate flow is 30" to 70" per- are presented in Figure 2 in the “Technical Support
centiles, and wet conditions are greater than 70" percen- Document” (June 2008) posted on the TCEQ Web
tile. The corresponding flows for these conditions are not site at:
identified within the TMDL document. Omitting this im- <www.tceq.state.tx.us/implementation/water/tmdl/22
portant information makes detailed review of the TMDL -buffalobayou.html> under the “Project Documents”
and compliance nearly impossible. section.
043 7/3/08 |Harris County | Inconsistencies between this Bacteria TMDL and Oth- | No changes have been made based on this comment.

Public
Infrastructure
Department

ers. Harris County has noted major inconsistencies be-
tween this TMDL and Clear Creek and other bacteria
TMDLs throughout the state, and requests that the TCEQ

The approach used to develop a TMDL is based on
the available data, the magnitude of the problem,
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043 develop a consistent approach. Such inconsistencies in- conditions within the watershed, and stakeholder in-
(cont.) clude: put. The mass balance method (BLEST), the load
« Different endpoints for different subwatersheds for duration curve method, and the HSPF watershed
the Buffalo Bayou/White Oak Bayou Watershed model were used because of the extremely high indi-
« The Upper Gulf Coast Oyster Water Bacteria TMDL cator bacteria concentrations in the water bodies and
was concentration based using the median bacteria con- | the complex loading conditions in the highly urban-
centration. ized watershed.
e Clear Creek Bacteria TMDL was concentration-based ] o
in the non-tidal portion while it was load-based in the | The end points for all of the water bodies in the Buf-
tidal portion using the geomean. falo and Whiteoak Bacteria TMDL are the same—
« Gilleland Creek Bacteria TMDL endpoint was load- 126 MPN/100mL, which is the geometric mean con-
based using both Single Sample and geomean Valuesl tact recreation Standard. The C|eal’ CreEk Bacteria
TMDL uses a load-based end point of 120
MPN/100mL (5% MOS) for all water bodies. The
Gilleland Creek Bacteria TMDL uses the end point
of 120 MPN/100mL (5% MOS) for all water bodies.
The Upper Gulf Coast Oyster Water Bacteria TMDL
uses a completely different end point because the
TMDL is addressing the oyster waters standard and
not the contact recreation standard.
044 7/3/08 |Harris County | Implementation Flexibility Hindrances: All TMDLs No changes have been made based on this comment.

Public
Infrastructure
Department

need to allocate a portion of the load to Wasteload Allo-
cation (WLA) and the other to Load Allocation (LA).
Since WWTP and MS4 loads fall under the WLA por-
tion of the equation, Harris County recommends leaving
the division between the various Texas Pollutant Dis-
charge Elimination System (TPDES) permit holders—
i.e., WWTP and MS4—to the implementation portion
of the TMDL. EPA has written many papers about wa-
ter quality trading credits between point sources. Data
collected during the development of this TMDL show
that some of the larger WWTFs perform well in remov-
ing bacteria while others do not. In such cases, credits

In order to approve the TMDL, the EPA requires
separate waste load allocations for WWTFs. The
TCEQ is also required to break out the WLA into
continuous (WWTF) and non-continuous (storm wa-
ter) loads.

The TCEQ readily takes actions to revise the WLA
components of the TMDL in order to develop per-
mits consistent with the TMDL. Water Quality Man-
agement Plan updates are minor changes to TMDLs
to accommodate the re-allocation between individual
permits and are processed by the TCEQ Executive
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044 could be traded between well-and poorly-performing Director approximately quarterly.
(cont.) WWTFs. Likewise, under this approach credits could be _ _ _
traded between WWTFs and MS4s, the latter of which Trading can occur between a variety of Ioad!ng
manage discharges using Best Management Practices sources. The TCEQ encourages the exploration of
(BMPs) and which may not be able to meet the restric- | this concept during implementation discussions.
tive load identified in these TMDLSs.
045 7/3/08 |Harris County | 1) Establish the TMDL as a concentration-based TMDL No changes have been made based on this comment.

Public
Infrastructure
Department

similar to the Upper Coast Oyster Waters Bacteria
TMDL. Federal regulations allow for the establishment
of a concentration based TMDL for a pollutant that is
not readily controllable on a mass basis;

or

2) Follow the guidance in the United States Environmental
Protection Agency's (EPA's) 2007 documents, Ap-
proach for Using Load Duration Curves and Options
for Expressing Daily Loads in TMDLs, by establishing
the "90% of the daily maximum concentration” as the
endpoint and increase the number of flow categories to
five.

1. The approach used to develop a TMDL is based on
the available data, the magnitude of the problem,
conditions within the watershed, and stakeholder
input. The load allocation TMDL is appropriate for
this watershed. The concentration-based TMDL
was used in the Upper Coast
Oyster Waters Bacteria TMDL because of the
very low bacteria concentrations and the local-
ized nature of the exceedances.

2. The water quality standards include provisions for
single-sample and geometric-mean criteria in sup-
port of recreational uses, both of which need to be
met in order to conclude that the water body is at-
taining uses. Application of the 90" percentile as
the end point (Texas allows for a 75" percentile)
does not ensure compliance with a geometric mean
and would thus not be protective. The use of the
geometric mean end point provides additional cer-
tainty that all criteria will be met, even at a 75t
percentile. As an example, the following hypo-
thetical E. coli sample set meets the 90" percentile
but would exceed the geometric mean (150 cfu,
180 cfu, 220 cfu, 290 cfu, 300 cfu, 310 cfu, 315
cfu, 350 cfu, 375cfu, 380 cfu). An analysis was
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045
(cont.)

done using the 75™ percentile rather than the 90",
It found that the single-sample TMDLs were less
restrictive, and in most cases, the 75" percentile
did not result in attainment of the geometric mean
criterion. If the 90" percentile of the concentra-
tions were to be used, exceedances of the geomet-
ric mean criterion would be even higher.

The three flow categories used in the TMDL
indicate the conditions that are influenced by storm
water runoff and WWTF discharges. High flow
(wet conditions) are influenced predominately by
storm water runoff and low flow (dry conditions)
are influenced by predominately WWTF dis-
charges. Intermediate flow is a mixture of the two
dominant sources. Available information does not
allow for any additional differentiation of these
sources with respect to flow so using five flow
categories would not improve this general analysis.

046

7/3/08

City of
Houston

The City of Houston looks forward to its continued work
with the Texas Commission on Environmental Quality
(TCEQ) and its MS4 co-permittees on the Storm Water
Quality Joint Task Force (JTF) to address the health of our
waterways and bayous, while also addressing the real
flooding problems that exist within the City of Houston.

The City generally agrees with many of the comments that
you will receive regarding the lack of sufficient scientific
data and resulting application of inappropriate water qual-
ity standards for these water bodies. However, the City
also acknowledges the constraints placed on TCEQ due to
the date that these segments were included on the 303(d)
list. Therefore, we support moving into the implementa-
tion phase so that local stakeholders will become engaged

No changes have been made based on this comment.
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046
(cont.)

in developing methods to improve our waterways. The
City has demonstrated its commitment by renewing the
infrastructure of our wastewater collection system,
strengthening and enforcing local stormwater regulations
related to discharges that occur during construction, and
increasing efforts to eliminate other illicit discharges. The
City alone cannot accomplish the task of improving the
bayous. It will take a significant effort by many stake-
holders in this region to implement activities that provide
meaningful reduction of bacteria, particularly from human
sources, in our waterways.

047

6/6/08

Bayou
Preservation
Association

First while the report lists the obvious sources of bacteria
such as wastewater treatment plants, septic tanks, sanitary
sewer overflows, etc. it does not quantify as to how much
each source is contributing to the water quality problem.
Sediment is also shown to be statistically significant con-
tributor to water quality but by how much? The correlation
between ammonia and total organic carbon and bacteria
levels is noted, but how will this information be used to
meet water quality standards?

No changes have been made based on this comment.

The load allocations described in the TMDL provide
goals for developing the I-Plan and strategies to con-
trol all sources.

Indicator bacteria in the sediment can contribute to
the bacteria concentration in the water under high
flow conditions. The estimated loads are presented in
the BLEST mass balance tables (Tables 25, 26, 27, &
28).

Sediment resuspension indicator bacteria loads are
not external loads and they are not subject to load
limits. The indicator bacteria in sediment contribute
to the instream conditions that determine the assimi-
lative capacity of the water bodies. Because all of the
identified sources contribute loads to the sediment by
decreasing all of these loads, the indicator bacteria
load for the sediments will also decrease.

No correlations between ammonia or total organic
carbon and indicator bacteria have been established.
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048 6/6/08 |Bayou Second, the report does not discuss the amount of reduc- No changes have been made based on this comment.
Preservation tions that would be required from each source. So how is
Association an I-Plan going to be put together? The load allocations described in the TMDL provide
goals for developing the I-Plan and strategies to con-
trol all sources.
049 7/3/08 | Houston Add Provisions to Reopen TMDL if Water Quality Stan- TCEQ must develop TMDLs for the current water
Council of dard is Altered: The proposed TMDL is based on an inap- | quality standards. The Standards are reviewed ap-
Engineering plicable standard. The current water quality standard for proximately every three years for all parameters.
Companies contact recreation is based on studies of temperate, fresh Working with a stakeholder advisory group, the

water lake; however, it has been inappropriately applied to
subtropical creeks, streams, and bayous. The current stan-
dard is based on 9 experimental trials measuring lake bac-
teria levels, swimmer illness rates, and non-swimmer ill-
ness rates conducted in Oklahoma (Keystone Lake) and
Pennsylvania (Lake Erie) with different climate and
aquatic conditions than those found in the Houston region.

Seven of the 9 trials did not show a statistically significant
difference in illness rates between swimmers and non-
swimmers, yet these nine trials were used by EPA to de-
rive the existing nationally applied criterion. The 9 trials
revealed a moderate correlation between E. coli levels in
the water and illness rates (0.72); however, the correlation
between swimmer and non-swimmer illness rates was
similar (0.67), suggesting that illness transmission could
have occurred via routes other than from water exposure.

This and other published criticisms of the EPA fresh water
criteria (Haas, 2006) suggest that Texas and regional
stakeholders should conduct research into this area to im-
prove the technical basis for our contact recreational water
quality standards. HCEC urges the TCEQ to modify the
content of the “Implementation and Reasonable Assur-

TCEQ is in the process of developing revised water
quality standards.

It is TCEQ policy to review all completed TMDLSs
after each revision of the Texas Surface Water Qual-
ity Standards and to revise TMDLSs as necessary.

The “Implementation and Reasonable Assurances”
section of the TMDL report was modified as re-
guested to mention how implementation can be ad-
justed based on standards changes.
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049 ances” section to include mention of future research activi-
(cont.) ties and the TCEQ's intent to modify the TMDL and the
Water Quality Management Plan if a new water quality
standard is developed and adopted as a result of future re-
search.
050 7/3/08 |Houston Use General Waste Load Allocation for All Point Sources: | No changes have been made based on this comment.
Council of All TMDLs require a determination of both the waste load
Engineering allocation (WLA) point sources (permitted) and the load In order to approve the TMDL, the EPA requires
Companies allocation (LA) to nonpoint sources (unpermitted). Be- separate waste load allocations for WWTFs. The
cause wastewater treatment plant and municipal separate TCEQ is also required to break out the WLA into
storm sewer system (MS4) loads fall under the WLA por- | continuous (WWTF) and non-continuous (storm wa-
tion of the equation we recommend leaving the more de- ter) loads.
tailed assignment of loads among the various TPDES
permit holders to the development of the I-Plan, rather The TCEQ readily takes actions to revise the WLA
than stipulate these details in the TMDL itself. The Clean components of the TMDL in order to develop per-
Water Act allows for some flexibility when writing indi- mits consistent with the TMDL. Water Quality Man-
vidual permits but the inclusion of specific WLAs for each | agement Plan updates are minor changes to TMDLSs
permit type limits implementation flexibility. In addition to accommodate the re-allocation between individual
to providing increased implementation flexibility, a single | permits and are processed by the TCEQ Executive
WLA will more easily allow the use of pollutant load trad- | Director approximately quarterly.
ing between wastewater and storm water sources. EPA has
approved TMDLs in other states using this approach. We Trading can occur between a variety of loading
strongly urge the TCEQ to use a single WLA for all point | sources. The TCEQ encourages the exploration of
sources and to include discussion of water quality trading this concept during implementation discussions.
in the implementation section of the proposed TMDLSs.
051 7/3/08 |Houston Keep it Simple: The proposed TMDL uses three methods No changes have been made based on this comment.
Council of to determine load allocations and load reductions, a per-
Engineering mit-by-permit load allocation for all wastewater discharge | The allowable load was determined for three flow
Companies plants, and other details. The proposed TMDL includes a divisions—Iless than 30" percentile flows, 30" to 70"

level of detail that may not be supported by the available
data and the current understanding of the fate and transport
of indicator bacteria in subtropical environments, in
wastewater effluent dominated flowing freshwater

percentile flows, and greater than 70" percentile
flows. The purpose of estimating loads for all sources
in the TMDL is to evaluate whether a source is con-
tributing to the high concentrations of indicator bac-
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051 streams, and with multiple, largely undefined load sources. | teria in the water bodies. This helps the stakeholders
(cont.) Rather than include these extensive details, HCEC urges prioritize their efforts during I-Plan development.
the TCEQ to use simple and direct means of determining
the overall allowable load at all possible flow rates using
only the load duration curve approach.
052 6/16/08 |Texas Parks The subsection “Direct Deposition” addresses inputs from | The report has been modified to add definitions.
and Wildlife wildlife and other animals. This subsection discusses wild-
life, feral animals, and pets, without clearly defining the
terms. This might be confusing for stakeholders as the pro-
ject moves into implementation, since strategies would be
very different for dealing with bacteria loading from these
different groups.
053 6/16/08 |Texas Parks Deer and Other Mammals No changes have been made based on this comment.

and Wildlife

Deer population estimates were based on estimates re-
ported from the Orange County Bacteria TMDL (page 60).
According to that TMDL report, the numbers were based
on population densities from Jasper and Newton Counties
reported on the TPWD website. These counties lie in the
Pineywoods Wildlife District (per the TPWD website) and
have very different deer habitat from the Oak-Prairie
Wildlife District, which is the area closest to the water-
sheds of Buffalo and Whiteoak Bayous.

Deer censuses are not conducted within the urbanized
Houston metropolitan area, but are conducted in TPWD
Resource Management Unit (RMU) 12 which may include
part of the study area. TPWD does not have the resources
to monitor deer populations at the watershed scale, but
rather conducts monitoring to detect changes in popula-
tions within an RMU, which may cover multiple counties,
range sites, watersheds, etc. Assuming that the deer-survey
transects are representative of their respective RMUs, then
the population density for the RMUs should (i.e., 95%

The purpose of estimating loads for all sources in the
TMDL, including animals in the watershed, is to
evaluate whether a source is contributing to the high
concentrations of indicator bacteria in the water bod-
ies. This helps the stakeholders prioritize their efforts
during the development of the I-Plan.

There are insufficient data available to reliably esti-
mate populations and spatial distribution of wildlife
and avian species by watershed. Consequently, it is
difficult to assess the exact magnitude of contribu-
tions from wildlife species as a general category. The
estimates developed here are intended to demonstrate
the general magnitude of the contribution from these
sources to allow a comparison of the importance of
this category to other categories and to provide
stakeholders with a guide to prioritize efforts during
the development of the I-Plan.
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053 confidence) fall within the upper and lower confidence
(cont.) limits shown in the table below. However, if the TMDL

study area is a subset within RMU 12, we cannot be cer-
tain the 95% confidence level applies. Since the counts for
the RMU represents, an average of several types of habi-
tats, the values given may not be applicable for any single
habitat type or sub-sample of habitat types. Nonetheless,
the density estimates follow for the white-tailed deer
populations in RMU 12 (Lockwood 2008). Southern Har-
ris County is not good deer habitat (Schlitter 2008), so
densities in the TMDL project watershed are expected to
be lower than the mean density for RMU 12.

Raccoons are expected to be present at higher densities
than deer. No local data for raccoon populations is avail-
able. The highest raccoon density reported in the literature
is about 630/sg. mi. (Lotze and Anderson 1979). Popula-
tion densities varying from 6/sg. mi. to 52/sq. mi. are more
typical (Kennedy et al. 1985, Lehman 1980, Moore and
Kennedy 1985). For comparison purposes, we note that
raccoon densities tend to be high in urban parks of the
eastern United States, where habitat, food, and water are
abundant. For example, a density of 48/square mile has
been reported in Washington DC urban parks (Riley et al.,
1998).

Contributing mammals included in the bacteria load esti-
mates were deer, raccoon, opossum, and rodents. All four
mammal species/groups are assumed to be present

At a total density of 3.5 animals/stream buffer acre, based
on estimates reported from the Orange County Bacteria
TMDL.

An average loading rate of 2.03 x 109 MPN/day per ani-
mal was used. It seems odd that these animals, which dif-
fer greatly in body size, growth, reproduction and habitat
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053 requirements, would all have the same bacterial deposition
(cont.) rates.
We wonder if there are any data to support these assump-
tions. TPWD staff feel that the following evaluation made
in the draft "Nine Total Maximum Daily Loads for Bacte-
ria in Clear Creek and Tributaries” (page 30) is more accu-
rate: however, currently there are insufficient data avail-
able to estimate populations and spatial distribution of
wildlife and avian species by watershed. Consequently, it
is difficult to assess the magnitude of indicator bacteria
contributions from wildlife species as a general category.
Information on dog populations and E. coli concen-

These four mammal species/groups seem to be serving as | trations in dog feces is readily available. The esti-
surrogates for all wildlife in the area. As a result, it will be | mate, conducted as a part of the source assessment,
difficult in the implementation phase to make any specific | shows that bacteria from dog feces are probably a
wildlife recommendations based on the modeling results. source of indicator bacteria in the water bodies. The
In other bacterial TMDL efforts around the state, feral estimate also serves to give stakeholders developing
hogs have been implicated as a significant contributor to the I-Plan a general magnitude of the contribution of
bacterial loads. We believe that feral hogs and nutria may | all animals. The estimate was not used to calculate
also be important mammalian contributors to bacteria the TMDL allocations.
loads in the watersheds of Buffalo and Whiteoak Bayous.
Dogs are the only pets discussed and specifically included
in the bacteria load estimates. We wonder why other kinds
of pets were not included in the estimates.

054 6/16/08 |Texas Parks We appreciate that the discussion considered feral bird Table 21 was updated to eliminate a duplicate entry.

and Wildlife

populations and wild bird populations separately. It is
clear feral birds can multiply in disturbed areas such as
cities, and contribute bacterial loadings to waterways.

However, we do not understand the rationale behind the
list of bird species in Table 21. The TMDL report states
that bird densities in the table were estimated from the ref-

The purpose of estimating loads for all sources in the
TMDL, including animals in the watershed, is to
evaluate whether a source is contributing to the high
concentrations of indicator bacteria in the water bod-
ies. This helps the stakeholders prioritize their efforts
during the development of the I-Plan.
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054 erence Birds of North America. If densities in Table 21 are
(cont.) extrapolated from the entire range of a bird species to the The TCEQ agrees with the commenter that there are

relatively much smaller watersheds of Buffalo and
Whiteoak Bayous, the values, would be meaningless. It
appears that this is indeed how Table 21 was generated,
because of 40 species listed,

35 are assigned the same population density (0.000294
pairs/acre).

The list of birds includes some species that are found in
very low numbers in Texas, especially southeast Texas,
and could not possibly pose a significant contribution to
bacteria loads (Mottled Duck, for example). The popula-
tion density numbers are in pairs/acre, which is only a
relevant measure during breeding season and should not
be applied to the entire year. The list contains some spe-
cies which would not commonly be found in streams, but
rather in flooded fields (Ross' Goose and Snow Goose for
example). Some of the species listed are only present in
Texas seasonally, not year-round. The last two species
listed are “Yellow Crowned Night Heron” and “Yellow-
crowned Night Heron”—surely the same bird?

TPWOD staff believe that the birds most likely to be found
in or near Buffalo and Whiteoak Bayous would be some of
the herons, egrets, and ducks. TPWD has population esti-
mates for ducks. However, just as was the case for deer,
TPWD does not have the resources to monitor populations
at the “square mile” or watershed scale. The surveys are
designed to estimate duck numbers at no scale lower than
the Ecoregion. As it is labor-intensive and expensive to
obtain accurate animal counts, these data are not available
for other avian species.

insufficient data available to reliably estimate popu-
lations and spatial distribution of wildlife and avian
species by watershed. Consequently, it is difficult to
assess the exact magnitude of contributions from
wildlife species as a general category. The estimates
developed here are intended to demonstrate the gen-
eral magnitude of the contribution from these sources
to allow comparison of the importance of this cate-
gory to other ones and to provide stakeholders with a
guide to prioritize efforts during I-Plan development.

An average density is sufficient for this TMDL as a
prototype. The TCEQ agrees that there are differ-
ences of habitat and

seasonal presence of the species listed in Table 21.
Nonetheless, the table was not adjusted (except to
correct a duplicate entry) due to the lack of a defini-
tive approach.
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055 6/16/08 |Texas Parks PWD recognizes that water is the basis for a significant No changes have been made based on this comment.
and Wildlife recreational resource in Texas that includes boating, fish-
ing, swimming, sailing, diving, bird watching, and paddle | The TCEQ appreciates the TPWD’s willingness
sports. TPWD has established as one of its major goals to | to assist rural and urban communities during the

maintain or improve water quality and quantity to support
the needs of fish, wildlife, and recreation. We support
TCEQ's efforts to improve and restore water quality
through the TMDL process. Within the scope of its author-
ity, TPWD is committed to assisting TCEQ in its efforts to
restore full use of water bodies for which the contact rec-
reation use is impaired. Specifically, TPWD has resources
to assist both rural and urban communities in the imple-
mentation phase.

For rural areas, TPWD Wildlife Division Technical Guid-
ance biologists are available to assist landowners concern-
ing local wildlife populations and habitat management.
Staff can provide comprehensive wildlife habitat man-
agement plans for landowners wishing to improve wildlife
populations and habitat on their property. These plans con-
tain a comprehensive treatment of past and existing man-
agement and habitat conditions and recommendations that
detail how to achieve goals on a specific parcel. See the
TPWD "Landowner Services" brochure at
<www.tpwd.state.tx.us/publications/owdoubs/media/pwd
br w7000 0189.pdf>. For urban areas, TPWD administers
a park grants program that helps to build new parks and
conserve natural resources. See <www.tpwd.
state.tx.us/business/grants/>.

An example of the type of situation where the Department
might assist TCEQ could occur where unusual concentra-
tions of wildlife contribute atypical amounts of fecal mate-
rial to a river. The Department addressed this type of prob-
lem with a bat colony in a bridge over the San Antonio

implementation phase of this project. Cooperation
among agencies, communities, and stakeholders is
a key element in achieving our shared goal of im-

proving water quality.
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055 River on the River Walk. The Department assisted with
(cont.) making the bridge less attractive to bats so the colony

would move from the site.
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

adopting eighteen final TMDLSs for bacteria in
Buffalo and Whiteoak Bayous and Tributaries
(Segments 1013, 1013A, 1013C, 1014, 1014A,
1014B, 1014E, 1014H, 1014K, 1014L, 1014M,
1014N, 10140, 1017, 1017A, 1017B, 1017D,
and 1017E) of the San Jacinto River Basin, in
Fort Bend, Waller, and Harris Counties as a
certified update to the State of Texas Water
Quality Management Plan.

TCEQ Docket No. 2008-0225-TML

WHEREAS, under 40 Code of Federal Regulations 8130.6, the State must ensure that State and areawide
Water Quality Management Plans (WQMP) together include all necessary plan elements and that such plans are
consistent with one another;

WHEREAS, under Texas Water Code, 8§26.037, The Texas Commission on Environmental Quality
(Commission) is charged with the approval of WQMP updates;

WHEREAS, the Texas Water Code, 85.122 allows for delegation of Commission authority to the Executive
Director under certain terms and conditions;

WHEREAS, by resolution issued on February 18, 1999 (Resolution) and by Title 30 Texas Administrative
Code 8§50.133, the Commission authorized the Executive Director to approve WQMP revisions and updates;

WHEREAS, under the terms of the Resolution, the Commission may, in its discretion, choose to consider and
approve or disapprove proposed revisions to the WQMP;

WHEREAS, the Executive Director has drafted eighteen TMDLSs for bacteria in Buffalo and Whiteoak Bayous
and Tributaries (see Attachment A) and presented it for the Commission’s consideration;

WHEREAS, the Commission finds that the eighteen TMDLSs for bacteria in Buffalo and Whiteoak Bayous and
Tributaries complies with all state and federal law and regulations and is consistent with all other parts of the Texas
WQMP;

NOW, THEREFORE, it is resolved and ordered by the Commission that the eighteen TMDLs for bacteria in

Buffalo and Whiteoak Bayous and Tributaries (Attachment A) are adopted and shall be submitted to the EPA for
approval to be included in the Texas WQMP.

Issue Date: TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

For the Commission
Buddy Garcia, Chairman
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Proposed for Adoption, April 8, 2009

Eighteen Total Maximum Daily Loads
for Bacteria in Buffalo and Whiteoak
Bayous and Tributaries

Segments 1013, 1013A, 1013C, 1014, 1014A, 1014B,
1014E, 1014H, 1014K, 1014L, 1014M, 1014N, 10140,
1017, 1017A, 1017B, 1017D, and 1017E

Water Quality Planning Division, Chief Engineer’s Office

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY



Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

Distributed by the
Total Maximum Daily Load Program
Texas Commission on Environmental Quality
MC-203
P.O. Box 13087
Austin, Texas 78711-3087
E-mail: tmdl@tceq.state.tx.us

TMDL project reports are available on the TCEQ Web site at:
<www.tceq.state.tx.us/implementation/water/tmdl/>

The preparation of this report was financed in part through grants from
the U.S. Environmental Protection Agency.

This TMDL report is based in large part on the report titled
“Technical Support Document: Buffalo Bayou and Whiteoak Bayou TMDL, 2008”
prepared by the University of Houston and CDM.
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Eighteen Total Maximum Daily Loads
for Indicator Bacteria in Buffalo and
Whiteoak Bayous and Tributaries

Executive Summary

This TMDL addresses 18 impairments to the contact recreation use due to exceedances of
indicator bacteria criteria in Buffalo Bayou Tidal (1013), Buffalo Bayou Above Tidal
(1014), Whiteoak Bayou Above Tidal (1017), and 15 of their tributaries (Table 1). The
Texas Commission on Environmental Quality (TCEQ) first identified the impairments to
the contact recreation use for the three main stem segments—Buffalo Bayou Tidal, Buffalo
Bayou Above Tidal, and Whiteoak Bayou Above Tidal—in the 1996 Texas Water Quality
Inventory and 303(d) List (1996 Inventory and List). Eleven of their tributaries were first
identified as impaired for the contact recreation use in the 2002 Texas Water Quality Inven-
tory and 303(d) List (2002 Inventory and List). Four more tributaries were first identified
as having contact recreation impairments in the 2006 Texas Water Quality Inventory and
303(d) List (2006 Inventory and List).

All of the water bodies included in this report are classified as freshwater except for Buf-
falo Bayou Tidal (1013). Although Segment 1013 is described as a tidal water body, the
salinity and specific conductance show that it is freshwater. While there are tidal fluctua-
tions at the United States Geological Survey (USGS) gauge at Shepherd, the salinity and
specific conductance data do not support use of the criteria for a tidal water body. There-
fore, Escherichia coli (E. coli) was used as the indicator bacteria for all of the segments.
Throughout this document, the term “bacteria” is used to refer to the indicator bacteria used
to assess the contact recreation use.

Bacteria concentrations are expressed as either colony forming units (cfu) or most probable
number (MPN) per 100 milliliters (100 mL) depending on the type of test used to analyze
the sample. The most probable number is a statistical estimate of the actual number of col-
ony forming units in a water sample. These units are considered equivalent.

Using the E. coli criteria, if the minimum sample requirement is met, the contact recreation
use is not supported when:

= the geometric mean of all E. coli samples exceeds 126 cfu or MPN per 100 mL;
AND/OR

= individual samples exceed 394 cfu or MPN per 100 mL more than 25 percent of the
time.

All of the water bodies covered by this report are within the Buffalo Bayou and Whiteoak
Bayou watersheds. The bayous lie within the San Jacinto River Basin and eventually dis-
charge to Galveston Bay. Buffalo Bayou Tidal has a drainage area of 29 square miles and is
about 4 miles long. Buffalo Bayou Above Tidal is 24 miles long and has a watershed area
of 358 square miles. The Whiteoak Bayou watershed has an area of 105 square miles and
the stream segment is 23 miles long (H-GAC, 2001a).
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Table 1. TMDL Segments and First Year on 303(d) List

Segment First Year
Number Segment Name Listed Assessment Units
1013 Buffalo Bayou Tidal 1996 1013 01
1013A Little White Oak Bayou 2002 1013A_01, 1013A_02
1013C Unnamed Non-Tidal Tributary of 2002 1013C_01
Buffalo Bayou Tidal
1014 Buffalo Bayou Above Tidal 2002 1014 01
1014A Bear Creek 2006 1014A 01
1014B Buffalo Bayou 2006 1014B_01
1014E Langham Creek 2006 1014E_01
1014H South Mayde Creek 2002 1014H_01, 1014H_02
1014K Turkey Creek 2002 1014K_01, 1014K_02
1014L Mason Creek 2006 1014L 01
1014M Neimans Bayou (Newman Branch) 2002 1014M_01
1014N Rummel Creek 2002 1014N_01
10140 Spring Branch 2002 10140 01
1017 Whiteoak Bayou Above Tidal 1996 1017_01, 1017_02, 1017_03, 1017_04
1017A Brickhouse Gully/Bayou 2002 1017A 01
1017B Cole Creek 2002 1017B_02
1017D Unnamed Tributary of Whiteoak Bayou 2002 1017D_01
1017E Unnamed Tributary of White Oak Bayou 2002 1017E_01

An important, unique feature of the Buffalo Bayou watershed is that two flood control res-
ervoirs are located at the upstream end of Buffalo Bayou Above Tidal. The reservoirs are
operated by the U. S. Army Corps of Engineers to minimize flooding downstream on Buf-
falo Bayou. The streams within the Reservoirs watershed are Bear Creek (1014A), Buffalo
Bayou (1014B), Langham Creek (1014E), South Mayde Creek (1014H), Turkey Creek
(1014K), and Mason Creek (1014L). The Reservoirs watershed is analyzed separately from
the other parts of the watersheds. Altogether, four watersheds were analyzed to develop
TMDL allocations—Buffalo Bayou Tidal, Buffalo Bayou Above Tidal, Reservoirs, and
Whiteoak Bayou watersheds.

Buffalo Bayou flows from the outlying, less-developed portions of Waller, Harris, and Fort
Bend counties, joining Whiteoak Bayou Above Tidal in the highly urbanized central part of
the Houston business district. The majority of the watershed area is situated in Harris
County. The watersheds also include the City of Houston, along with several smaller cities
including Hedwig Village, Spring Valley, Hillshire Village, Bunker Hill Village, Piney
Point Village, Hunter’s Creek Village, Jersey Village, and Katy (Figure 3).

Routine monitoring on Buffalo and Whiteoak Bayous is conducted by the TCEQ Region
12 Office and the City of Houston Health and Human Services Department. The 1,549 E.
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coli samples that were used in this project were collected between 2001 and 2005, and rep-
resent both wet and dry conditions.

In all four watersheds, elevated levels of bacteria are widespread and persistent. Both the
geometric-mean and single-sample criteria are exceeded at all sampling locations, often at
high rates. In each watershed, sampling stations were dispersed throughout the watershed.

The most likely sources of bacteria in the 18 water bodies include non-compliant wastewa-
ter treatment facility discharges, storm water runoff (including discharges from municipal
separate storm sewer systems, industrial facilities, and construction sites), sanitary sewer
overflows, dry-weather discharges (illicit discharges) from storm sewers, failing on-site
sewage facilities, and direct deposition from waterfowl and wildlife.

Three methods of analysis were used for analyzing existing bacteria loads, instream water
quality, and percent load reductions—Iload duration curve (LDC) analyses, a mass balance
analysis using the Bacteria Load Estimator Spreadsheet Tool (BLEST), and a Hydrological
Simulation Program—FORTRAN (HSPF) analysis for simulation of watershed hydrology
and water quality. These three methods were used because of the complex nature of the
highly urbanized area, which includes high amounts of impervious cover, a complex and
extensive storm water drainage system, and numerous wastewater discharges.

The results from the three analyses for all 18 segments are consistent. All the methods predict
that a reduction of greater than 59 percent in loading is required for both permitted (WLA)
and non-permitted (LA) sources in order to meet the water quality standard. For most seg-
ments and flow conditions, a reduction greater than a 95 percent in both WLA and LA is
necessary to meet the water quality standard. This conclusion is consistent with the fact that
ambient bacteria measurements vary between 3 and 103 times the water quality criteria.

In order to accommodate current discharge conditions, the waste load allocation for waste-
water treatment facilities was established as the permitted flow for each facility times one-
half the geometric mean criterion for bacteria. Future growth from existing or new permit-
ted sources is not limited by these TMDLSs as long as the sources do not exceed the limits
of one-half the bacteria geometric mean criterion. The assimilative capacity of streams in-
creases as the amount of flow increases—in other words, increases in flow allow for in-
creased loadings if the discharge concentrations are at or below the limits. The TMDL cal-
culations in this report will guide determination of the assimilative capacity of the streams
under changing conditions, including future growth. Wastewater discharges from new or
expanded facilities will be evaluated case-by-case.

Introduction

Section 303(d) of the federal Clean Water Act requires all states to identify waters that do
not meet, or are not expected to meet, applicable water quality standards. States must de-
velop a total maximum daily load (TMDL) for each pollutant that contributes to the im-
pairment of a listed water body. The TCEQ is responsible for ensuring that TMDLSs are de-
veloped for impaired surface waters in Texas.
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A TMDL is like a budget—it determines the amount of a particular pollutant that a water
body can receive and still meet its applicable water quality standards. In other words,
TMDLs are the best possible estimates of the assimilative capacity of the water body for a
pollutant under consideration. A TMDL is commonly expressed as a load with units of
mass per time, but may be expressed in other ways. TMDLs must also estimate how much
the pollutant load must be reduced from current levels in order to achieve water quality
standards.

The TMDL Program is a major component of Texas’ overall process for managing the
quality of its surface waters. The program addresses impaired or threatened streams, reser-
voirs, lakes, bays, and estuaries (water bodies) in, or bordering on, the state of Texas. The
primary objective of the TMDL Program is to restore and maintain the beneficial uses—
such as drinking water supply, recreation, support of aquatic life, or fishing—of impaired
or threatened water bodies.

This TMDL addresses 18 impairments to the contact recreation use due to exceedances of
the bacteria criteria in Buffalo and Whiteoak Bayous and several of their tributaries (Table
2). Buffalo Bayou Tidal, Buffalo Bayou Above Tidal, and Whiteoak Bayou Above Tidal
are the three classified water bodies; the remaining 15 water bodies are unclassified tribu-
taries.

The TMDLs aggregate the loadings in the four main watersheds. The TMDL and load allo-
cations were developed with the goal of attaining the water quality standards in each of the
three main water bodies. These watersheds generally have consistent conditions and the
governmental agencies responsible for maintaining their quality are the same in each wa-
tershed. The load allocations apply throughout each watershed, providing consistent re-
quirements, with the result of attaining water quality standards in each listed water body.

The four subject watersheds of this report are the Buffalo Bayou Tidal (1013), the Buffalo
Bayou Above Tidal (1014), the Whiteoak Bayou Above Tidal (1017), and the watershed
that drains into the head of Buffalo Bayou Above Tidal (1014), referred to from this point
on as the Reservoirs watershed (Figure 1). The Reservoirs watershed is controlled at its
downstream end by two flood control dams (Addicks and Barker dams) that are used to
manage high flow in the Buffalo Bayou system. The water bodies in each watershed are
listed in Table 2.

As directed by the EPA, the TCEQ must consider certain elements in developing a TMDL;
they are described in the following sections:

= Problem Definition

= Endpoint Identification

= Source Analysis

= Linkage Analysis

= Seasonal Variation

= Margin of Safety

= Pollutant Load Allocation

= Public Participation

= Implementation and Reasonable Assurance
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Table 2. Water Bodies and Associated Watersheds

Segment

Number Segment Name Watershed

1013 Buffalo Bayou Tidal Buffalo Bayou Tidal
1013A Little White Oak Bayou

1013C Unnamed Non-Tidal Tributary of Buffalo Bayou Tidal

1014 Buffalo Bayou Above Tidal Buffalo Bayou Above Tidal
1014A Bear Creek Reservoirs

1014B Buffalo Bayou

1014E Langham Creek

1014H South Mayde Creek

1014K Turkey Creek

1014L Mason Creek

1014M Neimans Bayou (Newman Branch) Buffalo Bayou Above Tidal
1014N Rummel Creek

10140 Spring Branch

1017 Whiteoak Bayou Above Tidal Whiteoak Bayou

1017A Brickhouse Gully/Bayou

1017B Cole Creek

1017D Unnamed Tributary of Whiteoak Bayou

1017E Unnamed Tributary of White Oak Bayou

Upon EPA approval, these TMDLs will become an update to the state’s Water Quality
Management Plan (WQMP). Updates to these TMDLs will be included in the state’s
WQMP, which is updated approximately quarterly and is subject to public notice.

Section 303(d) of the Clean Water Act and the implementing regulations of the U.S. Envi-
ronmental Protection Agency (EPA) in Title 40 of the Code of Federal Regulations, Part
130 (40 CFR 130) describe the statutory and regulatory requirements for acceptable
TMDLs. The EPA provides further direction in its Guidance for Water Quality-Based De-
cisions: The TMDL Process (EPA 1991). This TMDL report has been prepared in accor-
dance with those regulations and guidelines.
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Figure 1. Segments and Watersheds

Problem Definition

The TCEQ first identified impairment of the contact recreation use for the three main-stem
segments—Buffalo Bayou Tidal (1013), Buffalo Bayou Above Tidal (1014), and Whiteoak
Bayou Above Tidal (1017)—in the 1996 Inventory and List. Eleven tributaries of the main-
stem segments were first identified as impaired for contact recreation use in the 2002 In-
ventory and List. Four additional tributaries were identified as having contact recreation
impairments in the 2006 Inventory and List (Table 1).

All of the water bodies included in this report are listed as freshwater except for Buffalo
Bayou Tidal (1013). Although Buffalo Bayou Tidal (1013) is described as a tidal water
body, the salinity and specific conductance show that this segment, too, is freshwater. The
2008 “Guidance for Assessing and Reporting Surface Water Quality in Texas” (TCEQ
2008) states that the specific conductance should exceed 3077 umhos per centimeter (um-
hos/cm) to be considered tidal or non-freshwater. While there are some tidal fluctuations at
the USGS gauge at Shepherd, the salinity and specific conductivity data (Table 3) do not
support an indicator standard for a tidal water body. Therefore, E. coli was used as the indi-
cator bacteria for 1013.

The standards for water quality are defined for designated uses in the Texas Surface Water
Quality Standards (TCEQ 2000). The designated uses assigned to the 18 water bodies in-
cluded in this report are contact recreation, aquatic life, fish consumption, and general. As
described in the TCEQ’s “2008 Guidance for Assessing Texas Surface and Finished Drink-

Texas Commission on Environmental Quality 6 April 8, 2009



Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

ing Water Quality Data” (TCEQ 2008), the TCEQ requires a minimum of 10 samples in
order to assess support of the contact recreation use. E. coli is the preferred indicator bacte-
ria for assessing the contact recreation use in freshwater, but fecal coliform bacteria may
also be used in the absence of enough E. coli data, since fecal coliform was the preferred
indicator in the past. For this project, E. coli was used for data collection and analysis to
support development of the TMDL.

Table 3. Salinity and Specific Conductance Data for Buffalo Bayou Tidal (1013)

Meet
Definition of
High
Sampling Date Conductivity
Location Constituent Begin Date End Count Average Max Water?
11148 | Sp. Conductance 3/8/99 2/16/05 90 529 854 N
Salinity 9/3/03 2/16/05 14 1 1
11149 | None
11345 | Sp. Conductance 2/11/93 2/8/06 251 898 13,000 N*
Salinity 2/11/93 2/8/06 185 1 7
11347 | Sp. Conductance 3/1/99 2/4/05 109 565 1,030 N
Salinity 1/4/05 2/4/05 2 1 1
11351 | Sp. Conductance 3/1/99 2/4/05 113 530 958 N
Salinity 1/4/05 2/4/05 2 1 1
11384 | Sp. Conductance 11/14/00 | 8/14/01 3 692 865 N
Salinity 8/14/01 | 8/14/01 1 1 1
15825 | Sp. Conductance 6/28/00 | 2/16/05 55 680 2,798 N
Salinity 11/6/01 | 2/16/05 19 1 1
15843 | Sp. Conductance 11/15/00 | 2/4/05 49 457 873 N
Salinity 1/4/05 2/4/05 2 1 1
16648 | Sp. Conductance 3/1/99 2/16/05 99 485 789 N
Salinity 9/3/03 2/16/05 14 1 1
16675 | Sp. Conductance 3/1/99 2/4/05 88 769 1,260 N
Salinity 1/4/05 2/4/05 2 1 1

N - maximum specific conductance < 3077 umhos/cm

N* - average specific conductance < 3077 umhos/cm; applies only to 11345

251 collected exceed 3077.

. Ten samples out of
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Using the E. coli criteria, if the minimum sample requirement is met, the contact recreation
use is not supported when:

= the geometric mean of all E. coli samples exceeds 126 cfu or MPN per 100 mL,;
AND/OR

= individual samples exceed 394 cfu or MPN per 100 mL more than 25 percent of the
time.

The most recently approved 303(d) list (2006) included all of the segments in this TMDL
under category 5a, indicating a TMDL is underway or scheduled.

Ambient Indicator Bacteria Concentrations

The TCEQ Region 12 Office and the City of Houston Health and Human Services Depart-
ment conducted routine monitoring on Buffalo and Whiteoak Bayous and the University of
Houston obtained additional data for this project. For all of the watersheds, 1,549 E. coli
samples were analyzed to develop the TMDL allocations.

Throughout the four watersheds of the project area, elevated levels of bacteria are wide-
spread and persistent. Table 4 summarizes the number of sampling stations, samples, and
criteria exceedances in the watersheds of the classified segments in the project area. Both
the geometric-mean and single-sample criteria are exceeded at all sampling locations. The
geometric means of the sampling data exceed the contact recreation criterion between 4 and
103 times at the individual sampling locations. In each watershed, sampling stations were
located throughout the watershed; 1,549 E. coli samples were analyzed for 43 sampling
locations. A summary of results from routine monitoring samples is presented in Table 5.
These E. coli data were collected between 2001 and 2005 and represent both wet and dry
conditions.

Routine monitoring data were examined for spatial and temporal trends as well as relation-
ships with other water quality parameters. The spatial distribution of the monitoring data is
shown in Figure 2. As seen in the figure, geometric means range from 324 MPN/100mL in
upper Buffalo Bayou (station 17484) to over 12,900 MPN/100mL in Little Whiteoak
Bayou (station 11148). Exceedances of the single-sample criterion are frequent in both
bayous, with the majority of the sites experiencing exceedances of 86 percent or greater.
For both bayous, the E. coli level appears to be lower at the upstream end and higher at the
downstream end. Most of the tributaries seem to have about the same E. coli level as the
bayou, but there are a few that have higher E. coli levels. The E. coli level in Whiteoak
Bayou is generally higher than that in Buffalo Bayou.
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Table 4. Summary of Exceedances in the Four Primary Watersheds

Range of
Percent
Exceedance of | Time Greater Than
Number of Single-Sample Geometric Mean
Number of E. Coli Criterion Criterion
Watershed and Segments Stations Samples (MPN/100 mL) (MPN/100 mL)

Buffalo Bayou Tidal 8 299 84 t0 100 14 t0 103
1013, 1013A, 1013C
Buffalo Bayou Above Tidal 14 494 49 to 89 3to 27
1014M, 1014N, 10140
Whiteoak Bayou 14 465 44 t0 100 410 94
1017, 1017A, 1017B, 1017D, 1017E
Reservoirs 8 291 31to 75 3t013

1014A, 1014B, 1014E, 1014H 1014K, 1014L

Table 5. Routine Monitoring Data for E. coli in the Project Area between 2001 and 2005

Percent Greater
than Single

Years Geometric Mean** Sample
Station ID Segment Monitored (MPN/100mL) Number of Samples Standard*
Buffalo Bayou Tidal Watershed
11347 1013 2001-2004 3,248 36 94%
15843 1013 2001-2004 3,018 36 94%
11345 1013 2001-2004 2,105 37 97%
11148 1013A 2001-2005 12,983 38 100%
11351 1013 2001-2004 1,807 38 84%
15825 1013 2001-2005 6,839 38 100%
16648 1013A 2001-2005 6,330 38 97%
16675 1013C 2001-2005 5,024 38 89%
Watershed Range 1,807 to 12,983 36 to 38 84% to 100%
Buffalo Bayou Above Tidal Watershed
11354 1014 2000-2006 1,376 20 65%
11353 1014 2001-2005 1,671 38 76%
11356 1014 2001-2005 1,392 38 84%
11360 1014 2001-2005 1,378 38 87%
11361 1014 2001-2005 802 38 71%
11363 1014 2001-2005 671 38 71%
15845 1014 2001-2005 1,721 38 82%
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Percent Greater
than Single
Years Geometric Mean** Sample
Station ID Segment Monitored (MPN/100mL) Number of Samples Standard*
15846 1014 2001-2005 1,489 38 89%
Buffalo Bayou Above Tidal Watershed, continued
11364 1014 2001-2005 412 39 49%
11362 1014 2000-2006 715 58 69%
11188 1014N 2001-2005 3,440 37 89%
16592 10140 2001-2005 3,034 36 89%
16597 1014M 2001-2005 617 38 53%
Watershed Range 412 to 3,440 20 to 58 49% to 89%
Reservoirs Watersheds
17484 1014A 2002-2005 324 36 42%
17492 1014B 2002-2005 570 36 44%
17482 1014E 2002-2005 1,122 36 61%
17493 1014H 2002-2005 417 35 31%
11163 1014H 2001-2005 455 38 50%
17483 1014K 2002-2005 1,597 36 75%
15847 1014K 2001-2005 844 38 68%
17494 1014L 2002-2005 1,149 36 67%
Watershed Range 324 to 1,597 35t038 31% to 75%
Whiteoak Bayou Watershed
15828 1017 2000-2002 2,205 7 100%
11155 1017 2003-2005 531 16 44%
11396 1017 2003-2005 504 16 56%
16637 1017 2001-2006 4,584 34 97%
11390 1017 2001-2005 2,560 38 92%
15826 1017 2001-2005 6,461 38 100%
15827 1017 2001-2005 5,139 38 100%
15829 1017 2001-2005 1,556 38 84%
15831 1017 2001-2005 1,748 38 89%
16593 1017B 2001-2005 2,845 38 95%
16594 1017A 2001-2005 3,333 38 95%
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Percent Greater
than Single
Years Geometric Mean** Sample

Station ID Segment Monitored (MPN/100mL) Number of Samples Standard*
16595 1017D 2001-2005 11,886 38 92%
Whiteoak Bayou Watershed, continued
16596 1017E 2001-2005 3,234 38 92%
11387 1017 2000-2006 4,481 50 96%
Watershed Range 504 to 11,886 7 to 50 44% to 100%

mL — milliliter

MPN — most probable number
*assessment methodology allows up to 25 percent of the samples to exceed this value.

** the current contact recreation standard is a geometric mean of 126 MPN/100mL

Long-term trends, evaluated using fecal coliform data collected since the early 1970s in
Buffalo and Whiteoak Bayous, are shown in Table 6. As shown in the table, elevated con-
centrations of fecal coliform bacteria were observed in the 1970s, with concentrations
dropping dramatically in the 1980s.

Table 6. Historical Fecal Coliform Data

Samples
Exceeding
Number of Geometric Mean Water Quality
Bayou Decade Samples (cfu/200mL) Standard (%)
Buffalo 1970 665 37,035 97.6
Bayou
1980 829 1,553 77.3
1990 2,887 1,849 92.8
2000 625 1,570 90.6
Whiteoak 1970 275 47,748 96.0
Bayou
1980 216 14,265 94.4
1990 1,480 3,864 93.2
2000 410 4,623 97.6

cfu — colony forming unit

mL - milliliter
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Watershed Overview

All of the water bodies covered by this report are within the Buffalo Bayou and Whiteoak
Bayou watersheds. The watersheds lie within the San Jacinto River Basin and eventually
discharge to Galveston Bay. Buffalo Bayou Tidal watershed has a drainage area of 29
square miles and is about 4 miles long. Buffalo Bayou Above Tidal is 24 mile long and has
a watershed area of 358 square miles. The Whiteoak Bayou watershed has an area of 105
square miles and the stream segment is 23 miles long (H-GAC, 2001a).

Buffalo Bayou flows from the outlying, less-developed portions of Waller, Harris, and Fort
Bend Counties, joining Whiteoak Bayou in the highly urbanized central part of the Houston
business district. Buffalo and Whiteoak Bayou is located in three counties—Harris, Fort
Bend, and Waller—with the majority of the watersheds situated in Harris County. The wa-
tersheds also includes the City of Houston along with several smaller cities, including Hed-
wig Village, Spring Valley, Hillshire Village, Bunker Hill Village, Piney Point Village,
Hunter’s Creek Village, Jersey Village, and Katy (Figure 3).

Figure 3. Municipalities in the TMDL Watersheds

An important, unique feature of the Buffalo Bayou watershed is that two flood control res-
ervoirs are located at the upstream end of Buffalo Bayou Above Tidal. The U. S. Army
Corps of Engineers operates the reservoirs to minimize flooding downstream on Buffalo
Bayou, detaining floodwaters until the potential for flooding has dissipated. At that time,
water is released downstream at a maximum flow of 2,000 cubic feet per second (cfs)
based on the USGS gauge at Piney Point. The streams within the Reservoirs watershed are
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Bear Creek (1014A), Buffalo Bayou (1014B), Langham Creek (1014E), South Mayde
Creek (1014H), Turkey Creek (1014K), and Mason Creek (1014L).

Climate

The climate in the Buffalo and Whiteoak Bayous watersheds is characterized by hot, humid
summers and temperate winters. Prevailing winds are from the south and southwest most of
the year, which brings moisture from the Gulf of Mexico that drives much of the precipita-
tion in the area. The National Weather Service reports typical summer temperatures in the
area range from a low of 70°F to highs between 90 and 94°F. Winter temperatures range
from a low of around 40°F to a mild high around 63°F.

The Buffalo and Whiteoak Bayou watersheds experience frequent rainfall events, with an-
nual precipitation totals of approximately 50 inches. Monthly rainfall totals are consistent
throughout the year. High intensity rainfall often causes localized street flooding and occa-
sional out-of-bank conditions. Because the study watersheds are located near the Gulf
coast, they are subject to extreme weather between June 1 and November 30 every year,
although the chance of tropical weather declines dramatically in October. As a result, an
extensive storm water conveyance system has been developed throughout the area.

Land Use

Land use data for this study are based on classifications of land cover analyzed by the
Houston-Galveston Area Council (H-GAC 2001b). The land cover data were derived from
satellite image data and aerial photography from 2000, as well as Landsat 7 ETM multi-
spectral satellite images from November 1999 and February 2000, appraisal data of third
quarter 1999 from county appraisal districts, 2000 public utility connections data, and Cen-
sus 2000 blocks and population. Land use in the TMDL watersheds is summarized in Table
7 and displayed in Figure 4.

Using typical conversion factors, the percent pervious and impervious land was calculated
for each segment as shown in Table 8. Buffalo Bayou Tidal watershed (1013) is located in
the center of Houston and has the highest percentage of impervious cover. Buffalo Bayou
Above Tidal (1014) and Whiteoak Bayou watersheds (1017) are predominately developed
with approximately 50 percent impervious cover. The Reservoirs watershed is currently
only 14 percent impervious cover, but ongoing development will increase the impervious
cover over time.

Soils

The State Soil Geographic Database (STATSGO) information was used to characterize the
soils in the Buffalo and Whiteoak Bayou watersheds. This database is publicly available
through the U.S. Department of Agriculture-Natural Resource Conservation Service
(NRCS) and provides general soil data at a scale of 1:250,000 (NRCS 1994). The soil se-
ries types in the TMDL watersheds are listed in Table 9. Figure 5 presents the distribution
of the seven types of surficial soils that are found in the TMDL watersheds.
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Table 7. Summary of Land Use in TMDL Watersheds

Watershed
Buffalo Bayou Buffalo Bayou
Land Use Category Tidal Above Tidal Reservoirs Whiteoak Bayou
Low Intensity Developed 38% 23% 9% 29%
High Intensity Developed 41% 33% 7% 30%
Cultivated Land 0% 2% 8% 0%
Grassland 8% 17% 57% 24%
Woody Land 12% 24% 12% 14%
Open Water 1% 1% 1% 1%
Woody Wetland 0% 0% 4% 1%
Non-Woody Wetland 0% 0% 2% 1%
Bare / Transitional Land 0% 0% 0% 0%
Table 8. Pervious and Impervious Cover in TMDL Watersheds
Percent
Watershed Pervious (acres) Impervious (acres) Impervious
Buffalo Bayou Tidal Watershed 7,146.04 11,582.01 62%
Buffalo Bayou Above Tidal Watershed 27,326.00 27,574.00 50%
Whiteoak Bayou Above Tidal Watershed 27,532.74 29,651.82 52%
Reservoirs Watershed 145,596.10 22,866.10 14%
Table 9. Soil Series in the TMDL Watersheds
Min Available Max Available Min Bulk
Map Unit Water Capacity Water Capacity Density
ID Soil Series Name (infin) (in/in) (g/cm3) Hydric Group
TX007 Aldine 0.11 0.15 13 D
TX048 Bernard 0.15 0.2 1.2 D
TX100 Clodine 0.15 0.2 1.35 D
TX163 Edna 0.10 0.15 14 D
TX231 Hockley 0.10 0.15 14 D
TX248 Katy 0.15 0.2 13 D
TX276 Lake Charles 0.15 0.2 1.2 D
TX618 Wockley 0.15 0.2 14 C
cm - centimeter
g-gram
in—inch
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Figure 5. TMDL Watershed Soil Types

The soils in the upper watershed of Whiteoak Bayou are primarily in the Clodine soil se-
ries, as shown in the figure and table. The lower portions of the watershed are primarily
from the Bernard and Katy soil series. In Buffalo Bayou, the majority of the soils are made
up of the Aldine, Clodine, and Edna soil series. A small portion of the lower watershed in
Buffalo Bayou is comprised of the Bernard series. The permeability of all soils in these wa-
tersheds is considered very slowly to moderately permeable. The NRCS groups the runoff
potential into four hydrologic soil groups, with group A having the highest infiltration rate
and group D having the lowest. The hydric group of the soils in the Buffalo and Whiteoak
Bayou watersheds is mostly group D, which indicates that these soils have a low infiltration
rate, and thus a high runoff potential when thoroughly wet. The infiltration rate of the
Wockley soil series is considered low, since it is in hydric group C (Soil Survey Division,
NRCS 1994).

Subwatersheds

Two of the analytical methods used in this report (BLEST and HSPF) analyze indicator
bacteria loads on a subwatershed basis. The four TMDL watersheds were divided into 114
subwatersheds, nine in the Buffalo Bayou Tidal watershed, 16 in the Buffalo Bayou Above
Tidal watershed, 16 in the Whiteoak Bayou watershed, and 73 in the Reservoirs watershed.
The subwatersheds are listed in Table 10 and displayed in Figure 6.
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Table 10. Subwatersheds in the TMDL Watersheds

Subwatershed Segment Watershed Stream Name
1 1017A Whiteoak Bayou Brickhouse Gully
2 1017B Cole Creek
3 1017 Whiteoak Bayou Above Tidal
4 1017
5 1013A Buffalo Bayou Tidal Little White Oak Bayou
6 1013A
7 1017 Whiteoak Bayou Whiteoak Bayou Above Tidal
8 1017
9 1017
10 1017
11 1017
12 1017
13 1017 Whiteoak Bayou Whiteoak Bayou Above Tidal
17 1017
26 10140 Buffalo Bayou Above Tidal Spring Branch
27 10140
28 1014H South Mayde Creek
33 1014N Rummel Creek
34 1014 Buffalo Bayou Above Tidal
35 1014B Buffalo Bayou
36 1013 Buffalo Bayou Tidal Buffalo Bayou Tidal
37 1013/ 1013C Buffalo Bayou Tidal/ Unnamed Tributary
38 1013 Buffalo Bayou Tidal
39 1014 Buffalo Bayou Above Tidal Buffalo Bayou Above Tidal
40 1017 Whiteoak Bayou Whiteoak Bayou Above Tidal
41 1017
42 1017/ 1017E Whiteoak Bayou/ Unnamed Tributary
43 1017/ 1017D Whiteoak Bayou/Unnamed Tributary
44 1014 Buffalo Bayou Above Tidal Buffalo Bayou Above Tidal
45 1014
46 1013 Buffalo Bayou Tidal Buffalo Bayou Tidal
47 1013
48 1013A Little Whiteoak Bayou
49 1013A
50 1014 Buffalo Bayou Above Tidal Buffalo Bayou Above Tidal
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Subwatershed Segment Watershed Stream Name
51 1014M/ 1014 | Buffalo Bayou Above Tidal Neiman’s Bayou/Buffalo Bayou Above Tidal
52 1014 (cont) Buffalo Bayou Above Tidal
53 1014
54 1014
55 1014
56 1014K Turkey Creek
101 1014K RESEIVOirS Turkey Creek
102 1014K
103 1014K
104 1014K
105 1014K
106 1014A Bear Creek/Langham Creek
107 1014E Langham Creek
108 1014E
109 1014E
110 1014E
111 1014E
112 1014E
113 1014E
114 1014E
115 1014E
116 1014E
117 1014E
118 1014A Bear Creek
119 1014A
120 1014A
121 1014A
122 1014A
123 1014H South Mayde Creek
124 1014H
125 1014H
126 1014H
127 1014H
128 1014H
129 1014H
130 1014H
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Subwatershed Segment Watershed Stream Name
131 1014H Reservoirs (cont) South Mayde Creek (cont.)
132 1014B Buffalo Bayou
133 1014B
134 1014B
135 1014B
136 1014B
137 1014B
138 1014B
139 1014B
140 1014B
141 1014B
142 1014B
143 1014B
144 1014B
145 1014B
146 1014B
147 1014L Mason Creek
148 1014L
149 1014L
150 1014L
151 1014L
152 1014L
153 1014L
154 1014L
155 1014B Buffalo Bayou
156 1014B
171 1014B
172 1014B
173 1014B
174 1014B
175 1014B
176 1014B
177 1014B
178 1014B
180 1014H South Mayde Creek
181 1014H
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Subwatershed Segment Watershed Stream Name
182 1014H Reservoirs (cont)
183 1014H
184 1014H
185 1014H
186 1014H
187 1014H
188 1014H

Endpoint Identification

All TMDLs must identify a quantifiable water quality target that indicates the desired water
quality condition and provides a measurable goal for the TMDL. The TMDL endpoint also
serves to focus the technical work to be accomplished and as a criterion against which to
evaluate future conditions.

The endpoint for the TMDLs for the 18 freshwater segments covered in this report is to
achieve mean concentrations of E. coli below the geometric mean criterion of 126
MPN/100mL, while also being protective of the single sample criterion of 394 MPN/100
mL more than 75 percent of the time.

Critical Conditions

Sources of bacteria are varied and the transport of bacteria vary under different weather and
flow conditions. These different sources can result in multiple critical conditions. There-
fore, this TMDL will evaluate conditions under three different flow scenarios based on the
flow duration curve: dry conditions (0 to 30™ percentile), intermediate flow (30™ to 70"
percentiles) and wet conditions (70™ percentile and above). In the context of the TMDL,
the dry-weather condition is representative of stream conditions for the project watersheds
that are not impacted by runoff and bayou flows are maintained primarily by wastewater
treatment plant flows. The wet weather condition (critical condition) is representative of
stream conditions for the project watersheds that are caused by rainfall events when in-
stream flows are greater than the 70™ percentile flow. Intermediate conditions include a
mixed regime of wastewater discharge and rainfall runoff. These conditions are typically
found several days after a rainfall event in the watershed and are typically defined as be-
tween the 30" and 70" percentile flows.
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Source Analysis

Pollutants may come from several sources, both point and nonpoint. Point source pollutants
come from sources that are regulated by permit under the Texas Pollutant Discharge Elimi-
nation System (TPDES). Continuous discharges from Wastewater Treatment Facilities
(WWTFs), and discontinuous storm water discharges from industries, construction, and the
municipal separate storm sewer systems (MS4s) of cities are considered point sources of
pollution. Nonpoint source pollution originates from sources that are not covered by a dis-
charge permit. Nonpoint source pollution typically comes from multiple locations usually
carried to surface waters by rainfall runoff.

Point Sources

Within the Reservoirs, Buffalo Bayou Above Tidal (1014) and Whiteoak Bayou (1017)
watersheds there are numerous TPDES permitted continuous discharges. Also, these water-
sheds are regulated under the TPDES Phase 1 MS4 permit jointly held by Harris County,
Harris County Flood Control District, City of Houston, and Texas Department of Transpor-
tation. Individual TPDES permits for industrial storm water permits and construction-site
storm water also regulate discharges that have the potential to contribute indicator bacteria.
All of the storm water discharges are included in the overall analysis of storm water loads;
the separate contributions of the permits are not identified.

WWTFs

Discharges

The locations of the TPDES-permitted facilities that continuously discharge wastewater to
water bodies addressed in the TMDLs covered by this report are listed in Table 11 and dis-
played in Figure 7. The data in Table 11 is current through 2006. This time period coin-
cides with the period of the TMDL investigation. The instream water quality, sampling
data, watershed characteristics, and modeling and analyses were conducted at this time and
the analyses of pollutant reduction pertain to these analyses. Since 2006, dischargers have
been added and removed from the watersheds. The future capacity allocation described be-
low is available to accommodate additional dischargers in the future.

As of 2006, there were 126 permitted outfalls for WWTFs in all of the watersheds covered
in this TMDL report. In the watershed of Buffalo Bayou Above Tidal, there were 14 dis-
chargers with permitted flows ranging from 26.4 million gallons per day (MGD) to 0.001
MGD. In the Reservoirs watershed, there were 67 dischargers with permitted flows ranging
from 6.7 MGD to 0.002 MGD. In the Whiteoak Bayou watershed, there were 45 discharg-
ers with permitted flows ranging from 18 MGD to 0.002 MGD. There were no permitted
discharges in the Buffalo Bayou Tidal watershed.

The majority of these facilities were small with less than 1 MGD permitted flow. In the
highly urbanized watershed of Buffalo Bayou Above Tidal, there were 10 facilities with
less than 1 MGD capacity and 4 large facilities serving large numbers of users with permit-
ted flows from 3.05 MGD to 26.4 MGD. The Reservoirs watershed is the least developed
and included 46 facilities with less than 1 MGD capacity and 21 larger facilities with per-
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mitted flows from 1.1 MGD to 6.7 MGD. The Whiteoak Bayou watershed, which is also
highly urbanized, included 36 facilities with less than 1 MGD capacity and 9 larger facili-
ties with permitted flows ranging from 1 MGD to 3.2 MGD.

Table 11. WWTF Dischargers in the TMDL Watersheds as of 2006

Assessment Flow
TPDES* NPDES** Facility Name Segment Unit (MGD)
Buffalo Bayou Watershed
02731-000 0087416 | DANIEL VALVE COMPANY 10140 10140_01 0.012
10495-030 0063002 | HOUSTON, CITY OF 1014N 1014N_01 26.4
10495-109 0035017 | HOUSTON, CITY OF 1014 1014 01 12
10495-135 0026395 | HOUSTON, CITY OF 1014B 1014B_01 35
10584-001 0047457 | MEMORIAL VILLAGE WAT 1014 1014 01 3.05
12346-001 0086185 | WEST PARK MUD 1014B 1014B_01 0.5
12427-001 0088218 | GEORGE AIVAZIAN 1014B 1014B_01 0.001
14070-001 0089940 | WEATHERFORD PETCO 1014 1014_01 0.0108
14182-001 0122556 | ANN ARUNDEL FARMS 1014B 1014B_01 0.992
13021-001 0095702 | BIG OAKS MUD 1014B 1014B_01 0.7
13228-001 0098965 | FORT BEND CO MUD 050 1014B 1014B 01 0.7
12830-001 0094056 | ROBINSON, J.W. 1014K 1014K_01 0.006
14117-001 0119571 | AQUASOURCE UTILITY 1014K 1014K_01 0.9
12355-001 0116505 | ELEVEN TEN ROSALIE 1014K 1014N_01 0.005
Reservoir Watershed
12233-001 0083933 | UA HOLDINGS 1994-5 1014 1014_01 0.005
12682-001 0092584 | HARRIS CO MUD 216 1014B 1014B 01 0.4
13172-002 0096911 | CINCO MUD 001 1014B 1014B_01 0.91
13328-001 0100137 | REMINGTON MUD 002 1014E 1014E_01 11
11290-001 0046621 | JACKRABBIT ROAD PUD 1014A 1014A_01 5.1
11414-001 0104795 | SASSON, ELI 1014A 1014A_01 0.06
11792-002 0070971 | HARRIS CO MUD 105 1014A 1014A_01 25
12209-001 0083500 | HARRIS CO MUD 127 1014A 1014A_01 1.15
12834-001 0094307 | HARRIS CO MUD 167 1014A 1014A_01 0.294
12841-001 0094307 | ROLLING CREEK UD 1014A 1014A_01 0.4
12858-001 0097373 | HARRIS COUNTY, TEXAS 1014B 1014B_01 0.026
Texas Commission on Environmental Quality 24 April 8, 2009



Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

Assessment Flow
TPDES* NPDES** Facility Name Segment Unit (MGD)
Reservoir Watershed (cont.)
13921-001 0117421 HARRIS COUNTY 1014A 1014A 01 0.02
02229-000 0079057 IGLOO PRODUCTS 1014B 1014B_01 0.05
CORPORATION
10706-001 0025747 KATY, CITY OF 1014B 1014B_01 3.075
11893-001 0074004 MEMORIAL MUD 1014B 1014B_01 3
12298-001 0085448 FORT BEND CO MUD 034 1014B 1014B_01 1
12356-001 0086690 HARRIS CO MUD 345 1014B 1014B_01 0.71
12370-001 0087157 FORT BEND CO MUD 037 1014B 1014B_01 0.175
12927-001 0094579 HARRIS CO MUD 276 1014E 1014E_01 0.75
13245-001 0099856 GRAND LAKES MUD 004 1014B 1014B_01 0.9
13558-001 0098957 CINCO MUD 001 1014B 1014B_01 3.3
13674-001 0118541 NOTTINGHAM COUNTRY 1014B 1014B_01 0.051
13775-001 0115894 HARRIS FTB MUD 005 1014B 1014B_01 0.99
14011-001 0118109 FT BEND MUD 130 1014B 1014B_01 0.3
14134-001 0119873 FT BEND MUD 124 1014B 1014B_01 0.4
10932-001 0068047 HARRIS COUNTY, TEXAS 1014A 1014E_01 0.042
03153-000 0074292 | TOSHIBA INTERNATIONAL 1014K 1014K_02 0.05
CORPORATION
11472-001 0026263 | SPENCER ROAD PUD 1014E 1014E_02 0.98
11486-001 0062031 HARRIS CO MUD 070 1014E 1014E_02 15
11523-001 0052906 HARRIS CO MUD 102 1014E 1014E_02 1.3
11682-001 0064734 LANGHAM CREEK UD 1014E 1014E_02 2
11836-001 0091626 HARRIS CO MUD 149 1014E 1014E_02 0.645
11906-001 0074896 HARRIS CO MUD 157 1014E 1014E_02 2.3
11935-001 0075981 NORTHWEST HC MUD 016 1014E 1014E_02 0.99
11947-001 0075884 HARRIS CO MUD 208 1014E 1014E_02 6.7
12124-001 0079707 HARRIS CO MUD 185 1014E 1014E_02 0.675
12128-001 0079537 HORSEPEN BAYOU MUD 1014E 1014E_02 0.95
12223-001 0083496 | WEST HC MUD 015 1014E 1014E_02 0.6
12304-001 0085588 CHIMNEY HILL MUD 1014E 1014E_02 1.2
12310-001 0085871 R&K WEIMAN MHP 1014E 1014E_02 0.03
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Assessment Flow
TPDES* NPDES** Facility Name Segment Unit (MGD)
Reservoir Watershed (cont.)
12447-001 0088838 HARRIS CO MUD 196 1014E 1014E_02 14
12474-001 0089494 HARRIS CO MUD 166 1014E 1014E_02 0.625
12726-001 0100161 HARRIS CO MUD 155 1014E 1014E_02 1.55
12949-001 0095532 HARRIS CO MUD 284 1014A 1014A_02 0.6
13778-001 0097985 FRIEDMAN, STEPHEN 1014E 1014E_02 0.01
11284-001 0053091 WESTLAKE MUD 001 1014H 1014H_02 0.9
11696-002 0112585 ADDICKS UD 1014H 1014H_02 0.8
11917-001 0074403 HARRIS CO MUD 071 1014H 1014H_02 2.35
11969-001 0076660 MAYDE CREEK MUD 1014H 1014H_02 2
11989-001 0076775 FRY ROAD MUD 1014H 1014H_02 0.8
12110-001 0079201 KATY ISD 1014H 1014H_02 0.1
12140-001 0079618 WEST HC MUD 007 1014H 1014H_02 0.5
12189-001 0082830 TEX-SUN PARKS, LC 1014H 1014H_02 0.15
12247-001 0084468 WEST HC MUD 017 1014H 1014H_02 0.275
12516-001 0089907 WEST HOUSTON AIRPORT 1014H 1014H_02 0.015
12802-001 0093891 HARRIS CO MUD 238 1014H 1014H_02 0.825
14109-001 0119121 KATY-HOCKLEY 1014L 1014L_02 0.075
12466-001 0089061 OCEANEERING INTER. 1014K 1014K_02 0.012
13484-001 0104311 529 #35, LTD 1014K 1014K_02 0.2
11152-001 0021512 WEST MEMORIAL MUD 1014L 1014L_01 6.48
11883-001 0071625 CASTLEWOOD MUD 1014L 1014L_01 2
12289-001 0085332 GREEN TRAILS MUD 1014L 1014L_01 0.99
12479-001 0089346 NOTTINGHAM COUNTRY MUD 1014L 1014L_01 13
11598-001 0058408 WILLIAMSBURG REG SA 1014L 1014L_02 3
12132-001 0079634 WHITE OAK OWNERS 1017 1017_04 0.059
13764-001 0092932 ALLIANCE CH F3 GP 1017/1017E 1017_04 0.15
12685-001 0093581 MOODY CORP 1014E 1014E_01 0.1
Whiteoak Bayou Watershe
13983-001 0095435 RESTAURANT SERVICE, L.L.C. 1017 1017_01 0.002
14070-001 0089940 WEATHERFORD U.S,, L.P. 1017 1017_01 0.011
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Assessment Flow
TPDES* NPDES** Facility Name Segment Unit (MGD)
Whiteoak Bayou Watershed (cont.)
10495-099 0057347 HOUSTON, CITY OF 1017 1017_01 4
10876-001 0022853 HARRIS CO FWSD 061 1017 1017_01 1.6
10876-002 0091804 HARRIS CO FWSD 061 1017 1017_01 3
11188-001 0026697 ROLLING FORK PUD 1017 1017_01 0.49
11273-001 0026352 HARRIS CO MUD 006 1017 1017_01 0.75
11375-001 0026247 | AQUASOURCE UTILITY 1017 1017_01 0.184
11389-001 0075736 CB&I CONSTRUCTORS 1017 1017_01 0.045
11485-001 0062235 HARRIS CO MUD 023 1017 1017_01 0.75
11538-001 0057029 GULF COAST WASTE DA 1017 1017_01 45
11563-001 0053325 REID ROAD MUD 001 1017 1017_01 1.75
11670-001 0063479 SUNBELT FWSD 1017 1017_01 0.99
11979-002 0076651 | WHITE OAK BEND MUD 1017 1017_01 0.4
12121-001 0079146 HARRIS CO MUD 170 1017 1017_01 25
12139-001 0081256 FAIRBANKS PLAZA SHOP 1017 1017_01 0.04
12342-001 0085821 C &P UTILITIES 1017 1017_01 0.045
12397-001 0087416 DANIEL INDUSTRIES 1017 1017_01 0.012
12443-001 0088676 SUPERIOR DERRICK 1017 1017_01 0.0024
12465-001 0088927 | TIFCO INDUSTRIES 1017 1017_01 0.035
12552-001 0090115 NCI BUILDING SYSTEMS 1017 1017_01 0.01
12552-002 0117064 NCI BUILDING SYSTEMS 1017 1017_01 0.01
12574-001 0091316 HARRIS CO MUD 130 1017 1017_01 0.95
12681-001 0092606 | JERSEY VILLAGE 1017 1017_01 0.8
12795-001 0093726 NORTHWEST HC MUD 029 1017 1017_01 0.565
13433-001 0103705 | AQUASOURCE DVLP. CO. 1017 1017_01 0.5
13509-001 0092746 | TRINITY @ WINDFERN 1017 1017_01 0.04
13578-001 0118583 COOPER CAMERON CORP 1017 1017_01 0.008
13623-001 0109126 | WEST HC MUD 021 1017 1017_01 0.5
13689-001 0111937 | WEST HC MUD 11 1017 1017_01 15
13727-001 0113697 MOORPARK VILLAGE,INC 1017 1017_01 0.035
13807-001 0082597 MCDONALDS CORP. 1017 1017_01 0.003
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Assessment Flow
TPDES* NPDES** Facility Name Segment Unit (MGD)
Whiteoak Bayou Watershed (cont.)

13939-001 0082988 RIEDEL, ANTHONY 1017 1017_01 0.003
13983-001 0095435 RESTAURANT SERVICE 1017 1017_01 0.002
14072-001 0082317 | WEST HC MUD 010 1017 1017_01 15
11051-001 0075841 | VANCOUVER MANAGEMENT 1017 1017_02 0.03
10495-139 0026875 HOUSTON, CITY OF 1017A 1017A 01 0.995
11193-001 0075434 | AQUASOURCE UTILITY 1017B 1017B_01 0.8
12222-001 0083950 | AQUASOURCE UTILITY 1017B 1017B_01 0.25
13996-001 0117684 | CROW FAMILY HOLDINGS 1017B 1017B_01 0.05
10495-076 0063011 HOUSTON, CITY OF 1017B 1017B_02 21
11005-001 0020095 CHAMP'S WATER CO 1017C 1017C_01 0.28
12714-001 0092908 HARRIS CO MUD 119 1017C 1017C_02 0.25
14359-001 0119431 HARRIS CO MUD 366 1017C 1017C_02 0.2
14506-001 0090735 SMITH, WILLIAM D. 1017 1017_01 0.012

* = Texas Pollution Discharge Elimination System

** = National Pollution Discharge Elimination System

Flows and loads associated with typical dry-weather WWTF discharges were estimated
based on site-specific data available from sampling and supplied by WWTFs in the water-
shed. Self-reported flows from WWTF dischargers were obtained from TCEQ and U.S.
EPA databases for the period from April 1999 through October 2003. Measured concentra-
tions from sampling efforts in 2001 and 2006 ranged from less than the detection limit (< 1
Most Probable Number (MPN)/100mL) to over 200,000 MPN/100mL, with flow-weighted
geometric means for the watersheds calculated to be between 4 MPN/100mL and 6
MPN/100mL. Loads for these WWTF dischargers using the most recent E. coli data from
2006 are shown in Table 12. Indicator bacteria levels in effluent from the individual
WWTFs is typically low, with approximately 5 to 10 percent of the facilities exceeding the
single-sample criterion for E. coli at any given time. This statistic is based on samples
taken during un-announced visits during the summer of 2006.
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To estimate intermediate flow conditions, effluent flow data from the City of Houston were
used to develop a regression equation describing the relationship between WWTF flow and
rainfall totals during the previous 12 hours. The WWTF data from four City of Houston
plants (10495-030, 10495-076, 10495-099, and 10495-109) were used to develop the re-
gression equation. Because the intermediate condition is transient in nature, it was neces-
sary to determine an appropriate amount of rainfall to use in the regression to replicate in-
termediate conditions from the WWTFs. Based on an examination of observed flows from
the City of Houston database, 0.25 in rainfall was found to be appropriate. Indicator bacte-
ria concentrations associated with these flows were assumed to be the same as under dry-
weather conditions. The calculated flow and loads from WWTFs under intermediate condi-
tions are included in Table 12. The flow for intermediate conditions was calculated by de-
termining the flow associated with intermediate conditions and adding that to the dry-
weather flow. The load from intermediate conditions was determined by multiplying the
WWTF intermediate flow times the dry-weather E. coli concentration in MPN/100mL,
with the appropriate unit conversion factor, to give the total MPN per day.

Table 12. WWTF Flow, E. coli Concentration, and Load during Dry and Intermediate Conditions

E. coli Value Avg. Self- Dry-Weather Intermediate Intermediate
TPDES Used for Load Reported Flow Load (Billion Conditions Flow | Conditions Load
Number Calculations (MGD) MPN/day) (MGD) (Billion MPN/day)
02731-000 6.14 0.00170 0.00039 0.00180 0.00041
10495-030 6.14 9.50000 2.20000 10.00000 2.30000
10495-109 6.14 4.40000 1.00000 4.60000 1.10000
10495-135 2.00 0.54000 0.04100 0.57000 0.04300
10584-001 6.14 3.00000 0.69000 3.10000 0.73000
12233-001 26.00 0.00065 0.00064 0.00068 0.00067
12346-001 973.50 0.18000 6.60000 0.19000 7.00000
12355-001 6.14 0.00032 0.00007 0.00034 0.00008
12427-001 6.14 0.00005 0.00001 0.00005 0.00001
12682-001 6.14 0.04100 0.00950 0.04300 0.00990
12830-001 6.14 0.00220 0.00051 0.00230 0.00053
13021-001 6.14 0.14000 0.03300 0.15000 0.03500
13228-001 6.14 0.03900 0.00910 0.04100 0.00950
14070-001 6.14 0.00150 0.00034 0.00150 0.00036
14117-001 0.50 0.09800 0.00180 0.10000 0.00190
14182-001 6.14 0.02200 0.00500 0.02300 0.00530
02229-000 6.14 0.00770 0.00180 0.00810 0.00190
03153-000 6.14 0.01000 0.00240 0.01100 0.00250
10706-001 6.14 1.10000 0.26000 1.20000 0.28000
10932-001 1.00 0.01900 0.00072 0.02000 0.00076
11152-001 0.50 1.60000 0.03100 1.70000 0.03200
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E. coli Value Avg. Self- Dry-Weather Intermediate Intermediate
TPDES Used for Load Reported Flow Load (Billion Conditions Flow | Conditions Load
Number Calculations (MGD) MPN/day) (MGD) (Billion MPN/day)
11284-001 32.00 0.57000 0.69000 0.60000 0.73000
11290-001 32550.00 2.50000 3100.00000 2.70000 3300.00000
11414-001 0.50 0.04100 0.00077 0.04300 0.00081
11472-001 0.50 0.38000 0.00720 0.40000 0.00760
11486-001 512.00 0.55000 11.00000 0.57000 11.00000
11523-001 1.75 0.78000 0.05200 0.83000 0.05500
11598-001 6.14 0.69000 0.16000 0.73000 0.17000
11682-001 2.00 0.44000 0.03400 0.47000 0.03500
11696-002 0.50 0.13000 0.00240 0.13000 0.00250
11792-002 24.00 0.22000 0.20000 0.24000 0.21000
11836-001 207500.00 0.29000 2300.00000 0.31000 2400.00000
11883-001 6.14 0.55000 0.13000 0.57000 0.13000
11893-001 84.00 1.30000 4.20000 1.40000 4.40000
11906-001 884.00 0.31000 10.00000 0.32000 11.00000
11917-001 6.14 0.31000 0.07300 0.33000 0.07600
11935-001 0.50 0.15000 0.00270 0.15000 0.00290
11947-001 18.00 1.80000 1.20000 1.90000 1.30000
11969-001 4.75 0.63000 0.11000 0.67000 0.12000
11989-001 6.14 0.29000 0.06700 0.30000 0.07100
12110-001 6.14 0.06700 0.01600 0.07000 0.01600
12124-001 0.50 0.25000 0.00470 0.26000 0.00500
12128-001 16.50 0.52000 0.32000 0.55000 0.34000
12140-001 6.14 0.14000 0.03200 0.15000 0.03400
12189-001 6.14 0.06200 0.01400 0.06500 0.01500
12209-001 0.50 0.24000 0.00450 0.25000 0.00470
12223-001 2.00 0.20000 0.01500 0.21000 0.01600
12247-001 6.14 0.19000 0.04300 0.20000 0.04500
12289-001 100.00 0.52000 2.00000 0.55000 2.10000
12298-001 6.14 0.08400 0.01900 0.08800 0.02000
12304-001 6.14 0.35000 0.08100 0.37000 0.08500
12310-001 0.50 0.02100 0.00039 0.02200 0.00041
12356-001 6.14 0.15000 0.03400 0.16000 0.03600
12370-001 6.14 0.11000 0.02600 0.12000 0.02700
12447-001 3.00 0.19000 0.02200 0.20000 0.02300
12466-001 6.14 0.00130 0.00030 0.00130 0.00031
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E. coli Value Avg. Self- Dry-Weather Intermediate Intermediate
TPDES Used for Load Reported Flow Load (Billion Conditions Flow | Conditions Load
Number Calculations (MGD) MPN/day) (MGD) (Billion MPN/day)
12474-001 8.00 0.01500 0.00450 0.01600 0.00470
12479-001 6.14 0.43000 0.09900 0.45000 0.10000
12516-001 6.14 0.00094 0.00022 0.00099 0.00023
12685-001 0.50 0.07000 0.00130 0.07400 0.00140
12726-001 0.50 0.29000 0.00550 0.31000 0.00580
12802-001 1.00 0.15000 0.00580 0.16000 0.00610
12834-001 0.50 0.06400 0.00120 0.06700 0.00130
12841-001 0.50 0.04300 0.00081 0.04500 0.00086
12858-001 6.14 0.00610 0.00140 0.00640 0.00150
12927-001 2.00 0.00460 0.00035 0.00480 0.00037
12949-001 4.00 0.02300 0.00350 0.02400 0.00370
13172-002 6.14 0.32000 0.07300 0.33000 0.07700
13245-001 6.14 0.13000 0.03000 0.14000 0.03200
13328-001 56.00 0.02700 0.05600 0.02800 0.05900
13484-001 6.14 0.04200 0.00980 0.04400 0.01000
13558-001 6.14 0.94000 0.22000 0.98000 0.23000
13674-001 166.00 0.03300 0.21000 0.03500 0.22000
13775-001 6.14 0.09400 0.02200 0.09900 0.02300
13778-001 0.50 0.00100 0.00002 0.00110 0.00002
13921-001 0.75 0.00620 0.00018 0.00660 0.00019
14011-001 6.14 0.00830 0.00190 0.00870 0.00200
14109-001 6.14 0.00140 0.00032 0.00140 0.00033
14134-001 6.14 0.01300 0.00290 0.01300 0.00310
13983-001 4.35 0.00084 0.00014 0.00088 0.00015
14070-001 4.35 0.00150 0.00024 0.00150 0.00025
10495-076 2.00 8.70000 0.66000 9.10000 0.69000
10495-099 1.00 1.70000 0.06400 1.80000 0.06700
10495-139 4.35 0.48000 0.07900 0.51000 0.08400
10876-001 342.00 0.87000 11.00000 0.91000 12.00000
10876-002 794.00 0.88000 26.00000 0.93000 28.00000
11005-001 0.50 0.15000 0.00280 0.15000 0.00290
11051-001 5.50 0.03500 0.00720 0.03600 0.00760
11188-001 0.50 0.25000 0.00480 0.27000 0.00500
11193-001 0.50 0.51000 0.00960 0.53000 0.01000
11273-001 0.50 0.42000 0.00800 0.44000 0.00840
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E. coli Value Avg. Self- Dry-Weather Intermediate Intermediate
TPDES Used for Load Reported Flow Load (Billion Conditions Flow | Conditions Load
Number Calculations (MGD) MPN/day) (MGD) (Billion MPN/day)
11375-001 0.50 0.09700 0.00180 0.10000 0.00190
11389-001 1.00 0.00930 0.00035 0.00980 0.00037
11485-001 0.50 0.41000 0.00770 0.43000 0.00810
11538-001 5.00 1.00000 0.20000 1.10000 0.21000
11563-001 11.00 0.67000 0.28000 0.70000 0.29000
11670-001 1.00 0.32000 0.01200 0.34000 0.01300
11979-002 1.00 0.19000 0.00710 0.20000 0.00750
12121-001 2.00 0.93000 0.07000 0.98000 0.07400
12132-001 16.50 0.03900 0.02400 0.04100 0.02600
12139-001 4.35 0.02400 0.00390 0.02500 0.00410
12222-001 0.50 0.06700 0.00130 0.07100 0.00130
12342-001 1.00 0.01900 0.00072 0.02000 0.00076
12397-001 179.00 0.00440 0.03000 0.00460 0.03100
12443-001 33.00 0.00130 0.00160 0.00140 0.00170
12465-001 1.00 0.00520 0.00020 0.00550 0.00021
12552-001 4.35 0.00580 0.00096 0.00610 0.00100
12552-002 4.35 0.00470 0.00078 0.00500 0.00082
14506-001 4.35 0.00970 0.00160 0.01000 0.00170
12574-001 0.50 0.12000 0.00230 0.13000 0.00240
12681-001 0.50 0.18000 0.00350 0.19000 0.00360
12714-001 6.00 0.14000 0.03300 0.15000 0.03400
12795-001 118.00 0.19000 0.85000 0.20000 0.89000
13433-001 0.50 0.01200 0.00022 0.01200 0.00023
13509-001 0.50 0.01300 0.00025 0.01400 0.00026
13578-001 4.35 0.00630 0.00100 0.00670 0.00110
13623-001 0.50 0.07200 0.00140 0.07600 0.00140
13689-001 105.00 0.34000 1.30000 0.35000 1.40000
13727-001 26.50 0.00700 0.00700 0.00740 0.00740
13764-001 9.00 0.05700 0.01900 0.05900 0.02000
13807-001 9.00 0.00075 0.00025 0.00079 0.00027
13939-001 11190.00 0.00120 0.49000 0.00120 0.51000
13983-001 0.50 0.00088 0.00002 0.00093 0.00002
13996-001 4.35 0.00160 0.00027 0.00170 0.00028
14072-001 0.50 1.00000 0.01900 1.10000 0.02000
14359-001 4.35 0.03100 0.00520 0.03300 0.00540
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Biosolids

In addition to effluent discharges, WWTFs can contribute indicator bacteria loads from bio-
solids releases. Anecdotal evidence and observations at WWTFs have indicated that occa-
sionally during large rainfall events, biosolids releases may occur from WWTF dischargers.
The releases contribute to higher concentrations of indicator bacteria in the effluent because
of the presence of biosolids from the WWTF being carried out in the discharge.

Assumptions regarding the occurrence of biosolids were made to match observations ob-
tained from City of Houston WWTF flows. Based on these data, biosolids releases were
assumed to occur when rainfall in the previous 12 hours was greater than 0.5 inches. Using
the same approach as used for intermediate condition flows, flows associated with biosolids
releases were calculated for a rainfall event equivalent to 0.5 inches.

Data collected from WWTF biosolids releases observed by TCEQ found that fecal coliform
concentrations of stream samples near biosolids releases ranged from 90 to 153,000
cfu/100mL fecal coliform for a geometric mean of 4,146 cfu/100mL. This corresponds to
an E. coli concentration of 2,612 MPN/100mL, using the ratio (0.63) of the criteria of the
two indicator bacteria (126/200).

Because biosolids releases were assumed to occur only during wet weather, the daily load
presented in Table 13 was adjusted to account for days with precipitation. Houston receives
74 days of precipitation out of the year according to National Oceanic and Atmospheric
Administration (NOAA) statistics for the rain gauge located at Addicks Reservoir (NOAA
2001).

Table 13. WWTF Flow, E. coli Concentrations, and Load during Biosolid Releases

TCEQ Permit Biosolid Flow E. coli Biosolid Load
Number Subwatershed (MGD) (MPN/100mL) (Billion MPN/day)
Whiteoak Bayou Watershed
10495-139 1 0.03030 2,612 2.99000
10495-076 2 0.54600 2,612 53.90000
11193-001 2 0.03180 2,612 3.14000
12139-001 2 0.00149 2,612 0.14800
12222-001 2 0.00424 2,612 0.41800
13996-001 2 0.00010 2,612 0.01010
13983-001 4 0.00005 2,612 0.00519
14070-001 4 0.00009 2,612 0.00904
11051-001 4 0.00217 2,612 0.21400
11188-001 4 0.01590 2,612 1.57000
11273-001 4 0.02650 2,612 2.62000
11375-001 4 0.00608 2,612 0.60000
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TCEQ Permit Biosolid Flow E. coli Biosolid Load
Number Subwatershed (MGD) (MPN/100mL) (Billion MPN/day)
Whiteoak Bayou Watershed, cont.
11389-001 4 0.00059 2,612 0.05790
11485-001 4 0.02560 2,612 2.52000
11538-001 4 0.06550 2,612 6.46000
11670-001 4 0.02040 2,612 2.01000
12342-001 4 0.00119 2,612 0.11800
12443-001 4 0.00008 2,612 0.00811
12552-001 4 0.00037 2,612 0.03600
12552-002 4 0.00030 2,612 0.02940
13433-001 4 0.00074 2,612 0.07250
13509-001 4 0.00084 2,612 0.08260
13578-001 4 0.00040 2,612 0.03920
13623-001 4 0.00454 2,612 0.44800
13689-001 4 0.02110 2,612 2.09000
13727-001 4 0.00044 2,612 0.04360
13807-001 4 0.00005 2,612 0.00463
13939-001 4 0.00007 2,612 0.00717
13983-001 4 0.00006 2,612 0.00548
10495-099 7 0.10700 2,612 10.50000
14506-001 9 0.00061 2,612 0.06030
12714-001 9 0.00902 2,612 0.89100
14359-001 9 0.00197 2,612 0.19400
11563-001 10 0.04190 2,612 4.14000
11979-002 10 0.01190 2,612 1.17000
12397-001 10 0.00028 2,612 0.02710
12574-001 10 0.00765 2,612 0.75500
Buffalo Bayou Above Tidal Watershed
12681-001 10 0.01150 2,612 1.13000
14072-001 10 0.06330 2,612 6.25000
12121-001 11 0.05850 2,612 5.77000
12795-001 11 0.01200 2,612 1.18000
10876-001 13 0.05450 2,612 5.39000
10876-002 13 0.05530 2,612 5.46000
12465-001 13 0.00033 2,612 0.03210
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TCEQ Permit Biosolid Flow E. coli Biosolid Load
Number Subwatershed (MGD) (MPN/100mL) (Billion MPN/day)

Buffalo Bayou Above Tidal Watershed, cont.

11005-001 17 0.00924 2,612 0.91200
12132-001 40 0.00246 2,612 0.24300
02731-000 27 0.00011 2,612 0.01030
10495-030 33 0.59800 2,612 59.00000
10495-135 35 0.03400 2,612 3.35000
12346-001 35 0.01130 2,612 1.12000
12427-001 35 0.00000 2,612 0.00032
12682-001 35 0.00256 2,612 0.25200
13021-001 35 0.00900 2,612 0.88900
13228-001 35 0.00245 2,612 0.24200
14182-001 35 0.00136 2,612 0.13400
13764-001 42 0.00355 2,612 0.35000
12233-001 44 0.00004 2,612 0.00401
10584-001 53 0.18700 2,612 18.50000
10495-109 55 0.27800 2,612 27.40000
12355-001 56 0.00002 2,612 0.00198
12830-001 56 0.00014 2,612 0.01350
14070-001 56 0.00009 2,612 0.00904
14117-001 56 0.00613 2,612 0.60600

Reservoirs Watershed

03153-000 104 0.00064 2,612 0.06340
12466-001 105 0.00008 2,612 0.00790
13484-001 105 0.00264 2,612 0.26000
10932-001 106 0.00120 2,612 0.11800
11290-001 106 0.15900 2,612 15.70000
11523-001 108 0.04930 2,612 4.86000
12124-001 108 0.01580 2,612 1.56000
12474-001 108 0.00093 2,612 0.09170
12927-001 108 0.00029 2,612 0.02850
13778-001 108 0.00007 2,612 0.00650
11836-001 109 0.01830 2,612 1.80000
11935-001 109 0.00911 2,612 0.89900
11486-001 110 0.03420 2,612 3.38000
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TCEQ Permit Biosolid Flow E. coli Biosolid Load
Number Subwatershed (MGD) (MPN/100mL) (Billion MPN/day)
Buffalo Bayou Above Tidal Watershed, cont.
11682-001 110 0.02780 2,612 2.75000
11414-001 113 0.00255 2,612 0.25200
11472-001 113 0.02400 2,612 2.37000
11947-001 113 0.11400 2,612 11.20000
12128-001 113 0.03260 2,612 3.22000
12304-001 113 0.02190 2,612 2.16000
12310-001 113 0.00130 2,612 0.12800
12685-001 113 0.00439 2,612 0.43400
12223-001 114 0.01230 2,612 1.22000
12726-001 115 0.01830 2,612 1.81000
12447-001 116 0.01220 2,612 1.20000
13328-001 116 0.00167 2,612 0.16500
11906-001 117 0.01930 2,612 1.90000
12209-001 119 0.01480 2,612 1.46000
12834-001 119 0.00400 2,612 0.39500
12841-001 119 0.00270 2,612 0.26700
12949-001 119 0.00145 2,612 0.14300
11792-002 120 0.01410 2,612 1.39000
13921-001 122 0.00039 2,612 0.03870
11696-002 123 0.00785 2,612 0.77500
12516-001 123 0.00006 2,612 0.00582
11284-001 124 0.03600 2,612 3.56000
12802-001 124 0.00960 2,612 0.94800
12140-001 125 0.00874 2,612 0.86300
11969-001 131 0.03980 2,612 3.93000
12858-001 133 0.00038 2,612 0.03760
13172-002 133 0.01980 2,612 1.96000
13245-001 133 0.00823 2,612 0.81300
13558-001 133 0.05870 2,612 5.80000
12370-001 135 0.00696 2,612 0.68700
14011-001 135 0.00052 2,612 0.05120
10706-001 136 0.07070 2,612 6.98000
02229-000 144 0.00048 2,612 0.04760
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TCEQ Permit Biosolid Flow E. coli Biosolid Load
Number Subwatershed (MGD) (MPN/100mL) (Billion MPN/day)
Reservoirs Watershed, cont.
12356-001 146 0.00927 2,612 0.91500
12479-001 147 0.02690 2,612 2.66000
12289-001 148 0.03270 2,612 3.23000
11883-001 149 0.03420 2,612 3.38000
11598-001 150 0.04350 2,612 4.29000
14109-001 151 0.00009 2,612 0.00849
11152-001 153 0.10200 2,612 10.10000
11893-001 155 0.08240 2,612 8.14000
13674-001 155 0.00209 2,612 0.20600
13775-001 171 0.00591 2,612 0.58400
14134-001 171 0.00080 2,612 0.07850
12298-001 178 0.00525 2,612 0.51900
12110-001 181 0.00421 2,612 0.41500
11989-001 183 0.01810 2,612 1.79000
12189-001 183 0.00390 2,612 0.38500
12247-001 183 0.01170 2,612 1.15000
11917-001 185 0.01970 2,612 1.94000

mL — milliliter
MGD - million gallons per day
MPN — most probable number

Sanitary Sewer Overflows

Sanitary sewer overflows (SSOs) are releases of untreated wastewater, including domestic,
commercial, and industrial wastewater. These releases usually occur as the result of a
break, stoppage, or exceedance of capacity in the sanitary sewer conveyance system. Al-
though SSOs are considered part of the WWTF discharge load for this TMDL, these over-
flows typically enter the storm water conveyance system, which then carries the overflows
to the bayou.

SSOs occur under both wet and dry-weather conditions. SSO flow and indicator bacteria
load estimates were developed in two separate ways:

1) using a City of Houston database for SSOs inside Houston city limits from March
2000 to December 2003 to calculate empirically the number of SSOs.

2) using a combination of SSO occurrence by age of pipe and housing age since SSO
data were not available.
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The locations of all reported SSOs are displayed in Figure 8 and the data are summarized in
Table 14.

Because SSO flows reported in the City of Houston database may not reflect flow during
an entire SSO event, SSO flows were estimated using volumes obtained from the U.S. EPA
SSO Report to Congress (2004). The volume from each dry SSO was assumed to be 1,000
gallons; the SSO was assumed to occur for one day. This assumption is supported by the
fact that over 85 percent of the SSOs recorded in the City of Houston database were re-
solved within 1 day. For wet weather, the U.S. EPA reported a median volume of 14,400
gallons per wet-weather SSO. Wet-weather SSOs were also assumed to occur over a one-
day period.

SSOs are difficult to locate and sample so there is little data on E. coli concentrations in
them. In place of SSO data, WWTF influent was sampled instead during both wet and dry
conditions.

The E. coli concentration applied for dry-weather SSOs was 4.70x10° MPN/100mL, the
geometric mean of all sampled dry-weather WWTF influent and SSOs. For wet-weather
SSOs, the geometric mean of sampled wet-weather influent was reduced based on a U.S.
EPA Report to Congress (2004), which states “... concentrations of fecal coliform found in
combined sewer overflows and wet-weather SSOs are generally less than the concentra-
tions found in untreated wastewater and dry-weather SSOs, and greater than the concentra-
tions reported for urban storm water.” Therefore, the value used for wet-weather SSOs was
3.50x10° MPN/100mL.

The concentration and flow for each type of SSO event were used in conjunction with the
estimated number of SSO events to determine a daily load from these discharges into the
bayous. These loads and flows were then reduced by a delivery factor, which is a measure
of how many SSO releases actually reach a water body. Although the U.S. EPA SSO Re-
port to Congress (2004) reports a delivery rate of 73 percent, analyses completed in previ-
ous project studies in these watersheds show that 43 percent and 39 percent of the volume
released in an SSO would have the potential to reach Buffalo and Whiteoak Bayous, re-
spectively.
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Table 14. Sanitary Sewer Overflow Summary March 2000 to December 2003

Number of SSOs in Database* Volume (gallons)
Watershed Dry Wet Total Dry Wet Total
Buffalo Bayou Tidal 349 115 464 682,092 325,195 1,007,287
Buffalo Bayou Above Tidal 281 115 396 535,476 226,699 762,175
Reservoirs 0 0 0 0 0 0
Whiteoak Bayou 261 93 354 332,009 127,601 459,610

*Excludes events between June 4, 2001 and June 14, 2001 since they reflect the influence of Tropical
Storm Allison

SSO - Sanitary sewer overflow

Because SSO releases were assumed to occur during both wet and dry weather, the daily
loads presented in Table 15 were adjusted to account for days with precipitation. Houston
has 74 days of precipitation greater than 0.01 during the year according to NOAA statistics
for the rain gauge located at Addicks Reservoir (NOAA 2001). Therefore, the dry-weather
load for the year was divided by 291 days to adjust the loading for dry days only. The wet-
weather load was treated in a similar manner, with the wet-weather load for the year di-
vided by the days of dry weather. These adjustments were necessary to adequately repre-
sent average dry, intermediate, and wet-weather conditions on a daily basis.

Table 15. Estimates of SSO Flow and E. coli Loads

Dry Conditions Intermediate Conditions Wet Conditions

Load to Load to Load to

stream stream Flow to stream

Flow to (Billion Flow to (Billion stream (Billion
Subwatershed | siream (MGD) MPN/day) stream (MGD) MPN/day) (MGD) MPN/day)
1 1.58E-05 2.81000 1.58E-05 2.81000 3.43E-04 4.55000
2 5.38E-06 0.95700 5.38E-06 0.95700 1.82E-04 2.41000
3 9.32E-06 1.66000 9.32E-06 1.66000 3.83E-04 5.08000
4 1.04E-05 1.86000 1.04E-05 1.86000 1.75E-04 2.32000
5 4.27E-05 7.60000 4.27E-05 7.60000 1.02E-03 13.60000
6 1.15E-05 2.04000 1.15E-05 2.04000 1.56E-04 2.06000
7 6.45E-06 1.15000 6.45E-06 1.15000 3.63E-04 4.81000
8 2.87E-06 0.51100 2.87E-06 0.51100 4.03E-05 0.53500
9 3.15E-06 0.56000 3.15E-06 0.56000 5.29E-05 0.70100
10 6.73E-06 1.20000 6.73E-06 1.20000 1.13E-04 1.50000
11 3.25E-06 0.57900 3.25E-06 0.57900 5.46E-05 0.72400
12 1.00E-06 0.17900 1.00E-06 0.17900 1.69E-05 0.22400
13 4.16E-06 0.74000 4.16E-06 0.74000 6.98E-05 0.92600
17 1.04E-05 1.85000 1.04E-05 1.85000 1.82E-04 2.41000
26 1.66E-05 2.96000 1.66E-05 2.96000 1.33E-04 1.77000
Texas Commission on Environmental Quality 41 April 8, 2009




Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

Dry Conditions Intermediate Conditions Wet Conditions

Load to Load to Load to

stream stream Flow to stream

Flow to (Billion Flow to (Billion stream (Billion
Subwatershed | giream (MGD) MPN/day) stream (MGD) MPN/day) (MGD) MPN/day)
27 6.33E-06 1.13000 6.33E-06 1.13000 2.22E-05 0.29500
28 1.08E-06 0.19300 1.08E-06 0.19300 1.82E-05 0.24200
33 7.91E-06 1.41000 7.91E-06 1.41000 2.00E-04 2.65000
34 2.37E-06 0.42200 2.37E-06 0.42200 4.45E-05 0.59000
35 3.95E-07 0.07040 3.95E-07 0.07040 0.00E+00 0.00000
36 9.49E-06 1.69000 9.49E-06 1.69000 2.22E-04 2.95000
37 1.66E-05 2.96000 1.66E-05 2.96000 1.56E-04 2.06000
38 1.23E-05 2.18000 1.23E-05 2.18000 2.45E-04 3.24000
39 1.34E-05 2.39000 1.34E-05 2.39000 2.00E-04 2.65000
40 1.11E-05 1.98000 1.11E-05 1.98000 1.01E-04 1.34000
41 1.04E-05 1.85000 1.04E-05 1.85000 2.02E-05 0.26700
42 1.51E-05 2.68000 1.51E-05 2.68000 2.02E-05 0.26700
43 6.81E-06 1.21000 6.81E-06 1.21000 2.42E-04 3.21000
44 7.51E-06 1.34000 7.51E-06 1.34000 1.33E-04 1.77000
45 1.11E-05 1.97000 1.11E-05 1.97000 4.89E-04 6.49000
46 3.95E-07 0.07040 3.95E-07 0.07040 2.00E-04 2.65000
47 1.58E-06 0.28100 1.58E-06 0.28100 4.45E-05 0.59000
48 2.37E-05 4.22000 2.37E-05 4.22000 2.67E-04 3.54000
49 1.98E-05 3.52000 1.98E-05 3.52000 2.45E-04 3.24000
50 7.51E-06 1.34000 7.51E-06 1.34000 1.11E-04 1.47000
51 1.62E-05 2.89000 1.62E-05 2.89000 6.00E-04 7.96000
52 9.88E-06 1.76000 9.88E-06 1.76000 3.56E-04 4.72000
53 4.74E-06 0.84400 4.74E-06 0.84400 1.11E-04 1.47000
54 4.35E-06 0.77400 4.35E-06 0.77400 1.33E-04 1.77000
55 1.98E-06 0.35200 1.98E-06 0.35200 0.00E+00 0.00000
56 7.91E-07 0.14100 7.91E-07 0.14100 2.22E-05 0.29500
101 1.12E-09 0.00020 1.12E-09 0.00020 1.89E-08 0.00025
102 2.65E-07 0.04720 2.65E-07 0.04720 4.45E-06 0.05900
103 6.62E-08 0.01180 6.62E-08 0.01180 1.11E-06 0.01480
104 4.28E-07 0.07620 4.28E-07 0.07620 7.19E-06 0.09530
105 3.04E-07 0.05410 3.04E-07 0.05410 5.11E-06 0.06770
106 5.50E-07 0.09790 5.50E-07 0.09790 9.24E-06 0.12200
107 2.14E-06 0.38100 2.14E-06 0.38100 3.59E-05 0.47600
108 2.63E-06 0.46900 2.63E-06 0.46900 4.42E-05 0.58600
109 2.31E-06 0.41100 2.31E-06 0.41100 3.88E-05 0.51400
110 5.13E-06 0.91300 5.13E-06 0.91300 8.62E-05 1.14000
111 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
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Dry Conditions Intermediate Conditions Wet Conditions

Load to Load to Load to

stream stream Flow to stream

Flow to (Billion Flow to (Billion stream (Billion
Subwatershed | giream (MGD) MPN/day) stream (MGD) MPN/day) (MGD) MPN/day)
112 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
113 8.06E-06 1.44000 8.06E-06 1.44000 1.36E-04 1.80000
114 4.77E-06 0.84900 4.77E-06 0.84900 8.01E-05 1.06000
115 4.65E-06 0.82700 4.65E-06 0.82700 7.81E-05 1.04000
116 6.06E-07 0.10800 6.06E-07 0.10800 1.02E-05 0.13500
117 2.87E-06 0.51100 2.87E-06 0.51100 4.82E-05 0.63900
118 3.43E-06 0.61000 3.43E-06 0.61000 5.76E-05 0.76300
119 7.00E-06 1.25000 7.00E-06 1.25000 1.18E-04 1.56000
120 4.88E-06 0.86900 4.88E-06 0.86900 8.20E-05 1.09000
121 8.70E-07 0.15500 8.70E-07 0.15500 1.46E-05 0.19400
122 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
123 2.04E-06 0.36300 2.04E-06 0.36300 3.43E-05 0.45500
124 5.01E-07 0.08930 5.01E-07 0.08930 8.43E-06 0.11200
125 1.35E-06 0.24100 1.35E-06 0.24100 2.27E-05 0.30100
126 1.03E-07 0.01830 1.03E-07 0.01830 1.73E-06 0.02290
127 2.04E-10 0.00004 2.04E-10 0.00004 3.42E-09 0.00005
128 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
129 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
130 5.45E-08 0.00970 5.45E-08 0.00970 9.15E-07 0.01210
131 2.11E-06 0.37500 2.11E-06 0.37500 3.54E-05 0.46900
132 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
133 3.73E-06 0.66400 3.73E-06 0.66400 6.26E-05 0.83000
134 1.30E-06 0.23100 1.30E-06 0.23100 2.18E-05 0.28900
135 8.03E-07 0.14300 8.03E-07 0.14300 1.35E-05 0.17900
136 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
137 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
138 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
139 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
140 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
141 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
142 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
143 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
144 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
145 8.48E-08 0.01510 8.48E-08 0.01510 1.43E-06 0.01890
146 6.01E-07 0.10700 6.01E-07 0.10700 1.01E-05 0.13400
147 3.12E-08 0.00555 3.12E-08 0.00555 5.24E-07 0.00695
148 4.89E-06 0.87000 4.89E-06 0.87000 8.21E-05 1.09000
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Dry Conditions Intermediate Conditions Wet Conditions

Load to Load to Load to

stream stream Flow to stream

Flow to (Billion Flow to (Billion stream (Billion
Subwatershed | giream (MGD) MPN/day) stream (MGD) MPN/day) (MGD) MPN/day)
149 1.66E-06 0.29600 1.66E-06 0.29600 2.79E-05 0.37000
150 3.75E-06 0.66700 3.75E-06 0.66700 6.30E-05 0.83500
151 2.23E-06 0.39800 2.23E-06 0.39800 3.75E-05 0.49800
152 1.07E-06 0.19000 1.07E-06 0.19000 1.79E-05 0.23800
153 1.80E-06 0.32000 1.80E-06 0.32000 3.02E-05 0.40100
154 1.86E-08 0.00330 1.86E-08 0.00330 3.12E-07 0.00413
155 6.17E-07 0.11000 6.17E-07 0.11000 1.04E-05 0.13700
156 3.09E-06 0.55000 3.09E-06 0.55000 5.19E-05 0.68800
171 2.37E-06 0.42200 2.37E-06 0.42200 3.99E-05 0.52800
172 3.72E-07 0.06620 3.72E-07 0.06620 6.25E-06 0.08280
173 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
174 2.72E-09 0.00048 2.72E-09 0.00048 4.57E-08 0.00061
175 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
176 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
177 1.24E-07 0.02200 1.24E-07 0.02200 2.08E-06 0.02750
178 0.00E+00 0.00000 0.00E+00 0.00000 0.00E+00 0.00000
180 3.75E-07 0.06680 3.75E-07 0.06680 6.31E-06 0.08360
181 2.77E-06 0.49200 2.77E-06 0.49200 4.65E-05 0.61600
182 4.98E-07 0.08860 4.98E-07 0.08860 8.36E-06 0.11100
183 2.95E-06 0.52400 2.95E-06 0.52400 4.95E-05 0.65600
184 7.45E-07 0.13300 7.45E-07 0.13300 1.25E-05 0.16600
185 5.96E-07 0.10600 5.96E-07 0.10600 1.00E-05 0.13300
186 3.18E-07 0.05660 3.18E-07 0.05660 5.34E-06 0.07080
187 1.24E-07 0.02210 1.24E-07 0.02210 2.08E-06 0.02760
188 6.68E-09 0.00119 6.68E-09 0.00119 1.12E-07 0.00149

mL — milliliter MGD - million gallons per day

MPN - most probable number SSO - sanitary sewer overflow

TPDES Regulated Storm Water

The four TMDL watersheds are covered under the City of Houston/Harris County storm
water discharge permit (TPDES MS4 Permit No. WQ0004685000). Under this storm water
discharge permit, Harris County, Harris County Flood Control District, City of Houston,
and Texas Department of Transportation are designated as co-permittees. Sampling con-
ducted by the co-permittees under provisions of the MS4 permit and sampling conducted
for this project demonstrate that storm water is a significant source of indicator bacteria.
The storm water runoff includes not only MS4 permitted discharges, but also permitted dis-
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charges from industrial facilities and construction sites. The loads from these sources are
combined in the analysis of the wet-weather storm water discharges.

Dry-Weather Discharges/lllicit Discharges

Discharges from storm water conveyances that do not originate from storm water runoff
can contribute indicator bacteria loads to the receiving waters in the four TMDL water-
sheds. These discharges, which are termed dry-weather discharges or illicit discharges, are
unauthorized if the discharges contribute pollutants to an impaired water body that is listed
for that pollutant. Indicator bacteria loads from non-permitted storm water can enter the
streams from permitted outfalls and illicit discharges under both dry and wet-weather con-
ditions. Dry-weather and illicit discharges are regulated under WWTF permits, and where
applicable, under the provisions of an MS4.

Dry-weather discharges through pipes were sampled during 2001 to estimate E. coli loads.
The sampling was conducted along the entire length of the main stem of Buffalo and
Whiteoak Bayous (Figure 9). Sampling was conducted only downstream of the reservoirs
(i.e., at the mouth of the Reservoirs watershed) in Buffalo Bayou. Samples were collected
only during dry conditions, which were roughly defined as a period of at least three or more
days with less than 0.1 inches of rainfall in the immediate sampling area. Samples were
collected on foot in Whiteoak Bayou, while a canoe was used to maneuver down Buffalo
Bayou. Samples from submerged outfalls were not collected since it would be impossible
to determine if dry-weather flows were occurring.

The loads were calculated using measured flow and concentration from the sampling effort.
For the purpose of determining loads, the discharges were assumed to occur only on dry-
weather days. Although the flows may be present during wet-weather conditions, they can-
not be explicitly separated from wet conditions because of the method used to calculate in-
dicator bacteria loading for these conditions.

Using data reported at the Addicks Reservoir rain gauge maintained by NOAA (National
Climatic Data Center 2003), 74 days of the year on average experience rainfall greater than
0.01 inches, and thus dry-weather discharges were assumed to occur during the remaining
291 days. Therefore, the dry-weather load for the year was divided by 291 days to adjust
the loading for dry days only.
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A summary of loads on a subwatershed basis are presented in Table 16. The flows shown
in the table were calculated by summing all dry-weather discharge flows in each subwater-
shed. These total flows per subwatershed in MGD were multiplied by 365 to get a yearly
flow, and then divided by 291, the number of dry days per year. This was done to ensure
dry-weather discharges were only counted on dry-weather days in MGD. The indicator
bacteria loading from dry-weather discharges was calculated as the multiplication of the
measured flow, the measured E. coli concentration, and the number of days in a year (365).
This value was divided by 291 to give the total load on a dry-weather day in MPN/day. The
largest E. coli load was in Subwatershed 43 (Whiteoak Bayou watershed), at 2.21 x 10"
MPN/day. The smallest non-zero load was 7.43x10° MPN/day in Subwatershed 44 Buffalo
Bayou Tidal watershed.

Wet-Weather Storm Water Discharges

Indicator bacteria loading from watershed sources during wet weather can be simulated us-
ing a water quality model or a simple approach using the curve number method (NRCS
1986) and measured E. coli event mean concentrations (EMCs) from local sampling. This
indicator bacteria load accounts for any loading deposited on the watershed by animals, but
does not account for direct deposition into the stream.

The wet-weather condition refers to the conditions in the stream based on the flow duration
curve. In the context of the TMDL, the wet-weather condition is associated with high flow
conditions in the stream, defined as the 70™ percentile or greater. The intermediate condi-
tion is also partially influenced by wet-weather discharges since it is a mixed flow regime
of wastewater discharge and rainfall runoff, and is defined on the flow duration curve as the
region between the 30" and 70™ percentile flows.

Simple flow calculations were based on the curve number method, land use data, and
STATSGO soils data presented in Table 8. Soil cover was generally assumed to be in good
condition, with soil hydrologic group D used to guide curve number selection. In addition,
a typical rainfall condition with 0.59 inches of rain, based on the average between 1943 and
1990 at the NOAA Addicks gauge (National Climatic Data Center 2003), was used to es-
timate runoff for wet-weather conditions. In the context of these calculations, the rainfall
value does not represent a single, specific storm event but rather the average daily rainfall
that would be expected on rainy days during a given year. This is an important considera-
tion because the TMDL must be calculated on a daily basis.

Table 16. Summary of Observed Dry-Weather Regulated Storm Water Discharges

Flow on Dry Day Load on Dry Day
Subwatershed (MGD) (Billion MPN/day)

Whiteoak Bayou Watershed

4 0.00371 0.01110
7 0.01340 0.03790
10 0.02460 1.28000
11 0.01270 0.01790
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Flow on Dry Day Load on Dry Day
Subwatershed (MGD) (Billion MPN/day)

Whiteoak Bayou Watershed (cont’d)

13 0.01060 0.00862
34 0.04100 2.57000
35 0.03720 0.03140
40 0.14100 0.48800
41 0.05710 3.16000
43 0.31600 221.00000
47 0.00054 0.01470

Buffalo Bayou Above Tidal Watershed

44 0.00030 0.00074
45 0.04080 15.50000
39 0.21300 0.25300
42 0.10000 22.40000
50 0.00474 0.14900
52 0.08080 54.80000
53 0.00635 0.13200
54 0.14000 179.00000
55 0.05160 20.60000

MGD - million gallons per day
MPN — most probable number

Loading was estimated for E. coli using EMCs presented in the Storm Water Joint Task
Force Annual Report (2002), a study with local data from the Houston area between 1992-
1993 and 1998-2002. The land use for the EMCs employed in this analysis did not always
match the types of land cover described by H-GAC; thus, assumptions were made to de-
termine the appropriate EMC for each land cover type. Because the collected data were fe-
cal coliform rather than E. coli, the fecal coliform data were converted to E. coli values us-
ing a ratio of the standards. A summary of the data used to calculate a simple flow and load
estimate for wet-weather storm-sewer discharges is presented in Table 17. Wet-weather
loads were assumed to occur only on wet days; thus, the loads were corrected to account
only for the 74 days of rainfall that typically occur in Houston.

Because the instream intermediate condition is a mixed flow regime comprised of WWTF
effluent as well as runoff, wet-weather storm sewer loads were also estimated. The inter-
mediate condition was intended to represent median flow conditions across the watersheds.
Because this flow condition contains some runoff, it was necessary to account for this re-
sidual loading as well. The residual loading was determined by finding the percentage of
wet-weather storm sewer flows needed to reach median flow instream and applying that
same percentage to the wet-weather storm sewer loads. The following presents the calcula-

Texas Commission on Environmental Quality 48 April 8, 2009



Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

tion: wet-weather storm-sewer discharge load times (median flow in the bayou - dry-
weather flow in bayou) divided by the total wet-weather storm-sewer discharge flow.

Loads calculated using the simple approach described in this section are presented in Table
18 for the intermediate and wet-weather scenarios. The largest E. coli load from wet-
weather storm-water discharges occurred in Subwatershed 1 (Whiteoak Bayou watershed),
which has one of the largest drainage areas with a high percentage of low and high-
intensity land uses, with 5.99 x 10** MPN/day. The smallest load was in Subwatershed 142
(Reservoirs watershed) with a load of 1.29 x 10 MPN/day.

Table 17. Summary of Assumptions used for Wet Weather Calculations

Fecal coliform EMC E. coli EMC

Land Use Curve Number (cfu/100mL) (MPN/100mL)

Low Intensity Developed 92 63,357 39,915
High Intensity Developed 96 73,836 46,517
Cultivated 84 43,632 28,118
Grassland 80 43,632 28,118
Woody Land 77 43,632 28,118
Woody Wetlands 0 N/A N/A
Nonwoody wetland 0 N/A N/A
Transitional 94 44,632 28,118

cfu - colony forming units

mL — milliliter

EMC - event mean concentration
MPN — most probable number
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Table 18. Summary of Wet-Weather Regulated Storm Water Discharges

Intermediate Condition Wet-Weather Condition
Subwatershed | £14,, (MGD) (Biﬁi.o?:\lllllsﬁellgay) Flow (MGD) (Biﬁi'o?llxl/l Ilgaellccljay)
1 242 4,090 35.44 60,000
2 192 3,290 28.18 48,200
3 0.84 1,370 12.36 20,000
4 1.84 3,040 26.92 44,500
5 0.42 694 23.95 39,600
6 0.27 446 15.39 25,500
7 0.42 682 6.14 10,000
8 0.19 310 2.79 4540
9 0.66 1,090 9.63 16,000
10 1.03 1,690 15.11 24,800
11 0.38 620 5.56 9100
12 0.17 267 242 3910
13 0.50 809 7.32 11,900
17 0.46 757 6.77 11100
26 5.30 8,840 16.02 26,700
27 3.77 6,410 11.39 19,400
28 0.65 1,060 1.97 3,200
33 4.30 7,360 12.99 22,300
34 0.92 1,430 2.78 4,310
35 4.04 6,700 12.20 20,300
36 0.20 350 11.45 20,000
37 0.17 287 9.52 16,400
38 0.16 277 9.24 15,800
39 5.99 9,910 18.11 30,000
40 0.40 673 5.88 9,870
41 0.66 1,120 9.64 16,500
42 0.67 1,110 9.76 16,300
43 1.43 2,440 20.94 35,800
44 4.66 8,110 14.10 24,500
45 3.77 6,360 11.40 19,200
46 0.08 130 4.30 7,420
47 0.06 108 3.49 6,150
48 0.19 315 10.80 18,000
49 0.25 413 14.22 23,600
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Intermediate Condition Wet-Weather Condition
Subwatershed | £, (MGD) (Bi:EIi'o%Oll\;III;’l?l?gay) Flow (MGD) (BiIIEIi'oCnOII\I/I II;’l?l?gay)
50 3.40 5,890 10.30 17,800
51 3.23 5,500 9.77 16,600
52 4.71 8,130 14.24 24,600
53 6.09 10,400 18.42 31,500
54 3.11 5,270 9.40 15,900
55 4.42 7,500 13.38 22,700
56 4.70 8,020 14.21 24,300
101 0.04 48 0.17 188
102 0.13 215 0.52 851
103 0.70 1,220 277 4,820
104 0.67 1,090 2.64 4,310
105 0.90 1,550 3.56 6,130
106 0.70 1,070 2.78 4,250
107 0.66 1,030 2.60 4,070
108 1.05 1,710 4.15 6,760
109 0.56 892 221 3,530
110 1.53 2,460 6.05 9,720
111 0.31 328 1.22 1,300
112 0.13 141 0.52 556
113 297 4,830 11.74 19,100
114 1.65 2,630 6.52 10,400
115 1.86 3,120 7.34 12,300
116 0.59 931 2.32 3,680
117 0.66 1,040 2.60 4,120
118 0.93 1,480 3.68 5,860
119 1.09 1,700 4.30 6,720
120 0.50 786 1.98 3,100
121 0.98 1,100 3.86 4,350
122 0.12 131 0.49 518
123 0.40 627 1.56 2,480
124 1.20 1,930 4.72 7620
125 1.50 2,480 5.93 9,800
126 0.90 1,370 3.56 5,420
127 0.33 407 1.32 1,610
128 0.55 747 2.18 2,950
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Intermediate Condition Wet-Weather Condition
Subwatershed | £, (MGD) (Bi:EIi'o%Oll\;III;’l?l?gay) Flow (MGD) (BiIIEIi'oCnOII\I/I II;’l?l?gay)
129 0.14 207 0.56 816
130 0.44 631 1.72 2,490
131 0.56 894 2.20 3,530
132 0.10 110 0.41 435
133 2.80 4,670 11.08 18,400
134 0.56 768 2.20 3,040
135 1.60 2,570 6.32 10,100
136 0.28 482 112 1,900
137 0.29 467 1.16 1,850
138 0.41 641 161 2,530
139 0.38 496 1.50 1,960
140 0.22 301 0.85 1,190
141 1.49 1,920 5.87 7,600
142 0.03 33 0.12 129
143 1.64 2,570 6.48 10,100
144 0.40 439 1.59 1,730
145 1.18 1,730 4.65 6,850
146 0.44 733 1.75 2,890
147 0.03 36 0.11 141
148 2.15 3,400 8.51 13,400
149 0.34 582 1.36 2,300
150 0.56 864 2.20 3,420
151 0.67 1,070 2.64 4,250
152 0.99 1,680 3.92 6,630
153 0.87 1,410 3.45 5,560
154 0.15 252 0.60 996
155 0.45 734 1.78 2,900
156 3.11 4,970 12.29 19,700
171 1.24 1,940 4.89 7,680
172 0.39 584 1.55 2,310
173 0.06 62 0.23 243
174 0.10 164 0.39 649
175 0.18 311 0.72 1,230
176 0.38 593 1.49 2,340
177 0.09 148 0.36 584
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Intermediate Condition Wet-Weather Condition
Subwatershed | £, (MGD) (BiIIEIi'o‘:r?ll\I/III:_’l?l?gay) Flow (MGD) (BiIIEIi'oCnOII\I/I ;ﬁl?gay)
178 1.07 1,550 424 6,130
180 0.10 170 0.39 673
181 0.88 1,420 3.46 5,600
182 0.19 313 0.74 1,240
183 1.01 1,670 4.00 6,610
184 0.23 405 0.92 1,600
185 0.16 261 0.61 1,030
186 0.09 157 0.36 621
187 0.09 114 0.35 449
188 0.24 326 0.95 1,290

Nonpoint Sources

Sources of indicator bacteria loads that are not regulated are called nonpoint sources. Be-
cause all of the watersheds are covered under an MS4 permit, nonpoint source pollutants
are those that enter the impaired stream directly. There are two nonpoint sources in the
TMDL watersheds—onsite sewage facilities and direct deposition. In addition to these
nonpoint sources, sediment resuspension of indicator bacteria contributes a load to the bay-
ous. Although sediment resuspension loads are not external loads, they are included in the
load allocation because all of the identified sources contribute loads to the sediment. By
decreasing all of these loads, the indicator bacteria load for the sediments will also de-
crease.

Onsite Sewage Facilities

Onsite sewage facilities (OSSFs) can be a source of indicator bacteria loading to streams
and rivers. Indicator bacteria loading from failing OSSFs can be transported to streams in a
variety of ways, including runoff from surface discharge to the receiving waters or from
transport by storm water runoff.

Over time, most OSSFs operating at full capacity will fail. OSSF failures are proportional
to the adequacy of a state’s minimum design criteria (Hall 2002). The 1995 American
Housing Survey conducted by the U.S. Census Bureau estimates that nationwide, 10 per-
cent of occupied homes with OSSFs experience malfunctions during the year (U.S. Census
Bureau 1995). A study conducted by Reed, Stowe, & Yanke, LLC (2001) reported that ap-
proximately 13 percent of the OSSFs in Texas were chronically malfunctioning. Most stud-
ies estimate that the minimum lot size necessary to ensure against contamination is roughly
one-half to one acre (Hall 2002). Some studies, however, found that lot sizes in this range
or even larger could still cause contamination of ground or surface water (University of
Florida 1987). It is estimated that areas with more than 40 OSSFs per square mile (6.25
septic systems per 100 acres) can be considered to have potential contamination problems
(Canter and Knox 1985).
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Harris County provided a database from an inventory of open discharge of sewage effluent
into roadside ditches. These data were evaluated only to determine if failing septic systems
were identified in subwatersheds entirely covered by municipal utility districts (MUDs).
Failing septic systems located in subwatersheds that are more than 99 percent covered by
MUDs were excluded from the analysis. These systems were assumed to have been ad-
dressed by connecting to the MUD sanitary system (Figure 10).

The number of septic systems for regions outside of Harris County was calculated using the
average failing septic system density, calculated as the total number of failing septic sys-
tems in the project area divided by the area of the project watershed. The calculated septic
density was 7.34x107 septic systems/acre. The new failing septic system inputs are pro-
vided in Table 19. The Reservoirs watershed has the largest number of failing septic sys-
tems, as would be expected since it is more rural.

The flow and indicator bacteria loads associated with failing septic systems are presented in
Table 20. The flow from OSSFs per subwatershed were calculated by multiplying the num-
ber of failing septic systems, number of individuals per household, delivery rate, and waste-
water production per person per day in MGD to yield the flow in MGD. The OSSF E. coli
load per subwatershed was determined by multiplying the OSSF flow per subwatershed
and the E. coli concentration assumed for wastewater to yield the indicator bacteria load in
MPN/day.

The highest OSSF loads occur in Subwatershed 1 located in the Whiteoak Bayou water-
shed and in the Reservoirs watershed in Subwatershed 105, both with a loading of
7.06x10™ MPN/day.
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Table 19. Estimated Failing Septic Systems Loads in the TMDL Watersheds

E. coli E. coli
(Billion Flow (Billion Flow
Subwatershed MPN/day) (MGD) Subwatershed MPN/day) (MGD)
Buffalo Bayou Above Tidal Watershed Reservoirs Watershed, cont.

26 0 0 116 0 0
27 0 0 117 0 0

28 0 0 118 221 0.000122
33 0 0 119 0 0
34 0 0 120 0 0
35 3.07 0.000017 121 0 0
39 0 0 122 0 0
44 0 0 123 0 0
45 0 0 124 0 0
50 0 0 125 0 0
51 0 0 126 0 0
52 0 0 127 0 0
53 0 0 128 0 0
54 0 0 129 0 0
55 0 0 130 0 0
56 0 0 131 0 0
Buffalo Bayou Tidal Watershed 132 0 0

5 0 0 133 0.218 0.000001
6 0 0 134 0 0

36 0 0 135 0.807 0.000004

37 0 0 136 12.3 0.000068

38 0 0 137 0.258 0.000001

46 0 0 138 5.84 0.000032

47 0 0 139 6.21 0.000034
48 0 0 140 0 0
49 0 0 141 0 0
Whiteoak Bayou Watershed 142 0 0
1 70.6 0.000391 143 0 0
2 0 0 144 0 0
3 0 0 145 0 0
4 34 0.000188 146 0.00419 0
7 0 0 147 0 0
8 0 0 148 0 0

9 0 0 149 1.15 0.000006

10 0 0 150 0.233 0.000001
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E. coli E. coli
(Billion Flow (Billion Flow
Subwatershed MPN/day) (MGD) Subwatershed MPN/day) (MGD)
Whiteoak Bayou Watershed , cont. Reservoirs Watershed, cont.

11 0 0 151 0.935 0.000005
12 0 0 152 0 0
13 0 0 153 0 0
17 0 0 154 0 0
40 0 0 155 0 0
41 0 0 156 0 0
42 0 0 171 0 0
43 0 0 172 0 0

Reservoirs Watershed 173 0 0
101 0 0 174 0 0
102 0 0 175 0 0
103 0 0 176 0 0
104 0 0 177 0 0
105 70.6 0.000391 178 0 0
106 0 0 180 0.199 0.000001
107 0 0 181 1.03 0.000006
108 17.7 0.000098 182 0 0
109 0 0 183 1.87 0.00001
110 0 0 184 0 0
111 0 0 185 0 0
112 0 0 186 0 0
113 0 0 187 0.0659 0
114 0 0 188 3.56 0.00002
115 0 0
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Table 20. Septic System Flow and Loading

E. coli E. coli
(Billion (Billion
Subwatershed MPN/day) Flow (MGD) Subwatershed MPN/day) Flow (MGD)

Buffalo Bayou Above Tidal Watershed Reservoirs Watershed, cont.

26 0 0 116 0 0

27 0 0 117 0 0

28 0 0 118 221 0.000122

33 0 0 119 0 0

34 0 0 120 0 0

35 3.07 0.000017 121 0 0

39 0 0 122 0 0

44 0 0 123 0 0

45 0 0 124 0 0

50 0 0 125 0 0

51 0 0 126 0 0

52 0 0 127 0 0

53 0 0 128 0 0

54 0 0 129 0 0

55 0 0 130 0 0

56 0 0 131 0 0
Buffalo Bayou Tidal Watershed 132 0 0

5 0 0 133 0.218 0.000001

6 0 0 134 0 0

36 0 0 135 0.807 0.000004

37 0 0 136 12.3 0.000068

38 0 0 137 0.258 0.000001

46 0 0 138 5.84 0.000032

47 0 0 139 6.21 0.000034

48 0 0 140 0 0

49 0 0 141 0
Whiteoak Bayou Watershed 142 0 0

1 70.6 0.000391 143 0 0

2 0 0 144 0 0

3 0 0 145 0 0

4 34 0.000188 146 0.00419 0

7 0 0 147 0 0

8 0 0 148 0 0
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E. coli E. coli
(Billion (Billion
Subwatershed MPN/day) Flow (MGD) Subwatershed MPN/day) Flow (MGD)
Whiteoak Bayou Watershed, cont. Reservoirs Watershed, cont.
9 0 0 149 1.15 0.000006
10 0 0 150 0.233 0.000001
11 0 0 151 0.935 0.000005
12 0 0 152 0 0
13 0 0 153 0 0
17 0 0 154 0 0
40 0 0 155 0 0
41 0 0 156 0 0
42 0 0 171 0 0
43 0 0 172 0 0
Reservoirs Watershed 173 0 0
101 0 0 174 0 0
102 0 0 175 0 0
103 0 0 176 0 0
104 0 0 177 0 0
105 70.6 0.000391 178 0 0
106 0 0 180 0.199 0.000001
107 0 0 181 1.03 0.000006
108 17.7 0.000098 182 0 0
109 0 0 183 1.87 0.00001
110 0 0 184 0 0
111 0 0 185 0 0
112 0 0 186 0 0
113 0 0 187 0.0659 0
114 0 0 188 3.56 0.00002
115 0 0

MGD - million gallons per day
MPN - most probable number

Direct Deposition

The bayou and its surrounding area provide a good habitat for many types of wildlife, such
as waterfowl, raccoon, and other mammals, whose protection and management are under
the jurisdiction of the Texas Parks and Wildlife Department. Other unmanaged mammals
not under the jurisdiction of the Texas Parks and Wildlife Department can be sources of
indicator bacteria. Direct deposition does not include loading deposited on the watershed
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that is carried via runoff to the bayous during rainfall events. These loads are accounted for
in the regulated storm water discharge portion of the load.

Densities for several bird species likely to inhabit the watersheds were estimated using the
reference Birds of North America. Reported estimates are provided in Table 21, along with
estimated population densities of other species of waterfowl known to inhabit the water-
shed. For species without population densities, population density was estimated as the av-
erage of the known population densities. The percentage contribution from the waterfowl
was assumed to be 50 percent, based on the assumption that the birds nest and sleep away
from the stream 50 percent of the time.

Bridge crossings over major tributaries that provide roosting places where feral rock pi-
geons nest are also included as a source of direct deposition. Observations suggested that
the birds roosted only on bridge supports that run parallel to the bayous. Therefore, bridge
locations were determined using data exported from the Tropical Storm Allison Recovery
Project (TSARP) Hydrologic Engineering Center — River Analysis System (HEC-RAS)
models. Bridges included in this analysis were limited to those 50 feet in width or greater,
because smaller bridges typically have support systems that appear to prevent roosting di-
rectly over the bayou. Therefore, for narrow sections of the bayou (i.e., Whiteoak Bayou
and the Reservoirs watershed in Upper Buffalo Bayou) it was assumed that two supports
might be located close enough to the bayou for the birds to contribute to direct deposition
loading. For the wider sections (i.e., segments 1013 and 1014 in lower Buffalo Bayou), a
total of three supports was conservatively assumed to be within the buffer zone that could
contribute direct deposition loading. The feral rock pigeons were assumed to roost with one
foot of spacing between the birds.

Calculation of the number of birds per bridge was determined as the number of bridge sup-
ports over the water multiplied by the width in feet, divided by the number of birds per
foot. Bacteria loading from feral rock doves was estimated using the same E. coli produc-
tion value as for waterfowl. The loading was calculated by multiplying the number of
bridges in a subwatershed, the number of feral rock doves on the bridge, and the fecal pro-
duction rate to yield the bridge-crossing direct deposition loading in MPN/day.

In addition to birds and waterfowl direct deposition in the bayou, an estimate of mammals
that might be found near the water was included in the direct deposition estimate. This es-
timate included deer, opossum, raccoon, and rodents. The density of animals was assumed
to be 3.5 animals per stream buffer acre, based on estimates reported from the Orange
County Bacteria TMDL (TCEQ 2007) for wetland land uses. Dogs were also included in
the direct deposition calculations. The American Veterinary Medicine Association esti-
mates approximately 0.58 dogs per household in the U.S. Using these data coupled with
watershed-specific population, housing size, and area gives an overall dog density of 0.53
dogs per acre. This density was adjusted to reflect the amount of watershed that is covered
by areas not suitable for recreation with dogs, such as wetlands and cultivated land uses, to
a final density of 0.41 dogs per acre of watershed.

Loading for these mammals was estimated using fecal bacteria deposition rates reported in
the literature. The value used for calculations was 2.03 x 10° MPN/day per animal. The
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mammal direct deposition load was calculated as the multiplication of stream length,
stream width, mammal density, and fecal production rate to yield the mammalian direct
deposition loading in MPN/day. It was assumed that these animals would spend only 5 per-
cent of their time in or near to the bayou.

The indicator bacteria loads associated with direct deposition are presented in Table 22.
The loads presented in the table are the sum of direct deposition from waterfowl, feral rock
pigeons, and mammals. The watershed with the highest overall direct deposition load is in
Subwatershed 26 with a load of 2.47 X 10" MPN/day, reflecting the large number of
bridges in the watershed. The watershed with the least amount of direct deposition loading
from indicator bacteria is Subwatershed 105, located in the Reservoirs watersheds.

Table 21. Bird Species and Estimated Densities

Population Density Percent
Species of Birds (pairs/acre) Contribution
American Pigeon 0.000294 50%
Barn Swallow 0.000294 50%
Black Bellied Whistling Duck 0.000294 50%
Black-crowned Night Heron 0.000294 50%
Blue Winged Teal 0.000294 50%
Blue-gray Gnatcatcher 0.000294 50%
Cackling Goose 0.000294 50%
Canada Goose 0.000294 50%
Canvashack 0.000294 50%
Cinnamon Teal 0.000294 50%
Double-crested Cormorant 0.000294 50%
Duck 0.000294 50%
Fulvours Whistling Duck 0.000294 50%
Gadwall 0.000294 50%
Golden-crowned Kinglet 0.000294 50%
Great Blue Heron 0.000827 50%
Great Egret 0.000608 50%
Green Heron 0.000294 50%
Green-winged Teal 0.000294 50%
Hooded Merganser 0.000294 50%
Lesser Grebe 0.000294 50%
Lesser Scaup 0.000294 50%
Little Blue Heron 0.000294 50%
Mallard 0.000294 50%
Mottled Duck 0.000294 50%
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Population Density Percent

Species of Birds (pairs/acre) Contribution
Neotropic Cormorant 0.000057 50%
Northern Pintail 0.000294 50%
Northern shoveler 0.000294 50%
Pled-billed Grebe 0.000294 50%
Redhead Duck 0.000294 50%
Ring-necked Duck 0.000294 50%
Roseate Spoonbill 0.000033 50%
Ross's Goose 0.000294 50%
Ruby-crowned Kinglet 0.000294 50%
Snow Goose 0.000294 50%
Tricolored Heron 0.000294 50%
White Ibis 0.000028 50%
White-faced Ibis 0.000215 50%
Wood Duck 0.000294 50%
Yellow Crowned Night Heron 0.000294 50%

Table 22. Calculated Loads from Direct Deposition

Sub- E. coli (Billion Sub- E. coli (Billion
watershed MPN/day) watershed MPN/day)
Buffalo Bayou Above Tidal Watershed Reservoirs Watershed, cont.
26 24.7 116 0.534
27 12.9 117 7.64
28 3.29 118 8.07
33 20.9 119 116
34 3.79 120 6.65
35 4.37 121 7
39 16.9 122 1.05
44 1.63 123 1.89
45 13.3 124 2.63
50 8.56 125 3.77
51 2.06 126 1.07
52 221 127 15.2
53 12.7 128 5.3
54 11.3 129 3.79
55 6.05 130 7.9
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Sub- E. coli (Billion Sub- E. coli (Billion
watershed MPN/day) watershed MPN/day)
Buffalo Bayou Tidal Watershed Reservoirs Watershed, cont.
56 6.62 131 4.96
5 6.02 132 7.25
6 5.2 133 2.56
36 6.72 134 3.72
37 10.7 135 7.71
38 4.36 136 2.67
46 5.67 137 3.07
47 12.5 138 5.71
48 8.75 139 2.55
49 5.5 140 1.25
Whiteoak Bayou Watershed 141 7.25
1 18.7 142 5.75
2 17.2 143 14.3
3 5.53 144 11.8
4 16.8 145 7.23
7 8.89 146 2.49
8 3.2 147 1.46
9 9.32 148 4.52
10 6.36 149 5.75
11 29 150 5.34
12 3.08 151 1.3
13 6.57 152 7.7
17 7.4 153 4.82
40 6.65 154 9.03
41 7.84 155 2.94
42 3.89 156 2.38
43 7.29 171 6.76
Reservoirs Watershed 172 4.15
101 6.23 173 4.27
102 2.25 174 3.48
103 2.59 175 2.89
104 7.37 176 6.88
105 0.375 177 2.04
106 9.33 178 10.6
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Sub- E. coli (Billion Sub- E. coli (Billion
watershed MPN/day) watershed MPN/day)
Reservoirs Watershed, cont. Reservoirs Watershed, cont.
107 7.35 180 0.672
108 7.52 181 4.29
109 1.34 182 1.73
110 8.64 183 1.53
111 5.81 184 0.731
112 4.27 185 3.37
113 9.84 186 0.494
114 2.58 187 0.395
115 3.65 188 12.5

MPN — most probable number

Sediment Resuspension

Sampling conducted in 2001 and 2002 showed that sediments on the beds of the bayous
exhibit high concentrations of E. coli (Table 23). These sediments can be resuspended
when shear stress exerted on the stream bed exceeds the critical shear stress for incipient
motion. This scouring results in stream sediment with associated indicator bacteria being
resuspended, and thus contributing to the overlying water concentrations of E. coli. Al-
though these indicator bacteria loads are not external loads, they are included in the load
allocation because all of the identified sources contribute loads to the sediment. By decreas-
ing all of these loads, the indicator bacteria load for the sediments will also decrease.

Factors influencing the bed shear stress include the density of sediment particles, the di-
ameter of sediment particles, and the consolidation of the streambed. Based on work con-
ducted by Hjulstrom in 1935, typical velocities that cause streambed erosion exceed 2.95
ft/s for clay-sized (d < 0.004 mm) particles.
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Table 23. Summary of Sediment Sampling

Buffalo Bayou Above Tidal (1014) Whiteoak Bayou (1017)
E. coli Geomean E. coli Geomean

Intersection* (MPN/100mL sediment) Intersection* (MPN/100mL sediment)
Fry 585 Deihl 69,426
Westheimer 33,334 Beltway 8 21,405
Highway 6 12,253 W Little York 41,478
Eldridge 78,267 Tidwell 31,137
Kirkwood 115,044 Houston 232,179
Wilcrest 201,101
Beltway 8 48,961
Piney Point 107,100
Voss 78,076
IH610 41,163
Westcott 25,042
Shephard 76,035

* - name of intersecting highway or street
MPN — most probable number

Although sediment studies have been conducted, site-specific scour rates are not available
for the Houston area. Therefore, E. coli resuspension rates measured in Jamieson et. al.,
2005) were used. This study noted scour rates of indicator bacteria between 8,200 and
15,000 cfu/m?/s, with the average resuspension rate of 11,400 cfu/m?/s.

By multiplying the occurrence of resuspension flows, sediment scour rates, and estimates
of bayou width and stream lengths, the resuspension E. coli load was calculated as shown
in Table 24. Because loading is a function of stream width and length, the streams with the
largest stream surface area exposed to bed sediment will consequently have the largest bed
sediment contribution. The subwatershed with the largest contribution is Subwatershed
127, with a contribution of 4.96 x 10" MPN/day. The subwatershed with the smallest non-
zero contribution is Subwatershed 35, with a loading of 1.74 x 10'° MPN/day.
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Table 24. Calculated E. coli Loads from Resuspension

Resuspension Loads Resuspension Loads
Subwatershed (Billion MPN/day) Subwatershed (Billion MPN/day)
Buffalo Bayou Above Tidal Watershed Reservoirs Watershed, cont.
26 477 116 174
27 392 117 2270
28 145 118 2420
33 393 119 3130
34 167 120 1950
35 174 121 2280
39 394 122 342
44 71.9 123 400
45 499 124 857
50 202 125 1230
51 90.5 126 348
52 360 127 4960
53 473 128 1730
54 322 129 1240
55 179 130 2580
56 29 131 1620
Buffalo Bayou Tidal Watershed 132 2370
5 484 133 187
6 544 134 780
36 121 135 2080
37 121 136 870
38 104 137 786
46 162 138 1860
47 115 139 831
48 210 140 406
49 242 141 2370
Whiteoak Bayou Watershed 142 1880
1 1370 143 4680
2 1590 144 3860
3 0 145 2360
4 1220 146 812
7 589 147 477
8 384 148 1260
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Subwatershed

Resuspension Loads
(Billion MPN/day)

Subwatershed

Resuspension Loads
(Billion MPN/day)

Whiteoak Bayou W

atershed, cont.

Reservoirs Watershed, cont.

MPN — most probable number

Linkage Analysis

Establishing the relationship between instream water quality and the source of loadings is
an important component in developing a TMDL. It allows for the evaluation of manage-
ment options that will achieve the desired endpoint. The relationship may be established

through a variety

of techniques.

9 958 149 1010
10 523 150 1310
11 268 151 425
12 369 152 1860
13 470 153 1570
17 570 154 2950
40 0 155 960
41 0 156 561
42 0 171 2200
43 0 172 922

Reservoirs Watershed 173 1390
101 2030 174 1130
102 735 175 941
103 844 176 2240
104 1970 177 664
105 122 178 3450
106 3040 180 219
107 2400 181 1400
108 2240 182 348
109 438 183 284
110 2380 184 238
111 1890 185 883
112 1390 186 161
113 2780 187 129
114 625 188 4060
115 973
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Generally, if high indicator bacteria concentrations are measured in a water body at low to
median flow in the absence of runoff events, the main contributing source is probably point
sources. During ambient flows, these constant inputs to the system will increase pollutant
concentrations depending on the magnitude and concentration of the sources. As flows in-
crease in magnitude, the impact of point sources is typically diluted, and would therefore be
a smaller part of the overall concentrations.

Indicator bacteria contributions from nonpoint sources are greatest during runoff events.
Rainfall runoff, depending on the severity of the storm, has the capacity to carry indicator
bacteria from the land surface into the receiving stream. Generally, this loading follows a
pattern of low concentration in the water body just before the rain event, followed by a
rapid increase in indicator bacteria concentrations in the water body as the first flush of
storm runoff enters the receiving stream, and then a gradual decrease as the runoff contin-
ues. Over time, two factors reduce the concentration in storm water runoff. First, the
sources of indicator bacteria are attenuated as runoff washes them from the land surface.
Secondly, the increasing volume of water in the receiving stream has a diluting effect on
instream indicator bacteria concentrations.

Three methods of analysis were used for analyzing indicator bacteria loads, instream water
quality, and load reductions—Load Duration Curve (LDC) analyses, a mass balance analy-
sis using Bacteria Load Estimation Spreadsheet Tool (BLEST), and an Hydrologic Simula-
tion Program Fortran (HSPF) analysis for simulation of watershed hydrology and water
quality.

Load Duration Curve Analysis

Load duration curves are similar in appearance to flow duration curves; however, the y-axis
is expressed in terms of an indicator bacteria load in MPN/day. The curve represents the
single-sample water quality criterion for E. coli (394 MPN/100 mL), expressed in terms of
a load through multiplication by the flows historically observed at this site. The basic steps
to generate an LDC involve:

= preparing flow duration curves (FDC) for gauged sampling locations;

= estimating existing indicator bacteria loading in the receiving water using ambient
water quality data; and

= interpreting LDCs to derive TMDL elements—Waster Load Allocation (WLA),
Load Allocation (LA), Margin of Safety (MOS) , and percent reduction goals.

The flow exceedance frequency (x-value of each point) is obtained by determining the per-
cent of historical observations that equal or exceed the measured or estimated flow. His-
torical observations of indicator bacteria concentration are paired with flow data and are
plotted on the LDC. The indicator bacteria load (y-value of each point) is calculated by
multiplying the indicator bacteria concentration (MPN/100mL) by the instantaneous flow
(cubic feet per second) at the same site and time, with appropriate volumetric and time unit
conversions. Indicator bacteria loads that exceed water quality criteria fall above the crite-
rion line.
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LDCs display the maximum allowable load over the complete range of flow conditions by
a line, using the calculation of flow multiplied by the water quality criterion. Using LDCs,
a TMDL can be expressed as a continuous function of flow equal to the line, or as a dis-
crete value derived from a specific flow condition.

The flow data and indicator bacteria data used to develop LDCs were from the USGS flow
gauges in the TMDL watersheds and the closest TCEQ indicator bacteria sampling loca-
tions (Figure 11). Data collected by the TCEQ during routine monitoring from January 1,
2001 through September 30, 2003, were used to develop the LDCs. Only one data point
was collected for station 11155, so this station was excluded from LDC development.

Load Duration Curve Analysis Results

Three flow regimes were classified on the load duration curve, with dry condition flows
defined as between the 0 and 30™ percentiles, intermediate conditions between the 30" and
70™ percentiles, and the wet condition as the 70™ percentile or higher. The medians of the
observed loads were calculated for each of the three flow regimes and plotted on Figures 12
through 17 as a red line.

The observed data are typically above the load duration curve under wet, intermediate, and
dry conditions. For locations above the Addicks and Barker Reservoirs (i.e., TCEQ moni-
toring locations 17484, 17482, and 17492), exceedances of the TMDL were observed less
often than exceedances of the TMDL below the reservoirs (11362 and 11360). Ex-
ceedances of the TMDL in Whiteoak Bayou (11387) are similar in magnitude to Buffalo
Bayou.

Mass Balance Analysis

A mass balance analysis was conducted using the Bacteria Load Estimator Spreadsheet
Tool (BLEST), which was developed to determine indicator bacteria loads on segment-by-
segment for the four TMDL watersheds. BLEST is designed to calculate or estimate the
indicator bacteria loads and load reductions for each segment needed to attain the water
quality standard for the segment. BLEST estimates load reductions for a fixed time interval
and a given segment and does not incorporate the temporal variations associated with
pathogen loads. It does, however, allow an evaluation of loads by subwatershed (Figure 6).

The indicator bacteria sources included in BLEST are divided into the waste load allocation
(permitted sources), the load allocations (non-permitted sources), and the margin of safety.
The waste load allocation sources include:

= wastewater treatment plant discharges
= storm water discharges (including discharges from MS4, industrial, and construc-
tion storm water permits).

Sources included in the load allocation include:

= septic system discharges;
= sediment resuspension from the stream bed
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= nonpoint source direct input to the bayou via birds, wildlife, and other non-
managed animals
= net die-off, settling, and other unaccounted-for processes.

For each source, a load associated with dry, intermediate, and wet weather was calculated.
Dry-weather loads are defined as those present in the bayou when the bayou flow is close
to that maintained solely by WWTF effluent. This represents a dry-weather condition with
no influent or runoff from the watersheds. Typical travel times in the bayou are on the or-
der of 5-7 days, but it may take considerably longer for all traces of runoff pollutants to exit
the bayous.

The intermediate condition was assumed to be representative of median flow. The median
flow in the bayou is 10-20 MGD higher than the dry condition described above. The differ-
ence between the two can be ascribed to small rain events and residual runoff from recent
rain events. Therefore, the intermediate condition incorporates some effects of runoff into
load calculations.

The wet-weather condition reflects flows received at the peak of a typical Houston rainfall
event. Therefore, the wet-weather condition implemented in BLEST incorporates indicator
bacteria sources that may be acting only under high-flow conditions, such as bed sediment
resuspension.

The loads for the three different conditions are determined using data collected for this pro-
ject. When actual data were not available, literature values were used to calculate indicator
bacteria loading.

Some indicator bacteria sources are associated with specific flow conditions. For example,
dry-weather storm-sewer discharge loads or dry-weather SSO discharge loads are specifi-
cally defined as loads that are outside the influence of runoff conditions. Direct deposition
loads would generally be expected under dry or intermediate conditions as well, since ani-
mals typically take shelter in inclement conditions. Sediment resuspension, wet-weather
SSOs, or wet-weather storm water discharge loads, on the other hand, are expected during
periods of high flow that might follow a large runoff event. Finally, WWTF loads are con-
stantly discharging into the bayou during both wet and dry conditions, although loading
from the plants is assumed to be related to flow condition.

BLEST was compared to available water quality data between 2001 and 2003 using box
plots. The BLEST flows and loads generally were consistent with the observations, but
there were occasions when the BLEST flows and loads were at the extreme low or high end
of the observations.

Load allocation values are negative because they include the capacity gained from die-off,
settling, and other processes. The load from these processes is much greater than that from
the other LA sources and thus it is negative.
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Mass Balance Analysis Results

Reservoirs Watershed

In the reservoirs segments, the total instream load estimated from sources acting under dry
weather was 1,331.22 billion MPN/day, as shown in Table 25. The TMDL target, also the
same as the contact recreational target, is calculated as the estimated flow multiplied by the
water quality standard. The target is 98.16 billion MPN/day, about one order of magnitude
less than the load estimated in the stream. The dry-weather total load reflects the sum of
dry-weather WWTF discharges, SSOs, dry-weather storm sewer flows, OSSFs, and direct
deposition, as well as losses associated with die-off, settling, and other processes. The ma-
jority of the E. coli loading in this segment under dry-weather conditions stems from
WWTF discharges. Because the Reservoirs watershed is the headwaters of Buffalo Bayou,
there are no upstream sources of indicator bacteria loading.

Under intermediate conditions, the calculated load was determined to be 19,676.24 billion
MPN/day, while the TMDL target was 353.08 billion MPN/day. The intermediate condi-
tions reflect the sum of wastewater (which has been simulated with increased flow because
of inflow and infiltration in the collection system), SSO, dry and wet-weather storm sewer
discharge, OSSF, and direct deposition loads, as well as losses associated with die-off, set-
tling, and other processes. During intermediate conditions, residual loading from wet-
weather storm-sewer discharges is the largest contributor to E. coli loads.

Finally, during wet-weather conditions that represent a typical rainy day in Houston, based
on the flow duration curve, the total estimated indicator bacteria load was 98,255.36 billion
MPN/day. The TMDL target was calculated to be 1,096.73 billion MPN/day. The sources
acting under wet weather include WWTFs (which are assumed to have increased flows from
infiltration and inflow as well as biosolid releases), wet-weather discharges from storm sew-
ers, septic systems, bed sediment resuspension, and losses associated with die-off, settling,
and other unaccounted processes. Wet-weather loads, followed by bed sediment resuspen-
sion, are the largest contributor to indicator bacteria loading in the Reservoirs watershed.

Buffalo Bayou Above Tidal Watershed

The BLEST output for Segment 1014, shown here in Table 26, is calculated similarly to the
output presented for the Reservoirs watershed segments. The one primary difference be-
tween the two segments is that Segment 1014 reflects the influence of upstream inputs
from the Reservoirs watershed, included in the Upstream Sources block of the BLEST out-
put.

Under dry-weather conditions, indicator bacteria loading for Segment 1014 was estimated
to be 1,437.82 billion MPN/day. The TMDL target is calculated to be 186.94 billion
MPN/day. The TMDL target is an increase of 88.78 billion MPN/day from the Reservoirs
watershed to the Buffalo Bayou Above Tidal watershed. Estimated E. coli loads under in-
termediate conditions were calculated to be 43,634.34 billion MPN/day, with a target load
of 747.05 billion MPN/day. Finally, wet-weather flow conditions were calculated to have
an E. coli load of 171,349.99 billion MPN/day. The TMDL target load was calculated to be
2,101.84 billion MPN/day.
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Buffalo Bayou Tidal Watershed

Output for the Buffalo Bayou Tidal watershed for BLEST is presented in Table 27. Under
dry-weather conditions, indicator bacteria loading for Segment 1013 was estimated to be
1,457.91 billion MPN/day, just slightly higher than the dry-weather load for Segment 1014.
This is because there are no WWTF discharges in this segment. The TMDL target was cal-
culated to be 186.94 billion MPN/day.

Under intermediate conditions, instream indicator bacteria loads were calculated to be
44,328.07 billion MPN/day, with the primary source of loading being residual wet-weather
loads. The TMDL target was calculated to be 755.60 billion MPN/day, almost two orders
of magnitude less than the calculated instream load.

Finally, under wet-weather conditions, the instream load for Segment 1013 was determined
to be 210,317.91 billion MPN/day, while the contact recreation target was 2,590.16 billion
MPN/day. The majority of the instream loading was derived from wet-weather storm-sewer
discharges associated with regulated storm water discharges.

Whiteoak Bayou Watershed

The BLEST output for the Whiteoak Bayou watershed is presented in Table 28. As shown
in the table, dry-weather instream E. coli loads were calculated as 122.49 billion MPN/day,
with the largest source of indicator bacteria loading associated with dry-weather storm-
sewer discharges. The TMDL target load was determined to be 98.79 billion MPN/day.
WWTF loads in the Whiteoak Bayou watershed are lower than those observed in the Res-
ervoirs watershed segments, but greater than those observed in Segments 1013 and 1014.

Under intermediate conditions, instream indicator bacteria loads were calculated to be
5,334.25 billion MPN/day. The TMDL target was determined to be 170.34 billion
MPN/day, more than one order of magnitude less than the instream load. The largest source
of loading in intermediate stream flow conditions is residual loading from wet-weather
sources, similar to Buffalo Bayou Above Tidal.

Finally, for wet-weather conditions, the largest source of indicator bacteria loading is storm
sewer discharges, which contribute the majority of the instream load of 78,351.69 billion
MPN/day. The TMDL target for wet-weather conditions is several orders of magnitude
lower, at 1,083.66 billion MPN/day.
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Table 25. BLEST Output for Reservoirs watershed

Instream Flow Condition Based on Flow Duration Curve

Dry Intermediate Wet
(< 30™ percentile) (30" - 70" percentile) (> 70" percentile)
. Load (billion Load (billion Load (billion

E. coli Sources Flow (MGD) MPN/day) Flow (MGD) MPN/day) Flow (MGD) MPN/day)
Waste Load Allocation 88.34 317.77 987.06
WWTFs

WWTF Discharges 20.58 5,438.79 21.64 5,719.04 21.64 5,719.04

WWTF Biosolid Releases - - - - 1.29 127.55
SSO

SSO - All Conditions 9.40E-05 16.74 9.40E-05 16.74 1.58E-03 20.94
Regulated Storm Water Discharges

Dry-Weather Storm-Sewer Discharges 0.00 0.00 0.00 0.00 - -

Wet-Weather Storm Water Discharges - - 52.39 81,936.42 207.01 323,778.18
Load Allocation 9.82 35.31 109.67

OSSF 8.02E-04 145.05 8.02E-04 145.05 8.02E-04 145.05

Bed Sediment - - - - - 110,559.23

Direct Deposition - 365.55 - 365.55 - 0.00

Net Die-off/Settling/Unaccounted Processes -4,634.90 -68,506.55 -342,094.62
Upstream Input 0.00 0.00 0.00

Upstream Input from Reservoirs 0.00 0.00 0.00 0.00 0.00 0.00
Final Load Calculation

Calculated Load 20.58 1,331.22 74.03 19,676.24 229.94 98,255.36

Contact Recreation Target (126 MPN/100mL) 20.58 98.16 74.03 353.08 229.94 1,096.73
TMDL Target - 98.16 - 353.08 - 1,096.73

MGD = million gallons per day, MPN = most probable humber, Q = flow, OSSF = on-site sewage facility, SSO = sanitary sewer overflows,

WWTF = wastewater treatment plant




Table 26. BLEST Output for Buffalo Bayou Above Tidal Watershed

Instream Flow Condition Based on Flow Duration Curve
Dry Intermediate Wet
(< 30™ percentile) (30" - 70" percentile) (> 70" percentile)
. Load (billion Load (billion Load (billion
E. coli Sources Flow (MGD) MPN/day) Flow (MGD) MPN/day) Flow (MGD) MPN/day)

Waste Load Allocation 124.07 401.02 953.81
WWTFs

WWTF Discharges 18.00 10.66 18.93 11.21 18.93 11.21

WWTF Biosolid Releases - - - - 1.13 111.55
SSO

SSO - All Conditions 1.12E-04 19.97 1.12E-04 19.97 2.58E-03 34.14
Regulated Storm Water Discharges

Dry-Weather Storm-Sewer Discharges 0.62 272.84 0.62 272.84 - -

Wet-Weather Storm Water Discharges - - 63.06 106,894.47 190.67 323,215.52
Load Allocation 13.79 44.56 105.98

OSSF 1.70E-05 3.07 1.70E-05 3.07 1.70E-05 3.07

Bed Sediment - - - - - 4,211.90

Direct Deposition - 171.21 - 171.21 - 0.00

Net Die-off/Settling/Unaccounted Processes - -371.14 - -83,414.66 - -254,492.77
Upstream Input 49.08 301.47 1042.05

Upstream Input from Reservoirs 20.58 1,331.22 74.03 19,676.24 229.94 98,255.36
Final Load Calculation

Calculated Load 39.19 1,437.82 156.63 43,634.34 440.67 171,349.99

Contact Recreation Target (126 MPN/100mL) 39.19 186.94 156.63 747.05 440.67 2,101.84
TMDL Target 186.94 747.05 2,101.84

MGD = million gallons per day, MPN = most probable humber, Q = flow, OSSF = on-site sewage facility, SSO = sanitary sewer overflows,
WWTF = wastewater treatment plant



Table 27. BLEST Output for Buffalo Bayou Tidal Watershed

Instream Flow Condition Based on Flow Duration Curve
Dry Intermediate Wet
(< 30™ percentile) (30" - 70" percentile) (> 70" percentile)
. Load (billion Load (billion Load (billion

E. coli Sources Flow (MGD) MPN/day) Flow (MGD) MPN/day) Flow (MGD) MPN/day)
Waste Load Allocation 82.80 94.76 531.76
WWTFs 0.00 0.00 0.00 0.00 0.00 0.00

WWTF Discharges - - - - 0.00 0.00

WWTF Biosolid Releases
SSO

SSO - All Conditions 1.38E-04 24.56 1.38E-04 24.56 2.56E-03 33.90
Regulated Storm Water Discharges

Dry-Weather Storm-Sewer Discharges 5.36E-04 0.01 5.36E-04 0.01 - -

Wet-Weather Storm Water Discharges 1.79 3,019.07 102.38 172,505.86
Load Allocation 9.20 10.53 59.08

OSSF 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0.00

Bed Sediment - - - - - 2,102.32

Direct Deposition - 65.46 - 65.46 - 0.00

Net Die-off/Settling/Unaccounted Processes - -69.94 - -2,415.36 - -135,674.17
Upstream Input 94.94 650.31 1,996.32

Upstream Input from Segment 1014 39.19 1,437.82 156.63 43,634.34 440.67 171,349.99
Final Load Calculation

Calculated Load 39.19 1,457.91 158.42 44,328.07 543.05 210,317.91

Contact Recreation Target (126 MPN/100mL) 39.19 186.94 158.42 755.60 543.05 2,590.16
TMDL Target - 186.94 - 755.60 - 2,590.16

MGD = million gallons per day, MPN = most probable humber, Q = flow, OSSF = on-site sewage facility, SSO = sanitary sewer overflows,
WWTF = wastewater treatment plant



Table 28. BLEST Output for Whiteoak Bayou Watershed

Instream Flow Condition Based on Flow Duration Curve
Dry Intermediate Wet
(< 30" percentile) (30" - 70" percentile) (> 70" percentile)
. Load (billion Load (billion Load (billion

E. coli Sources Flow (MGD) MPN/day) Flow (MGD) MPN/day) Flow (MGD) MPN/day)
Waste Load Allocation 88.91 153.31 975.30
WWTFs

WWTF Discharges 20.03 41.94 21.06 44.10 21.06 44.10

WWTF Biosolid Releases - - - - 1.26 124.16
SSO

SSO - All Conditions 1.22E-04 21.77 1.22E-04 21.77 2.36E-03 31.26
Regulated Storm Water Discharges

Dry-Weather Storm-Sewer Discharges 0.68 248.95 0.68 248.95 - -

Wet-Weather Storm Water Discharges - - 13.97 23,355.31 204.88 342,538.83
Load Allocation 9.88 17.03 108.36

OSSF 5.79E-04 104.66 5.79E-04 104.66 5.79E-04 104.66

Bed Sediment - - - - - 8,304.91

Direct Deposition - 131.65 - 131.65 - 0.00

Net Die-off/Settling/Unaccounted Processes -426.47 -18,572.19 -272,796.22
Upstream Input 0.00 0.00 0.00

Upstream Input from Segment 1014 0.00 0.00 0.00 0.00 0.00 0.00
Final Load Calculation

Calculated Load 20.71 122.49 35.71 5,334.25 227.20 78,351.69

Contact Recreation Target (126 MPN/100mL) 20.71 98.79 35.71 170.34 227.20 1,083.66
TMDL Target - 98.79 - 170.34 - 1,083.66

MGD = million gallons per day, MPN = most probable humber, Q = flow, OSSF = on-site sewage facility, SSO = sanitary sewer overflows,

WWTF = wastewater treatment plant
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Hydrologic Simulation Program FORTRAN Analysis

Hydrologic Simulation Program FORTRAN (HSPF) models for the simulation of E. coli
were developed for Buffalo and Whiteoak Bayous. The models include indicator bacteria
associated with the water column, suspended sediments, and sediments on the streambed.
Sediment transport as well as scour and deposition were simulated. Indicator bacteria build-
up and wash-off in the watersheds were also included in the simulations.

Model set-up included developing the datasets for the following:

Physical Input
Delineation of Subwatersheds
Meteorological Data
Land Use Discretization
Soil Characteristics
Hydrologic Data
Model input and parameters associated with flow
e Constant inputs
e Time-varying inputs
Model input and parameters associated with indicator bacteria sources
e Constant inputs
e Time-varying inputs
Fate and transport
e Die-off

There are several sources of indicator bacteria that have associated flows. These sources
include WWTFs, SSOs, dry-weather storm-sewer discharges, wet-weather storm-sewer
discharges, and OSSFs. Of these sources, only wet-weather storm-sewer flows are simu-
lated in HSPF, and are adjusted through the calibration process. Direct deposition was also
adjusted slightly across the watershed to improve calibration. The remaining sources were
input into HSPF as a point source in each subwatershed.

The watersheds included in this report are dominated by WWTF flows under dry-weather
conditions; thus, these discharges are critical to any simulation. An algorithm was devel-
oped to disaggregate self-reported monthly flows into hourly values that represent dry, in-
termediate, and wet-weather flows from the plants. The time-varying flow associated with
each plant was processed and input as a point source into their respective subwatersheds.
The remaining source flows, including SSOs, dry-weather storm-sewer discharges, and
OSSFs, were input into the model as a constant flow.

Inputs to simulate the fate and transport of E. coli in HSPF include WWTFs, SSOs, dry-
weather storm-sewer discharges, wet-weather storm-sewer discharges, OSSFs, direct depo-
sition, and sediment resuspension. In addition, the HSPF model simulates losses of indica-
tor bacteria through die-off and settling. SSOs, dry-weather storm-sewer discharges,
OSSFs, and direct deposition are all input directly into HSPF as point sources for each
subwatershed. The remaining sources, WWTFs, wet-weather storm-sewer discharges,
sediment resuspension, and indicator bacteria losses are simulated in HSPF as dynamic
processes. The WWTF input is determined by taking the time-varying flow calculated for
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the hydrology calibration and multiplying it by measured and estimated concentrations.
The remaining sources are simulated explicitly in HSPF.

The development of indicator bacteria parameters for calibration of the HSPF model fo-
cused on matching the distribution of indicator bacteria concentrations in the bayous so that
all modeled values were within the 95 percent confidence interval of the observed data. In
addition, the model parameters were maintained within a pre-determined range of values
that were specified based on watershed-specific data and literature values.

The statistical comparison of the final calibration to observed values is presented in Table
29 for the Whiteoak Bayou watershed. The percent error for each station was calculated as
the difference between observed and modeled geometric mean, divided by the observed
value. The majority of the overall errors in the statistical model comparison were less than
30 percent, with high and low flow comparisons exhibiting a wider range of errors because
of the smaller data set, and increased variability at those flow regimes.

Longitudinal plots of paired observed and modeled values for Whiteoak Bayou watershed
are shown in Figure 18. Samples taken from locations in Whiteoak Bayou—Heights, Ella,
and West 43™—were used to assess the reliability of the model. Shown on the figures are
the confidence interval about each geometric mean for the overall conditions (A) as well as
geometric means calculated using paired data under flow less than the median (B) and
flows greater than the median (C). As shown in the figures, the confidence intervals about
the observed data points sometimes range several orders of magnitude, indicating that the
data used to calculate the geometric means are variable. Regardless, the confidence inter-
vals routinely overlap for the model and observed points, suggesting that the concentrations
are not that different from a statistical perspective.

The Buffalo Bayou model results are presented in Table 30. The majority of the model re-
sult errors are 30 percent or less during the overall flow condition. Low and high-flow con-
ditions exhibit higher degrees of error, with some errors exceeding 100 percent. The low
flow error generally exhibits the highest percent errors of all flow conditions.

The Langham Creek and Eldridge calibration locations exhibit high percent errors. These
errors were investigated to determine if they could be reduced by adjusting the model cali-
bration. Based on this evaluation, it was determined that several WWTFs in the Langham
Creek watershed had high concentrations of indicator bacteria measured in their discharge
during the 2006 sampling conducted by the TCEQ. The effect of these WWTFs is pro-
jected downstream of the creek, causing over-prediction of indicator bacteria concentra-
tions at Addicks, Eldridge, and Dairy Ashford. Although the high bacteria concentrations in
these plants appear to be abnormally high, the WWTF concentrations were measured, and
therefore were not adjusted to improve the model calibration.

Finally, a comparison of paired model and observed geometric means are shown in Figure
19. The sampling locations in Buffalo Bayou Above Tidal—Highway 6, Eldridge, Dairy
Ashford, West Belt, Briar Forest, Voss, Chimney Rock, and Shepherd—were used to as-
sess the reliability of the model. The variability in observed values is generally quite large;
thus, the error bars span several orders of magnitude. Even though the variability associated
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with these points is quite high, the model is able to reproduce the geometric mean concen-
trations acceptably, as demonstrated by the close nature of the observed and modeled geo-
metric mean concentrations.

Table 29. Whiteoak Bayou Calibration for E. coli Geometric Means (MPN/100mL)

Heights Blvd Little Whiteoak Bayou

(11387) (16648)
Observed | Modeled Error Observed | Modeled Error
Overall 4,062.9 2,879.0 -29% 10,767.9 | 12,181.1 13%
High Flow 7,341.0 5,615.4 -24% 14,764.1 23,217.7 57%
Low Flow 2,108.9 1,600.3 -24% 12,485.4 12,251.8 -2%
Flow < median 6,646.3 6,170.0 -1% 9,1935 17,662.5 92%
Flow > median 3,084.2 1,878.7 -39% 13,224.4 71221 -46%

Cole Creek @ Bolivia West 43™

(16593) (15829)
Observed | Modeled Error Observed | Modeled Error
Overall 2,639.1 1,747.7 -34% 2,086.1 2,552.4 22%
High Flow 3,723.9 3,629.5 -3% 4,798.2 5,148.9 7%
Low Flow 1,182.3 698.2 -41% 1,396.2 1,034.9 -26%
Flow < median 5,143.7 4,745.0 -8% 2,433.1 5,277.3 117%
Flow > median 1,4315 699.6 -51% 1,811.7 1,3115 -28%

Ella Brickhouse Gully

(11391) (16594)
Observed | Modeled Error Observed | Modeled Error
Overall 3,185.9 3,274.4 3% 3,860.5 6,007.9 56%
High Flow 6,639.8 6,387.7 -4% 14,8725 5,160.8 -65%
Low Flow 1,391.7 1,929.0 39% 1,600.8 5,901.5 269%
Flow < median 4,962.0 5,830.5 18% 5,420.9 5,576.9 3%
Flow > median 2,265.7 2,100.8 -1% 2,665.7 6,516.2 144%
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Figure 18. Longitudinal Plots for Whiteoak Bayou
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Table 30. Buffalo Bayou Calibration for E. coli Geometric Means (MPN/100mL)
Bear Creek @ Old Greenhouse

Langham Creek at SH 6

(17842) (17484)
Observed Modeled Error Observed Modeled Error
Overall 545.0 57315 952% 3724 372.6 0%
High Flow 2,949.0 3,789.6 29% 4,759.3 257.9 -95%
Low Flow 179.6 8,945.7 4881% 97.6 639.8 555%
Flow < median 206.4 7,565.0 3564% 131.8 507.4 285%
Flow > median 1,785.3 4,082.6 129% 1,052.3 273.7 -74%

S. Mayde Creek at Groeschek

Mason Creek at Park Pine Rd.

Rd. (17493) (17494)
Observed | Modeled Error Observed | Modeled Error
Overall 414.7 384.4 -71% 1147.1 818.8 -29%
High Flow 2 4,731.4 425.4 -91% 6,119.9 1,616.3 -74%
Low Flow 3 122.2 4450 264% 1,076.6 319.6 -70%
Flow < median 95.2 503.8 429% 464.7 412.6 -11%
Flow > median 1,807.0 293.3 -84% 2,402.4 1,434.3 -40%

Highway 6 Eldridge

(11364) (11363)
Observed | Modeled Error Observed | Modeled Error
Overall 414.3 548.1 32% 579.2 2,328.2 302%
High Flow 734.7 1,590.3 116% 746.8 2,038.8 173%
Low Flow 169.3 4343 157% 302.8 3,194.1 955%
Flow < median 263.3 407.4 55% 905.6 1,867.7 106%
Flow > median 772.9 824.3 7% 338.8 3,033.0 795%

West Belt Briar Forest

(11360) (15846)
Observed Modeled Error Observed Modeled Error
Overall 2,695.8 2,387.8 -11% 2,707.2 2,303.6 -15%
High Flow 5,797.7 3,255.3 -44% 10,157.9 3,369.5 -67%
Low Flow 611.3 1,998.0 227% 442.2 1,7285 291%
Flow < median 5,120.0 2,819.3 -45% 752.9 1,730.0 130%
Flow > median 1,004.8 1,849.4 84% 6,822.1 2,832.9 -58%
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Chimney Rock Shepherd

(15845) (11351)
Observed | Modeled Error Observed | Modeled Error
Overall 1,402.7 1565.8 12% 4,192.8 2,948.7 -30%
High Flow 2,561.7 2046.4 -20% 7,469.4 3,582.5 -52%
Low Flow 512.2 1473.7 188% 1,088.2 2,4318 123%
Flow < median 9325 1398.1 50% 1,695.8 2,520.6 49%
Flow > median 2,459.1 1829.7 -26% 6,723.7 3,200.1 -52%

Buffalo Bayou at Peek Rd. Addicks

(17492) (11163)
Observed | Modeled Error Observed | Modeled Error
Overall 567.7 690.1 22% 495 2,956 497%
High Flow 6,244.7 615.3 -90% 436 1,582 263%
Low Flow 204.2 852.0 317% 382 4,408 1055%
Flow < median 209.6 862.9 312% 446 2,093 369%
Flow > median 1,282.7 574.8 -55% 570 3,799 566%

Dairy Ashford Voss

(11362) (11356)
Observed | Modeled Error* Observed | Modeled Error’
Overall 1,244.0 2,230.8 79% 993.3 1,551.8 56%
High Flow 4,137.7 3,051.9 -26% 1,810.6 1,997.1 10%
Low Flow 351.6 2,376.2 576% 408.1 1,477.9 262%
Flow < median 3,508.0 2,261.9 -36% 489.2 1,256.4 157%
Flow > median 354.6 2,193.7 519% 2,181.8 1,962.0 -10%
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Figure 19. Longitudinal Plots for Buffalo Bayou
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Margin of Safety

The margin of safety (MOS) should account for uncertainty in the analysis used to develop
the TMDL and thereby provide a higher level of assurance that the goal of the TMDL will
be met. According to EPA guidance (EPA 1991), the MOS can be incorporated into the
TMDL using two methods:

= implicitly incorporating the MOS using conservative method assumptions to de-
velop allocations; and

= explicitly specifying a portion of the TMDL as the MOS and using the remainder
for allocations.

The margin of safety is designed to account for any uncertainty that may arise in specifying
control strategies for the complex environmental processes that affect water quality. Quan-
tification of this uncertainty, to the extent possible, is the basis for assigning a margin of
safety.

The TMDLs covered by this report use an implicit margin of safety for a number of rea-
sons. By using three methods to analyze indicator bacteria loads, the uncertainty in estab-
lishing the allocations is reduced. The method used to establish WWTF loads requires a
reduction in loads below current requirements. Where possible, the values and assumptions
used in the three methods were chosen to be a protective as possible. In addition, the water
quality standards for contact recreation have many assumptions built in that are protective
of human health, so that by using the standard as the TMDL target, an additional margin of
safety is added.

Pollutant Load Reductions

The estimates of pollutant load reductions was based on the best available data and ana-
lyzed using three methods. The pollutant load reduction analyses show which sources are
significant contributors of indicator bacteria to the water bodies. This helps the stake-
holders prioritize their efforts during the development of the implementation plan.

Load Duration Curves (LDCs)

Although LDCs can be developed for all flow gauges in Buffalo Bayou, load reductions for
segments 1013 and 1014 could not be determined because the Addicks and Barker reser-
voirs exert influence on the flow regime. Additional LDC curves for 17482, 17484, and
17492 were generated, but they have limited data (56 points per flow condition). Thus,
these allocations may be unreliable. Therefore, load reductions based upon the LDCs were
developed only for the Whiteoak Bayou watershed and are shown in Table 31.

The U.S. EPA (2006) specifies a methodology in their document An Approach for Using
Load Duration Curves in the Development of TMDLS for calculating the WLA for con-
tinuous discharges. According to this document, the load should be calculated as the per-
mitted flow from all WWTFs discharging to the segment multiplied by the single-sample
criterion (394MPN/100mL). For the TMDLs in this report, one-half of the single-sample

Texas Commission on Environmental Quality 88 April 8, 2009



Eighteen TMDLs for Bacteria in Buffalo and Whiteoak Bayous and Tributaries

criterion (197MPN/100mL) was used because of instream and downstream capacity con-
siderations.

Table 31. Load Duration Curve Allocations for Whiteoak Bayou Watershed (1017)

(Loads presented in Billion MPN/day)

Flow condition

Condition All Dry Intermediate Wet

Existing Loads" 5,432 2,246 9,540 19,418

Allocated WLAwwTF 336 336 336 336

Loads

WLAS0rm Water 162 0 196 2,561

LA 18 16 22 284

TMDL? 516 352 554 3,181
Percent Reduction 91% 84% 94% 84%

! calculated as the median of the observed loads for the flow condition of interest
Z calculated as the median of the TMDL loads for the flow condition of interest
WLAwwTr — Waste load allocation for WWTF discharges

WLASsorm water — Waste load allocation for storm water discharges

The large numbers of WWTF discharges are widely distributed throughout the Buffalo
Bayou Above Tidal, Reservoirs, and Whiteoak watersheds. These discharges compose all
of the low, non-storm water flow. If WWTFs were to discharge at the water quality criteria,
there would be no capacity to accommodate other loads and downstream discharges. This
problem is especially significant for the Buffalo Bayou Tidal watershed, which currently
has no WWTF discharges. Buffalo Bayou Above Tidal (1014) and Whiteoak Bayou (1017)
provide the low flow base for Buffalo Bayou Tidal (1013) because there are no dischargers
within the Buffalo Bayou Tidal watershed.

If the discharges in both of these upstream segments are at the water quality criteria, there
is no capacity for the Buffalo Bayou Tidal watershed. For the Whiteoak Bayou watershed,
the load for WWTFs used a value of 336 billion MPN per day that was calculated using a
permitted flow of 45.1 MGD and E. coli concentration of 197 MPN/100 mL.

Load duration curves are based on the entire flow regime, but the analysis of them focused
on three flow regimes:

= dry or low flow (less than 30" percentile), where WWTF discharges dominate;

= intermediate conditions (between the 30™ and 70™ percentiles), where contributions
are from low flow and high flow sources; and

= wet or high flow conditions (flows greater than the 70™ percentile), where storm
water discharges dominate.
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The existing load was calculated as the median value of the observed loads plotted on the
LDC for each flow regime of interest. The TMDL was the median of the single-sample cri-
terion for each flow condition. Load reductions range from 84 percent under dry-weather
conditions to 94 percent under intermediate weather conditions.

The load remaining after the WWTF loading is subtracted from the TMDL was divided
between the WLA for storm water discharges and the LA. Under dry-flow conditions, the
entire remaining load was assigned to the LA because storm water discharges do not con-
tribute to low flow conditions. For wet and intermediate flow conditions, 90 percent of the
remaining load was assigned to the storm water discharges and 10 percent was assigned to
the LA. The LA determined using the BLEST tables was assigned to the LA and the re-
maining load was assigned to the storm water discharges.

Mass Balance

The Bacteria Load Estimation Spreadsheet Toll (BLEST) is a spreadsheet approach that
accounts for all the potential sources of indicator bacteria loading in the watershed, based
on measured data or literature values. Using the loads predicted by BLEST, waste load and
load allocations were determined for the four watersheds. A summary of estimated loads
along with the allocated loads and required percent reductions is presented in Table 32.

The indicator bacteria load was distributed between the WLA and LA, with the WLA re-
ceiving 90 percent of the TMDL and the LA receiving 10 percent of the TMDL. The WLA
was then calculated as the TMDL minus any upstream inputs from other segments multi-
plied by 90 percent.

The TMDL target was calculated using the geometric mean concentration of 126 MPN/dL,
as representative of long-term conditions. The margin of safety was included implicitly.
Upstream loading was calculated by assigning flows associated with WWTFs an E. coli
concentration of one-half of the geometric mean criterion (63 MPN/dL), while the remain-
ing upstream flows from other sources were assigned the E. coli geometric mean criterion
(126 MPN/dL).

The final percentage reductions in waste load range from a 59 percent reduction in dry-
weather condition loads in the Whiteoak Bayou watershed to almost a 100 percent load re-
duction in many of the intermediate and wet-weather flow-condition loading scenarios.
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Table 32. Allocated Loads (Billion MPN/day) and Percent Reductions using BLEST

Buffalo Bayou Above
Tidal Watershed Buffalo Bayou Tidal Watershed

Description Dry Intermediate Wet Dry Intermediate Wet
Existing WLA 303 107,198 323,372 25 3,044 172,540

LA -197 -83,240 -250,278 -4 -2,350 -133,572
Allocated WLA 124 401 954 83 95 532

LA 14 45 106 9 11 59

Upstream 49 301 1,042 95 650 1,996

Input
TMDL 187 747 2,102 187 756 2,590
Percent WLA 59% 99.6% 99.7% 0% 96.8% 99.7%
Reduction

LA 0% 0% 0% 0% 0% 0%

Whiteoak Bayou Watershed Reservoirs Watershed

Description Dry Intermediate Wet Dry Intermediate Wet
Existing WLA 313 23,670 342,738 5,456 87,672 329,646

LA -190 -18,336 -264,387 -4,124 -67,996 -231,390
Allocated WLA 89 153 975 88 318 987

LA 10 17 108 10 35 110

Upstream 0 0 0 0 0 0

Input
TMDL 99 170 1,083 98 353 1,097
Percent WLA 72% 99.4% 99.7% 98.4% 99.6% 99.7%
Reduction

LA 0% 0% 0% 0% 0% 0%

Hydrologic Simulation Program FORTRAN (HSPF)

The third method used to evaluate load reductions was the HSPF model. The HSPF model
was evaluated for three load reductions scenarios—75 percent, 85 percent, and 95 percent
reductions of the permitted and non-permitted a loads. The 75 percent reduction was se-
lected as the minimum reduction for evaluation because it was consistent with the low-end
of reductions determined using BLEST and LDCs. Each of the reduction scenarios was
evaluated for four flow conditions—all flow conditions, dry-weather conditions (flows less
than the 30" percentile), intermediate conditions (flows between the 30™ and 70" percen-
tiles), and wet weather (flows greater than the 70" percentile).

The Buffalo and Whiteoak Bayou HSPF output for each segment was evaluated to deter-
mine the percentage of single sample exceedances as well as their geometric means over
the entire simulation period. The daily time period, the daily average flow, and bacteria
concentration were calculated for each day. These values were then used to develop all cal-
culations, including the percent exceedance, geometric mean, and evaluation of monthly
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geometric means. Simulations were run to evaluate the effects of the individual reductions
in the WLA and LA loads. The WLA was held static while the LA was reduced. Alterna-
tively, the LA was held static while the WLA was reduced. This provides an assessment of
relative magnitudes of the two loads and it identifies where reductions will have the great-
est effect. In order for the stream to meet the water quality standard, the geometric mean of
model output must be less than 126 MPN/100mL and the single-sample criterion ex-
ceedances must be less than 25 percent.

The results of the percent exceedances analysis are presented in Tables 33 through 36. As
shown in the tables, the LA reductions had little impact on the percent exceedances, with
only the dry-weather reservoir evaluation demonstrating any reduction in exceedances at
all. The WLA reductions, however, had more impact. In Segment 1013, the 75 percent re-
duction scenario decreased the percent exceedances from nearly 100 percent to between 85
percent and 89 percent for the various flow conditions. The 95 percent reduction decreased
the percent exceedances to 29 percent in wet weather, thus meeting the single-sample crite-
rion. For the other segments, a similar pattern is observed, with the 95 percent reductions
resulting in some flow conditions meeting the single-sample criterion.

In Tables 37 through 40, the results of the reductions on the geometric mean of the entire
simulation period are presented. Unlike the percent exceedances analyses, the model results
generally come close to the geometric mean criterion but never below it.

Table 33. Percent Exceedance of Single-Sample Criterion for HSPF Model Runs for Buffalo Bayou
Tidal Watershed

Buffalo Bayou Tidal Watershed
Source Reduced % Reduction All Dry Intermediate Wet
Basdine 100 100 100 100
WLA 75% 87 85 89 87
85% 73 69 79 69
95% 40 29 48 39
LA 75% 100 100 100 100
85% 100 100 100 100
95% 100 100 100 100
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Table 34. Percent Exceedance of Single-Sample Criterion for HSPF Model Runs for
Buffalo Bayou Above Tidal Watershed

Buffalo Bayou Above Tidal Watershed
Source Reduced % Reduction All Dry Intermediate Wet
Basdline 100 100 100 100
WLA 75% 85 90 85 80
85% 66 68 72 57
95% 29 20 42 22
LA 75% 100 100 100 100
85% 100 100 100 100
95% 100 100 100 100
Table 35. Percent Exceedance of Single-Sample Criterion for HSPF Model Runs for
Whiteoak Bayou Watershed
Whiteoak Bayou Watershed
Source Reduced % Reduction All Dry Intermediate Wet
Basdline 99 100 100 98
WLA 75% 79 59 84 93
85% 72 50 75 90
95% 47 22 43 77
LA 75% 94 86 97 98
85% 94 86 97 98
95% 94 86 97 98
Table 36. Percent Exceedance of Single-Sample Criterion for HSPF Model Runs for
Reservoirs Watershed
Reservoirs Watershed
Source Reduced % Reduction All Dry Intermediate Wet
Basdline 99 97 100 100
WLA 75% 89 97 96 73
85% 76 96 83 46
95% 46 91 38 12
LA 75% 99 97 100 100
85% 99 96 100 100
95% 99 96 100 100
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Table 37. Geometric Mean of Entire HSPF Simulation Period for Buffalo Bayou Tidal Watershed

Buffalo Bayou Tidal Watershed

Source Reduced % Reduction All Dry Intermediate Wet
Basdine 3,241 2,292 3,820 3,685
WLA 75% 1,001 843 1,301 1,119

85% 736 595 873 725
95% 321 293 370 291
LA 75% 3,188 2,212 3,776 3,670
85% 3,181 2,201 3,770 3,669
95% 3,174 2,190 3,765 3,667
Table 38. Geometric Mean of Entire HSPF Simulation Period for Buffalo Bayou Above
Tidal Watershed
Buffalo Bayou Above Tidal Watershed

Source Reduced % Reduction All Dry Intermediate Wet
Baseline 2,236 1,894 2,476 2,305
WLA 75% 858 748 1,031 771

85% 595 541 720 509
95% 270 281 320 207
LA 75% 2,189 1,814 2,435 2,294
85% 2,183 1,803 2,429 2,292
95% 2,176 1,792 2,424 2,291

Table 39. Geometric Mean of Entire HSPF Simulation Period for Whiteoak Bayou Watershed

Whiteoak Bayou Watershed
Source Reduced % Reduction All Dry Intermediate Wet

Basdline 4,700 2,580 4,307 9,615
WLA 75% 1,203 621 1,199 2,340
85% 780 425 768 1,461
95% 342 216 327 573
LA 75% 4,181 1,902 4,301 8,851
85% 4,165 1,885 4,290 8,845
95% 4,148 1,868 4,278 8,838
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Table 40. Geometric Mean of Entire HSPF Simulation Period for Reservoirs Watershed

Reservoirs Watershed
Source Reduced % Reduction All Dry Intermediate Wet
Basdine 2,612 3,248 2,879 1,846
WLA 75% 933 1,214 1,050 613
85% 649 884 728 409
95% 313 496 345 174
LA 75% 2,514 3,007 2,795 1,827
85% 2,499 2,967 2,783 1,824
95% 2,482 2,923 2,771 1,821

Although the model has the ability to simulate an indicator bacteria concentration every
hour to obtain an average daily E. coli concentration, samples cannot be collected with such
frequency. Instead, the TCEQ collects routine monitoring samples at most monitoring sta-
tions approximately once per month. Therefore, the geometric means of the minimum and
maximum daily values for each month were tabulated as shown in Tables 41 through 44.
These values give upper and lower bounds on the potential range of geometric means that
might be observed in any given month. As these values show, the E. coli concentrations fall
below the water quality standard for all segments except Buffalo Bayou Tidal (1013) when
the WLA is reduced by 95 percent.

These findings suggest that a combination of WLA and LA reductions will be required
across the watershed, and that reductions greater than 95 percent will be necessary to
achieve water quality standards under all three flow conditions.

Table 41. Monthly Geometric Mean over HSPF Simulation Period
for Buffalo Bayou Tidal Watershed

Buffalo Bayou Tidal Watershed
Source Reduced % Reduction Minimum Maximum
Basdline 1,067 12,955
WLA 75% 373 4,390
85% 261 2,999
95% 133 1,264
LA 75% 1,017 12,935
85% 1,010 12,932
95% 1,004 12,930
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Table 42. Monthly Geometric Mean over HSPF Simulation Period
for Buffalo Bayou Above Tidal Watershed

Buffalo Bayou Above Tidal Watershed

Source Reduced % Reduction Minimum Maximum
Basdine 1,651 3,968
WLA 75% 358 3,616

85% 247 2,759
95% 120 1,274
LA 75% 1,009 6,702
85% 1,003 6,699
95% 997 6,697

Table 43. Monthly Geometric Mean over HSPF Simulation Period

for Reservoirs Watershed

Reservoirs Watershed

Source Reduced % Reduction Minimum Maximum
Basdline 824 5,968
WLA 75% 303 3,005

85% 211 2,278
95% 100 1,164
LA 75% 753 5,869
85% 734 5,855
95% 710 5,843

Table 44. Monthly Geometric Mean over HSPF Simulation Period

for Whiteoak Bayou Watershed

Whiteoak Bayou Watershed

Source Reduced % Reduction Minimum Maximum
Basdline 824 5,968
WLA 75% 303 3,005
85% 211 2,278
95% 100 1,164
LA 75% 753 5,869
85% 734 5,855
95% 710 5,843
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Summary of Load Reduction Methods

As shown in the previous section, three different methods were used to evaluate indicator
bacteria loading and the required reductions to meet the TMDL for each segment. Findings
from the three methods are fairly consistent. They all predict greater than a 59 percent re-
duction in loading for either WLA or LA in order to meet the water quality standard. In
fact, most segments and flow conditions require greater than a 95 percent reduction in
WLA and LA to meet the water quality standard. All three methods show that large reduc-
tions in loading under all three flow conditions will be required to meet the TMDL target
loads.

Uncertainty and Conservative Assumptions

Although there is a large degree of uncertainty in many method parameters used for this
project, observed data have been used when available; and when not available, conserva-
tive assumptions have been implemented. The fact that three separate methodologies ar-
rived at similar conclusions to derive the load reductions suggests that the uncertainties,
while present, do not affect the ultimate conclusion that large load reductions across the
watersheds are required to achieve water quality standards.

The strength of this TMDL is the use of the LDC method, the BLEST mass balance
method, and the HSPF watershed model to analyze sources and determine the TMDL allo-
cations. LDCs are a simple statistical method. Tidal Prism is a simple mass balance
method. The HSPF model is a complex watershed and water quality model. The LDC and
BLEST methods provide first steps in describing the water quality problem. These tools:

= are easily developed and explained to stakeholders; and
= use the available water quality and flow data.

The LDC method does not require any assumptions regarding loading rates, stream hydrol-
ogy, land use conditions, and other conditions in the watershed. The BLEST method is
based on subwatersheds so that local details on indicator bacteria loads can be analyzed.
Weaknesses of these methods include the limited information they provide regarding the
magnitude or specific origin of the various sources. Only limited information is available
regarding point and nonpoint sources in the watershed.

The HSPF model provides a much more complex analytical tool that enables the detailed
analysis of bacteria loads. This model also can be a valuable tool in analyzing the results of
implementation measures during the development of the implementation plan.

The U.S. EPA supports the use of these approaches to characterize pollutant sources. The
Texas Bacteria TMDL Task Force also identifies these methods as tools for TMDL devel-
opment. Many other states are using these methods to develop TMDLSs.

A weakness of all three methods is the general difficulty in analyzing and characterizing E.
coli in the environment.
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TMDL Calculations

The TMDL represents the maximum amount of a pollutant that the stream can receive in a
single day without exceeding the water quality standard (load capacity). The load alloca-
tions for the three flow conditions were based on the flows used in the three different
analyses. The three analyses presented previously were conducted to characterize the major
sources of bacteria and to provide guidance for load reductions and implementation. The
HSPF model was calibrated to USGS gauge information. The BLEST method and the LDC
methods were based on the same information. The TMDL allocations are based on the
three flow values in the BLEST tables.

WWTF Waste Load Allocation

The 2006 TPDES-permitted WWTFs listed in Table 11 are allocated a daily waste load
calculated as their permitted discharge flow rate multiplied by one-half of the instream
geometric-mean criterion. One-half of the water quality criterion (63 MPN/100mL) is used
as the target to provide instream and downstream load capacity. The large numbers of
WWTF discharges are widely distributed throughout the Buffalo Bayou Above Tidal, Res-
ervoirs, and Whiteoak watersheds, and these discharges provide all of the low, non-storm
water flow. All future TPDES-permitted WWTF dischargers added in the Buffalo and
Whiteoak watersheds will be assigned from the future capacity allocation. Any additional
flow for these facilities is accounted for in the development of the future capacity alloca-
tion.

If WWTFs were to discharge at the water quality criterion (126 MPN/100mL), there would
be no capacity to accommodate other loads and existing downstream discharges. This prob-
lem is significant for the Buffalo Bayou Tidal watershed, which currently has no WWTF
discharges. Buffalo Bayou Above Tidal (1014) and Whiteoak Bayou (1017) provide the
low-flow base for Buffalo Bayou Tidal (1013) because there are no dischargers within the
Buffalo Bayou Tidal watershed. If the discharges in both of these upstream segments are at
the water quality criteria, there is no capacity for the Buffalo Bayou Tidal watershed.

Waste load allocations are developed for all TPDES-permitted WWTFs in the project area
as of December 2006. These are the dischargers contributing to the flow during the time
that the sampling and analysis of sources loads was conducted. The flows used in calculat-
ing the TMDL allocations are based on the flows measured through 2006. All TPDES-
permitted dischargers added in the four TMDL watersheds after 2006 will be assigned from
the future capacity allocation based on the discharge concentration of 63 MPN/100mL.

The WLA for all waste water treatment facilities (WLAwwrTr) is derived from the following
equation.
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Equation 1

WLAwwTE = swgs/2 * flow * unit conversion factor

Where:
swaqs (surface water quality standard) = 126 MPN/100mL E. coli
flow (10° gal/day) = permitted flow
unit conversion factor = 37,854,120 100mL/10°gal

Table 45 summarizes the WLA for the 2006 TPDES-permitted facilities within the water-
sheds covered by this report.

Table 45. Waste Load Allocations for TPDES-Permitted Facilities

Allocation
Assessment Flow (Billion
TPDES NPDES Facility Name Segment Unit (MGD) | MPN/day)
Buffalo Bayou Watershed
10495-109 | 0035017 | HOUSTON, CITY OF 1014 1014 01 12 28.6147
10584-001 | 0047457 | MEMORIAL VILLAGE WAT 1014 1014 01 3.05 7.2729
14070-001 | 0089940 | WEATHERFORD PETCO 1014 1014 01 0.0108 0.0258
10495-135 | 0026395 | HOUSTON, CITY OF 1014B 1014B_01 3.5 8.346
12346-001 | 0086185 | WEST PARK MUD 1014B 1014B_01 0.5 1.1923
12427-001 | 0088218 | GEORGE AIVAZIAN 1014B 1014B 01 0.001 0.0024
14182-001 | 0122556 | ANN ARUNDEL FARMS 1014B 1014B_01 0.992 2.3655
13021-001 | 0095702 | BIG OAKS MUD 1014B 1014B_01 0.7 1.6692
13228-001 | 0098965 | FORT BEND CO MUD 050 1014B 1014B_01 0.7 1.6692
12830-001 | 0094056 | ROBINSON, J.W. 1014K 1014K_01 0.006 0.0143
14117-001 | 0119571 | AQUASOURCE UTILITY 1014K 1014K_01 0.9 2.1461
12355-001 | 0116505 | ELEVEN TEN ROSALIE 1014K 1014K_01 0.005 0.0119
10495-030 | 0063002 | HOUSTON, CITY OF 1014N 1014N_01 26.4 62.9523
02731-000 | 0087416 | DANIEL VALVE COMPANY 10140 10140_01 0.012 0.0286
Reservoir Watershed
12233-001 | 0083933 | UA HOLDINGS 1994-5 1014 1014 01 0.005 0.0119
12132-001 | 0079634 | WHITE OAK OWNERS 1017 1017_04 0.059 0.1407
11290-001 | 0046621 | JACKRABBIT ROAD PUD 1014A 1014A 01 51 12.1612
11414-001 | 0104795 | SASSON, ELI 1014A 1014A 01 0.06 0.1431
11792-002 | 0070971 | HARRIS CO MUD 105 1014A 1014A 01 25 5.9614
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Allocation
Assessment Flow (Billion
TPDES NPDES Facility Name Segment Unit (MGD) | MPN/day)
Reservoir Watershed, cont.
12209-001 | 0083500 | HARRIS CO MUD 127 1014A 1014A 01 1.15 2.7422
12834-001 | 0094307 | HARRIS CO MUD 167 1014A 1014A 01 0.294 0.7011
12841-001 | 0094307 | ROLLING CREEK UD 1014A 1014A 01 0.4 0.9538
13921-001 | 0117421 | HARRIS COUNTY 1014A 1014A 01 0.02 0.0477
12949-001 | 0095532 | HARRIS CO MUD 284 1014A 1014A 02 0.6 1.4307
10932-001 | 0068047 | HARRIS COUNTY, TEXAS 1014A 1014E_01 0.042 0.1002
12682-001 | 0092584 | HARRIS CO MUD 216 1014B 1014B_01 04 0.9538
13172-002 | 0096911 | CINCO MUD 001 1014B 1014B_01 0.91 2.1699
12858-001 | 0097373 | HARRIS COUNTY, TEXAS 1014B 1014B 01 0.026 0.062
02229-000 | 0079057 | IGLOO PRODUCTS 1014B 1014B_01 0.05 0.1192
CORPORATION
10706-001 | 0025747 | KATY, CITY OF 1014B 1014B 01 3.075 7.3325
11893-001 | 0074004 | MEMORIAL MUD 1014B 1014B_01 3 7.1537
12298-001 | 0085448 | FORT BEND CO MUD 034 1014B 1014B 01 1 2.3846
12356-001 | 0086690 | HARRIS CO MUD 345 1014B 1014B_01 0.71 1.693
12370-001 | 0087157 | FORT BEND CO MUD 037 1014B 1014B 01 0.175 0.4173
13245-001 | 0099856 | GRAND LAKES MUD 004 1014B 1014B_01 0.9 2.1461
13558-001 | 0098957 | CINCO MUD 001 1014B 1014B 01 3.3 7.869
13674-001 | 0118541 | NOTTINGHAM COUNTRY 1014B 1014B 01 0.051 0.1216
13775-001 | 0115894 | HARRIS FTB MUD 005 1014B 1014B_01 0.99 2.3607
14011-001 | 0118109 | FT BEND MUD 130 1014B 1014B_01 0.3 0.7154
14134-001 | 0119873 | FT BEND MUD 124 1014B 1014B_01 04 0.9538
13328-001 | 0100137 | REMINGTON MUD 002 1014E 1014E_01 1.1 2.623
12927-001 | 0094579 | HARRIS CO MUD 276 1014E 1014E_01 0.75 1.7884
12685-001 | 0093581 | MOODY CORP 1014E 1014E_01 0.1 0.2385
11472-001 | 0026263 | SPENCER ROAD PUD 1014E 1014E_02 0.98 2.3369
11486-001 | 0062031 | HARRIS CO MUD 070 1014E 1014E_02 1.5 3.5768
11523-001 | 0052906 | HARRIS CO MUD 102 1014E 1014E_02 1.3 3.0999
11682-001 | 0064734 | LANGHAM CREEK UD 1014E 1014E_02 2 4.7691
11836-001 | 0091626 | HARRIS CO MUD 149 1014E 1014E_02 0.645 1.538
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Allocation
Assessment Flow (Billion
TPDES NPDES Facility Name Segment Unit (MGD) | MPN/day)
Reservoir Watershed, cont.
11906-001 | 0074896 | HARRIS CO MUD 157 1014E 1014E_02 2.3 5.4845
11935-001 | 0075981 | NORTHWEST HC MUD 016 1014E 1014E_02 0.99 2.3607
11947-001 | 0075884 | HARRIS CO MUD 208 1014E 1014E_02 6.7 15.9765
12124-001 | 0079707 | HARRIS CO MUD 185 1014E 1014E_02 0.675 1.6096
12128-001 | 0079537 | HORSEPEN BAYOU MUD 1014E 1014E_02 0.95 2.2653
12223-001 | 0083496 | WEST HC MUD 015 1014E 1014E_02 0.6 1.4307
12304-001 | 0085588 | CHIMNEY HILL MUD 1014E 1014E_02 12 2.8615
12310-001 | 0085871 | R&K WEIMAN MHP 1014E 1014E_02 0.03 0.0715
12447-001 | 0088838 | HARRIS CO MUD 196 1014E 1014E_02 14 3.3384
12474-001 | 0089494 | HARRIS CO MUD 166 1014E 1014E_02 0.625 1.4903
12726-001 | 0100161 | HARRIS CO MUD 155 1014E 1014E_02 1.55 3.6961
13778-001 | 0097985 | FRIEDMAN, STEPHEN 1014E 1014E_02 0.01 0.0238
11284-001 | 0053091 | WESTLAKE MUD 001 1014H 1014H_02 0.9 2.1461
11696-002 | 0112585 | ADDICKS UD 1014H 1014H_02 0.8 1.9076
11917-001 | 0074403 | HARRIS CO MUD 071 1014H 1014H_02 2.35 5.6037
11969-001 | 0076660 | MAYDE CREEK MUD 1014H 1014H_02 2 4.7691
11989-001 | 0076775 | FRY ROAD MUD 1014H 1014H_02 0.8 1.9076
12110-001 | 0079201 | KATY ISD 1014H 1014H_02 0.1 0.2385
12140-001 | 0079618 | WEST HC MUD 007 1014H 1014H_02 0.5 1.1923
12189-001 | 0082830 | TEX-SUN PARKS, LC 1014H 1014H_02 0.15 0.3577
12247-001 | 0084468 | WEST HC MUD 017 1014H 1014H_02 0.275 0.6558
12516-001 | 0089907 | WEST HOUSTON AIRPORT 1014H 1014H_02 0.015 0.0358
12802-001 | 0093891 | HARRIS CO MUD 238 1014H 1014H_02 0.825 1.9673
03153-000 | 0074292 | TOSHIBA INTERNATIONAL 1014K 1014K_02 0.05 0.1192
CORPORATION
12466-001 | 0089061 | OCEANEERING INTER. 1014K 1014K_02 0.012 0.0286
13484-001 | 0104311 | 529 #35,LTD 1014K 1014K_02 0.2 0.4769
11152-001 | 0021512 | WEST MEMORIAL MUD 1014L 1014L_01 6.48 15.4519
11883-001 | 0071625 | CASTLEWOOD MUD 1014L 1014L_01 2 4.7691
12289-001 | 0085332 | GREEN TRAILS MUD 1014L 1014L_01 0.99 2.3607
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Allocation
Assessment Flow (Billion
TPDES NPDES Facility Name Segment Unit (MGD) | MPN/day)
Reservoir Watershed, cont.
12479-001 | 0089346 | NOTTINGHAM COUNTRY 1014L 1014L 01 1.3 3.0999
MUD
14109-001 | 0119121 | KATY-HOCKLEY 1014L 1014L_02 0.075 0.1788
11598-001 | 0058408 | WILLIAMSBURG REG SA 1014L 1014L_02 3 7.1537
13764-001 | 0092932 | ALLIANCE CHF3 GP 1017/1017E 1017_04 0.15 0.3577
Whiteoak Bayou Watershed
13983-001 | 0095435 | RESTAURANT SERVICE, 1017 1017_01 0.002 0.0048
L.L.C.

14070-001 | 0089940 | WEATHERFORD U.S., L.P. 1017 1017_01 0.011 0.0262
10495-099 | 0057347 | HOUSTON, CITY OF 1017 1017_01 4 9.5382
10876-001 | 0022853 | HARRIS CO FWSD 061 1017 1017_01 1.6 3.8153
10876-002 | 0091804 | HARRIS CO FWSD 061 1017 1017_01 3 7.1537
11188-001 | 0026697 | ROLLING FORK PUD 1017 1017_01 0.49 1.1684
11273-001 | 0026352 | HARRIS CO MUD 006 1017 1017_01 0.75 1.7884
11375-001 | 0026247 | AQUASOURCE UTILITY 1017 1017_01 0.184 0.4388
11389-001 | 0075736 | CB&I CONSTRUCTORS 1017 1017 _01 0.045 0.1073
11485-001 | 0062235 | HARRIS CO MUD 023 1017 1017_01 0.75 1.7884
11538-001 | 0057029 | GULF COAST WASTE DA 1017 1017_01 4.5 10.7305
11563-001 | 0053325 | REID ROAD MUD 001 1017 1017_01 1.75 4173
11670-001 | 0063479 | SUNBELT FWSD 1017 1017_01 0.99 2.3607
11979-002 | 0076651 | WHITE OAK BEND MUD 1017 1017_01 0.4 0.9538
12121-001 | 0079146 | HARRIS CO MUD 170 1017 1017 01 2.5 5.9614
12139-001 | 0081256 | FAIRBANKS PLAZA SHOP 1017 1017_01 0.04 0.0954
12342-001 | 0085821 | C & P UTILITIES 1017 1017_01 0.045 0.1073
12397-001 | 0087416 | DANIEL INDUSTRIES 1017 1017_01 0.012 0.0286
12443-001 | 0088676 | SUPERIOR DERRICK 1017 1017_01 0.0024 0.0057
12465-001 | 0088927 | TIFCO INDUSTRIES 1017 1017_01 0.035 0.0835
12552-001 | 0090115 | NCI BUILDING SYSTEMS 1017 1017_01 0.01 0.0238
12552-002 | 0117064 | NCI BUILDING SYSTEMS 1017 1017_01 0.01 0.0238
12574-001 | 0091316 | HARRIS CO MUD 130 1017 1017_01 0.95 2.2653
12681-001 | 0092606 | JERSEY VILLAGE 1017 1017_01 0.8 1.9076
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Allocation
Assessment Flow (Billion
TPDES NPDES Facility Name Segment Unit (MGD) | MPN/day)
Whiteoak Bayou Watershed, cont.
12795-001 | 0093726 | NORTHWEST HC MUD 029 1017 1017_01 0.565 1.3473
13433-001 | 0103705 | AQUASOURCE DVLP. CO. 1017 1017_01 0.5 1.1923
13509-001 | 0092746 | TRINITY @ WINDFERN 1017 1017_01 0.04 0.0954
13578-001 | 0118583 | COOPER CAMERON CORP 1017 1017 _01 0.008 0.0191
13623-001 | 0109126 | WEST HC MUD 021 1017 1017_01 0.5 1.1923
13689-001 | 0111937 | WEST HC MUD 11 1017 1017_01 15 3.5768
13727-001 | 0113697 | MOORPARK VILLAGE,INC 1017 1017 01 0.035 0.0835
13807-001 | 0082597 | MCDONALDS CORP. 1017 1017_01 0.003 0.0072
13939-001 | 0082988 | RIEDEL, ANTHONY 1017 1017_01 0.003 0.0072
13983-001 | 0095435 | RESTAURANT SERVICE 1017 1017_01 0.002 0.0048
14072-001 | 0082317 | WEST HC MUD 010 1017 1017_01 15 3.5768
14506-001 | 0090735 | SMITH, WILLIAM D. 1017 1017_01 0.012 0.0286
11051-001 | 0075841 | VANCOUVER 1017 1017_02 0.03 0.0715
MANAGEMENT

10495-139 | 0026875 | HOUSTON, CITY OF 1017A 1017A 01 0.995 2.3726
11193-001 | 0075434 | AQUASOURCE UTILITY 1017B 1017B_01 0.8 1.9076
12222-001 | 0083950 | AQUASOURCE UTILITY 1017B 1017B_01 0.25 0.5961
13996-001 | 0117684 | CROW FAMILY HOLDINGS 1017B 1017B_01 0.05 0.1192
10495-076 | 0063011 | HOUSTON, CITY OF 1017B 1017B_02 21 50.0757
11005-001 | 0020095 | CHAMP'S WATER CO 1017C 1017C_01 0.28 0.6677
12714-001 | 0092908 | HARRIS CO MUD 119 1017C 1017C_02 0.25 0.5961
14359-001 | 0119431 | HARRIS CO MUD 366 1017C 1017C_02 0.2 0.4769

The TCEQ intends to implement these individual WLAs through the permitting process.
However, there may be more economical or technically feasible means of achieving the
goal of improved water quality, and circumstances may warrant changes in individual
WLAs. Therefore, these individual WLAs, as well as the WLAs for storm water, are non-
binding until implemented via a separate TPDES permitting action, which may involve
preparation of an update to the state’s Water Quality Management Plan Update. Regard-
less, all permitting actions will demonstrate compliance with the TMDL.
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Compliance with the WLAwwte Will be achieved by adhering to the indicator bacteria dis-
charge limits and disinfection requirements of TPDES permits as well as changes to do-
mestic TPDES WWTF permits to include water quality-based effluent limitations, repre-
sentative monitoring requirements for bacteria, or other requirements established in the Im-
plementation Plan.

Upon permit amendment or permit renewal, the executive director or commission may es-
tablish interim effluent limits and/or monitoring-only requirements to allow a permittee
time to modify effluent quality in order to attain the final effluent limits necessary to meet
the TCEQ and EPA approved TMDL allocations. The duration of any interim effluent lim-
its many not be any longer than three years from the date of permit re-issuance. New per-
mits are not subject to interim effluent limits because compliance schedules are not allowed
for a new permit.

Where a TMDL has been approved, domestic WWTF TPDES permits will require condi-
tions consistent with the requirements and assumptions of the waste load allocations. For
NPDES/ TPDES-regulated municipal and small-construction storm water discharges, water
quality-based effluent limits that implement the WLA for storm water may be expressed as
best management practices (BMPSs) or other similar requirements, rather than as numeric
effluent limits (November 22, 2002, memorandum from EPA relating to establishing
WLAs for storm water sources). The EPA memo also states that:

“...the Interim Permitting Approach Policy recognizes the need for an iterative ap-
proach to control pollutants in storm water discharges...[s]pecifically, the policy an-
ticipates that a suite of BMPs will be used in the initial rounds of permits and that
these BMPS will be tailored in subsequent rounds.”

Using an iterative, adaptive BMP approach to the maximum extent practicable is appropri-
ate to address the storm water component of this TMDL. The iterative adaptive approach is
reflected in the 2008 permit renewal application of TPDES Permit No. WQ0004685000.

This TMDL is, by definition, the total of the sum of the waste load allocation, the sum of
the load allocation, and the margin of safety. Changes to individual WLAs may be neces-
sary in the future in order to accommodate growth or other changing conditions. These
changes to individual WLASs do not ordinarily require a revision of the TMDL document;
instead, changes will be made through updates to the TCEQ’s Water Quality Management
Plan. Any future changes to effluent limitations will be addressed through the permitting
process and by updating the WQMP.

The strength of this TMDL is the use of the HSPF, load duration curve, and BLEST mass
balance methods to determine the TMDL allocations. All of these methods have been used
in TMDLs across the country and they have proven to be reliable. By using all three meth-
ods, the reliability of the conclusions in enhanced. The weakness of this TMDL is the gen-
eral difficulty in analyzing and characterizing E. coli in the environment.
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TMDL Load Allocations

Throughout the source analyses above, the conditions during 2001 through 2006 were used
to determine current loads and current percent reduction goals that are needed to achieve
the water quality standard. However, the TMDL load allocations (Equation 2) must be writ-
ten to be applicable for the full permitted loads listed in Table 45 and the allocations must
be able to accommodate future increases in permitted sources. The future capacity allow-
ance is important in the Houston area because a population increase greater than 50 percent
in the Houston/Harris County area is expected by 2035 (H-GAC 2007). The population in-
creases in each of the four TMDL watersheds were calculated based on the data from the
H-GAC report (Table 46). The population increases range from 15 percent to 44 percent.

Equation 2

TMDL =XWLA + ZLA + MOS

Where:
TMDL = total maximum daily load (load capacity)
WLA = waste load allocation (permitted source contributions)
LA = load allocation (non-permitted source contributions)
MOS = margin of safety

Table 46. Population Increases

Watershed 2005 2035 Increase
Buffalo Bayou Tidal 165350 206056 19.75%
Buffalo Bayou Above Tidal 368919 434246 15.04%
Reservoirs 275357 489540 43.75%
Whiteoak Bayou 325330 409226 20.50%

The permitted flow is nearly three times greater than the average reported flow for the
WWTF discharges (Table 47). The flow difference between the average reported flow and
the permitted flow is not included in the observed flows presented in the BLEST tables.
The volume of this additional flow represents additional load capacity based on the geo-
metric mean criterion of 126 MPN/100mL and additional WLAwwTr load capacity based
on half of the geometric mean criterion (63 MPN/100mL).

The additional flow for the future capacity is calculated by multiplying the average re-
ported flow from the current WWTF discharges in the watershed times the predicted popu-
lation increases.

Additional load is determined using Equation 1 (page 98) and the additional capacity is de-
termined by using Equation 3.
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Equation 3

WLA Additional Capacity = SWs * flow * unit conversion factor

Where:
swaqs (surface water quality standard) = 126 MPN/100mL E. coli.
flow (10° gal/day) = permitted flow
unit conversion factor = 37,854,120 100mL/10°gal

This additional capacity is added to the load capacity calculated in the BLEST tables that
represent the conditions during the 2001 to 2006 study (Tables 25 through 28) to determine
the TMDL for each watershed (Table 47). The Buffalo Bayou Tidal watershed, which cur-
rently has no WWTF discharges, was allocated a two MGD capacity for future growth to
accommodate a 15 percent population increase. Additional capacity and load due to the dif-
ference between permitted flow and reported flow, and future capacity for assessment
units, are presented in Table 47.

Watershed TMDL Allocations

The allocations for the four TMDL watersheds are calculated directly. The TMDL (load
capacity) is calculated by multiplying the flow times the contact recreation geometric mean
criterion of 126 MPN/100mL for E. coli. This is the indicator bacteria capacity of the water
body. The additional flow from using the permitted flow and the additional flow from the
future capacity in each watershed are added to the flows for each of the three flow catego-
ries to determine the final TMDL for each watershed and flow category. The upstream
loads from the BLEST tables also have the additional flow added to represent the addi-
tional capacity and additional load added from the additional upstream flow calculated us-
ing Equation 1 (page 98).

The TMDL equation, modified to accommodate the additional factors, is expressed as:
Equation 4

Where:
SWLAwwTr = waste load allocation (permitted WWTF)
YWLAstorm water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
MOS = margin of safety
USL = Upstream Load
FC = Future Capacity

The TMDL, SWLAwwtr, MOS, XUSL, and FC allocations are set by flow and the contact
recreation criterion. The load that remains after subtracting XWLAwwr, MOS, XUSL, and
FC is allocated to the XWLAstorm water and XLA. Permitted storm water sources are allo-
cated 90 percent of the remaining load and the remaining 10 percent is allocated to non-
permitted sources (non-point).
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The TMDL allocations for the four watersheds are presented in Tables 49, 50, and 51 for
wet, intermediate, and dry flow conditions, respectively. For the Buffalo Bayou Above
Tidal and Buffalo Bayou Tidal watersheds, upstream loads are conveyed by the other
TMDL watersheds. Buffalo Bayou Above Tidal receives a load from the Reservoirs water-
shed and Buffalo Bayou Tidal receives loads from the Buffalo Bayou Above Tidal and
Whiteoak Bayou watersheds. These loads are a part of the TMDL for the receiving water-
shed.

The TMDL load allocations were developed for all three flow conditions. Table 49 presents
the load allocations for wet conditions. These values are considered the critical conditions
for the Buffalo Bayou Tidal, Buffalo Bayou Above Tidal, Reservoirs, and Whiteoak Bayou
watersheds. The wet-flow condition has been chosen because it represents maximum daily
load.

Assessment Unit TMDL Allocations

Allocations are also developed for each impaired assessment unit in the four watersheds for
the critical high flow (wet) conditions. These allocations are developed to match the 2006
303(d) list of impaired water bodies in Texas. The TMDL regulations (40 CFR 130.7) re-
quire that loads be assigned to all the entries on the 303(d) list. The 2006 303(d) list has
been approved by EPA and which identifies impairments by individual assessment units. In
its approval of the list, EPA has determined that each assessment unit is a segment per 40
CFR 130.7 and that a TMDL must be written for each identified assessment unit.

The allocations for the critical conditions of the assessment units are determined from the
watershed ratio of the area of assessment unit watershed to the overall area of the water-
shed. The percentages in Table 52 are multiplied times the components of the allocations,
except for the WLAwwtr and Future Capacity components, which are calculated based on
the WWTF discharges in the assessment unit watershed (Table 48) and the population in-
creases for the watershed (Table 46).

A summary of all allocation components for the impaired assessment units is presented in
Table 53. The final TMDL allocations needed to comply with the requirements of 40 CFR
130.7 for the impaired assessment units are presented in Table 54. In this table, the up-
stream loads are combined with the load allocation (LA) and the future capacity is included
in the TMDL.

The final TMDL allocations in Table 54 are based on the current contact recreation criteria
of 126 MPN/100mL. Should the contact recreation criteria change in the future or if the
contact recreation use changes, Appendix A presents a method that can be used to calculate
revised TMDL allocations for Table 54. Appendix A includes graphs showing the relation-
ship between the changed criteria and the TMDL allocations and the equations that can be
used to calculate the revised TMDL allocations.

Allowance for Future Growth

Compliance with these TMDLSs is based on keeping the indicator bacteria concentrations in
the selected waters below the limits that were set as criteria for the individual sites. Future
growth of existing or new permitted sources is provided for in the TMDL allocations. This
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growth is not limited by these TMDLs as long as the sources do not cause indicator bacte-
ria to exceed the limits. The assimilative capacity of streams increases as the amount of
flow increases. Increases in flow allow for increased loadings. The equations and tables in
this TMDL will guide determination of the assimilative capacity of the stream under chang-
ing conditions, including future growth.

The three-tiered antidegradation policy in the water quality standards prohibits an increase
in loading that would cause or contribute to degradation of an existing use. The antidegra-
dation policy applies to both point and nonpoint source pollutant discharges. In general,
antidegradation procedures establish a process for reviewing individual proposed actions to
determine if the activity will degrade water quality. The TMDLSs in this document will re-
sult in protection of existing beneficial uses, and conform to the Texas antidegradation pol-

icy.

Additional dischargers represent additional flow that is not accounted for in the current al-
locations. Changes in MS4 jurisdiction or additional development associated with popula-
tion increases in the watershed can be accommodated by shifting allotments between the
waste load allocation and the load allocation. This can be done without the need to reserve
future capacity waste load allocations for storm water. In un-urbanized areas, growth can
be accommodated by shifting loads between the load allocation and the waste load alloca-
tion (for storm water). In urbanized areas currently regulated covered by an MS4 permit,
development and/or re-development of land in urbanized areas must implement the control
measures/programs outlined in an approved Storm Water Pollution Prevention Plan
(SWPPP). Although additional flow may occur from development or re-development, load-
ing of the pollutant of concern should be controlled and/or reduced through the implemen-
tation of best management practices (BMPs) as specified in both the NPDES permit and the
SWPPP. Currently, it is envisioned that an iterative, adaptive management BMP approach
be used to address storm water discharges. This approach encourages the implementation
of controls (i.e. structural or non-structural), implementation of mechanisms to evaluate the
performance of the controls, and finally, allowance to make adjustments (i.e., more strin-
gent controls or specific BMPSs) as necessary to protect water quality.
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Table 47. Watershed Flow and Load Changes Using Full Permitted Flow

Additional Future WWTF
Average Additional Load Load Capacity
Reported Flow Permitted Difference Capacity (Billion (Billion Population

Watershed (MGD) Flow (MGD) (MGD) (Billion MPN/Day) MPN/Day) MPN/Day) Increase
Buffalo Bayou Above Tidal 17.92477 48.7768 30.85203 147.15 73.58 6.42917 15.04%
Buffalo Bayou Tidal 0 0 0 0.00 0.00 4.76962* 19.75%
Reservoirs 20.51719 73.685 53.16781 253.59 126.80 21.4067 43.75%
Whiteoak Bayou 19.97647 51.6084 31.63193 150.87 75.44 9.76622 20.50%
Total 58.41843 174.0702

MPN — most probable number
MGD = million gallons per day
* Buffalo Bayou Tidal currently has no WWTF discharges, so a future capacity for 2.0 MGD flow is allocated.



Table 48. Assessment Unit Flow and Load Changes Using Full Permitted Flow

Additional Future WWTF
Average Additional Load Load Capacity
Reported Flow Permitted Difference Capacity (Billion (Billion Population
Assessment Unit (MGD) Flow (MGD) (MGD) (Billion MPN/Day) MPN/Day) MPN/Day) Increase

1013 01 0 0 0 0 0 1.19240* 19.75%
1013A 01 0 0 0 0 0 1.19240* 19.75%
1013A_02 0 0 0 0 0 1.19240* 19.75%
1013C_01 0 0 0 0 0 1.19240* 19.75%
1014 01 7.40215 15.0658 7.66365 36.55 18.28 18.27634 15.04%
1014A_01 3.1332 9.566 6.4328 30.68 15.34 15.34100 43.75%
1014A_02 0.023 0.6 0.577 2.75 1.38 1.37604 43.75%
1014B_01 5.25815 21.68 16.42185 78.33 39.16 39.16298 43.75%
1014E_01 0.1016 1.95 1.8484 8.82 441 4.40808 43.75%
1014E_02 6.537 23.455 16.918 80.69 40.35 40.34621 43.75%
1014H_01 0 0 0 0 0 2.38481** 43.75%
1014H_02 2.53994 8.715 6.17506 29.45 14.73 14.72634 43.75%
1014K_01 0.10052 0.911 0.81048 3.87 1.93 1.93284 43.75%
1014K_02 0.0533 0.262 0.2087 1.00 0.50 0.49771 43.75%
1014L_01 31 10.77 7.67 36.58 18.29 18.29149 43.75%
1014L_02 0.6914 3.075 2.3836 11.37 5.68 5.68443 43.75%
1014M_01 0 0 0 0 0 2.38481** 43.75%
1014N_01 9.5 26.4 16.9 80.61 40.30 40.30328 15.04%
10140_01 0.0017 0.012 0.0103 0.05 0.02 0.02456 15.04%




Additional Future WWTF
Average Additional Load Load Capacity
Reported Flow Permitted Difference Capacity (Billion (Billion Population
Assessment Unit (MGD) Flow (MGD) (MGD) (Billion MPN/Day) MPN/Day) MPN/Day) Increase
1017_01 9.76587 27.5444 17.77853 84.80 42.40 42.39841 20.50%
1017_02 0.03 0.035 0.005 0.02 0.01 0.01192 20.50%
1017_03 0 0 0 0 0 2.38481** 20.50%
1017_04 0.096 0.209 0.113 0.54 0.27 0.26948 20.50%
1017A_01 0.48 0.995 0.515 2.46 1.23 1.22818 20.50%
1017B_01 0.5786 11 0.5214 2.49 1.24 1.24344 20.50%
1017B_02 8.7 21 12.3 58.67 29.33 29.33316 20.50%
1017C_01 0.15 0.28 0.13 0.62 0.31 0.31003 20.50%
1017C_02 0.171 0.45 0.279 1.33 0.67 0.66536 20.50%
1017D_01 0 0 0 0 0 2.38481** 20.50%
1017E_01 0 0 0 0 0 2.38481** 20.50%
Total 58.41343 174.0752

MPN = most probable number
MGD = million gallons per day

* Assessment Unit currently has no WWTF discharges, so a future capacity for 0.5 MGD flow is allocated.

** Assessment Unit currently has no WWTF discharges, so a future capacity for 1.0 MGD flow is allocated.




Table 49. Watershed TMDL Summary for All Segments at Wet-Flow Conditions

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

Upstream
TMDL WLAwWwTE WL Astorm water LA MOS Load Future WWTF
(Billion (Billion (Billion (Billion (Billion (Billion Capacity
Watershed MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) (Billion MPN/day)
Buffalo Bayou Above Tidal 2,558.25 116.32 1120.73 124.53 0.00 1190.25 6.43
Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)
Buffalo Bayou Tidal 3,048.46 0.00 737.25 81.92 0.00 222453 4.77
Buffalo Bayou Tidal (1013), Little White
Oak Bayou (1013A), Unnamed Non-
Tidal Tributary of Buffalo Bayou Tidal
(1013C)
Reservoirs 1,393.13 175.72 1076.40 119.60 0.00 0.00 21.41
Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E), South
Mayde Creek (1014H), Turkey Creek
(1014K), Mason Creek (1014L)
Whiteoak Bayou 1,254.06 123.08 1009.10 112.12 0.00 0.00 9.77

WLAwwTr — Waste load allocation for WWTF discharges
WLASsom water — Waste load allocation for all storm water permitted discharges

MPN — most probable number




Table 50. Watershed TMDL Summary for All Segments at Intermediate-Flow Conditions

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

Future WWTF
TMDL WLAwWwTF WLAStorm water LA MOS Upstream Load Capacity
(Billion (Billion (Billion (Billion (Billion (Billion (Billion
Watershed MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) MPN/day)
Buffalo Bayou Above Tidal 1,203.46 116.32 567.94 63.10 0 449.67 6.43
Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)
Buffalo Bayou Tidal 1,207.47 0.00 197.00 21.89 0 983.81 477
Buffalo Bayou Tidal (1013), Little White
Oak Bayou (1013A), Unnamed Non-
Tidal Tributary of Buffalo Bayou Tidal
(1013C)
Reservoirs 649.48 175.72 407.12 45.24 0 0 21.41
Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E), South
Mayde Creek (1014H), Turkey Creek
(1014K), Mason Creek (1014L)
Whiteoak Bayou 340.74 123.08 187.11 20.79 0 0 9.77

WLAwwr — Waste load allocation for WWTF discharges
WLAGSom water — Waste load allocation for all storm water permitted discharges

MPN — most probable number




Table 51. Watershed TMDL Summary for All Segments at Dry-Flow Conditions

Future WWTF
TMDL WLAwWwTE WLAStorm water LA MOS Upstream Load Capacity
(Billion (Billion (Billion (Billion (Billion (Billion (Billion
Watershed MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) MPN/day) MPN/day)
Buffalo Bayou Above Tidal 556.49 112.00 0.00 189.21 0.00 212.43 42.85
Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)
Buffalo Bayou Tidal 655.83 0.00 0.00 315.71 0.00 318.66 21.46
Buffalo Bayou Tidal (1013), Little White
Oak Bayou (1013A), Unnamed Non-
Tidal Tributary of Buffalo Bayou Tidal
(1013C)
Reservoirs 336.14 144.00 0.00 143.31 0.00 0.00 48.83
Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E), South
Mayde Creek (1014H), Turkey Creek
(1014K), Mason Creek (1014L)
Whiteoak Bayou 267.16 108.00 0.00 111.52 0.00 0.00 47.64

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

WLAwwTr — Waste load allocation for WWTF discharges
WLAGSom water — Waste load allocation for all storm water permitted discharges

MPN — most probable number
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Table 52. Assessment Unit Watershed Areas

Assessment Unit Main Watershed Total Area (acres) Percentage
1013 01 1013 2611.30 17%
1013A 01 1013 2288.23 15%
1013A_02 1013 10099.14 67%
1013C_01 1013 169.27 1%
1013 Total 15167.93
1014 01 1014 29799.64 72%
1014M 1014 1278.76 3%
1014N 1014 3127.89 8%
10140 1014 7158.06 17%
1014 Total 41364.35
1017_01 1017 7602.92 14%
1017_02 1017 2280.57 4%
1017_03 1017 6547.41 12%
1017_04 1017 23526.19 43%
1017A_01 1017 7624.29 14%
1017B_02 1017 5874.38 11%
1017D_01 1017 695.77 1%
1017E_01 1017 780.13 1%
1017 Total 54931.66
1014A 01 Reservoir 24084.18 14%
1014B 01 Reservoir 80155.46 45%
1014E_01 Reservoir 29812.76 17%
1014H_01 Reservoir 5014.50 3%
1014H_02 Reservoir 22451.96 13%
1014K_01 Reservoir 4487.43 3%
1014K_02 Reservoir 1931.86 1%
1014L_01 Reservoir 10356.67 5%
Reservoir Total 178294.82
GRAND TOTAL 289758.77
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Table 53. Assessment Unit TMDL Summary for All Impaired Segments at Wet-Flow (Critical) Conditions

Upstream
TMDL WLAwWwTF MOS Load Future WWTF
(Billion (Billion WL Astorm water LA (Billion (Billion Capacity
Assessment Unit MPN/day) MPN/day) (Billion MPN/day) (Billion MPN/day) MPN/day) MPN/day) (Billion MPN/day)
1013 01 1,574.77 0.00 267.95 29.77 0.00 1,275.86 1.19
1013A 01 1,379.94 0.00 234.66 26.07 0.00 1,118.01 1.19
1013C_01 102.08 0.00 16.37 1.02 0.00 82.70 1.19
1014 01 1841.94 35.93 837.68 93.08 0.00 856.98 18.28
1014A 01 195.04 22.81 141.20 15.69 0.00 0.00 15.34
1014B-01 626.91 51.70 482.44 53.60 0.00 0.00 39.16
1014E_01 236.83 4.65 205.00 22.78 0.00 0.00 441
1014H_01 39.18 0.00 33.12 3.68 0.00 0.00 2.38
1014H_02 175.43 20.78 125.93 13.99 0.00 0.00 14.73
1014K_01 35.06 217 27.86 3.10 0.00 0.00 1.93
1014K_02 15.09 0.62 12.58 1.40 0.00 0.00 0.50
1014L_01 69.66 25.68 23.11 2.57 0.00 0.00 18.29
1014M_01 76.75 0.00 34.79 3.87 0.00 35.71 2.38
1014N_01 204.66 62.96 5.56 0.62 0.00 95.22 40.30
10140_01 434.90 0.03 209.26 23.25 0.00 202.34 0.02
1017_01 173.57 65.69 58.94 6.55 0.00 0.00 42.40
1017_02 52.06 0.08 46.77 5.20 0.00 0.00 0.01
1017_03 149.47 0.00 132.38 14.71 0.00 0.00 2.38




Upstream

TMDL WLAwWWTE MOS Load Future WWTF
(Billion (Billion WLAStorm water LA (Billion (Billion Capacity
Assessment Unit MPN/day) MPN/day) (Billion MPN/day) (Billion MPN/day) MPN/day) MPN/day) (Billion MPN/day)
1017_04 537.09 0.50 482.69 53.63 0.00 0.00 0.27
1017A 01 175.57 2.37 154.77 17.20 0.00 0.00 1.23
1017B_02 137.95 50.08 52.68 5.85 0.00 0.00 29.33
1017D_01 12.54 0.00 9.14 1.02 0.00 0.00 2.38
1017E_01 12.54 0.00000 9.14 1.02 0 0.00 2.38481

WLAwwrr — Waste load allocation for WWTF discharges
WLAGSom water — Waste load allocation for all storm water permitted discharges
MPN — most probable number

MGD = million gallons per day




Table 54. Final TMDL Allocations for All Impaired Assessment Units at Wet-Flow (Critical) Conditions

TMDL WLAwwTE WLAStorm water LA MOS
Assessment Unit (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day) (Billion MPN/day)
1013 01 1,574.77 1.19 267.95 1,305.63 0
1013A 01 1,379.94 1.19 234.66 1,144.09 0
1013C_01 102.08 1.19 16.37 84.52 0
1014 01 1,841.94 54.21 837.68 950.06 0
1014A 01 195.04 38.15 141.2 15.69 0
1014B_01 626.91 90.87 482.44 53.6 0
1014E_01 236.83 9.06 205 22.78 0
1014H_01 39.18 238 33.12 3.68 0
1014H_02 175.43 3551 125.93 13.99 0
1014K_01 35.06 411 27.86 3.1 0
1014K_02 15.09 112 12.58 1.4 0
1014L_01 69.66 43.98 2311 2.57 0
1014M_01 76.75 238 34.79 39.58 0
1014N_01 204.66 103.26 5.56 95.84 0
10140_01 434.9 0.05 209.26 225.59 0
1017_01 173.57 108.09 58.94 6.55 0
1017_02 52.06 0.10 46.77 5.2 0
1017_03 149.47 238 132.38 14.71 0
1017_04 537.09 482.69 53.63 0

0.77




TMDL WLAwWWTFE

Assessment Unit (Billion MPN/day) (Billion MPN/day)

WLAStorm Water
(Billion MPN/day)

LA
(Billion MPN/day)

MOS
(Billion MPN/day)

1017A 01 175.57 3.60 154.77 172 0
1017B_02 137.95 7941 52,68 5.85 0
1017D_01 12.54 238 9.14 1.02 0
1017E_01 12.54 238 9.14 1.02 0

WLAwwrr — Waste load allocation for WWTF discharges

WLAGSom water — Waste load allocation for all storm water permitted discharges
MPN — most probable number

MGD = million gallons per day
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Seasonal Variation

Federal regulations in 40 CFR 130.7(c)(1) require that TMDLs account for seasonal varia-
tion in watershed conditions and pollutant loading. An analysis of all E. coli data showed
no seasonal variations. Seasonal variation was accounted for in these TMDLs by using
more than five years of water quality data and by using the longest period of USGS flow
records when estimating flows to develop flow exceedance percentiles.

Public Participation

In accordance with requirements of law promulgated in 2001 under Texas House Bill 2912,
a stakeholder group was formed, public meetings were conducted, and notices of meetings
were posted on the TMDL program’s Web calendar. Two weeks prior to scheduled meet-
ings, the public was formally invited to attend. To ensure that absent members and the pub-
lic were informed of past meetings and pertinent material, a project page was established to
provide meeting summaries, ground rules, and a list of steering committee members at the
TCEQ Web site <www.tceq.state.tx.us/implementation/water/tmdl/22-buffalobayou.htmi>
and the Houston-Galveston Area Council Web site <www.h-gac.com/community/water/
tmdl/default.aspx>

From the inception of this TMDL, the project team sought to ensure that stakeholders were
informed and involved. Communication and comments from the stakeholders in the water-
shed strengthen TMDL projects and their implementation.

Over the course of the Buffalo and Whiteoak Bayou TMDLs project, public participation
has played a large role. Members of the stakeholder group include government, permitted
facilities, agriculture, business, environmental and community interests in the Buffalo and
Whiteoak Bayou watersheds.

Eighteen meetings were held between May 2000 and July 2007 to present both project
status reports from the TCEQ and updates on the technical aspects of the project. The meet-
ings were held at project milestones and were used to solicit input and feedback from the
stakeholders. Stakeholder input provided valuable local insight to the project staff.

Implementation and Reasonable Assurances

The TMDL development process involves the preparation of two documents:

3) a TMDL, which determines the maximum amount of pollutant a water body can
receive within one 24-hour period and still meet applicable water quality standards;
and

4) an Implementation Plan (or I-Plan), which is a detailed description and schedule
of the measures necessary to achieve the pollutant reductions identified in the
TMDL.
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The TCEQ is committed to developing I-Plans for all TMDLs adopted by the commission
and to ensuring the plans are implemented. I-Plans are critical to ensure water quality stan-
dards are restored and maintained. They are not subject to EPA approval.

In December 2007, stakeholders in the Houston/Harris County area initiated an effort to
develop an area-wide I-Plan to address indicator bacteria sources throughout the greater
Houston/Harris County area. The effort, known as the Bacteria Implementation Group
(BIG), is being lead by the Houston-Galveston Area Council with funding from the TCEQ.
This effort will include all of the water bodies that have been listed as impaired for contact
recreation because of high indicator bacteria concentrations (Table 55). The area-wide I-
Plan, which will include the watersheds in this report, is expected to be completed in June
2010.

Table 55. Watersheds Included in Houston/Harris County Implementation Plan.

Number of

Watershed Segments Counties
Clear Creek 9 Harris, Fort Bend, Galveston, Brazoria
Buffalo Bayou Above Tidal, Buffalo Bayou Tidal, 18 Harris, Waller, Fort Bend
Reservoirs & Whiteoak Bayous
Sims Bayou 3 Harris, Fort Bend
Brays Bayou 5 Harris, Fort Bend
Halls Bayou 4 Harris
Greens Bayou 5 Harris
Eastern Houston 10 Harris
Lake Houston 14 Harris, Montgomery, Liberty, San Jacinto

The TCEQ works with stakeholders to develop the strategies summarized in the I-Plan. I-
Plans may use an adaptive management approach that achieves initial loading allocations
from a subset of the source categories. Adaptive management allows for development or
refinement of methods to achieve the environmental goal of the plan. Additionally, if fur-
ther research results in revisions to the surface water quality standards, an adaptive man-
agement approach affords the TCEQ and stakeholders the opportunity to adjust the imple-
mentation in a corresponding manner.

The stakeholder led Bacteria Implementation Group will develop the I-Plan for Eighteen
Total Maximum Daily Loads for Bacteria in Buffalo and Whiteoak Bayous and Tributaries,
along with all other TMDLSs for bacteria in the Houston area. Through the Bacteria Imple-
mentation Group, the excellent resources and expertise of the organizations and individuals
involved in the group are available to develop the plan. An adaptive management strategy
will be used to develop a plan to set priorities, provide flexibility, and will be appropriate
for all stakeholders. Social and economic factors may be considered by the stakeholders
during the development of the I-Plan.
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Periodic and repeated evaluations of the effectiveness of implementation methods assure
that progress is occurring, and may show that the original distribution of loading among
sources should be modified to increase efficiency. This adaptive approach provides reason-
able assurance that the necessary regulatory and voluntary activities to achieve the pollutant
reductions will be implemented.

Implementation of the TMDL

Together, a TMDL and I-Plan direct the correction of unacceptable water quality condi-
tions that exist in an impaired surface water in the state. A TMDL broadly identifies the
pollutant load goal after assessment of existing conditions and the impact on those condi-
tions from probable or known sources. A TMDL identifies a total loading from the combi-
nation of point sources and nonpoint sources that would allow attainment of the established
water quality standard.

An I-Plan specifically identifies the actions that will be taken to achieve the pollutant load-
ing goals of the TMDL.

Strategies to optimize compliance and oversight are identified in an I-Plan when necessary.
Such strategies may include additional monitoring and reporting of effluent discharge qual-
ity to evaluate and verify loading trends, adjustment of an inspection frequency or a re-
sponse protocol to public complaints, and escalation of an enforcement remedy to require
corrective action of a regulated entity contributing to an impairment.

The TMDL report and the underlying assumptions, model scenarios, and assessment results
are not, and should not be, interpreted as required effluent limitations, pollutant load reduc-
tions that will be applied to specific permits, or any other regulatory action necessary to
achieve attainment of the water quality standard. The I-Plan developed by stakeholders and
approved by the state will direct implementation efforts to certain sources contributing to
the impaired water quality.

In determining source reductions, the I-Plan may consider factors such as:

= cost and/or feasibility:

= current availability or likelihood of funding;

= existing or planned pollutant reduction initiatives such as watershed-based protec-
tion plans;

= whether a source is subject to an existing regulation;

= the willingness and commitment of a regulated or unregulated source; and

= ahost of additional factors.

Ultimately, the I-Plan will identify the commitments and requirements to be implemented
through specific permit actions and other means. For these reasons, the I-Plan that is
adopted may not approximate the predicted loadings identified category by category in the
TMDL and its underlying assessment, but with certain exceptions, the I-Plan must nonethe-
less meet the overall loading goal established by the EPA-approved TMDL.
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An exception would include an I-Plan that identifies a phased implementation that takes
advantage of an adaptive management approach. It is not practical or feasible to approach
all TMDL implementation as a one-time, short-term restoration effort. This is particularly
true when a challenging wasteload reduction or load reduction is required by the TMDL,
high uncertainty with the TMDL analysis exists, there is a need to reconsider or revise the
established water quality standard, or the pollutant load reduction would require costly in-
frastructure and capital improvements.

Instead, activities contained in the first phase of implementation may be the full scope of
the initial 1-Plan and include strategies to make substantial progress towards source reduc-
tion and elimination, refine the TMDL analysis, conduct site-specific analyses of the ap-
propriateness of an existing use, and monitor in stream water quality to gauge the results of
the first phase. Ultimately, the accomplishments of the first phase would lead to develop-
ment of a phase two or final I-Plan, or revision of TMDL. This adaptive management ap-
proach is consistent with established guidance from EPA (see August 2, 2006, memoran-
dum from EPA relating to clarifications on TMDL revisions).

The TCEQ’s Water Quality Management Plan (WQMP) directs the state’s efforts to ad-
dress water quality problems and restore water quality uses throughout Texas. The WQMP
is continually updated with new, more specifically focused WQMPs, or “water quality
management plan elements” as identified in federal regulations (40 Code of Federal Regu-
lations (CFR) Sec. 130.6(c)). Consistent with federal requirements, each TMDL is a plan
element of a WQMP and commission adoption of a TMDL is state certification of the
WQMP update.

Because the TMDL does not reflect or direct specific implementation by any one pollutant
discharger, the TCEQ certifies additional water quality management plan elements to the
WQMP after the I-Plan is adopted by the commission. Based on the TMDL and I-Plan, the
TCEQ will propose and certify WQMP updates to establish required water-quality-based
effluent limitations necessary for specific TPDES wastewater discharge permits. The
TCEQ would normally establish best management practices, which are a substitute for ef-
fluent limitations in TPDES MS4 permits, as allowed by the federal rules where numeric
effluent limitations are infeasible (see November 22, 2002, memorandum from EPA relat-
ing to establishing TMDL WLAs for storm water sources). Thus, the TCEQ would not
identify specific implementation requirements applicable to a specific TPDES storm water
permit through an effluent limitation update. However, the TCEQ would revise a storm wa-
ter permit, require a revised SWMP or PPP, or implement other specific revisions affecting
storm water dischargers in accordance with an adopted I-Plan.
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Appendix A.
Equations for Calculating TMDL Allocations for
Changed Contact Recreation Standards
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Assessment Unit 1013 01
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| WLAwwtf WLAsw LA —+— = TMDL |
Equations for Calculating New TMDL and Allocations
TMDL = 12.2258*Std + 34.31
LA =9.7535*Std
WLAStorm Water = 2.4724*Std
WLAWWTF = 1.19
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAGstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Assessment Unit 1013A 01
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Equations for Calculating New TMDL and Allocations

TMDL = 10.7133*Std + 30.07
LA =8.5468*Std

WLAStom water = 2.1665*Std
WLAWWTF =1.19

Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAGstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Assessment Unit 1013C_01
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Equations for Calculating New TMDL and Allocations
TMDL = 0.7925*Std + 2.22
LA =0.6322*Std
WLAStorm Water = 01603*Std
WLAWWTF =1.19
Where:
WLAwwTE = waste load allocation (permitted WWTF)
WLASstorm water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Assessment Unit 1014 01
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Equations for Calculating New TMDL and Allocations
TMDL = 1.2452*Std + 38.15
LA =0.1245*Std
WLAStorm Water = 1.1206*Std
WLAWWTF =38.15
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Assessment Unit 1014A 01
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Equations for Calculating New TMDL and Allocations
TMDL =1.2452*Std + 38.15
LA = 0.1245*Std
WLAStorm Water = 1.1206*Std
WLAWWTF =38.15
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Assessment Unit 1014B_01
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Equations for Calculating New TMDL and Allocations
TMDL = 4.2543*Std + 90.87
LA = 0.4254*Std
WLAStorm Water = 3.8289*Std
WLAWWTF =90.87
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 1.8078*Std + 9.06
LA =0.1808*Std
WLAStorm Water = 1.6270*Std
WLAwWwWTE = 9.06
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL =0.2921*Std + 2.38
LA =0.0292*Std
WLAStorm Water = 0.2629*Std
WLAWWTF =2.38
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL =1.1105*Std + 35.31
LA =0.1110*Std
WLAStorm Water = 0.9994*Std
WLAWWTF =35.31
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations

TMDL = 0.2457*Std + 4.11

LA =0.246*Std

WLAStorm Water = 0.2211*Std

WLAWWTF =411

Where:

WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)

Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL =0.1110*Std + 1.12
LA =0.0111*Std
WLAStorm Water = 0.0998*Std
WLAWWTF =1.12
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 0.2038*Std + 43.98
LA = 0.0204*Std
WLAStorm Water = 0.1834*Std
WLAWWTF =43.98
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations

TMDL =0.6140*Std + 1.72

LA =0.3119*Std + 1.69

WULASstorm water = 0.3021*Std + 0.03
WLAwWwWTE = 0.00

Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 1.5019*Std + 4.21
LA =0.7629*Std - 2.49
WLAStorm Water = 0.7390*Std - 59.66
WLAWWTF =66.37
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 3.4371*Std + 9.63
LA =1.7459*Std + 9.48
WLAStorm water = 1.6911*Std + 0.13
WLAwWwWTE= 0.03
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 0.5198*Std + 108.09
LA =0.0520*Std
WLAStorm Water = 0.4678*Std
WLAWWTF =108.09
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL =0.4125*Std + 0.10
LA =0.0413*Std
WLAStorm Water = 0.3712*Std
WLAWWTF =0.10
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 1.1674*Std + 2.38
LA =0.1167*Std
WLAStorm Water = 1.0506*Std
WLAWWTF =2.38
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 4.2565*Std + 0.77
LA = 0.4256*Std
WLAS[Orm Water = 3.8309*Std
WLAWWTF =0.77
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 1.3648*Std + 3.60
LA =0.1365*Std
WLAStorm water = 1.2283*Std
WLAwWwWTE = 3.60
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 0.4645*Std + 79.41
LA = 0.0464*Std
WLAStorm Water = 0.4181*Std
WLAWWTF =79.41
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 0.0806*Std + 2.38
LA =0.0081*Std
WLAStorm Water = 0.0725*Std
WLAWWTF =2.38
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
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Equations for Calculating New TMDL and Allocations
TMDL = 0.0806*Std + 2.38
LA =0.0081*Std
WLAStorm Water = 0.0725*Std
WLAWWTF =2.38
Where:
WLAwwTr = waste load allocation (permitted WWTF)
WLAstom water = Waste load allocation (permitted storm water)
LA = load allocation (non-permitted source contributions)
Std = Revised Contact Recreation Standard
Texas Commission on Environmental Quality 149 April 8, 2009
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Re: TMDLs for Buffalo and Whiteoak Bayou and Tributaries, Docket No. 2008-0225-
TML, April 8, 2009 Agenda

An error was noted on Table 51 of the TMDLs. There were incorrect values in the future
WWTP capacity column. The values in that column should correspond to the identical
values in the future WWTP capacity columns on Table 49 and Table 50, but did not. The

error does not impact any other part of the TMDLs.

The ED respectfully réquests substituting the attached page for the filed back-up pages to
correct Table 51 of the TMDLs. Please contact Ron Stein at (512) 239-4507 or Bob

Brush at (512) 239-5600 if you have any questions.
Thank you for your attention to this matter.
Sincerely,

7 A

Robert D. Brush, Staff Attorney
Environmental Law Division
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P.0. Box 13087 ® Austin, Texas 78711-3087 ® 512-239-1000 ® Internet address: www.tceq.state.tx.us
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Table 51. Watershed TMDL Summary for All Segments at Dry-Flow Conditions

TMDL
(Billion
MPN/day)

WLAwWwTF
(Billion
MPN/day)

S\;wno_._.: Water
(Billion

Watershed MPN/day)

LA
(Billion
MPN/day)

MOS
(Billion
MPN/day)

Upstream Load
(Billion
MPN/day)

Future WWTF
Capacity
(Billion
MPN/day)

556.49

Buffalo Bayou Above Tidal 116.32 0.00

Buffalo Bayou Above Tidal(1014),
Neimans Bayou (Newman Branch)
(1014M), Rummel Creek (1014N),
Spring Branch (10140)

221.31

0.00

212.43

6.43

Buffalo Bayou Tidal 655.83 0.00 0.00

Buffalo Bayou Tidal (1013), Little White
Oak Bayou (1013A), Unnamed Non-
Tidal Tributary of Buffalo Bayou Tidal
(1013C)

332.40

0.00

318.66

4.77

Reservoirs 336.14 175.72 0.00

Bear Creek (1014A), Buffalo Bayou
(1014B), Langham Creek (1014E), South
Mayde Creek (1014H), Turkey Creek
(1014K), Mason Creek (1014L)

139.01

0.00

0.00

2141

Whiteoak Bayou 267.16 123.08 0.00

Whiteoak Bayou (1017), Brickhouse
Gully (1017A), Cole Creek (1017B),
Unnamed Tributary of Whiteoak Bayou
(1017D), Unnamed Tributary of White
Oak Bayou (1017E)

134.31

0.00

0.00

9.77

WLAww1r — waste load allocation for WWTF discharges
WL Agtorm water — Waste load allocation for all storm water permitted discharges
MPN — most probable number










