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Office of Water  

 
Subject: 

 
Docket No. 2014-1222-TML; Project No. 2014-037-TML-NR 
Adoption  of Six Total Maximum Daily Loads for Indicator Bacteria in 
the Armand Bayou Watershed 

 
Issue: Consideration for adoption of six draft total maximum daily loads 
(TMDLs) corresponding to six assessment units (AUs) in six segments for 
indicator bacteria in the Armand Bayou watershed of the San Jacinto-Brazos 
Coastal Basin, in Harris County. The impaired segments and corresponding AUs 
are: 
 

• Armand Bayou Tidal: 1113_02, 
• Armand Bayou Above Tidal: 1113A_01, 
• Horsepen Bayou Tidal: 1113B_01, 
• Unnamed Tributary to Horsepen Bayou: 1113C_01, 
• Willow Springs Bayou: 1113D_01, and 
• Big Island Slough: 1113E_01. 

 
The Coordination Committee for this project petitioned to join the implementation 
efforts of the Bacteria Implementation Group (BIG), which has an approved 
Implementation Plan (I-Plan) for bacteria in a large area adjacent to the Armand 
Bayou watershed. On May 27, 2014, the BIG members voted unanimously to 
accept the addition of the Armand Bayou bacteria TMDL watershed to the area 
covered by the BIG I-Plan. 
 
Background and Current Practice: Six draft TMDLs have been prepared as 
required by the federal Clean Water Act, §303(d). TMDLs must be submitted to 
the United States Environmental Protection Agency (EPA) for approval as 
certified updates to the State of Texas Water Quality Management Plan (WQMP). 
The TMDLs were proposed for a formal public comment period at the 
commissioners’ agenda on January 21, 2015. After the end of the public comment 
period, staff prepared a response to public comments. Staff also made appropriate 
changes to the draft TMDLs to correct a minor typographical error, and in 
response to a preliminary comment from EPA and some informal comments from 
watershed stakeholders who elected not to submit their comments as part of the 
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formal process. The next step is to recommend that the commission consider 
adoption and certification of the final TMDLs as an update to the State of Texas 
WQMP. The commission-approved TMDLs will then be forwarded to EPA for final 
action.  
 
Comments on the TMDL Document:  Three comments were received from 
residents and entities concerned about issues within the project watershed. The 
comments were addressed in a response to comments table and did not result in 
changes to the TMDL document. A representative of NASA and a member of the 
Coordination Committee each informally provided several suggestions for edits to 
the document, and these were made. EPA provided one preliminary comment, 
and the document was modified to more clearly present information. It is not 
expected that there will be any issues that will hinder the EPA approval.   
 
Watershed Information: This project addresses elevated levels of indicator 
bacteria related to the contact recreation use in freshwater and tidal segments. 
The total drainage area for the Armand Bayou watershed is approximately 60 
square miles. The watershed is located entirely within Harris County.  
 
Problem Definition: The preferred indicators for assessing the contact 
recreation use are Escherichia coli (E. coli) in freshwater and Enterococci in tidal 
segments. The geometric mean criterion is exceeded for all AUs addressed in the 
TMDLs. 
 
Endpoint Identification: The endpoint for the TMDLs for freshwater segments 
is to maintain the geometric mean of concentrations of E. coli below the geometric 
mean criterion of 126 most probable number (MPN) per 100 milliliter (mL), 
which is the criterion for primary contact recreation in freshwater. For the 
Enterococci indicator, the contact recreation use is not supported when the 
geometric mean of all Enterococci samples exceeds 35 counts per 100 mL. 
 
Source Analysis: Potential sources of impairment to the water bodies include 
stormwater runoff from regulated storm sewer sources, dry weather discharges 
(illicit discharges) from storm sewers, sanitary sewer overflows, non-compliant 
wastewater treatment facility (WWTF) discharges, failing on-site sewage facilities 
(OSSFs), and unregulated sources such as wildlife, unmanaged feral animals, and 
pets. 
 
Linkage: Load duration curve (LDC) analyses were used to examine the 
relationship between instream water quality and the source of indicator bacteria 
loads over the complete range of flow conditions (categorized as highest flows, 
mid-range flows, and low flows) for the freshwater segments. The LDC analysis 
showed that bacteria concentrations exceeded the geometric mean criterion in all 
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AUs in all flow ranges. A mass balance (tidal prism) method was used for the tidal 
segments. 
 
TMDL Calculation: The bacteria TMDLs for the impaired AUs covered in this 
report were derived using LDCs for freshwater segments and the tidal prism 
method for tidal segments. The estimated maximum allowable loads of E. coli or 
Enterococci for each of the AUs were determined using the highest flow regimes, 
which were also the flow regimes requiring the highest load reductions. 
 
Margin of Safety: The TMDLs covered by this report incorporate an explicit 
margin of safety (MOS) by setting a target for indicator bacteria loads that is 5% 
lower than the geometric mean criterion. The explicit MOS was used because of 
the limited amount of data for some of the AUs.  
 
Waste Load Allocations: Current Texas Pollutant Discharge Elimination 
System (TPDES) permitted WWTFs are allocated a daily waste load allocation 
(WLA) calculated as their permitted discharge flow rate multiplied by the 
instream geometric mean water quality criterion. The WWTFs discharging within 
the Armand Bayou watershed are both located on tidal segments. The BIG I-Plan 
calls for reduced bacteria limits for WWTFs. For discharges to tidally influenced 
water bodies, the limit for WWTFs is 23 counts/100 mL for the geometric mean of 
Enterococci. If a new facility were to be built that discharges to a freshwater 
segment, one-half of the water quality criterion (63 MPN/100 mL for E. coli) 
would be used as the WWTF target to provide instream and downstream load 
capacity. 
 
Load Allocation: The load allocation (LA) is the sum of loading from all 
unregulated sources. 
 
TMDL: The TMDLs were calculated based on the median flow in the highest flow 
regimes. This corresponds to the flow regimes requiring the highest reductions in 
bacteria. 
 
Future Capacity: To account for the probability that new or additional flows 
from WWTFs may occur in any of the segments, a provision for future growth was 
included in the TMDL calculations. Future growth allocations were provided by 
estimating permitted flows to year 2050 using population projections developed 
by the Texas Water Development Board.  
 
Allocations: The final TMDL allocations needed to comply with the 
requirements of 40 Code of Federal Regulations §130.7 are presented in Table 1. 
In this table the future capacity for WWTFs has been added to the WLAWWTF. The 
allocations in this table are based on the criteria for E. coli (geometric mean of 126 
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MPN/100 mL) in freshwater and Enterococci (geometric mean of 35 MPN/100 
mL) for tidal segments.  
 

Table 1. Final TMDL Allocations (All loads expressed as billion MPN/day.) 

Assess-
ment Unit Stream Name 

Indicator 
Bacteria TMDL WLAWWTF a WLASTORMWATER LA MOS 

1113_02 Armand Bayou 
Tidal 

Enterococc
i 1,260 0 1,197 0 63.0 

1113A_01 Armand Bayou 
Above Tidal E coli 85.3 0 81.0 0 4.26 

1113B_01 Horsepen Bayou Enterococc
i 783 17.3 727 0 38.9 

1113C_01 
Unnamed 

Tributary to 
Horsepen Bayou 

E coli 51.1 0 48.6 0 2.56 

1113D_01 Willow Springs 
Bayou E coli 90.1 0 85.6 0 4.50 

1113E_01 Big Island 
Slough E coli 106.2 1.19 93.2 6.57 5.25 

a   WLAWWTF includes the future potential allocation to wastewater treatment facilities 
 
Public Participation: The Houston-Galveston Area Council (H-GAC) is 
providing coordination for public participation in this project. The first public 
meeting for the Armand Bayou Bacteria TMDL was held on January 24, 2013. The 
meeting introduced the TMDL process, identified the impaired segments and the 
reason for the impairment, provided a review of historical data, described 
potential sources of indicator bacteria within the watershed, and formed the 
Coordination Committee. Coordination Committee meetings were held on a 
bimonthly basis for most of 2013. Work groups were also formed and met 
separately.  
 
Implementation: On February 5, 2014, the Coordination Committee submitted 
letters to TCEQ expressing their formal request to join the BIG. This information 
was presented at the biannual BIG meeting on May 27, 2014, and the BIG 
members voted unanimously to accept the addition of the Armand Bayou bacteria 
TMDL watershed to the area covered by the BIG I-Plan. The TCEQ had formally 
approved the BIG's I-Plan on January 30, 2013. The letters of support from the 
Armand Bayou Coordination Committee and a letter from H-GAC on behalf of the 
BIG are included with the TMDL. These documents (along with a resolution from 
the City of Pasadena and an additional letter by one of the Coordination 
Committee members) demonstrate that the implementation of these TMDLs will 
be covered through this group's inclusion with the BIG efforts. 
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Key Points in the TMDL Approval Schedule: 
Texas Register publication date:  February 6, 2015 
Public comment period:  February 6, 2015 – March 9, 2015 
Anticipated approval date: August 5, 2015 
 
 
Agency Contacts: 
Jason Leifester, Project Manager, (512) 239-6457, Water Quality Planning 
Division 
Robert Brush, Staff Attorney, (512) 239-5600, Environmental Law Division 
Kris Hogan, Texas Register Coordinator, (512) 239-6812 
 
Attachments 
 
cc:  Chief Clerk, 7 copies 
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Response to Public Comments 
 

Six Total Maximum Daily Loads for Indicator Bacteria in the Armand Bayou Watershed 
 

Tracking 
Number Date Received 

Affiliation of 
Commenter Summary of Request or Comment Summary of TCEQ Action, or Explanation 

001 2/12/2015 City of Houston – 
Ellington Airport 

(a) The commenter notes that the only 
two water quality monitoring 
stations with bacteria data for 
Horsepen Bayou Tidal (1113B_01) 
are located in the lower part of the 
segment, which is dominated by 
single unit residential development. 
The upstream (northwestern) part of 
this stream segment (where 
Ellington Field is located) has no 
monitoring stations and is 
dominated by mixed use commercial 
and industrial property as well as 
undeveloped land. The commenter 
suggests that the segment should be 
split into two segments, or that an 
additional monitoring site should be 
placed farther upstream to give a 
more accurate picture of the bacteria 
loading from that portion of the 
Horsepen Bayou Tidal 
subwatershed. 

(a) The TCEQ recognizes that regular 
sampling at an additional upstream 
station, whether within the existing 
segment delineation or in a newly 
described segment, could provide 
information about the magnitude of 
bacteria loading from the portion of 
the subwatershed not dominated by 
residential development. The TCEQ 
encourages participating in the 
coordinated monitoring process, 
through which many decisions are 
made regarding the location and 
frequency of water quality 
monitoring in Texas 
<http://www.tceq.texas.gov/waterq
uality/monitoring/coop_monitoring
.html>. Additionally, there may be 
opportunities during 
implementation to secure funding 
for targeted monitoring projects, as 
described in the existing 
Implementation Plan that this group 
is joining. No changes have been 
made to the TMDL document based 
on this comment. 
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Tracking 
Number Date Received 

Affiliation of 
Commenter Summary of Request or Comment Summary of TCEQ Action, or Explanation 

001 
(continued) 

2/12/2015 
(continued) 

City of Houston – 
Ellington Airport 
(continued) 

(b) The commenter noted that the 
TMDL has very limited information 
on wildlife in the Armand Bayou 
watershed, and the potential 
contribution of bacteria by wildlife. 
The commenter suggested that 
wildlife population estimates from 
the airport, NASA, University of 
Houston-Clear Lake, and volunteer/ 
environmental groups were 
available, and could have been used 
to better characterize bacterial 
loadings from this source. 

(b) The TCEQ agrees that a better 
understanding of the wildlife 
population numbers and 
distribution within the Armand 
Bayou watershed would be helpful in 
targeting efforts to reduce bacteria. 
Wildlife is recognized in the TMDL 
document as a source of bacteria, 
but it is not assigned a discrete load 
value, and is discussed in a manner 
consistent with other TMDLs 
developed in this area. This is 
something that should be further 
refined during implementation. 
While wildlife is mentioned in the 
existing Implementation Plan being 
joined by the Armand Bayou project, 
the stakeholders for Armand Bayou 
recognized that wildlife may pose a 
larger role in contributing bacteria 
in this watershed compared to other 
areas within the existing 
Implementation Plan. The existing 
plan was created with the knowledge 
that it would have to be adaptive to 
have the flexibility to address 
specific problems in newly added 
watersheds. No changes have been 
made to the TMDL document based 
on this comment. 
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Tracking 
Number Date Received 

Affiliation of 
Commenter Summary of Request or Comment Summary of TCEQ Action, or Explanation 

002 2/17/2015 Concerned Citizen The commenter indicated she frequently 
spends time on Armand Bayou while paddle-
boarding and voiced her support for 
activities that would improve water quality 
for wildlife and for people who enjoy 
recreation on and around the bayou. She 
expressed concern about the amount of trash 
and debris she saw floating in the water and 
on shore, and by large areas dominated by 
invasive plant species that completely 
blocked some areas of the bayou. She called 
on TCEQ to help remediate these problems. 

The TCEQ appreciates the commenter’s 
interest in Armand Bayou. While the focus of 
the TMDL was the presence of high levels of 
bacteria in the water, the TCEQ recognizes 
that the presence of large amounts of trash 
and invasive plant species are undesirable 
for any of our water bodies. Citizens are 
encouraged to take part in voluntary efforts 
to address these problems, such as the 
annual “Rivers, Lakes, Bays n' Bayous Trash 
Bash” <http://www.trashbash.org/>. No 
changes have been made to the TMDL 
document based on this comment. 
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Response to Preliminary EPA Comment  
 

Six Total Maximum Daily Loads for Indicator Bacteria in the Armand Bayou Watershed 
  

EPA’s Comment on Draft TMDLs TCEQ Preliminary Draft Response 

The EPA asked if general permit TXR040000 will be the TPDES 
stormwater permit used for assigning the wasteload allocation for 
stormwater for each assessment unit. 

TXR040000 is the general permit for Phase II MS4s in Texas.  Several of 
the entities described in the “TPDES-Regulated Stormwater” section and in 
Table 8 of the TMDL are covered under this general permit.  Two other 
entities have individual permits. In all cases, the TMDL determines the 
wasteload allocations for regulated stormwater by using the proportional 
area of the watershed designated as being an urbanized area by the 2010 
U.S. census as a surrogate for all regulated stormwater. This includes MS4s 
as well as stormwater from industrial and construction activities. 
 
The “TPDES-Regulated Stormwater” section and Table 8 of the TMDL were 
modified to more clearly reflect the entities with stormwater permits. 

 



Six Total Maximum Daily Loads for Indicator Bacteria in the Armand 
Bayou Watershed 

 

Summary of changes to the draft TMDL since it was released for public comment:  

 

1. Abbreviations: Added NASA (National Aeronautics and Space Administration) and JSC 
(Johnson Space Center). 

2. Problem Definition, paragraph immediately before Table 1: Corrected typographical 
error (missing “)”). 

3. Sanitary Sewer Overflows, third paragraph, Figure 5, and Table 7: A Coordination 
Committee member pointed out (informally; not part of official commenting process) 
that the area of the watershed serviced by Golden Acres Wastewater Treatment Facility 
(WWTF) did not appear to have any sanitary sewer overflows (SSOs) according to the 
map and table. This seemed unlikely, and led to further research by Region 12 staff. 
They found that there were SSOs that had been reported, but they had not made it into 
the database provided to the contractor for this project. This was due to the fact that the 
WWTF had let its permit expire. When it received a new permit with a new permit 
number, it had been overlooked in the database query. Also, some additional SSOs in 
the Robert T. Savely WWTF service area were found. This new information is reflected 
in the total SSOs and average per event numbers in the text and in Table 7, and they are 
indicated on the updated version of the map in Figure 5. 

4. Figure 6: The same commenter let us know that a portion of the large area shaded as 
unsewered in Figure 6 is within the Bayport Industrial Complex. Gulf Coast Waste 
Disposal Authority (01054-000; TX0005380) treats the wastewater (including some 
sanitary waste) for most of the industrial facilities within this complex at a facility 
located outside of the Armand Bayou watershed, and discharges to the Bayport Ship 
Channel (Segment 2438), which is also outside of the Armand Bayou watershed. This 
information is provided in a footnote to the figure. This has no impact on wasteload 
allocations since the discharge is outside of the watershed. 

5. TPDES-Regulated Stormwater and Table 8: While NASA didn’t formally comment on 
the TMDL, a representative of their stormwater management program attended many 
meetings for this project. He pointed out that NASA has an MS4 permit that covers a 
small area of the TMDL watershed, specifically within the area of the 1113B_01 
subwatershed. This was added to the list of stormwater permittees in Table 8 and in the 
text. Their permit is within the defined Urbanized Area that is used as the surrogate for 
all permitted stormwater in the watershed. Therefore, this has no impact on the 
aggregated stormwater wasteload allocation for this AU.  

6. TPDES-Regulated Stormwater: The two paragraphs following the numbered list in this 
section in the draft for public comment caused some confusion in that they focused on 
just one of the six Phase I and II stormwater permits in the watershed.  This was 
rewritten to better indicate that the 2010 U.S. census urbanized area is used to represent 
the coverage area of all stormwater permits (MS4s, industrial, and construction), and 
the six MS4 permittees (which all appear in Table 8 as well) were listed. 



 

 

 

 

 

 

 

 

 

 

 

Adopted August 5, 2015 

Six Total Maximum Daily 
Loads for Indicator Bacteria in 
the Armand Bayou Watershed 
Segments 1113, 1113A, 1113B, 1113C, 1113D, 

and 1113E 

Assessment Units 1113_02, 1113A_01, 1113B_01, 

1113C_01, 1113D_01, and 1113E_01 


W a t e r  Q u a l i t y  P l a n n i n g  D i v i s i o n ,  O f f i c e  o f  W a t e r  

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 
  











 

 

 

 
 

 
 
 
 
 
 

 

 
 

 

 

 Six TMDLs 
for Indicator Bacteria 

in the Armand Bayou Watershed 

Executive Summary 
This document describes total maximum daily loads (TMDLs) for six segments in 
the Armand Bayou watershed, where concentrations of bacteria exceed the 
criteria used to evaluate attainment of the contact recreation use. The Texas 
Commission on Environmental Quality (TCEQ) first identified the impairments 
of the contact recreation use for these segments and assessment units (AUs) on 
multiple Texas Water Quality Inventory and 303(d) Lists published between 
1998 and 2012. 

The impaired segments and corresponding AUs are: 

 Armand Bayou Tidal: 1113_02, 
 Armand Bayou Above Tidal: 1113A_01, 
 Horsepen Bayou Tidal: 1113B_01, 
 Unnamed Tributary to Horsepen Bayou: 1113C_01, 
 Willow Springs Bayou: 1113D_01, and 
 Big Island Slough: 1113E_01. 

The Armand Bayou Watershed encompasses approximately 60 square miles of 
land located just southeast of the City of Houston, Texas and lies within Harris 
County and the San Jacinto-Brazos Coastal Basin. Armand Bayou is one of the 
major tributaries within this basin along with Clear Creek, Dickinson Bayou, 
Chocolate Bayou, Bastrop Bayou, and Oyster Creek. The northern and southern 
portions of the watershed are heavily developed while the middle region is 
sparsely developed. Within the lower region of the watershed, Armand Bayou 
Nature Center owns and manages 2,500 acres as part of a wildlife and nature 
preserve. 

The preferred indicator bacteria for assessing the contact recreation use is 
Escherichia coli  (E. coli) for freshwater and Enterococci in tidal water. For this 
project E. coli data were used for data analysis and modeling to support TMDL 
development for Armand Bayou Above Tidal, Unnamed Tributary to Horsepen 
Bayou, Willow Springs Bayou, and Big Island Slough. Enterococci data were used 
for data analysis and modeling to support TMDL development for Armand Bayou 
Tidal and Horsepen Bayou. 
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A RESOLUTION 
 

adopting Six Total Maximum Daily Loads for 
Indicator Bacteria in the Armand Bayou 
Watershed of the San Jacinto-Brazos Coastal 
Basin (Segments 1113_02, 1113A_01, 1113B_01, 
1113C_01, 1113D_01 and 1113E_01) in Harris 
County.  
TCEQ Docket No. 2014-1222-TML 
TCEQ Project No. 2014-037-TML-NR 

 
WHEREAS, under 40 Code of Federal Regulations §130.6, 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, §26.037, the Texas Commission on Environmental 
Quality (commission) is charged with the approval of WQMP updates; 
 
 WHEREAS, the Texas Water Code, §5.122 allows for delegation of commission authority to the 
executive director under certain terms and conditions; 
 
 WHEREAS, by resolution issued on February 18, 1999 (Resolution), 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 six Total Maximum Daily Loads (TMDLs) for 
indicator bacteria in the Armand Bayou watershed and presented them for the commission's 
consideration; 
  

WHEREAS, the commission  finds that the six TMDLs for indicator bacteria in the Armand 
Bayou watershed comply with all state and federal law and regulations and are consistent with all other 
parts of the Texas WQMP; 
 
 NOW, THEREFORE, it is resolved and ordered by the commission that the six TMDLs for 
indicator bacteria in the Armand Bayou watershed are adopted and shall be submitted to the United 
States Environmental Protection Agency for approval to be included in the Texas WQMP. 
 
 
 Issue Date:   
   TEXAS COMMISSION ON  
   ENVIRONMENTAL QUALITY 
 
 
 
    
  Bryan W. Shaw, Ph.D., P.E., Chairman 
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