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CURRENT ISSUES ON TOTAL MAXIMUM DAILY LOADS (TMDLs) PROGRAM

Dr. Golam Mustafa, U.S. Environmental Protection Agency, Dallas, Texas

TMDLs represent the total pollutant loading allowable from both point sources (waste load
allocations) and nonpoint sources (load allocations) that a waterbody may assimilate and still
maintain the water quality standards set for that water. The TMDL program is approaching a
major cross-roads. Significant revisions to the TMDL program were proposed and a final rule
was published on July 13,2000. However, the Congressional rider on military
construction/supplemental appropriations prohibits EPA from implementing this rule until
October 2001. The TMDL program will continue under the 1992 regulations, interpretive
guidance, and agreements reached through litigation. Current issues include interim
listing/delisting procedures, development of State data assessment methodologies, schedules for
completion of TMDLs, and significant technical issues related to development of meaningful
TMDLs. The Agency's position on acceptance of interim lists has been modified to
acknowledge the States' need to modify lists outside of the two-year cycle provided in the 1992
rule. The 1992 rule requires under 130.7(b)(iv) that States submit a description of their data
assessment methodology along with the list of impaired waters. These methodologies will play a
greater role in approval of future §303(d) lists. In Region 6 schedules for TMDL development
are established by court order, consent decree, or state submittal of §303(d) lists. Whatever the
mechanism for setting the schedule it is important that we continue to show steady progress and
establish TMDLs consistent with the published schedule for completion.
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TOTAL MAXIMUM DAILY LOAD PROJECTS IN THE
HOUSTON-GALVESTON AREA

Mel Vargas, Texas Natural Resource Conservation Commission, Austin, Texas

Introduction
The Total Maximum Daily Load Program (TMDL), a major component of Texas' statewide
watershed management approach, addresses unpaired or threatened streams, reservoirs, lakes, bays,
and estuaries (water bodies) in or bordering the state of Texas. The primary objective of the TMDL
Program is to restore and maintain the beneficial uses (such as drinking water, recreation, support
of aquatic life, or fishing) of impaired or threatened water bodies.

Section 303(d) of the Clean Water Act requires all states to identify waters that do not meet, or are
not expected to meet, applicable water quality standards. For each listed water body that does not
meet a standard, states must develop a TMDL for each pollutant that has been identified as
contributing to the impairment of water quality in that water body. The Texas Natural Resource
Conservation Commission (TNRCC) is responsible for ensuring that TMDLs are developed for
impaired surface waters in Texas.

For each impaired water body, the TMDL development process in Texas requires the preparation of
a TMDL. The TMDL is a technical analysis that 1) determines the maximum loadings of the
pollutants of concern a water body can receive and still both attain and maintain its water quality
standards and (2) allocates this allowable loading to pollutant sources in the watershed. Upon
approval by the Commission, this technical analysis must be submitted to EPA for review and
approval.

The TMDL development process in Texas also includes the preparation of an implementation plan
which is a detailed description and schedule of the (regulatory and voluntary) management measures
necessary to achieve the pollutant reductions identified in the TMDL. The implementation plan is
prepared by taking into account naturally occurring levels of the pollutants, the nature of existing
permitted and non-permitted human sources, the expiration date of existing permits in the watershed,
the potential for future growth, and any other known significant factors. It is then reviewed and
approved by the Commission. The compilation of the TMDL or pollutant load allocation and the
implementation plan together create a watershed action plan which provides local, regional, state,
and federal organizations a comprehensive strategy for restoring and maintaining water quality in
an impaired water body.

The state's water bodies are comprised of 23 river basins, coastal bays and estuaries, and the
extraterritorial waters of the Gulf of Mexico. These water bodies have been assembled into five
basin groups (Figure 1) with each basin group serving as the geographic focus area on a rotating
basis for TMDL development. The focus area for TMDL development in basin group C occurred
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in fiscal year 1999. As a result there are currently eight (8) on-going TMDL projects in the Houston-
Galveston area.

Status of TMDL projects in the Houston-Galveston Area:
The following are project descriptions for each of the eight on-going TMDL projects in the Houston-
Galveston area. Information regarding the current status of these projects is also included, however,
keep hi mind that this reflects the status of the project as of October 2000.

Houston Ship Channel (Segments 1001, 2426. 1005. 1006. 2430. 2436. 2429, 2427. 1007. 2428.
1016. 1017, 1013. and 1014)
The Houston Ship Channel (HSC) System is comprised of 14 designated segments. Although water
quality hi the HSC has improved dramatically since the 1970Ts, a number of water quality limitations
and impairments still remain. This TMDL project addressed dissolved nickel concentrations in
water.

The final TMDL report was forwarded to EPA Region 6 for approval in August 2000. The results
of this TMDL project revealed that there is a large amount of potentially useable loading capacity
remaining unallocated at this time, with the exception of Tucker Bayou. This unallocated loading
capacity provides a significant but implicit margin of safety. Recent advances in the methodology
used for data collection and analyses indicate that nickel criteria are being met in the HSC System.

Clear Creek (Segments 1101 and 1102)
Clear Creek is on the Clean Water Act Section 303(d) List for impairments due to pathogens,
chlordane, dichloroethane, trichloroethane, and carbon disulfide. Two separate TMDL reports are
being prepared for this project, one will address the legacy pollutants in fish tissue in both segments,
while the others will establish TMDLs for volatile organic carbons (VOCs) in fish tissue.

Draft TMDLs for the contamination of fish tissue by the legacy pollutant chlordane have been
prepared by TNRCC staff. The term legacy pollutant describes substances whose use has been
banned or severely restricted by the USEPA. Due to the restrictions imposed on this pollutant by
the USEPA, no additional loading is allowed or expected. Therefore, gradual declines in
environmental legacy pollutant concentrations are expected to occur as a result of natural attenuation
processes. This TMDL was approved by the TNRCC Commission on October 6,2000 for release
for public comment.

Preparation of draft TMDLs for VOCs in fish tissue are also underway. These TMDLs will address
1,2-dichloroethane, 1,1,2-trichloroethane, and carbon disulfide. Anticipated date of completion for
TMDLs for these pollutants is around December 2000.

Houston-areaDioxin (Segments 1001.1005.1006.1007. 2421. 2426. 2427.2428. 2429. 2430.2436)
The upper portion of Galveston Bay and the Houston Ship Channel are on the Clean Water Act
Section 303(d) List for impairments due to elevated levels of dioxin in catfish and blue crab tissue.
In September 1990 the Texas Department of Health issued a fish consumption advisory in these
water bodies. This project will assess current conditions to determine the appropriate direction and
methods to be used to establish a pollutant load allocation to address the dioxin impairment in these
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water bodies.

This project was initiated in the fall 1999. The University of Houston is conducting the technical
assessment and the Houston-Galveston Area Council is coordinating the public participation
component of this project. In May 2000 a stakeholder workgroup was organized and a kick off
meeting was held to identify the roles of the workgroup.

Houston-area Bacteria (1015. 1014, and 1017)
Buffalo Bayou and Whiteoak Bayou are on the Clean Water Act Section 303 (d) List for impairments
due to elevated bacteria levels. This project will establish a TMDL for bacterial indicators of fecal
pathogens.

The technical lead organization for this project is the University of Houston. They have been tasked
with assessing current levels and trends of bacterial indicators (fecal coliform and E. co/z), collecting
additional water quality samples, developing a quality assurance project plan, assessing pollutant
sources, transport and fate of bacterial indicators, and applying models to ultimately develop a
TMDL and draft implementation plan. A work plan has been approved and a draft quality assurance
project plan is currently being prepared.

The public participation component of this TMDL project is being coordinated by the Houston-
Galveston Area Council. In May 2000 a stakeholder workgroup was organized and a kick off
meeting was held to identify the roles of the workgroup. The TMDL is expected to be completed
by 2002.

ArmandBavou (Segmentslll3 tidal and 1113A above tidal]
Armand Bayou is on the Clean Water Act Section 303(d) List for impairments due to elevated
bacteria levels and low dissolved oxygen. This project is addressing the extent and severity of the
low dissolved oxygen levels and the appropriateness of the water quality standard.

Dissolved oxygen sampling in Armand Bayou representing hot weather conditions occurred during
May through September, 1999. The chemical data collected revealed that dissolved oxygen
concentrations are often relatively low during hot weather, but the biological data revealed no
indication of aquatic life impairment because of the low dissolved oxygen regime. The TNRCC is
currently reviewing the draft report.

Dickinson Bavou (Segments 1103 and 1104)
Dickinson Bayou is on the Clean Water Act Section 303(d) List for impairments due to low dissolved
oxygen and elevated bacteria levels. This project is addressing the extent and severity of the low
dissolved oxygen levels and the appropriateness of the water quality standard.

Water quality sampling is currently being conducted and will continue for a one-year period through
late spring of 2001. Upon completion of the water quality sampling, the data will be analyzed to
determine if water quality standards are being met and whether or not a TMDL is necessary.
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Patrick Bavou V006A)
Patrick Bayou is on the Clean Water Act Section 303(d) List for impairments due to elevated levels
of dissolved copper, elevated water temperature, and water and sediment toxicity. This project will
address all of the parameters of concern.

Unlike other TMDL projects, this project was initiated by a consortium of permitted dischargers in
the Patrick Bayou area. This is what the TNRCC refers to as a third party TMDL, whereby an entity
initiates a TMDL project and assumes the role of lead organization without invitation or funding
support from the TNRCC. This consortium has contracted with a consulting firm to conduct the
sampling. Sampling is scheduled to be completed by the summer 2001 with subsequent data analysis
and modeling slated for completion by the summer 2002.

Statewide Toxicitv (Vince Bavou, Segment 1007A)
This statewide project will assess the presence and causes of ambient toxicity in several Texas water
bodies including sediment toxicity in Vince Bayou in Harris county. A contractor has been secured
and tasked with: 1) compiling and reviewing existing data and information pertaining to toxicity and
potential toxicants in the water bodies and watersheds of concern, 2) conducting water quality
monitoring and investigations of toxicity to assess the presence and causes of ambient toxicity, and
3) coordinating and reporting project activities with other state and federal agencies and
stakeholders. The Quality Assurance Project Plan is currently being developed with sampling to
begin in spring 2001.

TMDL Schedule
The Houston-Galveston area (Basin Group C) will be the geographic focus area for TMDL
development during fiscal year 2003. The following is a list of candidate segments and associated
use impairments slated for TMDL development in fiscal year 2003 based on funding availability.

Segment

Taylor Bayou Above Tidal (0701)

Hillebrandt Bayou (0704)

Texas City Ship Channel (2437)

Cedar Bayou Above Tidal (0902)

Cedar Bayou Tidal (0901)

Greens Bayou Above Tidal (1016)

Cypress Creek (1009)

Chocolate Bayou Above Tidal (1 108)

Use impaired

Aquatic life - dissolved oxygen

Aquatic life - dissolved oxygen

Aquatic life - dissolved oxygen

Numeric criteria - total dissolved solids
Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Numeric criteria - total dissolved solids
Contact recreation - fecal coliform bacteria

Numeric criteria - total dissolved solids
Contact recreation - fecal coliform bacteria
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Spring Creek (1008)

Oyster Creek Above Tidal (1110)

San Jacinto River Tidal (1001)

Clear Creek Tidal (1101)

Clear Creek Above Tidal ( 1102)

Dickinson Bayou Tidal (1103)

Dickinson Bayou Above Tidal (1104)

Oyster Creek Tidal (1109)

Armand Bayou Tidal (1113)

Armand Bayou Above Tidal (1113 A)

Tabbs Bay (2426)

Scott Bay (2429)

Cedar Bayou Tidal (0901)

Aquatic life - dissolved oxygen
Contact recreation - fecal coliform bacteria

Aquatic life - dissolved oxygen
Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Contact recreation - fecal coliform bacteria

Conclusions
The Texas TMDL Program was first initiated in 1998. The TNRCC continues to improve its
capacity to develop and implement TMDLs around the state. One overarching lesson learned from
the diversity of projects currently underway is the uniqueness of each project with respect to the
approach used to develop a TMDL. There are many factors to consider when developing a TMDL,
some include: geographic area, parameters) of concern, pollutant source, level of stakeholder
involvement, contracting approach, data availability, project cost, watershed characteristics,
waterbody type, etc. Due to the diverse nature of each TMDL, there is not a "fits all" approach to
developing TMDLs and, therefore, there must be a certain level of flexibility built-in to each project

Some of the challenges facing the TMDL Program include:
• Ensuring relevant stakeholders participate in the TMDL development process.
• Identifying and addressing the cumulative impacts of both point and nonpoint sources of

pollutants in an impaired watershed.
• Ensuring the use of quality data to strengthen the scientific basis of TMDLs.
• Making technical decisions with limited data
• Developing Implementation Plans and pursuing implementation of these plans subsequent

to TMDL development.
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Texas River Basin Groups

Basins
I - Canadian River Basin
2-Red River Basin
3 - Sulphur River Basin
4 - Cypress Creek Basin
5 -Sabine River Basin
6-Necbes River Basin
7-Neches-Trimty Coastal Basin
8 - Trinity River Basin
9-Trinity-San Jacinto Coastal Basin
10 - San Jadnto River Basin
11 - San Jacinto-Brazos Coastal Basin
12 - Brazos River Basin

Brazos-Colorado Coastal Basin
• Colorado River Basin
Colorado-Lavaca Coastal Basin

•Lavaca River Basin
• Lavaca-Guadalupe Coastal Basin
• Guadalupe River Basin
• San Antonio River Basin
• San AntonioNueces Coastal Basin
• Nueces River Basin
•Nueces-Rio Grande Coastal Basin
• Rio Grande River Basin

Ri\er Basin Groups
j | Group A
I j GroupB

IJGroupC
| | GroupD
{ | Group E
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FIGURE 1
SURFACE DO LEVELS IN HSC OBSERVED ON 8/13/1935

Source: City of Houston Data

Kilometers from Morgan's Point

FIGURE 2
SURFACE DO LEVELS IN LOWER HSC IN 1958

Kilometers from Morgan's Point

54



Environmental issues began to have higher prominence in the 1960s. Eckhardt (1971) reviews the
early history of attempts made by various units of government to deal with pollution problems. For
the most part these efforts proved ineffective. A real change occurred with the creation of the Texas
Water Quality Board (TWQB) in 1967. The TWQB established a system of wastewater discharge
permits and led efforts on the original Galveston Bay Project Study. Perhaps most importantly for
the channel, it performed the first Waste Load Evaluation (WLE) TWQB (1974). This effort
established wastewater discharge permit limits for both municipal and industrial sources. The
evaluation was performed with a 1-D steady state model (QUAL, the predecessor to QUAL-TX).
The allocation employed a factor of 1.3 to reduce modeled waste loads in recognition of the fact that
all discharges would not be at their permitted maximums at the same time.

The TWQB continued a program of routine monitoring of the channel that had been started by the
State Department of Health. Figure 3 is a presentation of DO data from the 60s and 70s compiled
by the TWQB (1977). It includes contours of surface DO data by month of the year for two
periods—1965-66 and 1973-74. The earlier data show summer surface DO data near zero
downstream of the San Jacinto River while the later data show levels above 2 mg/L. These periods
correspond to a time of major improvements in the level of wastewater treatment.

While improvements were happening, there was still much to be done. The successor to the TWQB,
the Texas Department of Water Resources (TDWR), began a new WLE in the late 70s, that
culminated in further wasteload reductions (TDWR, 1984). Figure 4 presents vertically averaged DO
data from two intensive surveys, one hi 1978 and the other in 1982 that were used in calibration of
the QUAL-TX model. Also shown on the figure are the criteria adopted at approximately the same
time. These data sets were collected under worse-case conditions for DO—low flow and high
temperature. While levels are low in the upper channel, there has been a significant improvement
downstream of the San Jacinto River.

Since the completion of the 1984 WLE, waste loads to the channel have decreased markedly. A
major part was the City of Houston bringing the 69th Street WWTP on line in the early 1980s. A
second change was hi major collection system upgrades that took place in the late 80s and early 90s.
The effect of these changes can be seen in Figure 5 showing vertical average DO and DO deficit data
over tune at the Main Turning Basin. The DO and deficit data show improvements through the 80s,
but no significant change during the 90s. Another point to note is that there has been a marked
reduction in monitoring effort, going from monthly to quarterly. This means that there is typically
only one observation during the summer in any given year.

Present
Summer dry weather DO levels hi the upper channel continue to be low as can be seen in Figure 6
showing intensive survey data collected during late August of 2000. However, there are marked
improvements relative to the surveys shown in Figure 4. The water column average DO data now
meet the criteria where they did not in similar conditions twenty years ago.

The situation is actually better because the DO criteria apply only in the mixed surface layer. In tidal
systems this has been defined by the TNRCC as the depth to which the conductivity changes from
the surface value by 6,000 units. Only three upper stations met this definition of the mixed surface
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19651966

CHANNEL MtLES

1973-1974

CHANNEL MILES

Figure 3 DO Concentration (mg/L) in 1965-66 (TDH) and 1973-74 (TWQB)
Adapted from Water Quality Segment Report for Segment Nos. 1005,1006 and 1007

Houston Ship Channel, Repent No. WQS-25, Texas Water Quality Board, 1977
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layer in this survey, and surface layer DO levels are higher than the vertical average. Because this
intensive survey was performed after a prolonged dry period, saltwater was well established in the
system (e.g., 15 ppt at the Turning Basin) and density stratification was relatively weak. With other
data sets the surface mixed layer definition may be more important.

FIGURE 4
VERTICAL AVERAGE DO LEVELS IN HSC IN AUGUST 1978 AND 1982

Kilometers from Morgan's Point

Future
While the channel appears to be meeting criteria for DO at this time, water quality conditions are not
settled. One issue on the horizon is a possible need to revisit the waste load evaluation because while
dry weather loads of oxygen demanding material are a small percentage of historical loads, the
permitted loads are higher than those used in the earlier WLE. Specifically, the Ultimate Oxygen
Demand projected in the 1984 WLE was 248,000 Ib/day. The actual average load for 1998-99 was
83,000 Ib/day or about one third of the projected amount. However, the ultimate permitted load is
400,000 Ib/day or more than 60% above that projected. There is a need to reconcile the permitted
loads, that must be met in wet weather conditions, with a WLE process that applies in dry weather
when flows and loads are substantially lower than the average value cited above. This re-evaluation
should probably be performed using a 2-dimensional numerical model that explicitly addresses
density stratification that is an important characteristic of the channel. A substantial amount of new
fieldwork would also be needed to support a new model.
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Another topic that is possibly related is are-evaluation of the DO criteria for the channel. These were
established two decades ago when conditions were substantially different. It is possible that hi
today's conditions higher criteria can be supported, particularly if they were expressed as a
percentage of saturation rather than absolute values.

FIGURE 5
SUMMARY OF VERTICAL AVERAGE DO AT MAIN TURNING BASIN

Source: TNRCC Data, Station ID 11292.

Note: Year 2000 data only up to July
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FIGURE 6
DO LEVELS ON AUGUST 28-29, 2000

Note: (15) = Depth in feet to a 6,000 unit
change in conducfivity.

Kilometers from Morgan's Point
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