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EXECUTIVEMSUMMARY 

Introduction 

The 1996 Nueces Coastal Basins Regional Assessment of Water Quality focuses on two coastal 
watersheds in South Texas: the San Antonio-Nueces Basin, and a portion of the Nueces-Rio 
Grande Basin. The two watersheds are jointly referred to as the Nueces Coastal Basins. The 
Clean Rivers Program (CRP), under the auspices of the Texas.Natural Resource Conservation 
Commission (TNRCC), formulated 11 objectives, or tasks, to be accomplished in FY (fiscal 
year) 95 and FY 96 to deal with water quality and water management issues throughout the 
region. Inherent in these objectives was coordination among the multiple cooperating 
agencies and institutions which conducted the studies for this assessment. The primary 
participants for the FY 95-96 program were the Corpus Christi Bay National Estuary Program 
(CCBNEP), the TNRCC Region 14 office, the Nueces River Authority, Texas A & M University, 
the University of Texas, the city of Corpus Christi, the Natural Resources Conservation Service, 
the U.S. Environmental Protection Agency, and the U.S. Geological Survey.  

Assessment Focus 

During FY 95 and FY 96, four of 11 tasks focused on gaining a more thorough understanding 
of the basins through the acquisition of data. The results of these tasks will enable local 
agencies and public participants to develop management strategies for the NCB. The four 
tasks were to: 

" Maintain and analyze current and historic water quality data 
" Perform a watershed-specific priority task 
" Conduct a basin water quality monitoring program 
" Conduct a targeted monitoring program to support the permitting process 

Substantial progress was made in FY 95 and FY 96 towards the accomplishment of these 
objectives. Seven studies were completed within this focus during the assessment period, 
and another five are currently in progress. These studies are discussed here under "Findings." 
Another six have been identified as specific future studies for FY 97.  

A monitoring questionnaire was designed and mailed to more than 200 members of the 
monitoring community in the basins to acquire a monitoring database. Targeted monitoring 
programs were initiated to provide support to the TNRCC wastewater discharge permitting 
process. The assessments both provide data to the TNRCC standards team, who will assign 
an aquatic life use designation to receiving waters, and provide valuable data to set permit 
limits.



ExECUFEdWUMMrY 

Another task within the FY 95-96 program was to identify and prioritize water quality concerns 
and causes of pollution.  

The CRP conducted a ranking of water quality by segment for the.Nueces Coastal Basins.  
This ranking, along with data input from the various studies conducted, will provide a basis 
for the development of a basinwide monitoring plan as well as prioritize the segments for 
future funding.  

Of the 11 CRP objectives, three focused on involvement with or for the public: 

- Promote public outreach and involvement 
- Promote water conservation 
- Maintain a data clearinghouse for watershed inventory 

A CRP goal was to promote public involvement through citizen steering committees and 
other public forums designed to encourage citizens to participate in defining problems in 
the basin and proposing solutions to them. The 42-member steering committee consists of 
representatives from state agencies, municipalities, water conservation districts, educational 
institutions, and nonprofit organizations. The CRP developed and acquired a variety of 
outreach materials, which were distributed at festivals and conferences, and a monitoring 
questionnaire was mailed to more than 200 members of the community. The CRP is also 
participating in the CCBNEP action planning task forces, which are providing community 
and stakeholder input into theCCBNEP Comprehensive Conservation and Management 
Plan. These task forces provide an excellent opportunity for coordination between the 
various agencies, institutions, and industries in the Nueces Coastal Basins. They deal with a 
number of basin issues, such as public health, water/sediment quality, brown tide, bay debris, 
freshwater resources, point source discharges, and public outreach, among others.  

Although the water conservation objective was prioritized for the 1998 assessment period, 
the prevailing drought conditions warranted more immediate attention. In response, the 
CRP is coordinating the development and distribution of materials to encourage businesses 
to conserve water. The city of Corpus Christi created a card to be placed in hotel rooms 
with which guests can select whether to have linens' laundered each day. Other materials 
have been distributed at area events.  

In addition to these efforts to involve the public, an integrated data management system is 
being developed through the CRP, and is being implemented by Texas A&M University at 
Corpus Christi. It will serve residents, researchers, industries, and governmental agencies 
in both the Nueces River Basin and the Nueces Coastal Basins. The database system will be 
accessible by way of the World Wide Web.  

Of the remaining objectives, one was project administration, another was the preparation
of this assessment report, and the third, to assess the potential for water pollution from 
groundwater-surface water interactions, was prioritized for the 1998 assessment period.  
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Findings 

Many studies are currently in progress, or have been completed over the past two years, that 
characterize the status and trends associated with priority issues in the Nueces Coastal Basins.  
These studies are the results of the efforts of many academic and governmental participants 0) 
in these basins. The CRP has compiled summaries of these studies into this document to 
make them more accessible to the public.  

Status and Trends of Water Quality in the Nueces Coastal Basins 

This project compiled data from over 30 separate data collection programs or projects in 
the Nueces Coastal Basins, including the three major current monitoring programs 
administered by the state: (1) the TNRCC Statewide Monitoring Network, (2) the coastal 
fisheries surveys of the Texas Parks and Wildlife Department, and (3) the Shellfish Sanitation 
program of the Texas Department of Health.  

For each of 113 water quality parameters and 83 sediment quality parameters, a master data 
file was created. For many parameters, the data record extends back as least 20 years, and 
for a few conventional parameters, back to the early 1950s. This compilation is the most 
extensive and detailed long-term record of water and sediment quality assembled for the 
Nueces Coastal Basins.  

Separate statistical analyses were performed on the data for the numerous parameters. Time 
trends were also determined for the various parameters. The parameters reported in this 
summary included dissolved oxygen, salinity, total suspended solids, fecal coliform bacteria, 
nutrients, total organic carbon, and metals.  

Dissolved oxygen was found to be generally high throughout the bays in the Nueces Coastal 
Basins. The exception was the Corpus Christi Inner Harbor, which is deep, poorly flushed, 
and subject to waste discharges. No statistically significant trends were found in dissolved 
oxygen within the study area.  

In many ways, salinity is an important delimiter for habitat in bays. An increasing trend in 
salinity was found throughout the Nueces Coastal Basins bay systems, with the exception of 
Mesquite Bay, San Antonio Bay, and the Upper Laguna Madre, where an opposite trend of 
declining salinity was shown. The Aransas-Copano Bay system has several sources of inflow 
and a relatively constrained interaction with the sea, so the salinity gradient across the bay 
was shown to be substantial, while the salinities in the main Corpus Christi Bay system were 
higher and more uniform.  

The pattern of total suspended solids distribution was shown to be higher concentrations 
in the shallower, interior bays and lower values in the deeper, seaward bay segments. A 
statistically significant widespread declining trend in total suspended solids throughout the 
study area was revealed by this analysis.



Contaminants and their indicators, including biochemical oxygen demand, oil and grease, 
and fecal coliform bacteria, showed elevated levels in regions of runoff and waste discharge.  
These elevated levels were noted in the Corpus Christi Inner Harbor, Corpus Christi Bay, 
and Nueces Bay. Fecal coliforms were found to be at higher concentrations in Corpus 
Christi Bay, but with a declining trend. Declining trends in biochemical oxygen demand 
were generally found throughout the study area, with the exception of an increasing trend 

0 in Oso and Nueces Bays and no detected trend in Corpus Christi Bay.  

Nutrients were found to be in higher concentrations in regions of inflow and waste discharge.  
Increasing trends were seen to be statistically significant for phosphorus in the study area.  
Nitrate, on the other hand, evidenced a declining trend with a few exceptions. The levels of 
total organic carbon in the Corpus Christi Bay system are not excessive for a productive 
estuary. The spatial distribution generally followed that of other nutrients, of being higher 
in the interior segments more subject to inflow and wastewater. The trend analyses revealed 
declining total organic carbon through the study area systems.  

The database for waterborne metals is highly varied, and statistically significant patterns 
were unusual. Several of the metals, such as arsenic, mercury, and lead, showed higher 
values in Nueces Bay, as well as some of the other interior regions of the study area. Generally, 
where a trend was revealed, waterborne metals concentrations were declining.  

Fecal Coliform/Water Quality Investigation of the City of Ingleside on the Bay Canal 
System and Adjacent Waters of Corpus Christi Bay 

The TNRCC Region 14 office conducted an investigation to determine the incidence of 
fecal coliform bacteria concentrations in the canal systems of Ingleside on the Bay and 
adjacent waters. Fecal coliform bacteria are indicators of pathogens that could be a public 
health risk. Effluent from on-site sewage disposal systems in Ingleside on the Bay could 
potentially contribute excessive densities of fecal coliform bacteria into these waters. Corpus 
Christi Bay is used for both contact recreation and shellfish harvesting.  

The field and bacteriological data collected during the investigation showed that although 
higher fecal coliform densities were found in the canals following heavy rainfall events, 
these conditions did not persist over time. The bacteriological data did not violate the 
Texas Surface Water Quality Standards criterion for contact recreation use waters; however, 
the data did violate standards for shellfish harvesting waters. Individual bacteriological 
densities measured within the waterfront community canal system were generally higher 
than typically observed in estuarine waters. The predominantly closed nature of the canal 
system would be expected to retain bacteria to a greater extent than areas with less restricted 
circulation, and the use of on-site sewage systems by the canal residents may contribute to 
the observed bacteriological densities.



An Assessment of Water Quality Standards Attainment in St. Charles Bay, Oso Bay, and 
Upper Laguna Madre 

In response to the 1992 State of Texas Water Quality Inventory 305(b) Report, which listed 

several coastal waters within Region 14 as "water quality limited," a second water quality r 
study was completed by TNRCC staff in 1995. The designated uses for St. Charles Bay, Oso 
Bay, and Upper Laguna Madre are contact recreation, exceptional quality aquatic habitat, 

and oyster waters.  

General conditions of water quality for the three water bodies were determined from a 

designated percentage of survey measurements, which included fecal coliform bacteria, 

dissolved oxygen, temperature, and pH. Data from the study segments revealed no violations 

of the Texas Surface Water Quality Standards criteria defined for their designated water 

uses. When compared to the criteria established in the 1992 305(b) report for surface 
water assessment and segment classification, the contact recreation use was found to be 

"fully supported" in all three water bodies. The exceptional quality aquatic habitat use 

designation was "fully supported" in St. Charles Bay and "partially supported" in both Oso 
Bay and Upper Laguna Madre.  

Characterization of Nonpoint Sources and Loadings to Corpus Christi Bay National 
Estuary Program Study Area 

This investigation provided a general overview of possible nonpoint sources of pollution 

and related impacts in the CCBNEP study area from all relevant literature and data available 

for the area. Seven land use categories and 22 nonpoint pollution constituents were 
considered. The land use categories were cropland, rangeland, residential, commercial, 

industrial, transportation, and undeveloped or open land. The more common nonpoint 
source constituents were nitrogen (various forms), phosphorus (various forms), suspended 

solids, dissolved solids, metals, biochemical oxygen demand, fecal coliform bacteria, and 
pesticides.  

In the evaluation of urban data, values for metals were lower than those reported by the 

Nationwide Urban Runoff Program. The data showed the area to be relatively free of 

pesticides and organic compounds. Total and dissolved phosphorus concentrations were 

higher than those found in other studies examined in this investigation. Biochemical oxygen 

demand was higher, as were fecal coliform bacteria and fecal streptococcus concentrations.  

In general, the potential for agricultural nonpoint source pollution was found to be lower 

in the study area than in most other areas of the state. When compared to other areas, 

nutrients and dissolved solids values for cropland were found to be much higher, but 

suspended solids, biological oxygen demand, and fecal coliform bacterial levels were 
substantially lower.



Geographic Information Systems Assessment of Nonpoint Source Pollution Loadings in 
the San Antonio-Nueces Coastal Basins 

A geographic information systems (GIS) method for assessing nonpoint source pollution 
was developed and then tested on the San Antonio-Nueces Basin. The computer model 
digitizes topographical data, establishes a mathematical relationship between rainfall and 
runoff, assigns pollutant values to each of several land use categories, estimates average 
annual pollutant loadings throughout the basin, and computes the expected concentration 
distribution for individual pollutants.  

With some limitations, the GIS model was found to be a viable technique of characterizing 
the nonpoint source contributions to pollution within a watershed or geographic area.  
Predicted concentrations determined by the GIS method matched well with observed 
concentration values. The method also provides an efficient way to identify specific locations 
or regions where elevated levels of pollutant concentrations may be expected. A logistical 
advantage of the method is that it makes use of public streamflow and pollutant concentration 
data and synthesizes the data in a consistent and logical way across a basin or study area.  
Finally, predicted concentration levels in larger streams where point sources are known to 
exist may be more closely correlated with average observed concentrations.  

The King Ranch Nonpoint Source Projects 

Two watershed-specific projects have been initiated at the King Ranch. One is privately 
funded; the other is funded by the CCBNEP. The first study will characterize the loadings of 
nonpoint source pollution that may be originating from croplands that drain to Baffin Bay.  
The object of this project is to determine if trends in loadings can be observed and related 
to specific agricultural practices or seasonal variations.  

The second study is an analysis of the possible effect of nonpoint source constituents on the 
brown tide problem that has plagued Baffin Bay since 1990. Brown tide is a persistent 
bloom of small phytoplankton species. The bloom has reduced the clarity of the water and 
thus the ability for seagrass beds to photosynthesize. Seagrass beds are an important nursery 
habitat for fish and an essential winter food resource for migrating waterfowl. The seagrass 
beds in Baffin Bay and Laguna Madre are the most extensive in Texas. If the results of both 
studies show a nutrient effect on the brown tide, then methods for reducing nutrient input 
into the bay may reduce the problem.  

Bay/Marine Debris - Current Status and Historical'Ifrends 

The Nueces Coastal Basins region is noted as having some of the most littered beaches in 
the world. This project concentrated on an examination of existing literature and data to 
determine the current status and historical trends in the incidence of marine and bay litter 
in the Nueces Coastal Basins. Highlights of the study included: literature and data concerning
marine debris are more prevalent for gulf beaches than for bay shorelines and beaches; 
plastics are the most dominant debris material found in the study area; approximately 30
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percent of marine debris comes from shrimping activities; tarballs have diminished 
considerably since 1990; and a downward trend has been recorded in the quantity of marine 

debris on Mustang Island, although quantities of some particular items have increased.  

Although the assessment yielded useful information, a large disparity was found in sources c 
and reporting of data. Survey methods need to be re-examined by all data gatherers.  

Current Status and Historical Trends in Freshwater Inflows 

The U.S. Geological Survey, through a project funded by the CCBNEP, characterized the 
status and trends of freshwater inflows into the CCBNEP study area. The study encompassed 
a compilation and review of data and previous studies of freshwater inflow investigations in 
the area, a hydrologic analysis using a rainfall-runoff model, and statistical analyses. The 
three selected watersheds with streamflow gauges were Oso Creek at Corpus Christi, Copano 

Creek near Refugio, and the Aransas River near Skidmore. Three scenarios were applied to 
each watershed: the current land use; the projected land use; and the naturalized (pre-buildout) 
inflow conditions. Results were combined according to which bay system the watersheds 
contribute to, and a final analysis was then made.  

Under current conditions, the Copano Bay system contributed 52 percent of total inflows, 

the Nueces-Corpus Christi Bay system contributed 33 percent, and the Baffin Bay system 
contributed about 8 percent. Remaining watersheds contributed the remaining 7 percent 
of total inflows. Analysis of the three scenarios indicates that the percent changes in flow 
are greater in magnitude for the natural to current comparison than for the current to 
future comparison.  

To gain more accurate data for determining freshwater inflows, more gauging stations are 
needed throughout the study area. Additionally, updated and precise land use data is also 
needed for future studies.  

'race Metals Distribution in Nueces Bay Sediments 

Recent evidence from TNRCC environmental monitoring efforts suggest that the sediment 
quality of Nueces Bay may be diminishing due to metals contamination. TNRCC surface 
water quality data have shown elevated levels of zinc and cadmium in sediments near the 
south shore of the bay. An extensive investigation of Nueces Bay that will describe the 
concentration and distribution of trace metals in the sediments is scheduled for completion 
by 1997. TNRCC Region 14 researchers will examine the significance of these findings with 
respect to established screening criteria for metals in estuarine sediments.  

Targeted Monitoring 

Receiving Water Assessments
To provide permit support for priority wastewater dischargers in the basins' area, and to 
expand upon the basinwide monitoring effort, the Clean Rivers Program reviewed permittees



who discharge into a periennal stream. After consideration of three permitees who are due 
for permit review, it was determined that only the city of Ingleside discharges to a stream 
with potentially high quality aquatic life use. The Region 14 office collected physical and 
biological data and then determined that the city's wastewater treatment plant has no 
detrimental impact on the upstream or downstream portion of its receiving stream, Kinney 
Bayou. The assessment will provide data to the TNRCC standards team, who will assign an 
aquatic life use designation to the bayou. Based on this designation, permit limits will be set 
for the plant's discharge.  

Allison Wastewater Treatment Plant Effluent Diversion Demonstration Project 
The city of Corpus Christi has proposed a wetland demonstration project, which will use 2.8 
million gallons per day of treated wastewater discharge from its treatment plant as a 
supplemental source of freshwater inflows to the Nueces River Delta for ecological 
maintenance and enhancement. A monitoring program to collect baseline data will begin 
at a minimum of three months before the treated wastewater is delivered to the receiving 
stream. This monitoring project will become a component of the basinwide monitoring 
efforts.  

Water Body Segments and Segment Ranking 

The CRP has conducted a ranking of water quality by segment for the Nueces Coastal Basins.  
The segment ranking process looks at the water quality, -resource uses, and the potential 
impacts of man on the various water bodies in the state, as well as the local priority of each 
segment. TNRCC compiles all rankings into a statewide ranking list. This ranking list, 
along with data input from the various studies conducted, will provide a basis for the 
development of the basinwide monitoring plan as well as prioritize the segments for future 
funding.  

Long-Term Planning 

Based upon the results of the assessments conducted over the past two years, a number of 
issues became evident. Most prevalent is a lack of data in the region upon which to base 
long-term management strategies. Deficiencies were found in toxic substances and metals 
measurements, pesticide and other organic concentrations data, streamflow and rainfall 
data, information on loadings from septic systems, biological, land use, atmospheric 
deposition, and bay debris data, knowledge of brown tide survival and growth factors, and 
information on the effects of marinas on water quality. Programs to alleviate some of these 
deficiencies have been developed during this assessment period. These include: septic 
system studies and demonstration projects; a total constituent loadings model for the Nueces 
Coastal Basins; urban nonpoint source pollution reduction projects; an analysis of the effects 
of structures and practices on circulation and salinity patterns; a history of alterations to bay
circulation; and an assessment of additional methods to obtain streamflow data.



Another long-term planning tool is the development of a basinwide water quality monitoring 
plan. An objective of the CRP is to conduct basin monitoring activities in accordance with 
an approved sampling plan that contains a monitoring schedule, parameters, and sampling 
locations. A main focus will be to coordinate this plan with the CCBNEP's development of 
their Coastal Bend Bays Plan and the Region 14 office's yearly water quality monitoring I 

plan.  

Recommendations 

The overall goal of the CRP in the Nueces Coastal Basins is to develop ongoing management 
strategies that will maintain and enhance water quality in the region. To accomplish this 
end, the following recommendations are made: 

1. Continue to establish a local database of all water quality monitoring data within 
the Nueces Coastal Basins area 

2. Review and improve existing monitoring programs 

3. Collect additional biological, toxic substances, metals, rainfall, streamflow data for 
future water quality analyses 

4. Rank identified contaminated areas and focus research and assessments in these 
areas 

5. Continue and expand projects to characterize and to identify sources for point 
and nonpoint source pollution in the Nueces Coastal Basins 

6. Develop a plan for reducing pollutant loads for an affected part of the bay system 

7. Encourage voluntary implementation of best management practices to minimize 
urban and agricultural nonpoint source pollutant loadings 

8. Determine whether the bay system is nutrient-rich or nutrient-deficient when 
compared to historical water quality; study the ability of the bay system to make 
adjustments 

9. Study water quality conditions, especially bacteriological, as a result of septic 
systems, and increase enforcement of existing rules and regulations; consider 
conducting a septic tank demonstration project 

10. Review water quality standards, numerical criteria, and designated uses for each 
part of the bay system and revise them as needed



11. Ensure that research results and updates on water quality status are communicated 
to the public 

12. Continue to. develop informational and educational materials for interested 
citizens in the bay area on ways that they can protect water quality and actively 
conserve water
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CHAPTER 1: 

INTRODUCTION 

Background and Purpose of the 1996 Assessment Report 

Texas Clean Rivers Program 
ater is a critical issue throughout the state of Texas. Texas watersheds now serve 

more than 16.5 million people, and population is expected to nearly double over 

the next 50 years. The combined demand for water from industrial, residential, and 

agricultural users is currently 75 percent of the state's existing capacity, with demand approaching 

100 percent of available supplies in some watershed areas. Clean, usable water is and will continue 

to be a priority for Texans. The limited supplies of water for drinking, recreation, and economic 

development must be protected.

The Clean Rivers Program (CRP) is 
dedicated to the protection of Texas' 

water resources through a regional or 

"watershed" approach to resource 

planning. Through the CRP and in 
partnership with 16 river authorities, 
municipal water districts, and councils of 

government, the Texas Natural Resource 

Conservation Commission (TNRCC) 

guides the regional assessments of water 

quality in each of the 23 major river 

basins in the state. The goal of the 

program is to maintain and improve the 

quality of water within each of these river 

basins.

2

A 1 
James P Bryan Map Collection (Map JPB57, 1775), 

The Center for American History, The University of Texas at Austin

The Texas Legislature created the Texas Clean Rivers Act (Appendix A) with the intent to move 

Texas toward comprehensive water resources planning and management, ensuring the integrity of 

the state's water supply over the long term. The act requires an ongoing assessment of water quality 

issues and management strategies statewide. Even after several decades of substantial progress in 

restoring the quality of Texas waters through other programs, various water pollution concerns 

remain to be addressed across the state.  

The CRP is an ongoing process that produces a series of biennial assessment reports to citizens, 
policy makers, and the regulated community. These reports update the public on the status of water 

quality in their area based on the most recent scientific information. The program is nationally 

recognized for its comprehensive river basin approach, its innovative, fee-based financing, and for 
its reliance on local advisory (or steering) committees to ensure local input and involvement.  
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Geographic Focus of the 1996 Regional Assessment 

The study area of this 1996 Nueces Coastal Basins Regional Assessment of Water Quality focuses 
on two coastal watersheds in South Texas; the San Antonio-Nueces Basin and the Nueces-Rio 
Grande Basin. These two watersheds are jointly referred to as the "Nueces Coastal Basins" (NCB).  
These two coastal watersheds are bordered by the San Antonio and Nueces Rivers, as well as the 
Rio Grande. However, because the majority of the water entering the Arroyo Colorado watershed 
comes from the Rio Grande, the study area for this assessment will only extend as far south as the 
lower border of Kenedy, Brooks, andJim Hogg Counties. The portion of the basin that is south of 
this border, including Cameron, Willacy, and Hidalgo Counties, will be covered in the 1996 Rio 
Grande Assessment Report. This arrangement reflects the interests and issues that confront residents 
of the Lower Rio Grande Valley, where a greater concern exists with water quality problems in the 
Rio Grande rather than in the Nueces River.  

The study area includes the estuarine, bay, barrier island, and gulf nearshore resources 
adjacent to and within the two watersheds. Figure 1.1 shows the map of the two coastal basins and 
the study area.  
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Figure 1.1. Nueces Coastal Basins Study Area
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1996 Regional Assessment Approach C) 

The Clean Rivers Program is more than a biennial water quality assessment; it provides an avenue 

for increasing the coordination of external water quality planning and assessment efforts within the 

Nueces Coastal Basins. This assessment report, and the ongoing steering committee process, will 

increase the understanding and expand the level of knowledge concerning water quality issues.  

The CRP identified 11 tasks to be accomplished in fiscal years (FY) 1996 and 1997 (Appendix B 
contains a detailed discussion of these tasks). Table 1.1 provides a list of these tasks and indicates 

where summaries of the tasks can be found in this assessment report. Priorities included writing a 

water quality assessment report for each river basin in Texas, developing a water quality monitoring Z 

program, promoting public outreach and water conservation, analyzing current and historical water 

quality data, maintaining a data clearinghouse in each basin, and identifying and prioritizing water 

quality concerns in each of the river basins in Texas.  

What You'll Find Here 
This report presents the results to date of these various tasks in the NCB. In particular, the report 

identifies priority issues and concerns in the NCB study area and provides an update on various 

scientific assessments recently conducted in this area by the CRP, the Corpus Christi Bay National 

Estuary Program (CCBNEP) and the TNRCC Region 14 office. Studies include: 

" The current status and historical trends of water and sediment quality in the NCB 

rivers and bays 

- Impacts of septic systems on the bay canal system and on Corpus Christi Bay 

adjacent to the city of Ingleside on the Bay 

- Whether Texas Water Quality Standards are being met in St. Charles Bay, Oso Bay, 

and the Laguna Madre 

- Sources of pollution in the basins 

- Brown tide algae blooms plaguing the Texas coast 

- Runoff from croplands on the King Ranch 

- Debris washing up on NCB beaches 

- The status and trends of freshwater inflows in the basins
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1996 REGIONALASSESSMENTAPPROACH 

Discussions of targeted monitoring in the NCB include: 
C 

- CRP's assistance with the city of Corpus Christi's Allison Wastewater Treatment Plant 
Effluent Diversion Demonstration Project 

C A study of aquatic life in Kinney Bayou-the city of Ingleside's receiving water 

The report also: 

- Provides a model to help understand this estuarine ecosystem 

" Ranks the water quality of the various bays and rivers in the coastal basins and 
compares these to the rankings of all the water bodies in the state of Texas 

" Acquaints the public with future scientific studies in the NCB 

" Identifies additional information needed in the NCB 

- Provides updates on recent monitoring efforts including a new data management 
contract, a monitoring survey, and maps of current and historical water quality 
sampling locations 

" Describes public participation and education events as well as water conservation 
efforts in all three Nueces basins 

" Details specific recommendations to address water quality concerns identified by 
the program, and suggests necessary actions for the future
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Table 1.1: CRP Tasks for 1995/1996 and Where to Find Information 
Related to Each of These Tasks

TASK 1: Project Administration Evident Throughout 

Analyze Current and Historic Chapter 4 - Summaries of Assessments in the Nueces 

TASK 2: Coastal Basins (Targeted Monitoring, Water Body 
Water Quality Data Segments and Segment Ranking) 

Maintain Data Clearinghouse 
TASK 3: Chapter 5 - Data Management 

for Watershed Inventory 

Develop and Conduct a Basin 

TASK 4: Water Quality Monitoring Chapter 5 - Monitoring in the NCB 

Program 

Targeted Monitoring Program 

TASK 5: to Support the TNRCC Chapter 4 - Targeted Monitoring 

Permitting Process 

Identify and Prioritize Water Chapter 3 - Priority Issues 

TASK 6: Quality Concerns and Causes Chapter 4 - Water Body Segments and Segment 

of Pollution Ranking 

Promote Public Outreach and Chapter 1 - Participating Agencies, Institutions, and 

TASK 7: Programs 
Involvement Chapter 6 - Public Participation and Education 

TASK 8: Promote Water Conservation Chapter 6 - Public Participation and Education 

Assess the Potential for Water 

TASK 9: Pollution from Groundwater/ Prioritized for 1998 Assessment Period 

Surface Water Interactions 

TASK 10: Perform Watershed-Specific Chapter 4 - The King Ranch Nonpoint Source 

Priority Task Projects 

Write the 1996 Regional 

TASK 11: Assessment of Water Quality in 

the Nueces Coastal Basins 

See Appendix B - FY1995-1996 Workplan for a detailed discussion of each of these tasks.
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PARTICIPATING AGENCIES, INSTUTONS, AND PROGRAMS 

Z Participating Agencies, Institutions, and Programs 

Since the Nueces Coastal Basins do not have a river authority, the TNRCC conducts the Nueces 
Coastal Basins assessment. This 1996 assessment report focuses on recent TNRCC-funded projects 
in these basins. Inherent in each biennial assessment report is the contribution of several disciplines 
within the TNRCC, as well as coordination between public and private environmental planning and 
management entities.  

Coordination with the Corpus Christi Bay National Estuary Program 
The Corpus Christi Bay National Estuary Program is a federally sponsored, locally supported 
and managed watershed and ecosystem management and planning program, administered 
within the Water Planning and Assessment Division of the TNRCC. The primary objective of the 
program is to develop a consensus-based, implementable management plan for the Corpus Christi 
area. In order to develop this Comprehensive Conservation and Management Plan (CCMP), the 
CCBNEP will provide almost $4 million in funding over a four-year period to increase the scientific 
research and public understanding of several priority issues that threaten the water quality and 
ecological health of the NCB. The CCBNEP study area covers a majority of the NCB, as well as a 
portion of the Nueces River Basin. Many of the priority issues of the CCBNEP are related to, if not 
directly a component of, the tasks legislated under the CRP. The CCBNEP research projects, called 
characterization projects, provide opportunities to coordinate resources and information between 
the two watershed assessment and planning programs.  

In effect, this document is a combined effort of both the CCBNEP and the CRP. While CRP 
staff wrote the report, much of the information contained within has been compiled from 
the detailed characterization projects funded by the CCBNEP. The CCBNEP completed their first 
round of characterization reports from FY95 with contributions from numerous agencies and 
institutions, including the University of Texas, Texas A&M University, the Texas Agricultural 
Experiment Station, the U.S. Geological Survey, the U.S. Department of Agriculture Natural 
Resources Conservation Service, and the Texas Water Development Board. These reports contain 
information about the water quality and conditions in the NCB. Since these reports vary in length 
from approximately 200 to 2,000 pages, a summary of each is contained in Chapter 4 of this 
assessment. The summaries allow the public the opportunity to familiarize themselves with the 
projects and their results by reading a condensed version written in less technical terms. The complete 
reports are available from the CCBNEP.  

Some examples of assessment coordination between the CRP and the CCBNEPinclude the combined 
efforts of staff to characterize the status and trends of water quality in these basins as well as to 
assess the pollutant loads from these basins to the bays in the study area. The CRP is required 
to assess the current status and trends of water quality as stated in Steps 5 and 6 of the CRP 
Guidance. Rather than being duplicative, the Clean Rivers Program has supplemented the 
"status and trends" study (Ward, draft), which was originally to investigate only the CCBNEP 
study area. This resulted in the expansion of the study area to include the entirety of both 
coastal basins.

- 8Ig



PARTCIPATING AGENCIES, "NTTTOS AND PROGRAMS 

Another project, sponsored by the CRP and the University of Texas, establishes estimates of ( 
nonpoint source pollutant loadings. The results of this Geographic Information System 
assessment of nonpoint source pollution in the San Antonio-Nueces Basin are also included 

in Chapter 4. Based on the results of this study, the CCBNEP will fund an FY96 project to 
further this study and to assess the total pollutant loadings from both nonpoint and point 
sources in the NCB.  

Public outreach efforts have also been coordinated with the CCBNEP. Information booths have G 
been shared by the two programs at various educational events. Both have combined efforts of 
holding various public meetings and workshops. CCBNEP staff are on the NCB steering committee, 
and CRP staff are active members of many CCBNEP task forces and work groups. z 

Coordination with Other TNRCC Staff 
TNRCC staff in the Environmental Assessment Section of the Corpus Christi Region 14 

office have been involved in water quality monitoring, sample analysis, intensive surveys, 

and emergency response and safety since the late 1960s. They also assist many other TNRCC 

programs related to the CRP, including volunteer environmental monitoring, wellhead 

protection, and hazardous waste collection. Data from their monitoring and inspections in the NCB 

will be entered into the new data management system to be maintained at Texas A&M University in 
Corpus Christi (TAMU-CC), and will be available from the university upon request. In addition, the 
Region 14 office assisted with receiving water assessments necessary for the permitting process in 

the NCB area, completed an intensive survey of the impacts of septic tanks on the water quality 

adjacent to the city of Ingleside on the Bay, assessed the attainment of water quality standards in 

various bays in the NCB, and initiated a study of the potential contamination of sediments in Nueces 

Bay. These and other studies by the regional staff are presented in Chapter 4 of the report.  

The TNRCC regional staff view the CRP as an additional mechanism to promote local involvement 
in water quality planning and to provide information to local interests. They also actively serve as 

members of the NCB steering committee and play a large role in implementing recommendations 

of CRP assessment reports.  

Additional major tasks performed by the Region 14 office in Corpus Christi include: 

" Inspection of public water supplies 
" Inspection compliance of municipal and industrial wastewater permits 
" Compliance inspections of industrial hazardous waste 
" On-site sewage inspections and permits 
" Municipal solid waste inspections 
- Air permit compliance inspections 
" Air monitoring 
- Petroleum storage tank inspections 
- Recycling, including tires, oil, and oil filters 
- Fish-kill investigations

- Complaint investigations 

- Response to spills and releases of oil and hazardous materials
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PARTICPATIN AGENCIES, INSTMTUTONS, AND PROGRAMS 

In addition to the CRP, CCBNEP, and the Region 14 office, other TNRCC groups participating 
in the assessment include the Surface Water Quality Monitoring Team, Water Quality 
Standards Team, Toxicity Team, Nonpoint Source Team, Water Quality Modeling Team, 
Texas Watch, Office of Pollution Prevention and Recycling, and Texas Cleanup Programs.  

Coordination with Other Agencies and Institutions 
Projects shared between Texas A&M University Agricultural Research and Extension Center 
and the University of Texas Marine Science Institute demonstrate another cooperative effort 
in the basin study area. These projects will investigate surface runoff water from the King Ranch 
croplands for sediment, nutrients, and chemicals, and will analyze the possible effect of this runoff 
on the brown tide algae bloom.  

Targeted monitoring in the NCB was also coordinated with the city of Corpus Christi. As requested 
by the city, the CRP is contracting with the University of Texas at Port Aransas to assist in the 
collection of baseline data for their Allison Wastewater Treatment Plant Effluent Diversion 
Demonstration Project. This project will determine whether treated wastewater from the city can be 
used to increase the primary productivity of fisheries in the Nueces River Delta.  

The Nueces River Authority (NRA) and the TNRCC jointly chair the Nueces Basins Steering 
Committee. This steering committee is unique in the CRP because it oversees the work of two 
different entities covering three different watersheds: the NRA with the Nueces River Basin 
Assessment Report, and the TNRCC with the Nueces Coastal Basins Assessment Report, covering 
the San Antonio-Nueces Basin and the Nueces-Rio Grande Basin.  

Another example of cooperation between the TNRCC and the NRA is their joint contract 
with TAMU-CC to develop and implement a data management system as required by the CRP. This 
data management system will serve residents, researchers, and entities in both the Nueces River 
Basin and the Nueces Coastal Basins.  

To improve coordination between the various agencies, institutions, and companies in the 
NCB who conduct water quality monitoring, the CRP mailed out a survey questionnaire in 
early 1996 to over 200 entities in the basin area. The questionnaire surveyed the current monitoring 
efforts of each agency, institution, or company. The responses from this survey will begin to form a 
comprehensive portrait of monitoring activities in these basins.  

The work of the TNRCC, the U.S. Environmental Protection Agency (EPA), academic institutions 
within the NCB, and other state agencies is reflected in the findings of this assessment report. Table 
1.2 identifies and describes the role of many of the entities involved in the 1996 assessment.  
The CRP assessment process enables the establishment of priorities and the coordination 
of water quality research, planning, and management within the NCB.
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PARTICIPATING AGENCIES, INSTITUTIONS, AN0D PROGRAMS 

Table 1.2: Academic and Governmental Participants in the Clean Rivers Program 

Agency Function or Role 

Environmental Protection Agency (EPA) Technical support, research coordination, information, funding 

Corpus Christi Bay National Estuary Data and information, program coordination, steering committee 

Program (CCBNEP) membership, technical review, research coordination 

Data and information, program coordination, steering committee 
Texas A&M University (TAMU) membership, technical review, research coordination 

Data and information, program coordination, steering committee 
University of Texas (UT) membership, technical review, research coordination 

Data and information, program coordination, steering committee 
City of Corpus Christi membership, technical review, research coordination 

Natural Resources Conservation Service Data and information, program coordination, technical review, 

(NRCS) research coordination 

Nueces River Authority (NRA) Program coordination, joint information use, program co-sponsor 

United States Geological Survey (USGS) Joint data collection, technical review, technical support 

Texas Parks and Wildlife Department Joint use and collection of data and information, steering committee 

(TPWD) membership 

Joint use and collection of information, technical review and 

General Land Office (GLO) coordination, steering committee membership, program 
coordination 

Texas State Soil and Water Conservation Technical review and coordination, steering committee membership, 

Board (TSSWCB) program coordination 

Texas Water Development Board (TWDB) Joint use of information, steering committee membership 

Shared data and information, technical review, steering committee 
Railroad Commission of Texas (RCT) membership 

Coastal Bend Council of Governments Data and information provider, steering committee membership 
(CBCOG) 

Texas Department of Transportation Joint use of information 
(TXDOT) 

National Oceanic and Atmospheric Shared data and information 
Administration (NOAA) 

Texas Department of Health (TDH) Shared data and information 

United States Fish and Wildlife Service Shared data and information 
(USFWS)
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R _ _ _ _ __STEERINGCOMMTTEE 

Z Role of the Steering Committee 

The Nueces Basins Steering Committee 
The CRP strives to increase cooperation among diverse water quality agencies to address 
priority issues in a coordinated manner, and to provide a forum for citizens to contribute 
their ideas and express concerns about water issues. The TNRCC, along with the NRA, has 
established a steering committee to set policy for the three Nueces basins. Committee 
members represent the diverse interests in all three basins: the Nueces River Basin, the San 
Antonio-Nueces Basin, and the Nueces-Rio Grande Basin. Members include representatives 
from government, industry, business, and the public. They identify and set the priorities for 
significant water quality issues, participate in work plan development, and provide input on 
the allocation of funds. Steering committee meetings are open to the public, and public 
participation is encouraged. The steering committee is defined as below by Section 26.0135 
of the Texas Water Code: 

In order to assist in the coordination and development of assessments and reports 
required by this section, a river authority shall organize and lead a basinwide steering 
committee that includes representatives from all appropriate state agencies, political 
subdivisions, and other governmental bodies with an interest in water quality matters 
of the watershed or river basin. Each committee member shall help identify significant 
water quality issues within the basin and shall make available to the river authority 
all relevant water quality data held by the represented entities. A river authority 
shall also develop a public input process that provides for meaningful comments 
and review private citizens and organizations on each regional assessment and report.  

The steering committee for the NCB meets at least once a year. Through the actions of the 
steering committee, residents of the upper and lower basins have become more informed 
of the water resource concerns that confront these areas. See Appendix C for a list of steering 
committee members.
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Basin Overview and Characteristics 

The study area for this assessment report, as shown in Figure 1.1, includes all of the San 

Antonio-Nueces Basin and the majority of the Nueces-Rio Grande Basin. The total area of 
the San Antonio-Nueces Basin is 6,868 km2 (2,652 mi2 ), and that of the Nueces-Rio Grande 
Basin (excluding the Arroyo Colorado Watershed in Cameron, Willacy, and Hidalgo 
Counties) is 18,650 km2 (7,200 mi2).  

The CRP study area overlaps with the Corpus Christi Bay National Estuary Program study 

area (see Appendix K - Map H); thus, this CRP assessment report is the result of extensive 
coordination with the CCBNEP. The assessment includes all or part of the counties, listed 
by watershed, in Table 1.3.  

Table 1.3: Counties within the Nueces Coastal Basins 

San Antonio-Nueces Coastal Basin Nueces-Rio Grande Coastal Basin 

Aransas Brooks 

Bee* Duval* 

Goliad* Kenedy 

Karnes* Kleberg 

Refugio* Jim Hogg* 

San Patricio* Jim Wells* 

Starr* 

Webb* 

Nueces* 

* Indicates only a portion of the county is included in the NCB study area.  

The San Antonio-Nueces Basin is bounded by the San Antonio River Basin to the north and 
the Lavaca-Guadalupe Basin on the northeast. The border on the south is the Nueces-Rio 
Grande Basin, and to the west and south lies the Nueces River Basin. To the east lie bays, 
estuaries, barrier islands, and the Gulf of Mexico. The economy is centered primarily around 
agriculture, mineral production, petroleum refining, manufacturing, commercial fishing, 
tourism, and military activities. The larger population centers in the basin include Portland, 
Aransas Pass, Ingleside, Beeville, Sinton, Refugio, and Rockport.
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San Antonio-Nueces Nueces-Rio Grande
___________________________________________i ________________________________________

2001- Mission River Tidal 

2002- Mission River above Tidal 

2003- Aransas River Tidal 

2004- Aransas River above Tidal 

2462- San Antonio/Hynes/Guadalupe Bay 

2463- Mesquite/Carlos/Ayres Bay 

2471- Aransas Bay 

2472- Mission/Copano/Port Bay 

2473- St. Charles Bay 

2481- Corpus Christi Bay 

2482- Nueces Bay 

2483- Redfish Bay

2203- Petronila Creek Tidal 

2204- Petronila Creek above Tidal 

2484- Corpus Christi Inner Harbor 

2485- Oso Bay 

2491- Upper Laguna Madre 

2492- Baffin/Alazan Bay and Cayo del Grullo
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The Nueces-Rio Grande Basin is bordered on the north and west by the Nueces River Basin, 
and on the west and south by the Rio Grande Basin. To the east lie bays, estuaries, Padre 
Island National Seashore, and the Gulf of Mexico. The economy of the basin is centered 
primarily around agriculture, manufacturing, mineral production, commercial fishing, 
tourism, and military activities. The larger population centers of the basin include Corpus 
Christi, Kingsville, Alice, and Robstown.  

The water quality analysis for these two basins includes both fresh and marine water bodies.  
Table 1.4 shows the main water bodies within each of the two basins and the associated 
segment numbers assigned by the TNRCC. The location of these segments is presented in 
Figure 1.2.  

Table 1.4: Segments in the Nueces Coastal Basins Listed by Basin



Figure 1.2. Nueces Coastal Basins Segments
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Climate 
The climate of the study area is classified as subtropical (short, mild winters and long, hot, 

and humid summers). The NCBs span two climate zones; subhumid climate dominates the 

northern and eastern areas, and semiarid climate extends to the south and west. Rainfall 
steadily decreases from north to south, whereas temperature and evaporation rates increase.  

The region's average annual rainfall ranges from a high of 101 cm (40 inches) in Refugio 
County to a low of 69 cm (27 inches) in Kenedy County (Jennings, draft). In general, irregular 
episodic events, including droughts and floods, are the dominant natural factors influencing 
water quality in the coastal basins.  

Mean annual temperatures vary from 21.1*C (70*F) in Refugio County to 23.2*C (74*F) in 
southern Kenedy County. Prevailing winds are southeasterly throughout the year. Evaporation 

fluctuates seasonally, and freshwater deficits frequently occur during dry, hot, windy summer 

months, when evaporation rates are high and precipitation and streamflows are lowest.  

Salinity values from Copano Bay south to Baffin Bay can range from less than 5 parts per 
thousand (ppt) to greater than 65 ppt. During the months of summer and fall (hurricane 

season), a freshwater surplus from moisture supplied by tropical storms may occur (TNRCC, 
1994).  

Hydrology 
The San Antonio River and the Nueces River drain into shallow bays and contribute their 

inflows to the three main estuaries of the region: the Corpus Christi Estuary, the Laguna 

Madre, and the Aransas/Copano Estuary. The Corpus Christi Estuary System referred to in 
this document includes Nueces, Corpus Christi and Oso Bays. The Upper Laguna Madre 
estuary includes the Baffin Bay System, and the Aransas/Copano Estuary System includes 
Mission, St. Charles, Mesquite, Redfish, and Copano Bays.  

The San Antonio, Mission, Aransas, and Nueces Rivers contribute most of the freshwater 
inflows to the estuaries and bays of the region. These estuaries have limited exchange with 
the Gulf of Mexico, and most of the freshwater inflows exchange with the Gulf of Mexico 
through Aransas Pass. Numerous small inlets and land cuts through the barrier islands 
allow some additional water to exchange with the Gulf of Mexico. However, the limited and 
intermittent freshwater inflows and restricted exchanges with the Gulf of Mexico contribute 
to the high residence time of water in the bays and estuaries. On average, water in the 
Upper Laguna Madre is completely replaced only once every 3.3 years, in Nueces Bay every 
1.4 years, and in Aransas Bay every 1.5 years (TNRCC, 1994).  

This high residence time, combined with high evaporation rates and occasional high 
streamflows from tropical storms, results in a wide range of salinity in the region's estuaries.  
For example, the Corpus Christi Estuary receives a relatively large inflow of water from the 
Nueces River, which, even after evaporation, results in a relatively high inflow balance (326,555 
ac-ft per year). The Upper Laguna Madre, on the other hand, receives very little inflow and 
has a high rate of evaporation, which results in a negative.inflow balance (-288,665 ac-ft per 
year). Losses to evaporation exceed freshwater inflows and direct precipitation combined.  
This is illustrated in Table 1.5.

Pae17



z 
0 

I I

18

Table 1.5: Estuarine Water Budgets 
(acre-feet per year; from TWC, 1992) 

Gauged Ungauged ... Inflow 
Inuged nfauow Evaporation Precipitation Baloe Inflow Inflow Balance 

Aransas/Copano 
Estuary130,665 298,524 614,715 379,450 193,923 

Corpus Christi1 
Eopstur584,303 49,294 608,969 301,927 326,555 
Estuary 

Upper Laguna 21,400 135,528 842,899 397,306 -288,665 

Groundwater 
The entire study area lies over the Gulf Coast Aquifer. This aquifer is typified by interbedded 
linear sands and shales at a thickness of 200-500 feet. Total dissolved solids in the aquifer 
range from 1,000 to 3,000 mg/L in the San Antonio-Nueces Basin, and from 1,000 to 1,500 
mg/L in the Nueces-Rio Grande Basin. The high dissolved mineral content of these waters 
makes them unsuitable for many uses, and the yield is very irregular. Private wells throughout 
the coastal basins typically have low yields. The minimal irrigation activities in the study area 
are supplied by groundwater. Supplies from the Gulf Coast Aquifer may have localized 
applications for household and smaller municipal uses, but they are not suitable for 
development as a major water source in many areas. The poor quality of the groundwater is 
a factor in the city of Corpus Christi's present municipal and industrial water conservation 
programs and its search for additional surface. water supplies to meet projected growth 
demands (TNRCC, 1994).  

Population and Land Use 
In, 1990, the combined population of the NCB was 501,521, up from 477,512 in 1980. In 
1990, the San Antonio-Nueces Basin had 115,732 inhabitants, while 385,789 people lived in 
the Nueces-Rio Grande Basin. See Appendix D for population projections by county for the 
Nueces Coastal Basins.  

Kleberg, Refugio, and Kenedy Counties are predicted to experience a short-term increase 
in population growth rates, which will be followed by a long-term decline in population 
growth rates. Overall, the populations of both basins are predicted to continue growing.  
According to the projections formulated by the TNRCC and Texas Water Development



Board (TWDB), the population of the San Antonio-Nueces Basin will rise to 199,706, and ( 
that of the Nueces-Rio Grande Basin will rise to 583,175, by the year 2050 (TNRCC, 1994).  
These.figures combine to form a total of 782,881 inhabitants residing in the two coastal 
basins by the middle of the next century.  

The NCB are heavily dependent on petroleum and agriculture. Industrial and municipal 
developments are most heavily concentrated along the south shore of Nueces and Corpus 
Christi Bays. The largest population center is the city of Corpus Christi (in Nueces County), G 
which has a heavily industrialized district that includes petroleum refining, petrochemical 
production, shipping and transportation, food processing, and metal production. Petroleum 

and natural gas exploration occur throughout the study area. Z 

Cattle ranching is the primary source of agricultural income in Kenedy, Brooks, and southern Kleberg 

Counties. In 1991, the Texas State Soil and Water Conservation Board (TSSWCB) assessed the 
total combined acreage of pasture and rangeland in the NCB (TNRCC, 1994). In the San Antonio
Nueces Basin, the total combined acreage was 1,103,000 acres in 1987, while the Nueces-Rio 
Grande Basin had 3,909,000 acres in that same year.  

Cotton, corn, sorghum, and barley are other important agricultural commodities in the study area.  

According to the TSSWCB, 246,000 acres of cropland were in the San Antonio-Nueces Basin in 
1987, while 1,824,000 acres of cropland were in the Nueces-Rio Grande Basin in that same year.  

The region's scenic beauty and marine fisheries support a thriving tourism industry. Tourism generated 

$480 million in 1990, and another $530 million in 1991, through local spending. According to a 
Texas Water Commission report, this income supported an estimated 11,000 jobs (TWC, 1992).  

Water Consumption and Demand 
Lake Corpus Christi and Choke Canyon Reservoir, located in the Nueces River Basin, are primarily 
water supply and flood control reservoirs. The city of Corpus Christi owns water rights in Lake 
Corpus Christi and Choke Canyon Reservoir (LCC/CC). This reservoir system may provide an 
estimated firm yield of 220,000 ac-ft/year. However, the environmental needs stipulated in the original 
TNRCC reservoir permit and reflected in the TNRCC's current reservoir operating order for the 
city of Corpus Christi diminish the amount of water available for human use. The order mandates 
the pass through of freshwater to the Nueces River to sustain the health of the Corpus Christi 
Estuary. The amount of water that is allowed to pass through the system is the amount that has 
flowed into the system, up to a target amount.  

In addition to providing water for the municipal and industrial demands of Corpus Christi, the 
LCC/CC system provides water to the South Texas Water Authority, Alice Water Authority, Beeville, 
Port Aransas, Rockport, Mathis, Three Rivers, San Patricio Authority MWD No. 1, and Lamar 
Peninsula. These multiple water demands have led the TWDB to project water supply deficits for 
the city of Corpus Christi and surrounding areas (TNRCC, 1994).
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BASIN OVERVIEW AND CHARACrERISTICS 

As the demand for water grows along with population and economic growth, the need increases to 
secure future water supplies. TWDB has, predicted that the city of Corpus Christi will need additional 
supplies before 2010, and an additional 100,000 ac-ft/year by 2050. In an effort to meet 

O these needs, the city of Corpus Christi is a sponsor of the proposed Trans-Texas Water Project, 
which may eventually involve interbasin transfers of water to meet water demands. The city 
is currently pursuing water conservation measures, and petroleum industries in the area 

.=i have implemented some of the state's most water-efficient refining technologies.  

Geology 
The NCB lie within a physiographic province called the Texas Coastal Plain. The dominant 
geologic features of the coastal plain are of recent origin. During the Pleistocene, glacial 
and interglacial events contributed to changes in sea level of up to 150 meters. Fluctuations 
in sea level resulted in alternating periods of submersion and exposure of the entire study 
area. The periods of marine inundation were interrupted by periods of high-energy riverine 
flooding and longer periods of low-energy ponding and drying. These events left the plain 
with widely distributed bands of sands, silts, and clays. In some instances, bands of shallow 
sands play an important role in groundwater recharge.  

Approximately 3,000 years ago the region stabilized and the dominant formative processes 
were erosion, compaction, and deposition. Several distinct features were created, including 
extensive bays, estuaries and lagoons, land that slopes seaward at an average rate of barely 
one meter per kilometer, and barrier-strandplain-chenier, which are former shoreline dune 
complexes grown over with trees and mesquite rangeland (TNRCC, 1994).  

Habitat 
The region's physiography and climate influence both the distribution and type of habitat 
found in the study area. The study area lies in the Gulf Prairies and Marshes ecological 
regions of Texas (TNRCC, 1994). Five major vegetation types have been identified in the 
area: mesquite-granejo parks, live oak woods, mesquite-blackbrush bush, bluestem grasses, 
and barrier island flora. Large areas of each of these vegetative cover classes are now in 
agricultural use. Eight major aquatic habitat types occur in the region. These are riverine, 
salt marsh, algal mat, seagrass beds, oyster reefs, beach, open bay bottom, and water column/ 
oceanic habitat. These habitats support approximately 3,178 documented species of plants 
(836) and animals (2,342). Forty-nine endangered, threatened, or candidate species inhabit 
or use the basins (19 of these are estuarine species) including whooping cranes, arctic and 
American peregrine falcons, piping and snow plovers, Texas pipefish, Kemp's Ridley turtles, 
green sea turtles, hawksbill sea turtles, Gulf saltmarsh snakes, brown pelicans, Alaska curlews, 
and reddish egrets. The region is one of the premier bird-watching spots in the world, 
attracting more than 400 species of birds (60 to 70 percent are migratory).  

Away from the coast, vegetation is represented by more drought-tolerant, upland species.  
Emergent herbaceous coastal wetland and marsh vegetation slowly become bottomland 
hardwood stands along riparian zones, chenier plains, and inland 'pothole' wetlands. The
land within the coastal prairies is used extensively for farming and ranching, and many 
native prairie grasses have become rare. The upland terrain is dominated by brush, oaks, 
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and mesquite, and is commonly used as rangeland. See Appendix E for a list of typical C' 
vegetation for the NCB and Chapter 2 for a discussion of aquatic habitats.  

The variable supply of freshwater inflows, combined with the shoreline features that restrict 
mixing in the bays, contribute to the wide variety of marine habitat in the estuaries. Laguna t 

Madre is one of only three hypersaline estuary systems in the world. It has only approximately 
50 percent open water habitat, while the relatively less saline and deeper Aransas Bay has 
about 70 percent open water habitat (TNRCC, 1994). One particular type of coastal 0 

vegetation, seagrasses, occupy about 20 percent of the entire Laguna Madre, while they C 

occupy only 4 percent of Aransas Bay. See the freshwater inflows study in Chapter 4.  
0 

Climatic variation, combined with the other environmental features discussed above, places 

the study area in an ecological zone of transition called an ecotone. The transition in turn 
defines many of the unique ecological features of the region. The multitude of processes 

occurring in the water bodies of the NCB is presented in Chapter 2 with a model of the 
estuarine ecosystem.
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CHAPTER 2: 

AN ECOSYSTEM MODEL OF THE ESTUARIES 
IN THE NUECES COASTAL BASINS 

Communities of organisms, considered together with their physical settings or habitats, 

are known as ecosystems. One way to understand and present the complex processes 

that occur in the NCB estuaries is to have a conceptual model of the estuarine 

ecosystem. In this context, the conceptual model is a presentation of the ecosystem's 

components and linkages among its components in a schematic format. The model provides 

a framework that can be used to assess environmental impacts associated with external 

influences.  

The information presented in the report, "A Conceptual Ecosystem Model of the Corpus 

Christi Bay National Estuary Program Study Area" (Montagna, 1996) was funded by the 

CCBNEP. The conceptual models in the report were presented in both a technical and a 

public format, which were tailored to audiences of different levels of technical expertise. In 

this summary, only the public format is presented. This format contains the same information 

as the technical format, but should be relatively easy for people from any background to 

understand. Both the technical and nontechnical forms in their entirety are available in 

the report from the CCBNEP office in Corpus Christi.  

Models are like examining specimens from the macroscopic to microscopic levels. For 

example, the ecosystem could be viewed from an airplane, then from a boat, and then from 

a microscope. This hierarchical view is the technique used to develop conceptual submodels: 

modeling begins at the highest level and focuses down to detailed levels.  

The model encompasses the three major ecosystems of the CCBNEP study area. These 

three systems are the Baffin Bay-Upper Laguna Madre Estuary, the Nueces Estuary, and the 
Mission-Aransas Estuary (Figure 2.1). The three estuaries of the CCBNEP area share many 

similarities but differ in some significant ways. These differing characteristics are primarily 

freshwater inflow, oceanic exchange with the Gulf of Mexico (both of which are greater in 

the Nueces and Mission-Aransas estuaries than in Laguna Madre), and areal extent of specific 
habitat types within the three estuaries. One common view suffices for all three estuarine 

ecosystems, but specific differences are discussed in the section of this chapter entitled "Physical 

Characteristics of the Nueces Coastal Basins."
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The Estuarine Ecosystem 

An estuary is an inlet of the sea reaching into a river valley as far as the upper limit of the tidal 

rise. It is a semi-enclosed coastal water body which has an open connection with the sea 

where seawater is measureably diluted with freshwater. The major components of an estuary 

are: river mouths, marshes, bays, lagoons, deltas, reefs, and passes. The primary source of 

energy for life in the estuarine ecosystem is the sun. Energy also comes from rivers, tides, 
groundwater, and terrestrial runoff, which provide nutrients and decomposing matter (also 

called detritus). Energy is exchanged between the coastal ocean and estuary as current, as 

wind and tide movements of nutrients and detritus, and as the migration of some consumers 

such as fish and shrimp. Energy leaves the estuarine ecosystem through a heat sink, returns p 

to land through human fishing and hunting, or else is transferred to the coastal ocean.  

Humans use the estuarine area for a variety of uses, including the many shown in Figure 2.2.  

Many of these activities also have the potential to affect the estuary adversely.  
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Figure 2.2: The Estuarine Ecosystem Area 
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Life in an estuary is dependent upon the sun. Figure 2.3 illustrates a simplified flow of energy 
within an estuary. Producers such as phytoplankton require sunlight, carbon dioxide, and 
nutrients to grow and to produce energy. Consumers such as fish receive the carbon by 
eating producers and receive the oxygen they need from water. Nonliving organic matter is 
produced from producers and consumers, and "rains down" upon the bottom of the estuary, 
where it is decomposed by other consumers and bacteria. In the sediment, bacteria use 
oxygen to break down the organic matter to receive energy. Like consumers, these bacteria 
produce carbon dioxide. Bacteria also release nutrients back into the water, resulting in the 
recycling of nutrients that can be reused by producers. New nutrients can enter the estuary 
from rivers or as runoff from cities, farms, and other adjacent landscapes. Because an estuary 
is directly connected to the ocean, everything from nutrients to consumers can be exchanged 
between the two bodies of water. The rate of exchange is determined by the number and 
size of passes and by the intensity of the wind and tide.  

SUNLIGHT 

WIND TIDE 

PRODUCERS DIOXD CONSUMFRS 

CARBON OXYGEN N 

DIOXIDE OXYGEN 

BAY 

DECOMPOSING w i E A 
MATTER 

Figure 2.3: The Flow of Energy within an Estuary

Pae 26



THE EsuAE ECOSYSTEM CHARACTERIZED : E 

The Estuarine Ecosystem Characterized by Energy Flow 

Producers 
Five main components comprise the producer subsystem (Figure 2.4). Marsh grasses grow 
on the edge of the estuary. They are not directly eaten, but may contribute substantially to 

the pool of decomposing matter. Seagrasses, which are a dominant feature in shallow water, 

are similarly important sources of organic matter and habitats for many animals.  
C,, 

Macroalgae, including the large brown, red, and green "seaweeds," are eaten by benthic 
herbivores, such as grass shrimp and amphipods. Microalgae, particularly small diatoms, 
are tiny algae that are very productive. They live on the sediment surface and are eaten by p 

grazing herbivores, such as shrimp, and by deposit feeding animals, such as polychaete 
worms and brittle stars. Other small plants, the phytoplankton, are microscopic one-celled 

algae that live in the water. They are eaten primarily by zooplankton (tiny crustaceans and 

other small animals), and by the larvae of larger shrimp, crabs and fish. All producers are 

important contributors to the pool of decomposing matter., 
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Figure 2.4: The Producers
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Consumers 
Consumers are animals that cannot synthesize inorganic matter into organic matter. Several 
different kinds of consumers occur in the Nueces Coastal Basin estuaries (Figure 2.5).  
Zooplankton, which are small crustaceans, and the larvae of larger animals eat mainly 
phytoplankton. Deposit feeders, such as polychaete worms and some clams, live on the 
estuary bottom and eat detritus. Benthic herbivores, such as shrimp and amphipods, eat a 
variety of plants. Secondary consumers, such as many fish, are predators that eat other 
consumers. Tertiary consumers, such as large fish, humans, and birds, eat secondary 
consumers.  

Both assimilation and respiration are dependent on the temperature and salinity of the 
environment. An increase in temperature speeds up enzymatic activity. An increase in 
salinity will divert energy reserves, as the animal is forced to adjust water concentrations to 
compensate for a change in salt concentrations. Consumers can lose biomass and energy 
when they excrete organic material, die, or are eaten by larger consumers. Biomass can be 
transferred from one ecosystem to another if the consumers migrate from the estuary to 
the ocean or back.  
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Figure 2.5: The Consumers
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Mineralizers 
Mineralizers are bacteria that convert decomposing matter into energy using different 

biochemical pathways (Figure 2.6). Mineralizers that use oxygen to decompose detritus are 

called aerobes. When the oxygen is depleted from the sediment, a second group of bacteria 
takes over. These bacteria reduce nitrogen, converting nitrate and nitrite to ammonium.  

When nitrogen is depleted, another group of bacteria reduces sulfate to sulfide. The "rotten 

egg" smell that occurs in some parts of Laguna Madre and Corpus Christi Bay during the 

summer is caused by hydrogen sulfide released by these bacteria. A final group simply 

decomposes the organic carbon in detritus into methane. Without these organisms, 
important nutrients such as nitrogen, phosphorous, ammonium, and sulfur would be buried 

in the sediment and lost from the ecosystem. These bacteria are essential to an ecosystem 

because they process organic matter and regenerate nutrients.  

CONSUMERS 

TT 

'01 

*4w

4 

I 
N 3LRA T S 

AMMONI A 

- - - :-i-1 CARBON DIOXJDE 

O - - -A UTRENT.I 

BUI AL .O . O" "-" """" . - .  

Figure 2.6: The Biochemical Pathways That Mineralizers Use to Convert 
Decomposing Matter into Energy

g29e

-

O 

d 
0



The Estuarine Ecosystem Characterized by Habitats

Another way to characterize ecosystems is to consider each habitat within an ecosystem.  
Habitats are the elements of an environment that sustain an organism or a specific community 
of organisms. Figure 2.7 shows typical habitats in a Texas estuarine ecosystem. Energy can 
be transferred among habitats by physical movement of the water or by movement of the 
organisms between habitats. The interaction among habitats is partly responsible for the 
high productivity that is characteristic of estuaries.  
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Figure 2.7: Typical Habitats in a Texas Estuarine Ecosystem
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Like other Texas estuaries, the three Nueces Coastal Basin estuaries have a common structure.  

The exchange of ocean water with the Gulf of Mexico occurs through a break or pass in the 

barrier island. Beach habitat faces the ocean or barrier island. Only one continuously open 

inlet, Aransas Pass, connects Corpus Christi and Aransas Bays to the Gulf of Mexico. The 

water column habitat refers to the water that fills the three NCB estuaries. Although there 

is a lot of water surface area, this habitat is still less productive than the vegetated habitats.  

Corpus Christi and Copano bays have a bottom that is predominantly a muddy bottom 
habitat with patchy areas of sandy bottom or oyster reef habitat. Oyster reef habitat occurs 
mostly in secondary bays, such as Nueces or Copano bays, because oysters depend upon 

freshwater brought by rivers. Seagrass bed habitat dominates in Laguna Madre. The Laguna 
Madre is well known for its populations of fish, due in part to the nursery habitat provided 

by the extensive seagrass beds. Algal mat is a unique supratidal habitat that occurs in patches 

around the bays, particularly along Baffin Bay. Salt marsh habitat occurs along much of the 
shoreline, but are most abundant in the Nueces River Delta.  

All different habitats can be found in all three estuaries. However, the area of each habitat 

varies within each estuary. The oyster reef and salt marsh habitats are most common in the 

Mission-Aransas Estuary. The algal mat and seagrass bed habitats are most common in the 

Laguna Madre. The Nueces Estuary is intermediate between the other two estuaries because 

the algal mat, seagrass bed, beach, oyster reef, and salt marsh habitats are only intermediate 

in size. Since it is lacking in these habitats, the open bay bottom (including muddy and 
sandy bottom) is a large habitat in the Nueces Estuary. The Nueces Estuary has a gradient 

from muddy to sandy bottom from Nueces Bay to Corpus Christi Bay. The nutrient storage 

in Nueces Bay is much higher than in Corpus Christi Bay because the Nueces River and 

associated marshes provide Nueces Bay with intermittent freshwater. Although there are 

more nutrients in Nueces Bay, the content of chlorophyll a per unit area is higher in Corpus 

Christi Bay. Correspondingly, a higher zooplankton abundance is also found in Corpus 
Christi Bay. The abundance and species diversity of benthic mollusks are higher in the 
sandier Corpus Christi Bay than in the muddier Nueces Bay. However, the mollusks in 

Corpus Christi Bay tend to be smaller than those in Nueces Bay.
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Physical Characteristics of the Nueces Coastal Basins Estuaries 

The primary factors affecting biological processes in the three estuaries of the NCB are 
temperature and light. The variation of temperature and light among the estuaries is small, 
and consequently little difference in the rates of biological processes occurs among the 
estuaries. The most noticeable differences in biological processes among the estuaries are 
driven by freshwater inflow and physiography. Freshwater inflow drives many key ecological 
processes. Differences in freshwater inflow will have a great effect upon the habitats of each 

system.  

Laguna Madre Estuary 
The Laguna Madre Estuary, which includes the Laguna Madre, Baffin Bay, and other 
associated waters, is three times the size of the other two estuaries (Table 2.1), has an average 
depth that is shallower than the other two estuaries, and has a larger surface area receiving 
sunlight. The estuary has more total energy flow from the sun to the estuarine system and 
from the estuarine system to various sinks than the other two systems. The higher energy 
flow from the sun to the estuarine area system for the Laguna Madre Estuary means more 
energy input through the increase of photosynthesis. This high energy flow creates a high 
rate of primary production. The high ecological efficiency also results in the high abundances 

of the higher level consumers such as benthic mollusks and fishes. The abundance of 
benthic mollusks in the Laguna Madre Estuary is twice that of any of the other estuaries.  
The commercial harvest of finfish in the Laguna Madre Estuary is about four times higher 

than that of any of the others.  

The Laguna Madre Estuary has a lower energy input from rivers, which provide nutrients, in 
comparison with the other two estuaries. The Laguna Madre Estuary has a negative inflow 

balance (-947 x 106 cubic meters/year), which means the freshwater inflow is less than outflow, 
e.g., evaporation. The negative balance also accounts for hypersalinity in Laguna Madre.  
Residence time for the water in the Laguna Madre Estuary is very difficult to calculate because 

of its shallow depth, negative inflow, and its connection to the Nueces Estuary (Table 2.1).  

Energy flow from the ocean to the estuarine system, which mainly provides detritus, is higher 

for the Laguna Madre Estuary than for the other estuaries. The consumer subsystem is 
dominated by deposit-feeding benthos. The input of seawater and less input from rivers 
also maintain a stable high salinity but low nutrient levels in the Laguna Madre Estuary.  
The main limitation on producers' synthesis may only be nutrients. However, less input 
from inflow reduces the human impacts on the estuary. The Laguna Madre Estuary remains 
a more natural ecosystem than the others with a higher temperature storage, salinity storage, 

and detritus storage.  

Mission-Aransas and Nueces Estuaries 
The Mission-Aransas and Nueces Estuaries have higher levels of nutrient storage, energy 

storage, and oxygen storage in comparison with the Laguna Madre Estuary because of more 
inflow from rivers and creeks. However, the phytoplankton primary production in Corpus
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Christi Bay is lower. Other limitations rather than nutrient limitations are more important in 

this estuary. The Mission-Aransas Estuary has a series of oyster reefs in the primary bay, 

Aransas Bay, and the secondary bay, Copano Bay. These reefs increase water turbulence by 
changing the directions of tide, river flow, runoff, and currents. The water turbulence and 

sediment-derived turbidity decrease the available light for producers at the bottom. There 
is also a large biomass of filter-feeding mollusks in the reefs. The high consumer biomass 
and increased turbulence may explain the fact that the Mission-Aransas Estuary has a lower 0 

phytoplankton standing stock and a lower seagrass standing stock than the other two estuaries 

(Table 2.1). Oyster reefs can direct and slow water currents. As currents slow or are diverted, 

nutrients and organic matter can settle out or be trapped.  

The average water depth in the Mission-Aransas and Nueces estuaries is 2 meters (compared 

to 1 meter for the Laguna Madre Estuary) while the total area is one-half or one-third that 

of the Laguna Madre Estuary (Table 2.1). The amount of solar radiation per unit water 
volume is much lower than in the Laguna Madre Estuary. This means a lower capacity for 

temperature storage and a lower ecological efficiency than in the Laguna Madre Estuary.  

This may explain the lower primary production rates and the lower amount of consumer 

biomass (Table 2.1).  

The Mission-Aransas and Nueces Estuaries have both river and creek sources, while the 
Laguna Madre Estuary has only creeks. The Mission-Aransas and Nueces Estuaries have 

annual inflow balances that are much higher than in the Laguna Madre Estuary. This 
indicates that energy flow from the land to the estuarine system is higher than in the Laguna 
Madre Estuary. However, the energy flow from the estuarine area system to ocean is also 

higher. The average rainfall of the three estuaries decreases from the Mission-Aransas 
(81 cm/year) to Nueces (76 cm/year) to Laguna Madre (69 cm/year) (Table 2.1). Because 

the Mission-Aransas Estuary receives less inflow, the residence time of water in this estuary 

(3.02 years) is much longer than in the Nueces Estuary (0.46 year) (Table 2.1). The gradient 

of river inflow and average rainfall cause a lower salinity in the Mission-Aransas (12

19 percent) and Nueces (17-31 percent) estuaries than in the Laguna Madre Estuary (30

37 percent). The salinity variation within the Mission-Aransas and Nueces Estuaries is higher 
than the variation of salinity within the Laguna Madre Estuary. High salinity variation makes 

these ecosystems more unstable than Laguna Madre by affecting population aging rates, 
respiration rates, reproduction rates, and migration rates. The Mission-Aransas and Nueces 
Estuaries are also more disturbed because more people are living on their shores.
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Table 2.1: A Comparison of Bay Characteristics in the CCBNEP Study Area 

Variables Mission-Aransas Estuary Nueces Estuary Laguna Madre Estuary 

Primary Bay Aransas Bay Corpus Christi Bay Laguna Madre 

Secondary Bays Copano Bay Nueces Bay Baffin Bay 
Oso Bay 

Mission Bay Alazan Bay 
Tertiary Bays St. Charles Bay Cayo Del Grullo 

Carlos Bay Laguna Salada 

Mission River 
Rivers Aransas River Nueces River 

Petronila Creek 

Creeks Copano Creek Oso Creek San Fernando Creek 
Chiltipin Creek Jarachinal Creek 

Los Olmos Creek 

Size (squared km) 540 500 1,500 

Average Depth at Mid-tide Level (m) 2 2 1 

Volume (cubic km) 1.08 1 1.5 

Rainfall (cm/yr) 81 76 69 

Combined Inflow 476 841 849 
(1,000,000 cubic m/yr) 

Net Inflow (1,000,000 cubic m/yr) 190 509 -947 

Surface Salinity (%) 11.2-17 14.8-31 30.3-34.4 

Bottom Salinity (%) 12.3-19.3 16.6-30.6 31.3-37.0 

Average Freshwater Inflow 10 30 1 
(cubic m/s) 

Maximal cubihly Mean Inflow 15 (1964-1990) 50 (1939-1989) 5 (1965-1987) 

Residence Time (yr) 3.02 0.46 -1 

Open Bay Bottom common common intermediate 

Marsh Habitat common intermediate rare 

Algal Mat Habitat rare intermediate common 

Water Column Habitat common common common 

Seagrass Habitat rare intermediate common 

Oyster Reef Habitat common intermediate rare 

Beach Habitat intermediate intermediate common 

Finfish Commercial Harvest 207 151 834 
(1,000 kglyr) 

Shellfish Commercial Harvest 1,453 544 147 
(1,000 kg/yr) '453_544__47 

Maximal Phytoplankton Abundance 584 1,100 1,600 
(cell/mL) 

Maximal Zooplankton Abundance 7 500 200 
(100,000 ind./cubic m) 

Maximal Benthos Abundance 25 72 130 
(100 ind./square m)
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Human Impacts on the Ecosystem 

Human activities can affect the estuarine ecosystem in a variety of ways, most of which tend 

to have harmful effects on the productivity or diversity of the ecosystem. Examples of human 

impacts and their effects are illustrated in Figure 2.8. These include: 

1. Impounding rivers cuts off freshwater inflow to the estuary 

2. Industry can introduce toxic compounds to the air or water that can stress or kill 

many estuarine species 

3. Construction on the shore of the estuary destroys productive marsh habitats and 

can increase turbidity of the water 

4. Runoff from cities can introduce contaminants to the bay and increase turbidity p 
5. Water treatment can bring high nutrients into the estuary which may lead to 

eutrophication 

6. Motor boats can scar seagrass beds and leak fuel 

7. Trawling and dredging may disturb or kill the organisms living in sediment and 

destroy seagrass beds; shrimping also destroys by-catch 

8. Creating or reinforcing passes, channels, spoil islands, and causeways can alter 

estuarine circulation 

9. Fishing may remove too many top predators from an ecosystem 

10. Agriculture can introduce nutrients to the estuary through fertilizers or simple 

runoff, or can introduce toxic substances to the estuary in the form of pesticides 
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Figure 2.8: The Role of Humans
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Effects on Producers 
Producers such as seagrasses can receive increased nutrient additions due to point sources 
such as water treatment or nonpoint sources such as runoff of excess fertilizers. While some 
degree of nutrient addition can benefit producers, too much can lead to alteration of the 
community structure and eutrophication. Eutrophication occurs when a body of water 
contains an excess of nutrients and organic material to the extent that the ecosystem may 

deplete all available oxygen. Turbidity can be increased by activities such as dredging and 
W trawling that reduce water clarity. Producers need sunlight to carry out photosynthesis, and 
Nd any decrease in water clarity can limit production. The addition of any toxic chemicals 

(particularly pesticides, heavy metals, and hydrocarbons) that are produced by industry 
discharges to the estuaries can either stress producers, causing them to respire at higher 
rates, or even kill them.  

Effects on Consumers 
While consumers are not as sensitive to nutrient additions or turbidity, they have another 
problem due to their position on the food chain. Contaminants in the water may enter 
living tissues at concentrations too low to be threatening. However, a predator can gradually 
accumulate the contaminant burden from all the different prey items that it eats. This 
phenomenon is known as biomagnification and becomes more of a threat to consumers 
higher up in the food chain. In addition to biomagnification, some consumers also face 
losses in the form of predation from humans. Fishing efficiency can be so high that 
unrestricted fishing can quickly deplete an entire population past the point from which it 
may recover.  

Effects on Mineralizers 
Mineralizers can be constantly exposed to sediment-bound contaminants because of their 
intimate association with the sediment. Like producers, mineralizers are also sensitive to 
nutrient additions. A form of pollution that is often not considered is thermal pollution.  
Any activity that raises the water temperature, such as the input of cooling water from a 
power plant, can have a negative impact on the estuary environment. High temperatures 
can quickly deplete a system of oxygen or kill some sensitive species outright, replacing 
them with more tolerant, opportunistic species.
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CHAPTER 3: 

PRIORITY ISSUES 

Priority Environmental Issues in the Nueces Coastal Basins 

In general, the greatest negative impacts on the estuarine ecosystem come from 

contaminants or loss of habitat as a result of human activities. Contamination may 

result from point sources, such as water treatment plants, or nonpoint sources, such as 

runoff. Habitat loss can come from alteration of the bay bottom - typically by dredging and 

trawling, development of wetlands or shorelines, or restricting freshwater inflow. During 

the first year of the CCBNEP, the various committees of the CCBNEP identified a list of 

priority issues that affect not only the health of the bay system, but also the regional economy 

and the region's high quality of life. Potential issues were discussed in 1993 by more than 

300 people in 13 public meetings. Six priority issues were confirmed through this process, 
and one additional priority issue, public health, was added as a result of public comment.  

The seven priority issues are: 

" Degradation of water and sediment quality 

" Bay debris 

" Public health issues 

" Altered freshwater inflows 

" Altered estuarine circulation 

" Condition of living resources 

- Loss of wetlands and other estuarine habitats 

These are the main effects of human impacts on the bay system and surrounding basins.  

Figures 3.1-3.7 illustrate models created by Dr. Paul Montagna in his ecosystem model report 

for the CCBNEP (Montagna, 1996). The model itself is discussed in Chapter 2.
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Figure 3.1: Degradation of Water and Sediment Quality

Although not as insidious 
as chemical contaminants, 
debris can have 
detrimental effects 
through the loss of marine 
life (due to entanglement 
or the ingestion of plastic), 
as well as the potential to 
affect tourism, which is a 
major part of the area 
economy.
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Figure 3.2: Bay Debris
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Many human activities have 

the potential to contaminate 

water, from spills to runoff 

from streets following a 

storm. The most productive 
marine ecosystems thrive in 
areas of clear, clean water.  

Increasing the amount of 
contaminants or turbidity in 
the water can decrease 

productivity or may affect 

human health. Activities 

such as dredging, trawling, 
and farming can increase 
turbidity which limits 
photosynthesis. Limiting the 

flow of water in an estuary or 
limiting freshwater inflow can 
inhibit the natural properties 

that wetlands have to filter 

contaminants from water.
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Potential problems for 
humans can arise from 
illness and the resultant 
loss of revenue due to 
shellfish poisoning from 
diseases, parasites, or the 
contamination of shellfish 
by toxic waste. Marine 
and estuary water may 
become so polluted as to 
be a danger to the public, 
as has happened in many 
East Coast harbors 
(Montagna, 1996).
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Figure 3.3: Public Health

Figure 3.4: Altered Freshwater Inflow 
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Brackish water can 
support more productive 
organisms than can 
marine water. When 
freshwater inflow into an 
estuary decreases, the 
estuary becomes less 
productive. In low rainfall 
areas like South Texas, the 
major source of freshwater 
to an estuary is through 
rivers and creeks.
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Figure 3.6: Condition of Living Resources 
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Changing the flow of 
water in an estuary can 
have effects upon the 
concentration of 
contaminants in the water, 
the migrational patterns of 
animals, and even on 
nuisance plankton blooms 
like brown tide.
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The diverse assemblage of 
wildlife in the Nueces 
Coastal Basins area can 
decrease in number if 
viable habitat or 
important food sources are 
lost. These factors, 
combined with increased 
fishing pressure, have 
resulted in the decline of 
certain fish such as snook 
and tarpon. Bottle-nosed 
dolphins, among other 
animals, may be 
experiencing declines due 
to disease.



Figure 3.7: Loss of Wetlands and Estuarine Habitats 
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Restricting water inflows, 
increasing turbidity, 
dredging or trawling, and 
increased pollution can 
cause the loss of these 
habitats. Some of the 
species living in these 
habitats are important to 
the local economy through 
tourism and fishing. Loss 
of habitat can have 
economic consequences as 
well.
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Priority Water Quality Issues by Sub-Basin 

The Clean Rivers Program will be assisting the CCBNEP in the definition and refinement of 
identified priority issues. The role of the CRP will be to focus on the priority issue of water 
quality degradation in the Nueces Coastal Basins. The CRP will work together with the CCBNEP 
and the Region 14 office to investigate contributing factors and to protect, restore, and enhance 
the ecology of these basins and bay systems, which sustain the regional economy and provide 
a high quality of life.  

Water quality is fundamental to overall human and ecological health. When sediments, 
nutrients, and chemical substances are discharged in excess, they can have adverse effects on 
habitats and on the organisms they support. Pollutants enter estuarine waters from both 
point and nonpoint source discharges, including those from surface water, groundwater, and 
atmospheric deposition. Pollutants from accidental spills and the resuspension of toxic 
substances as a result of dredging activities can also contribute to the degradation of water 
and sediment quality. Degradation of water and sediment quality in the bay system may be 
exacerbated by low freshwater inflow, extended residence time of water in the estuaries, loss 
of wetlands and their natural filtration capabilities, and limited estuarine circulation.  

A number of priority water quality issues in the Nueces Coastal Basins are shown in Table 3.1.



Table 3.1: Nueces Coastal Basins Priority Water Quality Issues
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A persistent algal bloom in the Laguna Madre, it produces a variety of 
problems in the affected area.  

Circulation Poor circulation in the Upper Laguna Madre affects water quality.  

Nutrients in Bay and The nutrient balance and maximum loadings in individual estuaries are not 
Estuary Segments well understood.  

A study of species typical of each ecosystem is needed in order to develop 
Indicators of Water.  

biological indicators of water quality for each ecological zone in the Nueces 
Quality Coastal Basins.  

Analyses of Sediment Limited information exists about the safe levels of specific contaminants in 
Quality stream and bay sediments.  

Degraded Water Suppl Populated areas of the basins have problems with contamination from septic 
tanks. Some rural areas of the basins have older and possibly failing septic 

and Septic Systems systems that may be contributing to water pollution problems.  

Elevated fecal coliform levels from recreational uses may be an indication of 
Fecal Coliform problems in some heavily used segments.  

Nonpoint Source Nonpoint source pollution is a potential problem in both basins.  
Pollution 

Freshwater inflow is a critical need for the bays and estuaries. The increasing 
Freshwater Inflow population in the coastal basins has limited freshwater inflow to bays, which 

could adversely affect water quality and estuarine organisms.  

Public Participation Public participation in water quality issues needs additional emphasis.  

The population in the basin keeps rising, putting more demands on the 
available waters and further impairing the water quality. A semiarid climate 

Population highlights the importance of freshwater inflow and water conservation in these 
basins.



SPECIFIC WATER QUAUTY CONCERNS BY TYPE OF WATER BODY 

Specific Water Quality Concerns by Type of Water Body 

The 1994 Regional Assessment of Water Quality in the Nueces Coastal Basins contains an analysis of 
TNRCC and United States Geological Survey (USGS) surface water quality data from 1982 
to 1991 (TNRCC, 1994). The analysis compares the data against the Texas Surface Water 
Quality Standards (TSWQS), or other appropriate screening levels. The screening analysis 
identifies water quality problems and shows where and how often pollutants appear at elevated 
levels. The classification of an identified water quality problem as either a "concern" or 
"possible concern" is based on the percentage of measurements exceeding the screening 
level or standard.  

The screening analysis shows water quality in the Nueces Coastal Basins to be generally 
good. No significant violations of water quality standards have occurred during the period 
of record, but a few issues delineated below are of interest in this study.  

- Nutrient concentrations exceed screening levels throughout the study area. In all, 
14 of the 18 designated segments in the study area have either "concerns" or "possible 
concerns" for some form of phosphorus. Nitrogen is not present at elevated levels as 
frequently as phosphorus.  

- In Oso Creek (undesignated) and Oso Bay (Segment 2485), "concerns" and/or 
"possible concerns" have been identified for fecal coliform, dissolved oxygen, nitrogen, 
and phosphorus.  

" In the Aransas River above Tidal (Segment 2004), "concerns" and/or "possible 
concerns" have been identified for chloride, total dissolved solids, sulfate, nitrogen, 
and phosphorus. Some of these same parameters were also found to exceed standards 
or screening levels excessively in Poesta Creek, an undesignated tributary to the 
Aransas River.  

- "Concerns" and/or "possible concerns" have been identified in Petronila Creek above 
Tidal (Segment 2204) for chloride, total dissolved solids, sulfate, fecal coliform, and 
phosphorus.  

Figures 3.8 and 3.9 summarize the results of the screening analysis. They depict the possible 
water quality concerns in each of the basins by segment. Following the figures are segment 
summaries, which describe the water bodies depicted and then expand on the water quality 
problems identified through the Clean Rivers Program. The summaries also provide segment
specific information from the 1996 TNRCC Surface Water Quality Inventory and from Dr.  
George Ward's trend analysis, which is discussed in Chapter 4.
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Figure 3.8: San Antiono-Nueces Coastal Basin 
Identified Water Quality Issues 
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Figure 3.9: Nueces - Rio Grande Coastal Basin 
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San Antonio - Nueces Coastal Basin Identified Water Quality Issues: 

Mission River Tidal (Segment 2001) - The Mission River Tidal segment extends 18.4 river 
miles upstream from its confluence with Mission Bay. Assessment data indicate no concerns 

in this segment. Possible concerns are identified for two forms of phosphorus-total 

phosphate and orthophosphate. There are insufficient data to draw conclusions for any 

toxic substances in water. The 1996 Surface Water Quality Inventory determined that the o 
contact recreation use is not supported due to high levels of fecal coliform; however, trend 

analysis shows that fecal coliform densities may be decreasing. Trend analysis also shows 

that nitrate nitrogen concentrations are probably increasing in this segment. There is one 

permitted combined domestic wastewater discharge to this segment from the city of 

Woodsboro, with a permitted flow of 0.25 MGD. The primary economic activities in the C 

area include oil, agriculture, feedlots, and military installations. A variety of agricultural 

activity exists, including cow-calf operations and cultivation of cotton, corn, wheat, pasture, 

and sod.  

Mission River above Tidal (Segment 2002) - The Mission River above Tidal segment runs 
from the upper limit of the Mission River Tidal segment up to the confluence of Blanco and 

Medio Creek. Concerns are identified for total phosphate, chloride, and dissolved barium 

for aquatic life. Possible concerns include total Kjeldahl nitrogen, orthophosphate, sulfate, 

and dissolved mercury for human health, and dissolved cadmium for aquatic life. The 1996 

Surface Water Quality Inventory determined that the contact recreation use is not supported 

due to high levels of fecal coliform. There are two permitted combined domestic wastewater 

discharges to this segment: one from the city of Refugio (0.45 MGD), and one from the 

Pettis MUD (0.055 MGD). The principal economic activities in the area are oil and gas 

exploration, as well as agriculture. Major agricultural activities include raising corn, cotton, 

and cattle. The upper undesignated portions of the Mission River and undesignated 

tributaries are not represented in the database because these streams are not sampled.  

Without water quality from the upper watershed, there is no way to determine whether the 

causes of the water quality concerns and possible concerns are due to activities in this area.  

Aransas River Tidal (Segment 2003) - Concerns for total phosphate and orthophosphate 
are identified. No other water quality concerns or possible concerns are identified in this 

segment. There are insufficient data to draw conclusions for any toxic substances in water.  

The 1996 Surface Water Quality Inventory determined that chlorophyll a levels are elevated 
above the screening level as a result of nutrient enrichment. This parameter is typically 

elevated where nutrient levels are supplied in sufficient quantities to produce algal blooms/ 

or excessive growth of aquatic vegetation. Trend analysis shows that the concentration of 

total phosphorus is probably increasing and the concentration of chlorophyll a is possibly 
increasing in this segment. The Aransas River Tidal segment extends from the confluence 

with Copano Bay to a point 3.3 river miles upstream of the confluence with Chiltipin Creek.  
There are four permitted wastewater discharges to this segment: two municipal discharges 

from the city of Sinton (0.815 MGD), a municipal discharge from the city of Odem ( 0.273
MGD), and a combined domestic discharge from the Texas Department of Transportation 

(0.00038 MGD). Major economic activities in this area include natural gas and petroleum
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exploration, petrochemical production, and agriculture. There is a wide range of agriculture 
in the area, including beef operations and the cultivation of cotton and corn (for which some 

irrigation is used).  

Aransas River above Tidal (Segment 2004) - The Aransas River above Tidal segment extends 
from the upper limit of the Aransas River Tidal segment up to the confluence of Poesta and 
Aransas Creeks. Concerns are identified for total Kjeldahl nitrogen, chloride, total phosphate, 
orthophosphate, total phosphorus, and orthophosphorus as dissolved phosphorus, but 
chlorophyll a levels have remained low. Possible concerns are identified for total nitrate 
nitrogen and sulfate. Very little toxic substance data have been collected in this segment.  
The 1996 Surface Water Quality Inventory reports that elevated fecal coliform levels cause 
nonsupport of the contact recreation use for the lower 25 miles of the segment. There is 

one permitted combined domestic wastewater discharge to this segment from the city of 
Beeville with a permitted flow of 3.0 MGD. The Aransas River tributaries are intermittent, 
and effluent from the Beeville municipal treatment plant dominates the instream flow of 

the Aransas River below Beeville. A variety of agricultural activities exist, including beef 
production and the farming of cotton, corn, wheat, and sod. Other economic activities 
include the production of natural gas, oil, petroleum, and petrochemicals. Documented 
water pollution problems in the past have been attributed mainly to the effects of the 
wastewater discharge. It is anticipated that actions recommended in a 1990 wasteload 

evaluation will improve conditions in this segment and upstream tributaries. These 
recommended actions included higher levels of wastewater treatment to be implemented 

by the city of Beeville.  

San Antonio Bay/Hynes Bay/Guadalupe Bay (Segment 2462) - The San Antonio Bay 
system exchanges with Espiritu Santo Bay to the north and Ayres Bay to the south. A water 

quality concern is identified for orthophosphate. Possible concerns are identified for total 
phosphate and orthophosphorus as dissolved phosphorus. Trend analysis shows that the 
concentration of total phosphorus is probably increasing in this segment. The 1996 Surface 
Water Quality Inventory reports that, due to elevated fecal coliform densities, the oyster 
waters use in the extreme upper portion of San Antonio Bay is not supported, and this use is 

only partially supported in the upper third of the bay. The duration, extent, and area of 
actual shellfish closures are based on criteria administered by the Texas Department of Health.  
There are three permitted combined domestic wastewater discharges to this segment: one 

from the city of Refugio (0.075 MGD), one from the city of Seadrift (0.3 MGD), and one from 
the city of Austwell (0.06 MGD). Major economic activities include fishing, shrimping, the 
production of natural gas, oil, petroleum and petrochemicals, refining, shipbuilding, the 
manufacture of offshore oil exploration equipment, industrial processing, and agriculture. In 

agriculture, cow-calf operations are significant, and the major crops of the county are cotton, 
sorghum, and corn. The water quality in the San Antonio Estuary is heavily influenced by the 
water quality of the San Antonio and Guadalupe Rivers, which are outside of the San Antonio

Nueces Basin. Conclusions as to how the activities in these basins affect this segment would 
require a comprehensive circulation study to determine the prevailing currents and
depositional environment in the bay.

a50g



SAN AmN~IO-NUECES "A.A AINIETIIDWArER QUALITY ISSUES 

Mesquite Bay/Carlos Bay/Ayres Bay (Segment 2463) - This is an enclosed bay system 
that connects San Antonio Bay to the north and to Aransas Bay to the south. No concerns are 

identified for this segment. Possible concerns include total phosphate and orthophosphate.  

Trend analysis shows that the concentrations of total phosphorus and nitrate nitrogen are 

probably increasing in this segment. According to the 1996 Surface Water Quality Inventory, 

water quality in this segment is good, except that barium levels in the sediment are elevated.  

There are no permitted facilities that discharge to this segment. Economic activities in the 

watershed that could affect water quality include shrimping, oil exploration and production, 

petroleum refining, shipbuilding, manufacture of offshore equipment, and industrial 

processing. In agriculture, beef production is significant, and the major crops are cotton, 

sorghum, and corn.  

Aransas Bay (Segment 2471) - This is an enclosed bay system that connects Ayres Bay to the 
north, Copano Bay to the west, and Redfish Bay to the south. In this area are the Aransas 

National Wildlife Refuge, Goose Island State Park, a fish hatchery, and a variety of bird 

sanctuaries. A possible concern is identified for orthophosphate. No other water quality 

concerns are identified for this segment. Trend analysis shows that the concentrations of 

arsenic and total phosphorus are probably increasing in this segment. The 1996 Surface 

Water Quality Inventory states that the water quality of Aransas Bay is good at this time.  

There are two permitted wastewater discharges to this segment: a municipal discharge from 

the city of Rockport (2.5 MGD), and a combined domestic discharge from the Lamar WSC 

(0.034 MGD). Economic activities in the area include shrimping, oil production and 

exploration, petroleum refining, shipbuilding, manufacture of offshore oil exploration 

equipment, and industrial processing. In agriculture, beef ranching is significant, and the 

major crops of the region are cotton, sorghum, and corn.  

Copano Bay and Mission Bay (Segment 2472) - Copano and Mission Bays are shallow 
secondary bays that receive freshwater inflows from the Aransas and Mission Rivers and 

exchange directly with Aransas Bay. There are no concerns in this segment. Possible concerns 

are apparent for phosphate and orthophosphate, and barium levels are elevated. The 1996 

Surface Water Quality Inventory reports that chlorophyll a is elevated in the lower portion 

of Copano Bay near its junction with Aransas Bay. Trend analysis shows that the total 

phosphorous concentration may be increasing, but the chlorophyll a concentration is not 

showing any trend in this segment. There are two combined domestic discharges: one from 

the town of Bayside (0.011 MGD) and one from the city of Taft (0.9 MGD). Agricultural 
activity in this area consists primarily of raising grains, corn, cotton, sod, and cattle. Some 

irrigation is used to farm corn and cotton. Other significant economic activities include oil 

exploration and production, the production of natural gas, petroleum refining, and the 

manufacture of petrochemicals.  

St. Charles Bay (Segment 2473) - St. Charles Bay is a narrow and shallow secondary bay 
whose primary inflows are Salt, Artesian, and Willow Creeks (all of which are ungauged 

peripheral streams). It is a significant breeding area for fish and wildlife. There are no

concerns in this segment. Possible concerns are apparent for total phosphate and
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orthophosphate. According to the 1996 Surface Water Quality Inventory, the oyster waters 
use is partially supported in the bay due to elevated fecal coliform densities. Trend analysis ON shows that the chlorophyll a concentration is probably increasing and the total phosphorous 
concentration may be increasing, but fecal coliform is not showing any trend in this segment.  
There is one permitted industrial wastewater discharge form the Aransas County MUD (0.07 4~ MGD). Economic activities in the area include fishing, shrimping, production of natural 
gas, petroleum, petrochemicals, and oil, as well as refining, shipbuilding, manufacture of 
offshore equipment, and industrial processing. In agriculture, cow-calf operations are 
significant, and the major crops are cotton, sorghum, and corn.  

Nueces Bay (Segment 2482) - Nueces Bay is a shallow, open water bay that lies to the west of 
Corpus Christi Bay. No concerns are identified for this segment. Possible concerns include 
total phosphate and orthophosphate. According to the 1996 Surface Water Quality Inventory, 
due to elevated fecal coliform densities, the oyster waters use is not supported in an isolated 
area near White's Point and is only partially supported throughout most of the rest of the 

bay. Cadmium and zinc levels are elevated. Trend analysis shows that the total phosphorous 

concentration may be increasing, but the fecal coliform densities and zinc concentrations 
are not showing any trends in this segment. There are three permitted wastewater discharges 
to this segment: one industrial wastewater discharge from Central Power and Light (500.0 
MGD), a combined domestic wastewater discharge from the city of Portland (2.5 MGD), 
and a combined domestic wastewater discharge from Portland Enterprises DBA (0.009 MGD).  
Important economic activities in the area include petroleum processing and production, 
manufacturing, and coastal shipping. There is a wide range of agriculture including beef 
production, cotton, grain, sorghum, and corn crops. Some irrigation is used to produce 
corn and cotton.
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Nueces-Rio Grande Coastal Basin Identified Water Quality Issues: 

Petronila Creek above Tidal (Segment 2204) - This segment extends from the upper limit of 

the Petronila Creek Tidal segment up to the confluence of Agua Dulce and Banquette 

Creeks. Identified concerns include total phosphate, orthophosphate, chloride, sulfate, 

and total dissolved solids, particularly in the lower 25 miles of the segment. The identified 

possible concerns include total phosphorus and orthophosphorus. According to the 1996 

Surface Water Quality Inventory, concentrations of barium have exceeded screening levels 

in the lower 30 miles. There are six permitted wastewater discharges to this segment: five of 

them are combined domestic discharges totalling no more than 0.57 MGD, and one of 

them is a private domestic discharge form the Coastal Bend Youth City, Inc. (0.015 MGD).  

The region is dominated by oil and gas production and exploration. Agricultural activities 

include raising cattle, cotton, sorghum, wheat, and corn, which requires some irrigation.  

Documented water pollution problems in this segment have been attributed mainly to brine 

waters and leaching from deposits left by past oil field activity. Brine waters are a characteristic 

by-product from the oil-bearing formations in this region. The end of pipe discharge of 

brines into this segment ceased in 1987, so it is anticipated that water quality will improve 

over time in this segment and that this will have a long-term beneficial effect on the ecological 

health of this stream.  

Corpus Christi Bay (Segment 2481) - Corpus Christi Bay is a large, open water bay that is 
directly to the west of the Padre/Mustang barrier island complex, which separates it from 

the Gulf of Mexico. It receives freshwater inflows from the Nueces River and the Lake Corpus 

Christi/Choke Canyon reservoir system. Surrounding water bodies include Redfish Bay to 
the north and the Upper Laguna Madre to the south. This is one of the most important 

estuarine systems along the Texas Gulf coast; it recently became the 21St estuary to be 

nominated into the National Estuary Program. The only water quality problem identified 

through the screening analysis is a possible concern for total phosphate. The 1996 Surface 

Water Quality Inventory reports that the exceptional aquatic life use is partially supported 

due to depressed dissolved oxygen levels in the Corpus Christi Inner Harbor. Due to elevated 

fecal coliform densities, the oyster waters use is not supported in an isolated area near the 

mouth of Oso Bay. The oyster waters use is partially supported in a larger area along the 

southwestern side of the bay. The duration, extent, and area of actual shellfish closures are 

based on criteria administered by the Texas Department of Health. Trend analysis shows 

that fecal coliform densities are probably decreasing in this segment. Arsenic, barium, and 

zinc levels in sediment are elevated. Trend analysis shows no trends in arsenic concentrations, 

but zinc concentrations are possibly decreasing, and total phosphorus and mercury 

concentrations are probably increasing. There are 14 permitted wastewater discharges to 

this segment: one municipal discharge from the city of Gregory (0.32 MGD); six combined 

domestic discharges including the city of Ingleside (1.72 MGD), the city of Portland (0.2 
MGD), and Nueces County WCID (1.38 MGD); and seven industrial discharges including 
E. I. du Pont de Nemours & Co. (3.1 MGD), U.S. Department of the Navy (2.0 MGD), and 
Occidental Chemical Corp. (1.6 MGD). The area produces large quantities of grain and

sorghum as well as cotton and corn, requiring heavy dependence on irrigation. Major 
economic activities include petroleum processing and production, coastal, shipping,
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industrial manufacturing, and fishing. The largest percentage of the basin's population lives 
in this watershed, and impervious surfaces and development cover much of the area.  

Corpus Christi Inner Harbor (Segment 2484) - This is a man-made navigation channel 
that connects the Port of Corpus Christi to Corpus Christi Bay. The channel is 7 miles long 
and dredged to 45 feet. A concern is identified for ammonia nitrogen, and possible concerns 
include total and orthophosphate. According to the 1996 Surface Water Quality Investigation, 
the aquatic life use is not supported because the mean dissolved copper concentration 
exceeds the chronic criterion. Depressed dissolved oxygen levels in the Avery and Viola 
Turning Basins cause partial support of the intermediate aquatic life use. One fish kill, 
which was reported in September 1990, was due to low dissolved oxygen. Cadmium, copper, 
lead, mercury, zinc levels in sediment, and PCBs and selenium in whole fish tissue are elevated 
in the Corpus Christi Inner Harbor. Trend analysis indicates a probable increase in lead 
concentrations and a probable decrease in zinc and total phosphorus concentrations. There 
are no significant natural freshwater inflows to the channel, although the city of Corpus 
Christi stormwater outlets and runoff from the surrounding industrialized areas flow into 
the channel. There are one permitted municipal wastewater discharge from the city of Corpus 
Christi (10.0 MGD) and 29 industrial wastewater discharges, including American Chrome 
and Chemicals (23.15 MGD), Koch Refining Company (3.2 MGD), and Valero Refining 
(4.25 MGD). This segment is the most heavily industrialized water body in the Nueces Coastal 
Basins. The total cargo tonnage for the Port of Corpus Christi in 1994 was more than 78 
million tons, which ranks the port second in Texas and sixth in the United States in total 
cargo tonnage handled per year. The Industrial and Hazardous Waste Section of the TNRCC, 
in cooperation with the TNRCC regional office in Corpus Christi, is conducting an in-depth 
investigation of the impacts of this industrial complex on the Inner Harbor. The harbor was 
dredged in 1988 to a depth 5 feet deeper than it had been previously. This may have 
removed contaminated sediment; however, runoff from the dredge spoil which was disposed 
of adjacent to the.harbor may reintroduce contaminants to the harbor or to Nueces Bay.  
Many of the wastewater discharge permits have been rewritten recently based on toxic 
substance criteria, which should result in reduced pollutant loadings and eventual decreases 
in chemical concentrations.  

Oso Bay (Segment 2485) - Oso Bay is an enclosed, secondary bay off the south shore of 
Corpus Christi Bay. It receives freshwater inflows from Oso Creek and exchanges only with 
Corpus Christi Bay. A concern is identified in this segment for total phosphate. Possible 
concerns are identified for ammonia nitrogen, orthophosphorus, total phosphorus, dissolved 
orthophosphorus, and fecal coliform. The 1996 Surface Water Quality Inventory reports 
that depressed dissolved oxygen levels in the lower portion of the bay contribute to partial 
support of the exceptional aquatic life use. Due to elevated fecal coliform densities, the 
oyster waters use is not supported, and the contact recreation use is partially supported.  
Trend analysis shows that fecal coliform densities may be decreasing. Documented water 
quality problems may be due to the nine permitted wastewater discharges to this segment: 
three industrial discharges, including Central Power and Light Company (540.0 MGD) and
Oxy Petrochemicals (3.2 MGD); four combined domestic discharges, including the city of 
Corpus Christi (24.2 MGD) and the city of Robstown (3.0 MGD); one municipal discharge
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from Texas A&M University (0.25 MGD); and one private domestic discharge from Roloff 
Evangelistic Enterprises, Inc. (0.02 MGD). Cotton, corn, and wheat are grown in this area, 

and the agricultural portions of the region are irrigated. Large portions of the region are 
covered with impervious surfaces and development. Other economic activities include 
petroleum processing and production, coastal shipping, fishing, and manufacturing.  

Upper Laguna Madre (Segment 2491) - The entire Laguna Madre is a 125-mile-long, 
narrow coastal lagoon with an average depth of 3 feet. It stretches from Corpus Christi south 
almost to the mouth of the Rio Grande near Brownsville. This barrier island complex is one 
of the longest in the world. The lower limit of the Upper Laguna Madre is the landcut at Port 
Mansfield Channel, which is also the southern border of Kenedy County. No water quality 
concerns are identified in this segment, but a possible concern for ammonia is identified.  
According to the 1996 Surface Water Quality Inventory, depressed oxygen levels contribute 
to partial support of the exceptional aquatic life use. Depressed oxygen levels typically 

occur during the hottest months in this area, when oxygen solubility in water and inflows are 
lowest and biological oxygen demand is highest. Due to elevated fecal coliform densities, the 

oyster waters use is partially supported for approximately 15 percent of the Laguna Madre.  
Trend analysis show that fecal coliform densities are probably increasing. An algal bloom of 
brown tide continues to affect water quality in the Laguna Madre. Studies are in progress to 
determine the causes of its persistence. Arsenic, barium, and selenium levels in sediment are 
elevated in the intracoastal waterway near Bird Island. Arsenic levels along the southern 
Texas coast vary naturally, and high levels are not uncommon. Potential sources of other 
metals in this segment include oil and petroleum exploration, coastal shipping, and agriculture.  
The portion of the segment close to Corpus Christi is a top producer of grains, sorghum, and 
cotton, and most of this portion is substantially irrigated. In the lower portion of the segment, 
raising beef cattle is the predominant agricultural activity. The major crops are cotton, grains, 
sorghum, vegetables, and hay, for which only minor irrigation is used. There are 26 permitted 
wastewater discharges to the entire Laguna Madre, including 20 domestic, four industrial, 
and two agricultural discharges, but the majority of these discharges are to the Lower Laguna 
Madre, which is outside of the Nueces-Rio Grande Coastal Basin.  

Baffin Bay/Alazan Bay/Cayo Del Grullo/Laguna Salada (Segment 2492) - This segment 
is a shallow, secondary bay system with an average depth of 7 feet. It drains an extensive 

portion of the Nueces-Rio Grande Coastal Basin through a network of intermittent, 
undesignated creeks. The area surrounding it has the lowest average annual rainfall of the 
coastal basins and also has the least topographic relief. No concerns are identified in this 
segment; possible concerns include ammonia nitrogen and total phosphate. A brown tide 
algal bloom continues to affect water quality in this segment. The 1996 Surface Water Quality 
Inventory indicates that barium and silver levels in sediment are elevated and that chlorophyll 

a levels are elevated in Baffin Bay. A fish kill was reported in October 1989 in San Fernando 
Creek due to a chemical spill. San Fernando Creek is an undesignated stream that flows into 
Segment 2492. There are 21 permitted wastewater discharges to this segment, including an

industrial discharge from Celanese Engineering Resins (3.5 MGD), a municipal discharge 
from the city of Bishop (0.32 MGD), and combined domestic discharges from the city of 
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Alice (2.02 MGD), the city of Kingsville (1.0 GD), and the U.S. Department of the Navy (0.4 
MGD). This area is a top producer of sorghum, although grains, vegetables, cotton, and hay 
are also produced with only minor irrigation. The area's economy is also based on ranching 
and petroleum exploration.  

0
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CHAPTER 4: 

ASSESSMENTS IN THE NUECES COASTAL BASINS 

Studies Summarized in This Section 

To further understand selected priority water quality issues in the Nueces Coastal Basins, 

studies have been conducted over the past two years (see Table 3.1 for a total listing 

of water quality issues). The purpose of these assessments has been to characterize 

the status and trends associated with these priority issues in order to better understand the 

issues and their management implications. This section of the report summarizes 11 scientific 

assessments that have been completed or are in progress at this time. Table 4.1 lists the 

studies with a brief description.  

This chapter also includes a summary of the segment ranking conducted for the Nueces 

Coastal Basins. This is a ranking of the stream and bay segments in order of priority for 

action or protection. The ranking is based on the segment's water quality, resource value, 
potential to be affected, and local priority.
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Table 4.1: Studies Summarized in This Section 

PROJECT DESCRIPTION REFERENCE 

Status and Trends of Ambient A compilation and analysis from over 30 Ward, draft 

Water, Sediment, Fish and separate data collection programs.  

Shellfish Tissue Quality 

Fecal Coliform/Water Quality Documentation of surface water quality TNRCC, 1996a 

Investigation of the City of conditions within the canal system of the city of 

Ingleside on the Bay Canal Ingleside on the Bay and adjacent waters of 

System and Adjacent Waters of Corpus Christi Bay.  

Corpus Christi Bay 

An Assessment of Water A study to determine if these water bodies meet TNRCC, draft 

Quality Standards Attainment the state's required water quality standards to 

in St. Charles Bay, Oso Bay, support their designated uses.  

and Upper Laguna Madre 

Characterization of Nonpoint Identification of nonpoint sources of pollution Baird, 1996 

Sources and Loadings to contributing to pollutant loadings of receiving 

Corpus Christi Bay National waters within the CCBNEP study area.  

Estuary Program Study Area 

Geographic Information Description of a Geographic Information Systems Saunders & 

Systems Assessment of model to estimate the nonpoint source pollutant Maidment, 1996 

Nonpoint Source Pollution loads to the receiving waters in the Nueces 

Loadings in the San Antonio- Coastal Basins.  

Nueces Coastal Basin 

Current Status and Historical Description of the occurrence and Buskey, 1996 

Trends of Brown and Red Tide spatial/temporal variability of persistent brown 

Phytoplankton Blooms and red tide algal blooms. Effects of the blooms 

were also investigated.  

King Ranch Nonpoint Source Outline of the projects currently under way in In progress 

Pollution Projects the King Ranch/Baffin Bay area that assess 

nonpoint source pollution runoff from croplands 

and determine its role in brown tide growth.  

Bay/Marine Debris - Current Characterization of the sources, types, and extent Amos, draft 

Status and Historical Trends of floating, submerged, and shoreline debris.  

Current Status and Historical Characterization of the current status and spatial Jennings, draft 

Trends in Freshwater Inflows and temporal variability in freshwater inflows.  

City of Corpus Christi Description of the proposed project to collect In progress 

Wastewater Diversion baseline data in order to monitor the effects of 

Demonstration Project the Allison Wastewater Effluent Diversion 

Demonstration Project.  

Receiving-Water Assessments Description of the assessment performed on TNRCC, 1996b 

Kinney Bayou, the city of Ingleside's wastewater 

discharge receiving water.
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Status and Trends of Water Quality in the Nueces Coastal Basins 

One of the most fundamental aspects of the Corpus Christi Bay environment is the quality 

of its water, as measured by concentrations of chemical indicators. A major project of the 

Corpus Christi Bay National Estuary Program (CCBNEP) had the objectives of compiling 
these data and performing a quantitative assessment of water and sediment quality.  

The study area was defined to be the estuarine zone of the CCBNEP study area, which 

extends from the land bridge in Laguna Madre, including Baffin Bay, to the north boundary 

of Mesquite and Ayres bays in the Aransas system, including the tidal reaches of the principal 

(designated) tributaries and the nearshore Gulf of Mexico (see Appendix K, Map H). This 

area was enlarged to include the above-tidal reaches of the principal tributaries, both 

designated and undesignated, and the western section of San Antonio Bay, including Hynes 

Bay, to conform to the basin delineations of the Clean Rivers Program. Categories of 

parameters examined in this study include temperature, salinity and related parameters, 

nutrients, suspended sediments and turbidity, pH, dissolved oxygen, biochemical oxygen 

demand (BOD) and organics, chlorophyll a, coliforms, metals, and trace contaminants, 

including pesticides, polychlorinated biphenyls (PCBs), and polycyclic aromatic 

hydrocarbons (PAHs).  

This project compiled data from over 30 separate data collection programs or projects, 

including the three major ongoing monitoring programs of the state: the TNRCC Statewide 

Monitoring Network, the Coastal Fisheries surveys of the Texas Parks and Wildlife Department 

(TPWD), and the Shellfish Sanitation Program of the Texas Department of Health (TDH).  

The period of record extends back to 1952 (with a few scattered measurements in 1927).  

Some of these existed only in one or a few hard-copy forms, and were recovered only through 

the efforts of the CCBNEP. The older data, which antedated large-scale digital processing, 

were converted to digital data as a part of the project. More recent data, even though in a 

digital source form, had to be extensively reformatted and subjected to validation in order 

to be incorporated into the database. All station locations were referenced by latitude and 

longitude. For most data sets, this entailed laborious plotting and manual reading of 

coordinates. (Even newer data, in which the station locations were determined by modern 

GPS equipment, proved to be corrupted.) The same problems with data preservation and 

management that were discovered in the Galveston Bay National Estuary Program (GBNEP) 

several years ago were encountered in this study as well. It is fair to say that the initiation of 

the CCBNEP was about a decade too late to recover several major data sets that have been 

destroyed.  

A master data file was created for each of 113 water quality analytes and 83 sediment quality 

analytes. Each record included the date, sample depth, latitude and longitude of the station, 

measurement, estimated uncertainty of measurement, and a code identifying the origin of 

the data. For many parameters, the data record extends back at least two decades, and, as 

noted above, for a few conventional parameters, back to the 1950s. This compilation is the

most extensive and detailed long-term record of water and sediment quality ever assembled 
for the Nueces Coastal Basins and is one of the central products of the project. The complete
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database consists of about 25 megabytes in a dense, efficient ASCII format, comprising 
about 400,000 independent measurements of the 196 analytes. These data are available 
from the TAMU-CC Department of Computing and Mathematical Sciences. The CRP has 
contracted with TAMU-CC to develop and maintain a data management program for the 
NCB. This includes providing access to this database via the World Wide Web (See Chapter 
5 - Data Management Update). For the present report, only the water analytes are discussed; 
however, sediment and tissue will be discussed in the final report for the CCBNEP (Ward, 
draft).  

This database was used to characterize the magnitudes and large-scale distributions in 
concentration of the study parameters throughout the Corpus Christi Bay study area. Spatial 
variation was addressed by aggregating the data into subregions of the bay, using the TNRCC 
water quality segments listed in Table 1.4. Each subregion was defined as a union of 
quadrilaterals, and the data were sorted into these quadrilaterals by latitude and longitude.  
The data for each segment so determined was then treated as an independent data set, 
subjected to various statistical analyses. To characterize water quality for the TNRCC 
segments, separate statistical analyses were performed on the period of record database for 
each of 113 analytes-more than 3,000 independent statistical analyses. For some segments 
and some analytes, especially the volatile organics, the data set was empty. In this report, 
those parameters of central importance to water quality management are discussed, that is, 
those that are regulated by the TSWQS or those that are indicative of widespread 
anthropogenic impacts, such as the addition of nutrients and wasteload contaminants.  

Statistical analyses included the computation of descriptive statistics such as averages and 
standard deviations. This analysis was done by segment. In the case of the bays along the 
Texas coast, segments are fairly large areas and often have only a handful of monitoring 
stations within them. Thus, although Figures 4.1 to 4.14 appear to represent the period 
averages throughout the segment area, often the figures are really only representative of 
small localized areas within the segment where a monitoring station occurs. These figures 
are intended to be a coarse, unified means of looking at all water bodies in these basins in 
order to identify areas of concern where further, more detailed investigation may be necessary.  
Also, it should be noted that the figures represent arithmetic averages, not geometric averages 
as used in writing the TSWQS. The arithmetic averages are more sensitive to a few high or 
low values in the data set: a few high values measured after a storm event can greatly increase 

the period average.  

The treatment of detection limits is problematical in such analyses, especially for parameters 
present in only trace amounts, so their concentrations are frequently reported as below 
detection limits (BDL). There are three logical alternatives, each of which has a rational 
basis. First, the BDL measurements can be simply ignored, as providing essentially no 
quantitative information. Second, the BDL values can be replaced with zero in the analyses, 
on the argument that for practical purposes the parameter is not present. This is probably 
the most commonly elected alternative. Third, the BDL values can be taken to be the
reported detection limits, on the basis that the actual concentration could be as high as the 
detection limit. In the statistical analyses of this study, all three alternatives were performed,
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allowing the reader to select whichever is most suitable for the purpose at hand. Statistical 
methods of treating "censored data" are often applied to this problem, and will yield an 

answer intermediate between the last two alternatives, depending upon specific assumptions 

about the parameter's statistical distribution at small concentrations.  

Time trends were extracted by the method of least squares linear regression of parameter 

concentration versus time. Again, for trace constituents, BDLs pose a problem. If detection 

limits are admitted into the regression as data (either as zeroes or as nonzero lower bounds, 

or, as advocated by many purveyors of nonparametric methods, as values of one-half the 

detection limit), then the analyst runs the risk of misinterpreting a trend of analytical 
precision as a trend in concentration. In this study, time trend analyses were performed of 

only the data above detection limits. In interpreting the time trends, the confidence bounds 

of the linear regression line are a prime indicator. A "probable" trend is defined to be one 

for which the 95 percent confidence bands on the slope have the same sign. This is, in fact, 

a 1/40 probability of the sign of a trend being incorrectly identified. Similarly, a "possible" 

trend is defined as one for which the 80 percent confidence bounds have the same sign 

(i.e., a 10 percent probability of the sign of the trend being misidentified).  

Dissolved oxygen (DO) is of course one of the most basic of the water quality indicator 

parameters. DO is generally high throughout the Corpus Christi Bay segments, averaging 

around 7 mg/L or even higher through large areas of the bay, with frequent occurrence of 

supersaturation (Figure 4.1). The exception to this is the Inner Harbor, which is deep, poorly 

flushed, and subjected to waste discharges. No statistically significant trends were found in 
DO.  

Salinity is an important hydrographic variable, in many ways an important delimiter for 

habitat in the bay. In the Corpus Christi Bay System, salinity is determined foremost by the 

influx of freshwater and the intensity of surface evaporation, significantly modulated by 

internal circulation processes. The spatial distributions of salinity (Figure 4.2a) display the 

relative importance of these processes in each bay system. The Aransas-Copano Bay System 

has several sources of inflow and a relatively constrained interaction with the sea, so the 

salinity gradient across the bay is substantial. Throughout most of this system, there is an 

increasing trend in salinity (Figure 4.2b). The salinities in the main Corpus Christi Bay 

System per se are higher and more uniform. The effect of the Barney Davis Power Plant's 

return flow into Oso Bay is obvious in the higher salinities in this tertiary bay. As was the 

case in the Aransas-Copano Bay System, there is an overall increasing trend in salinity in the 

Corpus Christi Bay System. Since each TNRCC water quality segment contains its own data 
sets and is analyzed separately, a pattern of consistent trends from segment to segment not 

only reinforces but strengthens the statistical "reality" of the computed trend. In the Upper 
Laguna Madre, an opposite trend of declining salinity is evident.  

The pattern of total suspended solids (TSS) distribution (Figures 4.3a and b) is higher 
concentrations in the shallower interior bays that are subject to direct freshwater inflow,

and lower values in the deeper seaward bay segments. A statistically significant widespread 

declining trend in TSS throughout the study area was revealed by this analysis (Figure 4.3b).
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Studies presently under way by CCBNEP are addressing a more resolved spatial discrimination 
in the system. The use of related variables such as turbidity will better depict this trend and 
possibly suggest explanations.  

Contaminants and their indicators, including BOD, oil and grease, and coliform bacteria, 
show elevated levels in regions of runoff and waste discharge, notably the Corpus Christi 
Inner Harbor, Nueces Bay, and the main body of Corpus Christi Bay. Coliform bacteria are 
a very "noisy" indicator (Figures 4.4a and b), and it is not surprising that uniform statistical 
distribution and no significant trends are the rule through the system. In view of this, it is 
perhaps remarkable that the main body of Corpus Christi Bay shows generally higher 
concentrations of coliform bacteria as well as a statistically significant declining trend. The 
distribution of BOD (Figures 4.5a and b) clearly conforms to the above pattern, although 
the elevations are not particularly high, even in the Corpus Christi Inner Harbor. More 
importantly, declining trends in BOD are generally found throughout the system.  
Interestingly and surprisingly, the regions not evidencing a decline are the Nueces River, 
Nueces Bay, and the main body of Corpus Christi Bay. (The increasing trend in Oso Bay is 
less surprising in view of the wastewater return into this system.) 

Nutrients are similarly higher in regions of inflow and waste discharge. Phosphorus levels are 
modest, and tend to be higher in the interior segments (Figure 4.6a). Statistically significant 
increasing trends in total phosphorus are disclosed generally throughout the study area (Figure 
4.6b). Given the improvements in waste treatment and land use practices in the last decade, 
this widespread increasing trend was unexpected. Nitrate follows the same pattern in its 
spatial distribution, being higher in the fresher interior segments (Figure 4.7a). On the other 
hand, nitrate shows declining trends, with a few exceptions (Figure 4.7b).  

Total organic carbon (TOC) is an ambiguous indicator (Figures 4.8a and b), showing elevated 
values due to organic loads, but also elevated values due to primary production as well as 

bioavailable carbon nutrients. The levels in the Corpus Christi Bay System are not excessive 
for a productive estuary. The spatial distribution generally follows that of other nutrients, 
being higher in the interior segments more subjected to inflow and wastewater. The trend 
analyses reveal declining TOC through the study area systems. Interpretation of these results 
is assisted by the companion analyses of chlorophyll a (Figures 4.9a and b), which is a more 
direct measure of primary production. A widespread and statistically significant declining 
trend is apparent in this parameter. It is difficult to avoid the conclusion that the declines in 
nitrates, TSS, TOC, and chlorophyll a are all associated.  

The database for waterborne metals is generally "noisy," and statistically significant patterns 
are unusual. This may be a combined result of the very small concentrations, the high 
variability of these parameters in the water medium, and the noise introduced into the 
analysis by combining sampling stations from widely separated areas in the larger TNRCC 
segments, such as Segments 2471 and 2481. Several of the metals, such as arsenic, mercury, 
and lead, show higher values in Nueces Bay, as well as in some of the other interior regions
of the study area (Figures 4.10a, 4.13a, and 4.14a). Generally, where a trend is revealed, it is 
declining (Figures 4.10b-4.15b). It is interesting to note that the same systematic declines
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in nutrients (except phosphorus), suspended solids, and chlorophyll were revealed in the 
National Estuary Program study of Galveston Bay. It was hypothesized in that study that 
these declines were caused by a general reduction of loading to the bay due to advanced 
waste treatment, entrapment within reservoirs, and changing land use. Concern was 
expressed about a declining productivity for the bay. The CCBNEP water/sediment quality 

status and trends study (Ward, draft) presently being concluded should provide additional 
insight into these trends for the NCB.
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Figure 4.2a: Average Salinity (ppt) for Period of Record
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Figure 4.3a: Average Total Suspended Solids (ppm) 

for Period of Record
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Figure 4.3b: Trends in Total Suspended Solids 
for Period of Record
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Figure 4.4a: Average Fecal Coliform (colonies/100mL 
for Period of Record

Figure 4.4b: Trends in Fecal Coliform for 
Period of Record
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Figure 4.5a: Average Biochemical Oxygen Demand 
(ppm) for Period of Record

Figure 4.5b: Trends in Biochemical Oxygen Demand for 
Period of Record
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Figure 4.6a: Average Total Phosphorus (ppm) for 
Period of Record

Figure 4.6b: Trends in Total Phosphorus 
for Period of Record
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Figure 4.7a: Average Nitrate Nitrogen (ppm) 
for Period of Record
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Figure 4.7b: Trends in Nitrate Nitrogen 
for Period of Record 
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Figure 4.8a: Average Total Organic Carbon (ppm) 
for Period of Record

Figure 4.8b: Trends in Total Organic Carbon 
for Period of Record
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Figure 4.9a: Average Chlorophyll-a (ppb) for 
Period of Record
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Figure 4.9b: Trends in Chlorophyll-a for 
Period of Record
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Figure 4.10a: Average (with BDL=O) Total 
for Period of Record

Arsenic (ppb) Figure 4.10b: Trends in Total Arsenic for 
Period of Record
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Figure 4.11: Average (BDL=O) Total Cadmium for Period of Record 
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Figure 4.12a: Average (with BDL=O) Total Chromium (ppb) 
for Period of Record
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Figure 4.12b: Trends in total Chromium 
for Period of Record 
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Figure 4.13a: Average (BDL=O) Total Mercury (ppb) 
for Period of Record

Figure 4.13b: Trends in Total Mercury 
for Period of Record
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Figure 4.14a: Average (with BDL=O) Total 
for Period of Record

Lead (ppb) Figure 4.14b: Tends in Total Lead for Period of Record
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Figure 4.15a: Average (BDL=O) Total Zinc (ppb) 
for Period of Record
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Figure 4.15b: Trends in Total Zinc for Period of Record
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Fecal Coliform/Water Quality Investigation of the City of Ingleside on 
the Bay Canal System and Adjacent Waters of Corpus Christi Bay 

The city of Ingleside on the Bay, a canal waterfront community on the northern shoreline 
of Corpus Christi Bay and immediately south of Ingleside, has no centralized domestic 

wastewater treatment system. The homes within the community use on-site sewage systems 

for disposal of domestic sewage. Effluent from these systems could potentially discharge 

into the Ingleside on the Bay canal systems and into nearshore waters facing the La Quinta 

Ship Channel and Corpus Christi Bay (Figures 4.16 and 4.17). This type of on-site sewage 
disposal may contribute to excessive densities of fecal coliform bacteria in receiving waters.  

As Corpus Christi Bay is used for both contact recreation and shellfish harvesting, high 

densities of fecal coliform bacteria in such waters could indicate pathogens which could 

present a public health risk. The Region 14 office of the TNRCC conducted an investigation 

documenting existing surface water quality in the study area and compared the water quality 

data with the Texas Surface Water Quality Standards criteria established by the TNRCC for 

Corpus Christi Bay and adjacent waters.  

Methods 
The water quality investigation consisted of field measurements and fecal coliform 

bacteriological analyses conducted at Ingleside on the Bay (TNRCC, 1996a). The 

investigation was conducted on five days during April and May 1994 by field investigators 

from the Region 14 office in Corpus Christi, Texas. In this investigation, the TNRCC 

scheduled sampling events to examine both the worst-case scenario, immediately following 

heavy rainfall, and more typical conditions (no significant rainfall for at least five days).  

The TNRCC selected sampling sites to be generally representative of waters in the study 

area. Six sites were located in the canal system, and seven sites in nearshore surface waters 

near the canal system. By circumstance, all but one of the sampling stations (see Station 14 

in Figure 4.16) were located within shellfish harvesting restricted areas. Collection of shellfish 

for human consumption within these restricted areas is prohibited by the TDH due to the 

risk of bacteriological contamination in those waters.  

TNRCC staff used a Hydrolab Surveyor III multiprobe instrument for the collection of field 
data (temperature, pH, dissolved oxygen, specific conductance, and salinity). The Region 

14 office collected water samples for measurement of fecal coliform bacteriological densities 

and recorded surface measurements of field data. The field data showed that typical 

conditions of water quality were documented at each station on all five of the sampling 

days.
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Texas Surface Water Quality Standards 
Corpus Christi Bay is designated as exceptional aquatic life use in Appendix A of the TSWQS 
(TWC, 1991). The dissolved oxygen concentration criteria for the exceptional aquatic life 
use designation are a mean of 5.0 mg/L, with a minimum of 4.0 mg/L, based upon a mean 
of measurements recorded over a 24-hour period. The pH criteria for the same aquatic life 
use is stated as a range from 6.5 to 9.0 standard units, and is applied to instantaneous 
measurements.  

The criteria for fecal coliform bacteria applied to waters designated for contact recreation 
use are defined in the TSWQS Section 307.7(b)(1)(A): 

(i) Fecal coliform content shall not exceed 200 colonies per 100 mL as a geometric 
mean based on a representative sampling of not less than five samples collected over 
not more than 30 days.  

(ii) Fecal coliform content shall not equal or exceed 400 colonies per 100 mL in more 
than 10 percent of all samples, but based on at least five samples, taken during any 
30-day period. If 10 or fewer samples are analyzed, no more than one sample shall 
exceed 400 colonies per 100 mL.  

The criteria for fecal coliform bacteria applied to shellfish waters are more stringent, and 
are defined in the TSWQS Section 307.7(b)(3)(B). See TSWQS for exact quotation.  

(i) A 1,000-foot buffer zone, measured from the shoreline at ordinary high tide, is 
established for all bay and gulf waters. Fecal coliform content in buffer zones shall 
not exceed 200 colonies per 100 mL as a geometric mean of not less than five samples 
collected over not more than 30 days or equal or exceed 400 colonies per 100 mL in 
more than 10 percent of all samples taken during a 30-day period.  

(ii) Median fecal coliform concentration in bay and gulf waters, exclusive of buffer zones, 
shall not exceed 14 colonies per 100 mL, with not more than 10 percent of all samples 
exceeding 43 colonies per 100 mL.  

Results 
The DO measurements collected during this study were not collected over a period of 24 
hours: they were instantaneous "grabs," and so they cannot be directly compared with the 
TSWQS criteria. Upon reviewing the collected data, TNRCC staff found that no consistent 
conditions of depressed DO concentrations were observed at any of the sampling sites nor 
were any violations of the TSWQS pH criteria documented. The field and bacteriological 
data collected during this investigation showed that although higher fecal coliform densities 
were found in the canals following heavy rainfall events, these conditions did not persist 
over time. Fecal coliform bacteriological densities varied widely, from <3 to 1,567 colonies 
per 100 mL. Overall, densities were highest shortly after heavy precipitation on May 2, 
1994. The highest density measured during this investigation was observed at Station 6 on 
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that day. Another relatively high density, 653 colonies per 100 mL, was observed at Station 
9. Malfunctions of local septic systems and other nonpoint sources could be expected to be 

highest following heavy precipitation, and the data collected would appear to support this.  
Moreover, bacteriological densities were generally higher at the canal system sampling stations 
(Stations 1 through 7). Since the canal system has only one opening, limited circulation 

and flushing of the system is likely to exist, and bacteria would be expected to accumulate in 

greater densities than in the surrounding open waters.  

The bacteriological data did not violate the TSWQS criteria for contact recreation use waters.  

However, the bacteriological data did violate the TSWQS criteria for shellfish harvesting 
waters. The data from Stations 6 and 9 showed violations of the TSWQS criteria for shellfish 
harvesting waters, as one of five measurements for each of Stations 6 and 9 exceeded 400 

colonies per 100 mL.  

The individual bacteriological densities measured within the canal system are generally 

higher than typically observed in estuarine surface waters. The predominately closed nature 

of the canal system would be expected to retain bacteria to a greater extent than areas with 

less restricted circulation, and the use of on-site sewage systems by the canal residents may 

contribute to the observed bacteriological densities.  

What Is Being Done? 
The city of Ingleside on the Bay is currently applying for a grant through the Economically 
Distressed Areas Program (EDAP) of the Water Development Board to install a sewage 
gravity wastewater collection system to better serve the community. If the grant is approved, 
work on this project may begin as early as 1998.  

The CCBNEP and the CRP are also considering a FY 97 project to characterize septic system 

problems in the CCBNEP study area and to develop a plan to reduce those problems. The 
project area would encompass Aransas, Nueces, and San Patricio Counties. Both 

intergovernment coordination and education would be components of a plan to alleviate 

septic system issues.
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An Assessment of Water Quality Standards Attainment 
in St. Charles Bay, Oso Bay, and the Upper Laguna Madre 

A second water quality study completed by staff at the TNRCC Region 14 office in 1995 
4 analyzed surface water quality parameters and fecal coliform bacteriological densities in St.  

Charles Bay, Oso Bay, and the Upper Laguna Madre (Segments 2473, 2485 and 2491). The 
designated water uses for these water bodies, as stated in the TSWQS, are contact recreation, 
exceptional quality aquatic habitat, and shellfish waters (termed "oyster waters" in the 
TSWQS). The primary goal in this study was to determine if these water bodies meet the 
required water quality criteria to support their designated uses, and in particular, to determine 
if these water bodies contain fecal coliform bacteriological densities in excess of the criteria 
outlined in the TSWQS.  

This study was conducted in response to the 1992 State of Texas Water Quality Inventory 
305(b) Report (TWC, 1992b) listing of several coastal segments within Region 14 as "water 
quality limited" due to significant violations of water quality standards established by the 
TSWQS for fecal coliform bacteriological densities.  

Methods 
During the four quarters of fiscal year 1994 (November 1993, February, May, and August 
1994), water samples for fecal coliform bacteriological analyses were collected from each of 
the three study segments in adherence to methods described in the TSWQS; i.e., five samples 
collected over not more than 30 days. Field data (temperature, pH, dissolved oxygen) were 
also collected upon each visit. Computing the geometric means and medians of the 
bacteriological data, the study data were compared with the criteria stated in the TSWQS.  
The standards for fecal coliform content for both contact recreation and shellfish waters 
are described in the previous study on the city of Ingleside on the Bay under the heading, 
"Texas Surface Water Quality Standards." 

Results 
Fecal Coliform 
In the present study, no violations of the TSWQS criteria for contact recreation or for shellfish 
water uses were indicated by the fecal coliform data from St. Charles Bay, Oso Bay, or Laguna 
Madre near Bird Island. The data are summarized in Table 4.2. When these data were 
compared with the TSWQS and the criteria established in the 1992 305(b) report, no 
"significant violations of water quality standards" for fecal coliform were detected.
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Table 4.2: Fecal Coliform Data

Buffer Zone Outside Buffer Zone 

Water Body Raw Data Range Geometric Means Raw Data Range Geometric Means 

(colonies/100mL) for each quarter (colonies/100mL) for each quarter 
(colonies/100mL) (colonies/100mL) 

St. Charles Bay 2-137 3,9,4,3 2-7 2,3,3,3 

Oso Bay 2 -110 5,4,29,12 2 -10 6,3,3,3 

near Bird Island) 2 - 47 2, 12, 5, 3 2 - 17 2, 3, 3, 3 

Dissolved Oxygen 
The DO data revealed that in St. Charles Bay's combined buffer zone and outside buffer 
zone sites, one measurement of DO was below the TSWQS criteria (6 mg/L). For St. Charles 
Bay, the exceptional quality aquatic habitat use designation is "fully supported," and no 
"significant violation" of the DO water quality standard was documented. From the Oso Bay 
combined buffer zone and outside buffer zone sites, 12.5 percent (five) of the DO 
measurements were below the criteria. The exceptional quality aquatic habitat use 
designation is "partially supported" for Oso Bay. No "significant violation" of the DO water 
quality standard was documented.  

From Laguna Madre near Bird Island in the combined buffer zone and outside buffer zone 
sites, 25 percent (10) of the DO measurements were below the criteria. These data indicate 
that the exceptional quality aquatic habitat use designation for Laguna Madre near Bird 
Island is "partially supported." No "significant violation" of the DO water quality standard 
was documented.  

Temperature 

The TSWQS criteria for water temperature is not to exceed 95 0F. The maximum surface 
water temperature documented in St. Charles Bay during this study was 31.69C (89.04 F) 
on August 29, 1994. Maximum temperatures for Oso Bay and Laguna Madre near Bird 
Island were 32.84 C (91.11 F) and 31.21C (88.18 F) respectively. These were also recorded 
on August 29, 1994.  

Surface water pH values measured in St. Charles Bay ranged from 7.72 (June 9, 1994) to 8.85 
(June 15, 1994). In Oso Bay, the pH range was 7.56 (March 4, 1994) to 8.84 (August 30, 
1994). In Laguna Madre near Bird Island, the pH range was 7.53 (March 10, 1994) to 8.96 
(June 15, 1994). The pH criteria stated in the TSWQS, and used in the 1992 305(b) report, is
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a range from 6.5 to 9.0 standard units. No "significant violation" of the pH criteria was 
documented in St. Charles Bay, Oso Bay, or Laguna Madre during this study period.  

Conclusions 
General conditions of water quality existing in St. Charles Bay, Oso Bay, and Laguna Madre 
near Bird Island Basin were evaluated based upon field and bacteriological data collected 

' during fiscal year 1994. The data from all three study segments revealed no violations of the 
TSWQS criteria defined for their designated water uses.  

When the study data were compared with criteria that were established in the 1992 305(b) 
report specifically for surface water assessment and segment classification, the contact 
recreation use designation was found to be "fully supported" for all three study segments.  
No significant violations of water quality standards were indicated by the fecal coliform, 
DO, temperature, or pH data for any of the study segments. When compared with the DO 
criteria established in the 1992 305(b) report, the study data showed that the exceptional 
quality aquatic habitat use designation is "fully supported" in St. Charles Bay, and "partially 
supported" in both Oso Bay and the Laguna Madre near Bird Island. According to 
methodologies described in the 305(b) report, it appears that the most appropriate 
classifications of all three of the study segments are "effluent limited."
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Nonpoint Source Pollution in the Nueces Coastal Basins 

What Is Nonpoint Source Pollution? 
Rainwater runs over lawns, parking lots, and farm fields, through city streets and parks, 

picking up and carrying pollution into our rivers and oceans. Because this polluted runoff 

comes from many different sources and not from a single point like a discharger's outflow 

pipe, it is called nonpoint source (NPS) pollution. Nonpoint source pollution includes a wide 
array of diffuse pollutant types and sources from major storm outfalls, land drainage, airborne 
materials, and other natural and human activities. In coastal areas, nonpoint source pollution 

is generated by several major categories of activities, including agriculture (crops and 
livestock), urban (cities, roads, residential areas, and improperly installed or improperly 
maintained septic systems), marinas (boat storage and service facilities), and 
hydromodification (shoreline protection and restoration and building dams). Nonpoint 
pollutants from these activities include sediment (soil particles), nutrients (nitrogen and 

phosphorus), and chemicals (pesticides, oils, salts, and metals). Other concerns include 

fecal coliform bacteria, toxic substances, and oxygen in insufficient quantities for aquatic 

life.  

Why Is It a Problem? 
In some cases, poorly managed land adjacent to coastal waters causes direct impacts. In 

other cases, the combined effects of many smaller sources can force coastal communities to 

close beaches and commercial fisheries such as shellfish beds. NPS pollution can also destroy 
the habitat of fish and wildlife. Ultimately, these problems limit our opportunities to use 
and enjoy coastal waters. Some of the constituents normally associated with NPS pollution 
are favorable to the ecosystem under certain conditions. Nutrients are compounds that 

stimulate plant growth, like nitrogen and phosphorus. Under normal conditions, nutrients 
are beneficial and necessary, but in high concentrations, they can become an environmental 
threat.  

Who Is Responsible and What Can Be Done? 
Nonpoint source pollution comes from a variety of land use activities. The chemicals used 
on lawns, gardens, and crops, the fluids leaking into roadways from cars, the waste from pets 
and farm animals, and the erosion from farm fields and construction sites all contribute to 
NPS pollution. The loss of natural filters, such as wetlands, also contributes to the problem.  
Public involvement is vital to solving the nonpoint source pollution problem. Appendix J 
contains examples of public outreach materials that are presently being distributed to the 
public. The Nonpoint Source Pollution bulletin and the environmental bulletin contain ideas 
on what can be done to help solve the nonpoint source problem.
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What Is Being Done about NPS Pollution in the Nueces Coastal Basins? 
Mr. Charles Baird (1996) of the Natural Resources Conservation Service (NRCS) completed 
a project funded by the CCBNEP entitled "Characterization of Nonpoint Source and Loadings 
to Corpus Christi Bay National Estuary Program Study Area." The report (Baird, 1996) is 
available from the CCBNEP office in Corpus Christi.  

The CRP also contracted with Dr. David Maidment of the University of Texas at Austin to 
model the nonpoint source pollutant loadings to the waters in the San Antonio-Nueces 
Basins (Saunders and Maidment, 1996). The final report is available from the CRP, or can 
be found on the Internet at http://www.ce.utexas.edu/centers/crwr/reports/online.html 

Both of these projects are summarized in this assessment to provide basic information.

.- 88'I



CHAACERZAIO OF NONPOINT SOURCES AND LOADINGS 

Characterization of Nonpoint Sources and Loadings 
to the Corpus Christi Bay National Estuary Program Study Area 

This investigation provides a general overview of possible NPS pollution sources and related 
impacts to the CCBNEP study area in the Nueces Coastal Basins. The NRCS and USGS 
conducted a literature review assembling all NPS pollution literature and data that pertain 

to the CCBNEP study area (Baird, 1996). Using the available data applicable to the CCBNEP 
study area, the NRCS and USGS also compiled a database of event mean concentration 
(EMC) values for various NPS constituents and different land use categories. For each of 

seven land use categories, up to 18 NPS constituents were determined. The report includes 

a comparison of EMC values from a number of sources. Upper-watershed constituent 

concentrations, which may more accurately account for transport and reservoir effects on 

upper-watershed runoff, were determined separately. Constituents that are deposited from 
rainfall or other atmospheric events were also considered in this study.  

Land Use 
Literature and existing water quality data were reviewed with respect to the following 
categories of land use in the Nueces Coastal Basins: 

" Cropland - Land used primarily for the production of cultivated and close-growing 
crops for harvest, alone or in association with sod crops 

" Rangeland - Land used for grazing by livestock and big game animals on which the 
plant community is dominated by grasses, grass-like plants, forbs, and shrubs 

" Residential - Land used for residential developments as well as parks, golf courses, 
and cemeteries 

" Commercial - Land used for the exchange or buying and selling of commodities 
on a large scale 

" Industrial - A wide array of land use ranging from light to heavy industry 

" Transportation - Major transportation routes, communications and utilities areas 

- Undeveloped/Open - Lands with sparse vegetative cover, thin and/or rocky soils, 
and limited ability to support life due to natural or man-induced conditions; this 
category includes beaches, spoil dumps, quarry and mining lands, and transitional 
areas, which have been cleared but not yet developed 

Since practically no information is available on runoff characteristics for marinas, this land 
use category was not considered in this study. Table 4.3 depicts the distribution of acreage
in the study area. Cropland and rangeland are considered agricultural land uses, whereas 
residential, commercial, industrial, and transportation are considered urban land uses.
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Table 4.3: Percentage of Land Use in the CCBNEP Study Area

I
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Sources and Characteristics of Urban Nonpoint Source Pollution 
Urban NPS pollution is generated by deposition, accumulation, and washoff by stormwater 
runoff. Because urban areas include large impervious surfaces such as parking lots, roads, 
and rooftops, much of the rainfall does not infiltrate into the ground' and is available to 
collect and transport pollutants. Urban watersheds produce a higher volume of runoff 
than rural watersheds for a given volume of rainfall per unit of area, resulting in larger loads 
of pollutants assuming similar pollutant concentrations. In addition to the increase of 
impervious surface in urban areas, installation of drainage systems results in pollutant loads 
being delivered to receiving waterbodies faster and more concentrated than with natural 
drainage.  

Urban runoff includes a wide range of water pollutants, including suspended and dissolved 
solids, bacteria, metals, oxygen-demanding substances, nutrients, oil and grease, and 
pesticides. Concentrations of these pollutants range from the quality of drinking water to 
raw sewage. Nonpoint sources of these pollutants include vehicles, street litter, fertilizer 
and pesticide application, animal -wastes, construction activities, erosion, and atmospheric 
deposition.  

Sources and Characteristics of Agricultural Nonpoint Source Pollution.  
Possible NPS pollutants associated with agricultural activities include nutrients, pesticides, 
organic matter, and animal wastes. These pollutants may be transported in solution with 
runoff water, suspended in runoff water, or adsorbed on eroded soil particles.  

Nutrients of primary concern are nitrogen, phosphorus, and to a lesser extent, potassium.  
Runoff containing these constituents can cause excessive growth of algae and vegetation.  
Applied pesticides can be transported from .their application site either on soil particles or 
in solution with runoff. Organic matter is the portion of the topsoil made up of decaying 
and decomposed plant and animal residues. Organic matter may be transported to water 
bodies through the erosion-sedimentation process. Animal wastes include organic matter, 
plant nutrients, and infectious agents. The primary areas of concern are small animal 
concentrations such as dairies, poultry operations, and small feedlots. Normally, animals 
on pasture do not produce enough waste concentrations to be of concern.  

Selected NPS Runoff Constituents 
Table 4.4 lists the NPS constituents reviewed in this study. The study relates concentrations 
of these various constituents to the seven different land use categories. Each land use category 
was found to contain at least 18 of the 22 selected constituents.

Rangeland 61 percent 

Cropland and pastureland 27 percent 

All other uses (urban and undeveloped/open) 12 percent



Table 4.4: NPS Constituents 

Total Nitrogen includes all the various forms of organic and inorganic nitrogen found in waer, except N2gas.  

(TN) 

Total Kjeldahl refers to an analytical method where ammonia and organic nitrogen are co-bined.  

Nitrogen (TKN) 

Ammonia (NH) is generally a product of compounds containing organic nitrogen including sewage. Un-ionized ammonia is toxic to 
fish and other aquatic animals and consumes oxygen as it is converted to nitrate. At pH below about 9.2, ammonia 
nitrogen is largely of the form NI- a.  

Nitrogen (N) compounds that are most important from a water quality standpoint, are: organic nitrogen, ammonia, nitrate, nitrite, 
urea (CO(NH,),), and nitrogen gas (N,).  

Nitrate (NO5) is indicative of fertilizer use.  

Nitrite (NO) is an indicator of pollution by sewage or organic waste.  

Total Phosphorus includes dissolved and suspended phosphorus in both organic and inorganic forms.  

(TP) 

Orthophosphates are associated with fenilizers. Organic phosphates are formed primarily by biological processes. In instances where 
phosphate is a growth-limiting nutrient the discharge of phosphates into an estuary or other water body may stimulate 
excess growth of algae or other organisms in nuisance quantities.  

Dissolved includes orthophosphorus which is available for phytoplankton growth, as well as complex organic forms of 

Phosphorus phosphorus.  

Suspended Solids is the concentration of suspended material in water. Suspended solids interfere with the transmission of light affecting 
seabed vegetation and, in turn, the overall health of an stary sustem. Suspended solids also provide transport for 
other pollutants including organics and metals. Suspended solids are often reated to the amount of erosion occurring 

in a watershed.  

Dissolved Solids are in theory determined by evaporation of a filtered sample. More commonly, dissolved solids are calculated from 

the dissolved constituents of the sample analysis. In most water, the dissolved solids consist mainly of silica, calcium, 
magnesium, sodium, potassium, carbonate, bicarbonate, chloride, sulfate, and trace quantities of other organic and 

norganic constituents. Dissolved solids concentrations are often used as an indicator of water quality, since high 
values of dissolved solids affect taste in drinking water and may limit the use of water for irrigation or certain 
industrial applications, especially when chloride concentrations are high.  

Lead (Pb) is a source of contamination in paints and older water pipes. Although the use of leaded gasoline has declined large 
quantities of lead accumulated in soils are a potential source of pollution to groundwater and surface waters.  

Copper (Cu) is potentially toxic to many species of fish. Sources of copper include pesticides ship anti-fowling paint, and water 
pipes and plumbing fixtures.  

Zinc (Zn) is widely used in metallurgical processes. Zinc is an undesirable contaminant for some aquatic species even at low 
concentrations.  

Cadmium (Cd) is used for electroplating for pigments, as a stabilizer for PVC plastic, and in electrical batteries. Many of these uses 
will tend to make the element available to water that comes in contact with buried wastes.  

Chromium (Cr) in groundwater contamination has occurred in many localities where it is used in industrial applications. A 
documented case has occurred in Corpus Christi.  

Nickel (Ni) is an important industrial metal used extensively in stainless steel.  

Biochemical is a measure of the amount of oxygen required by aquatic organisms to decompose biodegradable organics during a 

Oxygen Demand five-day test period. BOD pollutants deplete oxygen from the aquatic environent and affect the ability of the water 

(BOD) body to support its desired usage (aquatic life, recreation, etc.).  

Chemical is a measure of the inorganic content of water. The COD test does not differentiate between biologically oxidizable 

Oxygen Demand matter and inert organic material.  

(COD) 

Fecal Coliform bacteria are present in the feces of warm-blooded animals and are indicators of bacteriological water quality.  

(FC) Coliform concentrations are measured in number of bacteria colonies per 100 mL of sample.  

Fecal bacteria are also found in the intestines of humans and animals. Concentrations are measured in number of bacteria 

Streptococcus colonies per 100 mL of sample.  
(PS) 

Pesticides - are defined in most state and federal laws as any substance used for controlling preventing, destroying, repelling, or 
mitigation any pest
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Event Mean Concentration 
En In studies of stormwater runoff, it is important to express results from various studies in 

terms that facilitate comparison. Water quality is usually expressed in terms of concentrations 

4 of particular constituents. The presence of a substance by itself is not necessarily harmful 
but rather the relatively high concentration of that substance. Water quality evaluation 
generally involves comparisons of substance concentrations with water quality standards 
and criteria.  

Concentrations provide a measure of water quality at a discrete point in time. An average 
concentration is sometimes used to represent conditions over a period of time. Another 
important measure of water quality is the "constituent load," which is a total amount of a 
substance in terms of mass, usually expressed in milligrams. For runoff studies, a technique 
is needed to compare constituent loads at different locations and between different storms.  
The total constituent load during a runoff event divided by runoff volume during the event 
yields an average concentration or event mean concentration, usually expressed in milligrams 
per liter. An EMC can be determined by collecting multiple runoff samples during a storm 
event while also measuring flow over the course of the event and flow-weight averaging the 
measured constituent concentrations.  

The concentration of a nonpoint source constituent varies not only according to land use, 
precedent conditions, storm intensity, and storm duration, but also varies during the course 
of a single event. For example, the oil and grease concentration measured from a sample 
collected at an urban site during the first 30 minutes of runoff may be much higher than the 
concentration measured several hours later during the same event. A single sample collected 
at an instantaneous point in time may not be representative of the event's average constituent 
concentration. Therefore, EMCs are more reliable for determining average concentrations 
and calculating constituent loads.  

To compare EMCs from different sites or land uses, the appropriate statistic to employ is the 
median value. In statistics, the median is the middle value in a distribution, above and below 
which lie equal numbers of values. The median is less influenced by the small number of 
large values, typical of lognormal distributions, and is a more robust measure of the central 
tendency.  

Summary of EMC Values 
Table 4.5 summarizes the median EMC values by constituent and land use category compiled 
for the CCBNEP study area. Sufficient data is not available to further categorize the EMC 
values by watersheds or by seasonal variation.
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Table 4.5: Summary of Median EMC Values by Constituent and 
Land Use Category for the CCBNEP Study Area

LAND USE 

Constituent Urban Land Use Agricultural Land Use Open 

Residential Commercial Industrial Transportation Cropland Rangeland Undev/Open 

Total Nitrogen (mg/L) 1.82 1.34 1.26 1.86 4.40 0.70 1.50 

Total Kjeldahl Nitrogen 1.50 1.10 0.99 1.50 1.7 0.20 0.96 
(mg/L)_________________ 

Nitrate + Nitrite (mg/L as N) 0.23 0.26 0.30 0.56 1.6 0.40 0.54 

Total Phosphorus (mg/L) 0.57 0.32 0.28 0.22 1.3 <0.01 0.12 

Dissolved Phosphorus 0.48 0.11 0.22 0.10 NA NA 0.03 
(mgIL)____ ___ 

Suspended Solids (mg/L) 41.0 55.5 60.5 73.5 107 1.0 70 

Dissolved Solids (mg/L) 134 185 116 194 1225 245.0 NA 

Total Lead (mg/L) 9.0 13.0 15.0 11.0 1.5 5.0 1.52 

Total Copper (mg/L) 15.0 14.5 15.0 11.0 1.5 <10 NA 

Total Zinc (mg/L) 80 180 245 60 16 6.0 NA 

Total Cadmium (mg/L) 0.75 0.96 2.0 < 1 1.0 <1.0 NA 

Total Chromium (mg/L) 2.1 10.0 7.0 3.0 <10.0 7.5 NA 

Total Nickel (mg/L) < 10 11.8 8.3 4.0 NA NA NA 

BOD (mg/L) 25.5 23.0 14.0 6.4 4.0 0.5 NA 

COD (mg/L) 49.5 116 45.5 59 NA NA 40 

Oil and Grease (mg/L) 1.7 9.0 3.0 0.4 NA NA NA 

(colonies/o mL) 20,000 6,900 9,700 53,000 NA 37 NA 

Fecal Streptococcus 56,000 18,000 6,100 26,000 NA NA NA 
(colonies/i100 mL) _____________________ ________ _____ 

NA - Data not available 
Time period for data is 1992-1993 except for cropland and rangeland (1970-1995) 
Agricultural EMCs are based on limited information and may not be representative of the entire CCBNEP Study Area.  

Values shown as <0.01, <1, and <10 indicate that all or most of the values were below the reporting limit.
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Conclusions from the Urban NPS Data 
The city of Corpus Christi's National Pollutant Discharge Elimination System (NPDES) permit 
sampling data was the primary source of EMC values for urban land use within the CCBNEP 
study area (Baird, 1996). Generally, the Corpus Christi data show very good agreement 
with data collected in similar NPDES programs in San Antonio and Dallas-Fort Worth, 

d+ especially considering the inherent variability of EMC data and the relatively small sample 
size of the Corpus Christi data. Some characteristics of the urban concentration data are 
presented below.  

s Corpus Christi EMC values for metals (copper, lead, and zinc) were lower than 
values reported by the Nationwide Urban Runoff Program, showing reductions 
since the late 1970s. The Corpus Christi NPDES data showed urban areas to be 
relatively free of pesticides and organic compounds. During the permit sampling 
program, no pesticide detections were encountered. Pesticides tested for 

included: aldrin, Aroclor, chlordane, dieldrin, DDT, DDD, DDE, endosulfan, 
endrin, heptachlor, lindane, and toxaphene.  

- Total and dissolved phosphorus concentrations, especially for commercial land 
use, were higher than for other studies examined.  

- BOD values reported for the Corpus Christi NPDES program were higher in all 
land use categories than for other studies reviewed.  

* Fecal coliform and especially fecal streptococcus concentrations were higher than 
those from other studies, possibly due to sanitary sewer overflows or septic system 

effluent.  

Conclusions from the Agricultural NPS Data 
In general, the potential for agricultural nonpoint source pollution is lower in the study 
area than in most other areas of the state. Nearly all of the soils classified as "highly erodible 
land" by the NRCS are farmed under approved conservation systems, and slopes are relatively 
flat throughout the study area, especially in the agricultural cropland areas.  

Agricultural EMC values fall in the same general range as those reported in other studies.  
Since agricultural EMC data are limited, the primary comparison of the EMC values in this 
study was to the data contained in a Galveston Bay National Estuary Program study. The 
remainder of the EMC values were developed from USGS provisional information for gauges 
located in Texas (Baird, 1996).  

Water quality data from the Oso Creek USGS stream gauge and the Seco Creek USGS 
stream gauges were used to develop EMC values for the agricultural land uses of the study 
area. The Oso Creek gauge is immediately west of Corpus Christi and represents an area of 
mostly cropland. The Seco Creek gauges are northwest of Hondo, which is in the upper
reaches of the Nueces River basin. The Seco gauges represent the only data appropriate to 
rangeland for the study area. Some characteristics of the agricultural data are presented 

below.  
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" BOD and fecal coliform values for rangeland were substantially lower than those 

reported in the GBNEP study.  

- The rangeland value for suspended solids was substantially less than that reported 
for the GBNEP.  

" The cropland value for dissolved solids exceeded other comparison values by a 
factor of four to six.  

" The nutrient (nitrogen and phosphorous) values for cropland at Oso Creek gauge 
were higher than those for GBNEP and for the gauges in the Trinity River basin.  
The municipal wastewater effluent originating at Robstown could explain this in 

part; however, an analysis of flow values at the Oso Creek gauge in excess of 50 

cubic feet per second (cfs) revealed that total nitrogen was 3.80 mg/L and total 

phosphorus was 0.54 mg/L. These median values are still higher than those 

reported from other similar studies.  

" The Oso Creek water quality samples show low levels of pesticides even though 
insufficient information exists for the calculation of an EMC value. Pesticides 
tested for included: ametyn, atrazine, diazinon, Di-Syston, endosulfan, ethion, 

lindane, malathion, methomyl, methyl parathion, phorate, prometryn, carbaryl, 

simazene, toxaphene, 2,4-D, and 1,3-dichloropropene. These are found in 
common agricultural chemicals used in the Corpus Christi Bay area. Because very 

limited information exists in the agricultural pesticide database, no EMC values 
were assigned for pesticides to the various land uses.  

Undeveloped/Open Land Use 
The undeveloped/open land use category can include a number of different characteristics 

that contribute to a wide variation in the amount and quality of runoff. However, data from 

local monitoring do not address this type of land use. The only data available were those 
from the Nationwide Urban Runoff Program study, and data from this study alone were 
used to supply values for Table 4.5 (Baird, 1996).  

Upper Watershed Contributions 
Selected constituent concentrations from upper-watershed runoff, measured below Choke 
Canyon Reservoir, were significantly lower than concentrations from urban and cropland 
runoff. These lower concentrations were probably due to the large percentage of rangeland 
in the upper watershed and transport and reservoir effects on water quality.  

Atmospheric Deposition 
Rainfall or other atmospheric deposition is a significant source of direct freshwater input and 
total nitrogen loadings to CCBNEP bays and estuaries. Atmospheric deposition on land
surfaces is also a major source of certain NPS constituents found in runoff. The National 
Atmospheric Deposition Program (NADP) has a sampling station near Beeville with very
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complete and consistent set of wet deposition data from 1991-1993. Sample analyses at this 
station included the following constituents: hydrogen ion (as pH), sulfate, nitrate, ammonium, 
calcium, magnesium, potassium, sodium, and chloride. The NADP annual reports provide 
seasonal and annual precipitation weighted concentrations and estimated loadings. Annual 
concentrations and loadings based upon a 1991-1993 average are given in the Table 4.6 for 
selected constituents.  

Table 4.6: Annual Rainfall Concentrations and Loadings for Selected Constituents 
for 1991-1993 from Beeville NADP Station (NADP, 1994) 

Constituent Concentration (mg/L) Loading (kg/ha) 

Sulfate 1.08 10.24 

Nitrate 0.72 6.89 

Ammonium 0.26 2.37 

Chloride 0.76 6.93 

Conclusions 
The study showed that metal and pesticide concentrations from urban sources were lower 
in the Nueces Coastal Basins than in other areas studied in Texas, and that phosphorous, 
BOD, and fecal coliform concentrations were higher. The nutrient (nitrogen and 
phosphorous) and dissolved solids values from cropland were found to be much higher 
than in other study areas, but the suspended solids, BOD, and fecal coliform values for 

rangeland were substantially lower than those reported in a study of the Galveston Bay area.  

Finally, Oso Creek water quality samples showed low levels of pesticides from agricultural 

sources, although insufficient data exist for the calculation of an EMC value.
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Geographic Information Systems Assessment of Nonpoint Source 
Pollution Loadings in the San Antonio-Nueces Basin 

A geographic information systems (GIS) method for assessing nonpoint source pollution has 
been developed at the University of Texas at Austin (Saunders and Maidment, 1996). This 
method makes use of publicly available elevation, stream network, rainfall, discharge, and 
land use data sets and uses a digital discretization (or grid representation) of a watershed for 
the approximation of average annual pollutant loads and concentrations. The ArcInfo GIS 
was utilized for the study, and the San Antonio-Nueces Basin was selected as the test site for " 

execution of the method.  

Methodology 
The analysis was partitioned into seven steps: 

1. Assembly of various publicly available physiographic data sets 
2. Creation of a digital replica of the basin stream network, using digital elevation model 

(DEM) and stream hydrography digital line graph (DLG) data from the USGS 
3. Establishment of a mathematical relationship between rainfall and runoff in the basin, 

using a regression analysis of the 30-year average rainfall distribution in the basin 

and the adjusted 30-year average runoff measured at USGS gauging stations 
4. Assignment of pollutant event mean concentration values to each of the land use 

regions in the basin; the EMC values used are published in the CCBNEP report: 

Characterization of Nonpoint Sources and Loadings to Corpus Christi Bay National Estuary 
Program Study Area (Baird, 1996) 

5. Estimation of average annual pollutant loadings throughout the basin and at sub

basin outlet points, done through a downstream accumulation of the grid cell-based 
loads (load = runoff x EMC) in the basin 

6. Computation of the expected concentration distribution for each pollutant, 
established by dividing the total annual cumulative load grid by the total annual 

cumulative runoff grid; predicted concentration values were compared with TNRCC 

Surface Water Quality Monitoring (SWQM) data for assessment of accuracy 

7. Consideration and simulation of point loads in the basin in an effort to reconcile 

significant differences between predicted and observed pollutant concentrations at 

strategic basin locations 

Figure 4.18 shows a stepwise representation of the nonpoint source pollution portion of the 

analysis (steps 1 through 6).
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Figure 4.18: Nonpoint Source Pollution Assessment Method
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Step 1: Assembly of Physiographic Data 
Table 4.7 summarizes the data sources used in this study and provides Internet addresses for 

obtaining the data. Procedures for accessing this data can be obtained from the University 
of Texas at Austin GIS Hydrologic Modeling World Wide Web site at http://www.ce.utexas.edu/ 
prof/maidment/gishydro/ 

Table 4.7: Internet Addresses for Data Sources

Data Source Internet Address 

Digital Elevation Models (DEMs) http://sunl.cr.usgs.gov/eros-home.html 

Hydrography Digital Line Graphs http://sunl.cr.usgs.gov/eros-home.html 

Hydrologic Unit Codes (HUCs) http://h2o.er.usgs.gov/nsdi/wais/water/huc250.html 

Land Use/Land Cover (LULC) Files http://www.epa.gov/epahome/search.html 

USGS Daily Discharge Values http://txwww.cr.usgs.gov/cgi-bin/nwisl_server 

USGS Stream Gauge Locations http://txwww.cr.usgs.gov/cgi-bin/nwisl_server 

Precipitation Grids fsl.orst.edu (anonymous ftp site) 

Expected Mean Concentration Values CCBNEP (not available via Internet) 

Water Quality Measurement Data tnris.twdb.state.tx.us (anonymous ftp site) 

Step 2: Grid Model of the Basin Stream Network 
Elevations in the San Antonio-Nueces Basin are digitally represented by the fine mesh of 

discrete 100-meter grid cells in the DEM. The DEM is used to delineate digital surface 

drainage paths in the basin through the concept of the eight-direction pour point model, 
illustrated in Figure 4.19. Drainage passes from each cell to only one of its eight neighbors, 
as defined by the digital elevation model, in the direction of steepest descent. By tracing 
these cell to cell drainage connections downstream, a flow direction network for the complete 
basin can be established. By counting the number of cells that occur upstream of each 
particular cell, a flow accumulation grid is created (Maidment, 1993). Streams are 

represented by strings of cells with flow accumulation values exceeding a specific threshold 
value.  

In order to ensure that the digitally delineated streams generated by this procedure match 

the generally recognized networks mapped by the USGS, the 1:100,000-scale hydrography 
DLG-mapped streams were first "burned" in to the landscape by artificially raising the 

elevations of all off-stream cells in the digital elevation model by an arbitrary amount (5 
meters). The resultant "digital replica" of the basin stream hydrography exactly matched 

the USGS DLGs.
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Figure 4.19: Processing of Digital Elevation Data.  
(a) the 8-direction pour point model; (b) a grid of elevation values; 

(c) flow direction grid; (d) flow accumulation grid. (Source: Maidment, 1993) 
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Step 3: Rainfall/Runoff Relationship 
Precipitation data for this study were accessed from the Parameter-elevation Regressions on 
Independent Slopes Model (PRISM) program, developed by Oregon State University and 
the USDA Natural Resource Conservation Service (Daly et al., 1994). Average annual rainfall 
for the period 1961-1990 was applied to each 100-meter grid cell of the digital basin. Historical 
streamflow data for five USGS stream gauges in the basin (Aransas River, Chiltipin Creek, 
Copano Creek, Medio Creek, and Mission River) were used to establish average annual 
streamflows at those gauges. Since only one of the gauges (Mission) provided data for the 
full 1961-1990 time period, values of adjusted 30-year average annual streamflow for the 
other four gauges were estimated by multiplying the 30-year Mission gauge streamflow by 
the ratio of the mean annual flows at the respective gauge and at the Mission gauge for the 
periods when records were available at both gauges.  

Average depth of precipitation over each of the subwatersheds defined by the USGS 
streamflow gauges was established by extracting and averaging the PRISM data specific to 
each subwatershed boundary. A plot of average annual precipitation depth versus average 
annual streamflow was constructed for the five gauge locations. Using a regression algorithm, 
a straight line fit was made to the five data points. Quadratic and exponential analyses were 
also performed, but the straight line fit produced the best squared multiple correlation 
coefficient results. Figure 4.20 shows a plot of the resultant rainfall/runoff relationship, 
where P = rainfall (mm) and Q= depth of streamflow (mm).  

The set of P values ranged from P = 783 mm at the Medio Creek gauge to P = 924 mm at the 
Copano Creek gauge. To extend the linear relationship to the whole basin, the equation 
was applied over a wider precipitation range (from 759 mm to 985 mm/year). For the 
portion of the basin that receives between 739 and 759 mm of annual rainfall, the linear 
equation produces negative values of runoff. To avoid this anomaly, a fixed value of Q= 0 
mm was assigned to those grid cells receiving less than 759 mm of annual rainfall. This is a 
limitation of the linear modeling function, but since the region of the San Antonio-Nueces 
Basin that annually receives less than 759 mm of rain is limited to a 78-square kilometer 
area in the northwest corner of the watershed (approximately one percent of the basin's 
area), the adjusted linear rainfall/runoff relationship is considered acceptable for the basin.  
However, it should be stressed that the equation is specific to the San Antonio-Nueces Basin 
and should not be applied outside the watershed.  

By applying this relationship to the precipitation grid, a grid of runoff from each grid cell 
was produced. A grid of cumulative annual flow (m3 /year) throughout the basin was then 
created by performing a flow accumulation on the cell-based runoff grid. An equivalent 
flow grid in units of cubic feet per second (cfs) was also produced, through conversion of 
units.
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Figure 4.20: Relationship Between Rainfall and Streamflow in the 
San Antonio-Nueces Basin (Linear) 

Step 4: Linking Event Mean Concentration to Land Use 

USGS land use/land cover data for this study was accessed from the EPA and uses the two
level Anderson land use classification system. At the first level, major land use categories are 

specified (urban, agriculture, rangeland, forest, etc.) while subcategories of these types are 
identified at the second level. The pollutant EMC values published in the CCBNEP report 
(Baird, 1996) are predominantly specified for major land use categories with the exception 
that separate EMCs are identified for urban subcategories.  

By augmenting the land use coverage with additional pollutant EMC data fields and filling 
those fields with values from a data file created from the EMC values in the CCBNEP report, 
the pollutant EMCs were effectively assigned as attributes to the land use coverage. Aerial 
distribution maps of these event mean pollutant concentrations were created and then 
converted into equivalent EMC grids.
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Step 5: Estimating Downstream Pollutant Loadings 
Loads of pollutants from each grid cell can be found by taking the product of the EMC 

assigned to the cell (mg/L), the runoff depth from the cell (mm/year), and the area of the 
cell (10,000 m2 ). By performing this operation on each of the grid cells in the basin, cell
basedpollutant loads were established. Annual cumulative loadings in each cell were then 
determined by summing the cell-based loadings arising from all upstream cells, as defined by 
the basin flow direction grid. An important assumption made in this computation is that the 

downstream transport process is conservative; that is, no loss or degradation of pollutant 
occurs via instream water quality processes. A second assumption is that the EMCs, normally 

associated with runoff events, are appropriately applied to the mean annual runoff, which is 

the sum of all runoff events and the base flow occurring between events.  

Step 6: Computation of Expected Pollutant Concentration Distributions 
Pollutant concentrations for the grid-modeled digital basin were approximated by taking 
the grid of cumulative loadings (kg/year) calculated in step 5, and dividing by the grid of 
cumulative annual flow (m3/year) established in step 3. In other words, the predicted 
pollutant concentration is the mean annual pollutant loading, divided by the mean annual 

runoff.  

For assessment of accuracy, these predicted pollutant concentrations were compared with 

TNRCC SWQM data. This data includes a number of sampling site locations with various 
combinations of different water quality parameters at each location over a 10-year period 
(1982-1992). Some TNRCC SWQM locations have more data than others. The assumption 
is made that the expected observed concentration is simply the average of all the measurements 

made for each sampling location in the data set. This is equivalent to assuming that the 
observed pollutant concentrations are statistically stationary through time, from year to year, 
and also within a year, so that seasonal effects are neglected. For sampling locations on 

streams where no significant point sources were known to exist, e.g., Mission River and 

Copano Creek, predicted nutrient (i.e., phosphorus and nitrogen) concentrations matched 
quite well with average observed values of the same constituents. On the Aransas River, 

average observed concentrations were much higher than those predicted from nonpoint source 

loadings alone.  

Step 7: Simulation of Point Sources 

As was implied with the results from step 6, the characterization of nonpoint source pollution 

for a particular region may not provide a complete representation of the pollutant levels in 
that area. Point sources along stream networks can contribute significantly to the pollutant 

levels measured there. For this study, a method of simulating point sources was implemented 

by considering the difference between predicted nonpoint source pollution concentrations 
and observed concentrations at the furthest upstream location where a significant discrepancy 

existed, and then accounting for the difference with a single point load at the location. By 

summing this point load grid with the cell-based pollutant load grid (created in step 5), and

then recalculating a cumulative load grid, the point source pollutant load is included in every 

downstream location in the digital basin.
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The flow grid (cubic feet per second) calculated in step 3 also compares favorably with the 
values of average adjusted streamflow for each of the five USGS flow gauges, as shown in 

Table 4.9. While percentage errors for the Mission and Chiltipin gauges range between.15 
and 18 percent, the rainfall/runoff relationship produces predicted streamflows that are 
well within 10 percent of the observed values for the other three gauges. Figure 4.21 shows 
the predicted streamflow profile in the San Antonio-Nueces Basin.
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Results 
In order to provide a measure of the accuracy for the "digital replica" of the San Antonio
Nueces Basin, digital drainage areas were calculated from each of the five USGS stream 
gauges and compared with drainage areas tabulated in the USGS gauge records. Results of 
this comparison are shown in Table 4.8. As seen from the table, the "digital" drainage areas 
were generally within 3 percent of the corresponding tabulated areas, with only the digital 
Copano Creek subwatershed (~ 9 percent error) exceeding that value. These results provide 
a significant degree of confidence with the digital recreation of the San Antonio-Nueces 
Basin.  

Table 4.8: Comparison of Digitally Delineated and USGS Drainage Areas 

USGS Actual USGS 

Ga No. Stream No. of Cells Delineated Drainage Area Percent Error 

(km2) (mil) (li2)(% 

08189200 Copano Creek 20,782 207.82 80.2 88 -8.89 

08189300 Medio Creek 52,708 527.08 203.3 204 -0.32 

08189500 Mission River 176,619 1,766.19 681.4 690 -1.25 

8189700 Aransas River 63291 632.91 244.2 247 -1.15 

8189800 Chiltipin Creek 32233 322.33 124.4 128 -2.85
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Table 4.9: Comparison of Rainfall/Runoff Streamflows and 
30-year Adjusted Streamflows

USGS Observed Avera e Predicted Average Percent 
auge . Stream Streamflow Streamflow Error 

SN(30-r adjuste ) (Rainfall/Runoff Curu) 1%) 

08189200 Copano Creek 39.88 cfs 40.34 cfs 1.15 

08189300 Medio Creek 15.62 cfs 15.1 cfs - 3.33 

08189500 Mission River 146.93 cfs 172.92 cfs + 17.7 

08189700 Aransas River 32.76 cfs 35.34 cfs + 7.87 

08189800 Chiltipin Creek 40.36 cfs 34.25 cfs - 15.14 

Figure 4.21: Average Annual Streamflows in the San Antonio-Nueces Basin
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Nonpoint source cumulative loads were calculated for four pollutants: phosphorus, nitrogen, 
cadmium, and fecal coliform bacteria. The loadings of these pollutants at the five major 
outlets to Copano Bay are shown in Table 4.10. While there may be some additional annual 
loading from areas that drain directly into the bay, the drainage areas of these five streams 
represent approximately 94 percent of Copano Bay's total drainage area, so the additional 
diffuse loads are not expected to significantly alter these figures. Figure 4.22 shows the 
instream average annual cumulative loadings for phosphorus, calculated by applying the 
total phosphorus EMC values to land use polygons in the basin, and accumulating the cell
based product of EMC and runoff in the downstream direction.  
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Table 4.10: Predicted Annual Pollutant Loads to Copano Bay

*Note: The Aransas Sub-Basin 
Drainage entries. The Copano

entry represents a sum of the Aransas River, Chiltipin Creek, and Taft 
Bay entry represents the sum of all five major outlets to the bay.

Instream pollutant concentrations were estimated based on the method of step 6. As an 

example of a calculated pollutant concentration profile, Figure 4.23 shows the predicted 

phosphorus concentrations attributed to nonpoint sources in the basin. This concentration 

distribution indicates a heavier contribution of phosphorus from the southern Aransas sub

basin. Concentrations between 0.5 and 1.3 mg/L were generally expected in this region.  

Observed concentrations along the Aransas River were consistently higher than predicted 

values, particularly just downstream of the city of Beeville, which was suspected of providing 

a significant phosphorus point source. Predicted phosphorus concentrations along the 

Mission River (0.2-0.5 mg/L) were slightly higher than the average measured values 

(0-0.1 mg/L), possibly due to the increased streamflow estimated along the Mission River 

by the rainfall/runoff relationship. Estimated phosphorus concentrations along Copano 

Creek (0-0.1 mg/L) matched closely with observed values. Similar trends were observed for 

nitrogen concentrations. While predicted values along the Aransas River ranged between 

2.0 and 4.4 mg/L, average observed values were as high as 15 mg/L, specifically just 

downstream of Beeville. For the Mission River sub-basin, predicted concentrations exceeded 

measured values, while observed concentrations matched estimated values closely in the 

Copano sub-basin.
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Stream Outlet Total Phosphorus Total Nitrogen Total Cadmium Fecal Coliform 
Point (kg/yr) (kg/yr) (kg/yr) (trillion col./yr) 

Copano Creek 9,320 67,152 45.4 941 

Mission River 60,594 369,122 173.5 1,469 

Aransas River 57,781 239,843 76.8 550 

Chiltipin Creek 60,900 213,314 56.1 506 

Taft Drainage 19,524 66,252 15.3 43 

Aransas Sub-Basin* 138,205 519,409 148.2 1,099 

Copano Bay* 208,119 955,683 367 3,509
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Figure 4.22: Average Annual Total Phosphorus Loads in the 
San Antonio-Nueces Coastal Basin
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Figure 4.23: Comparison of Estimated and Average Observed Total Phosphorus 

Concentrations in the San Antonio-Nueces Coastal Basin 

Pg e7

Ipkcrs

ti



GEOGRAPHIC in ASSESSMENT OFNONPOINT SOURCE POLLUTION LOADINGS 

Cadmium and fecal coliform bacteria concentration profiles were also calculated. Cadmium 
concentrations throughout the basin were generally predicted to be within the 0.5-1.0 mg/L 
range. Comparison of these levels with measured values proved inconclusive, however, 
since there were very few heavy metal observations (a total of seven measurements) with 
which to compare. Predicted fecal coliform concentrations were generally higher than the 
average observed values, although most of the sampling locations were represented by only 
one measurement. Due to the magnitudes of the assigned urban fecal coliform EMCs and 

the large degree of variability between fecal coliform measurements, the nonpoint source 

pollution assessment for this constituent (and fecal streptococci) needs further investigation 

and data collection.  

In an effort to address the discrepancies between predicted and observed nutrient 
concentrations along the Aransas River, a Beeville point source providing 32,694 kg/year of 
total phosphorus and 71,498 kg/year of total nitrogen was simulated. These values were 
calculated as the additional loads that would have accounted for the concentration 
discrepancies. Recalculations of the cumulative load and predicted concentration profiles 

for nitrogen and phosphorus resulted in concentrations that matched more closely along 
the Aransas River, with concentrations of both pollutants generally decreasing in the 
downstream direction from the Beeville point source. This dilution effect was more 

pronounced with the Beeville point source included than with consideration of the nonpoint 
source nutrient loads alone.  

Conclusions 
The GIS nonpoint source pollution assessment method presents a viable technique of 
characterizing the nonpoint source contributions to pollution within a watershed or 

geographic region. Particularly along smaller streams where few or no point sources exist 
(e.g., Copano Creek), concentrations predicted by means of the GIS method were seen to 

match quite well with average observed concentration values. The method also provides an 

efficient way to identify specific locations or regions where elevated levels of pollutant 

concentrations may be expected. A logistical advantage of the method is that it makes use 

of publicly available streamflow and pollutant concentration data and synthesizes the data 
in a consistent and logical way across a basin or study area. Finally, by including estimated 
point source loads, predicted concentration levels are more closely correlated with average 

observed concentrations.  

While the advantages of the GIS nonpoint source pollution assessment method are evident, 
a number of limitations should be addressed for future assessments: 

" Temporal variations in streamflow might be considered, rather than the currently 

modeled steady state conditions represented by use of values for mean annual flow 

" An improved rainfall/runoff relationship could be established by considering 
more streamflow data points than just those within the boundaries of the study 

area; consideration of additional gauges in adjacent watersheds that receive more
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and less precipitation than the study area would result in a runoff profile that is 

accurate for a larger percentage of the study area 

- The strict association of literature-based EMC values with land use might be 
relaxed by considering multiple series of runoff events with measured mean 
concentration data, collected in the field, for specific constituents; event mean 
concentrations could then be applied to the areas defined by delineation of 
drainage basins from the measurement points 

- Loss or decay of pollutants through transport processes should be considered 

- Finally, consideration of flow conditions at the time of a pollutant measurement 

and exclusion of certain outlying measurements points would establish more 
representative observed concentration averages
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Brown Tide and Red Tide Phytoplankton Blooms: 
Current Status and Historical Trends 

One of the problems in estuarine waters which may be a result of nonpoint source pollution 
is the proliferation of algal blooms. Harmful algal blooms appear to be increasingly common 
phenomena on a worldwide scale. These blooms can be considered harmful both because 
of their potential threat to human health through the consumption of contaminated seafood, 
and through the changes in species abundances. In the Nueces Coastal Basins, harmful 
algal blooms have been relatively rare; however, brown tide bloom has been extremely 
persistent. The CCBNEP contracted with the University of Texas Marine Science Institute 
(UTMSI) to describe the occurrence and spatial/temporal variability of persistent brown 
and red tide algal blooms in the Nueces Coastal Basins (Buskey, 1996). Effects of the blooms 
were also investigated.  

Brown Tide 
The "brown tide" is a persistent bloom of small phytoplankton species which the Laguna 
Madre has been experiencing since January 1990. The bloom began in Baffin Bay in an 
ecosystem that was already disrupted by persistent high salinities that reduced the populations 
of planktonic and benthic grazers (Figure 4.24). Two severe freezes in December 1989 
caused massive fish kills. The decomposition of these fish released a large nutrient pulse 
that was sufficient to fuel the initial bloom of brown tide. This bloom consisted of high 
densities of a small (4-5 mm diameter) algal species that was previously undescribed. The 
proposed name for this new species is Aureomonas lagunensis. The species is similar in 
morphology and pigments to Aureococcus anophagefferens, which has been responsible for 
recurrent blooms in Narragansett Bay and Long Island Bay since 1985.  

Effects of Brown Tide on the Texas Coast 
One major effect of the brown tide is that it has reduced the clarity of waters of the Laguna 
Madre. One of the simplest ways to measure the clarity of natural waters is to measure the 
greatest depth below the surface at which a small white disk, called a Secchi disk, can still be 
seen by an observer above the water's surface. The "Secchi depth" is the depth at which the 
disk can no longer be seen. Before the brown tide began, Secchi depths were as great as 1.5 
m (the depth of the water column) in the Laguna Madre. During the most severe parts of 
the brown tide, Secchi depths were often less than 0.5 m.  

The reduction of water clarity has reduced the penetration of light, which is necessary for 
photosynthesis, thus shading the seagrass beds and resulting in the loss of seagrasses. The 
biomass of roots and rhizomes in the seagrass beds decreased dramatically in the past two 
years of the brown tide, indicating the seagrasses are using their energetic reserves. total 
of 2.6 km2 of seagrass meadow was lost in 1993. By the end of 1994, the area of loss ad 
increased to 9.4 km2. As the brown tide persists, the seagrass bed coverage will likely continue 
to decrease.
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The nearly 200 square miles of seagrass beds in Laguna Madre represent the largest 
undisturbed seagrass habitat on the Texas coast. These beds are an important nursery habitat 
for fish and an essential winter food resource to migrating waterfowl. In particular, the 

seagrass losses could have a major effect on species such as the redhead ducks (Anthya 
americana), which depend on the seagrass (Halodule wrightii) for food and shelter.  

Zooplankton are the major consumers of phytoplankton in most marine systems, yet 

zooplankton populations have not increased during this algal bloom. Mesozooplankton 
populations declined at the beginning of the bloom and have remained low in areas affected 
by the brown tide. The size of adult copepods was lower, and egg production rates were 
reduced, in brown tide-affected areas, indicating that brown tide was a poor food for these 
grazers. The brown tide has also had a dramatic affect on the benthic organisms of Laguna 
Madre; abundance, biomass and diversity of benthic fauna have all decreased.  

The extended brown tide bloom has had no apparent effect on populations of adult fish 
and shellfish. This is in contrast to the apparent effects of brown tide on larval fish populations.  

Both laboratory and field studies suggest that the brown tide may be toxic to newly hatched 

larval fish and that larval fish populations are reduced in areas severely affected by the 

brown tide. Red drum (Sciaenops ocellatus) and spotted seatrout (Cynoscion nebulosus) eggs 
and larvae were tested for survival, growth, and feeding success in the presence of brown 

tide by Dr.Joan Holt of the UTMSI. Tests were carried out both in the laboratory and in situ 

in the Texas Parks and Wildlife Department fish production ponds at the Gulf Coast 
Conservation Association-Central Power and Light (GCCA-CPL) Marine Development 
Center. An interpretation of the overall effects of brown tide on larvae is that eggs spawned 
in water with high brown tide counts will not survive to first feeding. Larvae that encounter 

high brown tide concentrations in the first two weeks of life will suffer high mortality and 

reduced feeding and growth rates. These results are particularly important for spotted 

seatrout that spawn in the Laguna Madre where high concentrations of brown tide occur, 
and to the red drum production ponds at the GCCA-CPL Marine Development Center.  

Brown Tide Duration 

The persistence of brown tide along the Texas coast has been attributed to several 

phenomena. The lack of freshwater inflow and restricted exchange with the Gulf of Mexico 

make it difficult for waters in Laguna Madre and Baffin Bay to disperse an algal bloom once 

it becomes established. This algal species may also be competitively superior to other species 
in the harsh conditions of the Laguna Madre, and the bloom may suppress other algal 

species through allelopathic, or toxic, effects. The brown tide appears to negatively affect 

populations of grazers that might help bring the bloom under control. Having now persisted 
for over five years, this appears to be the longest phytoplankton bloom scientifically 

documented. The current economic loss of tourism and recreational fishing to the local 

communities is estimated to be several million dollars each year.
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In Baffin Bay, with a calculated water residence time of a year or longer, the brown tide has 

persisted for over five years, and has not abated since the bloom began. The Upper Laguna 
Madre has also been heavily affected. The brown tide spread into Nueces Bay on at least 

one occasion in August 1992, but only persisted for a few weeks. The tide has also spread 
into Copano Bay and has persisted there for periods of several months.  

Probable Causes of the Brown Tide 
Laguna Madre fish populations are vulnerable to extensive die-offs during the passage of 
severe cold fronts. Due to a shallow average depth of 1.2 m, few deepwater refuges, and no 
direct passes to the Gulf of Mexico, extreme cold fronts with below-freezing temperatures 

during winter can cause dramatic drops in water temperature, resulting in mass mortality of 

fish and benthic invertebrates. The nutrients released from the fish and invertebrate die

offs in the freezes of December 1989 provided sufficient nutrients to explain the initiation 
of the brown tide bloom in January 1990. However, there has been much public discussion 
of the possible role of agricultural runoff from the King Ranch in the maintenance of the 

brown tide. A large amount of land adjacent to the Laguna Madre is alleged to have been 
changed from grazing to agricultural use, and the public continues to raise concerns that 

runoff from this agricultural land may be a continuing source of nutrients helping to maintain 

the bloom. This possibility has not yet been explored, but is currently under investigation 

by the Texas Agricultural Experiment Station and the CCBNEP. Details of this study are 
contained in the next summary section, "The King Ranch Nonpoint Source Projects." 

Changes in biotic components of the Laguna Madre ecosystem are likely to have contributed 
to the initiation of the brown tide. A period of extended drought in 1989 raised the salinity 
in the upper reaches of Baffin Bay to greater than 60 parts per thousand (ppt). This is 
nearly twice the salinity of normal seawater, and many marine species cannot survive under 

these high-salinity conditions. Populations of zooplankton and benthic organisms, the major 
feeders on water column algae, were declining prior to the onset of the brown tide. With 
depressed populations of benthic grazers, it became much easier for a major bloom such as 
the brown tide to start, since the normal biological controls on algal growth were impaired.  

Once the bloom became established, the algae was capable of growing faster than the grazers 
could remove it.  

Due to its lack of consistent freshwater inflow, the Laguna Madre is vulnerable to ecosystem 

disruption making hypersaline conditions likely during periods of extended drought. This 
tendency for extreme hypersaline conditions has been reduced somewhat in recent decades 
by the construction of the Gulf Intracoastal Waterway. This channel allows, at least, a 
minimum amount of water exchange with the Gulf of Mexico.  

Proposed Efforts to Reduce Brown Tide 
The long turnover times estimated for waters in Baffin Bay and Laguna Madre clearly 

contribute to the persistence of the brown tide bloom. The time required to exchange all 
the water contained within the Laguna Madre with adjacent areas in the Gulf of Mexico and

Corpus Christi Bay is approximately one year. This long residence time makes it difficult to
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disperse and dilute an algal bloom for a species that can double its population in a matter of 
days if sufficient nutrients are available.  

Public discussion on increasing the circulation of the Laguna Madre has focused on raising 
the John F. Kennedy Causeway or by opening new passes between the Gulf of Mexico and 
the Laguna Madre. In order for these engineering projects to have an impact on the brown 
tide, they would have to substantially reduce the residence time of water in the Laguna 
Madre from one year to a matter of weeks. Recent studies of the impact of raising the 
Kennedy Causeway, which were carried out for the Texas Department of Transportation, 
indicate that the cost of raising the causeway through most of its length would be on the 
order of 50 million dollars, and that this major engineering project would have a minimal 
impact on the turnover time of water in the Upper Laguna Madre (Buskey, 1996). The total 
amount of water exchange may increase slightly, but the major impact would be to spread 
this exchange over a wider area, compared to the two channels that now handle most of the 
exchange.  

Other suggested projects, such as reopening Yarborough Pass, would also be expensive 
initially and in terms of maintenance costs. Little evidence exists that the projects would 
increase circulation enough to eliminate the brown tide. By comparison, the Lower Laguna 
Madre, which has better circulation than the Upper Laguna Madre due to major passes at 
Port Isabel to the south and Port Mansfield to the north, still has persistent blooms of the 
brown tide. None of the presently proposed solutions to the brown tide problem are feasible 
from both an economic and resolution standpoint. No solutions have been found that 
would eradicate the tide. A hurricane that could flush the tide out of the estuary systems is 
the most likely scenario to resolve the problem.  

Red Tide 
Red tides comprise the other common harmful algal bloom in Texas coastal waters. Two 
species of algae are responsible for toxic red tides in Texas, Gymnodinium breve and Alexandrium 
monilata. At high densities, these blooms can produce colors from yellow to reddish-brown 
in the water.  

The cells are attracted to light and actively swim toward the surface, where they may be 
concentrated into high densities by wind, currents, and tides. The toxins of both these 
species can cause extensive mortality in fish and invertebrate populations. Only G. breve 
blooms have been reported to cause human health problems through neurotoxic shellfish 
poisoning (NSP) and respiratory irritation-associated toxic aerosols. NSP results from 
consuming raw or cooked oysters, clams, or mussels contaminated with what is commonly 
called "brevetoxin." The symptoms, including nausea, dizziness, and tingling in the 
extremities, go away in a few days, and no deaths have been reported due to NSP.  

Respiratory irritation may occur from inhaling aerosols from the algal toxins. The toxin 
commonly becomes an aerosol when algae cells are ruptured by wave action, as in heavy
surf. The toxin-laced cell fragments are carried into the air with water vapor and/or minute
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salt particles. This can cause respiratory, skin, and mucous membrane irritation, but the 
symptoms cease with no lasting effects once victims leave the area.  

Causes of Red Tide 
The causes of initiation in particular are problematic for no proven catalyst has yet been 

found. Typical Gulf of Mexico salinities are in the optimal range (from 27 to 37 ppt) for the 
initiation and subsequent progress of a G. breve bloom. Along with favorable temperature 

and salinity levels, sufficient light and an adequate carbon source are available. A correlation 

has been noted between red tide outbreaks and extended periods of heavy rainfall and 

subsequent organic input to marine waters from river discharge. Vitamins, trace metals, 
and chelators (e.g., EDTA-Fe), sulfide, nitrogen, and phosphorus from river waters may 

positively influence the growth of G. breve and may facilitate bloom formation. Pollution 

has not been seen to catalyze blooms, but blooms may initiate from seed populations well 
offshore, which are then transported inshore due to winds and currents.  

Already documented is the apparent transport of G. breve seed populations from the West 

Florida Shelf around the Florida peninsula to the shores of North Carolina (Buskey, 1996).  

Should entrainment of seed populations occur in the Loop Current and be followed by 

gyre formation, subsequent eddy transport could carry populations to the Gulf Coasts of 

Texas and Mexico. If environmental conditions favoring bloom initiation are encountered 
and conditions conducive to growth are present, a bloom may occur once the seeds reach 
shallow waters. Favorable levels of nutrients, temperature, and salinity may support G. breve.  

Any potential means of controlling G. breve (and probably A. monilata) blooms that involves 
the destruction of the cells may do more harm than good since this would promote the 

release of toxins from the cells. . If an excess of nutrients actually promotes toxic blooms, 

the reduction of excess nutrients introduced by man into inshore and coastal waters may 
potentially decrease favorable conditions for the initiation of red tides. Otherwise, red tide 

species may not be subject to human control.  

Frequency of Red Tides on the Texas Coast 
Red tides have been infrequent events on the Texas coast compared to other areas of the 

Gulf of Mexico such as the western coast of Florida. Preliminary investigations indicate that 

only four G. breve and six or seven A. monilata blooms have been documented along the 
entire Texas coast since the major red tide of 1935.  

This 1935 event was an outbreak along the South Texas Coast, most likely of G. breve. The 

next major G. breve bloom occurred in September 1955 adjacent to Port Isabel. In 1974, a 

bloom was sighted south and east of Brownsville/Matamoros some 150 miles off the coast.  
The cause of the 1974 red tide remains uncertain, although anything other than G. breve 

would be unlikely. This bloom caused a massive fish kill that eventually littered Mexican 

beaches. A major bloom along the Texas coast persisted from the end of August to late 

October 1986. Effects stretched from its inception near Galveston Island to Mexico. Along
Mustang Island Beach alone, investigators estimated 100,000 dead fish per linear mile over



14 miles of beach. Most recently, a bloom occurred in 1990-1991 within the Brownsville 
Ship Channel.  

Documentation of A. monilata blooms in Texas is less available than that for G. breve. The 
red tides in Offats Bayou in the 1930s - 1940s and perhaps earlier were likely to have been 
caused by A. monilata. A. monilata was identified in the East Lagoon of Galveston Island in 
the 1960s and was the cause of two blooms offshore of Galveston in 1971 and 1972. In 1975, 
a resurgence of A. monilata in the same location persisted fromJuly to September; however, 
since the 1971-1972 blooms, A. monilata has not reappeared in bloom concentrations in the 
Galveston area. Since then, A. monilata blooms have only occurred further south on the 
Texas coast, with two documented cases in the Viola Turning Basin of the Corpus Christi 
Inner Harbor in 1972 and 1975. Unsubstantiated similar blooms were reported in the 
Brownsville Ship Channel in 1988.  

Effects of Red Tide on the Texas Coast 
The most immediate negative impact of red tide blooms is fish and invertebrate mortality.  
Enormous numbers of fish were estimated to have died as a result of the 1986 G. breve red 
tide along the Texas coast, including greater than 40,000 individuals each of red drum and 
southern flounder, about 80,000 spotted seatrout and more than 3.2 million Gulf menhaden.  
Aquaculture projects are especially susceptible to the toxins; however, efficient monitoring 
programs enable some shellfish aquaculture efforts to continue safely.  

Although the economic impacts of red tides are occasionally severe, such as in the 1986 red 
tide, the tides appear to have no long-term affects on the ecosystem, as may be the case with 
the brown tide. Fish populations and tourism activities soon return to normal following the 
infrequent blooms, and no basic changes in marine policy seem warranted to deal with 
them. If toxic blooms in Texas increase in frequency and/or severity, monitoring efforts 
should be considered to provide warning of bloom initiation and transport along the Texas 
coast.  

Effects of Red Tide on Endangered Species 
Whereas red tide blooms may be detrimental to a variety of endangered species, very little 
documentation exists for adverse effects on marine mammals and sea turtles. The most 
likely and serious threat from red tide to such species in South Texas concerns the whooping 
crane. The Aransas National Wildlife Refuge reported an overwintering population of 133 
adult and 8 juvenile whooping cranes for early 1995. Given such low numbers, a G. breve 
outbreak could be catastrophic for the entire flock. The G. breve red tide of 1986-1987 in 
south Texas nearly infiltrated whooping crane critical habitat.in the refuge.  

Whole clams comprise a small part of a whooping crane's diet in fall and early winter.  
Brevetoxin could possibly sicken or kill any cranes that consume contaminated clams. Scaup 
and cormorants have been known to perish from exposure to brevetoxin in Florida, so the 
potential threat to the small population of endangered whooping cranes in South Texas 
calls for careful future monitoring.
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Possible Positive Impacts of Red Tide 
In terms of the positive impacts G. breve has on ecosystems, Steidinger and Vargo (1988) 
point out that if an aquatic organism can tolerate the toxin and digest the cellulose cell wall, 
G. breve can be a high-quality food source. A possible positive result following the negative 
impact of a toxic bloom is that affected bottom communities are kept in states of simplified 
ecological interactions and increased system efficiency. Steidinger and Vargo cite several 
sources of support for the possibility that periodic fish and invertebrate kills from toxic red 
tides could make communities less prone to catastrophic collapse from any major 
perturbation. If this is true, the short-term toxic red tide problems may be exchanged for 
long-term benefits for affected benthic and reef communities and the commercially valuable 
resources harvested from them.

Page



The King Ranch Nonpoint Source Projects: 
A Watershed-Specific Priority Task 

Brown tide has plagued Baffin Bay and the Laguna Madre estuary system since the spring of 
1990. One theory to reduce the brown tide's growth is to reduce the supply of nutrients it 
receives from nonpoint source pollutants running off the land. Knowledge of the NPS 
loadings to the estuary is essential for determining the relation between nonpoint source 
loadings and estuary health, and to aid in the development of a plan to manage and protect 
the area's estuarine resources. One of the potential components of nutrient loadings to 
Baffin Bay, and eventually to the Laguna Madre, is loadings from agricultural lands in the 
area. The King Ranch is currently farming approximately 60,000 acres adjacent to Baffin 
Bay. Information on the quantity and water quality of the runoff from these croplands is 
minimal. In order to provide this information, a combined effort has been initiated to 
examine the role of runoff from croplands on brown tide growth. The resultant King Ranch 
Project consists of two studies, one of which is privately funded, with the other funded by 
the CCBNEP.  

Texas A&M University Agricultural Research and Extension Center (TAMU-AREC) Study 
The King Ranch study will characterize the loadings of NPS pollution originating from 
croplands that drain to Baffin Bay. The TAMU-AREC and the USGS have been contracted 
to characterize the loadings of nutrients, pesticides, and other selected constituents which 
originate from the King Ranch croplands. Their study will obtain data on rainfall and 
runoff events within a major portion of the lower Nueces-Rio Grande Basin. Runoff water is 
being collected at two monitoring stations as it enters the study area and at three stations as 
it leaves the study area (Figure 4.25). The water samples will be analyzed for nitrogen, 
phosphorous, and pesticides.  

The relative amounts of the NPS constituents will be compared between samples from the 
entrance to the croplands and samples exiting the croplands. The objectives of their study 
will be to: 

" Define and describe the general hydrologic setting of the croplands 

" Establish a comprehensive surface water quality monitoring program to determine 
the quantity and quality of surface runoff entering and exiting the croplands 

" Estimate the total annual loadings for selected constituents to Baffin Bay from the 
study watershed, and to estimate the net contribution from the croplands to the 
bay
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* Determine whether trends in loadings can be observed and related to specific 

agricultural practices or seasonal variations 

The University of Texas Marine Science Institute Study 
The CCBNEP contracted with the UTMSI to extend the King Ranch assessment of runoff to 
include analysis of the quality of runoff waters to Baffin Bay and their impacts on the bay. In 

particular, the study will analyze the possible effect of NPS constituents on the brown tide 

phytoplankton bloom. This study will collect edge-of-bay runoff samples for chemical analyses 

that target the same constituents as the TAMU-AREC runoff study (see Figure 4.7 for the 

study site location). Field activities will be coordinated with those of the TAMU-AREC study.  
The objectives of the UTMSI study will be to: 

- Characterize the basic water quality at freshwater discharge points in the upper 

Alazan and Cayo del Grullo embayments and determine the concentrations of 

nutrients and other chemical constituents 

" Study the response of brown tide algae and other phytoplankton assemblages to 

freshwater pulses coming from the King Ranch drainage basin via Petronila Creek 

" Determine zooplankton grazing rates on brown tide algae in recently discharged 

runoff water from the King Ranch drainage basin 

" Measure the response of meiofauna in brown tide waters that have recently 

received runoff water from the King Ranch drainage basin 

- Develop a natural abundance stable isotope approach that directly identifies 

agricultural nitrogen in freshwater discharged into upper Alazan and Cayo de 

Grullo Embayments and that allows early detection of agriculturally driven 

eutrophication 

Both of these studies have entered the monitoring phase. A comprehensive report will be 

prepared that includes the results of both the TAMU-AREC runoff study and the UTMSI 

study. The final report could be released as early as the spring of 1997. The CRP Project 

Manager is participating on the Technical Advisory Panel for these projects, and will include 

a summary of the results of this project in the CRP 1998 Regional Assessment of Water 

Quality in the Nueces Coastal Basins. For a current update on the project or for more 

information, contact the CCBNEP office or the CRP project manager.
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Figure 4.25: Project Study Area in the Baffin Bay Drainage Area.  

Note: The surface water runoff project area is depicted in the rectangle. The probable study site of runoff 
effects on brown tide is shown by a triangle.  
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BAY/MARINE DEBRUS: CURRENT STATUS AND HisTOiUCAL TRENDS 

Bay/Marine Debris: Current Status and Historical'Irends 

It takes but a casual observation to realize that our urban and suburban lands are littered 
with the solid waste products of modern society with its emphasis on consumerism, long

lasting and lightweight materials, attractive packaging, convenience, and advertising. While 
it might seem obvious that cities are so littered, it is less expected to find high concentrations 
of such litter and garbage on remote beaches or floating in many of our coastal waters. Yet, 
such is the case, and the public who visit these places in pursuit of leisure are also aware of 
this form of pollution because it is so visible. The Nueces Coastal Basins are no exception.  
In fact, this region is noted as having some of the most littered beaches in the world.  
Collectively this litter is known as "marine debris" or "bay debris," and it is not a new 

phenomenon. South Texas beaches have long been strewn with man-made debris. What do 
we know, however, of the history of man-made debris in this area? What do we know about 
the origin, quantity, types, distribution, and trends in the amount of debris in the estuaries? 

To answer these questions, the CCBNEP contracted with the UTMSI to conduct a bay debris 
study (Amos, draft). The major tasks for the project included the examination of existing 
literature and data to determine the current status and historical trends in the incidence of 
marine/bay debris in the NCB. The predominant sources of data included that collected 
since 1987 by UTMSI, data acquired by the Padre Island National Seashore (PINS data), 
and data collected by thousands of volunteers participating in the beach cleanups that are 
organized by the Center for Marine Conservation and the Texas General Land Office in the 
spring and fall of each year (CMC data). In addition, potential sources of bay debris were 
assessed and maps were produced showing all of the boat ramps, marinas, harbors, residential 
canal-style developments, roads and highways, and industrial enterprises that border the 

CCBNEP area coastlines. The report is available in its entirety from the CCBNEP office.  

Highlights of the UTMSI report are given below.  

" Marine debris data and literature are more prevalent for gulf beaches than for bay 
shorelines and beaches.  

" Tarballs and oiled shorebirds have diminished considerably on the barrier island 
beaches, especially since 1990.  

" The biggest tarball-producing event documented locally was the Ixtoc I well 
blowout in the Gulf of Campeche, Mexico, which spilled 5,000,000 barrels of oil 
into the Gulf of Mexico over a period of 294 days fromJune 1979 until the well 
was capped in March 1980.  

" A downward trend has been recorded overall in the quantity of marine debris on 
Mustang Island since 1987, although the quantities of glass, rubber, metal, paper,
and cloth have generally increased.
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- The quantities of plastics and wood have decreased on Mustang Island.  

- Plastics are still the most dominant marine/bay debris material found in the 
Nueces Coastal Basins. The relative percentages of the various categories of 
marine/bay debris recorded in the NCB from 1986 to 1994 were: plastics (74 
percent), metal (9 percent), glass (7 percent), paper (5 percent), rubber (2 
percent), wood (2 percent), and cloth (1 percent).  

- The high incidence of milk jugs and other common plastic items has been 
attributed to shrimping activities on Mustang and Padre islands, and the PINS data 
have suggested that shrimping activities are responsible for approximately 30 

percent of the marine debris targeted in their studies.  

- Milk jug debris peaks are most predominant in spring with egg carton peaks in late 
summer. These items are generally assumed to come from the galley waste of 
shrimp boats and longliners. The presence of both milk jugs and egg cartons on 

the Gulf beaches has declined over the past several years, but 15,507 milk jugs have 
been counted by UTMSI since 1988. A total of 24,182 have been reported from 
CMC surveys, and 4,925 in one year of PINS surveys. While these numbers and 
others given in this section are by no means directly comparable, they do serve to 
give an idea of the numerical magnitude of marine debris items and the effort to 
count them. The majority are Texas or Louisiana supermarket brands, with the 
peak in milk jugs appearing in 1988-89.  

- Green bottles peak in May and August and are seldom seen in the winter months.  
Over 10,200 Mexican-brand bleach bottles have been counted by UTMSI since 
1988. The authors speculate that they are transported from the south during the 
time when longshore currents are northerly. Their source may be the Mexican 
shrimping fleet. The authors believe that the preponderance of bleach bottles 
over any other Mexican domestic garbage is because bleach may be used by 
shrimpers to treat their catch for the condition known as "brown spot," whereas 
U.S. shrimpers use sodium metabisulfite for that purpose (6-gallon containers of 
that chemical were also found as debris on Gulf beaches). Another theory is that 
the shrimpers use bleach on their hands to prevent infections while they are out at 

sea. Their hands are very prone to infection from the de-heading of shrimp, so 
pouring bleach over their hands helps keep infection at a minimum.  

- Chemical containers are predominantly 5-gallon buckets that contain oil and gas.  
They sometimes contain paint or chemicals, or occasionally food items. The 
number of buckets peak in April and May but have also declined in total numbers 

over the past eight years. Over 2,000 have been counted by UTMSI since 1988 and 
5,339 by the CMC volunteers. Most containers are found on the beach within a 
year or two of the manufacturing date. In most years Corpus Christi and Port
Aransas have had the highest total number of buckets, while Matagorda Island has
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the highest number of buckets per unit area.  

- Beverage cans peak in abundance in March and again inJuly. When the 

abundance of beverage cans and the abundance of people on the beach in the 
NCB are plotted against time, the plots are somewhat similar; however, the peak of 

people is weighted to the fall, when beverage cans begin to drop off. There 
appears to be no increasing or decreasing trend over the seven years of beverage 
can counts. A total of 16,799 cans have been counted by UTMSI investigators 
since 1988, and another 44,550 by CMC volunteers.  

- The majority of marine debris, with the exception of beverage cans, egg cartons, 

and sargassum weed, appears to be at a minimum during the summer months.  

" A higher proportion of glass and metal occurs in the northern areas of the basins, 

and a higher proportion of plastics occurs in the southern areas.  

" An extreme variability of debris quantities occurs on beaches and shorelines as a 
function of time.  

" Environmental mechanisms such as wind, tides, currents, rainfall, geography, 

topography, and burial by sediment have considerable effects on the fate of debris.  
Items can be concentrated in one location.  

- Semiannual beach cleanups were started in Texas in 1986 and have drawn 

worldwide attention to the marine debris problem, helped in reducing the 

dumping of debris into the sea, promoted laws protecting the oceans and their 

enforcement, changed industrial packaging techniques, promoted recycling, and 
have shown hundreds of thousands of people of all ages the seriousness of the 

littering of the coastal environment.  

" The Padre Island National Seashore staff have surveyed marine debris since 1988.  

Since March 1994, they have implemented a daily survey of several targeted items 

along a 16-mile stretch of beach, with very good quality control.  

" Close agreement exists between UTMSI and PINS survey data, and a large 

disparity is found between these sources and the CMC volunteer cleanup data.  
The latter data give mean densities of certain items on the beach orders of 
magnitude larger than the others. Survey methods and assumptions by all data 

gatherers need to be re-examined.
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Current Status and Historical Trends in Freshwater Inflows 

Freshwater inflows into the Nueces Coastal Basins play a vital role in the health of the 
ecosystem. Freshwater inflows to estuaries influence important biological, chemical, and 

99 physical processes. Increases or decreases in freshwater inflows are subject to a number of 
natural and man-made factors, such as climate, diversions, impoundments, and industrial 
and municipal wastewater return flows.  

The USGS, through a project funded by the CCBNEP, is characterizing the current status 
and trends of freshwater inflows into the CCBNEP study area. This project is still in progress 
but the results to date are summarized in this report. The study encompasses compilation 
and review of data and previous studies of freshwater inflow investigations in the study area; 
a hydrologic analysis using the Hydrologic Simulation Program Fortran (HSPF) rainfall
runoff model; and a statistical analysis of inflow time-series data.  

The USGS staff calibrated the HSPF model on watersheds where data were available and 
then applied the model calibration parameters to ungauged areas for simulation. Three 
calibration watersheds with stream gauges were chosen: Oso Creek at Corpus Christi, Copano 
Creek near Refugio, and the Aransas River near Skidmore. The Oso Creek HSPF simulations 
were compared to previous simulations of the same watershed by the TWDB using the Texas 
Rainfall Runoff Model. Similar results were found, which demonstrated with high confidence 
that the HSPF model is more accurate than the Texas Rainfall Runoff Model at predicting 
Oso Creek flows, particularly for high monthly mean flows or those flows greater than about 
12 cubic feet per second.  

After calibrating the model, USGS investigators applied the model's parameters to ungauged 
watersheds and simulated inflows in both gauged and ungauged watersheds for 25 years 
(1968-1993). Three separate scenarios were developed to compare the inflow characteristics 
of the watersheds in the study area: 

1. current land use (estimated 1980s-1990s); 

2. projected land use (estimated 2010); and 
3. naturalized (prebuildout) inflow conditions.  

Land use characteristics were modified in watersheds to fit each scenario by removing or 
adding impervious cover according to population estimates. Streamflow output numbers 
from modeled watersheds were then combined according to the bay system they contribute 
to, and a final analysis was made on each combined file. Under current conditions, final 
results indicate that the Copano Bay system contributed 52 percent of total inflows, the 
Nueces and Corpus Christi bay systems contributed 33 percent, the Baffin Bay system 
contributed about 8 percent, and the remaining watersheds contributed the remaining 7 percent 
of total inflows.
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Analysis of the three scenarios indicates that, according to the HSPF simulation, the greatest 

changes in inflows have already occurred between natural (predevelopment) and current 
land use conditions. As shown in Table 4.11, the percentage changes in flow are greater in 
magnitude for the natural to current comparison than for the current to future comparison.  

The two largest percentage changes for each bay system occur in the spring and summer.  
This is probably due to the greater frequency of storms during those months and the influence 
of impervious cover. The percentage changes for the current to future comparison for 

Redfish Bay and the Upper Laguna Madre indicate a greater potential for increased inflows 
because of urbanization (Jennings, draft).  

A significant difference in precipitation patterns was noted across the study area. The mean 

annual precipitation at Sarita 7 East, in the southernmost portion of the study area, is about 

28 inches per year. The mean annual precipitation at Refugio 7 North, in the northeastern 

part of the study area, is about 40 inches per year. Additionally, no apparent trends in 

precipitation are evident at either site, except for a high degree of variability in precipitation 
totals at both sites. Additional precipitation gauges would greatly improve the quality and 
capabilities of future attempts at modeling. Only 10 gauges were used in the final simulations 

for analysis of the approximately 7,000-square mile study area.  

The majority of streams in the study area is not gauged for inflow. In the Baffin Bay area, for 
example, the model parameters applied to this area were developed with assumptions about 

runoff characteristics made by the authors. Additional gauging stations near the mouths of 

many of the major streams could alleviate the need for future modeling and the need for 

the reporting of withdrawals and return flows for watershed analyses. Updated and precise 
land use data for the entire study area are also needed for future studies.
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Table 4.11: Effects of HSPF Modeling Scenario on Mean Annual and 
Mean Seasonal Flows for Each Bay System.

Percentage Change in Flow Perspective 

Annual or Seasonal 

Bay System Perspective Current to Natural Percentage Current to Future Percentage 
S p Change in Mean Annual or Mean Change in Mean Annual or Mean 

Seasonal Flows (%) Seasonal Flows (%) 

Annual -26 6.5 

Winter -20 4.8 

Baffin Bay Spring -42 10 

Summer -29 7.2 

Fall -18 4.5 

Annual -4.2 1.2 

Winter -3.7 0.95 

Copano Bay Spring -5.5 1.6 

Summer -4.4 1.2 

Fall -3.4 0.89 

Annual -21 3.9 

Winter -26 4.8 

Corpus Christi Bay Spring -20 3.8 

Summer -20 3.9 

Fall -19 3.5 

Annual -79 20 

Winter -72 18 

Redfish Bay Spring -93 23 

Summer -82 20 

Fall -70 18 

Annual -0.75 0.27 

Winter -0.47 0.20 

St. Charles Bay Spring -1.4 0.42 

Summer -0.8 0.28 

Fall -0.61 0.24 

Annual -53 13 

Winter -43 11 

Upper Laguna Spring -58 15 
Madre 

Summer -63 16 

Fall -45 11 

Note: Percentage change for current to natural conditions is defined as natural flow minus the current 
flow, divided by current flow. Percentage change for current to future conditions is defined as future flow 
minus current flow, divided by current flow. Winter is composed ofJanuary, February, and March. Spring is 
composed of April, May, andJune. Summer is composed ofJuly, August, and September. Fall is composed 
of October, November, and December.  

S126



TRACEMETs IRBU INUC 

Trace Metals Distribution in Nueces Bay Sediments 

Recent evidence from TNRCC environmental monitoring efforts suggests that the quality 
of the sediments of Nueces Bay may be diminishing due to contamination with metals.  
TNRCC surface water quality data have shown elevated levels of zinc and cadmium in 

sediments found near the south shore of the bay. Nueces Bay has been the receiving water 
body historically for several industrial and municipal wastewater discharges, as well as material 

dredged to maintain the Corpus Christi Inner Harbor (CCIH). The harbor dredged material 

has been shown to contain elevated levels of metals, a situation that could lead to sediment 

contamination. Due to the importance of sediment quality to the health of Nueces Bay, and 

because of the importance of Nueces Bay to the communities and cities that utilize its 

resources, preservation of its quality is a paramount concern of the TNRCC. Data have 

been collected for an extensive investigation of Nueces Bay that will describe the 
concentration and distribution of trace metals in the sediments. The study is scheduled for 

completion by 1997. TNRCC Region 14 researchers will examine the significance of these 
findings with respect to established screening criteria for metals in estuarine sediments.
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Targeted Monitoring of Priority Wastewater Dischargers

Receiving-Water Assessments in the Nueces Coastal Basins 
One of the objectives of the Clean Rivers Program is to conduct targeted monitoring of 
priority wastewater dischargers to support the TNRCC permitting process. The goal is to 
perform site-specific assessments in advance of permit issuance. Permittees with a perennial 
stream in their discharge and who are due for review are listed in the TNRCC FY96 - FY97 
Program Guidance Appendix 8, "Surface Water Quality Standards Team Priority List." The 
priority dischargers in the Nueces Coastal Basins include the city of Ingleside, the city of 
Portland, and the city of Bishop. These permits may require additional information 
concerning their receiving waters in order to determine proper permit limits. As a component 
of the basinwide monitoring program, targeted monitoring in 1996 concentrated on 
collecting biological data for these permits.  

Discussions with the TNRCC Standards Team determined that neither the city of Portland 
nor the city of Bishop was in need of further assessment. The city of Portland, Permit No.  
10478.002, discharges to a dammed drainage that has no public access and limited aquatic 
life use. The city of Bishop, Permit No. 10427.001, discharges to Caretta Creek, which is 
intermittent with perennial pools and has limited aquatic life use. The city of Ingleside, 
Permit No. 10422.001, discharges to a perennial stream with potentially high aquatic life 
use. Additional assessment of this stream was required to ensure that the discharge would 
not adversely affect its aquatic life. The assessment on this priority discharger's receiving 
stream included: 

" Determination of stream type characteristics 
- Measurements of natural dissolved oxygen concentrations, temperature, pH, 

salinity, and conductivity 
" Assessments of aquatic life (biological community structure and health) 

The Ingleside Wastewater Treatment Plant (WWTP) discharges to Kinney Bayou above Tidal.  
The TNRCC Region 14 Office conducted the assessment on this stream for the CRP on 
March 1, 1996. The results of this assessment are contained in a receiving-water assessment 
report on file at the TNRCC Central Records in Austin (TNRCC, 1996b).  

Kinney Bayou is a natural drainage area that has been channelized. The bayou's steep 
banks in its upper reaches broaden into a typical tidal stream below the Ingleside WWTP.  
Kinney Bayou is a water source for domestic livestock and native wildlife. Although the 
bayou has been altered by man, Kinney Bayou provides a suitable habitat for a variety of 
freshwater and estuarine organisms, based on the physical, chemical, and biological data 
collected during this assessment. The aquatic macrophyte growth, primarily cattails, is 
sufficient to establish suitable marsh habitat. This system provides an aquatic refuge for 
reptiles, amphibians, insects, fish, and coastal avifauna. Based on data collected during this 
assessment, the Ingleside WWTP discharge has no detrimental impact on the upstream or

a128



IARGETE TO FIr sE TRICHGE 

downstream portions of Kinney Bayou, and provides an improved aquatic habitat by way of 
perennial flows and marsh enhancement. This assessment will provide data to the TNRCC 
Standards Team, who will assign an aquatic life use determination to this receiving water.  
Based on this designation, permit limits will be set for the plant's discharge.  

The Allison Wastewater Treatment Plant Effluent Diversion Demonstration Project 
The city of Corpus Christi, one of the largest dischargers of wastewater in the NCB, is 
proposing a demonstration project at its Allison WWTP site. This demonstration project 
will attempt to establish whether treated wastewater from the city of Corpus Christi can be 
used to increase the primary productivity and productivity of fisheries in the Nueces River 
Delta (Rincon Delta). The CRP is contracting with the city of Corpus Christi to assist in the 
collection of baseline data for this demonstration project. This data collection is the initial 
step in monitoring the effects of this project.  

The Nueces River Delta consists of more than 13,220 acres of wetland marshes, mudflats, 
and areas of open water. Its annual net primary (plant) productivity has been estimated to 
be only 60 percent to 70 percent of that measured in two nearby river deltas, primarily as a 
result of a lack of nutrient and freshwater input. Due to channelization and man-made 
diversions, the Nueces River no longer inundates its delta with beneficial freshwater, nutrients, 
and sediments except during floods.  

The city of Corpus Christi has proposed a wetland demonstration project, which will use 2.8 
million gallons per day (MGD) of treated wastewater discharges from the Allison WWTP, as 
a supplemental source of freshwater inflows to the Nueces River Delta for ecological 
maintenance and enhancement. A monitoring program to collect baseline data will start a 
minimum of three months before treated wastewater is delivered into the receiving stream.  
The monitoring plan for this project has been reviewed by the TNRCC. Figure 4.26 is a map 
of the study area. The demonstration project site is depicted by a shaded box, and each of 
the monitoring sites is marked with a numbered dot. Results of this monitoring effort will 
be made available by the CRP and will be presented in the next NCB regional assessment 
report.  

Water Body Segments and Segment Ranking 

XI~a 0 

Diversion Project Study Area
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Dividing rivers and streams into segments is part of the system used to manage the surface 
waters of the state. Designated segments include major rivers and tributaries, reservoirs, 
and estuarine waters. See Figure 1.2 for the location of segments within the Nueces Coastal 
Basins. These segments are defined under the Texas Surface Water Quality Standards.  
Segments have site-specific criteria that are used to protect the designated uses of each 
segment, such as contact recreation, aquatic life uses, or public water supply. The criteria 
are specified maximum concentration limits for various water quality parameters.  

If the segment does not currently meet its designated use (i.e., if the concentrations of 
these water quality parameters are in violation of one of the standards) then a total maximum 
daily load (TMDL) study can be used as a detailed plan to get the segment back to its 
designated use. These all-inclusive pollution control strategies include wasteload evaluations, 
permitting, and other activities to reduce pollution. The TNRCC uses a segment ranking 
list as a way to prioritize segments for future assessments and corrective actions.  

The segment ranking process looks at the water quality, resource values, and the potential 
impacts of man on the various water bodies in the state of Texas, as well as the local priority 
of each segment. Based on these characterizations, the segments are ranked individually 
and in relation to each other. This ranking process is conducted for each basin by the CRP 
partners with input from their steering committee members. All of the rankings by basin 
are then compiled by the TNRCC Modeling Team into one comprehensive list called the 
"CRP Statewide Segment Ranking List." 

The CRP Statewide Segment Ranking List ranks river and stream segments in order of 

priority for action or protection, not, as one might infer, in order of quality of water, although 
water quality is important in determining a segment's place on the list. The Nueces Coastal 
Basins segments are highlighted in bold type in the 1996 CRP Statewide Segment Ranking 

draft list in Appendix F. The 1996 CRP Statewide Segment Ranking List is an improvement 

over that produced for the 1994 assessment report as the 1994 segment ranking was done 

on an analysis of only four years of data (1989-1993), whereas this ranking included the 

analysis of 10 years of data (1981-1992 data). The 1994 ranking list also incorporated fewer 

toxic parameters, did not include the local priority score, and did not include the 

identification of insufficient data for certain parameters.  

Table 4.12 shows the segment ranking scores for each of the segments in the Nueces Coastal 

Basins. Table 4.13 is an explanation of each of the columns in the NCB segment ranking 

list. The segment ranking score is the final score for each segment. This number was calculated 
by the CRP partners by multiplying these four other scores: 

1. The segment data score is essentially a measure of water quality. This score is a result 

of the screening analysis of 107 water quality parameters, including pH, 
temperature, sulfate, chloride, total dissolved solids, fecal coliform, dissolved 

oxygen, nutrients, metals, and organic substances. Values assigned to each of four 

general categories are added together to derive the segment data score.
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2. The resource value score assigns a higher value to those segments designated for 
aquatic life or human use. Since none of the segments in the coastal basins are 
designated for water supply, they all received a relatively low score of 0.25 in this 
column. All segments, except the ship channel, received a high score of 0.50 for 
recreational value. A medium score would have been 0.40, or 0.25 for segments 
with no contact recreation. The aquatic life use (ALU) value was based on the 
aquatic life uses designated to each segment in the water quality standards.  
Ranking points were assigned as follows: segments with exceptional ALU received 
1.0 point, those with high ALU received 0.90 point, and those with intermediate 

ALU received 0.75 point. Segments with low or intermediate ALU would have 
received 0.65 or 0.50 point, respectively. These numbers were then totaled to 

arrive at the resource value score.  

3. The potential effect score assigns a higher value to those segments with impacts from 
point and nonpoint sources. This was determined by assigning a value of 1.0 to 
segments with a concern for point or NPS pollution, a value of 0.8 to segments 
with a possible concern for point or NPS pollution, a value of 0.65 to segments 
with insufficient data, and a value of 0.5 to segments with no concern for point or 

NPS pollution, based on information in the 1994 assessment report.  

4. The local priority score assigns a higher value to those segments that are of 
significant priority to the local community. Greater local priority was assigned to 
the following segments: 

- Oso Bay (2485) 
- Aransas River above Tidal (2004) 
- Upper Laguna Madre (2491) 
- Corpus Christi Bay (2481) 

This resulted in a higher overall segment ranking score for these segments and moved them 
up the list. Only four segments could be assigned local priority, and it was a difficult decision 
to determine which segments qualified. Oso Bay was included since it had a high resource 
value and segment data score, paired with a very high potential effect score. The Aransas 
River above Tidal segment was included due to its very high segment data score and its very 
high potential effect score. The uniqueness and exceptional ecological values of the Upper 
Laguna Madre, along with its high ranking scores, included it in this category. Finally, 
Corpus Christi Bay was included based on its high resource value and potential effects scores 
as well as taking into consideration its exceptional recreation and fishing attributes.
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Table 4.12: Segment Ranking Scores -By Segment

Segment Aquatic Resource Non- Potential Local Segmen 
Data Water Rec- Life Value Point Point Effect Priority Ranking 

Segment Tidal Basic Nutrient Metal Organic Score Supply reation Use Score Source Source Score Score Score 

2485 T 166.67 645.83 583.33 583.33 1,979.17 0.25 0.50 1.00 1.75 1.00 0.80 1.80 1.50 9,351.56 

2004 428.57 625.00 583.33 583.33 2,220.24 0.25 0.50 0.90 1.65 1.00 0.65 1.65 1.50 9,066.90 
2491 T 0.00 312.50 583.33 583.33 1,479.17 0.25 0.50 1.00 1.75 0.80 0.80 1.60 1.50 6,212.50 
2481 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 1.00 1.75 0.80 0.80 1.60 1.50 5,512.50 
2204 428.57 513.89 583.33 583.33 2,109.13 0.25 0.50 0.75 1.50 0.50 1.00 1.50 1.00 4,745.54 
2203 T 583.33 583.33 583.33 583.33 2,333.33 0.25 0.50 0.90 1.65 0.50 0.65 1.15 1.00 4,427.50 
2002 321.43 291.67 321.43 583.33 1,517.86 0.25 0.50 0.90 1.65 0.80 0.80 1.60 1.00 4,007.14 
2492 T 0.00 312.50 583.33 583.33 1,479.17 0.25 0.50 0.90 1.65 0.80 0.80 1.60 1.00 3,905.00 
2462 T 0.00 312.50 583.33 583.33 1,479.17 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 3,365.10 
2484 T 0.00 395.83 541.67 532.61 1,470.11 0.25 0.25 0.75 1.25 1.00 0.80 1.80 1.00 3,307.74 

2003 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 0.90 1.65 0.80 0.65 1.45 1.00 3,140.16 
2473 T 166.67 0.00 583.33 583.33 1,333.33 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 3,033.33 
2463 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 2,985.94 
2471 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 2,985.94 
2472 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 2,985.94 
2001 T 0.00 145.83 583.33 583.33 1,312.50 0.25 0.50 0.90 1.65 0.50 0.80 1.30 1.00 2,815.31 
2482 T 0.00 0.00 583.33 583.33 1,166.67 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 2,654.17 

2483 T 0.00 0.00 583.33 583.33 1,166.67 0.25 0.50 1.00 1.75 0.50 0.80 1.30 1.00 2,654.17

2001 - Mission River Tidal 
2002 - Mission River above Tidal 
2003 - Aransas River Tidal 
2004 - Aransas River above Tidal 
2203 - Petronila Creek Tidal 
2204 - Petronila Creek above Tidal 
2462 - Hynes/Guadalupe Bay 
2463 - Mesquite/Carlos/Ayres Bay 
2471 - Aransas Bay

2472 - Mission/Copano/Port Bay 
2473 - St. Charles Bay 
2481 - Corpus Christi Bay 
2482 - Nueces Bay 
2483 - Redfish Bay 
2484 - C.C. Ship Channel 
2485 - Oso Bay 
2491 - Upper Laguna Madre 
2492 - Baffin/Alazan Bay

i.  
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Table 4.13: Explanation of Columns in Segment Ranking

Basic Score is based on number of potential concerns concerns, or insuffient 
data results from 1994 Step 4 screening fdor basin parameters 

Nutrient Score is based on number of potential concerns, concerns, or insufficient 
data results from 1994 Step 4 screening for nutrientss.  

Metal Score is based on number of potential concerns, concerns, or insufficient 
[data results from 1994 Step 4 screening for metals.  

Organic I Score is based on number of potential concerns, concerns, or insufficient 
data results from 1994 Step 4 screening for organic compounds.  

Segment Data Summation of scores for basic, nutrient, metal, and organic columns.  
Score 

Water Supply Factor based on whether a segment is used for a water supply (1.00 = 
actual supply 0.75 = planned supply, 0.25 = no supply).  

Recreation Factor based on recreational uses (0.5 = high, 0.4 = medium, 0.25 + low).  

Aquatic Life Use Factor based on aquatic life use designation in stream standards (1.0 = 
exceptional, 0.9 = high, 0.75 + intermediate, 0.65 = low, 0.50 = none).  

Resource Value Summation of water supply, recreation, and aquatic life use factors.  
Score 

Point Source I Factor based on anticipated or suspected threats from point sources (1.0 
= concern, 0.8 = potential concern, 0.65 = insufficient data, 0.5 = no 
concern).  

Nonpoint Source Factor based on anticipated or suspected threats from nonpoint sources 
(1.0 = concern, 0.8 = potential concern, 0.65 = insufficient data, 0.5 = no 

concern).  

Potential Effect Summation of point and nonpoint source factors.  
Score 

Local Priority Factor based on local priorities (1.5 = priority 1.0 = no priority).  
Score 

Segment Ranking Segment data score multiplied by the summation of the resource value 
Score score, potential effect score, and the local priority score.  

Note: All of the weighting factors that are discussed can be modified for each basin. For example, the 

water supply factor could have factors of 1.0, 0.5, and 0.0 for actual supply, planned supply, and no supply.  

The values shown are the defaults established by the state.
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CHAPTER 5: 

DATA ISSUES AND RESOLUTIONS 

Data Limitations and Needs 

s a result of the assessment studies conducted over the past two years in the Nueces 

Coastal Basins, a number of data limitations have become evident. These limitations 
will be examined by the CRP to determine methods of obtaining this needed 

information. Many of these data needs will be focused on in the CRP's coordination with 
other agencies and institutions, and in the future studies discussed in this chapter.  

Toxic Substances and Metals 
Toxic substances and metals, many of which are indicative of human activities, are evidence 
of potential pollution sources, illicit activities, and accidental releases. Since very few toxic 
substance or metal measurements are available in the NCB, water quality conclusions are 
incomplete. Future analyses need additional data on toxic substances and metals to expand 
the breadth of screening for pollutants.  

Septic Systems 
Significant loadings of certain constituents to the bays and estuaries may occur via 
groundwater from individual wastewater treatment systems. Data on groundwater quality 
and flow rates from areas where septic systems are common are needed, as is an assessment 
of the extent of the septic system problems. These data would be useful in the development 
of a plan to reduce water quality problems related to septic systems.  

Streamflow and Rainfall Data 
Both streamflow and rainfall data are extremely lacking in the NCB. Rainfall is possibly the 
most important model input required for accurate estimation of both runoff and constituent 
loadings. Streamflow data, for calibration, are essential for accurate modeling and can be 
used to reveal potential pollution sources, as well as final concentrations of pollutants. Long
term flow data and rainfall data are needed.  
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The Baffin Bay area is one locale in the CCBNEP study area where streamflow and rain 
gauge data are particularly needed. The two major streams flowing to Baffin Bay, Petronila 
Creek and San Fernando Creek, are both ungauged. The Petronila Creek watershed drains 
a large agricultural area, while the San Fernando Creek basin includes agricultural drainage 
as well as runoff from Kingsville, Alice, and other smaller towns. Another area requiring 
flow data is below the city of Beeville on Poesta Creek.  

Land Use Data 
The USGS Land Use/Land Cover GIS files included as part of the nonpoint source study 
represent conditions from 1980. An updated land use coverage is needed for future NPS 
assessments.  

Event Mean Concentration Values 
More sampling sites are required in the agricultural watersheds to build an adequate database 
for support of agricultural EMC values. Additional data are also needed to calculate urban 
EMC values. Additional data may have a significant effect on the median and/or mean 
EMC values for some constituents, given the variable nature of urban runoff concentrations.  
Additional data may also allow for determination of seasonal variation in EMCs.  

Pesticides and Organics 
Data on urban and agricultural pesticide concentrations within the CCBNEP study area are 
limited. The NPDES sampling should be enhanced to include analysis for urban and 
residential pesticides used in the area. Other sampling efforts should be updated to include 
a wider array of chemicals (especially commonly applied chemicals).  

Biological Data 
More emphasis needs to be placed on the collection of biological data in the bays and 
estuaries. The bays and estuaries are not stable homogenous systems, and their biota are 
influenced by both short- and long-term fluctuations in water quality conditions.  
Measurements of an estuary's ecological health should be calculated seasonally and across 

a variety of locations. These calculations can be integrated with water quality conditions to 
determine the sensitivity of biological resources to water quality changes.  

Marinas 
A study involving the collection of surface water and sediment samples to measure dissolved 
arsenic, lead, and copper, as well as obtaining data on dissolved oxygen and fecal coliform, 
may be needed in the study area to determine what constituents associated with marinas 
constitute a potential source of NPS pollution and what management practices can be used 
to minimize their impacts.  

Atmospheric Deposition 
The Oso Creek model results indicate that direct rainfall deposition contributes a significant 
portion of loadings to Oso Bay. Atmospheric deposition data needs for the study area 

include data from a site near the coast, a more extensive list of constituents than available 
from the Beeville site, and inclusion of dryfall deposition data.
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DATALIMITATIONS AND NEEDS 

Brown Tide 
Very little research has been performed on the Texas brown tide algae to date. Specifically, 
continued monitoring of the areal distribution of seagrass beds in the Laguna Madre and 
the impacts of the brown tide on the Laguna Madre ecosystem are needed to assess potential 
management strategies for dealing with the brown tide. A systematic study of the factors 
affecting its survival and growth needs to be undertaken. For example, a study of 0 
micronutrient requirements (trace metals and vitamins) would provide important insights 
into the conditions that favor the growth of this species.  

Bay Debris 
Marine debris data and literature are strongly biased towards the gulf beaches rather than 
bay shorelines and beaches. Additional data are needed on bay debris. The general lack of 
statistical control on beach litter surveys should be remedied by properly designed surveys.  
The Committee on Marine Debris has recommended that a national methodology for beach 0 
surveys be implemented at a number of sites, including Texas, in order to determine trends 
in beach debris. A survey site on both bay shorelines and gulf beaches would help in balancing p 
the amount of bay and gulf beach data collected. Having volunteers who are trained to fill 3 
in the data cards and experienced people available to tally the cards would improve the 
accuracy of these surveys.
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Future Studies

In order to provide some of the needed data, studies have been planned for FY 97.  

Septic System Studies 
Historically, the use of individual on-site wastewater treatment systems (septic systems) met 
the sewerage needs of residents living primarily in rural areas. During the past 30 years, the 
population distribution in the United States has shifted from rural to urban, thus creating 
rapid development in and on the fringes of urban areas.  

As the cost of providing centralized wastewater collection and treatment systems and the 
pressure for development have increased, the use of septic systems has increased in newly 
developed areas. Residential areas with small lots served by individual systems have been 
subject to undesirable conditions, such as widespread saturation of the soil, malfunctioning 
of the treatment units, improper maintenance, the emergence of sewage on the surface of 
the ground and in roadside ditches, and direct runoff of sewage to streams and bays. Further 
development within these problematic areas will only compound environmental concerns 
unless alternative wastewater systems are constructed.  

The CRP will consider assisting the CCBNEP in the funding of a study to characterize septic 
system problems in the Nueces Coastal Basins and the development of a plan to reduce 
septic system problems. The goals of this project are (1) to assess the extent of the septic 
system problem in Aransas, Nueces, and San Patricio Counties and (2) to begin addressing 
the problems associated with septic systems through improved intergovernment coordination 

and education. This may include funding a septic system demonstration project.  

Flows 
The CRP is considering options for obtaining additional streamflow data for segments in 
the NCB. Streamflow data are extremely lacking and are essential for accurately assessing 
water quality and pollution sources in these basins. The amount of flow data available for 
analysis is limited due to irregular and infrequent sampling. This data inadequacy reduced 
the breadth of the screening analysis conducted for the 1994 assessment report, as well as 
limiting the analysis for the nonpoint source projects and water quality analysis in this 
assessment.  

Estimating Total Pollutant Loadings 
Now that both the CRP and the CCBNEP have received their final NPS characterization 
reports (discussed earlier in Chapter 4), these two programs are moving forward together 
to sponsor a total constituent loadings model for the NCB. This modeling effort will create 
an inventory of the total constituent loadings from both nonpoint source pollution and 
point source pollution for both basins. The completed characterization efforts will provide 
loadings data for the model. Once a preliminary set of point, nonpoint, and total loading 
estimates has been made, these estimates and their underlying data will be made available
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for local review. The inclusion of previously unreported point sources and other information 

derived from local knowledge can be incorporated into a revised set of loading estimates.  

This project will give an initial perspective of the relative importance of point and nonpoint 
sources at the subwatershed level within each basin. It will also provide an examination of 

the relationship between the loading estimates and observed instream constituent 

concentrations.  

Urban Nonpoint Source Pollution Reduction Projects 
The CCBNEP is planning two action plan demonstration projects for 1996: the Ingleside 
Cove Park nonpoint source pollution reduction project (city of Ingleside), and the use of 

constructed wetlands to reduce urban nonpoint source pollution (city of Refugio). The 

CCBNEP will use these two projects to assist small municipalities in reducing their urban 

NPS pollution through implementation of best management practices and public education.  

See Appendix G for a detailed list of additional CCBNEP projects planned for 1996 and 
1997.  

Groundwater Assessment 
The TNRCC Water Planning and Assessment Division, Groundwater Assessment Section, 
Nonpoint Source Team is beginning a new 319(h) EPA grant project in the Nueces-Rio 
Grande Basin. The purpose of the project is to prevent groundwater NPS pollution in this 

area, working primarily through wellhead protection and public education. The project 
also will include an assessment of groundwater/surface water interaction. The groundwater 

team held a meeting in July 1996 in Corpus Christi to introduce the project and to seek 
ideas on how to best implement it. The CRP will be working closely with the TNRCC team 
to coordinate efforts for this project.  

Analysis of the Effects of Structures and Practices on Circulation and Salinity Patterns 
This project, funded by the CCBNEP, will characterize the effects of structures (causeways, 
navigation channels, and gulf passes) and practices (the recirculation of bay waters for 
industrial cooling) on the circulation and salinity patterns of the CCBNEP study area. These 
structures and practices can potentially alter estuarine circulation and the transportation of 
salts, sediments, nutrients, and plankton within the estuary. A preliminary modeling study 
was previously conducted by the TWDB in 1991. At the time of that study, interpretation of 
hydrodynamic results indicated only relatively minor benefits to estuarine circulation from 
elevation of the JFK causeway, due to the shallowness of the estuary and the presence of 
scattered spoil islands in the surrounding area, which continue to block tidal flow and 
exchange between the Laguna Madre and Corpus Christi Bay. The intent of the current 
project is to expand the characterization of hydrodynamic impacts of existing structures 
and practices throughout the study area. This project will also result in the development 
and calibration of a two-dimensional hydrodynamic model for the study area. This will be a 
valuable tool for investigating other water-related conditions of interest.
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History of Alterations to Bay Circulation 
Researchers will compile and synthesize existing information describing historical and recent 
estuarine circulation patterns and alterations in those patterns due to human activity and 
natural environmental phenomena. Circulation changes influenced by the presence of 
navigation channels and other navigational improvements, modifications to natural passes, 
placement of artificial barriers, changes in freshwater inflow and tidal exchange, and other 
changes will be examined and assessed for their relative contributions to the sum of changes 
to circulation patterns over time. The results of this CCBNEP-funded project will be coupled 
with the efforts of the TWDB to complete the description of estuarine circulation within the 
study area.

a 140



MNTIUCoASTALBASINS 

Monitoring in the Nueces Coastal Basins 

One of the tools to fulfill informational data needs in the Nueces Coastal Basins will be the 
development of a basinwide water quality monitoring plan. An objective of the CRP is to 
conduct basin monitoring activities in accordance with an approved sampling plan that 
contains a monitoring schedule, parameters, and sampling locations. This plan will improve 
coordination with existing monitoring programs and will include, to the extent possible, all 
interested partners in data collection efforts. A main focus will be to coordinate the T 
development of this plan with the CCBNEP's development of their Coastal Bend Bays Plan.  
The timeline for the CRP monitoring plan will be based on the CCBNEP schedule; the 
preliminary monitoring plan is anticipated to be completed in FY 97. The plan will detail the 
methodology by which a monitoring program will be implemented and maintained. Primary 
components of the basinwide monitoring plan will be to: 

" Survey and catalogue the current monitoring efforts within the NCB 

" Assess data gaps identified by the University of Texas in the "Status and Trends of 
Ambient Water, Sediment and Fish Tissue Quality" report (see Chapter 4) 

" Integrate the survey and analysis of current efforts into a plan that fits the needs of 
both the CCBNEP and the CRP 

" Evaluate what is necessary to improve long-term assessment capability 

" Reduce the overlap in monitoring efforts by coordinating TNRCC SWQM staff, 
volunteer monitoring groups, and other basin monitoring entities 

" Investigate areas with water quality concerns and insufficient data as identified by 
the 1994 assessment report, segment ranking, monitoring surveys, and analysis 

- In the NCB, assess options for obtaining additional flow, toxicity, and biological 
data 

A proposed sampling regime will be developed for fixed-station monitoring, systematic 
watershed monitoring, and targeted monitoring components. Maps locating the existing 
monitoring stations and the proposed sampling sites will be included and the distribution 
of budget funds will be determined.  

The project manager will coordinate with representatives from the TNRCC Region 14 office, 
USGS, volunteer monitoring groups, and any other entities monitoring in the basins to 
minimize duplicative efforts within the basin and to coordinate the determination of 
appropriate locations and sampling methods for all monitoring stations. In order to achieve
this, the CRP has been gathering information regarding water resource monitoring activities 
in the NCB. A survey questionnaire was sent out to more than 200 entities to determine
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MONITORING IN THE NUECES COASTAL BASINS 

z current monitoring efforts in the basins. The responses from this survey questionnaire will 
0 form a comprehensive portrait of monitoring activities in these basins. Benefits may include: 

p - Better coordination of monitoring activities 

- Elimination of duplicative efforts, allowing for more efficient management of 
resources among monitoring entities 

- Allowing those who monitor to enhance one another's data 

- Allowing the creation of a central database, which may eventually serve as an easily 
accessible comprehensive water quality monitoring information resource 

The monitoring survey form is shown in Figure 5.1. Appendix H contains the list of people 
to whom the survey was mailed, and Appendix I contains a table summarizing the monitoring 
survey responses. The table includes columns of who monitors water quality in the NCB, 
where they monitor, and what they monitor.
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Nueces Coastal Basins 

TNRCC Water Resources Monitoring Activities 

Agency/Organization: 

Program/Project Title: 

Contact Person: 

Phone Number: 

Fax Number: 

What are the objectives/purposes of your water quality monitoring effort? (e.g., trend analysis, problem 
detection and prioritization, modeling support, etc.) 

What decisions are you required to make for the basins or watersheds you are monitoring?.  

How much do you spend yearly on monitoring activities? 

Where and when do you monitor? 
(Monitoring locations with physical descriptions and sampling schedules. Please enclose a map if possible.  
If you do not have a map, please mark the approximate locations of monitoring sites on the enclosed maps.) 

Do you have lat/long information? Please circle: Yes No 

Parameters Collected at Monitoring Sites: (Please indicate the number of sites for each parameter.) 
Field Parameters: (e.g., temperature, pH) 
Nutrients: 
Metals: 
Organics: 
Biological: (e.g., macrobenthic invertebrates, toxicity, testing, etc.) 
Flow: 
Other: (e.g., sediment, fish tissue) 

Describe monitoring activities in the last 3-5 years that are not a part of your regular monitoring routine, and 
any planned special or one-time monitoring activities.  
(Date(s), location(s), objective(s), and parameters of study.) 

Are your data available? Please circle: Yes No 
If so: Hard Copy Digital 

Who else do you suggest we contact to find out more about water quality monitoring in the San Antonio
Nueces and Nueces-Rio Grande Basins?

Figure 5.1: The Nueces Coastal Basins Water Quality Monitoring Survey 
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Data Management 

Data Management System 
The NRA and the CRP have contracted with TAMU-CC to develop, implement, and maintain 
the data management program for all three Nueces River Basins. TAMU-CC will receive all 
water quality data collected within the study area, process these data in accordance with the 
approved data management plan, maintain the data electronically, and make the data 
available to interested parties upon request. The system will provide an opportunity for the 
public to access an integrated natural resource database. The database will contain water 
quality, land use, and census information for the entire region.  

TAMU-CC is also developing a GIS for the study area into which they will begin placing the 
water quality station information, water quality data, and wastewater discharger information.  
Customized reports and the application of advanced GIS will enhance the usefulness and 
accessibility of this information to the public, researchers, and other state agencies.  

Objectives 

- Ensure that all basin water quality data are collected and managed in an efficient 
manner and to ensure accessibility of this data to the public 

- Continue to inventory and maintain a database of: 

- SWQM Data 
- Land use information 
- Municipal and industrial permits 
- Stormwater permits 
- Population data by basin, subwatershed, and municipalities 
- Aboveground storage tanks (ASTs) and underground storage tanks (USTs) that 

could contribute to pollution 
- Solid waste disposal and Superfund sites 
- Water right permits 
- Wells that could lead to pollution 
- On-site disposal facilities 

- Begin to verify locational information using global positioning system (GPS), and 
continue to include the inventories in baseline surface and groundwater maps 

Accomplishments 
TAMU-CC has successfully developed a database schema that is able to accommodate the 
wide variety of data and information that is associated with the CRP. The system is designed 
to allow for easy integration of new types of information and data. To fulfill the objective of
verifying locational information using GPS, the tables within the database dealing with station 
location and description information have been the initial focus of concern. The entire 
database is estimated to be fully operational by the end of 1996.  
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TAMU-CC is also developing a GIS for the study area, into which its developers will place 
the water quality monitoring station information, water quality data, and wastewater 

discharger information. The database is linked to GIS software to produce customized 
reports and maps. Figures 5.2 and 5.3 show examples of the type of information that can be 
generated using ArcView® software.

ArcView 
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Figure 5.2: Graphical Representation of Database Information with ArcView® 
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Figure 5.3: Textual Database Information in ArcView® 

To enhance the usefulness and availability of this integrated natural resource database to 

the public, researchers, and other state agencies, the system will provide access to the database 

by means of the World Wide Web. A Web page is being developed that will allow a person to 
select an area of interest, a specific monitoring site, and/or any of the above-mentioned 

parameters. The information will be available for that person to view either graphically or 
textually on the screen. The information will also be available for download to the user's 
computer. An example of what the Web page will look like is shown in Figure 5.4.  

The Web interface to the database is expected to be fully operational and available to the 

public in the first quarter of 1997. During development, potential users will be contacted 
and asked to provide comments and suggestions for the final product.  
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CHAPTER: 

PUBLIC PARTICIPATION AND EDUCATION 

crucial element of the CRP is the building of public awareness and the encouragement 

of public participation. People's awareness of water quality issues and the role that 
hey can play in protecting their environment is essential, as well as their involvement 

in the development of solutions to problems regarding water quality and quantity. Not only 
can the public benefit from public outreach by learning about water resource issues from 
the CRP, but also the CRP can learn from the public's local knowledge of area waters.  

A goal of the CRP is to promote public involvement through steering committees and other 
public forums designed to encourage citizens to contribute their ideas and concerns to the 0 
assessment process. The program staff seek opportunities to inform the public about water 
quality issues.  

Special Events 

0 
The Nueces Coastal Basins CRP has taken advantage of opportunities to reach many people Z 
in a brief period of time by setting up booths at key environmental exhibitions and festivals.  

Bayfest 
Bayfest is one of south Texas's biggest attractions, drawing 160,000 persons each year. Bayfest 
'95 was held on September 29 through October I along the Bayfront of Corpus Christi Bay.  
The event was sponsored by Bayfest, Inc., a nonprofit corporation composed of community 
volunteers, and the Bayfest Arts Festival, Inc., whose sponsors selected the educational and 
cultural events for the festival. The Bayfest Environmental Area was held under a 60- x 100
foot tent on the barge dock and included various environmental group activities. A large 
stage with continuous live music that was set up next to the tent drew attention to the tent 
and its exhibits. The CRP staff discussed the Clean Rivers Program and water quality issues 
one-on-one with interested citizens. CRP brochures, water conservation materials, assessment 
reports, and TNRCC environmental fact sheets were made available to the public.  

Estuarine Research Foundation Conference 
The Estuarine Research Foundation's 13t Biennial International Conference was held 
November 12 through 16, 1995, at the Marriott Bayfront Hotel in Corpus Christi. The 
purpose of this conference was to exchange information on all aspects of research, 
management, and public policy regarding estuaries. The theme, "Estuaries: Bridges from 
Watersheds to Coastal Seas," reflected the recent emphasis on the central role that estuaries 
have in the movement of materials between the land and the coastal zone. Because of this 
role, basic research into estuarine ecosystem processes is a priority issue with local, state, 
and federal agencies as they struggle with declining and degrading natural resources. This
conference provided an opportunity for researchers, managers, policy-makers, and educators
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Z to come together to exchange information. The CRP was represented by the NCB Project 

manager at this conference, and CRP materials were made available at a booth shared with 

6 the CCBNEP. This provided an opportunity for attendees to pick up various materials from 
both programs including basin assessment reports, CRP brochures, and outreach materials 

produced by the CRP.  

Course: TeachingEnvironmental Sciences 
O The CRP reached school teachers in the Nueces basins by providing outreach materials at 

the Teaching Environmental Sciences course taught June 13 through June 26, 1996, at TAMU
CC. This course was designed to provide information and to promote partnerships among 
teachers, government agencies, businesses, and community organizations. This outreach 
will help prepare students to take their place as citizens committed to environmental 

Q protection through changes in individual behavior and the pursuit of career opportunities.  

Outreach Materials 

The CRP has developed and acquired a variety of outreach materials to distribute to basin 
residents. Materials focus on information about the Clean Rivers Program as well as water 
conservation, nonpoint source pollution, and recycling tips. The Clean Rivers Program 
materials include a new folding pamphlet that presents the CRP goals and the role of the 
public in the program, as well as the long-term action plan produced by the CRP, and previous 
NCB assessment reports. The water conservation materials offer effective tips for the home 
as well as ideas for landscaping to reduce water use. They include informative articles on 
when to water lawns, conserving water in the home and the landscape, coping with drought 

in the landscape, and the use of mulches in the landscape. The NPS pollution materials 
include a fact sheet and an environmental bulletin. The fact sheet describes what NPS 
pollution is, how it gets into water, what effects it has on resources, how individuals can 
help, and what the state and local agencies are doing to reduce the problem. The 
environmental bulletin offers suggestions for less toxic alternatives to household products 
such as glass, carpet, tub, and oven cleaners, drain openers, waxes, polishes, pesticides, and 
air deodorizers.  

Recycling tips include a number of environmental bulletins from the TNRCC CLEAN TEXAS 
2000 program. This is a statewide program to reduce the pollution generated in Texas and 
to provide citizens with the information they need to personally care for the Texas 

environment. The bulletins contain information on items that can be recycled, how those 
items are recycled, and the benefits of recycling to reduce landfill usage. The TNRCC book 
for children, Do you know how to keep our water clean? has been made available at various 
events. This book contains coloring pictures and puzzles about preserving and conserving 

our water supplies. Samples of these materials that have been made available to the public 
at various outreach events are included in AppendixJ: CRP Public Outreach Materials.
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Tips About Water Conservation 
The NCB CRP is developing materials to encourage local businesses to promote public 
water conservation practices. One method to employ this is to distribute water resource 
information in the rooms of local hotels in order to remind guests to conserve water and to 
allow them to decide whether all of their personal sheets and towels are changed every day.  
Cards would be placed in the hotel room bathrooms and on the bed pillows. If a guest 
decides to forego daily laundry service, he or she would leave the card for the housekeeper 
on the pillow and leave the clean towels on the towel racks. This simple program has the 
opportunity to reach a large number of people, and can really make a difference in the 
conservation of water. The development of these materials and their distribution in the 
local hotels is being coordinated by the CRP. An example of hotel water conservation cards 
created by the city of Corpus Christi is shown in Figure 6.1. Distribution of these cards will 
likely occur in FY 97.

Dear Guest:

Eat mart

Every day in the hotel industry, tons of detergent 
and millions of gallons of water are consumed 
to wash towels that have only been used once.  

While towels are customarily changed daily, 
please indicate what you would prefer:

o 

"a 

0 
z 

z

Washing bed sheets in thousands of hotels 
around the world uses millions of gallons of 
water and tons of detergent.  

While sheets are customarily changed daily.  
if you wish to help us conserve our resources.  

please leave this card on your pillow. We will 
make your bed as usual. but not change the 
sheets today.  

Conserving our earth's resources is part of our 
commitment to the community's Good Neighbor 
Program 

Pnnted on re.ycked paper

A towel on the 
rack means: 

Ti tse it agar w

A towel on the 
floor means: 

TfPcasx excange

Conserving our earth's natural resources is part 
of our hotel's commitment to the Good Neighbor 
Program.  

Ea -rtlSmavrt

Figure 6.1: Hotel Water Conservation Card 
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PUBLIC PARTICIPAMIN AND COORDINATON 

Monitoring Survey 
A survey questionnaire about monitoring activities was mailed to over 200 entities in the 
NCB as an initial step to design a basinwide monitoring plan. This mailing included all 
members of the monitoring community, including all the permittees in the NCB, state and 
federal agencies, cities, counties, municipalities, universities, private industry, and nonprofit 
groups. The responses from this survey will begin to form a comprehensive portrait of 
monitoring activities in the basins. This will allow better coordination of activities and the 

O elimination of duplicative efforts, allowing for more efficient management of resources 
among monitoring entities. Data from the responses will enhance other researchers' data.  
The creation of a central database may eventually serve as an easily accessible comprehensive 
water quality monitoring information resource. The survey form that was mailed out in 
1996 is presented in Chapter 5. Tables that contain the summarized responses to the survey 
are found in Appendix I.  

Newsletter Article 

An article was published in the 1995 winter issue of the CCBNEP newsletter, Around the Bend 
CO which informed residents in the Nueces basins about the CRP. The article, "Clean Rivers 

Come to the Gulf Coast," discussed why water quality is a critical issue throughout the state 
of Texas and how the goals of the CRP are to protect the quality and quantity of this resource.  
The article contained specific information about efforts in the NCB to attain these goals 
and invited residents to attend the local steering committee meetings. To increase 
opportunity for local input and coordination with the CCBNEP, a section of the CRP is now 
based in Corpus Christi. A copy of this article is included in Appendix J.  

Public Participation and Coordination 

Steering Committee 
A major objective of the CRP is to include the residents of each river basin in the planning 
and management of the program to ensure that public opinion and knowledge are reflected 
in the assessment reports. A jointly chaired Nueces basins Steering Committee has been 
formed. This steering committee is unique in the CRP because it oversees the work of two 
different entities covering three different watersheds: the Nueces River Authority with the 
Nueces River Basin assessment report, and the TNRCC with the Nueces Coastal Basins 
assessment report. Committee members have been chosen to represent the diverse interests 
in all three Nueces basins: the Nueces River Basin, the San Antonio-Nueces Basin, and the 
Nueces-Rio Grande Basin. The 42 members meet about twice a year to oversee work plans 
and to review draft assessment reports for these three basins, as well as contribute their 
ideas, set priorities for water quality issues, and provide input on the allocation of funds.  
See Appendix C for a list of steering committee members.  

Coordination with the Nueces River Authority 
In addition to jointly chairing the Nueces basins Steering Committee, the TNRCC and the 
Nueces River Authority have a joint contract with Texas A&M University in Corpus Christi 
to develop and implement an integrated data management system. This system will serve 
residents, researchers, industries, and government agencies in both the Nueces River Basin 
and the Nueces Coastal Basins. The university has successfully developed a database scheme
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that will accommodate a wide variety of data and information related to water quality in these 
basins. To enhance the usefulness and availability of this database, the system will provide 
access to the database via the World Wide Web. Details on this data management system are 
contained in Chapter 5.  

Coordination with the Corpus Christi Bay National Estuary Program 
A primary function of the CCBNEP is to promote public education and involvement in 
natural resource planning. The eventual success of the CCBNEP's Coastal Bend Bays Plan 
(CBBP) depends on the degree of involvement and support of residents in the NCB. Public d 
involvement and education are critical, because the CBBP will identify major problems 
confronting the Corpus Christi Bay Estuary system and will identify corrective action(s) that 
rely on consensus-based public support for successful implementation.  

The CRP has made efforts to coordinate public outreach and education with the CCBNEP. z 
Outreach booths and public meetings have been jointly staffed. Water conservation materials 
are being developed as a coordinated effort. The CRP manager is a member of the CCBNEP's C 
Public Outreach Campaign Work Group as well as of its Public Outreach Task Force, and 

future outreach efforts will be developed as a consolidated effort.  

Action Plan Task Forces 

Thirteen action planning task forces are providing community and stakeholder input to the z 
CCBNEP CBBP, through the development of detailed action agendas for ecotourism/ 
recreational uses, public health, bay debris, brown tide/harmful algal blooms, habitat/living 
resources, dredging, freshwater resources/diversion, water/sediment quality, point source 
discharges, urban runoff, agricultural runoff, maritime issues, and public outreach. InJanuary 
1996, the first action planning workshop was held. Members of all the various task forces 
began initial discussions and preliminary goal-setting for the management plan. The NCB 
CRP project manager was on two of the task forces and facilitated the water/sediment quality 
breakout sessions. These informative sessions allowed for a great deal of information exchange.  
The CRP project manager was able to gain information on water quality concerns from 
people of diverse backgrounds. The recommendations provided in Chapter 7 are based on a 
consolidated effort of members of the Water/Sediment Quality Task Force who were present 
at this workshop.  

Bay Users' Guidebook 
The CCBNEP, with support from the CRP, is proposing to design and print the Bay Users' 
Guide to inform bay users about the geographical distribution of sensitive ecosystem 

components while also informing them where to enjoy bay uses. The guide will serve as a 
resource for promoting the protection of wetlands, submerged aquatic vegetation, oyster 
reefs, turtle nesting grounds, bird rookeries, and tidal flats and mudflats. It will also contain 
information about ecotourism industries such windsurfing, boating, fishing, and 
birdwatching. The guide will be a 22- by 34-inch sheet with a full-color map on one side and 
a two-color reverse side with a variety of information. The guide will be printed on recycled 
paper.
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OTHiER TNRCC OUREAH'R"GA 

0 Other TNRCC Outreach Programs 

Texas Watch Volunteer Environmental Monitoring Program 
This TNRCC program provides an opportunity for volunteers to monitor a wide variety of 

habitats including rivers, creeks, ponds, lakes, bays, bayous, and estuaries. Texas Watch 
volunteers have reported several environmental problems, such as leaking sewage lines, 

abandoned dump sites, and nutrient-enriched runoff.  

Many of the water bodies that volunteers monitor are being sampled and described for the 

U first time. Groups with approved TNRCC quality assurance/quality control (QA/QC) plans 
will have their data entered into the TNRCC surface water quality database. The data will 

be incorporated into the annual 305(b) water quality report for the state and the EPA.  
Q 

Texas Watch is very active in the Nueces basins. Since November 1991, over 150 volunteers 

have been certified in the Nueces River Basin, the Nueces-San Antonio Basin and the Nueces

Rio Grande Basin. A total of 132 of these volunteers test water quality in the Corpus Christi 
Estuary and its adjoining creeks and rivers within Nueces, San Patricio, Refugio and Aransas 

Counties. As well, there are 39 Texas Watchers (students who have been involved with 
Texas Watch but who are not yet certified to test water quality) in these counties. Most of 

the programs are education-based, with students and teachers receiving support from Texas 

Watch partners. The partners who support the Texas Watch program in these basins include 
the Coastal Bend Bays Foundation, Coastal Bend Council of Governments, KOCH-Tuloso 
Midway River Watch, San Antonio Bay Watch, Adopt-a-Wetland, Friends of the Frio, Gregory

Portland ISD and the Junior High Sea Stars, American Chrome and Chemicals, Moody 
High School, Grant Middle School, Texas State Aquarium, Welder Wildlife Foundation, 
Hoechst-Celanese, Bishop High School, Flour Bluff High School and Intermediate School, 

Cullen Middle School, the Skidmore Monitors, Jeff McFarland, and Norice Ann Coffey.  

During the last year, Texas Watch has concentrated on recruiting smaller communities in 
the Corpus Christi area to participate in an EPA NPS pollution program. Under this program, 

monitors will add the variables of the Urban Watch kit which tests for the presence and 

concentration of various NPS pollutants. Benthic macroinvertebrate sampling will also 

become a Texas Watch activity occurring in these project areas and may begin as early as the 

fall of 1996. The groups participating in this NPS program include the city of Ingleside, 
Aransas County Juniors, Rockport Fulton Senior High, and the Portland Watch.  

Map G in Appendix K shows the current sites that are monitored by Texas Watch volunteers 

as well as those sites that were monitored in the past.  

For more information about the Texas Watch Volunteer Environmental Monitoring Program, 

or to volunteer, contact TNRCC, Texas Watch, MC 150, P.O. Box 13087, Austin, Texas 78711
3087, or call the Texas Watch program at 512-239-4720.
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Household Hazardous Waste Collection Program 
The TNRCC provides funding and technical assistance for communities that wish to conduct 

household hazardous waste collections. One-day collections have been held across Texas 
since 1986. These collections are held for residents to dispose of unwanted or unusable 
hazardous household wastes safely and properly. Wastes include cleaners, pesticides, and 
fertilizers, which should not be disposed of in municipal landfills or poured into sinks or 

storm drains.  

The city of Corpus Christi is now accepting household hazardous waste at their permanent d 
collection facility on the last Saturday in January, April, July, and October. Residents are 
encouraged to dispose of their hazardous wastes on these days; the service is free of charge. o 
The funds to construct this facility came from a TNRCC household hazardous waste grant. ' 
The first collection was held at this facility November 13, 1993. A collection held April 27, 
1996, attracted 325 participants. Area residents brought in 9,200 pounds of hazardous z 
paint, 125 automotive batteries, 185 used tires, 174 used oil filters, and 1,050 gallons of 

waste oil.  

For additional information on the statewide Household Hazardous Waste Collection c 
Program, contact the Recycling Division of the Office of Pollution Prevention and Recycling, 
TNRCC, P.O. Box 13087, Austin, Texas 78711-3087, at (512) 239-6750 or the city of Corpus p 
Christi (512) 857-6284. Z 

Beach Cleanups 
Thousands of volunteers have participated in beach cleanups that are organized by the 

Center for Marine Conservation, the Texas General Land Office and the TNRCC in the 
spring and fall of each year. The next cleanups will be held in April and September of 1997.  
Contact the Texas General Land Office at 1-800-85-BEACH for more information.  

A tally of the items collected by more than 120 volunteers who cleaned 1.5 miles of beach at 
the TNRCC cleanup at Kleberg Beach May 18, 1996, included: 

Total plastic items collected: 5,465, including shotgun shells, toothbrushes and dolls 
Total of foam items collected: 935, including insulation and coolers 
Total of glass items collected: 1,065, including a weather thermometer 
Total of rubber items collected: 347, including jumper cables and thongs 
Total of metal items collected: 1,407, including door hinges, nails, and hangers 
Total of paper items collected: 551, including cigarette packages and lotto tickets 
Number of wood items collected: 159, including broom handles 
Number of clothing items collected: 75, including jeans, shoes, and socks 

Notable items included a bag of monosodium glutamate from Seoul, Korea, a Tyvek full
body suit, Polaroid photos, and a NOAA weather instrument. The trash collected filled 250 
plastic garbage bags.
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OnRTNRCC UTREACH PROGRAMS 

Texas Country Cleanup Program 
The purpose of the Texas Country Cleanup program, previously called the Empty Pesticide 
Container Recycling Program, is to extend to rural and agricultural communities the same 
recycling opportunities available in urban areas. The items recycled in this program currently 

W include empty pesticide containers, waste oil, oil filters, used batteries, and tires. The Texas 
Agricultural Extension Service is a co-sponsor of this program.  

z 
Three Texas Country Cleanups were conducted in the Nueces basins in March 1996 and the 
following items were picked up for recycling: 

- March 26, 1996, Sinton: 30 participants collected 2,620 empty pesticide 
containers, 2,363 passenger car tires, 223 tractor tires, 1,050 gallons of oil, 3,000 

Q oil filters, and 95 lead acid batteries 

- March 27, 1996, Robstown: 60 participants collected 2,077 empty pesticide 
containers, 1,305 passenger car tires, 180 tractor tires, 1,500 gallons of oil, 3,900 
oil filters, and 174 lead acid batteries 

- March 28, 1996, Ricardo: 24 participants collected 1,550 empty pesticide 
containers, 697 passenger car tires, 108 tractor tires, 1,200 gallons of oil, 1,125 oil 
filters, and 120 lead acid batteries 

An empty pesticide container collection was held October 9, 1995, in Sinton in which 11 
participants brought in 4,000 containers for recycling.  

Additional collections are scheduled in 1997. For more information, contact the Recycling 
Section of the TNRCC at (512) 239-6750, or contact your local county extension agent.
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MANAGING WATER QUAITY IN THE NCBF4 

CHATTER 7: 

RECOMMENDATIONS AND NECESSARY ACTIONS 
FOR MANAGING WATER QUALITY IN THE NCBs 

he quality of water within the Nueces Coastal Basins is essential to human health, 

aquatic life, and the economic vitality of the region. Point, nonpoint, natural, and 
human sources of pollutants as well as altered circulation in the bay system influence 

water quality. Potential water quality problems include the contamination of fish and shellfish, 

illnesses related to contact recreation, and the alteration of nutrient and salinity levels. As 
well, decreases in water transparency due to algal blooms and increased suspended sediments 0 
can adversely affect seagrasses and benthic communities. Maintaining and enhancing water 

quality will be one of the major ways to protect human health, to maintain the quality of the 
environment, and to preserve the quality and quantity of living resources within the bay 

system.  

Table 7.1: Goals for Managing Water Quality in the Nueces Coastal Basins 

1. Maintain and/or enhance water and sediment quality 

2. Assess trends in ambient water and sediment quality 

3. Identify and prioritize problem areas within the bay system 

4. Inform the public about water and sediment problems 

5. Identify point, nonpoint, natural, and human sources of pollutants and develop a 

management plan for affected areas 

6. Identify and reduce sources of conventional pollutants, toxic pollutants, and 

pathogens that adversely affect water quality 

7. Develop a long-term water/sediment quality monitoring program 

8. Identify workable and creative ways to treat or solve the problems 

9. Review and improve water/sediment quality standards and water quality management 
programs, while considering all stakeholder interests
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Table 7.2: Recommended Actions for Managing Water Quality 
in the Nueces Coastal Basins 

1. Establish a local database of all monitoring data including all state, federal, university, 
and private monitoring activities; wastewater permits limitations; freshwater releases; 

O and mariculture discharges. Document QA/QC and methodologies if possible, and 
make the information accessible through the Internet.  

2. Review and improve existing monitoring programs. Enhance existing programs within 
monitoring networks to address data gaps for water/sediment quality based on results 
of the status and trends characterization project. Utilize ongoing surveys by agencies 
and universities for long-term monitoring.to save funds and to reduce duplication.  

3. Collect additional biological, toxic substances, metals, rainfall, and streamflow data for 
future water quality analyses. Additional atmospheric deposition data would be useful, 
as modeling results indicate this contributes a significant portion of the loadings to 
Oso Bay.  

4. Rank identified contaminated areas and focus research and assessments in these areas.  

5. Continue and expand projects to characterize and to identify sources for point and 
nonpoint source pollution in the Nueces Coastal Basins. An updated land use 
coverage map is needed for future NPS assessments. There is a need for more water 
quality sampling sites in the agricultural watersheds to build an adequate database for 
support of agricultural EMC values. A study involving the collection of surface water 
and sediment samples may be needed to determine what constituents associated with 
marinas constitute a potential source of NPS pollution.  

6. Develop a plan for reducing pollutant loads for an affected part of the bay system.  

7. Encourage voluntary implementation of best management practices (BMPs) to 
minimize urban and agricultural nonpoint source pollutant loadings.  

8. Determine if the bay system is nutrient-rich or nutrient-deficient when compared to 
historical water quality. Determine the ability of the bay system to make adjustments.  

9. Study water quality conditions, especially bacteriological, as a result of septic systems, 
and increase enforcement of existing rules and regulations concerning septic systems.  
Consider conducting a septic system demonstration project.  

10. Review water quality standards, numerical criteria, and designated uses for each part of 
the bay system, and revise them as needed.  

11. Provide research results to the public, as well as periodic updates on water quality 
status as information becomes available.

12. Develop an informational brochure, booklet, or video for citizens in the bay system to 
describe how they can protect water quality and actively conserve water. Develop tools 
or kits for schools to educate students on water quality issues.
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APPENDIX A: 

TEXAS CLEAN RIVERS ACT 

SENATE BILL 818 Text 

ANACT 

relating to water quality and the establishment of water quality standards and the assessment and management 
of water quality and establishing the plumbing loan fund.  

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF TEXAS: 

SECTION 1. Subchapter B, Chapter 26, Water Code, is amended by adding Section 26.0135 to read as follows: 
Sec. 26.0135. REGIONAL ASSESSMENT OF WATER QUALITY BY WATERSHED/RIVER BASIN.  

(a) The commission shall ensure the comprehensive regional assessment of water quality in each watershed 
and river basin of the state. In order to conserve public funds and avoid duplication of effort, river 
authorities shall, to the greatest extent possible and under the supervision of the commission, conduct 
regional assessments of their own watersheds. The commission, either directly or through cooperative 
agreements and contracts with local governments, shall conduct regional assessments of watersheds 
where a river authority is unable to perform an adequate assessment of its own watershed. The 
assessment must include a review of wastewater discharges, nonpoint source pollution, nutrient loading, 
toxic materials, biological health of aquatic life, public education and involvement in water quality 
issues, local and regional pollution prevention efforts, and other factors that affect water quality 
within the watershed. The assessment shall also review any significant regulatory or enforcement 
issues affecting the watershed. The assessment required by this section is a continuing duty, and the 
assessment shall be revised as necessary to show changes in the factors subject to assessment.  

(b) In order to assist in the coordination and development of assessments and reports required by this 
section, a river authority shall organize and lead a basinwide steering committee that includes 
representatives from all appropriate state agencies, political subdivisions, and other governmental 
bodies with an interest in water quality matters of the watershed or river basin. Each committee 
member shall help identify significant water quality issues within the basin and shall make available to 
the river authority all relevant water quality data held by the represented entities. A river authority 
shall also develop a public input process that provides for meaningful comments and review by private 
citizens and organizations on each regional assessment and report.  

(c) The purpose of the assessment required by this section is not to mandate exhaustive and detailed 
water quality studies, but rather to identify significant issues affecting water quality within each 
watershed and river basin of the state and to provide sufficient information for the commission, river 
authorities, and other governmental bodies to take appropriate corrective action necessary to maintain 
and improve the quality of the state's water resources. The commission shall establish by rule the 
level of detail required for each watershed and river basin assessment.  

(d) On or before October 1 of each even-numbered year, each river authority shall report in writing to 
the governor, commission, and Parks and Wildlife Department on the water quality assessment of the 
authority's watershed, including an identification of any significant regulatory or enforcement issues, 
and on any actions taken by the authority and other local governments to improve water quality 
within the authority's watershed. The assessment report must identify each legal, administrative, 
economic, or other impediment to further water quality efforts by the authority and local governments.  
The commission shall then prepare a report that summarizes each river authority's assessment report, 
describes the commission's regional water quality assessment efforts, and lists the commission's past 
and proposed actions for improving water quality within the watersheds subject to such assessments.  
The commission shall submit its report, along with the commission's comments and recommendations
on regional water quality management, to the governor, the lieutenant governor, and the speaker of 
the house of representatives on or before December 1 of each even-numbered year.
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(e) Each local government within the watershed of a river authority shall cooperate in making the 
assessment under Subsection (a) of this section and in preparing the report by providing to the river 
authority all information available to the local government about water quality within the jurisdiction 
of the local government, including the extraterritorial jurisdiction of a municipality. Nothing in this 
section shall be construed to limit or increase the authority or obligations of a municipality in regard 
to water pollution control and abatement programs described by Section 26.177 of this code.  

(f) If more than one river authority is located in a watershed, all river authorities within the watershed 
shall cooperate in making the assessments and preparing the reports.  

(g) For purposes of this section, solid waste and solid waste management shall have the same meaning as 
in Chapter 361, Health and Safety Code. Each river authority and local government is authorized 
and encouraged, but not required, to manage solid waste and to facilitate and promote programs for 
the collection and disposal of household consumer and agricultural products which contain hazardous 
constituents or hazardous substances and which, when disposed of improperly, represent a threat of 
contamination to the water resources of the state. Such programs may include the establishment of 
a permanent collection site, mobile collection sites, periodic collection events, or other methods 
which a river authority or local government may deem effective.  

(h) The Texas Water Commission shall apportion, assess, and recover the reasonable costs of administering 
water quality management programs under this section from all users of water and wastewater permit 
holders in the watershed according to the records of the commission generally in proportion to their 
right, through permit or contract, to use water from and discharge wastewater in the watershed. The 
cost to river authorities and others to conduct regional water quality assessments shall be subject to 
prior review and approval by the commission as to methods of allocation and total amount to be 
recovered. The commission shall adopt rules to supervise and implement the water quality assessment 
and associated costs. The rules shall ensure that water users and wastewater dischargers to not pay 
excessive amounts, that a river authority may recover no more than the actual costs of administering 
the water quality management programs called for in this section, and that no municipality shall be 
assessed cost for any efforts that duplicate water quality management activities described in Section 
26.177 of this chapter.  

(i) In this section, "river authority" means: 
(1). a river authority as defined by Section 30.003 of this code that includes 10 or more 

counties; and 
(2) any other river authority or special district created under Article III, Section 52, 

Subsection (b)(1) or (2), or Article XVI, Section 59, of the Texas Constitution that is 
designated by rule of the commission to comply with this section.  

SECTION 2. Subchapter B, Chapter 26, Water Code, is amended by adding Section 26.0136 to read as follows: 
Sec. 26.0136. REGIONAL WATER QUALITY IMPLEMENTATION.  

The commission is the agency with primary responsibility for implementation of regional water quality 
management functions, including enforcement actions, within the state. The commission by rule 
shall coordinate the water quality responsibilities of river authorities within each watershed and shall, 
where appropriate, delegate water quality functions to local governments under Section 26.175 of 
this code. Nothing in this section is intended to enlarge, diminish, or supersede the water quality 
powers, including enforcement authority, authorized by law for river authorities, the State Soil and 
Water Conservation Board, and local governments. For purposes of this section, river authority shall 
have the same meaning as that contained in Section 26.0135(i) of this code.  

SECTION 3. Section 26.023, Water Code, is amended to read as follows: 
Sec. 26.023. WATER QUALITY STANDARDS.  

The commission by rule shall set water quality standards for the water in the state and may amend the 
standards from time to time. The commission has the sole and exclusive authority to set water quality 
standards for all water in the state. The commission shall consider the existence and effects of nonpoint
source pollution, toxic materials, and nutrient loading in developing water quality standards and 
related waste load models for water quality.
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SECTION 4. Subchapter B, Chapter 26, Water Code, is amended by adding Section 26.0285 to read as follows: 
Sec. 26.0285. EXPIRATION OF PERMITS WITHIN THE SAME WATERSHED.  

The commission shall, to the greatest extent practicable, require that all permits for the discharge of 
waste within a single watershed or within a region of a single watershed contain the same expiration 
date. The commission shall adopt and implement procedures for the simultaneous review and renewal 
of all those permits within a watershed or region of a watershed. The purpose of the review is to 
require comprehensive evaluation of the combined effects of permitted discharges on water quality 
within the watershed and to facilitate the receipt of information from the public and other entities 
affected by those discharges.  

SECTION 5. Subchapter E, Chapter 26, Water Code, is amended by adding Section 26.178 to read as follows: 
Sec. 26.178. FINANCIAL ASSISTANCE DEPENDENT ON WATER QUALITY PROGRAMS.  

All financial assistance from the board to a city having a population of 5,000 or more inhabitants shall 
be conditioned on the city submitting to the commission for review and in accordance with rules and 
submission schedules promulgated by the commission a water pollution control and abatement program 
as required by Section 26.177 of this code. The board may award grants from the research and 
planning fund of the water assistance fund to river authorities seeking such funds for purposes of 
performing regional water quality assessments described in Section 26.0135 of this code.  

SECTION 6. Chapter 15, Water Code, is amended by adding Subchapter L to read as follows: 
SUBCHAPTER L. PLUMBING IMPROVEMENT LOANS 
Sec. 15.731. DEFINITIONS. In this subchapter: 

(1) "Fund" means the plumbing loan fund.  
(2) "Plumbing assistance loan" means a loan provided by the board to a political subdivision for the 

political subdivision's plumbing improvement loan program.  
(3) "Plumbing improvement loan" means a loan provided by a political subdivision to an individual 

under this subchapter.  
(4) "Political subdivision" means a county, a municipality, a nonprofit member-owned, member-controlled 

water supply corporation organized and operating under Chapter 76, Acts of the 43rd Legislature, 1st 
Called Session, 1933 (Article 1434a, Vernon's Texas Civil Statutes), or a district or authority created 
and operating under Article III, Section 52, or Article XVI, Section 59, of the Texas Constitution.  

(5) "Water conservation" has the meaning assigned by Section 1.921 of this code.  
Sec. 15.732. PLUMBING LOAN FUND.  

(a) The plumbing loan fund is created.  
(b) The fund is held separately from other funds outside the state treasury. The board shall keep and 

maintain the fund and any accounts established in the fund.  
(c) At the direction of the board, the fund or accounts in the fund may be kept and held in escrow and 

in trust by the state treasurer for and on behalf of the board. If the fund or accounts in the fund are 
held in escrow and in trust by the state treasurer, the fund or accounts may be used only as provided 
by this subchapter and, pending their use, shall be invested in authorized investments as provided 
by any order, resolution, or rule of the board.  

(d) Legal title to money and investments in the fund is in the board unless or until paid out as provided 
by this subchapter or rules of the board.  

(e) The state treasurer, as custodian, shall administer the funds strictly and solely as provided by this 
subchapter and in the orders, resolutions, and rules of the board, and the state shall take no action 
with respect to the fund other than that specified in this subchapter, an agreement made with the 
Environmental Protection Agency or another federal agency, applicable federal requirements, and 
the rules of the board.  

Sec. 15.733. ADMINISTRATION AND OPERATION OF FUND.  
(a) The board shall administer the fund in accordance with state law, rules of the board, and any federal 

requirements imposed because of a grant of money to the fund by an agency of the federal government.  
(b) The board may execute agreements with the Environmental Protection Agency or any other federal

agency to establish and administer the fund and may discharge the duties and responsibilities required 
for the administration ofthe fund.



(c) The fund consists of money derived from federal grants, from earnings on the investment of money 
credited to the fund, and, at the board's discretion, from any other available source.  

(d) The board shall deposit money received for repayment of a plumbing assistance loan made to a 
political subdivision in the fund.  

(e) At the direction of the governor, any money in the fund may be transferred to the state water pollution 
control revolving fund under Subchapter J of this chapter.  

(f) The fund remains available in perpetuity for providing loans under this subchapter, except to the 
extent that the fund may be reduced or eliminated as provided by this subchapter.  

Sec. 15.734. USE OF FUND.  
The board may use money in the fund, unless prohibited by an agreement made with a federal 

agency under this subchapter, to: 
(1) make a plumbing assistance loan; 
(2) administer the fund; and 
(3) grant or lend money to a political subdivision to defray the political subdivision's expenses 

incurred in administering a plumbing improvement loan program.  
Sec. 15.735. APPLICATION SUBMISSION AND APPROVAL.  

(a) A political subdivision located in the county of Brewster, Cameron, El Paso, Hidalgo, Hudspeth, 
Maverick, Presidio, Starr, Terrell, Val Verde, Webb, or Zapata in which residences do not have water or 
wastewater facilities that meet minimum standards established by the Texas Department of Health or 
the Texas Water Commission or in any other area designated by federal law to benefit from the fund 
may submit to the board an application for a plumbing assistance loan in accordance with rules 
adopted by the board. The application must include: 

(1) the legal name of the political subdivision and a citation to the law under which it operates 
and was created; 

(2) a description of the water conservation methods to be used in the provision of water and 
wastewater service in the area the political subdivision proposes to affect by its plumbing 

improvement loan program; 
(3) a map showing the location of the area the political subdivision proposes to affect by its 

plumbing improvement loan program; 
(4) a description of the subdivision's proposed plumbing improvement loan program; and 
(5) other information as required by board rule.  

(b) The board may approve a plumbing assistance loan to a political subdivision only if the political 
subdivision is in a county that has adopted the model rules developed under Section 16.343 of this 
code. The board may approve a plumbing assistance loan to a municipality only if the municipality 
has adopted the model rules developed under Section 16.343 of this code.  

(c) The board may approve a plumbing assistance loan to a political subdivision only if the political 
subdivision is, or is in an area within the jurisdiction of, an authorized agent of the Texas Department 
of Health under Subchapter C, Chapter 366, Health and Safety Code.  

(d) The board may not approve an application for a plumbing assistance loan to a political subdivision 
unless the board finds that the political subdivision is financially capable of managing a plumbing 
improvement loan program and that the public interest will be served by the plumbing assistance 
loan.  

(e) The board shall set interest rates to be charged to political subdivisions on plumbing assistance loans.  
Sec. 15.736. POLITICAL SUBDIVISION PLUMBING IMPROVEMENT LOAN PROGRAM 
ADMINISTRATION; PLUMBING ASSISTANCE LOAN REPAYMENT.  

(a) A political subdivision that receives a plumbing assistance loan shall establish and administer a program 
to make plumbing improvement loans to individuals at an interest rate lower than the current market 
rate, including charging no interest.  

(b) A political subdivision may use the proceeds from a plumbing assistance loan to make a plumbing 
improvement loan to be used to pay: 

(1) costs to connect a residence to a water distribution system; 
(2) costs to provide yard service connections;

(3) costs to provide a residence with indoor plumbing facilities and fixtures; 
(4) costs of connecting a residence to a sewer collection system or of providing a residence with
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a suitable on-site wastewater disposal system for the residence to meet applicable county or 
municipal code requirements; 

(5) costs of building improvements or correction of building deficiencies necessary to allow 

plumbing to be installed in a residence; 
(6) necessary connection fees and permit fees; or 
(7) necessary costs of design related to plumbing improvements.  

(c) The political subdivision shall repay its plumbing assistance loan from the money it receives as repayment 
of plumbing improvements loans it has made. To the extent the political subdivision is unable to 
collect the payments on its plumbing improvement loans made from the proceeds of a plumbing 
assistance loan, the political subdivision is not obligated to repay a plumbing assistance loan.  

(d) A political subdivision shall use all reasonable means to collect payments on plumbing improvement 
loans. The board may bring a mandamus action in a district court in Travis County or may use any 
other legal means to compel a political subdivision to take action to collect plumbing improvement 
loan payments.  

Sec. 15.737. RULES.  
The board may adopt rules necessary to carry out this subchapter.  

SECTION 7. The Texas Water Commission and Texas Water Development Board shall adopt rules within 180 
days after the effective date of this Act to carry out the water quality protection purposes required of those 
agencies by this Act.  

SECTION 8. This Act shall be known as the Texas Clean Rivers Act.  

SECTION 9. The importance of this legislation and the crowded condition of the calendars in both houses 
create an emergency and an imperative public necessity that the constitutional rule requiring bills to be read 
Act take effect and be in force from and after its passage, and it is so enacted.
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APPENDIX B: 

FY 1995-1996 WORK PLAN 

TASK 1: Project Administration 

Objective: Manage all internal administrative functions required to support the basin assessment process, 
including management of contracts, development of work plans, timely voucher submittal 
with progress reports, basin highlights reports, biennial assessment reports, conducting steering 
committee and public meetings and participation in conference calls and task forces.  

Task Methodology: 

" develop workplans for FY 96-97 and FY 98-99 
" administer contracts for Dr. G. Ward (Steps 5&6 analysis), Dr. Maidment (NPS study), CMS at 

TAMU-CC (data management), and possibly for the King Ranch study 
" participate in CCBNEP meetings and task forces, monitoring workshops and advisory meetings for 

the King Ranch studies 

The Nueces Coastal Basins Project Manager, in cooperation with the CCBNEP Program Administrator, will 
process all administrative paperwork for the project. This will include the contracting of various entities to 
assist in the management and analysis of current and historical data, as well as the contracts for various non
point source studies in the coastal basins. In addition, the Nueces Coastal Basins Project Manager will develop 
FY96-97 and FY98-99 workplans, participate in State of the Basin Meetings, Monitoring Workshops, Technical 
Advisory Committee Meetings, CCBNEP Task Force Meetings and sit on Advisory Panels for Nueces Basins 
Non-point Source Projects.  

TASK 2: Maintain and Analyze Current and Historic Water Quality Data 

Objectives: Complete Steps 5 and 6 of analysis of water quality data analysis program, incorporating other 
water quality data as available. Provide a comprehensive assessment of basin water quality 

that includes an evaluation of current and historic data and watershed inventory information.  
Assess non-point source pollution loadings from the coastal basins to the receiving water 
bodies.  

Task Methodology: 

" Dr. George Ward's analysis of the Current Status and Historical Trends in Ambient Water, 
Sediment, Fish and Shellfish Tissue Quality (draft is due June '95) 

" Dr. Maidment's Watershed Characterization of the San Antonio-Nueces Coastal Basin through GIS 

Digital Grid Operations (draft is due July '95) 

The Corpus Christi Bay National Estuary Program (CCBNEP) has contracted the University of Texas to assess 

the current status and historical trends in ambient water, sediment, fish and shellfish quality of the CCBNEP 
Study Area. The CRP will supplement this contract to expand the study area so it is inclusive of both coastal 
basins and will satisfy the requirements for Steps 5 and 6.  

This will be a very intensive study combining data sets from a large variety of sources into a comprehensive 
computer-manipulable data base. Sources of data will include TNRCC Surface Water Quality Monitoring, 
TPWD, TDH, TWDB and the Corps of Engineers to name a few. As part of the compilation procedure, the 
data quality and differences in agency objectives and procedures will be assessed.
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Over 150 water quality parameters will be included in the database. Water quality study parameters by category 
will include, but not be limited to, both total and dissolved nitrogen and phosphorus, heavy metals, pesticides, 
herbicides, and priority pollutants, chlorophyll a, bacteria and bacterial indicators, hydrocarbon indicators, as 
well as traditional water quality indicators including dissolved oxygen, biochemical oxygen demand, total 
organic carbon, salinity, conductivity, turbidity, temperature and pH. In addition, sediment toxicity and texture 
will be studied, and fish and shellfish tissue concentrations of for pesticides and metals will be assessed.  

The general means and extremes of each parameter will be compared to the Texas Water Quality Standards 
or EPA criteria. Water quality aggregation will be carried out both by TNRCC Segment and by hydrographic 
area, to produce statistical characterization and trend analyses for each aggregation. Particular problem areas 
will be identified and assessed with respect to frequency, seasonality and flow where possible. Following the 
statistical analysis of the data base to characterize the spatio-temporal variation in water quality of the Nueces 
Coastal Basins, an attempt will be made to identify probable causes and to infer cause-and-effect relations.  

A final report will be produced with appropriate maps, graphs and tables for inclusion in the basin assessment 
report.  

In addition, an assessment of non-point source pollution loadings within the San Antonio-Nueces Coastal 
Basin will be completed in FY96 through GIS digital grid operations. The Clean Rivers Program has contracted 
the University of Texas to accomplish the non-point source assessment. All gauging stations and flow sampling 
points in the basin will be identified and their drainage areas will be delineated. From this the mean discharge 
per unit area can be determined. By comparing the mean discharge per unit areas to the mean annual and 
monthly precipitation, the mean annual and monthly discharge per unit area will be determined for the 
basin. Then the mean loading rate for each unit area can be estimated by combining the discharge, land use, 
and soils data with literature-based coefficients for non-point source loading rates. Land-use classifications of 
this basin will be integrated in a GIS with hydrologic, topographic and soil data to derive unit pollutant export 
coefficients of each parcel. These parcel pollutant production rates will then be summed to calculate total 
pollutant loadings to the receiving water bodies. It has been requested that Dr. Maidment develop this model 
into an interactive program so that it can be applied to the Nueces- Rio Grande Basin and to other basins. A 
final report will be produced with appropriate maps, graphs and tables for inclusion in the basin assessment 
report.  

TASK 3: Maintain Data Clearinghouse for-Watershed Inventory 

Objectives: Ensure that basin water quality data are collected, transferred to TNRCC and managed in an 
efficient manner. Ensure accessibility of data to the public. Continue to inventory and maintain 
a database of: 

- SWQM Data 
- Land use information 
- Municipal and Industrial permits 
- Stormwater permits 
- Population data by basin, subwatershed, and municipalities 
- AST's and UST's that could contribute to pollution 
- Solid waste disposal and superfund sites 
- Water Rights Permits 
- Wells that could lead to pollution 
- On-site disposal facilities 

Begin to verify locational information using GPS. Continue to include these inventories in 
baseline surface and ground water maps, making this information available to the TNRCC 
and the public. Continue to identify specific areas that appear to present the greatest threat 
to surface or ground water resources within the watersheds.
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Task Methodology: 

The Nueces River Authority (NRA) has contracted with Texas A&M University - Corpus Christi (TAMU-CC) to 

develop, implement, and maintain the data management program for the Nueces Basin. Arrangements have 
been made with the NRA to have TAMU-CC provide these services for the Nueces Coastal Basins as well.  

TAMU-CC will receive all water quality data collected within the study area, process these data in accordance 
with the approved data management plan, maintain the data electronically, and make the data available to 
interested parties upon request.  

TAMU-CC is also developing a geographical information system (GIS) for the study area. TAMU-CC will 
begin placing the water quality station information, water quality data, and wastewater discharger information 
in the GIS.  

TASK 4: Conduct Basin Water Quality Monitoring Program 

Objectives: Conduct basin monitoring activities in accordance with an approved sampling plan and quality 
assurance project plan that contains a monitoring schedule, parameters and sampling 
locations. This plan will involve coordination with existing monitoring programs and include, 
to the extent possible, all interested partners in data collection efforts. It will also incorporate 
the monitoring efforts of volunteer monitoring groups within the basin. The approved plan 
will minimize duplicative monitoring efforts within the basin, and focus on watershed coverage 
that provides water quality data to support: 

" analysis of trends by watershed 
- evaluation of unclassified waterbodies 
- focusing on areas of concern 
" standards implementation 
- non-point source assessments 

1994 Assessment Report Conclusions: 

The following were recommendations in the 1994 Regional Assessment of Water Quality in the Nueces Coastal 
Basins and will be addressed in the basinwide monitoring plan.  

" refining of spatial and temporal distribution of WQ monitoring stations would improve the ability 
to assess WQ 

" Future analyses need toxic substance data to expand the screening analysis 
" Long term flow data at all stream monitoring sites are needed to assess pollution 
" More emphasis is needed on the collection of biological data across a variety of seasons and 

locations 
" Much of the existing data are in incompatible formats and cover inconsistent periods of record 

Task Methodology: 

- the timeline will be based on the CCBNEP schedule, so the preliminary monitoring plan will be 
completed in FY97 

A basinwide monitoring plan will be produced by the Nueces Coastal Basins Project Manger and will be 
submitted for approval. It will detail the methodology by which a monitoring program will be implemented 
and maintained, which will be compliant with the TNRCC guidance, and which will fulfill informational needs

of the Nueces Coastal Basins.



The following will be primary components of the basinwide monitoring plan:

" Conduct a survey of, and catalogue the current monitoring efforts within the Nueces Coastal Basins 
" Assess.data gaps identified by Dr. George Ward in his 'Status and Trends' report 
" Integrate the survey and analysis of current efforts to produce a plan that fits the needs of both the 

CCBNEP and the CRP 
" Evaluate what is necessary to improve long-term assessment capability 
" Reduce overlap in monitoring efforts by coordinating TNRCC SWQM staff, volunteer monitoring 

groups and other basin monitoring entities identified through the survey 
" Investigate areas with water quality concerns and insufficient data as identified by the 1994 

assessment report, segment ranking, monitoring surveys and Dr. George Ward's analysis 
" In particular, assess options for obtaining additional flow, toxicity and biological data 
" Look at long term action plan and statewide monitoring objectives (Appendix 7) and discuss with 

Steering Committee for additional inputs 

It is anticipated that the plan will include three basic components. The first component will be fixed station 
sampling. It is proposed that each segment within the coastal basins would be monitored on a quarterly basis 
to increase the availability of baseline data. The fixed station monitoring will include conventional parameters 
and nutrient data, as well as dissolved metals and total mercury data at select stations. The second component 
will be systematic watershed monitoring. Its intention will be to provide a systematic approach to screening 
each of the basins for water quality concerns over an extended period of time. It is anticipated that the 
monitoring will include conventional parameters, nutrients, and selected priority pollutants, as well as a 
biological data collection component. The third component would be targeted monitoring in response to 
citizen complaints and to support the TNRCC permitting process (covered in task 5).  

The Project manager will meet with representatives from the TNRCC Regional Office, USGS, volunteer 
monitoring groups, and any other entities monitoring in the coastal basins in order to minimize duplicative 
efforts within the basin and to coordinate the determination of appropriate locations and sampling methods 
for all monitoring stations. A proposed sampling regime will be developed for the fixed station monitoring, 
the systematic watershed monitoring, and the targeted monitoring component. It will include the frequency 
of sampling events, parameters measured, entities conducting the sampling and sampling methods to be 
employed. Maps locating the existing monitoring stations and the proposed sampling sites will be included 
and the distribution of budget funds will be determined.  

TASK 5: Targeted Monitoring Program to Support the Permitting Process 

Objectives: Conduct targeted monitoring of priority wastewater dischargers within the Coastal Basins to 
support the TNRCC permitting process. Perform site-specific assessments in advance of permit 
issuance.  

Task Methodology: 

- Appendix 8 identifies the need for additional information on the receiving waters for 3 permits in 
the Nueces Coastal Basins 

- Consider helping support the collection of baseline data for the City of Corpus Christi's Allison 
Wastewater Effluent Diversion Project, or possibly the analysis of data for their use attainability 
analysis on the Nueces River 

- Discuss with Steering Committee to seek input on additional projects that could be considered 
under this task 

As a component of the basinwide monitoring program (Task 4), targeted monitoring will concentrate on flow 
and biological data collection in support of the permitting process and non-point source identifications within 
the Nueces coastal basins. Site-specific assessments will be performed on receiving streams of TNRCC priority 
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wastewater discharges. The Project Manager will work with the TNRCC Standards and Toxicity teams to 

determine the receiving waters and stream characteristics which will need to be studied. Permittees due for 

review who were assessed with having a perennial stream in their discharge are listed in the FY96-97 Program 

Guidance Appendix 8, titled the 'Surface Water Quality Standards Team Priority List'. The priority dischargers 

in the Nueces Coastal Basins include the City of Ingleside, the City of Portland, and the City of Bishop. The 

assessments on these priority discharger's receiving streams may include the following: 

" Determination of stream type characteristics (intermittent vs. perennial), including monthly/ 

(quarterly) measurements of stream flow or visual observation (with photographs), especially 
during summer months 

" Measurements of natural dissolved oxygen concentrations 

" Receiving water assessments of aquatic life (Assessments of biological community structure and 
health) 

" Identification, through interaction with wastewater permittees, of any problems and data needs 

that may arise upon their next permit renewal 

The CRP is also considering a request from the City of Corpus Christi to assist in the collection of baseline data 

for their Allison Wastewater Effluent Diversion Demonstration Project. This project will attempt to establish 

that treated wastewater from the City of Corpus Christi can be used to increase the primary productivity and 
productivity of fisheries in the Nueces River Delta (Rincon Delta).  

The Nueces River Delta consists of more than 13,220 acres of wetland marshes, mudflats, and open water 

areas; however, its annual net primary (plant) productivity has been estimated to be only 60% to 70% of that 
measured in two nearby river deltas, primarily as a result of a lack of nutrient and freshwater input. Due to 

channelization and man-made diversions, the Nueces River no longer inundates its delta with beneficial 

freshwater, nutrients and sediments, except during floods.  

The City of Corpus Christi has proposed a wetland demonstration project which will use 2.8 MGD of treated 

wastewater discharges from the Allison Treatment Plant as a supplemental source of freshwater inflows for 

ecological maintenance and enhancement. A monitoring program to collect baseline data will start a minimum 

of 3 months before treated wastewater is delivered into the receiving stream. Dr. Terry Whitledge will be 

heading up this project and would like to start monitoring in January 1996.  

TASK 6: Identify and Prioritize Water Quality Concerns and Causes of Pollution 

Objectives: Identify existing or potential water quality concerns that could adversely affect human health, 

aquatic and terrestrial life. Identify pollution concerns from toxic chemicals, point and non

point sources, excessive nutrient concentrations and aquatic vegetation, and other causal 
factors. Identify segment designated uses and known or potential impairments to use. Conduct 

a ranking of water quality by segment/watershed.  

Task Methodology: 

The Project Manager will conduct a ranking of water quality by segment for the Nueces Coastal Basins. The 

ranking will be conducted in accordance with methods approved and provided by the TNRCC and will be 

reviewed by the Steering Committee. It intended that this ranking will provide a basis for the prioritizing the 

funding of monitoring activities associated with the development of a basinwide monitoring plan in Task 4.  

Information obtained through additional monitoring will then be used to confirm or refute the previously 

identified potential concerns.

The analysis of data, conducted under Task 2, will identify water quality concerns within designated segments 
of the Nueces Coastal Basins. Additionally, input solicited from Steering Committee meetings and Public Outreach 

efforts will further identify and validate concerns and potential impairments to segment designated uses. This
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may lead to the recommendation that certain water quality standards be re-examined, which would be coordinated 
with the TNRCC Water Quality Standards Team. The results will be presented in the assessment reports.  

TASK 7: Promote Public Outreach and Involvement 

Objectives: Continue to enhance public access to the regional water quality assessment process by 
developing a variety of outreach strategies, including specific methods to reach key target 
audiences. Promote public involvement through steering committees and other public forums 
designed to permit citizens to contribute their ideas and concerns to the assessment process.  
Promote public awareness of: 

- Opportunities for public input 
- Water quality concerns and protection efforts 
" TNRCC activities that affect the basin (Permits, waste load evaluations, standards, 

etc.) 
- Household hazardous waste collection 

Task Methodology: 

The Project Manager will encourage meaningful public involvement and education while increasing awareness 
of water quality in all three Nueces basins, including the Nueces Basin, the San-Antonio-Nueces Basin and the 
Nueces-Rio Grande Basin. The Steering Committee Meetings will solicit public input and involvement in the 
development of the Nueces and Coastal Basins workplan , monitoring plan, and the 1996 assessment report.  
Outreach materials will be developed and resources organized as needed to foster greater public understanding 
of the status and threats to water resources. CRP public outreach efforts will be coordinated with CCBNEP, 
the City of Corpus Christi and the TNRCC Regional Office.  

Methods to be employed under this task will include: 

" assisting with Bayfest and similar outreach opportunities in cooperation with the 
" CCBNEP, distributing CRP outreach materials from a public information booth 
- developing and acquiring water conservation and preservation outreach materials to distribute to 

basin residents 
" encouraging local businesses to promote public water conservation practices 
" publishing articles in the CCBNEP newsletters, 'Around the Bend', and running newspaper articles 

on water quality and CRP updates 
" encouraging volunteer citizen monitoring 
" bookmarks with basin specific phone numbers and helpful hints may be produced and publicly 

distributed 
" consider coordinating trash pick-up events in the Nueces River or coastal area 
" consider sponsoring the Friends of the Frio as a volunteer monitoring group 

TASK 8: Promote Water Conservation 

Objectives: Continue to promote water conservation measures and water conservation management plans 
within the basin. Promote water conservation education in the public schools. Identify and 
maintain an inventory of existing water conservation measures and management plans within 
the basin.  

Task Methodology:
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Although this task has been prioritized for the 1998 assessment period, prevailing surface water shortages 
warrant the continued promotion of water conservation measures.  

The CRP proposes to include water conservation education as an element of public outreach under Task 7 
and to provide the distribution of educational materials to residents in the coastal basin areas. Water b 
conservation materials will be prepared and acquired, then made available to the public at events such as 
Bayfest and environmental conferences. Materials will focus on effective tips that may be used by the individual 
to conserve water, such as the use of retrofit devices and landscaping ideas that reduce water use. Local 
businesses will be encouraged to promote public water conservation. A method to employ this which is 
currently being considered is to distribute cards in the rooms of local hotels that remind guests to conserve 
water and allow them to decide for themselves whether its necessary to have all of their personal sheets and 
towels changed every day.  

TASK 9: Assess the Potential for Water Pollution From Ground Water-Surface Water Interactions 

Objectives: Develop a plan to assess the potential for surface water and ground water to contaminate one 
another through commingling of sources.  

Task Methodology: 

This task has been prioritized for the 1998 assessment period. Until enough water quality data have been 
acquired to adequately characterize the water quality in the coastal basins, the CRP does not propose specific 
tasks to assess the potential for pollution from ground water to surface water interactions.  

TASK 10: Perform Watershed-Specific Priority Task 

Objectives: Baffin Bay and the Laguna Madre estuary system have experienced a persistent brown tide 
algae bloom since the spring of 1990, which threatens the biological productivity of the system.  
The cause of the bloom and its relation to NPS inputs is uncertain. Knowledge of the NPS 
loadings to the estuary is essential for determining the relation between NPS loadings and 
estuary health and to aid in the development of a plan to manage and protect the area's 
estuarine resources. The Project Manager will keep the public informed on current studies 
to assess NPS loadings to Baffin Bay and to Laguna Madre, and will participate on the technical 
advisory panels for such studies.  

Task Methodology: 

One of the potential components of nutrient and other constituent loadings to Baffin Bay and eventually to 
the Laguna Madre includes loadings from agricultural lands in the area. The King Ranch is currently intensively 
farming approximately 60,000 acres of croplands adjacent to Baffin Bay. Information on the quantity and 
water quality of the runoff from these croplands is minimal. To help provide this information, and assist in the 
development of a management plan, the Texas A&M University Agricultural Research and Extension Center 
has been contracted to characterize the loadings of nutrients, pesticides, and other selected constituents 
originating from croplands that drain to Baffin Bay. The objectives of their study will be to: 

" Define and describe the general hydrologic setting of the croplands.  
" Establish a comprehensive surface-water quality monitoring program to determine the quantity and 

quality of surface runoff entering and exiting the croplands.  
" Estimate the total annual loadings for selected constituents Baffin Bay from the study watershed. Also,
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estimate the net contribution from the croplands to the bay (total loads into bay minus loads entering 
croplands from upstream).  

- Determine if trends in loadings can be observed and related to specific cropping practices or 
seasonal variations.  

An additional study has been contracted by the CCBNEP with the University of Texas at Austin Marine Science 
Institute (UTMSI) for an analysis of Agricultural Non-point Source runoff to Baffin Bay and its possible effect 
on the brown tide phytoplankton bloom. This study will collect edge of bay runoff samples for chemical 
analyses that target the same analytes as the Texas A&M Agricultural Extension runoff study. Field activities 
will be coordinated with those of the Texas A&M Agricultural Extension project. The objectives of the 
UTMSI study will be to: 

" Characterize the basic water quality at freshwater discharge points in the upper Alazan and Cayo 
del Grullo Embayments and determine of the concentrations of nutrients and other chemical 
constituents.  

" Study the response of brown tide algae and other phytoplankton assemblages to freshwater pulses 
coming from the King Ranch drainage basin via Petronila Creek.  

" Determine zooplankton grazing rates on brown tide algae in recently discharged runoff water from 
the King Ranch drainage basin 

" Measure the response of meiofauna in brown tide waters that have recently received runoff water 
from the King Ranch drainage basin 

" Determine the stable nitrogen and carbon isotope ratios of nitrate, ammonium and particulate 
organic matter in freshwater discharged into upper Alazan and Cayo de Grullo Embayments.  
Estimates of carbon and nitrogen will be obtained for seagrasses, macroalgae and the pelagic
benthic food webs in the Baffin Bay complex.  

A comprehensive report will be prepared that includes the results of both the Texas A&M Agricultural Extension 
runoff study and the UTMSI study. The CRP Project Manager will participate on the Technical Advisory Panel 
for these projects and will include updates on these projects in the basin assessment reports.  

TASK 11: Basin Assessment Report 

Objectives: Provide a comprehensive assessment of basin water quality that includes an evaluation of 
current and historic data and watershed inventory information relating pollution to causal 
factors, public concerns, and efforts to address water quality issues within the basin. It should 
identify point and non-point source impacts to water quality. The report should prioritize 
water quality concerns within the basin, and evaluate the program's effectiveness in providing 
benefits to the public and fee-payers, including a summary of efforts to provide site-specific 
information to support permit requirements.  

Task Methodology: 

The Nueces Coastal Basins Project Manger will prepare a Biannual Basin Water Quality Assessment report 
that will summarize the results obtained through the completion of Tasks 1 through 10. It is anticipated that 
this will include: 

" Dr. George Ward's findings from his analysis of the Current Status and Trends in Ambient Water, 
Sediment, Fish and Shellfish Tissue Quality 

" Dr. Maidment's Watershed Characterization of the San Antonio-Nueces Coastal Basin including 
maps, graphs and tables, and a report on his development of an interactive model to be used to 
characterize the Nueces-Rio Grande Coastal Basin 

" A description of current efforts to maintain a data clearinghouse for watershed inventory 
" An update on the development of a Coastal Basins monitoring plan and the results of monitoring
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surveys distributed throughout the basins 
- Results of targeted monitoring projects to support the TNRCC permitting process 

- Segment Ranking to identify and prioritize water quality concerns and sources of pollution 
- A discussion of public involvement and public outreach activities in 1996 
- Water Conservation Materials produced and news releases distributed through the public outreach 

task 
- A description of how the findings from this assessment have led to recommendations for the future
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APPENDIX D: 
POPULATION PROJECTIONS IN THE NUECES 
COASTAL BASINS 

Population Statistics and Projections for the Nueces Coastal Basins 
(Source: Draft of TWDB, TNRCC, and TPWD County Population Projections 

of 5/4/94, Most Likely Series)
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APPENDIX E: 

TYPICAL VEGETATION IN THE NUECES COASTAL 
BASINS

Common Name 

Seacoast bluestem 
Longspike silver bluestem 
Bristlegrass 
Big sandbur 
Windmillgrass 
Trichioris.  
Arizona cottontop 
Buffalograss 
Curly mesquite 
Pappusgrass 
Grama 
Indiangrass 
Switchgrass 
Paspalum 
Big bluestem 
Bushy bluestem 
Eastern gramagrass 
Gulf muhly 
Panicum 
Muskgrass 
Cattail 
Widgoengrass 
Bushy pondweed 
Burhead 
Oleander 
Bufflegrass 
Bermuda Grass 
Barnyard grass 
Sprangletop 
Fall witchgrass 
Whorled dropseed 
Seashore dropseed 
Umbrella sedge 
Sedge 
Spikerush 
Bulrush 
Water stargrass 
Black willow 
Hackberry

Scientific Name 

Schizachyrium scoparium 
Bothriochloa saccharoides 
Setaria spp 
Cenchrus myosuroides 
Chloris spp 
Trichloris spp 
Digitaria californica 
Buchloe dactyloides 
Hilaria belengeri 
Pappaphorum spp 
Bouteloua spp 
Sirghastrum spp 
Panicum spp 
Paspalum spp 
Andropogon gerardi 
A. glomeratus 
Tripsacum dactyloides 
Muhlenbergia capillaris 
Panicum spp 
Chara spp 
Typha spp 
Ruppia maritima 
Naja guadalupensis 
Echinodorus spp 
Nerium oleander 
Cenchrus ciliaris 
Cynodan dactylon 
Echinichloe calonum 
Leptochloe cognatum 
Leptoloma cognatum 
Sporoblis pyramidatus 
S. virginicus 
Cyperus spp 
C. spp 
Eleocharis spp 
Scirpus spp 
Heteranthera liebmannii 
Salix nigra 
Celtis laevigata
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I Common Name 

Granjeno 
Smartweed 
Dock 
Pigweed 
Glasswort 
Seablight 
Carelessweed 
Sea purslane 
Huisache 
Popinac 
Retama 
Mesquite 
Rattlebush 
Coffee bean 
Chinaberry 
Dove weed 
Prickly pear 
Seaside heliotrope 
Lantana.  
Wolfberry 
Water-hyssop 
Western ragweed 
Spiny aster 
False willow

From: Chaney, 1981

w ,

Scientific Name 

C. pallida 
Persicaria spp 
Rumex spp 
Chenopodium spp 
Salicornia virginica 
Suaeda spp 
Amaranthus 
Sesuvium erectum 
Acacia smallii 
Leucaena leucocephala 
Parkinsonia aculeata 
Prosopis glandulosa 
Sesbania drummondii 
S. macrocarpa 
Melia azedarach 
Croton spp 
Opuntia spp 
Heliotropium spp 
Lantana spp 
Lycium carolinianum 
Bacopa monnieri 
Ambrosia psilostachya 
Aster spinosus 
Baccharis spp



APPENDIX F: 

1996 CRP STATEWIDE SEGMENT RANKING LIST 
(DRAFT)
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SegmentNSegment Segment Uses and/or 
Rank Number Name Data RankingCriteria 

Scoe Score 

1 0505 Sabine River above Toledo Bend Reservoir 2075.83 14945.96 Cd, Pb 

2 1605 Navidad River above Lake Texana 2333.33 13440.00 

3 0302 Wright Patman Lake 1980.16 12831.43 DO 

4 1201 Brazos River Tidal 1735.12 12492.86 Dioxin/fish 

5 0508 Adams Bayou Tidal 2474.64 12249.46 DO, CR 

CR, Dichloroethane, 
6 1102 Clear Creek above Tidal 2345.24 11608.93 Trichloroethane, 

Chlordane 

7 1243 Salado Creek 1601.19 11528.57 TDS 

8 1255 Upper North Bosque River 2333.33 11200.00 CR, Cl, SO4, TDS 

9 0507 Lake Tawakoni -1865.17 10743.35 pH 

10 1911 Upper San Antonio River 2162.78 10705.78 Ag CR 

11 2107 Atascosa River 2128.97 10650.16 DO, CR 

12 1803 Guadalupe River below San Marcos River 2037.70 10514.52 

CR, Dichloroethane, 
13 1101 Clear Creek Tidal 2123.02 10508.93 Trichloroethane, 

Chlordane 

14 1212 Somervile Lake 1458.33 10500.00 

15 0804 Trinity River above Lake Livingston 1682.97 10350.27 CR 

16 1113 Armand Bayou Tidal 2011.90 9958.93 DO, CR 

17 0229 Upper Prairie Dog Town Fork Red River 1996.03 9880.36 SO4 

18 1002 Lake Houston 1521.83 9861.43 Pb, Cd 

19 2313 San Felipe Creek 1823.41 9846.43 

20 0841 Lower West Fork Trinity River 2148.81 9669.64 CR, Chlordane/fish 

21 0102 Lake Meredith 1599.21 9595.24 Cl, TDS 

22 0826 Grapevine Lake 1648.81 9497.14 

23 2303 International Falcon Reservoir 1744.05 9417.86 

24 1110 Oyster Creek above Tidal 2178.57 9411.43 DO, CR 

25 2485 Oso Bay 1979.17 9351.56 Oy 

26 0606 Neches River above Lake Palestine 2529.76 9107.14 Zn, SO4, TDS 

27 0836 Richland-Chambers Reservoir 1744.05 9103.93

I

CR = Contact Recreation Cl = Chloride DO = Dissolved Oxygen 
Segment Data Score = Summation of scores for basic, nutrient, metal, and organic columns (see Chapter 4, 
Tables 4.12 and 4.13).  
Segment Ranking Score = Segment Data Score multiplied by the summation of the Resource Value Score, Potential 
Effect Score, and the Local Priority Score (see Chapter 4, Tables 4.12 and 4.13).  
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Rank Segment Segment Segment Uses and/or 
Rank SgetName Data RankingUssado 

Number Criteria 
Score Score 

28 0214 Wichita River below Diversion Lake 1837.30 9094.64 CR 

29 2425 Clear Lake 1837.30 9094.64 CR 

30 2004 Aransas River above Tidal 2220.24 9066.90 CR, TDS 

31 1209 Navasota River below Lake Limestone 1886.90 9057.14 CR 

32 0805 Upper Trinity River 2148.81 9025.00 Zn, CR, 
Chlordane/fish 

33 1226 North Bosque River 1869.05 8971.43 CR, Cl, SO4 , TDS 

34 1013 Buffalo Bayou Tidal 2208.33 8943.75 CR 

35 2102 Nueces River below Lk Corpus Christi 1890.87 8849.29 

36 1012 Lake Conroe 1226.19 8828.57 

37 1009 Cypress Creek 1834.20 8804.14 CR 

38 1245 Upper Oyster Creek 2021.83 8734.29 DO, SO 

39 0822 Elm Fork Trinity River below Lewisvile Lake 1601.19 8646.43 Pb 

40 0212 Lake Arrowhead 2083.33 8625.00 

41 1217 Lampasas River above Stillhouse Hollow Lake 1188.49 8557.14 

42 0819 East Fork Trinity River 2273.81 8526.79 Cd, CR 

43 1218 Nolan Creek/South Nolan Creek 1972.22 8520.00 CR 

44 0203 Lake Texoma 1458.33 8400.00 

45 0809 Eagle Mountain Reservoir 1458.33 8400.00 

46 1604 Lake Texana 2333.33 8400.00 

47 2314 Rio Grande above International Dam 1376.98 8179.29 

48 1701 Victoria Barge Canal Tidal 2416.67 8120.00 

49 0807 Lake Worth 1720.24 8050.71 

50 1602 Lavaca River above Tidal 2333.33 8026.67 CR 

51 1008 Spring Creek 1849.21 7988.57 CR 

52 1232 Clear Fork Brazos River 1789.68 7973.04 

53 0902 Cedar Bayou above Tidal 1837.30 7937.14 DO, CR 

54 2421 Upper Galveston Bay 1672.62 7903.13 Oy 

55 1213 Little River 1829.37 7902.86 CR
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Segment Segment Segment Uses and/or 
Rank NumberName Data Ranking Criteria 

Score Score 

56 1402 Colorado River below La Grange 2079.09 7703.03 

57 1014 Buffalo Bayou above Tidal 1831.35 7691.67 CR 

58 1252 Lake Limestone 1601.19 7685.71 SO4 

59 2106 Nueces/Lower Frio River 1640.87 7679.29 CR 

60 1202 Brazos River below Navasota River 1599.21 7676.19 CR 

61 0211 Little Wichita River 2117.06 7621.43 DO 

62 1910 Salado Creek 1375.43 7613.01 DO, Ag, Diazinon, 
CR 

63 1244 Brushy Creek 1744.05 7534.29 Cl, TDS 

64 2103 Lake Corpus Christi 1601.19 7493.57 

65 1210 Lake Mexia 1708.33 7380.00 DO 

66 2427 San Jacinto Bay 2234.13 7372.62 Dioxin/fish 

67 2429 Scott Bay 2229.17 7356.25 CR, Dioxin/fish 

68 1810 Plum Creek 1982.14 7343.84 DO, CR 

69 0827 White Rock Lake 2125.00 7171.88 

70 2436 Barbours Cut 2166.67 7150.00 Dioxin/fish 

71 0602 Neches River below B.A. Steinhagen Lake 1146.83 7121.79 Cd 

72 0601 Neches River Tidal 1581.35 7116.07 

73 2117 Frio River above Choke Canyon Res 1517.86 7103.57 CR 

74 0217 Lake Kemp 1458.33 7054.69 

75 1248 San Gabriel/N. Fork San Gabriel R 1466.27 7038.10 TDS 

76 1224 Leon Reservoir 1625.00 7020.00 CR, SO4 , TDS 

77 0701 Taylor Bayou above Tidal 2083.33 7000.00 DO, CR 

78 0610 Sam Rayburn Reservoir 1813.49 6963.81 DO, Zn, CR, Hg/fish 

79 2430 Bumett Bay 2333.33 6930.00 Dioxin/fish 

80 1240 White River Lake 1601.19 6917.14 SO4, TDS 

81 2201 Arroyo Colorado Tidal 2229.17 6910.42 DO 

82 1222 Proctor Lake 1416.67 6800.00 SO, TDS 

83 1221 Ieon River below Proctor Lake 1410.71 6771.43 CR, Cl, SO4 , TDS 

84 0803 Lake Livingston 1750.00 6720.00 DO
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1996 CRPSTATEIDE SEMN ANIGLsT (DRAFr) 

Segment Segment Segment Uses and/or 
Rank Name Data Ranking Number Criteria 

Score Score 

85 2113 Upper Frio River 1229.04 6682.89 

86 0828 Lake Arlington 1394.15 6524.63 

87 0611 Angelina River above Sam Rayburn Reservoir 1682.54 6460.95 DO, Al 

88 0901 Cedar Bayou Tidal 2166.67 6435.00 CR 

89 1011 Peach Creek 1662.70 6384.76 CR 

90 2426 Tabbs Bay 1895.83 6256.25 CR, Dioxin/fish 

91 1903 Medina River below Medina Div. Lake 1811.77 6232.48 Diazinon 

92 2491 Laguna Madre 1479.17 6212.50 

93 1109 Oyster Creek Tidal 2083.33 6187.50 CR 

94 1233 Hubbard Creek Reservoir 1416.67 6120.00 Cl, SO4 

95 1208 Brazos River above Possum Kingdom Lake 1273.81 6114.29 CR 

96 1501 Tres Palacios Creek Tidal 2166.67 6066.67 DO, CR 

97 1007 Houston Ship Channel/Buffalo Bayou Tidal 2021.83 6065.48 Dioxin/fish 

98 1104 Dickinson Bayou above Tidal 2234.13 6032.14 CR 

99 0511 Cow Bayou Tidal 1807.97 5966.30 DO 

100 2116 Choke Canyon Reservoir 1908.73 5955.24 CR 

101 1301 San Bernard River Tidal 2000.00 5940.00 CR 

102 1428 Colorado River below Town Lake 2079.09 5925.41 CR 

103 0407 James' Bayou 2021.83 5913.84 DO 

104 0704 Hillebrandt Bayou 2101.19 5883.33 CR 

105 1242 Brazos River below Whitney Lake 1208.33 5800.00 CR 

106 0504 Toledo Bend Reservoir 1502.42 5769.28 Hg/fish 

107 0607 Pine Island Bayou 1908.73 5707.10 DO, CR 

108 2105 Nueces River above Holland Dam 1902.78 5689.31 DO 

109 0806 West Fork Trinity River below Lake Worth 1529.76 5679.24 CR, Chlordane/fish 

110 2302 Rio Grande below Falcon Reservoir 1166.49 5599.17 CR 

111 0810 West Fork Trinity River below Bridgeport 2029.76 5591.99 CR, Cl, TDS 
Reservoir
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112 1005 Houston Ship Channel/San Jacinto River Tidal 1802.36 5587.33 Dioxin/fish 

113 1237 Lake Sweetwater 1767.86 5515.71 TDS



Segment Segment Uses and/or 
Rank Segment Name Data RankingUssa /r 

Number Nma nCriteria 
Score Score 

114 2481 Corpus Christi Bay 1312.50 5512.50 Oy 

115 0503 Sabine River below Toledo Bend Reservoir 1434.61 5508.90 Cd, Pb 

116 2304 Rio Grande below Amistad Reservoir 1196.43 5503.57 CR 

117 0401 Caddo Lake 1759.06 5488.26 Zn, Hg/fish 

118 1103 Dickinson Bayou Tidal 1845.24 5480.36 CR 

119 1901 Lower San Antonio River 1664.68 5460.16 CR 

120 1906 Lower Leon Creek 1942.46 5438.89 Cd, CR 

121 2456 Carancahua Bay 1719.02 5414.92 Oy 

CR, Chlordane/fish, 
122 2202 Arroyo Colorado above Tidal 1915.72 5364.01 Toxaphene/fish, 

DDF/fish 

123 1801 Guadalupe River Tidal 1833.33 5362.50 

124 2501 Gulf of Mexico 2333.33 5308.33 Oy 

125 1016 Greens Bayou above Tidal 1988.10 5010.00 CR 

126 2411 Sabine Pass 2333.33 5005.00 Oy 

127 2412 Sabine Lake 2333.33 5005.00 Oy 

128 0409 Little Cypress Bayou (Creek) 1601.19 4995.71 Cd, Pb 

129 1502 Tres Palacios Creek above Tidal 1886.90 4981.43 DO, CR 

130 2311 Upper Pecos River 1333.33 4950.00 

131 0225 McKinney Bayou 2355.16 4945.83 DO 

132 0603 B.A. Steinhagen Lake 1416.67 4930.00 Hg/fish 

133 0604 Neches River below Lake Palestine 1281.75 4921.90 Cd 

134 2428 Black Duck Bay 1979.17 4898.44 Dioxin/fish 

135 1017 Whiteoak Bayou above Tidal 1918.65 4835.00 CR 

136 1414 Pedernales River 1298.14 4809.60 CR 

137 1304 Caney Creek Tidal 1916.67 4743.75 CR 

138 1108 Chocolate Bayou above Tidal 1583.33 4702.50 CR, SO 

139 0403 Lake O'the Pines 1500.00 4680.00 Zn 

140 1427 Onion Creek 1641.00 4676.84 TDS 

141 0802 Trinity River below Lake Livingston 1202.38 4617.14 Cd, CR
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Segment Segment Segment Uses and/or 
Rank Nme Name Data Raning Ciei Number Ciei 

Score Score 

142 0406 Black Bayou 1573.41 4602.23 DO 

143 2451 Matagorda Bay/Powderhorn Lake 1633.33 4573.33 Oy 

144 0306 Upper South Sulphur River 1902.78 4566.67 pH 

145 0103 Canadian River above Lake Meredith 1515.87 4502.14 CR 

146 0513 Big Cow Creek 1794.08 4435.87 CR 

147 1105 Bastrop Bayou Tidal 1472.22 4372.50 CR 

148 0612 Attoyac Bayou 1559.52 4304.29 Ag 

149 1431 Mid Pecan Bayou 1526.71 4293.87 

150 0205 Red River below Pease River 1440.48 4278.21 Cd, CR 

Clear Fork Trinity River below Lake 
151 0831 Weatherford 1857.14 4173.93 DO, Ag, CR 

152 0303 Sulphur/South Sulphur River 1573.41 4153.81 Cd 

153 0228 Mackenzie Reservoir 1458.33 4025.00 TDS 

154 2002 Mission River above Tidal 1517.86 4007.14 CR 

155 1430 Barton Creek 1393.38 3971.12 CR 

156 0838 Joe Pool Lake 1428.57 3942.86 SO4 

157 1006 Houston Ship Channel Tidal 1934.09 3868.18 Dioxin/fish 

158 0812 West Fork Trinity River above Bridgeport 2363.10 3840.03 CR, Cl, SO, TDS 
Reservoir 

159 0305 North Sulphur River 1579.37 3778.63 CR 

160 2452 Tres Palacios Bay/Turtle Bay 1333.33 3733.33 Oy 

161 0207 Lower Prairie Dog Town Fork Red River 1355.16 3577.62 CR 

162 2453 Lavaca Bay/Chocolate Bay 1010.42 3536.46 Oy, Hg/fish 

163 1421 Concho River 926.71 3521.50 CR 

164 2462 San Antonio Bay/Hynes Bay/Guadalupe Bay 1479.17 3365.10 Oy 

165 2442 Cedar Lakes 1479.17 3365.10 Oy 

166 2484 Corpus Christi Inner Harbor 1470.11 3307.74 Cu 

167 2434 Christmas Bay 1248.02 3276.04 

168 1406 Lake Lyndon B.Johnson 783.85 2904.17 

169 2001 Mission River Tidal 1312.50 2815.31 CR 

170 2482 Nueces Bay 1166.67 2654.17 Oy
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Segment Segment Segment Uses and/or 
Rank Name Data Rankting Number Criteria 

Score Score 

171 1425 O.C. Fisher Lake 1012.42 2500.69 TDS 

172 1429 Town Lake 860.04 2451.12 CR, Chlordane/fish 

173 1412 Colorado River below Lake JB Thomas 879.09 2175.75 

174 1411 E.V. Spence Reservoir 1079.09 2050.27 SO4 , TDS 

175 1413 Lake J.B. Thomas 860.04 1634.08 Cl, SO 

176 0307 Cooper Lake 2333.33 8960.00 

177 0506 Sabine River below Lake Tawakoni 2042.10 8821.86 

178 2307 Rio Grande below Riverside Diversion 1829.37 8780.95 Cl, SO4, TDS 

179 1211 Yegua Creek 1767.86 8485.71 

180 1253 Navasota River below Lake Mexia 1736.11 8333.33 SO 

181 1231 Lake Graham 1736.11 8333.33 

182 1228 Lake Pat Cleburne 1736.11 8333.33 

183 2308 Rio Grande below International Dam 1998.02 8191.87 

184 1216 Stillhouse Hollow Lake 1625.00 8125.00 

185 0510 Lake Cherokee 2569.88 8018.01 

186 1246 Middle Bosque/South Bosque River 1664.68 7990.48 

187 1220 Belton Lake 1625.00 7800.00 

188 1247 Granger Lake 1601.19 7685.71 

189 1254 Aquilla Reservoir 1569.44 7533.33 

190 1230 Lake Palo Pinto 1736.11 7500.00 

191 1239 White River 2333.33 7280.00 Cl, SO4, TDS 

192 1219 Leon River below Bekon Lake 1998.02 7192.86 

193 1223 Leon River below Leon Reservoir 1636.90 7071.43 SO 

194 1250 South Frk San Gabriel River 1625.00 7020.00 

195 1249 Lake Georgetown 1458.33 7000.00 

196 1205 Lake Granbury 1458.33 7000.00 

197 1206 Brazos River below Possum Kingdom Lake 1601.19 6917.14 

198 1111 Old Brazos River Channel Tidal 2083.33 6875.00 

199 2305 International Amistad Reservoir 1886.90 6792.86
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1996 CRP STATEWIDE SEGMENT RANKING LUsT (RA, 

Rank SeSegmentegment Seen Uses and/or 
Number Criteria 

Score Score 

200 1235 Lake Stamford 1569.44 6780.00 

201 0201 Lower Red River 1567.46 6740.08 

202 1229 Paluxy River/North Paluxy River 1553.57 6711.43 

203 1236 Fort Phantom Hill Reservoir 1553.57 6711.43 

204 0818 Cedar Creek Reservoir 2125.00 6630.00 

205 1207 Possum Kingdom Lake 1378.97 6619.05 

206 1001 San Jacinto River Tidal 1982.14 6541.07 

207 1004 West Fork Sanjacinto River 1697.29 6517.60 

208 1234 Lake Cisco 2083.33 6500.00 

209 0202 Red River below Lake Texoma 1472.22 6330.56 

210 1203 Whitney Lake 1458.33 6300.00 

211 0821 Lavmn Lake 1458.33 6300.00 

212 0815 Bardwell Reservoir 1625.00 6240.00 

213 0221 Middle Fork Pease River 2077.38 6169.82 Cl, SO4 , TDS 

214 1808 Lower San Marcos River 1775.79 6108.73 

215 0820 Lake Ray Hubbard 1934.52 6035.71 

216 1010 Caney Creek 1388.89 6000.00 

217 1902 Lower Cibolo Creek 2013.89 5986.28 

218 0213 Lake Kickapoo 2166.67 5980.00 

219 0304 Days Creek 2202.38 5946.43 

220 0105 Rita Blanca Lake 2331.35 5875.00 Cl, TDS 

221 0834 Lake Amon G. Carter 2125.00 5865.00 

222 1913 Mid Cibolo Creek 2210.32 5835.24 

223 1204 Brazos River below Lake Granbury 1346.88 5818.51 

224 0227 South Fork Pease River 2333.33 5775.00 

225 0512 Lake Fork Reservoir 1502.42 5769.28 

226 0210 Farmers Creek Reservoir 2083.33 5750.00 

227 0408 Lake Bob Sandlin 1831.35 5713.81

228 0605 Lake Palestine 1829.37 5705.62
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Rank Sgment S egmentt Segment Uses and/or 
Number Criteria 

Score Score 

229 0222 Salt Fork Red River 1908.73 5668.93 

230 1227 Nolan River 1886.90 5660.71 

231 1908 Upper Cibolo Creek 1892.86 5659.64 

232 0832 Lake Weatherford 1803.57 5627.14 

233 0823 Lewisville Lake 1458.33 5600.00 

234 1241 Double Mountain Fork Brazos River 1162.70 5580.95 TDS 

235 2104 Nueces River above Frio River 1859.13 5558.79 

236 2439 Lower Galvestn Bay 1579.37 5527.78 

237 0509 Murvaul Lake 1764.32 5504.68 

238 2432 Chocolate Bay 1708.33 5381.25 

239 0219 Lake Wichita 2166.67 5362.50 

240 0825 Denton Creek 1791.67 5357.08 

241 2422 Trinity Bay 2333.33 5308.33 

242 2301 Rio Grande Tidal 1505.95 5270.83 

243 2101 Nueces River Tidal 2312.50 5260.94 

244 1225 Waco Lake 1458.33 5250.00 

245 1305 Caney Creek above Tidal 2440.48 5234.82 

246 1302 San Bernard River above Tidal 1361.11 5226.67 

247 0608 Village Creek 1732.14 5179.11 

248 2310 Lower Pecos River 1432.54 5157.14 Cl, SO, TDS 

249 0208 Lake Croak 2083.33 5151.04 

250 0811 Bridgeport Reservoir 1625.00 5070.00 

251 0405 Lake Cypress Springs 1625.00 5070.00 

252 0514 Big Sandy Creek 1833.76 5061.19 

253 0816 Lake Waxahachie 1815.48 5010.71 

254 0813 Houston County Lake 1803.57 4977.86 

255 1003 East Fork SanJacinto River 1293.65 4967.62 

256 0703 Sabine-Neches Canal Tidal 1777.78 4960.00 

257 2109 Leaa River 1652.78 4941.81
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Segment Segment Segment Uses and/or 
Rank Name Data Ranking Number SoecreCriteria 

Score Score 

258 2110 Lower Sabinal River 1636.90 4894.35 

259 2306 Rio Grande above Amistad Reservoir 1128.36 4874.53 

260 0515 Lake Fork Creek 1764.32 4869.52 

261 1811 Comal River 1553.57 4847.14 

262 0840 Ray Roberts Lake 1553.57 4847.14 

263 0204 Red River above Lake Texoma 1468.25 4845.24 

264 1434 Colorado River above La Grange 1844.85 4842.73 

265 1807 Coleto Creek 1601.19 4787.56 TDS 

266 2431 Moses Lake 1930.56 4778.13 

267 1907 Upper Leon Creek 1734.13 4777.52 

268 1814 Upper San Marcos River 1625.00 4753.13 

269 0830 Benbrook Lake 1720.24 4747.86 

270 2204 Petrcnila Creek above Tidal 2109.13 4745.54 Cl, SO4, TDS 

271 1426 Colorado River below E.V. Spence Res 1660.04 4731.12 

272 1410 Colorado River below O.H. Ivie Res 1650.52 4703.98 

273 1107 Chocolate Bayou Tidal 1583.33 4702.50 

274 2441 East Matagorda Bay 2333.33 4695.83 

275 2461 Espiritu Santo Bay 2333.33 4695.83 

276 2423 East Bay 2333.33 4695.83 

277 1238 Salt Fork Brazos River 1404.76 4635.71 Cl, TDS 

278 2424 West Bay 1462.30 4606.25 

279 1015 Lake Creek 1190.91 4573.08 

280 2438 Bayport Channel 1813.49 4570.00 

281 0223 Greenbelt Lake 1458.33 4550.00 

282 0702 Intracoastal Waterway Tidal 1777.78 4546.67 

283 2309 Devils River 1212.30 4546.13 

284 1904 Medina Lake 1456.35 4543.81 

285 0609 Angelina River bekw Sam Rayburn Reservoir 1511.90 4520.60 

286 0817 Navarro Mills Lake 1625.00 4485.00
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Segment Segment Segment Uses and/or 
Rank Name Data Ranking 

Number Criteria 
Score Score 

287 2203 Petronila Creek Tidal 2333.33 4427.50 

288 0614 Lake Jacksonville 1601.19 4419.29 

289 0220 Pease/North Fork Pease River 1775.79 4395.09 

290 0206 Red River above Pease River 1664.68 4394.76 

291 0801 Trinity River Tidal 1408.33 4394.00 

292 1804 Guadalupe River below Comal River 1565.48 4375.51 

293 2437 Texas City Ship Channel 1708.33 4305.00 

294 1409 Colorado River above Lake Buchanan 1507.66 4296.84 

295 0613 Lake Tyler/Lake Tyler East 1553.57 4287.86 

296 0216 Wichita River below Lake Kemp 1712.30 4237.95 

297 0224 North Fork Red River 1708.33 4228.13 

298 0226 South Fork Wichita River 1684.52 4169.20 

299 1817 North Fork Guadalupe River 1652.78 4131.94 

300 1818 South Fork Guadalupe River 1652.78 4131.94 

301 1214 San Gabriel River 1303.57 4067.14 

302 1909 Medina Diversion Lake 1722.22 4060.14 

303 0209 Pat Mayse Lake 1458.33 4025.00 

304 1912 Medio Creek 2003.97 4007.94 

305 0402 Big Cypress Creek below Lake O'the Pines 1283.73 4005.24 Hg/fish 

306 0101 Canadian River below Lake Meredith 1345.24 3995.36 

307 0839 Elm Fork Trinity River below Ray Roberts Lake 1660.71 3985.71 

308 0215 Diversion Lake 2083.33 3953.12 

309 1806 Guadalupe River above Canyon Lake 1204.37 3914.19 

310 1401 Colorado River Tidal 1821.95 3908.08 

311 2492 Baffin Bay system 1479.17 3905.00 

312 2494 Brownsville Ship Channel 1312.50 3898.13 

313 0218 Wichita/North Fork Wichita River 1573.41 3894.20 

314 1816 Johnson Creek 1555.56 3888.89 

315 0829 Clear Fork Trinity River below Benbrook Lake 1238.10 3862.86 Chlordane/fish
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Score Score 

316 1601 Lavaca River Tidal 2333.33 3850.00 

317 1603 Navidad River Tidal 2333.33 3850.00 

318 0404 Big Cypress Creek below Lake Bob Sandlin 1972.22 3845.83 

319 2108 San Miguel Creek 1279.76 3826.49 

Richland Creek below Richland-Chambers 
320 0835 2279.76 3761.61 

Reservoir 

321 2112 Upper Nueces River 1250.86 3740.08 

Richland Creek above Richland-Chambers 
322 0837 Rsror2291.67 3723.96 Reservoir 

323 0104 Wolf Creek 1553.57 3716.92 

324 1251 North Fork San Gabriel River 1182.54 3689.52 TDS 

325 2454 Cox Bay 1166.67 3675.00 Oy, Hg/fish 

326 2455 Keller Bay 1166.67 3675.00 

327 1815 Cypress Creek 1458.33 3645.83 

328 1805 Canyo Lake 1458.33 3645.83 

329 2115 Seco Creek 1219.12 3645.16 

330 0808 West Fork Trinity River below Eagle Mountain 1458.33 3500.00 
Reservoir 

331 1215 Lampasas River below Stillhouse Hollow Lake 1093.25 3410.95 

332 0814 Chambers Creek above Richland-Chambers Reservoir 1696.43 3392.86 Reservoir 

333 2435 Drum Bay 1916.67 3354.17 

334 1417 Lower Pecan Bayou 1288.61 3189.32 

335 2114 Hondo Creek 1064.35 3182.42 

336 0301 Sulphur River below Wright Patman Lake 1329.37 3180.51 

337 2003 Aransas River Tidal 1312.50 3140.16 

338 1809 Lower Blanco River 1458.33 3135.42 

339 2312 Red Bluff Reservoir 1458.33 3128.13 

340 1905 Medina River above Medina Lake 1204.80 3117.41 

341 2473 St. Charles Bay 1333.33 3033.33 

342 2111 Upper Sabinal River 969.12 3023.64



1996 CRP STATEWIDE SEGMENT RANKING iIST (DRAFT) 

Segment Segment Uses and/or 
Rank Segment Name Data Ranking Usea 

Number SCriteria 
Score Score 

343 2463 Mesquite Bay/Carlos Bay/Ayres Bay 1312.50 2985.94 

344 2493 South Bay 1312.50 2985.94 

345 2472 Copano Bay/Port Bay/Mission Bay 1312.50 2985.94 

346 2471 Aransas Bay 1312.50 2985.94 

347 2433 Bastrop Bay/Oyster Lake 1694.44 2965.28 

348 1433 O.H. Ivie Reservoir 1336.23 2919.67 

349 0501 Sabine River Tidal 1349.64 2894.97 

350 0833 Clear Fork Trinity River above Lake 1946.43 2797.99 
Weatherford 

351 0824 Elm Fork Trinity River above Ray Roberts Lake 1857.14 2669.64 

352 2483 Redfish Bay 1166.67 2654.17 

353 1813 Upper Blanco River 1033.73 2584.33 

354 1403 Lake Austin 1317.19 2502.65 

355 1420 Pecan Bayou above Lake Brownwood 1269.57 2412.18 

356 1422 Lake Nasworthy 964.80 2383.07 

357 1812 Guadalupe River below Canyon Dam 944.44 2361.11 

358 1424 Middle Concho/South Concho River 774.33 2206.84 

359 1419 Lake Coleman 964.80 1833.13 

360 1423 Twin Buttes Reservoir 964.80 1833.13 

361 1418 Lake Brownwood 964.80 1833.13 

362 1415 Llano River 736.23 1818.50 

363 1405 Marble Falls Lake 717.19 1771.45 

364 1432 Upper Pecan Bayou 879.09 1670.27 

365 1416 San Saba River 850.52 1615.99 

366 1404 Lake Travis 783.85 1567.70
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367 1407 Inks Lake 783.85 1489.32 

368 [ 1408 Lake Buchanan 717.19 1362.65
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CCBNEP PRJECs PLANNEDFOR119AND199 

APPENDIX G: 

CCBNEP PROJECTS PLANNED FOR 1996 AND 1997 

FY 96 Proposed Projects 

1. Seagrass Mapping and'Trends Analysis for Aransas and Copano Bays and Their 
Associated Bays andTiributary Embayments andTrend Analysis for Selected Areas 
Have seagrass beds been increasing or decreasing? 

This project will complete seagrass mapping in the CCBNEP study area and will include a 
trends analysis of seagrass beds in representative areas.  

2. Analysis of Point Source Discharges (including oil field brine discharges) 
What's coming out of that pipe? 

This project will describe all point source discharges in the CCBNEP study area and 
calculate and estimate loading rates of pollutants into waters.  

3. Status and Trends of Selected Marine Fauna 
Are there more redfish (trout, pink shrimp, etc.) than 10 years ago? 

This project will analyze the large Texas Parks and Wildlife Department database to 
determine the status and trends of local fish and shellfish species.  

4. Effects of Human and Natural Influences on Vegetated and Unvegetated Bay-Bottom 
Habitats 
Which is a bigger influence on the bay bottom, man or Mother Nature? 

This project will ascertain the impacts and the relative importance of human and natural 
factors on bay-bottom habitats.  

5. Analysis of Agricultural Nonpoint Source Loadings to Baffin Bay and Their Potential 
Role in Perpetuation of the Texas Brown Tide 
Does farmland runoff aggravate or alleviate the brown tide? 

In coordination with the King Ranch nonpoint source study, this project will determine 
the effects of runoff pollutants on Baffin Bay biota.  

6. Investigations of Selected Public Health Issues 
Can I safely eat the fish and swim in the bay? 

This project will characterize public health issues such as fish tissue toxicity and contact 
recreation hazards.
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7. Wetland Restoration, Enhancement, and Creation in the Corpus Christi/Nueces Bay Area 
What can be done to benefit our wetland resources? 

This project will identify and evaluate potential sites for wetland restoration, enhancement, 
or creation and will develop sound, scientifically based plans to restore, enhance, or create 
wetland functions and values.  

FY 97 Proposed Projects 

1. Sediment Quality Assessment of Storm Drain Out-falls and Other Sites in the Corpus 
Christi Bay National Estuary Program Study Area.  

This project will characterize the spatial extent of contamination and the degree of 
impact on estuarine sediments associated with urban storm drain runoff.  

2. Current Status and Historical 'Iends of Selected Estuarine and Coastal Habitats in the 
CCBNEP Study Area.  

The main objective of this project is to describe the status and trends of five habitat 
categories within the study area. Comparisons will be made between distribution, areal 
extent, and types of these habitats.  

3. Identification of Tidal Flat Alterations (Natural and Human-induced Physical Changes) 
and Determination of Effects on Biological Productivity and Functioning of These 
Habitats.  

This project will inventory all possible influences on tidal flats in the study area, develop a 
plan for monitoring changes in these habitats, and describe the effects of the different 
types of alterations in the hydrology and biological productivity of these habitats.  

4. Species Habitat Inventory -A Tool for Habitat Management 

The main objective of this project is to produce a relational database based on the species 
checklist from the CCBNEP study entitled Current Status and Historical Trends of Estuarine 
Resources of the Corpus Christi Bay National Estuary Program Study Area, and use the database 
to determine species richness for all the major habitat types in the CCBNEP study area.
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APPENDIX H: 

MONITORING SURVEY MAILING LIST 

Permittees

Aker Marine Gulf 
P.O. Box C 
Ingleside. TX 78362-1302 

American Petrofina Pipe Line Company 
Harbor Island Term 
P.O. Box 1935 
Aransas Pass, TX 78335-0000 

Aransas Co MUD 001 
Aransas County Plant 
HCO Box 194 
Rockport, TX 78382-0000 

Aransas County Airport 
Rockport, TX 78382-0000 

Aransas Pass, City of 
P.O. Drawer 2000 
Aransas Pass, TX 78336-0000 

Austwell, City of 
City of Austwell Plant 
P. O. Box 147 
Austwell, TX 77950-0000 

Bayside, Town of 
Town of Bayside Reverse Osmosis Sys 
PO Box 194 
Bayside, TX 78340-0000 

Beeville, City of 
Moore Street/City of Beeville 
400 N Washington 
Beeville, TX 78102 

Centex Cement Corp 
Corpus Christi Cement Plant 
PO Box 9294 
Corpus Christi, TX 78469-0000

Central Power and Light Company 
Otfl 001 Nueces Bay SES 
PO Box 2121 
Corpus Christi, TX 78403-0000 

Coastal Chemical Company, Inc.  
Portland Plant 
3205 Pasadena Blvd.  
Pasadena, TX 77503 

Degussa Corporation 
Aransas Pass Carbon 
Black/Degussa C 
P.O. Box 1860 
Aransas Pass, TX 78336-1860 

E I du Pont de Nemours & Co.  
Ingleside Plant 
P.O. BoxJJ 
Ingleside, TX 78362 

City of Gregory 
PO Box 297 
Gregory, TX 78359-0000 

Herndon Marine Products, Inc.  
Aransas County Plant 
PO Box 1270 
Aransas Pass, TX 78335-0000 

Ingleside Properties, Inc.  
Enprotech Plant 
P.O. Drawer H 
Ingleside, TX 78362-0000 

City of Ingleside 
PO Drawer 400 
Ingleside, TX 78362-0000 
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International Bank, The 
Cajun Kitchen Restaurant 
Drawer II 

Ingleside, TX 78362 

J. Ray Mcdermott, Inc.  
Mcdermott 
P.O. Box 188 
Morgan City, La 70381 

Koch Pipeline Company, Lp 
Ingleside Terminal 
8606 IH 37 
Corpus Christi, TX 78409 

Lamar WSC 
1510 North 512 Loop 
Austin, TX 78756-0000 

O D Rentals Liberty Seafood, Inc.  
Liberty Seafood 
420 Bigelow 
Aransas Pass, TX 78336-0000 

National Oil Recovery Corp 
Ingleside Plant 
P. O. Box 10283 
Corpus Christi, TX 78460 

Nueces Co WCID 004 
Dist. Mustang Island South Plant 
PO Box 128 
Port Aransas, TX 78373-0000 

City of Odem 
PO Drawer 754 
Odem, TX 78370-0754 

Pettus MUD 
PO Box 153 
Pettus, TX 78146-0153 

Portland Enterprises Inc.  
Portland Inn 
PO Box 1306 
Portland, TX 78374-0000
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Portland, City of 
Plant #1, City of Portland 
PO Drawer 1285 
Portland, TX 78374-0000 

Portland, City of 
Otfl 002 North Shore WWTP 
PO Drawer 1285 
Portland, TX 78374-0000 

Redfish Bay Terminal, Inc.  
PO Box 1235 
Aransas Pass, TX 78336-0000 

Refugio Co WCID 001 
PO Box 397 
Tivoli, TX 77990-0000 

Town of Refugio 
PO Box 1020 
Refugio,tx 78377-1020 

City of Rockport 
PO Box 1059 
Rockport, TX 78382-0000 

San Patricio MWD 
Otfl 001 Water Treatment Plant 
P.O. Drawer S 
Ingleside, TX 78362-0000 

City of Sinton 
PO Box 1395 
Sl Nton, TX 78387-0000 

City of Taft 
501 Green Ave 
Taft, TX 78390-0000.  

Texas Department of Transportation 
Refugio County Rest Area 
P.O. Box 9907 
Corpus Christi, TX 78469-9907 

Texas Department of Transportation 
Otfl 001 Sinton Maint./Const 
P.O. Box 9907 
Corpus Christi, TX 78469



MONITORING SURVEY MAILING LIST

Thomas Hughes 
PO Box 610 
Sinton, TX 78387-0000 

Tipperary Corporation, DBA 
Crude Oil Plant 
633 17th St.  
Denver, Co 80202-0000 

City of Woodsboro 
PO Box 632 
Woodsboro, TX 78393-0000 

City of Agua Dulce 
P.O. Box 297 
Agua Dulce, TX 78330-0000.  

Bishop Consolidated ISD 
Bishop Consol.  
719 East Sixth Street 
Bishop, TX 78343 

Coastal Bend Youth City 
PO Box 268 
Driscoll, TX 78351 

City of Driscoll 
Driscoll Plant 
PO Box 178 
Driscoll, TX 78351 

Nueces Co WCID 005 
Banquete Plant 
PO Box 157 
Banquete, TX 78339-0157 

City of Orange Grove 
P.O. Drawer 350 
Orange Grove, TX 78372 

City of Seadrift 
PO Box 159 
Seadrift, TX 77983-0000 

Amerada Hess Corporation 
Corpus Christi Terminal 
P.O. Box 4936 
Corpus Christi, TX 78469-4936

American Chrome and Chemical L.P.  
P.O. Box 9912 
Corpus Christi, TX 78469 

Applied Industrial Materials 
Aimcor Terminal 
P.O. Box 1727 
Texas City, TX 77592 

Celanese Engineering Resins, Inc.  
PO Box 428 
Bishop, TX 78343-0000 

Central Power and Light Company 
Otfl 001 Barney M Davis SES 
PO Box 2121 Corpus Christi, TX 78403 

Champlin Refining & Chemicals, Inc.  
Corpus Christi Refinery 
PO Box 9176 
Corpus Christi, TX 78469-0000 

Citgo Refining and Chemicals, Inc.  
P. O. Box 9176 
Corpus Christi, TX 78469 

Coastal Refining & Marketing, Inc.  
Coastal/Corpus Christi 
9 Greenway, Suite 466 Plaza 
Houston, TX 77046-0995 

Coastal States Crude Gathering 
Origin Station 
9 Greenway, Suite 466 Plaza 
Houston, TX 77046 

City of Corpus Christi 
Westside Plant 
P.O. Box 9277 
Corpus Christi, TX 78469-9277 

City of Corpus Christi 
Oso Plant 
P.O. Box 9277 
Corpus Christi, TX 78469-9277 
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City of Corpus Christi 
Broadway Plant 
P.O. Box 9277 
Corpus Christi, TX 78469-9277 

Diamond Shamrock Refining 
PO Box 696000 
San Antonio, TX 78269-6000 

Encycle/Texas, Inc.  
Corpus Christi Pnt/Encycle 
PO Box 4767 
Corpus Christi, TX 78469-0000 

Farrell-Cooper Mining Company 
PO Box 1947 
Fort Smith, Ar 72902-0000 

City of Gregory 
PO Box 297 
Gregory, TX 78359-0000 

Hoechst Celanese Corporation 
P.O. Box 9077 
Corpus Christi, TX 78469 

Koch Carbon Inc 
Otfl 001 Corpus Christi Coke S 
PO Box 2219 
Wichita, KS 67201 

Koch Refining Company, L.P.  
Swrtn. Ref.\Corpus Christi Ref.  
P.O. Box 9295 
Corpus Christi, TX 78469-9295 

Koch Refining Company, L.P.  
P.O. Box 2256 
Wichita, KS 67201 

Neste Trifinery Petroleum Services, 
Corpus Christi Plant 
11757 Katy Freeway 
Houston, TX 77079
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Occidental Chemical Corp 
Corpus Christi Plant/Occidental 
P.O. Drawer CC 
Ingleside, TX 78362 

Oxy Petrochemicals Inc 
1501 McKinzie Road 
Corpus Christi, TX 78410 

City of Robstown 
PO Box 71 
Robstown, TX 78380-0000 

Roloff Evangelistic Entp, Inc.  
Otfl 001 Rebekah Home for Girls 
PO Box 1177 
Corpus Christi, TX 78403-0000 

Tennessee Pipeline Constrtn Co 
Otfl 001 Cuddihy Airfield Plant 
PO Box 9056 
Corpus Christi, TX 78469-0000 

Texas A&M University System 
Otfl 001 Research & Extension 
Route 2J Box 589 
Corpus Christi,tx 78410-0000 

Texas General Land Office 
1700 N Congress Avenue 
Austin, TX 78711 -1495 

The Javelina Corporation 
Javelina Company 
P. O. Box 23055 
Corpus Christi, TX 78403-0000 

Tipperary Corporation. DBA 
Crude Oil Plant 
633 17th St.  
Denver, Co 80202-0000 

US Dept. of the Navy 
Corpus Christi Naval Air Station 
11001 D Street, Suite 143 
Corpus Christi, TX 78419-5021



Valero Refining Co 
Corpus Christi Plant 
PO Box 9370 
Corpus Christi, TX 78469-9370 

Alice, City of 
Southside Plant 
PO Box 3229 
Alice, TX 78332-3229 

Alice, City of 
Otfl 001 East Plant 
PO Box 3229 
Alice, TX 78332-3229 

Bishop, City of 
PO Box 356 
Bishop, TX 78343-0000 

Celanese Engineering Resins, Inc.  
Chemical Mfg Plant 
PO Box 428 
Bishop, TX 78343-0000 

Chevron U.S.A., Inc.  
Otfl 001 Palangana Uran. Oper.  
P.O. Box 1000 
Hobson,tx 78117 

Corpus Christi, City of 
Flour Bluff Laguna Madre 
P.O. Box 9277 
Corpus Christi, TX 78469-9277 

Corpus Christi, City of 
Whitecap Plant 
P.O. Box 9277 
Corpus Christi, TX 78469-9277 

Duval Co C&RD 
Otfl 001 Benavides 
200 S Doctor E.e. Dunlap Hwy 
San Diego, TX 78384-0000 

Hoechst Celanese Corporation 
Sodim Formate Recam 
Plt/Hoechst 
PO Box 69 
Bishop, TX 78343-0000

HowellJesse W 
Cattle Feedlot 10000 Head 
Drawer 809 
Premont, TX 78375-0000 

Jim Hogg Co WCID 002 
Hebbronville Plt 
PO Box 148 
Hebbronville, TX 78361 -0000 

King Ranch, Inc.  
Cattle Feedlot 20000 
PO Box 1418 
Kingsville, TX 78363-0000 

Kingsville, City of 
PO Box 1458 
Kingsville, TX 78364-0000 

Kleberg County 
Kaufer-Hubert Mem Pk/Kleberg Co 
PO Box 752 
Kingsville, TX 78364-0000 

City of Lyford 
PO Box 310 
Lyford, TX 78569-0000.  

City of Premont 
P 0 Drawer 340 
Premont, TX 78375-0000.  

City of Raymondville 
142 S 7th St 
Raymondville, TX 78580-0000 

Riviera ISD 
PO Box 99 
Riviera, TX 78379-0000 

Sebastian Municipal Utility District 
P.O. Drawer B 
Sebastian, TX 78594 

Texas Ecologists 
P. O. Box-307 
Robstown, TX 78380-0000 
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US Dept. of the Navy 
Kingsville Naval Air Station Plant 
802 Dealey Ave.  
Kingsville, TX 78363-5027 

Wohlgemuth, Paul 
Otfl 001 Wohlgemuth Dairy 
Route 1, Box 9 
Premont, TX 78375
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State Agencies, Federal Agencies, 
City, County, and Nonprofit Organizations, Academic Organizations, 

Private and Industrial Organizations

Captain Anthony Alejandro P.E.  
Port of Corpus Christi Authority 
222 Power Street 
Corpus Christi TX 78401 

CaptainJerry Vernon USN (Ret.) 
Corpus Christi Bay Area Economic 
Development Corporation 
P.O. Box 640 
Corpus Christi TX 78403-0640 

Captain Thomas Rodino 
U.S. Coast Guard Marine Safety Office 
P.O. Box 1621 
Corpus Christi TX 78403-1621 

Commissioner Gordon Porter 
San Patricio County 
P.O. Box 670 
Ingleside TX 78362 

Commissioner Jimmy Strause 
Live Oak County 
P.O. Box 699 
George West TX 78022 

Councilmember Carol Cervenka 
Ingleside on the Bay 
RR 1 Box 312 
Ingleside TX 78362 

Council Member James Tracy Jr.  
City of Sinton 
San Patricio County News 
113 S. Rachal Street 
Sinton TX 78387 

Dr. Chris Onuf, Station Leader 
Southern Science Center 
Texas A&M University-Corpus Christi 
6300 Ocean Drive Campus Box 339 
Corpus Christi TX 78412

Dr. D. Drawe 
Assistant Director 
Welder Wildlife Foundation 
P.O. Box 1400 
Sinton TX 78387-1400 

Dr. Ed Buskey 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-12h7 

Dr.J. Holt 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 

Dr. Gary Jeffress 
Director of Geographic Information Science 
Conrad Blucher Institute 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi TX 78412 

Dr. Jennifer Prouty 
College of Science & Technology 
Texas A&M University-Corpus Christi.  
6300 Ocean Drive 
Corpus Christi TX 78412 

Dr.Jerry Wermund 
UT Bureau of Economic Geology 
Box X University Station 
Austin TX 79711 

Dr.Joe Moseley 
Shiner Moseley & Associates Inc.  
2820 SPI]D Suite 210 
Corpus Christi TX 78415 

Dr. Ken Dunton 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 
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Dr. Nicholas Kraus 
Director 
Conrad Blucher Institute 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi TX 78412-5503 

Dr. Paul Montagna 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 

Dr. Quenton Dokken Associate 
Director 
Center for Coastal Studies 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corous Christi TX 78412 

Dr. Robert Edwards 
UT-Pan American 
Sbo Science Building Room 237 
Edinburg TX 78539 

Dr. Roger Zimmerman/ Don Moore 
National Marine Fisheries Service 
Galveston Field Branch 
4700 Avenue U Building 308 
Galveston TX 77551-5997 

Dr. Russ Miget 
Texas Sea Grant College Program 
Texas A&M University-Corpus Christi 
6300 Ocean Drive Seabreeze #2 
Corpus Christi TX 78412 

Dr. Scott Carr 
Southern Science Center 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Campus Box 315 
Corpus Christi TX 78412 

Dr. Steve Barnes 
Director 
National Spill Control School 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi TX 78412
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Dr. Steve Smith 
Department of Biology 
TAMU-Kingsville 
Kingsville TX 78363 

Dr. Terry Whitledge, Director 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 

Dr. Wes Tunnell, Director 
Center for Coastal Studies 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Cornus Christi TX 78412 

Mr. Albert Green 
TPWD 
Fountain Park Plaza I Suite 320 3000 
South Interstate 35 
Austin T-x 78704 

Mr. Alexander Evins Iv P.E.  
Environmentai Services Manager Oxychem 
Petrochemicals 
P.O. Box 10940 
Corpus Christi TX 78410 

Mr. Allan Colwick 
Water Quality Coordinator 
Natural State Resource Conservation Service 
101 S. Main 
Temple TX 76501-7682 

Mr. Allen Moers 
City of Rockport 
P.O. Box 1059 
Rockport TX 78381 

Mr. Allen Shifley P.E.  
Betz Industrial Corpus Christi District 
P.O. Box 1263 
Portland TX 78374-1263



Mr. Bill Hennings 
City Manager 
City of Corpus Christi 
P.O.Box 9277 
Corpus Christi TX 78469-9277 

Mr. Bob Bass 
Project Manager 
U.S. Army Corps of Engineers 
Galveston District 
P.O. Box 1229 
Galveston TX 77553-1229 

Mr. Butch Farabee 
Superintendent 
Padre Island National Seashore 
9405 S.P.I.D.  
Corpus Christi TX 78418 

Mr. Daniel Durnan 
Town of Bayside 
P.O. Box 228 
Bavside TX 78340 

Mr. David Jensen 
Associate Director 
National Spill Control School 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi TX 78412 

Mr. Dipak Desai P.E.  
Environmental Manager 
Port of Corpus Christi Authority 
P.O. Box 1541 
Corpus Christi TX 78403-1541 

Mr. Donald Hegwood 
Professor of Agriculture 
Wilhausen Water Resources Center 
Texas A&M University-Kingsville 
Campus Box 163 
Kingsville TX 78363 

Mr. F.W. McEntire Jr.  
Administrator 
San Patricio County Health Dept.  
313 N. Rachel 
Sinton TX 78187

Mr. Fermin MunozJr.  
District Director 
Railroad Commission of Texas 
P.O. Box 10307 
Corpus Christi TX 78460-0307 

Mr. Gabriel Lugo, Regional Manager 
Texas General Land Office 
Oil Spill Prevention & Response 
4639 Corona Drive Suite 24 
Corpus Christi TX 78412~- 392 

Mr. Gary Powell 
Director of Bays & Estuaries Program 
Texas Water Development Board 
1700 N. Congress Ave 
Austin TX 78711 -3231 

Dr. David Brock 
Director of Bays & Estuaries Program 
Texas Water Development Board 
1700 N. Congress Ave 
Austin TX 78711-3231 

Mr. Gene Blacklock 
Coastal Bend Audubon Society 
3525 Bluebonnet 
Corpus Christi TX 78408 

Mr. George Ozuna 
Sub-district Chief 
U.S. Geological Survey 
Wrd North Plaza 435 Isom Road Suite 234 
San Antonio TX 78216 

Mr. Greg Brubeck 
Port of Corpus Christi Authority 
P.O. Box 1541 
Corpus Christi TX 78403-1541 

Mr. Hillis Dominguez 
Chairman 
Aransas Co. Navigation District 1 
911 Navigation Circle 
Rockport TX 78382 
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Mr. James Bowman, Program Manager 
Environmental Assessments 
TNRCC Region 14 
4410 Dillon Lane 
Corpus Christi TX 78415-5326 

Mr.James Conn 
Petroleum Superintendent 
City of Corpus Christi- Oil & Gas Well Division 
P.O. Box 717 
Corpus Christi TX 78403 

Mr.James Dodson 
Regional Water Director 
City of Corpus Christi 
P.o Box 9277 
Corpus Christi TX 78469-9277 

Mr.James Gafford 
Valero Refining 
5900 Upriver Road 
Corpus Christi TX 78407 

Mr. Jeff Nesloney 
Citgo-Corpus Christi Refinery 
P.O. Box 91761802 
Nueces Bay Blvd.  
Corpus Christi TX 78469-0321 

Mr.Jim Gooris 
Koch Refining Company 
P.O. Box 2608 
Corpus Christi TX 78403 

Mr.Jim Naismith 
Manager/District Engineer 
San Patricio Muncipal Water District 
P.O. Drawer S 
Ingleside TX 78362 

Mr. John Hendricks 
Executive Director 
Texas State Aquarium 
P. O. Box 331307 
Corpus Christi TX 78463
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Mr.John Hohnholt 
Valero Refining Company 
5900 up River Road 
Corpus Christi TX 78407 

Mr. John Kampffenkel 
Koch Refining Co.  
P.O. Box 2608 
Corpus Christi TX 78403 

Mr. John Kappel 
Technical Manager, Oxychem 
P.O. Drawer Cc 
Ingleside TX 78362-0710 

Mr. Ken Roberts 
Hoechst Celanese Technical Center 
P.O. Box 9077 
Corous Christi TX 78469-9077 

Mr. Kyle Spiller 
Texas Parks & Wildlife Coastal Fisheries 
1231 Agnes 
Corpus Christi TX 78401 

Mr. Lawrence McEachron 
Texas Parks & Wildlife Department 
702 Navigation Circle 
Rockport TX 78382 

Mr. Leon Decker, Director 
Environmental Division 
Nueces Co. Dept. of Public Health 
P.O. Box 9727 
Corpus Christi TX 78469-9727 

Mr. Lloyd Mullins, Program Director 
Texas General Land Office 
Naylor Building Second Floor 
111 West Wilson 
Aransas Pass TX 78336 

Mr. Marshall Holybee 
Director Guadalupe-Blanco River Authority 
933 East Court St. P.O. Box 271 
Seguin TX 78156-0271
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Mr. MarshallJennings P.E.  
U.S. Geological Survey WRD 
8011 Cameron Road Bldg. 2 
Austin TX 78754 

Ms. Ruth O'Brien 
College of Science & Technology 
Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi TX 78412 

Mr. Mike Ordner 
Classification Branch Chief 
Division of Shellfish Sanitation Control 
Texas Department of Health 
1100 West 49th Street 
Austin TX 78756 

Mr. P.W. Nieschwietz 
E.1. Dupont 
P.O. BoxJJ 
Ingleside TX 78362 

Mr. R. Reining 
4641 Congressional Dr.  
Corpus Christi TX 78413 

Mr. Ray Allen 
Central Power & Light 
P.O. Box 2121 
Corpus Christi TX 78403 

Mr. Richard Harrington, Regional Director 
TPWD 
Texas A&M University-Corpus Christi 
6300 Ocean Drive Campus Box 317 
Corpus Christi TX 78412 

Mr. Richard Thompson 
Texas Department of Health 
1100 West 49th Street 
Austin TX 78756-3199 

Mr. Richard Tillman 
Marine Extension Agent Aransas & San 
Patricio Cos. Texas Agricultural Extension 
Service 
935 N. Commercial 
Aransas Pass TX 78336

Mr. RickJensen 
Texas Water Resources Institute 
TAMU-College Station 
301 Scoates Hall 
College Station TX 77843-2118 

Mr. Scott Holt 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 

Mr. Ted Grabowski 
Public Works Department (N 761) 
U.S. Naval Station-Ingleside 
262 Coral Sea Road 
Ingleside TX 78362-5004 

Environmental Goldston Engineering Inc.  
210 S. Carancahua Suite 200 
Corpus Christi TX 78402-2886 

Mr. Terry Cody 
TPWD 
702 Navigation Circle 
Rockport TX 78382 

Mr. Thomas Henderson 
Jr. Geologist 
915 Furman Avenue 
Corpus Christi TX 78404 

Mr. Tom Word District 
Engineer 
Texas Department of Transportation 
P.O. Box 9907 
Corpus Christi TX 78469 

Mr. Tommy Brooks 
City Manager 
City of Port Aransas 
P.O. Box 1090 
Port Aransas TX 78373-1090 

Mr. Tony Amos 
UT Marine Science Institute 
P.O. Box 1267 
Port Aransas TX 78373-1267 
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Mr. Victor Pisani 
Occidental Chemical Corporation 
P.O. Drawer CC 
Ingleside TX 78362 

Mr. Wayne Halbert 
President STASWCD 
Route 4 Box 77 
San Benito TX 78586 

Mr. Wesley Miller 
Soil Conservation Service Federal Building 
Room 308 
312 South Main 
Victoria TX 77901 

Ms. Carola Serrato 
Executive Director 
South Texas Water Authority 
P.O. Box 1 701 
Kingsville TX 78364-1701 

Ms.Jane Ward 
City of Ingleside 
P.O. Drawer Q 
Ingleside TX 78362 

Ms. Mary Thorpe 
Del Mar College 
415 Del Mar Boulevard 
Corpus Christi TX 78404 

Ms. Robyn Cobb 
Coastal Ecosystem Program Coordinator 
USFW - Ecological Services 
Texas A&M University-Corpus Christi 
6300 Ocean Drive Campus Box 338 
Corpus Christi TX 78412 

Dr. Andrew Ernest 
Texas A&M University-Kingsville 
Campus Box 213 
Kingsville TX 78363-8202 

Dr. Sisley 
Nueces County Health Department 
P.O. Box 9727 
Corpus Christi, TX 78469
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Mr. Bob Wayland 
EPA OW/OWOW 
401 M. Street SW 
Washington DC 20460 

Mr. Dave Davis 
EPA OW/OWOW 
401 M. Street SW 
Washington DC 20460 

Mr. David Mean 
Texas Office of State-Federal Regulations 
122 C Street NW Suite 200 
Washington D C 20001 

Mr. Jeff Lape 
EPA 
Office of Water/Permits Division 
401 M. Street SW 
Washington DC 20460 

Mr.Jose Alfonsia 
1700 N. Congress Rm. 735 
Austin TX 78701 

Dr. George Ward 
Center for Research in Water Resources 
University of Texas at Austin 
10100 Burnet Road 
Austin TX 78758-4497 

Dr. Carvalho 
Live Oak County Health Department 
Drawer 670 
George West, TX F78022 

Mr. Darwin Ockerman 
US Geological Survey 
Water Resources Division 
435 Isom Rd. Suite 234 
San Antonio TX 78216 

Dr. Mobley 
San Patricio County Health Department 
313 North Rachal 
Sinton. TX 78387
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Mr. Don Brady 
EPA OW/AWPD 
401 M. Street SW 
Washington DC 20460 

Mr. John Pai 
EPA OW/OWOW 
401 M. Street SW 
Washington DC 20460 

Dr. Donald Hegwood 
Wilhausen Water Resources Center 
Texas A&M University - Kingsville 
Campus Box 163 
Kingsville TX 78363 

Mr. Richard Hoppers 
EPA (6WQ-A) 
1445 Ross Avenue 
Dallas TX 75202 

Ms. Barbara Evans 
EPA 
Groundwater Protection Division 
401 M. Street SW 
Washington DC 20460 

Ms.Joan Warre 
EPA OW/OWOW 
401 M. Street SW 
Washington DC 20460 

Ms. Louise Wise 
EPA OW/OWOW 
401 M. Street SW 
Washington DC 24060 

Mr. Patrick Roques 
Water Quality Monitoring Team Leader 
Texas Natural Resource Conservation 
Commission - MC-150 
P.O. Box 13087 
Austin, Texas 78711-3087 

Mr. Stephen Coonan P.E.  
Alan Plummer and Associates Inc.  
106 East Sixth St. Suite 250 
Austin TX 78701

Ms. Deborah Nagle 
EPA 
Office of Water/Permits Division 
401 M. Street SW 
Washington DC 20460 

Ms. Leah Olivarri 
Olivarri & Associates 
5656 S. Staples Suite 104 
Corpus Christi TX 78411 

Mr. Kelly Hutchison 
General Land Office 
Stephen F. Austin Building 
1700 N. Congress Ave.  
Austin TX 78701-1495 

Mr. Paul Carangelo 
Port of Corpus Christi 
P.O. Box 1541 
Corpus Christi TX 78403
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APPENDIX I: 

MONITORING SURVEY RESULTS TABLE 

This table summarizes the responses to the monitoring survey. It includes columns of 

who monitors water quality in the Nueces Coastal Basins, where they monitor, and what 

they monitor for.
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APPENDIX I

Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other 

American Petrofina Pipeline Sam Watts Harbor Island 27-50-44/97-03-44 V V 

V V 

Nueces River V V 

Frio River V V 
Betz Laboratories Allen Shifley 

Rio Grande V V 

Guadalupe River V V 

Tranquitas Creek 27-30-54/97-50-02 V 
City of Kingsville Meg Conner 

Santa Gertrudis Creek V 

City of Portland Wastewater Treatment Kim Parker City of Portland wastewater 27-52-36/97-19-57 V V V V V V 
Plant treatment plant 

Corpus Christi Beach 

McGee Beach 

Corpus Christi - Nueces Department of PublicL e 
County Health Leon Decker 

Cole Park Beach V 

Ropes Park V 

Corpus Christi State V 
University 

Kennedy Causeway 

E.I. DuPont de Nemours & 27-52-20.9/97-14-46.2 V V V V 
o. Don teCorpus Christi Plant Robert Blaschke Corpus Christi Bay 

Co. Inc. 27-52-18.3/97-14-42.5 V 

Max 
Hoechst Celanese Corporati Bishop Plant Baldischwiler Carreta Creek 27-34-51.6/97-48-16.7 V V

IH



Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other 

Max Tranquitas Creek 27-31-22.6/97-51-27.2 V- ~ 
Bishop Plant 
BishopnPlanttBaldischwiler Escondido Creek 27-28-01.5/97-51-34.6 V~ 

Hoechst Celanese Corporati 

Corpus Christi Technical Garry Phillips Corpus Christi 27-48-55/97-32-09 V V 
Center 

Koch Refining Company L.P. Frank White Nueces River V 

National Biological Service Chris Onuf Laguna Madre V 

Naval Air Station - Kingsville Angel Zuniga NAS Kingsville 27-29-47/97-48-44 V V V V 

c Occidental Chemical w/ Gregory-Portland Sea Mark Evans La Quinta Channel V V V V 
Corporation - Ingleside Stars (8th grade) 

Dr. Roy VafVV 
Lehman Baffin Bay 

Texas A&M - Corpus Christi 

Joanna Mott 
V V V
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APPENDIXI1 II
Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other

Texas A&M - Corpus Christi

Joanna Mott

* 4..

Elizabeth 
Sharpe

Alazan Bay

V/

V,

V,

v

V

v

V v

Cayo del Grulla~V~ V 

Laguna SaladaI ~ .~. L i

Baffin Bay V, V V, V

27-52-xx/97-32-xx V V 

27-52-xx/97-32-xx V V 

27-52-xx/97-32-xx V V 
Center for Coastal Studies Brien Nichlau Nueces River Delta 

27-52-xx/97-32-xx V V 

27=52-xx/97-32-xx V V 

27-52-xx/97-32-xx V V 

V V 

Center for Coastal Studies Christina Garcia Mesquite Bay 
w/TPWDCViV 

V V

Conrad Blucher Institute John Adams

Sundown Bay 28-10-21/96-52-05 v

Copano Bay 28-06-08/97-01-50 V 

Goose Island 28-20-00/97-27-08 V 

Rockport 28-01-04/97-02-08 V 

Port Aransas 27-50-03/97-04-03 V 

Ingleside-Homeport 27-49-03/97-12-02 V 

Corpus Christi Bay V 

Aquarium 27-40-08/97-23-05 V 

T-Head 27-47-07/97-23-03 V

White Point - Nueces Bay 27-51-04/97-29-00 V
m m m mmmi mm m mm. m m m
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Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other

Texas A&M - Corpus Christi I Conrad Blucher Institute John Adams

Nueces Bay

27-51-22/97-25-43 t/

27-51-01/97-28-91 V11 11 1 
27-52-00/97-33-54 j
27-53-28/97-36-36 V

CC Naval Air Station 27-42-03/97-16-08 V 

27-42-43/97-20-02 V 
Oso Bay 

27-42-34/97-20-04 V 

Upper Laguna Madre 27-41-31/97-13-19 V 

Packrey Channel 27-38-00/97-14-02 V 

JFK Causeway V 

Bob Hall Pier 27-34-08/97-13-00 V 

Bird Island 27-29-00/97-17-02 V 

Upper Laguna Madre 27-17-09/97-24-56 V 

Riviera Beach 27-16-05/97-42-05 V 

Upper Laguna Madre 27-11-32/97-25-42 V 

Yarborough 27-10-03/97-25-59 V 

El Toro 26-58-05/97-27-05 V 

Rincon San Jose 26-08-00/97-08-02 V 

Port Mansfield 26-33-06/97-25-04 V 

26-21-20/97-21-26 V V 
Arroyo Colorado 

26-21-02/97-19-05 V 

Lower Laguna Madre V

Port Isabel 26-30-06/97-12-09 V
U m * - m - - u - m - - m -
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APPENDIX I

Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other 

John Adams South Padre Island Coast 26-04-03/97-10-00 V 
Conrad Blucher Institute Guard Station 

Larry Hyde Upper Laguna Madre V 

Texas A&M - Corpus Christi Magee Beach V V 

Recreational Water Quality Dr. J. Moh Port Aransas ~ V 

Bird Island V V 

Texas Agricultural Corpus Christi Center Bobby King RanchV 
Experiment Station Eddleman 

28-24-20/96-42-45 V 

28-23-10/96-43-45 V 

28-21-10/96-43-40 V 

28-18-50/96-40-35 V 

28-17-40/96-37-45 V 

28-13-40/96-42-25 V 

28-11-50/96-49-50 V 

28-14-45/96-46-10 V 

28-15-45/96-46-35 V 

28-18-20/96-45-25 V 
Texas Department of Health Seafood Safety Division Mike Ordner San Antonio Bay 

28-22-00/96-47-30 V 

28-23-35/96-50-00 V 

28-24-40/96-45-25 V 

28-22-00/96-44-45 V 

28-22-15/96-43-25 V 

28-16-45/96-43-40 V 

28-23-45/96-46-45 V 

28-24-30/96-49-30 V 

28-24-00/96-48-00 V 

28-25-10/96-49-40 __
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Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other

Texas Department of Health Seafood Safety Division

San Antonio Bay

28-22-00/96-45-40 V

28-16-40/96-42-25

28-17-35/96-39-10 v

28-10-10/96-51-30 V 

Mesquite Bay 28-08-25/96-50-00 V 

28-09-30/96-51-30 V 

28-01-15/97-02-47 V 

28-00-20/97-02-46 V 

28-01-17/97-01-12 V 

28-03-25/97-01-32 V 

28-04-03/97-01-54 V 

28-05-44/97-01-29 V 

28-06-23/97-00-38 V 

28-06-06/96-56-21 V 

28-07-08/96-58-05 V 
Aransas Bay 

28-00-06/97-01-34 V 

28-07-05/96-55-22 V 

28-02-34/96-57-20 V 

28-08-43/96-58-10 V 

28-10-10/96-57-49 V 

28-12-10/96-56-14 V 

28-04-30/96-56-15 V 

27-56-13/97-02-54 V 

27-57-15/97-00-42 V

Copano Bay

28-06-54/97-01-30 v

28-07-09/97-01-151 1
28-07-33/97-00-55 v

O 
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Agency Name Division/Department Name SiteLocation Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other

Texas Department of Health Seafood Safety Division

28-06-52/97-03-13 v

28-06-36/97-06-00 V 

28-05-48/97-07-00 V 

28-05-10/97-04-31 V 

28-05-15/97-12-33 V 

28-05-29/97-08-13 V 

28-07-24/97-04-18 V 

28-08-00/97-02-58 V 

28-03-15/97-03-56 V 

28-04-27/97-12-30 V 

28-04-33/97-12-55 V 

27-04-31/97-06-42 V 

28-11-30/97-00-42 V

27-59-36/97-10-12 V,

Redfish Bay 27-56-24/97-06-30 IL

Corpus Christi Bay

27-42-50/97-18-24 v

27-43-06/97-19-48 V 

27-43-47/97-20-53 V 

27-44-30-97-21-48 V 

27-45-28/97-22-15 V 

27-46-30/97-23-00 V 

27-47-12/97-23-18 V 

27-48-00/97-23-10 V 

27-47-42/97-23-18 V 

27-48-42/97-24-36 V 

27-48-42/97-25-00 V

27-48-40/97-23-17 v
* m mu mum m m mm. m m m
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Agency Name Division/Department Name SiteLocation Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other

Texas Departient of Health Seafood Safety Division

Corpus Christi Bay

___________________

Nueces Bay

27-49-18/97-22-54 V/

27-49-36/97-22-42 1V 
27-50-00/97-22-27 V 

27-50-30/97-21-54 V 

27-50-45/97-21-00 V 

27-51-30/97-19-48 V 

27-51-53/97-19-20 V 

27-49-30/97-08-17 V 

27-46-45/97-08-18 V 

27-45-40/97-09-45 V 

27-44-12/97-10-36 V 

27-52-30/97-16-25 V 

27-50-15/97-15-45 V 

27-48-42/97-14-40 V 

27-49-09/97-11-30 V 

27-49-18/97-25-12 V 

27-49-24/97-26-48 V 

27-48-54/97-27-48 V 

27-49-36/97-29-00 V

27-50-36/97-31-12

27-50-32/97-23-51

v

v

27-50-42/97-22-30 V 

27-51-03/97-21-56 V 

27-52-15/97-21-23 V 

27-52-43/97-20-22 V 

27-23-42/97-23-42 V

27-50-23/97-24-36 v
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APPENDIX I

Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Bid. Flow Other 

27-49-39/97-25-00 V 

27-50-12/97-25-30 V 

27-50-00/97-26-10 V 

Texas Department of Health Seafood Safety Division Mike Ordner Nueces Bay 27-50-12/97-27-12 V 

27-50-12/97-28-12 V 

27-52-03/97-23-45 V 

27-51-06/97-27-18 V 

27-35-10/97-15-54 V 

27-34-37/97-21-26 V 

27-19-01/97-24-00 V 

27-12-01/97-25-35 V 

26-48-21/97-28-14 V 

Laguna Madre 26-41-02/97-26-25 V 

26-33-13/97-24-23 V 

Texas Department of Health Seafood Safety Division Mike Ordner 26-33-27/97-25-25 V 

26-21-41/97-19-30 V 

26-15-44/97-17-02 V 

26-08-58/97-14-10 V 

27-16-18/97-28-06 

27-16-42/97-28-12 V 
Baffin Bay 

27-17-20/97-39-03 V 

27-19-15/97-39-05 V 

28-11-00/97-12-45 V V V 

Texas Natural Resource Mission River 28-17-30/97-16-44 V V V 

Conservation Commission Chris Caudle28-04-30/97-13-15 

Petronila Creek 27-29-08/97-32-18 V V V V

I.  
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Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Ilow Other

Texas Natural Resource 
Conservation Commission

Petronila Creek
27-37-20/97-39-45

27-39-57/97-42-07

V

V

VI

V

v

v

v

28-48-10/96-46-05 V V V 
San Antonio Bay 

28-30-00/96-30-05 V V V 

Aransas Bay 28-01-30.8/97-02-41 V V V 

Copano Bay 28-07-30/97-01-07 V V V 

Port Bay 27-59-12/97-10-06 V V V 

St. Charles Bay 28-10-45/96-57-03 V V V 

27-48-40/97-18-05 V V V V 

27-45-50/97-10-20 V V V 
Corpus Christi Bay - - -- -

27-51-18/97-14-27 V V V 

27-44-45.6/97-22-22.5 V V V 

27-50-15/97-23-36 V~V~ V 

Nueces Bay 27-49-58/97-24-57 V V V 

27-51-02/97-28-52 V V V 

Conn Brown Harbor 27-54-15/97-08-42 V V V V 

Port Aransas Municpal 27-50-20/97-04-05 V V V 
Harbor 

Redfish Bay 27-53-20/97-06-35 V V V 

Corpus Christi Inner 27-49-13/97-25-44 
Harbor at Avery Bas 

Corpus Christi Inner 27-49-10/97-27-00 V V V V 
Harbor at Navigatio 

Corpus Christi Inner 27-50-36/97-31-12 V V V 
Harbor at Viola Bas 

Oso Creek at SH 286 S 27-41-48/97-27-06 V V V 

Oso Creek at FM 763 27-42-40/97-30-06 V V V

Laguna Madre S Padre 
Island

27-36-00/97-14-24 v v v

U m m m im m m mu m m mu m
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APPENDIXI d
Agency Name Division/Department Name Site Location Latitude/Longitude Field Nut. Metals Org. Biol. Flow Other 

Laguna Madre at GIWW 27-16-35/97-24-37 V V V 
and Baffin Bay 

Laguna Madre at GIWW at 27-28-45/97-19-15 V V V 
Bird Island 

San Fernando Creek at US 27-32-18/97-39-27 V V V 
77 

Texas Natural Resource 
Conservation Commission Chris Caudle Baffin Bay at CM 14 27-16-06/97-30-36 V V V 

Baffin Bay at CM 36 27-17-24/97-38-36 V V V 

Laguna Madre at GIWW at V V V 
Marker 129 

Laguna Madre at GIWW V V V 
and Arroyo Colorado V V V 

San Antonio Bay V V 

Texas Parks & Wildlife Coastal Fisheries Division Larry Aransas Bay 

Department Corpus Christi Bay 

Upper Laguna Madre V V 

Aransas 27-55-00/97-00-07 V V 

Texas Water Development Dr. David Brock GIW at JFK 27-38-04/97-14-22 V V 
Board 

Baffin Bay 27-16-40/97-25-15 V V 

Lower Rio Grande / V V 
Arroyo Colorado 

Nueces V V 

Corpus Christi Ecological San Antonio Basin V V 
U.S. Fish & Wildlife Service CrpusChistic i Thomas Shultz 

Services Field Office Gudadalupe Basin V V 

Corpus Christi Bay 
Complex_ _ 

Lavaca Bay Complex V V 

Dr. Paul La Quinta Channel V V V 
University of Texas at Austin Marine Science Institute Montagl 

M taga Corpus Christi BayV

I 
I-I
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Clean Rivers Comes to the Gulf Coast

THE XhAS 
LEAN 

IVERS

Water quantity and quality are critical issues throughout the state of Texas. Texas 
watersheds now serve more than 16.5 million people, and our population is expected 
to nearly double over the next 50 years. The combined demand for water from 
industrial, residential, and agricultural users is currently 75% of the state's existing 
capacity, with demand approaching 100% of available supplies in some watershed 
areas.

PROGRAM Clean, usable water is and will continue to be - a priority for our state. Therefore, 
it is imperative that we protect the limited supplies of water we have for drinking, 

recreation, economic development, and the continued health and productivity of our estuaries. The Clean Rivers Program (CRP), 
a partnership between the Texas Natural Resource Conservation Commission (TNRCC) and 16 regional entities including 
river authorities, municipal water authorities and councils of government is dedicated to the protection of Texas' water 
resources through a regional, or watershed, approach to water resources planning. The goal of the program is to maintain and 
improve the quality and quantity of water within each of the 23 river basins in Texas.  

The Clean Rivers Program has identified 12 tasks to be accomplished in the next two years. Priorities include developing a water 
quality monitoring plan and writing a water quality assessment report for each river basin in Texas, encouraging public outreach 
and involvement, promoting water conservation, maintaining and analyzing current and historical water quality data, maintaining 
a data clearinghouse in each basin, and identifying and prioritizing water quality concerns in each of the river basins in Texas.  

In order to increase opportunity for local input and coordination with the Corpus Christi Bay National Estuary Program, a section 
of the Clean Rivers Program is now based in Corpus Christi. Nicole Fisher, the new Project Manager for the San Antonio-Nueces 
and the Nueces-Rio Grande coastal basins, will strive to eliminate duplication of efforts by coordinating a unified monitoring 
program that will gather and organize water quality information. The data collected will be analyzed to identify trends and 
cumulative impacts to the area's bays.  

The 1996 water quality assessment report for these two basins will provide a great deal of information about the water quality of 
the Coastal Bend's river basins.  

The report will:

- include an intensive study of the current status and historical 
trends of ambient water and sediment quality in the coastal basin 
rivers and bays; 

" rank the water quality of the various bays and rivers in the coastal 
basins as well as identify pollutant loadings, sources, and 
impairments in water quality; 

" contain specific recommendations to address water quality 
concerns identified by the program; and 

- update the public on the status of various water quality studies 
currently in progress, and on public participation and education 
events.  

The Clean Rivers Program strives to increase cooperation among diverse water 
quality agencies to address priority issues in a coordinated manner, and to provide 
a forum for citizens to express their concerns and contribute their ideas about 
water quality issues. The TNRCC and the Nueces River Authority have established

Nicole Fisher, Clean Rivers Program Manager 
for the Nueces Coastal Basins, prepares to 
sample area waters.

a steering committee to advise on how to best achieve these goals. Committee members have been chosen to represent the diverse 
interests in all three Nueces basins. Members include representatives from government, industry, business, and the public. Steering 
committee meetings are open to the public and public participation is encouraged.  

To learn more about the Clean Rivers Program, contact Ms. Nicole Fisher, CRP Coordinator at 512/994-8451, Mr. Con Mims, 
Director of the Nueces River Authority, at 210/278-6810, or the TNRCC in Austin at 512/239-4411.



FY98-99 TNRCC Water Quality Monitoring Stations 
FY97 TNRCC Water Quality Monitoring Stations 
Historical Basin Monitoring Stations 
Current Texas Watch Volunteer Monitoring Stations in the 
Nueces Coastal Basins Study Area 
Corpus Christi Bay National Estuary Program (CCBNEP) 
Study Area

For other maps of general interest, see:

Nueces Coastal Basins Study Area, p. 3 
Nueces Coastal Basins Segments, p. 16 

San Antonio-Nueces Coastal Basin Identified Water Quality Issues, p. 46 
Nueces - Rio Grande Coastal Basin Water Quality Concerns, p. 48

- Il

APPENDIX K: 

MAPS
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MAP A: 
MAP B: 
MAP C: 
MAP D: 

MAP E:
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Figure 1.1 
Figure 1.2 
Figure 3.8 
Figure 3.9
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Map A: FY '98-'99 TNRCC Water Quality Monitoring Stations
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Map B: FY '97 TNRCC Water Quality Monitoring Stations 
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Map C: San Antonio - Nueces Coastal Basin 

Identified Water Quality Issues 
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Map D: Nueces - Rio Grande Coastal Basin 

Water Quality Concerns

Corpu 
Christ 
Bay

r Ala
Cayo 

del Gru

Bay .  
Bay

..

us 

ti

Concern/ Does not Segment No. 1 The fish consumption determination is 
suppot use Notderived from the Texas Department of 

designated for use Nutrients Dissolved Metals Health's report.  

Possible concern/ Dissolved Minerals - ___ Fish Consumption 1 2 
Partially supports use , The swimming determination is derived 

Dissolved Oxygen Swimming- from TNRCC Surface Water Quality 
Segment Boundary Acidity -_ Bacteria Monitoring's 305(b) report.

0so

C





Map E: Corpus Christi Bay 

Program (CCBNL 

San Antonio

Nwees Coastal Basin 
Bee 

\ Refugio 
Mc ullen i 

Oak~ s Oak Calhoun 

.n Patric1 
na 

Nuebs 

Rive Basin 1uval 1Nueces 

Kleb g 

Nueces-Rio Grande 
Coastal Basin Kenedy

National Estuary 
'P) Study Area

CCBNEP 
Study Area 

Nueces River 

Basins 
Area Assessed in 
Rio Grande 
Water

y 
i 

4 

o 
q 

t

I

5 I

1

N 

W E





-_-

APPENDIX L: 

GLOSSARY

aerobic: Life or processes that require, or are 

not destroyed by, the presence of 
oxygen.  

algae: Simple rootless plants that grow in 
sunlit waters in relative proportion to 
the amounts of nutrients available.  
They can affect water quality adversely 
by lowering the dissolved oxygen in the 
water. They are food for fish and small 
aquatic animals.  

algal blooms: Sudden spurts of algal growth, 
which can affect water quality adversely 
and indicate potentially hazardous 
changes in local water chemistry.  

ambient: The natural conditions that would 
be expected to occur in waters 
unaffected or not influenced by the 
human activities.  

aquifer: An underground geological 
formation, or group of formations, 
containing usable amounts of 
groundwater that can supply wells and 
springs.  

basin: Drainage area for a major river. Sub
basins (or watersheds) drain a smaller 
river or stream which may have no 
outlet to the sea.  

benthic macroinvertebrates: Large 
invertebrate organisms (typically taken 
to include those organisms retained by a 
0.595-mm sieve) that spend all or a part 
of their life cycle associated with the 
bottom of freshwater and/or marine 
systems.  

benthic organism (benthos): A form of 
aquatic plant or animal life that is found 
on or near the bottom of a stream, lake 
or ocean.  

best management practice: A practice or 
combination of practices determined to 
be the most practicable means of 
preventing or reducing, to a level 
compatible with water quality goals, the 
amount of pollution generated by 
nonpoint sources.

bioaccumulation: The accumulation of toxic 
chemicals in living things.  

bioaccumulative: Substances that increase in 
concentration in living organisms (that 
are very slowly metabolized or excreted) 
as they breathe contaminated air, drink 
contaminated water, or eat 
contaminated food.  

biochemical oxygen demand (BOD): A 
measure of the amount of oxygen 
consumed in the biological processes 
that break down organic matter in water.  
The greater the BOD, the greater the 
degree of pollution.  

biomonitoring: 1. The use of living organisms 
to test the suitability of effluents for 
discharge into receiving waters and to 
test the quality of such waters 
downstream from the discharge. 2.  
Analysis of blood, urine, tissues, etc., to 
measure chemical exposure in humans.  

biotic community: A naturally occurring 
assemblage of plants and animals that 
live in the same environment and are 
mutually sustaining and interdependent.  

chemical oxygen demand (COD): A measure 
of the oxygen required to oxidize all 
compounds in water, both organic and 
inorganic.  

chloride (Cl): An element that dissolves from 
rock materials. The following 
contribute to an increase in chloride 
levels: aridity, return drainage from 
irrigation, sewage, drainage from oil 
wells, salt springs, and industrial waste.  
Increased levels of chloride will 
heighten the corrosive effects of water, 
combined with sodium, causes a salty 
taste.  

coastal zone: Lands and waters adjacent to the 
coast that exert an influence on the uses 
of the sea and its ecology, or, inversely, 
whose uses and ecology are affected by 
the sea.
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I
coliform bacteria: Any of a number of 

organisms, common to the intestinal 
tract of humans and animals, which may 
be present in wastewater and receiving 
waters and considered an indicator of 
pollution.  

constituent: An essential part: component, 
element. Serving to form, compose, or 
make up a unit or whole.  

contact recreation: Recreational activities 
involving a significant risk of ingestion 
of water, including wading by children, 
swimming, water skiing, diving, and 
surfing.  

DDT: The first chlorinated hydrocarbon 
insecticide (chemical name: 
dichlorodiphenyltrichloromethane). It 
has a half-life of 15 years and can collect 
in fatty tissues of certain animals. EPA 

banned registration and interstate sale 
of DDT for virtually all but emergency 
uses in the United States in 1972 
because of its persistence in the 
environment and accumulation in the 
food chain.  

designated segment: Stream or water body 
with defined uses and assumed 
numerical criteria intended to protect 
those uses. Segment name, number, 
boundaries, defined uses, and numerical 
criteria appear in the Texas Surface Water 
Quality Standards.  

designated uses: Those water uses identified 
in state water quality standards which 
must be achieved and maintained as 
required under the Clean Water Act.  
Uses can include cold water fisheries, 
public water supply, agriculture, etc..  

discharge permit: A permit issued by the state 
to discharge effluent into waters of the 
state.  

discharge: The volume of water that passes 
through a given cross-section of a 
channel or sewage outfall during a unit 
of time (MGD, ft3/s, or m3 /s).  

dissolved oxygen (DO): The oxygen freely 
available in water. Adequate dissolved 
oxygen is necessary for the life of fish 
and other aquatic organisms. About 3-5

PeL-2

mg/L or ppm is the lowest limit for 
support of fish life over a long period of 
time (mg/L or ppm).  

dissolved solids: Disintegrated organic and 
inorganic material contained in water.  
Excessive amounts make water unfit to 
drink or use in industrial processes.  

ecoregion: Geographical regions 
characterized by relatively homogeneous 
land use, land surface form, potential 
natural vegetation, and soils.  

effluent limitation: Restrictions established by 
a State or EPA on quantities, rates, and 
concentrations in wastewater discharges.  

effluent: Something that flows out; as an 
overflowing branch of a main stream or 
lake, or waste material(as smoke, liquid 
industrial refuse, or sewage) discharged 
into the environment especially when 

serving as a pollutant.  
endangered species: Animals, birds, fish, 

plants, or other living organisms 
threatened with extinction by human
made or natural changes in their 
environment. Requirements for 
declaring a species endangered are 
contained in the Endangered Species 
Act.  

enrichment: The addition of nutrients (e.g., 
nitrogen, phosphorus, carbon 
compounds) from sewage effluent or 
agricultural runoff to surface water.  
This process greatly increases the growth 
potential for algae and aquatic plants.  

estuarine: Of, related to, or formed in an 
estuary.  

estuary: Regions of interaction between rivers 
and nearshore ocean waters, where tidal 
action and river flow create a mixing of 
fresh and salt water. These areas may 
include bays, mouths of rivers, salt 
marshes, and lagoons. These brackish 
water ecosystems shelter and feed 
marine life, birds, and wildlife.  

eutrophication: The slow aging process 
during which a lake, estuary, or bay 
evolves into a bog or marsh and 
eventually disappears. During the later 
stages of eutrophication the water body
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is choked by abundant plant life as the 
result of increased amounts of nutritive 
compounds such as nitrogen and 
phosphorus. Human activities can 
accelerate the process.  

exceedance: Violation of environmental 
protection standards by exceeding 
allowable limits or concentration levels.  

fecal coliform: Bacteria of the coliform group 
originating from the intestines of warm
blooded animals. Occurrence signifies 
contamination by human wastes; higher 
levels indicate a potential health hazard 
(see coliform bacteria).  

freshwaters: Inland waters that exhibit no 
measurable elevation changes due to 
normal tides.  

ground water: The supply of freshwater found 
beneath the Earth's surface, usually in 
aquifers, which is often used for 
supplying wells and springs. Because 
groundwater is a major source of 
drinking water there is growing concern 
over areas where leaching agricultural 
or industrial pollutants or substances 
from leaking underground storage tanks 
are contaminating ground water.  

hydrology: The science dealing with the 
properties, distribution, and circulation 
of water.  

indicator: In biology, an organism, species, or 
community whose characteristics show 
the presence of specific environmental 
conditions.  

lagoon: (1) A shallow pond where sunlight, 
bacterial action, and oxygen work to 
purify wastewater; also used to store 
waste waters or spent nuclear fuel rods.  
(2) Shallow body of water, often 
separated from the sea by coral reefs or 
sandbars.  

load: The mass of a material entering a system 
over a certain time period (lb/day, kg/ 
day).  

marine waters: Waters which have measurable 
elevation changes due to normal tides.  
Marine waters are considered to be 
saltwater for purposes of standards 
application. In the absence of tidal

information, marine waters are generally 
considered to be waters which typically 
have salinities of two parts per thousand 
or greater in a significant portion of the 
water column.  

marsh: A type of wetland that does not 
accumulate appreciable peat deposits 
and is dominated by herbaceous 
vegetation. Marshes may be either fresh 
or saltwater and tidal or non-tidal.  

method detection limit: The minimum 
concentration of a substance that can be 
detected in the matrix of concern with a 
99 percent confidence level that the 
substance is present.  

metric: Quantitative measures of structure 
used in the assessment of the integrity of 
biological communities; typically, 
assessments utilize several metrics to 
provide an integrated analysis of biotic 
integrity.  

minimum analytical level: The lowest 
concentration at which a particular 
substance can be quantitatively 
measured with a defined precision level, 
using approved analytical methods. The 
minimum analytical level is not the 
published method detection limit which 
is based on single laboratory analysis of 
the substance in reagent (distilled) 
water. The minimum analytical level is 
based on analyses of the analyze (i.e., 
wastewater effluents).  

modeling: An investigative technique using a 
mathematical or physical representation 
of a system or theory that accounts for 
all or some of its known properties.  
Models are often used to test the effect 
of changes of system components on the 
overall performance of the system.  

monitoring: Periodic or continuous 
surveillance or testing to determine the 
level of compliance with statutory 
requirements and/or pollutant levels in 
various media or in humans, animals, 
and other living things.  

National Pollutant Discharge Elimination 
System: A provision of the Clean Water 
Act which prohibits discharge of
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pollutants into waters of the United 
States unless a special permit is issued by 
EPA, a state, or (where delegated) a 
tribal government on an Indian 
reservation.  

nekton: Animals capable of swimming 
independently of turbulence (i.e., fish 
and strongly swimming zooplankton).  

nonpoint source: Pollution sources which are 
diffuse and do not have a single point of 
origin or are not introduced into a 
receiving stream from a specific outlet.  
The pollutants are generally carried off 
the land by stormwater runoff. The 
commonly used categories for nonpoint 
sources are: agriculture, forestry, urban, 
mining, construction, dams and 
channels, land disposal, and saltwater 
intrusion.  

noncontact recreation: Recreational pursuits 
not involving a significant risk of water 
ingestion; including fishing, commercial 
and recreational boating, and limited 
body contact incidental to shoreline 
activity.  

nutrient: Any substance assimilated by living 
things that promotes growth. The term 
is generally applied to nitrogen and 
phosphorus in wastewater, but is also 
applied to other essential and trace 
elements.  

pathogens: Microorganisms that can cause 
disease in other organisms or in 
humans, animals and plants. They may 
be bacteria, viruses, or parasites and are 
found in sewage, in runoff from animal 
farms or rural areas populated with 
domestic and/or wild animals, and in 
water used for swimming. Fish and 
shellfish contaminated by pathogens, or 
the contaminated water itself, can cause 
serious illnesses.  

PAHs: Toxic industrial chemicals (polycyclic 
aromatic hydrocarbons) that are organic 
compounds made up of carbon and 
hydrogen in benzene rings. They occur 
in a variety of environmental products 
such as soot, coal, tar, tobacco, smoke, 
petroleum and cutting oils.
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PCBs: A group of toxic, persistent chemicals 
(polychlorinated biphenyls) used in 
transformers and capacitors for 
insulating purposes and in gas pipeline 
systems as a lubricant. Further sale or 
new use was banned by law in 1979.  

pH: Hydrogen ion concentration which 
reflects the balance between acids and 
alkalis. The extreme readings are 0 and 
14. The pH of most natural water falls 
within the range 4 to 9. A pH of 7.0 
indicates neutral water. A 6.5 reading is 
slightly acid; an 8.5 reading is alkaline.  
Slight decrease in pH may greatly 
increase the toxicity of pollutants such 
as ammonia. Alkaline water will tend to 
form a scale; acid water is corrosive; 
good water should be nearly neutral.  

phosphate (PO4 ): A natural nutrient. Excess 
phosphate may be caused by oxidation 
of organic matter, water treatment, 

fertilizer, detergents, and industrial and 
municipal sewage. High concentrations 
can be detrimental to fish life, or 
enhance nuisance algal growth and 
eutrophication.  

phosphorus: An essential chemical food 
element that can contribute to the 
eutrophication of lakes and other water 
bodies. Increased phosphorus levels 
result from discharge of phosphorus
containing materials into surface waters.  

phytoplankton: That portion of the plankton 
community comprised of tiny plants, 
e.g., algae, diatoms.  

plankton: Small, floating or weakly swimming 
plants and animals in freshwater and 
marine ecosystems.  

point source: A stationary location or fixed 
facility from which pollutants are 
discharged or emitted. Also, any single 
identifiable source of pollution, e.g., a 
pipe, ditch, ship, ore pit, factory 
smokestack.  

ppm: Concentration unit of parts per million.  
ppt: Concentration unit of parts per 

thousand.  
reservoir: Any natural or artificial holding 

area used to store, regulate, or control



water.  
riparian: Relating to or living or located on 

the bank of a natural watercourse (as a 
river) of a lake or a tidewater.  

risk management: The process of evaluating 
alternative regulatory and nonregulatory 
responses to risk and selecting among 
them. The selection process necessarily 
requires the consideration of legal, 
economic and social factors.  

salinity: 1. The degree of salt in water. 2. The 
total dissolved solids in water after all 
carbonates have been converted to 
oxides, all bromide and iodide have 
been replaced by chloride, and all 
organic matter has been oxidized. For 
most purposes, salinity is considered 
equivalent to total dissolved salt content.  
Salinity is normally expressed in parts 
per thousand.  

salts: Includes compounds of certain cations 
(calcium, sodium, potassium, 
magnesium) and anions (carbonate, 
bicarbonate, chloride, sulfate, and 
nitrate). High levels of salts affect plant 
growth adversely by physically 
preventing water uptake, directly 
poisoning plants, or changing soil 
structure. Indicators of salinity include 
total dissolved solids (TDS), sodium, 
specific conductance, and boron.  

secondary treatment: The second step in most 
publicly owned waste treatment systems 
in which bacteria consume the organic 
parts of the waste. It is accomplished by 
bringing together waste, bacteria, and 
oxygen in trickling filters or in the 
activated sludge process. This treatment 
removes floating solids and about 90 
percent of the oxygen-demanding 
substances and suspended solids.  
Disinfection is the final stage of 
secondary treatment.  

sediment: Solid material that originates 
mostly from disintegrated rocks and is 
transported by, suspended in, or 
deposited from water. It includes 
chemical and biochemical precipitates 
and decomposed organic sediment that

are influenced by such environmental 
factors as degree of slope of basin, 
length of slope, soil characteristics, land 
usage, and quantity and intensity of 
rainfall.  

segment: A discrete portion of water body of 
somewhat homogeneous character, as 
represented in mathematical models.  
The Texas Surface Water Quality 
Standards recognize 223 river segments, 
98 reservoir segments, 44 bay segments 
and the Gulf of Mexico (one segment).  

septic tank: An underground storage tank for 
waters from homes having no sewer line 
to a treatment plant. The waste goes 
directly form the home to the tank, 
where the organic waste is decomposed 
by bacteria and the sludge settles to the 
bottom. The effluent flows out of the 
tank into the ground through drains; 
the sludge is pumped out periodically.  

species: For sexually reproducing organisms, 
a species may be defined as one or more 
populations whose members interbreed 
under natural conditions and produce 
fertile offspring, and who are 
reproductively isolated from other such 
groups.  

specific conductance or conductivity: A 
measure of the ability of water to 
conduct an electrical current. The 
measure is used as a surrogate for the 
amount of dissolved solids or salt 
content in the water.  

standards: Prescriptive norms which govern 
action and actual limits on the amount 
of pollutants or emissions produced.  
EPA, under most of its responsibilities, 
establishes minimum standards. States 
are allowed to be stricter.  

storm sewer: A system of pipes (separate from 
sanitary sewers) that carry only water 
runoff from building and land surfaces.  

surface water in the state: Lakes, bays, ponds, 
impounding reservoirs, springs, rivers, 
streams, creeks, estuaries, wetlands, 
marshes, inlets, canals, the Gulf of 
Mexico inside the territorial limits of the 
state, and all other bodies of surface
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I water, natural or artificial inland or 
coastal, fresh or salt, navigable or 
nonnavigable, and including the beds 
and banks of all watercourses and 
bodies of surface water, that are wholly 
partially inside or bordering the state or 
subject to the jurisdiction of state; 
except that waters in treatment systems 
which are authorized by state or federal 
law, regulation, or permit, and which are 
created for the purpose of waste 
treatment are not considered to be 
waters in the state.  

suspended solids: Small particles of solid 
pollutants that float on the surface of, or 
are suspended in sewage or other 
liquids. They resist removal by 
conventional means.  

temperature: A measure of heat content.  
High temperatures restrict the species of 
fish that can survive in a body of water.  
Warmer waters contain a reduced 
capacity to hold dissolved oxygen. At 
warmer temperatures, oxygen is used 
more rapidly by organic wastes, lowering 
oxygen content.  

temporal: Relating to time.  
tidal marsh: Low, flat marshlands traversed by 

channels and tidal hollows and subject 
to tidal inundation; normally, the only 
vegetation present are salt-tolerant 
bushes and grasses.  

total dissolved solids (TDS): A measure of 
dissolved materials in water that 
indicates salinity. For many purposes, 
TDS content is a major limitation on the 
use of water.  

total maximum daily load (TMDL): The total 
allowable pollutant load to a receiving 
water such that any additional loading 
will produce a violation of water quality 
standards.  

total suspended solids (TSS): A measure of 
the suspended solids in wastewater, 
effluent, or water bodies, determined by 
using tests for "total suspended non
filterable solids." 

toxic pollutants: Materials contaminating the 
environment that cause death, disease
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or birth defects in organisms that ingest 
or absorb them. The quantities and 

length of exposure necessary to cause 
these effects can vary widely.  

toxic substance: A chemical or mixture that 
may present an unreasonable risk of 
injury to health or the environment.  

toxic: Harmful to living organisms.  
toxicity test: The means to determine the 

toxicity of a chemical or an effluent 
using living organisms. A toxicity test 
measures the degree of response of an 
exposed test organism to a specific 
chemical or effluent.  

toxicology: The science and study of poisons 
control.  

trend: Change over time 
undesignated segment: Tributary stream or 

water body not specifically identified in 
the Texas Surface Water Quality Standards.  

wasteload evaluation (WLE): A wasteload 
evaluation is the determination of the 
amount of pollutant which can be 
discharged to a water body such that the 
intended uses of the water body would 
be protected. Water quality models are 
often used to make this determination.  

waste treatment plant: A facility containing a 
series of tanks, screens, filters and other 
processes by which pollutants are 
removed from water.  

wastewater: The spent or used water from 
individual homes, a community, a farm, 
or an industry that contains dissolved or 
suspended matter.  

water pollution: The presence in water of 
enough harmful or objectionable 
material to damage the water's quality.  

water quality criteria: Specific levels of water 
quality which, if reached, are expected 
to render a body of water suitable for its 
designated use. The criteria are based 
on specific levels of pollutants that 
would make the water harmful if used 
for drinking, swimming, farming, fish 
production, or industrial processes.  

water quality limited: A classification 
indicating a water quality problem in a 
segment. Segments receive this
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classification if (a) standards have been 
violated twice in a year, (b) receiving 
waters do not meet quality standards 
even when the federal effluent standards 
are met, or (c) advanced municipal 
waste treatment is required to protect 

water quality. Deviations from standards 
due to natural causes alone will not 
warrant this classification.  

Water Quality Management Program: The 
TNRCC's overall program for attaining 
and maintaining water quality associated 
with state standards, as authorized under 
the Texas Administrative Code and the 
Clean Water Act.  

water quality standards: State-adopted and 
EPA-approved ambient standards for 
water bodies. The standards cover the 
use of the water body and the water 
quality criteria that must be met to 
protect the designated use or uses.  

watershed: A sub-basin with a distinct 
drainage area within a larger river basin.  
Also used to refer to the management of 
water resources by drainage area, as in 
"watershed approach." 

wetlands: An area that is regularly saturated 
by surface or ground water and 
subsequently is characterized by a 
prevalence of vegetation that is adapted 
for life in saturated soil conditions.  
Examples include: swamps, bogs, fens, 
marshes, and estuaries.  

zooplankton: Floating or weakly swimming 
animals in freshwater and marine 
ecosystems; planktonic animals.
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