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The Lavaca-Navidad River Authority (LNRA) has partnered with the Texas 
Commission on Environmental Quality (TCEQ) since the Texas Legislature passed 
the Clean Rivers Act in 1991.  Support from the Clean Rivers Program (CRP) has 
allowed LNRA to: 
 

• Acquire staff to administer and implement the CRP program in the Lavaca Basin  
• Purchase a boat, monitoring equipment (including datasondes) and sampling 

supplies 
• Provide additional water quality analyses with CRP financial assistance for 

laboratory costs 
• Support Texas Watch volunteers in the Basin and provide them with monitoring 

equipment and supplies 
• Supply Major Rivers water educational program to fourth-grade students in 

schools throughout Lavaca Basin 
• Increase public participation in our CRP Steering Committee Meetings 
• Quickly respond to potential environmental emergencies, e.g. spills, and to 

contact the appropriate enforcement and response agencies 
• Expand the CRP monitoring for Lavaca Basin to include new sites for more 

thorough coverage of the Basin 
• Perform monthly monitoring of most sites and quarterly monitoring of all sites 
• Perform Special Studies as needed 
• Perform continuous monitoring resulting in the de-listing of Segment 1602, 

Lavaca River, for temperature; and long-term 24-hour monitoring of Segment 
1604, Lake Texana, resulting in de-listing for dissolved oxygen during the 2004 
assessment. 

 
2002 and 2004 Texas Water Quality Inventories: 
 
Water quality standards are the basis for assessing the status of Texas surface waters and 
for regulatory and nonregulatory control of pollutants when the levels of treatment used 
by permitted dischargers are inadequate to maintain water quality.  According to TCEQ, 
standards are the foundation for managing surface water quality.  A water quality 
standard is the combination of:  
 

• A designated use, and 
• The criteria necessary to attain and maintain that use. 

 
Some water quality standards are applied generally to multiple water bodies, and some 
are segment-specific. Also, the standards define an anti-degradation policy of the Clean 
Rivers Program to protect existing uses and water quality of less impacted water bodies. 
The water quality standards for Lavaca Basin, by River Segment, are listed in Table 1. 
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Table 1 

Water Quality Standards for Lavaca Basin 
 

Segment Water Body Flow ALU** Dissolved 
oxygen Chloride Sulfate 

Total 
Dissolved 

Solids 
(TDS) 

pH 
range Temperature 

1601 Lavaca River tidal T H 4.0    6.5-
9.0 95 

1601A* Catfish Bayou 
(Swan Lake) T H 4.0    6.5-

9.0 95 

1601B* Redfish Bayou T H 4.0    6.5-
9.0 95 

1602 Lavaca River 
above tidal P H 5.0 200 100 700 6.5-

9.0 91 

1603 Navidad River 
tidal P H 4.0    6.5-

9.0 91 

1604 Lake Texana R H 5.0 100 50 500 6.5-
9.0 93 

1604A* East Mustang 
Creek I I 4.0    6.5-

9.0 93 

1604B* West Mustang 
Creek P H 5.0    6.5-

9.0 93 

1604C* Sandy Creek P H 5.0    6.5-
9.0 93 

1605 Navidad River 
above Lake TX P H 5.0 100 50 550 6.5-

9.0 91 

Measurements in mg/L and temperature in degrees Fahrenheit 
* Unclassified 
**ALU = Aquatic Life Use (H=High and I=Intermediate)  
Flow: 
P = Perennial  T = Tidal 
R = Reservoir  I = Intermittent w/pools 
 
Standards for Chloride, Sulfate and TDS are listed as a “maximum annual average”. 
 
 
Standards for indicator bacteria: 
<   35 colonies Enterococci per 100 mL for tidally influenced waters, and for freshwater 
< 126 colonies E. coli per 100 mL – both standards are long-term geometric means. 
(Another way of assessing bacterial concentration is the standard for individual samples: 
<89 colonies of Enterococci and <394 colonies of E.coli.  A water body is considered 
impaired if the individual samples exceed the criteria more than 25% of the time.) 
 
Screening Criteria for nutrients: 
TCEQ has been in the process of developing nutrient “standards” for several years. Once 
developed, the proposed standards will then need to pass an EPA approval process.  The 
current criteria are used as a screening device to determine where there might be potential 
water quality problems as a result of elevated levels of phosphorus, nitrogen, ammonia or 
algal growth indicated by high chlorophyll-a levels. 
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Nutrient screening guidelines were revised with the 2006 Draft Guidance for Assessment 
based on continuing evaluation.  This report uses the criteria from the 2004 Guidance. 
The 2006 Texas Water Quality Inventory, not yet published by the TCEQ, will use the 
2006 criteria. The use of this new Guidance may slightly change the nutrient concerns in 
the Lavaca Basin. 
     
    Guidance year      2006        2004____ 
Freshwater streams  Ammonia  <0.33 mg/L  <0.17 mg/L 
    Nitrite + Nitrate <1.95 mg/L  <2.76 mg/L 
    Orthophosphorus <0.37 mg/L  <0.5 mg/L 
    Total phosphorus <0.69 mg/L  <0.8 mg/L 
    Chlorophyll-a  <14.1 µg/L  <11.6µg/L 
 
Reservoir   Ammonia  <0.11 mg/L  <0.106 mg/L 
    Nitrite + Nitrate <0.37 mg/L  <0.32 mg/L 
    Orthophosphorus <0.05 mg/L  <0.05 mg/L 
    Total phosphorus <0.20 mg/L  <0.18 mg/L 
    Chlorophyll-a  <26.7 µg/L  <21.4 µg/L 
 
Tidal Streams  Ammonia  <0.46 mg/L  <0.58 mg/L 
    Nitrite + Nitrate <1.10 mg/L  <1.83 mg/L  
    Orthophosphorus <0.46 mg/L  <0.55 mg/L 
    Total phosphorus <0.66 mg/L  <0.71 mg/L 
    Chlorophyll-a  <21.0 µg/L  <19.2 µg/L 
 
 
The TCEQ is required by the Clean Water Act to do a Water Quality Inventory or 
assessment of Texas water bodies every two years.  Impaired waters (those not 
statistically meeting water quality standards) are placed on a list titled the Texas Water 
Quality Inventory and §303(d) List (a section of the federal Clean Water Act).   
 
The 2002 and 2004 Texas Water Quality Inventories included two segments of Lavaca 
Basin: 
 

• The upper 29 miles of Segment 1602, Lavaca River above Tidal, were listed in 
2002 as a concern due to seasonal depressed dissolved oxygen (DO) levels. Since 
limited data was available, LNRA conducted its own special study of the Segment 
in addition to collecting 24-hour data in cooperation with Texas Parks and 
Wildlife (TPWD).  The data obtained from these two monitoring projects caused 
this portion of Segment 1602 to be placed on the 2004 - §303(d) List for 
depressed DO.  

 
  LNRA discussions with TCEQ offered the fact that flows are very low in the 
 upper section of the Lavaca River, especially in hot summer months, and that it 
 might not be possible for the upper portion of the Lavaca River to regularly meet 
 the high aquatic life use standards for dissolved oxygen. Consequently it was 
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 decided that before a Total Maximum Daily Load (TMDL) would be scheduled 
 for this Segment, a Use Attainability Analysis (UAA) would be conducted by the 
 TCEQ Standards Team with help from LNRA and TPWD.  Although the field 
 work for this UAA was completed late in 2006, the field, chemical, and biological 
 data gathered during the UAA are still being analyzed.  The TCEQ Standards 
 Team expects to have a report available by summer 2007. As a result of the 
 substantial monitoring data LNRA submitted to TCEQ for consideration, the 
 upper portion  of 1602 was de-listed for temperature exceedences, but for now 
 remains listed for depressed DO. 
 
• Segment 1604, Lake Texana, appeared on the 2002-§303(d) List for depressed 

dissolved oxygen in the Navidad and Mustang upper arms of the Lake.  LNRA 
responded with intensive 24-hour monitoring conducted from 2001 to 2003.  This 
diel monitoring data was submitted to TCEQ for re-assessment during the 2004 
Texas Water Quality Inventory. This segment was de-listed for dissolved oxygen 
as a result of this additional data which indicated that Lake Texana was currently 
meeting water quality standards.  Lake Texana was also cited for nutrient 
concerns in the 2004 assessment.  The inflows of Lake Texana run through 
pastures and agricultural fields, and it is likely that heavy rains leach fertilizers 
from these areas.  LNRA encourages the agricultural community to establish 
buffer zones between their fertilized fields and drainage ditches or surface waters. 

 
Conclusions and Recommendations 
  
Water quality parameters in the Lake Texana Watershed have remained relatively stable 
during the current assessment period; no adverse trends in water quality were identified.  
Although nutrient levels remain high enough to elicit concern in the lake and some 
tributaries, the dissolved oxygen climate remains more than adequate to support aquatic 
life.   
 
Sampling for toxic materials in Lake Texana, which included metals, herbicides, and 
pesticides in the water column, did not detect any of those materials in concentrations 
greater than their respective screening criteria.   
 
Concerns in the Lavaca River Watershed during the current assessment period were 
confined to elevated levels of coliform bacteria in the lower 31-mile reach.  Trend 
analysis identified possibly increasing dissolved oxygen levels in the lower reach of the 
Lavaca River, and the trend was confirmed when saturation deficits were shown to be 
simultaneously decreasing. 
 
No water quality concerns, including dissolved metals, were identified in the Tidal Reach 
Watershed during the current assessment period.  Dissolved oxygen concentrations 
support aquatic life uses, pH levels are within the range of the Segment standards, and the 
nutrients originating in the freshwater inflows evidently decline downstream as they are 
diluted by the relatively nutrient-poor bay and marine water.    
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Water quality monitoring and management activities should continue to focus on the 
tributaries to Lake Texana with a view to identifying the important point and non-point 
sources of nutrients including nitrogen and phosphorus, and reducing the input of those 
materials. 
 
Although the upper Lavaca River Watershed presently exhibits good water quality, the 
presence of municipal discharges into relatively small, intermittent streams has the 
potential to produce adverse conditions there.  Continued monitoring of nutrient loading 
and dissolved oxygen conditions in those streams should be a priority, but dissolved 
oxygen concentrations may prove to be difficult to maintain at current segment standards 
during near zero flows.   
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LAVACA BASIN SUMMARY REPORT 
FY 2007 

 
1.0 INTRODUCTION 
 
Clean Rivers Program (CRP) and basin goals/objectives: 
In 1991 the Texas Legislature passed the Clean Rivers Act (Senate Bill 818) which requires 
water quality assessments for each river basin in Texas.  In accordance with this act, water 
resource issues are pursued in an integrated, systematic manner, utilizing a watershed or basin 
management perspective.  The Texas Commission on Environmental Quality (TCEQ) 
administers the Clean Rivers Program (CRP) in partnership with river authorities, municipal 
water authorities, councils of government, and other regional entities.  The Lavaca-Navidad 
River Authority (LNRA) gathers water quality data for the Lavaca River Basin, and is an active 
partner with TCEQ in the Clean Rivers Program.  
 
Water quality data collected for the CRP enables examination of current water quality, potential 
water quality concerns, and the assessment of possible causes of impairments.  Examination of 
long-term data allows comparison between current and historical water quality data, and 
statistical analysis can indicate any trends in improvement or deterioration of water quality 
parameters. 
 
Coordination/cooperation with other basin entities: 
LNRA coordinates with other entities interested in monitoring water quality in the Lavaca River 
Basin. At this time these include TCEQ, Texas Parks and Wildlife (TPWD), United States 
Geological Survey (USGS), Formosa and Inteplast plastics corporations, and Kaspar Wire 
Works.  Although TCEQ routinely monitors in Lavaca Bay, it does not collect water quality 
samples within the Lavaca River Basin with the exception of a special Use Attainability Analysis 
(UAA) study in the upper Lavaca River.  A description of this special study is contained in the 
Executive Summary section of this document.  USGS has contracted with LNRA to conduct 
metals and organics (pesticides and herbicides) monitoring in Lake Texana and its inflows. 
 
Overview of Lavaca River Basin characteristics: 
The Lavaca River Basin is a coastal basin, located between the Colorado River watershed to the 
east and the Guadalupe drainage to the west (Figure 1-1). Roughly equal portions of the basin are 
drained by the Lavaca and Navidad Rivers, which together encompass 188 stream miles and a 
drainage area of 2,309 square miles.  The basin contains portions of six counties: Colorado, 
DeWitt, Fayette, Jackson, Lavaca and Wharton.  The Lavaca-Navidad watershed drains into 
upper Lavaca Bay, a tertiary embayment in the Matagorda Bay system. Major population centers 
located within the Basin include Edna, Ganado, Hallettsville, Moulton, Shiner, Schulenburg, and 
Yoakum.  The population of the Lavaca River Basin was 50,366 in 2000, and has been projected 
to reach 60,124 by the year 2050.1 
 
The waters of the Navidad River, Sandy Creek, and East and West Mustang Creeks are 
impounded in the Lake Texana reservoir in Jackson County.  The Lavaca River is probably the  

                                                 
1 Texas Water Development Board, Lavaca Regional Water Planning Group, 2006. 
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Figure 1-1  Lavaca-Navidad River Basin 
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last unrestricted (i.e. undammed) waterway in the State of Texas, and subsequently is considered 
to be a State treasure as a reference stream along with its associated bottomland hardwood 
habitats. 
 
As a result of the characteristically flat coastal plain topography and the low permeability of its 
soils, flooding may occur within the Basin as a result of heavy precipitation.  The Lavaca and 
Navidad Rivers are typical of Texas rivers in general in that their annual hydrographs can be 
characterized by extended low flow periods punctuated by high flow flooding events.  
 
Headwaters of the Navidad River rise in the East and West forks in southern Fayette County at 
an elevation of 440 feet.  These forks join near Oakland at an elevation of 201 feet and flow 
southward to Lake Texana.  Constructed by the U.S. Bureau of Reclamation for municipal, 
industrial, fish and wildlife, and recreational benefits, Lake Texana has a firm yield of 79,000 
acre-feet/year. 
 
The Lavaca River originates above Moulton in Lavaca County at an elevation of 470 feet and 
flows southeast into Lavaca Bay.  The confluence of the Lavaca and Navidad Rivers is about two 
miles east of Vanderbilt in Jackson County.  The Lavaca Basin is part of the West Gulf Coast 
Section of the Coastal Plain Physiographic Province and includes the Blackland Prairie, Claypan, 
and Coastal Prairie land-resource areas. 
 
 In the upper part of the Basin, the Blackland Prairie is a level to rolling, well-dissected grassland 
with rapid drainage.  The Claypan area is a gently rolling moderately-dissected post oak savanna 
with moderate surface drainage.  In the lower basin, the Coastal Prairie is a nearly level, 
practically undissected plain with slow surface drainage.  
 
The upper Lavaca Basin is underlain by gray clay of the Fleming Formation of Tertiary age 
which dips gently toward the Gulf of Mexico. Overlying the Fleming Formation are gravel, sand, 
silt, and clay of the Willis, Lissie, and Beaumont Formations each of which are Pleistocene age 
formations.  Recent alluvium occurs along streams of the Basin. 
 
The Lavaca Basin lies within the warm temperate zone and is classified as humid and subtropical 
with hot summers.  Due to the proximity of the Basin to the Gulf of Mexico and its prevailing 
southeasterly wind, a marine climate exists throughout spring, summer, fall, and much of the 
winter season.  Summers are hot and humid with little variation in day-to-day weather 
conditions, except for occasional thunderstorms or tropical storms and/or hurricanes.  Winters 
are short and mild, moderated by polar air masses which frequently push southward and bring 
weather to the Basin that alternates from cool, overcast, and drizzly to mild, sunny, and dry 
conditions.  The mean annual precipitation in the Basin varies from 34 inches along the western 
boundary to approximately 41 inches along the eastern boundary.  
 
Average annual net surface water evaporation rates range from ~20 inches along the eastern river 
basin boundary to ~28 inches along the western border.  Relative humidity is often higher during 
winter and spring than in summer and fall since hot air has a greater capacity for holding 
moisture.  Mean monthly relative humidity measured at noon is 63 percent in January and April 
and 54 percent in July and October. 
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 For water quality management purposes the Basin has been divided into five stream segments: 
  

Segment 1601 is the tidal portion of the Lavaca River from the mouth of the Lavaca Bay 
south up to a point 5.3 miles downstream of US 59 in Jackson County. Several small 
tributaries, the Menefee Lakes, Redfish Lake, Swan Lake, Redfish Bayou, and Catfish 
Bayou are included in this segment. Redfish and Swan Lakes are important nursery 
grounds for marine organisms. The City of Edna Wastewater Treatment Plant (WWTP) 
effluent discharges into a tributary of this segment. 
 
Segment 1602 includes the Lavaca River above the tidal areas.  The predominant land 
use in this segment is agricultural, with some forested land.  Wastewater effluents from 
the cities of Yoakum, Shiner, Moulton and Hallettsville enter either directly into the 
Lavaca River or into its tributaries.  Improvements and upgrades to WWTPs serving 
these communities have improved water quality in this segment. 
 
Segment 1603 is the Navidad River from the confluence of the Lavaca and Navidad 
Rivers up to the Lake Texana spillway. The east and west drains along the east and west 
dikes of Lake Texana drain freshwater into this segment.  The east drain has continuous 
year-round flow due primarily to seepage from shallow groundwater sources. The west 
drain has intermittent flow resulting from agricultural land drainage.  Water releases from 
Lake Texana flow through this segment to the Lavaca River and then into Lavaca Bay. 
 
Segment 1604 is Lake Texana.  Lake Texana at an elevation of 44 feet is a 161,085 acre-
foot reservoir with 9,727 surface acres. Drainage areas feeding the lake include Sandy 
Creek, Mustang Creek, the Navidad River, and numerous county drains.  Sandy Creek is 
an intermittent creek draining a large portion of the basin through Jackson, Wharton, 
Lavaca and Colorado Counties.  Flow in this creek is mostly composed of return 
irrigation from rice fields.  Mustang Creek (with its branches, the East, West and Middle 
Mustang) drains the portion of the basin from the Garwood Irrigation Service Area to 
Lake Texana.  Wastewater effluents from the treatment plants in Ganado and the lakeside 
parks discharge into Lake Texana. The WWTP of Louise discharges to the East Mustang 
Creek. The wastewater effluent from the Sheridan community drains into Sandy Creek. 
 
Segment 1605 is the Navidad River from above the backwaters of Lake Texana to its 
origin near Schulenburg.  Many tributaries drain into this segment, including one in the 
northern portion of the basin which channels wastewater effluent from Schulenburg.  The 
majority of land use within this segment includes farming and ranching.  

 
Factors with the potential to influence water quality in the Lavaca Basin include oil and gas 
exploration, concentrated animal feeding operations (CAFO’s), agricultural activities, and 
municipal wastewater treatment facilities. Improvements and upgrades to industrial pre-treatment 
and wastewater treatment plants over recent years have heightened the prospects for long-term 
water quality in the Basin.  
 
LNRA collects and analyzes water quality samples in the Lavaca River Basin and submits the 
resulting data three times annually to TCEQ for inclusion in the state water quality database. 



 8

After acceptance and approval by TCEQ, the data is made available via the LNRA website for 
public access. 
 
The Lavaca-Navidad River Authority (LNRA) water quality monitoring schedule for FY 2007 
includes monthly field monitoring at 18 sites (Figure 1-2).  Field parameters include: 

• pH 
• Temperature 
• Specific conductance 
• Salinity (at tidally influenced stations) 
• Dissolved oxygen 
• Flow 
• Secchi disc visibility depth (where applicable) for water clarity 

 
LNRA also samples quarterly at 17 sites for laboratory parameters including: 

• Total alkalinity 
• Chloride 
• Ammonia 
• Total organic carbon 
• Total phosphorus 
• Turbidity 
• Total hardness 
• Sulfate 
• Nitrate Nitrogen 
• Total suspended solids 
• E. coli  

 
In 2004 LNRA added two new quarterly monitoring sites: Rocky Creek (receiving water of 
Shiner WWTP) and the Lavaca River at Hallettsville.  That same year, LNRA added 
chlorophyll-a as a parameter to be sampled quarterly at six Lake Texana stations. 
 
Summary of Basin’s Water Quality characteristics: 
Water quality in the Lavaca River Basin remains in a relatively high state due to: 

• Low density of human population 
• Investments in wastewater treatment improvements by municipalities and industry 
• High priority placed on watershed protection to preserve the integrity of basin water 

resources for municipal, industrial, agricultural, recreational, and fish and wildlife 
purposes 

• Public involvement and cooperation. 
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Figure 1-2 
Water Quality Monitoring Locations 

in the Lavaca River Basin during FY 2007 
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2.0 PUBLIC INVOLVEMENT 
 

Public outreach efforts by LNRA include education and assistance in water conservation and 
drought contingency planning, news releases, public meetings, attendance at water quality issues 
meetings, providing water education material to elementary schools throughout the basin, 
presentations to groups, work with the CRP Steering Committee, and support of the Texas Watch 
Program. 
 
The TCEQ created the Texas Watch Program to “facilitate environmental stewardship by 
empowering a statewide network of concerned volunteers, partners, and institutions in a 
collaborative effort to promote a healthy and safe environment through environmental education, 
data collection, and community action.”  In addition, Texas Watch creates an extended database 
of water quality information for the state of Texas. 
 
The Texas Watch program is administered through a cooperative partnership of Texas State 
University, TCEQ, and the Environmental Protection Agency (EPA).  This program is very 
active in educating the public on water quality standards and issues as well as training volunteers 
in proper water quality data collection techniques.  The website for Texas Watch is 
http://www.texaswatch.geo.txstate.edu/ and the toll-free number is 877-506-1401.   
 
Texas Watch volunteers in the Lavaca Basin include teacher Ken Barton’s Edna High School 
science students and Yoakum High School science teacher Shelly Chrismon’s AP Biology class.  
The Edna students sample in Lake Texana and the Yoakum students chose to sample Big Brushy 
Creek near the high school, upstream of the Yoakum wastewater treatment plant.  LNRA 
provides equipment, reagents, weather data, laboratory analyses, and administrative and quality 
assurance support for these Texas Watch volunteers. 
 
The Lavaca-Navidad River Authority has provided water education materials for almost twenty 
years to fourth grade students throughout the Lavaca River Basin. The focus of school materials 
provided by LNRA includes the Major Rivers Program developed by the Lower Colorado River 
Authority (LCRA) and the Texas Water Development Board (TWDB). Major Rivers is a water 
education curriculum designed to teach students about Texas' major water resources, how water 
is treated and delivered to their homes and schools, how to care for their water resources, and 
how to use them wisely. Appropriate for the fourth grade level, students are introduced to water 
concepts by Major Rivers and his trusty horse, Aquifer.  The program has received approval 
from both students and teachers. LNRA plans to continue to provide water educational materials 
for schools throughout the Basin. 
 
Role of the CRP Lavaca Basin Steering Committee: 
LNRA works with the CRP Steering Committee to set priorities for the water quality monitoring 
and assessment of the Basin.  Membership of the committee is open to diverse representation 
from state and local governments, private landowners, representatives of industry and 
agriculture, and concerned citizens.  Interested parties willing to commit to at least one (1) 
meeting per year are encouraged to join by calling LNRA General Manager, Patrick Brzozowski, 
Water Resources Manager, Doug Anders, or Sylvia Balentine or Chad Kinsfather of the LNRA 
Environmental Department at 361-782-5229. 

http://www.texaswatch.geo.txstate.edu/
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LNRA seeks both public input and water quality information distribution via the Lavaca Basin 
Steering Committee meetings.  In addition to meeting announcements which are mailed to 
interested parties at least 30 days in advance of the meeting date, this information is posted on 
the LNRA website in an attempt to encourage as many participants as possible to attend.   
 
The Lavaca Basin Steering Committee exists to give guidance in the utilization of resources from 
the Clean Rivers Program.  Membership of the Steering Committee allows LNRA to gain insight 
from local stakeholders and expertise from such members as TPWD, TCEQ, USGS, Natural 
Resources Conservation Service (NRCS), Texas State Soil and Water Conservation Board, and 
the County Agricultural Extension Service.  Input from the Committee allows LNRA to 
prioritize water quality issues, and to determine the most effective water quality monitoring 
program.  
 
Lavaca Basin Steering Committee meetings provide the format in which to: 
 

• Present findings from both routine monitoring and special studies 
• Gain input from Basin stakeholders 
• Present the annual Basin Highlights Report or Basin Summary Report and gain 

comments 
• Focus monitoring plans for specific areas of the Basin 
• Gain insight and advice from participating agencies in their various fields of expertise 
• Give instruction to attendees in retrieving water quality data from the LNRA website 
• Pursue any related topics requested by the Steering Committee members. 

 
 
Current CRP Steering Committee Members include: 
 
TCEQ      USGS 
 
City of Moulton, TX    City of Edna 
 
Formosa Plastics Corp.   Kaspar Wire Works 
Point Comfort, TX    Shiner, TX 
 
City of Shiner     City of Schulenburg  
     
City of Hallettsville    City of Ganado 
 
City of Yoakum    City of Point Comfort     
 
Judge Ronald Leck.     Judge Harrison Stafford, II 
Lavaca County    Jackson County 
 
Texas Parks & Wildlife   Lavaca County Flood Control 
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NRCS      Jackson County Extension Service 
 
Texas Department of Agriculture  Texas State Soil and Water Conservation Board 
 
Interested citizens of Lavaca Basin  Jackson County Navigation District 
 
Jackson County Soil Water   Inteplast Corp, Lolita, TX 
Conservation District 
 
LNRA Board of Directors   Stakeholders of the Basin 
 
As an example of typical topics discussed, below is the agenda from the July 20, 2006 Lavaca 
Basin Steering Committee meeting: 
 
2006 Agenda for CRP Lavaca Basin Steering Committee Meeting: 
 
♦ Welcome and Introductions 
♦ CRP Water quality objectives and priorities 
♦ Texas Watch update 
♦ 2006 Basin Highlights Report summary & presentation 
♦ Flood control activities in Lavaca River @ Hallettsville 
♦ FY 2006-2007 water quality monitoring 
♦ Update on UAA study being conducted by TCEQ in upper Lavaca River 
♦ Basin Summary Report coming up in FY 2007 
♦ Upcoming 2006 TX Water Quality Inventory 
♦ October  11 CRP state-wide Stakeholders Meeting in Austin 
♦ New LNRA web pages (including new Coordinated Monitoring Schedule) 
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3.0 TECHNICAL SUMMARY 
 
3.1 Overview of Technical Summary 
 
This Technical Summary section provides a detailed review of the present condition of water 
quality in the Lavaca River Basin.  In this document, results of the last statewide biennial 
assessment of surface water quality by the Texas Commission on Environmental Quality 
(TCEQ) is compared with the data collected in the Lavaca River Basin during the recent five-
year period (2001-2005) for which quality assured data is available to assess present water 
quality conditions.  To evaluate possible trends in water quality, stations and parameters for 
which the data meets sample number and sampling duration criteria were examined statistically 
to identify and verify trends.  These water quality monitoring analyses are used together with 
information on biological communities, soils and vegetational characteristics, land uses, and 
permitted discharges (municipal and industrial) to identify and prioritize concerns or 
impairments and their most probable causes, and to recommend future monitoring activities, 
implementation of control or remediation actions, public outreach, or other appropriate measures.  
The origin of the data and the analytic procedures used to evaluate the data used in this report are 
explained in the following section, Technical Process. The Watershed Summaries section, 
below, provides an overview of existing data, a presentation of water quality concerns identified 
through a consistent screening process, and an assessment of trends in the water quality data.   
 
The screening and assessment of water quality conditions in this document is organized by 
watershed, segment, and station.  A watershed is simply the total area drained by a particular 
stream.  For example, the Lavaca River Basin can be divided into the Lavaca and the Navidad 
River watersheds, and, in turn, those can be subdivided into the watersheds of their respective 
tributaries.  For regulatory and study purposes, TCEQ divides Texas rivers into Segments, or 
contiguous reaches that exhibit similar physical, chemical or biological characteristics and in 
which a uniform set of standards applies.  For example, the Lavaca River consists of two 
segments; 1601, Lavaca River Tidal and 1602, Lavaca River above Tidal.  In general, tributaries 
to the designated segments are termed unclassified waters in which the segment standards do not 
apply directly, but in specific cases they may be designated Subsegments (e.g., Segment 1604A, 
East Mustang Creek, a tributary to Segment 1604, Lake Texana), with their own sets of 
standards.  Within watersheds and segments, water quality and other data are collected at discrete 
stations, specific locations selected to represent a portion of a segment or to monitor water 
quality coming from a particular watershed. 
 
3.2 Technical Process 
To comply with the provisions of the federal Clean Water Act Sections 305(b) and 303(d) each 
state must assess the quality of its water every two years and submit a report to the 
Environmental Protection Agency (EPA) detailing the extent to which each water body in the 
state meets that state’s established water quality standards.  The TCEQ publishes this assessment 
as the Texas Water Quality Inventory and §303(d) List.  This document has two main parts: the 
Texas Water Quality Inventory, which gives the status of all the waters in the state, and the 
§303(d) List, which identifies waters that do not meet one or more of the standards set for their 
use.  A targeted approach was used to develop the 2004 Inventory. The complete statewide 
assessment of water bodies developed in 2002 used the five-year data set collected 1996-2001.  
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This information was brought forward into the new document and only selected water bodies 
were reassessed using more recent data for the 2004 Inventory.  Criteria for reassessment 
included:  

1) requests for reassessment from entities providing information demonstrating that the 
current (2002) listing was inaccurate,  

2) where data were insufficient for assessment in 2002 and additional monitoring was 
scheduled and accomplished,  

3) when the TCEQ Permits or Total Maximum Daily Load programs requested a 
reassessment,  

4) when a special project employing a TCEQ-approved work plan indicated a reassessment 
was appropriate,  

5) where changes to shellfish harvesting (oyster waters) areas or to fish-consumption 
advisories issued by the Texas Department of State Health Services (DSHS) were 
identified, or  

6) where drinking-water sources exceeding the maximum-contaminant levels for toxic 
substances were identified.  

With respect to the Lavaca River Basin, only portions of Segments 1602 (Lavaca River above 
tidal influence) and 1604 (Lake Texana) were reassessed for compliance with 24-hour average 
and minimum dissolved oxygen criteria.  These were locations where the Lavaca River Basin 
Clean Rivers Program had collected sufficient additional 24-hour dissolved-oxygen data to allow 
reassessment.  The remaining segments and subsegments were not reassessed.   
In the Watershed Summaries, below, the information from the 2004 Inventory is reviewed and 
compared with more recently collected water quality data to provide a current assessment of 
water quality within the basin.  Trend analyses of parameters for which there is long-term data, 
spatial distribution of water quality characteristics, land use information, the locations of 
permitted dischargers, and local knowledge of the watersheds are employed to identify and 
define present problem areas and probable future issues, and to develop recommendations for 
water quality improvement.  The data collected by TCEQ staff, USGS, and the Lavaca River 
Basin Clean Rivers Program during this five-year assessment period have been screened, 
organized by watershed and assessed using procedures based on and consistent with the TCEQ 
Surface Water Quality Monitoring Procedures Manual, Volume 1 (2003) and Volume 2 (2005), 
and the Guidance for Assessing Texas Surface and Finished Drinking Water Quality Data, 2004. 
 
Water quality standards are set by each state, taking into account the regional character and 
diversity of that state’s waters but conforming to the guidelines developed by the US 
Environmental Protection Agency under the authority of the Clean Water Act.  In Texas, 
standards are established and revised in an ongoing iterative process involving TCEQ staff, 
participants from other state agencies, and stakeholders from many sectors of society.  Our water 
quality standards are combinations of a “designated use” and the “criteria”, or “standards” 
necessary to attain and maintain that use.  Designated uses describe the purposes for which a 
water body should be fit; these may include uses such as contact recreation, support of aquatic 
life, public water supply, or aesthetics.  The criteria (or standards), in turn, define the instream 
conditions necessary to support the designated uses.  Water quality standards may be “numeric” 
in which there is a maximum (or minimum as the case may be) quantity of some water quality 
parameter (e.g., temperature, dissolved oxygen, bacterial level) allowable for that water body.  
Water quality standards in place may also include “narrative” criteria, in which certain 
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conditions (e.g., color, odor, turbidity) are prohibited without reference to specific quantities of 
particular substances. 
 
All the water quality data employed in this report is contained in the TCEQ Surface Water 
Quality Monitoring Information System (SWQMIS), an electronic database maintained by the 
TCEQ.  All the information in this database has been collected, analyzed, and managed using a 
statewide set of uniform procedures specified ahead of time in a Quality Assurance Project Plan 
(QAPP) to assure comparability of results over time and among river basins.  An electronic copy 
of the quality assured data set for the Lavaca River Basin for the study period (2001-2005) was 
obtained from SWQMIS and summarized to provide an overview of water quality in the five 
Segments of the basin.  The data sets used in the Inventory and in this document consist of the 
results produced by  the Fixed and Systematic monitoring conducted by the Lavaca Basin Clean 
Rivers Program, plus sampling by TPWD, TCEQ, and USGS.   
 
Water quality sampling throughout the state is organized into standard categories consisting of a set 
of parameters having similar sampling or analytic requirements.  The water quality parameters that 
are routinely included in each of the following categories are listed in Table 3.2-1. 
 

Field Parameters provide basic information about the physical, chemical, and biological 
condition of the water or sediment and are measured at all of the stations at the time of 
every visit.  Field parameters must be measured immediately to obtain meaningful results 
because they are extremely sensitive to environmental change. 
 
Conventional Parameters are materials that are normally found dissolved or suspended 
in natural waters.  The amounts and relative proportions of these materials usually 
determine water quality. The materials considered include the amount of various mineral 
salts, nutrients, suspended sediments, and biological activity including the potential for 
the presence of potentially harmful bacteria.  These parameters must generally be 
measured under laboratory conditions to achieve acceptable accuracy. 
 
Metal Parameters in both water and sediment are measured to assess the potential for 
exposure of either humans or the aquatic community to toxic concentrations of metals.  
Some of these metals (such as iron and zinc) are very common in the environment, while 
others, like mercury and cadmium, are not.  Although only small amounts of metals are 
ordinarily present in water, requiring painstaking care to measure accurately, substantial 
amounts of various metals may be present in sediments.  
 
Biological and Habitat Evaluations are performed at stream stations that are not too 
deep to cross during the low flow period of summer.  These measurements are used to 
assess the stream’s aquatic community composition, integrity, and appropriate aquatic 
life use.  Included are sampling for benthic (or bottom dwelling organisms), fish, and 
habitat characteristics.  

 
Following collection and analysis of water samples, and prior to submission to the SWQMIS 
data base for archiving, the data are screened for completeness and consistency with the quality 
control requirements regarding sample collection procedures, shipping and holding times,  
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Table 3.2-1 

Monitoring Parameters* 
 

 
* Parameters analyzed at each station may vary depending on sampling entity 
 
complete chains of custody, and analytic quality assurance documentation.  The 2001-2005 data 
set retrieved from SWQMIS for this assessment were reviewed to ensure that the data was not 
biased  towards  unusual  conditions  (flow,  storm  or  agricultural  runoff, or  season),  then  was            
converted from its original text format to Excel or Statistix8 (Analytical Software, Tallahassee, 
Florida) for preparation of data summaries and statistical analysis.  The data were sorted into 
Segment sets and tabulated by station and parameter to create the basic data set on which 
subsequent manipulations and statistical analyses were performed.  Summary data were prepared 
by averaging duplicate samples, removing sample results obtained from below the surface mixed 
layer, averaging dissolved oxygen concentrations over the mixed layer in profiles, and truncating 
profile data below the surface for other parameters before calculating the summary statistics by 
percentile (Appendix Table A-1).  Following statistical analyses, Segment results were 
appropriately combined to characterize and evaluate current water quality conditions and issues in 
the three major watersheds (Lake Texana, Lavaca River, and Tidal) and the five segments defined 
in the following sections.  Data from each station were reviewed to assess the compliance of each 
parameter with the criteria established for that particular segment. 
   
The 2004 Texas Water Quality Inventory and §303(d) List is the primary tool for assessing 
impairments to designated uses or for identifying water quality concerns in Texas surface waters.  
The portion of that document concerning the Lavaca River Basin was prepared by TCEQ staff by 
screening the Lavaca River Basin data set for parameters exceeding criteria representing 
excessive or potentially harmful (as appropriate) levels.  The criteria have been developed in 
various ways, but generally rely on statistical analyses of statewide datasets to determine typical 
properties or ranges, and on nationally recognized public health and environmental standards.  
The criteria and procedures used to produce the Inventory are reviewed and revised regularly; 
those used in the current report are summarized here. Water bodies are subdivided by station, 

Field Parameters Conventional 
Parameters 

Metals 
Parameters 

Metals 
Parameters 

Biological and Habitat Evaluations

  In Water In Sediment   
Temperature (oC) 
PH (Standard units) 
Dissolved Oxygen (mg/l) 
Depth 
Conductivity 
Streamflow 
Secchi Depth (clarity) 
24 Hr Dissolved Oxygen 
Salinity 

Total Suspended Solids 
(TSS) 
Total Dissolved Solids 
(TDS) 
Sulfate, Chloride 
Chlorophyll-a 
Ammonia-N, 
Pheophytin 
E. coli, Alkalinity-total 
Hardness-total 
Nitrate-N,  
Nitrite-N 
O-phosphate-P 
Total Phosphate-P 
Total Organic Carbon 
Total Kjeldahl N 
Methyl Tertiary Butyl 
Ether (MTBE) 

Aluminum, dis. 
Arsenic, dis. 
Chromium, dis. 
Copper, dis. 
Nickel, dis. 
Silver, dis. 
Zinc, dis. 
Barium, dis. 
Molybdenum, dis. 
Calcium, total 
Selenium, total 
Iron, total 
Manganese, total 

Aluminum, Arsenic 
Barium, Cadmium 
Chromium, Copper 
Lead,   Manganese 
Nickel, Selenium, 
Silver, Zinc, 
Molybdenum, Mercury 
Total Phosphorus 
Total Organic Carbon 
Total Kjeldahl N 
% Grain Size 
Oil and Grease 
Acid Volatile Sulfide 
Solids in Sediment 

Benthic Organisms 
(those that live near or in the stream 
bottom including insects, snails and 
worms) 
 
Nekton Organisms (fish) 
 
Physical Habitat Characteristics  
(flow, slope, depth, substrate, etc) 
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and stations are reviewed separately to determine the geographical extent of water quality 
conditions. 
 
In this document, the more recent data set (2001-2005) is independently assessed by the Lavaca 
River Basin Clean Rivers Program using the procedures, standards, and screening criteria 
outlined in the TCEQ document Guidance for Assessing Texas Surface and Finished Drinking 
Water Quality Data, 2004 (2004 Guidance).  All sites (classified and unclassified streams, 
reservoirs, estuaries) with sufficient data are assessed using the following criteria unless site-
specific criteria have been developed from receiving water assessments: 

• Aquatic life use (dissolved oxygen, toxic substances in water and sediments, toxicity 
tests, biological assessments) 

• Contact recreation use (average and maximum single-sample concentrations of E. coli 
bacteria) 

• General use (segment standards for temperature, pH, chloride, sulfate, and total dissolved 
solids) 

• Fish consumption use (human health criteria, fish consumption advisories, aquatic life 
closures) 

• Public water supply use (average levels of organic and inorganic materials for which 
maximum contaminant concentrations in drinking water are listed in the Texas Surface 
Water Quality Standards) 

• Oyster waters use (fecal coliform concentrations in brackish waters as determined by the 
Texas Department of Human Health Services)  

 
Although narrative criteria are applied to assessments of unclassified waters (unless site-specific 
criteria have been developed), numerical standards and site-specific criteria developed for 
classified segments (temperature, pH, chloride, sulfate, total dissolved solids) do not apply to 
unclassified waters.  Assessments for the Lavaca River Basin were conducted in accordance with 
the following outline: 

• The most recently available five years of surface water quality monitoring were 
assembled, ordered by segment, station, and parameter.   

• For a use assessment, a minimum of 10 samples within the five year assessment period of 
record, distributed over at least two seasons and years including the Index Period (March 
15-October 15), are required for all field and conventional parameters, and for toxicants 
in water. If <10 samples are available, then only a Concern is possible, not a listing.   

• All biological sampling and 24 hour dissolved oxygen measurements must be collected 
during the index period to be used for assessment. 

• Sediment and fish tissue samples do not need to meet the seasonal and annual criteria as 
they are considered integrators of water quality over both time and space. 

• Data from multiple stations may be aggregated to meet the 10 sample minimum where 
water quality conditions are similar, and the water body is: 

o A stream reach of 25 miles or less, 
o A contiguous portion of reservoir or estuarine waters totaling 5,120 acres or less. 

• No assessments are made when less than 4 samples are available; if 4 to 9 samples are 
available for comparison, water quality concerns may be identified. 



 18

• For most parameters, individual values are compared to either numerical water quality 
criteria (standards) or with screening levels developed by TCEQ, and the number of 
exceedences determined. 

• Uses and standards are assessed as fully supported, partially supported, or not supported 
based on the proportion of exceedences in the sample set. 

• Exceedences of screening levels are similarly used to identify locations with concerns or 
partial concerns for potential impairments resulting from parameters (e.g., nutrients, 
chlorophyll a) for which there are no numerical standards (only screening criteria). 

• Where numeric criteria are to be evaluated as averages (i.e., dissolved oxygen, chloride, 
sulfate, total dissolved solids, bacteria, chronic criteria for toxic substances, public 
drinking water criteria, and human health criteria), individual concentrations for each 
parameter are appropriately averaged prior to comparison to their respective criteria to 
determine the level of use support or to identify water quality concerns. 

• Exceedence proportions to be used for classifying water bodies are given in Tables 2 
through 5 in the 2004 Guidance, which also contains detailed instructions for conducting 
assessments under various circumstances, including unclassified waters, in streams, 
reservoirs and estuaries, and for specific classes of parameters, uses, and concerns.   

 
Results of screening analysis are included with each watershed discussion. 
 
For the evaluation of trends over time, water quality data from prior years available in SWQMIS 
was also employed.  SWQMIS was screened by TCEQ staff for Lavaca River Basin data sets that 
met their criteria for use in trend analysis.  For a given station and parameter these criteria required 
at least 20 measurements in a six year period with at least three measurements per year for five of 
the six years.  Some of the qualifying data sets extend back to 1991.  For analysis and presentation, 
the data set obtained from TCEQ was converted from its original text format to Excel.  The data 
was sorted into Segment sets and tabulated by station and parameter to create the basic data set on 
which subsequent manipulations and statistical analyses were performed.  The data sets meeting 
TCEQ’s criteria for the analysis of water quality trends were screened using the linear regression 
tool in Excel 2003, and subsequent statistical testing was conducted with Statistix8 (Analytical 
Software, Tallahassee, Florida).  A summary of the initial trend analysis results is listed in Appendix 
Table A-2. 
 
In looking for potential changes in water quality conditions, it is common to graph the results of 
some water quality measurement, for example water temperature, against the times they were 
recorded, the result can be viewed in several ways to see if there is an overall upward or downward 
trend.  One common procedure is to connect the data points to aid the eye in following the 
progression of (for example) water temperatures through time at a given location.  The result is 
called a time series graph and generally resembles a more or less jagged mountain range.  These 
graphs can be misleading if one assumes that the lines connecting the data points represent the 
value of the graphed parameter between measurements.  Although the graphed lines may 
approximate the most probable values between measurements, in most cases they do not.  This is 
certainly the case with temperature values taken days or weeks apart.  They can be useful, 
however, in illustrating the range and variation of values through time, and in evaluating periodic 
changes.  Figure 3.2-1 is an example of this type of graph.  It shows water temperature 
measurements taken in Sandy Creek (Station 13654) during the past 25 years.  The graph shows the 



 19

Figure 3.1-1
Station 13654 Temperature vs Time
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relatively regular winter-summer (seasonal) changes, and it shows an apparent, slower cycle of 
warming and cooling throughout the period of record. 
 
Although seasonal changes are obvious and cyclical, they still vary considerably among years, and 
it is difficult based on Figure 3.2-1 to decide if there has been any real, overall change in 
temperature in Sandy Creek during the period of record.  Figure 3.2-2 shows another way to look at 
the same data: simply plot our graph without connecting the data points, then try to see if there 
seems to be any overall direction, up or down, to the cloud of points.  The straight line running 
through the middle of our cloud of data points in this graph is the “best fit regression line”, 
calculated by a sort of averaging process that minimizes the total distances from all the data points 
to a straight line drawn through the cloud.  The regression procedure assumes that there is a direct, 
mathematical relationship between the two variables (in this case date and temperature), and that the 
scatter around the regression line is caused by random error – or by combinations of variables (for 
example; time of day or night, depth of measurement, cloud cover, cold fronts, instrument error) 
whose combined influence results in the characteristics of random scatter.  Based on the assumption 
of random scatter in the data, the linear regression analysis calculates the probability that the slope 
of the regression line (its deviation from horizontal) is due to chance or random variation alone.    
 
While the slope of the regression line shown in Figure 3.2-2 indicates an increasing average 
temperature in Sandy Creek, the probability that it resulted from chance, rather than resulting from a 
real change over the 25 years of data collection, is about 30% (P=0.3013), or nearly one chance in  

Figure 3.2-1 
Station 13654 Temperature vs Time
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Figure 3.1-2
Station 13654 Best Fit Regression Line to Water Temperature

R2 = 0.0062
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three.  Although this is not a definite answer about whether this change is real or not, the high 
probability that chance alone would result in the observed deviation from a perfectly horizontal 
regression line suggests that while temperatures in Sandy Creek fluctuate in response to seasonal 
changes, there is no good evidence that the change is in one consistent direction.  In addition, the 
very small regression coefficient (the R2 number shown on Figure 3.2-2) indicates that date of 
sampling accounts for only a small proportion of the observed variability.   
 
In most scientific work, a probability level of 5 percent is used to decide if a statistical relationship 
is significantly different from a chance result.  However, use of a 5 percent probability for 
significance of a relationship also implies that when repeating the same test many times, one in 
twenty of your results is expected to yield false positive results (i.e., a trend is identified that does 
not actually exist).  Since over 200 regression analyses have been performed on the data from the 
Lavaca River Basin, it is obvious that additional information and knowledge of the system is 
required to interpret the results of the statistical testing.  For our initial trend analysis screening, a 10 
percent significance level was employed to identify potential trends, trading the expectation of a 
large number of false positive results for greater sensitivity in detecting potential water quality 
trends.  As a consequence, additional examination of the data was necessary to meaningfully 
evaluate the results.  Additional examination of the data included examination of the regression and 
normal probability plots available in Statistics8, use of the Runs and the Shapiro-Wilk Tests 
(Statistix8) to evaluate the assumption that the data is normally distributed, and the Durbin-Watson 
statistic to evaluate autocorrelation, or a tendency for strings of high or low values to occur in the 
time series.  Transformations (performing the same mathematical operation on each data point, such 
as squaring each value) were applied to data sets that did not meet the normality assumption of 
linear regression.  Assessments of normality, and other statistical tests performed on the data 
following the initial screening were based on a probability level of 5 percent (p<0.05).  Finally, 

Figure 3.2-2 
Station 13654 Best Fit Regression Line to Water Temperature 
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knowledge of local conditions, the physical, chemical, and biological characteristics of the water 
bodies concerned, and common sense were applied to a final evaluation of any apparent trend. 
 
3.3 Watershed Summaries 

 

The Lavaca River Basin occupies a total area of 2,318.7 square miles, of which 43.3 percent (1,004 
square miles) lies within the Lavaca River watershed, with the remaining 56.7 percent (1,314.7 
square miles) in the Navidad River watershed.  The Lavaca and Navidad Rivers combined drain 
substantial portions of six counties (Colorado, DeWitt, Fayette, Jackson, Lavaca, and Wharton), and 
small areas of Gonzales and Victoria Counties.   
 
Within the Basin, the Lake Texana Watershed consists of Segment 1605--the Navidad River above 
Lake Texana, Segment 1604--Lake Texana itself, 1604A--East Mustang Creek, 1604B--West 
Mustang Creek, and 1604C--Sandy Creek.  Approximately 10,000 acres (1.1%) of the Navidad 
River Basin is occupied by Lake Texana (Figure 3.3-1).  The Lavaca River Watershed consists of 
Segment 1602--the Lavaca River above tidal influence (a point 5.3 river miles below the US 59 
highway crossing) and its tributaries.  The Tidal Reach Watershed, in which water quality is 
influenced by tidal action and saline bay waters, consists of Segment 1603--the Navidad River 
between Palmetto Bend Dam and the Lavaca River confluence, and Segment 1601--from a point 5.3 
miles below the US 59 crossing to the Lavaca Bay.  Texas Surface Water Quality Standards for 
each of the Lavaca River Basin Segments are listed in Table 3.3-1. 
 
The Lavaca River Basin lies across three ecoregions that are characterized by similar geology, 
soils, and land uses.  These ecoregions each contain their own characteristic animal and plant 
communities.  The lower half of the Lavaca River Basin, in Jackson and Wharton Counties, is 
located in the Western Gulf Coastal Plain ecoregion, while the upper basin lies in the South 
Central Plains and Blackland Prairies ecoregions.2  The coastal plain exhibits an extremely flat 
topography while in the other two ecoregions, the land rises to higher elevations and exhibits an 
increasingly rolling character as one proceeds inland.  Agricultural development has been most 
intense in the coastal plain, with much of the land cleared and used for cropland.  Wildlife 
habitat is largely restricted to the pecan-elm riparian woodlands remaining along the major 
waterways.  Inland, the South Central Plains ecoregion is represented by mosaics of post oak 
woodland, savanna, and native grasslands used primarily for livestock grazing. Within the 
Blackland Prairies ecoregion grasslands dominate the landscape, but agricultural development 
exists with cotton and corn as the primary crops.   
 
Over 70 percent of the land in the Lavaca River Basin is used for agricultural activity, which ranges 
from irrigated row crops to grazing land (Table 3.3-2 and Figure 3.3-2).  Forested land accounts for 
about one fourth of the area of the basin, primarily in Lavaca and Colorado Counties, while urban 
areas, open water, and wetlands occupy the remaining ~3 percent. Present agriculture is focused on 
cattle production; but corn, grain sorghums, cotton, rice, and pecans are also important.  Urban or 
suburban development and industrial facilities, with their associated point source (permitted) 
dischargers, are located along the Interstate 10 corridor in the Cities of Schulenburg and Weimar,   

                                                 
2 USEPA.  2000.  Level III Ecoregions of the Continental United States.  US Environmental Protection Agency 
revision of Omernik, 1987. 



 22



 23

Table 3.3-1 
Lavaca River Basin Segment Standards 

 
*The indicator bacteria for freshwater is E. coli and Enterococci for saltwater. Fecal coliform is an alternative indicator. 

 
 

Table 3.3-2 
Lavaca River Basin Land Use (%), 1990 

 Urban Agriculture Rangeland Forest Water Wetland Barren 
Lavaca/Navidad 
River Basin 1.1 66.5 5.7 25.2 1.2 0.4 0.02 

Lavaca River 
watershed 1.6 61.2 5.4 30.6 0.5 0.76 0.04 

Navidad River 
watershed 0.7 70.4 6 21 1.7 0.1 0.005 

 
Total Lavaca River Basin Area: 2,318.7 square miles 
Lavaca River Watershed = 1,004 square miles  
Navidad River watershed = 1,314.7 square miles 

USES CRITERIA 
Lavaca River Basin 

Segments 
Recreation Aquatic

Life 
Domestic 

Water 
Supply 

Cl-1 

(mg/l) 
SO4

+2 
(mg/l) 

TDS 
(mg/l) 

Dissolved 
Oxygen 
(mg/l) 

pH 
Range 

Indicator 
Bacteria* 
(#/100ml) 

Temp. 
(Fo) 

1601 Lavaca River Tidal CR H     4.0 6.5-9.0 35/200 95 

1602 Lavaca River  CR H PS 200 100 700 5.0 6.5-9.0 126/200 91 

1603 Navidad River Tidal CR H PS    4.0 6.5-9.0 35/200 91 

1604 Lake Texana CR H PS 100 50 500 5.0 6.5-9.0 126/200 93 

1605 Navidad River  CR H PS 100 50 550 5.0 6.5-9.0 126/200 91 
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and in the vicinity of Ganado and the East Mustang Creek watershed.  Facilities with TCEQ 
permits to discharge treated wastewater into the Lavaca River Basin are mapped in Figure 3.3-3.  
Names and locations of these facilities, the waterbodies they discharge into, and their permit 
limitations are listed in Appendix Table A-3. 
 
Lake Texana Watershed 
 
The Lake Texana Watershed includes the portion of the Navidad River above the lake (Segment 
1605), Lake Texana (Segment 1604) and its other major tributaries: East and West Mustang Creeks 
(1604A and 1604B, respectively) and Sandy Creek (1604C).  Station locations in this watershed are 
shown in Figure 3.3-4.  Agricultural development in Jackson and Wharton Counties, in the 
immediate vicinity of Lake Texana, has been substantial.  East and West Mustang Creeks, in 
particular, have watersheds almost entirely devoted to rice production and row crops, and are 
nearly devoid of woodlands, including gallery forests, which might provide some buffering 
against nutrient runoff.  Agricultural land uses in these watersheds also appears to involve more 
intensive uses, with larger proportions of row crops and rice fields and little rangeland when 
compared with the Navidad River and Sandy Creek watersheds.  This area also receives return 
flows from fields irrigated with water diverted from the Colorado River that eventually flows 
into Lake Texana.  Point source discharges in the Lake Texana Watershed are limited to the 
headwater reaches of the Navidad River, primarily in the vicinity of Schulenburg and Weimar, 
the three dischargers on Mustang Creek, and the wastewater treatment plant for the parks on 
Lake Texana.  
 
The 2004 Texas Water Quality Inventory lists all portions of the Navidad River (Segment 1605) 
and Lake Texana (Segment 1604) to be “Fully Supporting” of the aquatic life, public water 
supply and general uses.  Recreational, fish consumption, and oyster waters uses (non freshwater 
areas only) were not assessed in 2004.  The assessment of aquatic life use was updated with new 
(post-2001) data on dissolved oxygen concentrations in the Mustang Creek and Navidad River 
Arms of the lake, while the other assessments were brought forward from the 2002 report.  The 
tributary segments, East and West Mustang Creeks and Sandy Creek, were all found to be fully 
supporting of aquatic life uses, but other uses were not assessed. 
 
In addition to the use support assessments, concentrations of parameters for which there are no 
numerical water quality standards were assessed by comparing individual sample values with 
appropriate screening criteria.  The secondary concerns identified in the 2004 assessments for the 
Lake Texana watershed are summarized in Table 3.3-3.  Because concern over excess nutrient 
levels appears to be confined to Lake Texana, particularly the Mustang Creek Arm, water 
sampling has been focused in that area in response to the perception of water quality problems.  
Nutrient enrichment concerns were listed in the 2004 Inventory for high ammonia levels in East 
Mustang Creek; ortho (dissolved) phosphorus and nitrate+nitrite-nitrogen were present at 
elevated levels throughout Lake Texana.   
 
Field parameters recorded in the Lake Texana watershed during the 2001-2005 assessment 
period are summarized in Figure 3.3-5.  The Figure is organized by parameter, with one graph 
for each one.  Stations are presented left to right from the headwaters to the downstream stations: 
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Table 3.3-3 
2004 Water Quality Inventory Assessment of Concerns 

 in the Lake Texana Watershed  
Location* Concern Parameter 

Navidad River (Segment 1605) 
Stations 12532, 12531, 15698 & 15380 None  

Sandy Creek (Segment 1604C) 
Station 13654 None  

West Mustang Creek (Segment 1604B) 
Station 12522 None  

East Mustang Creek (1604A) 
Station 15382 Nutrient Enrichment Ammonia nitrogen 

Lake Texana (Segment 1604) 
Navidad River Arm  
Station 13985 

Nutrient Enrichment Orthophosphorus 

East Mustang Creek Arm 
Station 13986 

Nutrient Enrichment Nitrate+nitrite nitrogen
Ammonia nitrogen 
Orthophosphorus 
Total phosphorus 

Upstream Mid-Lake 
Station 13984 

Nutrient Enrichment Nitrate+nitrite nitrogen
Orthophosphorus 

Downstream Mid-Lake 
Stations 13983 & 15379 

Nutrient Enrichment Nitrate+nitrite nitrogen
Orthophosphorus 

Lower Lake 
Stations 13981, 13982, 15377 & 15381

Nutrient Enrichment Nitrate+nitrite nitrogen
Orthophosphorus 

     * See Figure 3.3-4 for locations of monitoring stations 
 
 

Figure 3.3-5 
Field Parameters Measured in the Lake Texana Watershed 2001-2005 
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Figure 3.3-5 
Field Parameters Continued 

 
 

 
 
 
 

pH, 2001-2005

6.5

7

7.5

8

8.5

12
53

2

15
69

8

15
38

0

13
65

4

13
65

5

15
38

2

13
98

5

13
98

6

13
98

4

15
37

9

13
98

3

15
38

1

13
98

2

15
37

7

13
98

1

Stations

pH
 u

ni
t

 
 
 
 

Dissolved Oxygen in Grab Samples, 2001-2005 
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Figure 3.3-5 
Field Parameters Continued 
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Streamflow, 2001-2005
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Figure 3.3-5 
Field Parameters Continued 

 

Secchi Depth, 2001-2005
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12532, 12531, 15698, and 15380 are Navidad River Stations, 13654, 13655, and 15382 are 
located on Sandy, West and East Mustang Creeks, respectively, and the remainder are Lake 
Texana stations (Figure 3.3-4).  The graph symbols summarize the statistics by station for each 
parameter; the diamond shape is the median or 50th percentile value for the five-year sample 
period (half of all the measurements are less than the median and the other half are greater than 
the median).  The upper and lower edges of the box represent the 75th and 25th percentile values 
(75% of all measurements are less then the 75th percentile value, 25% are less than the 25th 
percentile), and the ends of the upper and lower lines extending from the box mark the 90th and 
10th percentile values.   
 
In the first graph in Figure 3.3-5, water temperatures were lowest at the Navidad River stations, 
with medians in the 20-22o range, while median surface temperatures in Lake Texana were all 
above 25o, reflecting the effect of solar heating on the unshaded, open lake water.  The dissolved 
oxygen graph indicates that the lowest oxygen values occurred in East Mustang Creek (Station 
15382) and in the shallow, vegetated Navidad and Mustang Creek arms of Lake Texana, 
although in the Lake this amounted to only 7 to 8% of dissolved oxygen measurements below 
5.0 mg/l at each station since 2001.  At the East Mustang Creek station (15382), located below 
two small treated wastewater dischargers, and receiving runoff from a highly developed 
agricultural region, about 15% of the dissolved oxygen measurements since 2001 indicated 
concentrations below 5.0 mg/l Figure (3.3-3).   
 
Occasional depressed dissolved oxygen concentrations are not unusual events in the shallow 
upper portions of reservoirs where nutrients and sediment in the inflows from tributary streams 
accumulate and support a large biomass of vegetation and a high level of biological productivity.  
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Consequently, such areas are often the focus of water quality monitoring and management.  
Compliance with Segment Standards for dissolved oxygen and evaluation of aquatic life use is 
determined with measurements taken over a 24-hour period (diel sampling).   Average and 
minimum dissolved oxygen concentrations observed in the Navidad River and Mustang Creek 
Arms of Lake Texana during diel sampling were used to update the assessment of Lake Texana 
in the 2004 Inventory.  In only one of 11 diel monitoring events conducted at each station 
(September, 2001) were dissolved oxygen levels lower than the Segment Standard (24-hour 
average 5.0 mg/l, 3.0 mg/l minimum), meeting the segment standard and fully supporting the 
aquatic life use.  Likewise, pH levels fall consistently within the range (6.5-9.0) of the Segment 
Standards (Table 3.3-1). 
 
As discussed in the 2002 Lavaca River Basin Summary Report, median conductivities in the 
Navidad River are about twice those from Sandy and Mustang Creeks, spanning a range in the 
tributary stations of 200-800 μS.  In Lake Texana, conductivities were lower, median values 
were slightly less than 200 μS with little variation throughout the lake, except at two stations 
near the dam (Figure 3.3-5).   
 
Secchi Depth is the depth, in meters, at which a standard target (the Secchi disk) can be seen 
under shaded, mid-day conditions.  It is a measure of water transparency, or clarity, and in 
freshwaters is a function of the amount of material suspended in the water.  During the 2001-
2005 sample period Secchi Depth was consistently less than 0.5 meters indicating relatively 
turbid (cloudy) water throughout the lake.   Consistent with the shallow Secchi Depths, median 
levels of suspended solids (including plankton, organic debris, and silt and clay-sized particles) 
were all moderately high, ranging from 11 – 39 mg/l.  Figure 3.3-6 shows that the highest levels 
of suspended solids, by far, occur at the East and West Mustang Creek stations.  Although this 
watershed does not exhibit a great deal of relief, erodable soils and a lack of riparian cover likely 
contribute to the higher levels of suspended material there.  
 
The dissolved materials graphed in Figure 3.3-6 exhibit abundance patterns that reflect the 
pattern seen in conductivity, with the higher values occurring in the tributary streams.   Average 
values for chloride and sulfate concentrations are less than the respective Segment Standards at 
all stations for which the data were collected (Table 3.3-1).   
 
Figure 3.3-7 shows nutrient concentrations to be high throughout the Lake Texana watershed 
during the current assessment period, particularly in East Mustang Creek and in the Mustang 
Creek Arm of the lake.  While the 2001-2005 data set does not indicate any concerns with 
respect to ammonia nitrogen levels anywhere in the watershed, nitrate (and nitrite) nitrogen 
concentrations exceed the screening criteria throughout Lake Texana (Table 3.3-4).  Nitrogen 
and phosphorus levels in the tributaries, the Navidad River, Sandy, West Mustang and East 
Mustang Creeks, were as high as those in Lake Texana, but did not result in concerns because 
those streams did not have to meet the same criteria (Table 3.3-4, column 4).  Both total and 
ortho (dissolved) phosphorus concentrations show a high frequency of screening criteria 
exceedence, resulting in additional concerns throughout the lake for nutrient enrichment.  The 
tributary stations are not required to meet the more stringent nitrogen and phosphorus screening  
criteria that apply to Lake Texana because streams tend to exhibit fewer adverse consequences 
(e.g., algal blooms, dissolved oxygen depletion) from nutrient enrichment than do lentic (lake or 
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Figure 3.3-6 
Major Dissolved and Suspended Materials in the Lake Texana Watershed 
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Alkalinity, 2001-2005
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Figure 3.3-6 
Major Dissolved and Suspended Materials in the Lake Texana Watershed 
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Chloride Concentrations, 2001-2005

0
20
40
60
80

100
120
140

125
31

125
32

156
98

153
80

136
54

136
55

153
82

139
85

139
86

139
84

153
77

153
79

153
81

139
81

m
g/

l

 
 
 
 



 35

Figure 3.3-6 
Major Dissolved and Suspended Materials in the Lake Texana Watershed 
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Figure 3.3-7 
Nutrient Concentrations in the Lake Texana Watershed 
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Figure 3.3-7 
Nutrient Concentrations in the Lake Texana Watershed 
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Nitrate+Nitrite Nitrogen Concentrations, 2001-2005
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Figure 3.3-7 
Nutrient Concentrations in the Lake Texana Watershed 
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Table 3.3-4 
Lake Texana Watershed Nutrient Screening Summary  

for the 2001-2005 Assessment Period 
 

Segment Station n 
Criteria 
(mg/l) 

Number 
exceeding 

criteria 

Percent 
exceeding 

criteria 

Station 
Average 
(mg/l) Assessment

Ammonia-Nitrogen 
1604 13654 18 0.106 2 11.1 0.04 NC 

  13655 19 0.17 2 10.5 0.04 NC 
 15382 14 0.17 0 0.0 0.07  
 13985 6 0.106 0  0.02  
  13986 10 0.106 2 20.0 0.02 NC 
 13984 7 0.106 0  0.02  
 15377 6 0.106 0  0.02  
  15379 5 0.106 1 20.0 0.02 NC 
 15381 8 0.106 0  0.01  

1605 15698 17 0.17 0 0.0 0.03  
 15380 20 0.17 0  0.03  
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Table 3.3-4 
Lake Texana Watershed Nutrient Screening Summary Continued 

 

Segment Station n 
Criteria 
(mg/l) 

Number 
exceeding 

criteria 

Percent 
exceeding 

criteria 

Station 
Average 
(mg/l) Assessment

Nitrate-Nitrite-Nitrogen 
1604 13654 16 0.32 2 12.5 0.08 NC 

 13655 16 2.76 0  0.31  
 15382 12 2.76 0  0.67  
  13985 3 0.32 1 33.3 0.14 Concern 
  13986 7 0.32 5 71.4 0.97 Concern 
  13984 4 0.32 2 50.0 0.32 Concern 
  15377 4 0.32 2 50.0 0.36 Concern 
  15379 3 0.32 3 100 0.49 Concern 
  15381 5 0.32 3 60.0 0.53 Concern 

1605 15698 14 2.76 0 0.0 0.30  
 15380 17 2.76 0 0.0 0.17  

Ortho phosphorus 
1604 13654 11 0.05 6 54.5 0.06 Concern 

 13655 11 0.5 0  0.13  
 15382 9 0.5 0  0.15  
  13985 11 0.05 10 90.9 0.10 Concern 
  13986 11 0.05 11 100 0.14 Concern 
  13984 11 0.05 11 100 0.11 Concern 
  15377 11 0.05 9 81.8 0.14 Concern 
  15379 11 0.05 9 81.8 0.13 Concern 
  15381 11 0.05 9 81.8 0.14 Concern 

1605 15698 8 0.5 0  0.16  
 15380 11 0.5 0  0.14  

Total Phosphorus 
1604 13654 18 0.18 10 55.6 0.20 Concern 

  13655 18 0.8 1 5.6 0.30 NC 
  15382 14 0.8 1 7.1 0.44 NC 
  13985 6 0.18 5 83.3 0.24 Concern 
  13986 10 0.18 10 100 0.40 Concern 
  13984 7 0.18 6 85.7 0.25 Concern 
 15377 6 0.18 4 66.7 0.28 Concern 
 15379 5 0.18 5 100 0.36 Concern 
 15381 8 0.18 5 62.5 0.24 Concern 
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Table 3.3-4 
Lake Texana Watershed Nutrient Screening Summary Concluded 

 

Segment Station n 
Criteria 
(mg/l) 

Number 
exceeding 

criteria 

Percent 
exceeding 

criteria 

Station 
Average 
(mg/l) Assessment

Total Phosphorus 
1605 15698 17 0.8 0 0.0 0.23  

 15380 20 0.8 0 0.0 0.22  
Chlorophyll a (μg/l) 

1604 13985 7 21.4 2 28.6 9.0 NC 
  13986 7 21.4 1 14.3 4.6 NC 
 13984 7 21.4 0 0.0 5.3  
 15377 7 21.4 0 0.0 2.7  
 15379 7 21.4 0 0.0 2.5  
 15381 7 21.4 0 0.0 4.8  

1605 NA       
 
 
reservoir) environments where conditions are usually more conducive to the growth and 
accumulation of aquatic vegetation. 
 
Total organic carbon (TOC, a measure of the amount of living and dead organic material 
dissolved and suspended in the water column) concentration results in the Lake Texana 
watershed are summarized for the assessment period in Figure 3.3-8.  The highest median and 
extreme values occurred at the tributary stations, especially the Mustang Creek stations (13655 
and 15382), and at the uppermost Lake Texana stations (13985 and 13986) in the Navidad River 
and Mustang Creek arms. 
 
Figure 3.3-9 summarizes chlorophyll a results from samples collected in Lake Texana.  Although 
median chlorophyll a concentrations at the Navidad River and Mustang Creek arms do not differ 
greatly from those collected throughout the main basin of the lake, the variability is much greater 
and the extreme values exceed the screening criterion for chlorophyll a (21.4 μg/l), although not    
with sufficient frequency to trigger a concern.  In spite of the continuing nutrient enrichment, and 
at least occasionally elevated TOC and chlorophyll a levels, both the grab and diel dissolved 
oxygen monitoring results indicate that Lake Texana is continuing to assimilate its nutrient 
loading without major adverse consequence to water quality and aquatic life uses. 
 
The results of monitoring for the presence of toxic materials in the Lake Texana watershed are 
presented in Table 3.3-5. Water samples were analyzed for dissolved metals in Lake Texana 
(Segment 1604), where monitoring was focused on a location near the dam (Station 13981). 
Twelve water samples were collected at this station and analyzed for dissolved metals between 
January, 2001 through July 2004.  The remaining stations are represented by a single collection 
made in September, 2004.  The single Navidad River (Segment 1605) station monitored (15380)  



 40

Figure 3.3-8
Total Organic Carbon Concentrations in the Lake Texana Watershed, 2001-

2005
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Figure 3.3-9
Chlorophyll a Concentrations in Lake Texana, 2001-2005
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 Table 3.3-5 
Screening Summary, Toxic Materials in Water in the Lake Texana Watershed 

 

Station n 

Freshwater 
Acute 

Criteria 
(μg/l) 

Number 
Exceeded 
(Acute) 

% 
Exceeded 
(Acute) 

Freshwater 
Chronic 

Criteria (μg/l)

Number 
Exceeded 
(Chronic) 

% 
Exceeded 
(Chronic) 

Aluminum (dissolved) 
13981 9 991 0 0 -   
15380 1 991 0 0 -   

Arsenic (dissolved) 
13981 6 360 0 0 190 0 0 
15380 1 360 0 0 190 0 0 

Cadmium (dissolved) 
13981 12 16.5 0 0 0.6 0 0 
13654 1 16.5 0 0 0.6 0 0 
13655 1 16.5 0 0 0.6 0 0 
15382 1 16.5 0 0 0.6 0 0 
15380 1 50 0 0 1.4 0 0 

Chromium (dissolved) 
13981 12 333 0 0 108 0 0 
15382 1 333 0 0 108 0 0 
13654 1 333 0 0 108 0 0 
13655 1 333 0 0 108 0 0 
15380 1 748 0 0 242.7 0 0 

Copper (dissolved) 
13981 12 10.4 0 0 7.3 0 0 
15382 1 10.4 0 0 7.3 0 0 
13654 1 10.4 0 0 7.3 0 0 
13655 1 10.4 0 0 7.3 0 0 
15380 1 26.3 0 0 17 0 0 

Lead (dissolved) 
13981 8 33.4 0 0 1.2 0 0 
15382 1 33.4 0 0 1.2 0 0 
13655 1 33.4 0 0 1.2 0 0 
15380 1 118 0 0 4.1 0 0 

Nickel (dissolved) 
13981 12 846 0 0 94 0 0 
15382 1 846 0 0 94 0 0 
13654 1 846 0 0 94 0 0 
13655 1 846 0 0 94 0 0 
15380 1 1950 0 0 217 0 0 
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Table 3.3-5 
Screening Summary, Toxic Materials in Water – Continued 

 

Station n 

Freshwater 
Acute 

Criteria 
(μg/l) 

Number 
Exceeded 
(Acute) 

% 
Exceeded 
(Acute) 

Freshwater 
Chronic 

Criteria (μg/l)

Number 
Exceeded 
(Chronic) 

% 
Exceeded 
(Chronic) 

Silver (ionized) 
13981 12 0.8 0 0.00 -   
15382 1 0.8 0 0.00 -   
13654 1 0.8 0 0.00 -   
13655 1 0.8 0 0.00 -   
15380 1 0.8 0 0.00 -   

Zinc (dissolved) 
13981 12 68 0 0.00 62 0 0 
15382 1 68 0 0.00 62 0 0 
13655 1 68 0 0.00 62 0 0 

 
 
was also sampled once in September, 2004.  None of the screening criteria for these materials 
were exceeded during the assessment period. 
 
Parameters at stations in the Lavaca River Basin with sufficient data on which to base a trend 
analysis are presented in Appendix Table A-2 together with the number of measurements 
employed in the analysis, the probability that the results occurred by chance (p-value), and the r2 
value of the regression.  The latter value represents the amount of variation in the test parameter 
(or dependent variable) explained by the variable it was tested against (the independent variable). 
Parameters that the screening regressions indicated as having statistically significant (p<0.10) 
trends over the period of record are shown in bold type.  Stations and parameters identified by 
linear regression analysis as exhibiting a significant (P<0.10) change over the available period of 
record in the Lavaca River Basin are summarized in Table 3.3-6, which lists stations in order 
from upstream to downstream, and shows the direction of identified trends for each parameter. 
 
Prior to regression analysis, temperature and dissolved oxygen data for each station was used to 
calculate saturation deficits which were evaluated in addition to dissolved oxygen concentrations 
directly.  Because oxygen solubility in water varies inversely with temperature, we expect DO 
concentrations to vary seasonally even in the absence of any biological activity as a result of the 
change in the atmospheric equilibrium value (DO saturation) accompanying seasonal 
temperature change.  Secular changes (trends over time) in temperature will also result in 
changes in DO concentration in the absence of other factors.  Saturation deficit values (DO 
saturation – measured DO) were used to remove the purely physical effects of changing 
temperature from the DO data set.  Saturation deficits result from the kinetic processes 
(photosynthesis, respiration, chemical oxygen demand) that drive DO concentrations away from 
atmospheric equilibrium, and can therefore be used to evaluate the impact of those processes 
alone on DO concentration.  Positive saturation deficit values represent undersaturation and 
indicate that the rate of respiration is sufficient to remove oxygen from the water faster than  
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Table 3.3-6 
Direction of Water Quality Trends Identified by Linear Regression Analysis 

 in the Lavaca River Basin 
 

Segment Station Temp DO SatDef pH Cond Salinity Cl SO4 TP OP Cu Secchi NTU TSS
1605 15380    +    + - -    - 

1604C 13654    +   -   -     
1604B 13655    + -     -     
1604A 15382     -  -      +  
1604 13985     -          

 13986    + -          
 13984    + -       -   
 15379    +           
 15381    +          - 
 13982               
 13981           +    
 15377    +          + 

1603 15374   -   -         
1602 12525    -           

 12524  + -            
1601 15373            -   

 15372   -   -         
 15371 +  - +  -         
 15370    +  -         
 15369 + + - + - -      +   

43 



 44

photosynthesis and reaeration from the atmosphere can replace it.  Conversely, negative 
saturation deficit values represent supersaturation, and indicate that photosynthesis is producing 
oxygen at a rate greater than its removal from the water by respiration and molecular diffusion to 
the atmosphere.  Use of saturation deficit instead of DO concentration allows pooling of data 
across seasons when evaluating trends over time and in assessing the relationships of other 
aquatic physical and chemical parameters to oxygen regimes. 
 
The parameter most commonly identified as exhibiting potential trends is pH, while trends in 
conductivity and ortho phosphorus were encountered at multiple stations and other parameters 
exhibited isolated instances of trend identified by linear regression analysis (Table 3.3-7).  Many 
parameters are not independent, but are linked by physical, chemical and biological processes: 
temperature influences oxygen solubility, while pH, conductivity, and salinity are functions of 
the nature and concentrations of materials dissolved in the water.  Dissolved oxygen, saturation 
deficit, ortho phosphorus, and pH are linked by biological processes: photosynthesis and 
respiration affect the pH of surrounding waters, while ortho phosphorus is a biologically 
available form of an important plant and microbial nutrient.  The trend directions exhibited by 
pH and conductivity are consistent throughout the Lake Texana Watershed: increasing pH trends 
are present in all the tributaries of Lake Texana except Mustang Creek and at open water stations 
throughout the lake, while declining trends in conductivity were detected in East and West 
Mustang Creeks, and in the upper stations in Lake Texana. 
   
In the lower Navidad River, inspection of the pH data from Station 15380 revealed three 
unusually low pH values early (1997-1998) in the period of record.  Although the values were 
only slightly less than 7.0 (6.5-6.9), they were the only acid-level pH readings seen at that 
station.  When these three points are removed from the record, the data set remains non-normal 
but the trend disappears.  While these data points may accurately reflect water quality at the time 
of measurement, their presence at the beginning of the assessment period skews the data 
distribution to produce an apparently significant statistical result.  While the presence of this 
cluster of low pH measurements does not reflect a real long-term trend in pH, it may represent an 
actual event, or a particular set of environmental conditions producing those results. 
 
In Segment 1604, pH trends were detected in Sandy and West Mustang Creeks, but not in East 
Mustang Creek.  In the lake proper, positive pH trends were detected at stations in the upper, mid 
and lower lake (Figure 3.3-4, Table 3.3-7), but were not detected at other, interspersed stations, 
and some stations exhibited normal data sets, while others did not.  Numerous transformations 
were applied to the data sets but only in one case (Station 13654, Sandy Creek, exponential 
transform) was a normal data set achieved, and the pH trend remained significant (P<0.05). The 
greater variability and range in pH of the tributary stations (Figure 3.3-4) are a reflection of the 
more rapid and extreme environmental changes (e.g., temperature, water level, nutrient and 
sediment loadings from wastewater or non-point sources) to which they are subject. 
 
When the pH data from Segments 1604 and 1605 are plotted by station, a certain amount of 
correlation in pH levels is evident.  When the tributary stations are excluded, the lake stations 
show a strong tendency to vary together, indicating a response to seasonal or climatic changes 
that affect the physical environment, or more likely, biological activity, throughout the lake.  
Figure 3.3-10 shows correlated changes in pH among all Lake Texana stations that appear to  
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Table 3.3-7 
Summary of Parameters Showing Potential Trends Over Time  

at Lake Texana Watershed Stations 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

15380--NAVIDAD RIVER AT CR 401 
pH 92 0.0870 0.0214 + Not Normal
Residue, total nonfilterable 30 0.1070 - 0.01310 - Not Normal
Total Phosphorus 21 0.0002 0.4935 -  Normal 
Sulfate 21 0.0212 0.2097 + Normal 
Orthophosphate, dissolved 29 0.0428 0.1116 - Normal 

 
13654--SANDY CREEK AT FM 710 

pH 123 0.0115 0.0438 + Not Normal
Orthophosphate, dissolved 41 0.0028 0.1867 - Not Normal
Chloride 64 0.954 0.0293 - Normal 

 
13655--WEST MUSTANG CREEK AT US 59 

Conductivity 75 0.0721 0.0305 - Not Normal
pH 139 0.0097 0.0409 + Not Normal
Orthophosphate, dissolved 41 0.0276 -0.0958 - Not Normal
      

15382--EAST MUSTANG CREEK AT FM 647 
Conductivity 70 0.0180 0.0660 - Not Normal
Chloride 37 0.0188 0.1234 - Not Normal
Turbidity NTU 29 0.0940 0.0671 + Not Normal

 
13985--LAKE TEXANA NAVIDAD RIVER ARM 

Conductivity 79 0.0582 0.0334 - Normal 
      

13986--LAKE TEXANA, MUSTANG CREEK ARM 
Conductivity 82 0.0174 0.0570 - Not Normal
pH 123 0.0892 0.0156 + Normal 
      

13984--LAKE TEXANA MID-LAKE NORTH OF SH 111 
Conductivity 80 0.0300 0.0469 - Normal 
Secchi depth 114 0.0066 0.0556 - Not normal 
pH 121 0.0192 0.0372 + Normal 
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Table 3.3-7 
Summary of Parameters Showing Potential Trends – Continued 

 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

15379--LAKE TEXANA MID-LAKE SOUTH OF SH 111 
pH 37 0.0850 0.0249 +  Normal 
      

13983--LAKE TEXANA MID-LAKE SOUTH OF SH 111 
No Trends Detected 

15381--LAKE TEXANA LOWER LAKE 
pH 76 0.0031 0.0999 + Not Normal
Total Suspended Solids 28 0.0968 0.0668 - Not Normal
      

13981--LAKE TEXANA 400 M NORTH OF DAM 
Copper, dissolved ug/L 18 0.0186 0.2565 + Normal 
      

13982--LAKE TEXANA 200 M NORTH OF DAM 
No Trends Detected      

15377--LAKE TEXANA NEAR SPILLWAY 
pH 81 0.0062 0.0795 + Not Normal
Residue, total nonfilterable 25 0.0575 0.1110 + Normal 

 
 
reflect seasonal changes, as there is a strong tendency for highest pH values to occur during 
summer (June-September), suggesting that pH may be responding to variations in biological 
activity.  It is also noteworthy that while the short term trends typically extend over 0.5 to more 
than 1 pH unit, the long term trends reported in Table 3.3-7 generally indicate changes on the 
order of 0.2 pH units. Inspection of Figure 3.3-10 shows a distinct group of data points collected 
during 1997-1998 that stands out as lower than the remaining data.  This is the same period 
during which the low pH data points excluded from the Station 15380 data set were collected.  
This anomalous period of relatively low pH was likely real, as it extended over many stations 
and several months, and the pattern is repeated in the period following spring 2004, but it does 
not constitute a long term trend (Figure 3.3-10).   
 
Declining trends in conductivity were detected (P<0.10) in East and West Mustang Creeks and at 
the three upper lake stations (Table 3.3-7, Figure 3.3-4).  Only Station 13984 exhibited a 
normally distributed data set (Shapiro-Wilks, P>0.05).  The upper station data sets were not 
normalized on  application of  several  transforms  (natural log, square root,  xe, sine, arctangent).  



 47

 
 
The data from all stations indicated positive autocorrelation (Durbin-Watson, P<0.05).  
Inspection of the data shows that an actual trend is plausible; at all stations the proportion of 
extreme high values has decreased and the proportion of low conductivity measurements has 
increased over the period of record.  Figure 3.3-11 is a time series plot of conductivity at Stations 
13655, West Mustang Creek, and Station 13984 in the upper portion of the main body of Lake 
Texana. This spans the area in which significant conductivity trends occur and includes a 
normally distributed data set (13984) and one that is not.  The downward trends in conductivity 
in some of the tributaries and the upper lake stations point to decreases in the loading of 
dissolved materials originating in the affected tributaries.   
 
Decreasing concentrations of chloride were detected at Stations 13654, Sandy Creek and 15382 
in East Mustang Creek.  Neither data set was normally distributed (Shapiro-Wilks, P<0.05), but 
did not exhibit autocorrelation (Durbin-Watson, P>0.05).  When the 15382 data set was 
normalized with a natural log transform, the trend remained significant (linear regression, 
P=0.0199).  However at Station 13654, inspection of the data set revealed a single high 
measurement (2230 mg/l) on 01/21/2003, while at the other tributary and lake stations (except 
13984) chloride concentrations ranged from <1 to about 20 mg/l.  At Station 13984 a chloride 
concentration of 463 mg/l was recorded on 01/22/2003.  Although these chloride peaks may 
represent real events, their isolated nature suggests that they do not.  When these extreme outliers 
are eliminated from their respective data sets, the Sandy Creek Station still exhibits a significant 
(P<0.10) trend of declining chloride values but Station 13984 does not. 
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Figure 3.3-11 
Conductivity Records for two Stations in the Lake Texana Watershed 
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An increasing trend in sulfate concentrations and decreasing trends in total phosphorus 
concentrations were detected at Navidad River station 15380.  The sulfate data set was normally 
distributed and the trend looks robust, but the data set is short, with sampling initiated in mid-
2000.  Sulfate concentrations average 10.4 mg/l at this station and 15.0 mg/l upstream (15698), 
but the average concentrations downstream in Lake Texana range from 4.8 to 6.3, values typical 
of the initial year of sampling at 15380.  Although the other Navidad River station with sulfate 
data did not meet the criteria for trend analysis (only 19 data points), 15 of 19 samples indicated 
sulfate concentrations greater than 10 mg/l. These are values typical of the higher range observed 
at Station 15380, but do not show indications of an increasing trend.  The trend of increasing 
sulfate in the  lower Navidad River does not appear to be a result of seasonal bias or a function of 
streamflow; linear regression of sulfate concentration on instantaneous stream discharge is not 
significant (P>0.10, n=19), nor are the two parameters significantly correlated (P>0.1).   
 
There is an apparent trend (P<0.10) of decreasing total phosphorus concentrations in the lower 
Navidad River (15380).   The data set is normally distributed (Shapiro-Wilks, P>0.05) and no 
autocorrelation (Durbin-Watson, P<0.05) is evident.  Although the upstream Station 15698 had a 
data set with too few data points to meet the criteria for trend analysis, a decreasing trend appears 
to be also present there (P<0.10).  Total phosphorus concentrations at these two stations tend to 
be lower than those at the Mustang Creek and Lake Texana stations (Figure 3.3-7), which do not 
show declining trends, significant or not.  The decline from 2000-2002 levels typical of the Lake 
Texana stations to concentrations roughly half that appears to represent an actual trend toward 
reduced loadings of phosphorus into Lake Texana from the Navidad River.  
 
Ortho (dissolved) phosphorus at Station 15380 exhibited a significant declining trend. Inspection 
of the data shows that the trend is driven by two extreme high values that were recorded in 1996 
and 1997 in a sparse data set.  When the two data sets are combined, the decline in phosphorus 
loading in the Navidad River appears to have occurred during the last two years of the period of 
record (Figure 3.3-12).  Declining trends in ortho (dissolved) phosphorus were also detected at 
the Sandy and West Mustang Creek stations (13654 and 13655, respectively) by linear regression 
(P<0.10).  Although neither data set exhibited autocorrelation (Durbin-Watson P>0.05), neither 
was normally distributed, nor could they be normalized.  Inspection of the normal probability 
plots indicated that the distribution was skewed by outliers.  Inspection of the data showed that 
extreme values (twice the respective overall averages) were concentrated in the first third (1991-
1996) of the data sets, as was the case at Station 15380.  When the extreme values are removed, 
the trend disappears.  The early high ortho phosphorus concentrations may be the results of 
previous land use practices or of loading from point sources, but there is no phosphorus trend 
suggested during the current assessment period at Sandy or West Mustang Creek stations.  
 
A positive trend in copper concentration at Station 13981 is the only instance of a dissolved 
metal exhibiting a significant trend in the Lake Texana watershed during this assessment period 
(Table 3.3-7).  While the data set is normally distributed, it does exhibit auto correlation (Durbin-
Watson, >0.05, runs test, P<0.05, positive tail), but inspection of the data shows that seasonal 
sample bias is not evident and that the trend would remain even if the successive high values that 
give rise to autocorrelation were averaged (Figure 3.3-13).  This trend appears to be real, but  
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Figure 3.3-12
Total and Ortho (Dissolved) Phosphorus Concentrations at Navidad River Station 
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Figure 3.3-13
Lake Texana Station 13981 Copper Concentrations
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even the highest copper levels recorded are still only half of the chronic criterion for this metal. 
A rate of increase of 1.3 μg/l per decade could cause the running average copper concentration to 
reach the chronic criterion in about 30 years, if present trends continue.  While “present trends” 
in nature rarely continue unchanged for long periods, continued monitoring of this parameter is 
justified by the trend result.  
 
Apparent declining trends in Secchi Depth (transparency) at several Lake Texana Stations, which 
are not included in Tables 3.3-7 and 3.3-8, result from clusters of very high data points recorded 
in 1996 and 1999-2000, most likely resulting from confusion in the units (feet, meters, inches) 
employed.  This data problem was recognized in the previous (2002) Basin Summary Report. 
Station 15382 in East Mustang Creek, which exhibited declining trends in conductivity and 
chloride, was also the only location where a positive trend in turbidity (nephlometric turbidity 
units – NTU) was detected (Table 3.3-7).   
 
An increasing trend in total suspended solids (TSS) was detected (P<0.10) at Stations 15381 
(lower lake Texana), and at Station 15377 near the dam (Table 3.3-7, 3.3-8).  Neither data set 
was normally distributed (Shapiro-Wilk, P>0.05), both distributions being skewed by outliers; 
but they did exhibit autocorrelation (Durbin-Watson, P>0.05).  Both data sets contain an extreme 
value, both collected on the same date (10/29/2002), amounting to nearly four times the 11 mg/l 
mean at both stations. When this value is removed from the data set, the trend is improved at 
both stations (the P-value decreases and the r2 value increases). This is also the case when the 
last value in the time series (10/18/2005), a secondary outlier, is removed (with or without the 
2002 data point).  Although the data set could not be normalized even with removal of the 
outliers, the trend appears robust, that suspended solids have increased slightly in the lower 
portion of Lake Texana.   
 
 
Lavaca River Watershed 
 
The Lavaca River Watershed includes all the area drained by Segment 1602, the Lavaca River 
above tidal (Figure 3.3-14).  This segment extends from a point 5.3 miles downstream of the US 
59 crossing of the Lavaca River in Jackson County to its headwaters in Lavaca County.  The 
drainage includes the urban areas of Edna, Hallettsville, Shiner, and Yoakum. Although its urban 
areas total twice that of the Navidad River Watershed (Table 3.3-2) it is still primarily rural. Two 
thirds of the Lavaca River Watershed land is used for crop and hay production, and grazing on 
improved pasture.  The remainder consists mostly of forest and range land, and small areas of 
open water and wetland (Figure 3.3-2, Table 3.3-2).  Permitted dischargers are limited to the 
municipal wastewater facilities of the cities located in the (Figure 3.3-3, Appendix Table A-3).   
 
Segment standards for the Lavaca River are similar to those of the Navidad River; the 
recreational, aquatic life and water supply uses are the same, as are dissolved oxygen, pH and 
bacterial criteria (Table 3.3-1).  The higher dissolved solids criteria reflect the intermittent nature 
of the Lavaca River and its consequently more variable water quality, although the 2002 Basin 
Summary Report found that conductivity values and TDS concentrations at the Lavaca River  
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stations were slightly less than in the Navidad River during the 1996-2001 assessment periods. 
 
Based on the dissolved oxygen results that are part of the field parameter sample set, the 2002 
Texas Water Quality Inventory did not find any problem in Segment 1602, although only the 29-
mile upper reach was sampled enough for a complete assessment.  The Lavaca River was 
included on the 2004 Texas §303(d) List due to low dissolved oxygen levels in the upper 29 
miles of the segment when the 2002 Inventory was updated in 2004 with the results of a series of 
diel (24 hour) oxygen monitoring events.  Diel monitoring was not conducted on the middle and 
lower reaches, so they were not reassessed for compliance with the segment standard for 
dissolved oxygen in the 2004 Inventory.  Overall aquatic life use in the 2004 Inventory was 
“fully supporting” in the lower 31 mile reach, not assessed in the middle 34 miles, and partially 
supporting in the upper 29 miles. 
 
Although the lower reaches were not assessed, in the upper 29-mile reach contact recreation use 
was assessed with a partial E. coli data set and no concern was found. General uses, which are 
assessed by comparing average levels of the parameters for which there are numerical criteria 
(excluding dissolved oxygen) with the appropriate criteria for that segment, were listed as fully 
supporting in the 2002 Inventory.  The public water supply use was noted as fully supporting, 
and the fish consumption use was not assessed. 
 
Concern for algal growth (excessive chlorophyll a) and contamination of sediments and fish 
tissue with toxic materials were not assessed.  With regard to nutrient enrichment concerns, 
levels of nitrate plus nitrite and ortho phosphorus were assessed in the lower 31 mile reach of the 
Lavaca River, and no exceedences of the appropriate screening criteria were observed, hence no 
concerns were listed.  The upper reaches were not assessed in the 2002 Inventory.  No concerns 
were listed for any of the public water supply parameters (only perchlorates were not assessed) 
in Segment 1602. 
 
Figure 3.3-15 summarizes the field parameter results from the Lavaca River Watershed collected 
during the 2001-2005 assessment period.  The stations shown on these graphs and on those that 
follow, are ordered from upstream to downstream and from left to right (Figure 3.3-14).  All are 
mainstem Lavaca River stations except 18190 and 17535, which are located on tributary streams 
draining the cities of Hallettsville and Yoakum (Rocky and Big Brushy Creeks, respectively).   
The tributary stations are placed on the graphs between the Lavaca River stations that are up- and 
downstream of the tributary confluences so that influence on the river, if any, can be visualized. 
 
All of the graphed stations except 12525, the SH 111 crossing, and 12524, the US 59 crossing of 
the Lavaca River, are located in the upper 29 mile reach that was the focus of the assessment 
effort in the 2004 Inventory.  Median water temperatures ranged from about 20o to 25o C (68-77o 
F) and none of the Lavaca River Stations exhibited 90th percentile values approaching the 
segment standard of 91o F (32.8o C).  Median dissolved oxygen concentrations were high (>6 
mg/l) at all stations with only a few values less than 4 mg/l observed at the tributary station 
17535 (Big Brushy Creek).  Recorded values of pH during the assessment period were all well 
within the range of the segment criterion of 6.5-9.0 pH units.  Comparisons with the screening 
criteria did not reveal any concerns among these parameters (Appendix Table A-2). 
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Figure 3.3-15 
Field Parameters Measured in the Lavaca River Watershed 2001-2005 
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Figure 3.3-15 
Field Parameters Measured in the Lavaca River Watershed 2001-2005 
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Conventional parameters monitored during the 2001-2005 assessment period are summarized in 
Figure 3.3-16.  Suspended solids appear to be distinctly elevated at the two lower reach stations 
relative to values observed upstream, although the comparison must be made with care since the 
number of measurements at the two lower river stations was much greater than at the others.    
Given equivalent geology and soils, suspended solids are usually positively related to stream 
discharge (flow), with the largest suspended loads occurring during the rising phase of flood 
flows.  The greater numbers of samples at the lower stations offer more opportunity to observe 
the relative brief periods when suspended particles are most abundant.  This is apparently the 
case in the lower Lavaca River where occasional high suspended solids concentrations greatly 
increase the variability of the data and raise the average and median concentrations relative to the 
upper river stations. 
 
Total dissolved solids, and the major constituents of that parameter, alkalinity, hardness, 
chloride, and sulfate were present in concentrations similar to, but generally somewhat higher 
than, those seen in the Navidad River during the assessment period.  Parameters whose 
abundance is generally due to natural processes (watershed geology, soils, climate), such as total 
dissolved solids, alkalinity, and hardness, tend to show less variability among stations than do 
those parameters that may be substantially affected by human activity.  The elevated levels of 
chloride and sulfate at stations 17594 and 18700 may reflect treated wastewater loadings from 
the Cities of Moulton, Hallettsville and Shiner as these materials are often a marker of domestic 
waste, but they may just as well reflect the greater numbers of samples collected at those two 
stations (10 and 8, respectively) than at the other upper river stations (Appendix Table A-1).  
 
The extent and intensity of nutrient sampling varied widely among parameters and stations, with 
the two lower reach stations having the most extensive records.  Ammonia exhibited a few 
events of high concentration at Stations 12524 and 12525, on dates when no ammonia 
measurements are available from the upper reach.  The other nutrient compounds analyzed, 
nitrate+nitrite and total and ortho phosphorus did not exhibit high levels when judged against the 
screening criteria.  In the case of phosphorus, however, the concentrations observed at the lower 
reach stations are high relative to levels considered stimulative to aquatic plant growth.  
Chlorophyll a samples were collected only twice at each station plotted in Figure 3.3-16, but 
concentrations twice the screening levels for individual samples were observed at Station 18698 
at the headwater extreme of the Lavaca River, and Station 12527 at Hallettsville.  None of the 
parameters discussed above resulted in a concern when compared with the appropriate screening 
criteria (Appendix Table A-2). 
 
The E. coli data in Figure 3.3-16 is presented in a slightly different manner than the other 
parameters: the triangle represents the geometric mean of the data, instead of a diamond 
representing the median.  E. coli screening criteria consist of a geometric mean value of 126 
MPN/100 ml, and a single sample criterion of 394 MPN/100 ml.  MPN is the most probable 
number of bacteria in 100 ml of sample water; it is a statistical value based on a standard 
bacterial growth procedure.  Of the four stations shown in Figure 3.3-16, all but Station 12527 
(Hallettsville) had geometric mean values exceeding the 126 MPN/100 ml mean criterion.  
Station 18190 (Rocky Creek) exhibited bacterial levels exceeding the 394 MPN/100 ml single 
grab sample criterion in four of seven samples (57%).  While segment standards do not apply to  



 57

Figure 3.3-16 
Summary of Conventional Parameter Results from Water Samples Collected During the 

2001-2005 Assessment Period in the Lavaca River Watershed 
 
 

Total Suspended Solids, 2001-2005

0

10

20

30

40

50

60

70

80

18698 17141 17594 17341 18699 12527 18700 18190 17535 12525 12524

m
g/

l

 
 
 
 

Total Alkalinity, 2001-2005

0

50

100

150

200

250

300

350

18698 17141 17594 17341 18699 12527 18700 18190 17535 12525 12524

m
g/

l

 
 



 58

Figure 3.3-16 cont. 
Summary of Conventional Parameter Results 
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Figure 3.3-16 cont. 
Summary of Conventional Parameter Results 
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Figure 3.3-16 cont. 
Summary of Conventional Parameter Results 
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Figure 3.3-16 cont. 
Summary of Conventional Parameter Results 
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Figure 3.3-16 concluded 
Summary of Conventional Parameter Results 
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tributary (unclassified) waters, a partial concern due to limited data is warranted for Rocky 
Creek.  Although the single sample criterion is not exceeded with sufficient frequency to warrant 
a concern in the 31 mile lower reach of the Lavaca River, the geometric mean bacterial levels at 
those two stations exceed that criterion based on a large number of samples, so there is a concern 
that the contact recreational use may not be supported there. 
 
The only data sets from the Lavaca River Watershed meeting the criteria for trend analysis were 
collected at Station 12527, Lavaca River at Hallettsville, and the two Stations located in the 31 
mile lower reach of the Lavaca River, Stations 12525 and 12524 (Figure 3.3-14).  Apparent 
trends were detected only at the lower River stations; linear regression results (P<0.10) indicated 
increasing concentrations of dissolved oxygen and an opposite trend in dissolved oxygen deficit 
at Station 12524, while at 12525 only a declining pH trend was significant (Table 3.3-8). 
 
As discussed earlier, dissolved oxygen concentrations are affected by temperature; oxygen 
solubility increases as water temperature decreases.  Figure 3.3-17 is a plot of dissolved oxygen 
and temperature measurements collected together at Station 12524 illustrating the close 
relationship between water temperature and dissolved oxygen concentration. Although a positive 
trend in dissolved oxygen has been identified at this station, there is no corresponding negative 
trend detected by regression analysis in synoptic temperature measurements.  There is a 
corresponding negative trend in saturation deficit, which suggests that the dissolved oxygen 
trend is not an artifact of the water temperatures prevalent during sampling, but reflects an 
apparently real increase in the availability of dissolved oxygen in the lower Lavaca River.  
However, the possibility remains that the apparent dissolved oxygen trend may be a false 
positive:  Figure 3.3-18 shows that the dissolved oxygen data was collected in two series, a small 
initial sample set collected from 1991 through 1993, a 3-year gap, and then a monitoring series 
beginning in 1996 that has been increasingly intense until the present.  The trend toward higher 
dissolved oxygen values in the second series appears to be directly related to the more frequent 
low temperatures encountered during that period.  The dissolved oxygen climate in the lower 
Lavaca River is more than adequate to support aquatic life uses, and may be improving still 
more. 
 
The declining trend in pH at Station 12525 detected by linear regression (P<0.10) resulted from 
inclusion of a set of four pH measurements made during 1996 with the more recent and extensive 
data collected since 2001.  The four early data points, while within the range recorded from the 
later series, were all in the upper half of that range, and are responsible for the significant trend 
line. 
 
 
Tidal Reach Watershed 
 
The Tidal Reach Watershed, in which water quality is influenced by tidal action and saline bay 
waters, consists of Segment 1603--the Navidad River between Palmetto Bend Dam and the 
Lavaca River, and Segment 1601--from the Lavaca-Navidad confluence to the head of Lavaca 
Bay.  This watershed is very narrow and tends to be dominated by releases from Lake Texana and 
uncontrolled Lavaca River flows.  Much of the large wetland area tabulated for the Lavaca River  
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Table 3.3-8 

Parameters Analyzed for Trends Over Time at  
Lavaca River Watershed Stations 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normal or 
not normal 

12525--LAVACA RIVER AT SH 111 

Temperature 52 09558 
-0.0195 

  

Conductivity 58 0.1445 0.0201   

Dissolved Oxygen 52 0.9924 -0.0196   

Dissolved Oxygen Deficit 52 0.9736 -0.0196   

pH 58 0.0266 0.0672 - Normal 
      

12524--LAVACA RIVER ON US 59 

Temperature 94 0.6694 0.0089   

Conductivity 64 0.3600 0.0023   

Dissolved Oxygen 80 0.0881 0.0245 + Not Normal

Dissolved Oxygen Deficit 80 0.0451 0.0383 - Not Normal

pH 84 0.6586 -0.0097   

Total Suspended Solids 28 0.5257 0.00598   

Nitrite plus Nitrate, total 36 0.4383 -0.0108   

Total Phosphorus 33 0.6998 -0.0264   

Chloride 49 0.3320 0.00146   

Sulfate 35 0.8705 -0.0268   

Turbidity NTU 27 0.5428 -0.0235   
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Figure 3.3-17
Temperature and Dissolved Oxygen Concentrations at Station 12524 
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Figure 3.3-18
Temperature, Dissolved Oxygen Concentration and Saturation Deficit at Lavaca River Station 12524
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Basin (4,883 acres) consists of a brackish marsh fringing the river in Segment 1601.  Stations found 
within the Tidal Reach Watershed are presented in Figure 3.3-19.   
 
The water quality and habitat conditions in the tidal reaches of the Lavaca and Navidad Rivers 
and the brackish marshes that communicate with the Lavaca River (e.g., Catfish and Redfish 
Bayous) are quite different from the non-tidal waters due to their much higher conductivities and 
dissolved solids (especially chloride) concentrations.  In addition, tidal segments differ from their 
upstream reaches in experiencing bi-directional flow; unlike freshwater streams, water in tidal 
segments flows upstream at times, confounding the upstream - downstream relationships 
assumed for freshwater streams.  Areas subject to the influence of tides typically exhibit salinity 
stratification. Because the river bed in Segments 1601 and 1603 is below sea level, brackish bay 
water penetrates upstream to Palmetto bend Dam in the River, and to a similar extent in the 
Lavaca River.  The saline bay water is denser than the freshwater flowing downstream, and 
resists mixing, forming a two-layer system with relatively fresh water at the surface and brackish 
water on the bottom.  The water quality assessments presented below are, like the freshwater 
streams and reservoirs throughout the state, based on the results of surface samples and do not 
reflect the higher salinities often present in the bottom waters of the tidal reach.   
 
Assessments made for Segments 1601 and 1603 in the 2002 Texas Water Quality Inventory were 
carried forward to the 2004 Inventory without evaluating additional data.  In that document, both 
tidal segments, including the subsegments 1601A (Catfish Bayou) and 1601B (Redfish Bayou), 
were fully supporting of aquatic life uses based on instantaneous dissolved oxygen and 
temperature measurements.  Other uses, including contact recreation and fish consumption, were 
not assessed due to data limitations. 
 
An evaluation of water quality conditions was accomplished by comparing the results of 
sampling in the Tidal Reach Watershed during the 2001-2005 assessment period with the 
appropriate screening criteria. No impairments or concerns among field and conventional 
parameters were found at any of the monitoring locations in this watershed during the assessment 
period.  A single sample for metals in water was collected from Station 18329, a freshwater 
drainage channel tributary to Segment 1603.  No exceedences of either acute or chronic 
screening criteria were found. 
 
Figure 3.3-20 summarizes field parameters for which six or more measurement records are 
available from the assessment period.  The stations included in this figure include one Navidad 
River station (15374) located just upstream of the Lavaca River confluence, Stations 15370 and 
15369, which are located in Redfish and Catfish Bayous, respectively (Figure 3.3-19). 
Temperature, dissolved oxygen levels, pH, and Secchi depths were similar at all stations. 
Temperature extremes approached the segment standards at all stations, and exceeded them in 
two of 53 measurements taken at Navidad River Station (15374), and in one of 52 measurements 
taken at Lavaca River Station 15371.  The temperature standard for Segment 1603 (32.78o C) is 
lower than that of the Lavaca River (35o C).  Surface dissolved oxygen concentrations were 
always more than adequate to support aquatic life uses and pH varied only over a very narrow 
range.  Conductivities increase from upstream to downstream, reflecting the mixing of 
freshwater from the Lavaca and Navidad Rivers with brackish bay waters. 
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Figure 3.3-20 
Field Parameters Measured During the 2001-2005 Assessment Period  

In the Tidal Reach Watershed 
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Figure 3.3-20 
Field Parameters – Continued 
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Figure 3.3-20 
Field Parameters – Concluded 
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Figure 3.3-21 presents the results of monitoring for conventional parameters, which was 
confined to two locations: Station 15374, the Navidad River above the Lavaca confluence, and 
Station 18336, the Lavaca River near Lavaca Bay (Figure 3.3-19).  The latter location coincides 
with Station R4 of the ongoing Lavaca Bay monitoring program conducted by Formosa Plastics 
Corporation as a condition of its industrial wastewater discharge permit.  Dissolved solids (e.g., 
hardness, chloride, sulfate) are all elevated at the lower station reflecting its position lower in the 
estuary, hence closer to marine waters.  Although Station 18336 was represented by only a few 
(3-6) samples, nutrient levels appear to decline in a downstream direction, consistent with a 
terrestrial source for nutrients and progressive dilution of freshwater by marine water as one 
proceeds downstream through the estuary. 
 
Stations with parameters meeting the criteria for trend analysis are listed in Table 3.3-9 along 
with the results of the linear regression analysis of each parameter.  Occurrences of significant 
(P<0.10) results are tabulated in Table 3.3-6.  At the stations having eligible data sets, declining 
trends in salinity were identified at five of the six Tidal Watershed stations, and in each case the 
data sets are not normally distributed (Shapiro-Wilk, P<0.05) and exhibit autocorrelation 
(Durbin-Watson, P<0.05).  Inspection of time series graphs from all five stations indicates that  
the data points tend to cluster at high or low values depending on the relative dominance of 
freshwater inflows or saltwater intrusion.  For example, Figure 3.3-22 is a plot of salinity at 
Station 15371, roughly at the mid-point of the tidal reach, showing the two high salinity episodes 
that occurred during the first half of the period of record, and resulted in an apparent trend.  
 

 
 



 71

Figure 3.3-21 
Summary of Conventional Parameter Results from Water Samples Collected  

During the 2001-2005 Assessment Period in the Tidal Reach Watershed 
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Figure 3.3-21 
Summary of Conventional Parameter Results - Continued 
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Figure 3.3-21 

Summary of Conventional Parameter Results - Continued 
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Figure 3.3-21 

Summary of Conventional Parameter Results - Continued 
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Summary of Conventional Parameter Results - Concluded 
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Table 3.3-9 
Parameters Analyzed for Trends Over Time at  

Tidal Reach Watershed Stations 

 
Number of 
Data Points

P-value R-Squared Trend 
Direction 

Normal or not 
normal 

15374--NAVIDAD RIVER TIDAL UPSTREAM OF LAVACA RIVER CONFLUENCE 

Temperature 75 0.1866 0.0104   

Conductivity 62 0.8672 -0.0162   

Dissolved Oxygen 75 0.1866 0.0104   

Saturation Deficit 75 0.0057 0.0876 - Not Normal 

Secchi depth 74 0.1666 0.0129   

pH 75 0.5805 -0.0094   

Salinity ppt 72 0.0510 -0.0398 - Not Normal 
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Table 3.3-9 continued 

 
Number of 
Data Points

P-value R-Squared Trend 
Direction 

Normal or Not 
Normal 

15373--LAVACA RIVER TIDAL MID CHANNEL 
Temperature 35 0.8693 -0.0294   
Dissolved Oxygen 35 0.2543 0.0101   
Saturation Deficit 35 0.2703 0.0075   
pH 34 0.9344 -0.0310   
Secchi depth 33 0.0345 0.1084 - Not Normal 

15372--LAVACA RIVER TIDAL AT FRELS BOAT RAMP 
Temperature 79 0.1540 0.0316   

Conductivity 66 0.4284 -0.0056   

Dissolved Oxygen 79 0.4643 -0.0059   
Saturation Deficit 79 0.0414 0.0406 - Normal 
pH 80 0.3111 0.0005   
Secchi depth 78 0.1328 0.0167   
Salinity ppt 77 0.0160 0.0626 - Not Normal 

15371--LAVACA RIVER TIDAL DOWNSTREAM OF SH 16 

Temperature 74 0.0969 0.0244 + Not Normal 
Conductivity 61 0.2554 0.0053   
Dissolved Oxygen 74 0.5344 -0.0084   
Saturation Deficit 74 0.0685 0.0321 - Not Normal 
pH 74 0.0789 0.0287 + Normal 
Salinity ppt 73 0.0335 0.0489 - Not Normal 
Secchi depth 85 0.7107 -0.0104   

15370--REDFISH BAYOU EAST OF LAVACA RIVER 

Temperature 76 0.1501 0.0146   
Conductivity 63 0.1849 0.0127   
Dissolved Oxygen 76 0.4086 -0.0041   

Saturation Deficit 76 0.1529 0.0143   
pH 76 0.0455 0.0401 + Normal 
Secchi depth 74 0.4729 0.0066   

Salinity, ppt 76 0.0965 0.0239 - Not Normal 
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Table 3.3-9 continued 

 

 
Number of 
Data Points

P-value R-Squared Trend 
Direction 

Normal or not 
normal 

15369--CATFISH BAYOU AT CONFLUENCE OF SWAN LAKE 

Temperature 76 0.0936 0.0246 + Not Normal 

Conductivity 63 0.0206 0.0698 - Not Normal 

Dissolved Oxygen 35 0.0670 -0.0317 + Normal 

Saturation Deficit 35 0.0000 0.1899 - Normal 

pH 76 0.0059 0.0858 + Not Normal 

Secchi depth 73 0.0093 0.0798 + Not Normal 
 
 

 
 

 
Figure 3.3-22 

Salinity Measured at Tidal Watershed Station 15371
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The declining trends in conductivity at Stations 15370 and 15369 track those of salinity, with 
clusters of high conductivity occurring in the first half of the period of record.  Increasing pH 
trends at Stations 15371, 15370 and 15369 all exhibit autocorrelation, and the normal probability 
plot indicates outliers in the data sets, in spite of the normal distributions of the two upper 
stations.  This suggests that the pH trends may originate in clusters of high and low values, as do 
the salinity and conductivity trends, but the range of variation is so small the time series plots do 
not show obvious clusters.  However, when the data are paired by date they are strongly 
correlated; for example, pH data from Stations 15371 and 15369 exhibit a statistically significant 
correlation (Pearson Correlation, P<0.05), suggesting that we are seeing episodes of slightly 
higher and lower pH that occur throughout the lower half of the tidal reach synoptically, most 
likely reflecting the balance of fresh and bay waters. 
 
The apparent temperature trends identified at Stations 15371, 15370, and 15369 all result from a 
relatively intense period of sampling early (1996-1999) in the period of record.  The same 
sampling bias affects the saturation deficit trends detected at Station 15369 (a tributary station).  
However, when all four stations with saturation deficit trends are plotted together over time, it is 
evident that the saturation deficits all fluctuate in concert, indicating (again) the dominant role of 
fresh and saltwater mixing dynamics in defining water quality in this reach.  The regression 
through the pooled data set exhibits an R2 value as higher than four of the five R2 values 
calculated for the individual stations (Figure 3.3-23). 
 
 

Figure 3.3-23
Tidal Watershed Saturation Deficits
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
  
Water quality parameters in the Lake Texana Watershed have remained relatively stable during 
the current assessment period; no adverse trends in water quality were identified.  Present 
phosphorus levels in the tributaries to Lake Texana are lower than those recorded during the 
1990s, but more recent declines are only suggested by the data from the lower Navidad River.  
Although nutrient levels remain high enough to elicit concern in the lake and some tributaries, 
the dissolved oxygen climate remains more than adequate to support aquatic life.  Highest 
nutrient levels, and the site with the most low dissolved oxygen episodes, were experienced at 
Station 15382 in East Mustang Creek, which drains the most agriculturally developed watershed 
in the Basin.   However, because streamflows are larger in the other tributaries, East Mustang 
Creek may not be a major contributor to nutrient loading in Lake Texana.  
 
Sampling for toxic materials in Lake Texana, which included metals, herbicides, and pesticides 
in water, did not detect any of those materials in concentrations greater than their respective 
screening criteria.  A single metal, copper, exhibited an increasing trend, but the concentrations 
reported were all substantially lower than the chronic and acute criteria for dissolved copper. 
 
Concerns in the Lavaca River Watershed during the current assessment period were confined to 
elevated levels of coliform bacteria in the lower 31-mile reach.  Trend analysis identified 
possibly increasing dissolved oxygen levels in the lower reach of the Lavaca River, and the trend 
was confirmed when saturation deficits were shown to be simultaneously decreasing. 
 
No water quality concerns, including dissolved metals, were identified in the Tidal Reach 
Watershed during the current assessment period.  Dissolved oxygen concentrations support 
aquatic life uses, pH levels are within the range of the Segment standards, and the nutrients 
originating in the freshwater inflows evidently decline downstream as they are diluted by the 
relatively nutrient-poor bay and marine water.   No adverse trends were detected in the data 
available for analysis.  Apparent water quality trends were found to be the result of cyclic 
episodes of fresh- and salt-water domination of the reach, rather than actual trends. 
 
Water quality monitoring and management activities should continue to focus on the tributaries 
to Lake Texana with a view to identifying the important point and non-point sources of nitrogen 
and phosphorus, and reducing the input of those materials. 
 
Although the upper Lavaca River Watershed presently exhibits good water quality, the presence 
of municipal discharges into relatively small, intermittent streams has the potential to produce 
adverse conditions there.  Continued monitoring of nutrient loading and dissolved oxygen 
conditions in those streams should be a priority, but dissolved oxygen concentrations may prove 
to be difficult to maintain at current segment standards during near zero flows.   
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APPENDIX A 



 
Appendix Table A-1

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12532 5 16.0 27.2 13.0 25.8 22.1 - - - - - - 5 8.7 91 3.7 54 21

15698 17 18.6 26.6 15.7 25.6 20.1 17 7.4 10.7 6.9 9.0 8.4 6 3.2 103 1.9 32 11

15380 57 17.2 27.2 14.4 26.2 21.0 58 7.2 10.3 6.9 9.4 8.2 58 20 204 11 99 53

13654 58 18.8 29.5 14.7 27.9 24.0 58 7.1 10.2 6.1 9.0 8.1 58 4.8 152 2.1 82 32

13655 56 18.6 27.9 14.7 27.2 23.1 62 6.0 10.1 5.2 8.1 6.8 61 6.0 161 2.3 74 20

15382 52 20.9 29.1 16.8 27.8 24.9 59 5.8 9.5 4.8 8.2 6.7 59 0.495 44.8 0.128 5.925 1.7

13985 38 20.1 30.9 13.7 30.1 26.1 67 5.9 9.7 5.0 8.3 6.9 - - - - - -

13986 43 21.7 31.0 15.1 30.5 27.0 67 6.1 9.7 5.1 8.1 7.2 - - - - - -

13984 32 20.5 30.3 13.5 30.0 28.8 68 6.4 10.0 5.8 8.3 7.5 - - - - - -

15379 17 25.1 30.7 12.4 30.0 28.7 57 7.1 10.2 6.0 8.8 7.8 - - - - - -

13983 12 18.6 30.0 13.0 30.0 27.5 12 6.6 8.7 6.4 8.4 7.3 - - - - - -

15381 23 20.4 30.4 13.7 29.3 25.7 56 7.2 10.2 6.4 9.2 8.0 - - - - - -

13981 12 18.5 30.0 12.5 29.1 27.5 12 6.8 8.7 6.2 8.6 7.2 - - - - - -

15377 17 24.4 30.5 14.0 28.7 26.2 57 7.1 10.3 6.3 9.2 7.9 - - - - - -

13982 12 18.5 29.5 13.0 29.0 27.0 12 6.9 8.8 6.7 8.7 7.8 - - - - - -

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 - - - - - - 17 627 855 470 827 755 17 7.8 8.1 7.6 8.0 7.9

15380 - - - - - - 52 365 795 298 767 715 58 7.9 8.3 7.7 8.2 8.1

13654 - - - - - - 51 189 474 146 397 243 56 7.6 8.2 7.4 8.1 7.9

13655 - - - - - - 55 249 748 169 582 394 56 7.5 8.4 7.3 8.0 7.8

15382 - - - - - - 52 207 632 154 439 321 50 7.8 8.1 7.5 8.0 7.9

13985 62 0.16 0.34 0.14 0.24 0.19 56 181 392 129 314 230 32 7.7 8 7.5 8 7.9

13986 63 0.15 0.36 0.12 0.21 0.17 56 138 310 100 235 175 38 7.7 8.0 7.3 7.9 7.9

13984 64 0.16 0.33 0.14 0.24 0.18 57 154 278 133 236 191 28 7.6 8.1 7.4 7.9 7.8

15379 56 0.17 0.38 0.15 0.23 0.18 57 153 261 121 219 187 14 7.6 8 7.4 7.9 7.7

13983 - - - - - - - - - - - - 12 7.5 8.1 7.2 7.8 7.7

15381 56 0.17 0.44 0.16 0.24 0.18 55 157 264 130 220 191 20 7.8 8.2 7.6 8.0 8

13981 12 0.15 0.45 0.12 0.31 0.23 - - - - - - 12 7.7 8.2 7.6 8.1 7.8

15377 55 0.17 0.41 0.16 0.24 0.18 57 161 264 132 223 191 13 7.7 8.2 7.6 8.0 7.9

13982 - - - - - - - - - - - - 12 7.6 8.3 7.3 8.2 7.9
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Number of Measurements, Percentile and Mean Values Recorded During the 2001-2005 Period of Record 

Lake Texana Watershed

Field Parameters

Field Parameters Secchi Depth (m) pH (s.u.)

Water Temperature (Co) Dissolved Oxygen (mg/L) Flow (cfs)

Conductivity (uS/cm)



Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 17 264 311 168 300 297 17 0.03 0.07 0.02 0.04 0.03 17 35 75 29 73 59

15380 20 126 301 107 283 246 20 0.02 0.05 0.01 0.04 0.03 20 26 67 21 64 52

13654 18 50 134 45 108 88 18 0.03 0.09 0.02 0.06 0.05 18 24 74 18 52 34

13655 19 59 149 47 124 84 19 0.04 0.13 0.02 0.08 0.04 19 24 116 16 82 42

15382 14 59 184 50 117 73 14 0.05 0.11 0.03 0.08 0.07 14 13 29 9 20 15

13985 6 89 132 79 126 108 6 0.02 0.03 0.02 0.02 0.02 6 23 28 22 27 24

13986 10 45 105 39 77 65 10 0.02 0.11 0.01 0.06 0.02 10 7 48 6 36 14

13984 7 71 90 65 84 73 7 0.01 0.02 0.01 0.02 0.02 7 7 26 6 21 17

15379 5 50 84 48 79 60 5 0.01 0.19 0.01 0.02 0.02 5 8 22 7 18 16

15381 8 56 80 52 73 63 8 0.01 0.02 0.01 0.02 0.01 8 9 18 6 16 12

13981 - - - - - - - - - - - - 12 10 16 10 14 13

15377 6 54 78 48 73 72 6 0.01 0.04 0.01 0.02 0.02 6 7 19 5 15 11

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 - - - - - - - - - - - - 17 272 343 201 332 304

15380 - - - - - - - - - - - - 20 131 339 117 315 278

13654 - - - - - - - - - - - - 18 79 175 72 138 111

13655 - - - - - - - - - - - - 19 83 217 71 166 124

15382 - - - - - - - - - - - - 14 78 223 76 184 110

13985 7 4.05 44.50 3.28 17.40 9.00 11 5 62 4 21 10 6 104 130 95 123 117

13986 7 3.30 25.04 1.70 11.60 4.60 10 1 27 1 10 5 10 60 120 51 108 75

13984 7 2.90 14.46 1.70 9.20 5.30 11 1 34 1 3 1 7 70 100 63 94 81

15379 7 1.90 11.94 1.16 8.85 2.50 10 1 8 1 3 2 5 67 96 57 95 88

15381 7 3.05 6.62 2.74 5.75 4.80 - - - - - - 8 70 93 58 80 75

13981 - - - - - - - - - - - - 9 56 88 55 75 67

15377 7 1.85 4.80 0.92 4.45 2.70 - - - - - - 6 57 96 50 89 74

Alkalinity (mg/L)

E-coli (MPN/100ml) Hardness  (mg/L)Chlorophylla a  (ug/L)Conventional Parameters

Conventional Parameters
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Ammonia  (mg/L) Chloride  (mg/L)

Lake Texana Watershed

 



Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 14 0.16 0.48 0.09 0.45 0.30 17 0.16 0.31 0.13 0.27 0.23 - - - - - -

15380 17 0.06 0.34 0.01 0.28 0.17 20 0.17 0.33 0.11 0.28 0.22 - - - - - -

13654 16 0.03 0.35 0.01 0.18 0.08 18 0.16 0.43 0.12 0.29 0.20 - - - - - -

13655 16 0.15 0.80 0.07 0.54 0.31 18 0.23 0.48 0.20 0.44 0.31 - - - - - -

15382 12 0.40 1.20 0.19 1.15 0.67 14 0.23 0.76 0.10 0.63 0.44 - - - - - -

13985 3 0.08 0.44 0.04 0.33 0.14 6 0.20 0.32 0.12 0.26 0.25 7 4.05 44.50 3.28 17.40 9.00

13986 7 0.39 1.16 0.21 1.07 0.97 10 0.28 0.63 0.27 0.57 0.40 7 3.30 25.04 1.70 11.60 4.60

13984 4 0.21 0.47 0.19 0.44 0.32 7 0.24 0.42 0.21 0.31 0.25 7 2.90 14.46 1.70 9.20 5.30

15379 3 0.44 0.58 0.40 0.55 0.49 5 0.26 0.45 0.24 0.39 0.36 7 1.90 11.94 1.16 8.85 2.50

15381 5 0.32 0.72 0.19 0.55 0.53 8 0.16 0.35 0.14 0.28 0.24 7 3.05 6.62 2.74 5.75 4.80

15377 4 0.19 0.53 0.18 0.53 0.36 6 0.16 0.34 0.14 0.33 0.28 7 1.85 4.80 0.92 4.45 2.70

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 17 10.1 23.4 9.3 17.8 15.0 - - - - - - 16 4 9 3 7 6

15380 20 5.0 19.9 3.9 13.1 10.5 - - - - - - 19 6 19 4 11 7

13654 18 5.1 24.6 3.4 16.3 8.7 - - - - - - 19 8 16 6 11 11

13655 19 6.1 28.0 3.9 22.1 9.8 - - - - - - 19 9 19 7 13 10

15382 14 5.6 34.1 4.9 14.3 6.3 - - - - - - 17 9 18 6 13 10

13985 6 7.5 8.1 5.2 7.9 5.4 - - - - - - 19 9 23 8 12 10

13986 10 3.8 8.3 2.4 7.2 7.7 - - - - - - 19 8 23 6 13 10

13984 7 4.5 8.4 3.7 7.5 4.9 - - - - - - 19 7 14 7 11 10

15379 5 5.1 7.3 3.6 7.2 5.1 - - - - - - 19 7 14 6 10 9

15381 8 5.0 7.9 3.3 7.3 5.5 - - - - - - 19 7 13 6 10 8

13981 12 5.1 7.4 4.8 6.6 6.0 8 99.0 129.8 84.6 115.3 105.0 - - - - - -

15377 6 3.3 7.4 2.8 7.1 6.0 - - - - - - 19 7 14 6 10 8

Total Phosphorus  (mg/L)Nitrite-Nitrate  (mg/L) Pheophytin (ug/L)

TDS  (mg/L)
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Conventional Parameters TKN  (mg/L)

Lake Texana Watershed



 

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15698 16 4.4 8.6 3.4 7.2 5.6 17 9 28 7 20 11

15380 19 5.6 18.9 4.1 10.9 6.8 20 11 60 6 43 19

13654 19 8.2 15.5 5.6 11.5 10.5 20 14 60 8 34 22

13655 19 8.8 19.4 7.1 12.9 10.2 20 23 111 17 60 35

15382 17 8.8 17.7 5.9 12.6 10.0 18 23 129 19 72 39

13985 19 9.0 23.2 7.7 11.7 10.3 20 22 69 17 38 29

13986 19 8.1 23.1 6.2 13.2 10.2 20 14 75 12 41 22

13984 19 7.4 14.2 6.7 11.1 9.9 20 14 32 11 24 19

15379 19 7.0 14.4 6.1 10.3 9.3 20 10 31 7 19 14

15381 19 6.6 13.4 5.7 9.9 8.3 20 7 18 6 15 11

15377 19 6.6 13.7 5.8 10.3 8.4 20 7 23 6 16 12

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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15380 1 0.02 0.12 0.12 0.12 0.12 1 0.4 0.4 0.4 0.4 0.4 1 0.5 0.5 0.5 0.5 0.5

13654 1 0.02 0.02 0.02 0.02 0.02 1 0.4 0.4 0.4 0.4 0.4 1 0.6 0.6 0.6 0.6 0.6

13655 1 0.02 0.02 0.02 0.02 0.02 1 0.4 0.4 0.4 0.4 0.4 1 1.2 1.2 1.2 1.2 1.2

15382 1 0.02 0.02 0.02 0.02 0.02 1 0.4 0.4 0.4 0.4 0.4 1 1 1 1 1 1

13981 12 0.02 0.02 0.02 0.02 0.02 12 0.4 0.4 0.4 0.4 0.4 12 2.4 3.3 2.2 2.9 2.6

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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15380 1 0.04 0.04 0.04 0.04 0.04 1 0.06 0.06 0.06 0.06 0.06 1 0.1 0.1 0.1 0.1 0.1

13654 1 0.35 0.35 0.35 0.35 0.35 1 0.2 0.2 0.2 0.2 0.2

13655 1 0.10 0.10 0.10 0.10 0.10 1 1.67 1.67 1.67 1.67 1.67 1 0.2 0.2 0.2 0.2 0.2

15382 1 0.04 0.04 0.04 0.04 0.04 1 1.59 1.59 1.59 1.59 1.59 1 0.2 0.2 0.2 0.2 0.2

13981 8 0.04 0.052 0.04 0.04 0.04 12 0.90 1.65 0.79 1.31 1.10 12 0.2 1.0 0.2 1.0 0.6
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Metals Lead (ug/L) Nickel (ug/L)

Copper (ug/L)

Silver (ug/L)

TSS  (mg/L)

Chromium (ug/L)

TOC  (mg/L)Conventional Parameters

Metals
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Lake Texana Watershed



Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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15380 - - - - - - 1 1 1 1 1 1 - - - - - -

13655 - - - - - - - - - - - - 1 4 4 4 4 4

15382 - - - - - - - - - - - - 1 0.90 0.90 0.90 0.90 0.90

13981 6 2.19 2.94 2.14 2.74 2.26 9 1.13 2.2 0.5 2 1.58 12 0.98 2.14 0.81 1.50 1.24

Metals

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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15380 - - - - - - 1 251 152 152 152 152
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13981 12 1.0 1.5 1.0 1.5 1.4 12 68 95 66 89 79
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Aluminum (ug/L)Arsenic (ug/L)Metals

Barium (ug/L)Selenium (ug/L)

Zinc (ug/L)

Lake Texana Watershed



Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 59 17.3 28.8 12.1 27.1 22.7 53 7.4 10.6 6.9 9.3 7.9 56 54 260 38 152 76

12525 53 17.1 28.6 14.5 26.7 21.6 54 7.7 10.8 7.0 9.4 8.7 2 23 50 17 44 33

12527 11 17.1 32.5 13.8 29.6 23.7 11 8.9 11.4 7.5 10.0 9.6 23 1 23 1 18 8

17138 2 1 1 1 1 1

17341 41 16.1 26.7 13.3 24.8 21.3

17396 1 2 2 2 2 2

17535 14 17.6 27.0 15.8 25.4 19.9 14 5.3 10.0 3.8 7.9 6.3 14 0 2 0 1 0

17594 10 23.1 27.4 20.2 26.3 24.7 10 5.7 9.0 5.4 8.3 6.0 15 0 7 0 4 1

17595 12 0 5 0 3 1

18190 8 15.4 25.8 11.5 25.6 21.9 8 7.3 10.5 6.8 9.5 8.4 8 8 59 5 41 24

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 53 575 764 333 747 716 53 7.9 8.2 7.6 8.2 8.1

12525 54 676 815 538 797 768 54 7.9 8.3 7.7 8.2 8.0

12527 11 611 797 522 744 733 11 7.9 8.1 7.8 8.1 7.9

17141

17535 14 953 1717 640 1231 1081 14 7.5 8.3 7.5 8.1 7.7

17594 10 561 997 222 951 754 10 7.7 7.9 7.6 7.8 7.7

18190 8 726 766 720 760 736 8 7.8 8.0 7.7 8.0 7.9

18698

18699

18700

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 19 0.05 0.52 0.03 0.11 0.06 19 35 58 24 51 41

12525 18 0.04 0.84 0.02 0.22 0.09 18 49 65 38 58 53

12527 11 0.03 0.05 0.02 0.04 0.03 11 62 81 55 79 72 2 15.13 23.77 13.13 21.78 18.45

17141 1 0.03 0.03 0.03 0.03 0.03

17594 3 0.01 0.08 0.01 0.06 0.01 3 99 134 98 122 100 2 6.25 9.50 5.50 8.75 7.50

18190 8 0.02 0.07 0.02 0.07 0.04 8 51 59 49 58 54

18698 2 0.07 0.09 0.06 0.08 0.08 2 34 82 22 71 52 2 12.15 30.74 7.86 26.45 19.30

18699 3 0.03 0.10 0.03 0.07 0.03 3 79 95 75 91 84 2 6.25 9.50 5.50 8.75 7.50

18700 3 0.05 0.13 0.03 0.11 0.07 3 78 140 71 121 89 2 10.05 10.18 10.02 10.15 10.10

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 16 88 413 76 238 139 19 206 324 124 298 252 16 0.08 0.35 0.03 0.31 0.23

12525 16 123 365 109 334 233 18 252 349 219 321 296 15 0.10 0.47 0.05 0.45 0.26

12527 7 75 244 25 174 141 8 261 298 253 285 272 4 0.06 0.22 0.05 0.14 0.08

Water Temperature (Co) Dissolved Oxygen (mg/L) Flow (cfs)

Ammonia  (mg/L)

Conductivity (uS/cm) pH (s.u.)

E-coli (MPN/100ml)

Chlorophylla a  (ug/L)Chloride  (mg/L)

Hardness  (mg/L) Nitrite-Nitrate  (mg/L)
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Number of Measurements, Percentile and Mean Values Recorded During the 2001-2005 Period of Record 

Lavaca River Watershed

Field Parameters

Field Parameters

Conventional Parameters

Conventional Parameters

 



Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 19 0.16 0.31 0.13 0.27 0.22 19 7.1 25.0 4.4 18.2 15.5

12525 18 0.18 0.36 0.12 0.27 0.20 17 18.5 57.0 11.8 29.6 21.6

12527 11 0.03 0.15 0.03 0.09 0.03 2 2.50 2.50 2.50 2.50 2.50 11 24.3 35.2 21.8 28.8 26.0

17141 1 0.09 0.09 0.09 0.09 0.09 1 22.0 22.0 22.0 22.0 22.0

17594 3 0.11 0.22 0.10 0.18 0.12 2 2.50 2.50 2.50 2.50 2.50 3 40.5 48.4 37.2 47.5 46.0

18190 8 0.07 0.26 0.05 0.19 0.16 8 21.4 27.9 20.9 25.8 25.0

18698 2 0.08 0.10 0.07 0.09 0.09 2 3.18 4.96 2.77 4.55 3.87 2 15.0 35.8 10.2 31.0 23.0

18699 3 0.06 0.09 0.04 0.09 0.09 2 2.50 2.50 2.50 2.50 2.50 3 25.0 36.2 25.0 32.0 25.0

18700 3 0.28 0.79 0.24 0.63 0.35 2 2.50 2.50 2.50 2.50 2.50 3 27.0 34.4 24.0 33.5 32.0

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 17 5.4 20.3 4.2 9.2 5.9

12525 17 3.8 10.4 3.6 6.8 4.9

12527 3 0.6 0.6 0.6 0.6 0.6 3 408 486 403 460 416 11 4.4 7.4 4.0 7.1 5.0

17141 1 1.5 1.5 1.5 1.5 1.5 1 366 366 366 366 366 1 18.0 18.0 18.0 18.0 18.0

17594 3 0.5 0.7 0.4 0.7 0.5 3 564 626 559 606 572 3 5.0 5.8 5.0 5.5 5.0

18190 8 4.0 6.7 3.8 5.5 4.5

18698 2 0.7 1.1 0.7 1.0 0.9 2 291 458 252 420 355 2 8.3 8.9 8.1 8.8 8.5

18699 3 0.4 0.5 0.4 0.5 0.5 3 472 520 456 512 498 3 4.0 4.0 4.0 4.0 4.0

18700 3 0.5 0.6 0.5 0.6 0.5 3 472 587 424 574 552 3 4.5 5.0 4.2 5.0 5.0

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

12524 19 9 70 8 38 20 22 180 305 121 284 246

12525 18 15 57 9 29 19 18 247 311 199 285 274

12527 11 5 19 4 17 15 11 242 304 214 271 258

17141 1 5 5 5 5 5 1 132 132 132 132 132

17594 3 5 14 4 11 6 3 276 303 268 298 290

18190 8 2 9 2 8 5 8 272 298 260 291 285

18698 2 11 23 8 20 16 2 148 219 131 203 175

18699 3 8 14 7 12 9 3 246 297 235 285 264

18700 3 9 15 6 15 13 3 236 313 214 298 272

Alkalinity (mg/L)

Pheophytin (ug/L)Total Phosphorus  (mg/L)
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TKN  (mg/L) TDS  (mg/L) TOC  (mg/L)

Sulfate  (mg/L)

TSS  (mg/L)

Conventional Parameters

Lavaca River Watershed

Conventional Parameters
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Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15374 53 18.7 32.4 14.6 30.8 25.6 53 8.1 11.0 7.3 10.1 9.1

15375 1 10.5 10.5 10.5 10.5 10.5 1 11.1 11.1 11.1 11.1 11.1

15376 1 10.4 10.4 10.4 10.4 10.4 1 11.2 11.2 11.2 11.2 11.2

18329 2 26.9 31.8 25.8 30.6 28.8 2 7.1 8.2 6.9 8.0 7.6 1 11 11 11 11 11

15369 52 19.9 31.9 15.1 29.9 25.5 53 7.2 10.3 6.0 9.5 8.1

15370 52 18.4 31.7 14.8 30.4 25.6 52 7.2 10.1 6.4 9.6 8.3

15371 52 20.0 32.4 14.7 31.3 26.0 52 7.7 11.3 6.9 10.4 8.6

15372 53 18.9 32.2 14.5 30.9 25.6 52 8.0 11.1 7.3 10.1 9.0

15373 1 9.6 9.6 9.6 9.6 9.6 1 9.8 9.8 9.8 9.8 9.8

18336 17 19.5 31.2 16.9 30.8 26.3 17 7.8 10.3 7.6 9.8 8.5

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15374 52 0.24 0.65 0.14 0.57 0.39 53 8.0 8.5 7.8 8.4 8.2

15375 1 7.4 7.4 7.4 7.4 7.4

15376 1 7.5 7.5 7.5 7.5 7.5

18329 2 7.6 7.9 7.5 7.9 7.7

15369 52 0.30 0.76 0.19 0.58 0.40 53 4080 24090 2117 16830 11390 53 8.0 8.3 7.8 8.3 8.1

15370 51 0.31 0.73 0.21 0.63 0.45 52 1974 17959 702 12025 5907 52 8.1 8.4 7.9 8.3 8.3

15371 50 0.25 0.68 0.16 0.60 0.46 52 409 12854 221 6530 1655 52 8.1 8.6 7.9 8.4 8.3

15372 51 0.27 0.70 0.15 0.58 0.44 53 325 9352 222 3490 862 53 8.0 8.6 7.8 8.4 8.2

15373 1 465 465 465 465 465 1 7.6 7.6 7.6 7.6 7.6
18336 17 7630 23760 1186 18500 12600 17 8.0 8.3 7.9 8.2 8.2

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15374 19 74 140 52 121 88 19 0.01 0.02 0.01 0.02 0.02 19 20 911 13 92 39

15375 1 59 59 59 59 59 1 0.07 0.07 0.07 0.07 0.07 1 32 32 32 32 32
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18336 6 128 159 125 139 135 6 0.01 0.02 0.01 0.02 0.02 6 1279 6890 318 6310 4813

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15374 19 90 420 79 193 109 16 0.035 0.55 0.02 0.54 0.33 19 0.16 0.33 0.12 0.28 0.21

15375 1 107 107 107 107 107 1 0.53 0.53 0.53 0.53 0.53 1 0.37 0.37 0.37 0.37 0.37
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18336 6 1404 2578 758 2333 1810 3 0.04 0.26 0.04 0.18 0.04 6 0.03 0.22 0.03 0.16 0.08

Number of Measurements, Percentile and Mean Values Recorded During the 2001-2005 Period of Record 

Tidal Reach Watershed

Water Temperature (Co) Dissolved Oxygen (mg/L) Flow (cfs)

Secchi Depth (m) Conductivity (uS/cm) pH (s.u.)

Alkalinity (mg/L) Ammonia  (mg/L) Chloride  (mg/L)

Hardness  (mg/L) Nitrite-Nitrate  (mg/L) Total Phosphorus  (mg/L)
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Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median

15374 19 6.1 129.5 3.2 35.5 9.6 17 7.1 13.3 5.5 10.7 8.4 19 9 23 8 16 11

15375 1 38.0 38.0 38.0 38.0 38.0 1 20.2 20.2 20.2 20.2 20.2 1 24 24 24 24 24
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18336 6 615.0 2383.0 280.5 923.8 841.0 6 6.0 10.9 5.7 8.8 7.4 6 14 18 10 17 15

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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18329 1 152 152 152 152 152 1 0.12 0.12 0.12 0.12 0.12 1 0.4 0.4 0.4 0.4 0.4

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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18329 1 3 3 3 3 3 1 0.23 0.23 0.23 0.23 0.23 1 3.6 3.6 3.6 3.6 3.6

Segment Station n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median n 25th% 90th% 10th% 75th% Median
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18329 1 0.1 0.1 0.1 0.1 0.1 1 6.2 6.2 6.2 6.2 6.2 1 1 1 1 1 1

Zinc (ug/L) Aluminum (ug/L)Silver (ug/L)

Copper (ug/L) Lead (ug/L) Nickel (ug/L)

Cadmium (ug/L) Chromium (ug/L)Barium (ug/L)

Tidal Reach Watershed
16

03
--N

av
id

ad
 

R
iv

er
 to

 L
ak

e 
Te

xa
na

Sulfate  (mg/L) TOC  (mg/L) TSS  (mg/L)

 



Appendix A-2 
Parameters Analyzed for Trends Over Time at  

Lake Texana Watershed Stations 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

15380--NAVIDAD RIVER AT CR 401 
Temperature 86 0.8313 - 0.0114   
Conductivity 70 0.8805 -0.00439   
Dissolved Oxygen 86 0.7449 - 0.0106   
  Saturation Deficit 86 0.5130 - 0.0067   
pH 92 0.0870 0.0214 + Not Normal
Residue, total nonfilterable 30 0.1070 - 0.01310 - Not Normal
Nitrite plus Nitrate, total 29 0.3288 - 0.0004   
Total Phosphorus 21 0.0002 0.4935 -  Normal 
Chloride 38 0.2248 - 0.00386   
Sulfate 21 0.0212 0.2097 + Normal 
Orthophosphate, dissolved 29 0.0428 0.1116 -  Normal 
Turbidity NTU 30 0.4432 - 0.0138   
      

13654—SANDY CREEK AT FM 710 
Temperature 124 0.6149 -0.0062   
Conductivity 66 0.9599 -0.00104   
Dissolved Oxygen 122 0.1729 0.0072   
  Saturation Deficit 122 0.2426 0.0031   
pH 123 0.0115 0.0438 + Not Normal
Total Suspended Solids 31 0.5605 -0.00694   
Nitrite plus Nitrate, total 40 0.2905 0.0038   
Total Phosphorus 33 0.5358 -0.0194   
Chloride 64 0.0954 0.0293 -  Normal 
Sulfate 47 0.6576 -0.0177   
Turbidity NTU 30 0.1841 0.0286   
Orthophosphate, dissolved 41 0.0028 0.1867 - Not Normal
      

13655—WEST MUSTANG CREEK AT US 59 
Temperature 140 0.8470 -0.0070   
Conductivity 75 0.0721 0.0305 - Not Normal
Dissolved Oxygen 138 0.5060 -0.0041   
  Saturation Deficit 138 0.3675 0.0013   
pH 139 0.0097 0.0409 + Not Normal
Total Suspended Solids 32 0.3318 0.0009   



Appendix A-2 continued 
 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

13655--WEST MUSTANG CREEK AT US 59 cont. 
Nitrite plus Nitrate, total 41 0.1284 0.0341   
Total Phosphorus 32 0.9752 -0.0333   
Chloride 68 0.8062 -0.0142   
Sulfate 49 0.7473 -0.0190   
Turbidity NTU 31 0.2516 -0.00945   
Orthophosphate, dissolved 41 0.0276 -0.0958 - Not Normal
      

15382—EAST MUSTANG CREEK AT FM 647 
 

Temperature 80 0.6624 -0.0103   
Conductivity 70 0.0180 0.0660 - Not Normal
Dissolved Oxygen 80 0.1241 0.0176   
  Saturation Deficit 80 0.1147 0.0192   
pH 91 0.3998 -0.0032   
Residue, total nonfilterable 29 0.4250 -0.0124   
Nitrite plus Nitrate, total 28 0.5745 -0.0257   
Total Phosphorus 31 0.1444 0.0400   
Chloride 37 0.0188 0.1234 - Not Normal
Sulfate 36 0.3248 -0.0001   
Turbidity NTU 29 0.0940 0.0671 + Not Normal

13985—LAKE TEXANA NAVIDAD RIVER ARM 
Temperature 108 0.3991 -0.0027   
Conductivity 79 0.0582 0.0334 - Normal 
Dissolved Oxygen 108 0.9399 -0.0094   
  Saturation Deficit 108 0.5095 -0.0053   
Secchi depth 103 0.7129 -0.0085   
pH 120 0.1127 0.0129   
Residue, total nonfilterable 30 0.5542 -0.0226   
Nitrite plus Nitrate, total 28 0.9834 -0.0384   
Total Phosphorus 22 0.7666 -0.0453   
Chloride 42 0.5070 -0.0136   
Sulfate 28 0.8941 -0.0377   
Orthophosphate, dissolved 28 0.9509 -0.0383   
Turbidity NTU 30 0.4560 -0.0158   
      

 



Appendix A-2 continued 
 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

13986--LAKE TEXANA, MUSTANG CREEK ARM 
Temperature 114 0.3287 0.0004   
Conductivity 79 0.0826 0.0172 - Not Normal
Dissolved Oxygen 114 0.7002 -0.0076   
  Saturation Deficit 114 0.7031 -0.0076   
Secchi depth 101 0.9062 -0.0100   
pH 109 0.1401 0.0111 + Normal 
Residue, total nonfilterable 30 0.7851 -0.0329   
Nitrite plus Nitrate, total 28 0.5438 -0.0236   
Total Phosphorus 32 0.5353 -0.0200   
Chloride 35 0.7039 -0.0257   
Sulfate 36 0.8551 -0.0284   
Orthophosphate, dissolved 28 0.1700 0.0352   
Turbidity NTU 30 0.8667 -0.0347   
      

13984--LAKE TEXANA MID-LAKE NORTH OF SH 111 
Temperature 65 0.2629 0.0024   
Conductivity 80 0.0300 0.0469 - Normal 
Dissolved Oxygen 65 0.1223 0.0222   
  Saturation Deficit 65 0.7373 -0.0140   
Secchi depth 114 0.0066 0.0556 - Not normal
pH 121 0.0192 0.0372 + Normal 
Nitrite plus Nitrate, total 27 0.9729 -0.0400   
Total Phosphorus 22 0.8340 -0.0476   
Chloride 40 0.6057 -0.0190   
Sulfate 28 0.7316 -0.0337   
Orthophosphate, dissolved 27 0.6009 -0.0285   
Turbidity NTU 29 0.2527 0.0129   
      

15379--LAKE TEXANA MID-LAKE SOUTH OF SH 111 
Temperature 37 0.2879 0.0018   
Conductivity 66 0.1412 0.0184   
Dissolved Oxygen 37 0.1908 0.0091   
  Saturation Deficit 37 0.7768 - 0.0262   
Secchi depth 73 0.7010 -0.0120   
pH 37 0.0850 0.0249 + Normal 

 



Appendix A-2 continued 
 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

15379--LAKE TEXANA MID-LAKE SOUTH OF SH 111 cont. 
Residue, total nonfilterable 26 0.4406 - 0.0156   
Nitrite plus Nitrate, total 24 0.3362 - 0.0015   
Chloride 31 0.2337 0.0157   
Orthophosphate, dissolved 25 0.1578 0.0450   
Turbidity NTU 26 0.3272 0.0000   
      

13983--LAKE TEXANA MID-LAKE SOUTH OF SH 111 
Temperature 29 0.6347 -0.0282   
Dissolved Oxygen 29 0.8910 -0.0363   
  Saturation Deficit 29 0.6334 -0.0282   
pH 32 0.5445 -0.0205   
      

15381--LAKE TEXANA LOWER LAKE 
Temperature 38 0.3108 0.0006   
Conductivity 63 0.2434 0.0062   
Dissolved Oxygen 38 0.3703 -0.0025   
  Saturation Deficit 38 0.2212 0.0416   
Secchi depth 69 0.5078 - 0.0083   
pH 76 0.0031 0.0999 + Not Normal
Residue, total nonfilterable 28 0.0968 0.0668 - Not Normal
Nitrite plus Nitrate, total 25 0.7535 - 0.0389   
Total Phosphorus 20 0.2113 0.0346   
Chloride 33 0.3310 - 0.0008   
Orthophosphate, dissolved 25 0.2958 0.0060   
Turbidity NTU 28 0.4354 - 0.0140   
      

13981--LAKE TEXANA 400 M NORTH OF DAM 
Temperature 36 0.3322 -0.0009   
Dissolved Oxygen 36 0.8111 -.0277   
  Saturation Deficit 36 0.2823 0.0055   
Secchi depth 36 0.4628 -0.0130   
pH 36 0.1607 0.0293   
Chloride 36 0.2070 -0.00116   
Sulfate 36 0.5117 -0.0163   
Arsenic, dissolved ug/L 31 0.8338 -0.0329   

 



Appendix A-2 continued 
 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

13981--LAKE TEXANA 400 M NORTH OF DAM cont. 
Cadmium, dissolved ug/L  ALL ND    
Chromium, dissolved ug/L  All but 1 ND    
Copper, dissolved ug/L 18* 0.0186 0.2565 + Normal 
Iron, dissolved ug/L 34 0.1604 -0.00383   
Lead, dissolved ug/L  ALL ND    
Nickel, dissolved ug/L 18* 0.2071 0.0411   
Zinc, dissolved ug/L 16* 0.9515 -0.0711   

*  First half of data set all or mostly non-detects    
      

13982--LAKE TEXANA 200 M NORTH OF DAM 
Temperature 29 0.3830 -0.0077   
Dissolved Oxygen 29 0.7939 -0.0344   
  Saturation Deficit 29 0.1147 0.0192   
pH 32 0.3646 -0.0049   
      

15377--LAKE TEXANA NEAR SPILLWAY 
Temperature 81 0.2207 0.0065   
Conductivity 81 0.5056 - 0.0084   
Dissolved Oxygen 81 0.3450 - 0.0012   
  Saturation Deficit 81 0.4474 - 0.0118   
Secchi depth 81 0.6530 - 0.0110   
pH 81 0.0062 0.0795 + Not Normal
Residue, total nonfilterable 25 0.0575 0.1110 + Normal 
Nitrite plus Nitrate, total 23 0.4515 - 0.0191   
Chloride 30 0.3305 - 0.00131   
Turbidity NTU 25 0.7705 0.00139   
      
 
 



 
Table A-2 

Parameters Analyzed for Trends Over Time at  
Lavaca River Watershed Stations 

 

Number 
of Data 
Points 

P-value R-Squared Trend 
Direction 

Normality 

12525--LAVACA RIVER AT SH 111 
Temperature 52 09558 -0.0195   
Conductivity 58 0.1445 0.0201   
Dissolved Oxygen 52 0.9924 -0.0196   
  Saturation Deficit 52 0.9736 -0.0196   
pH 58 0.0266 0.0672 - Normal 
      

12524--LAVACA RIVER ON US 59 
Temperature 69 0.6694 -0.0089   
Conductivity 64 0.3600 0.0023   
Dissolved Oxygen 69 0.0881 0.0245 + Normal 
  Saturation Deficit 80 0.0451 0.0383 - Not Normal
pH 84 0.6586 -0.0097   
Total Suspended Solids 28 0.5257 0.00598   
Nitrite plus Nitrate, total 36 0.4383 -0.0108   
Total Phosphorus 33 0.6998 -0.0264   
Chloride 49 0.3320 0.00146   
Sulfate 35 0.8705 -0.0268   
Turbidity NTU 27 0.5428 -0.0235   

      
 



 
Table A-2 

Parameters Analyzed for Trends Over Time at  
Tidal Reach Watershed Stations 

 
Number of 
Data Points

P-value R-Squared Trend 
Direction 

Normality 

15374--NAVIDAD RIVER TIDAL UPSTREAM OF LAVACA RIVER  
CONFLUENCE 

Temperature 75 0.1866 0.0104   
Conductivity 62 0.8672 -0.0162   
Dissolved Oxygen 75 0.1866 0.0104   
  Saturation Deficit 75 0.0057 0.0876 - Not Normal 
Secchi depth 74 0.1666 0.0129   
pH 75 0.5805 -0.0094   
Salinity ppt 72 0.0510 -0.0398 - Not Normal 

15373—NAVIDAD RIVER TIDAL MID CHANNEL 
Temperature 35 0.8693 -0.0294   
Dissolved Oxygen 35 0.2543 0.0101   
  Saturation Deficit 35 0.2703 0.0075   
pH 34 0.9344 -0.0310   
Secchi depth 33 0.0345 0.184 - Not Normal 

15372--LAVACA RIVER TIDAL AT FRELS BOAT RAMP 
Temperature 79 0.1540 0.0316   
Conductivity 66 0.4284 -0.0056   
Dissolved Oxygen 79 0.4643 -0.0059   
  Saturation Deficit 79 0.0414 0.0406 - Normal 
pH 80 0.3111 0.0005   
Secchi depth 78 0.1328 0.0167   
Salinity ppt 77 0.0160 0.0626 - Not Normal 

15371--LAVACA RIVER TIDAL DOWNSTREAM OF SH 16 
Temperature 74 0.0969 0.0244 + Normal 
Conductivity 61 0.2554 0.0053   
Dissolved Oxygen 74 0.5344 -0.0084   
  Saturation Deficit 74 0.0685 0.0321 - Not Normal 
pH 74 0.0789 0.0287 + Normal 
Salinity ppt 73 0.0335 0.0489 - Not Normal 
Secchi depth 76 0.7107 -0.0104   

 
 
 

 



Appendix A-2 concluded 
 

 
Number of 
Data Points

P-value R-Squared Trend 
Direction 

Normality 

15370--REDFISH BAYOU EAST OF LAVACA RIVER 
 

Temperature 76 0.1501 0.0146   
Conductivity 63 0.1849 0.0127   
Dissolved Oxygen 76 0.4086 -0.0041   
  Saturation Deficit 76 0.1529 0.0143   
pH 76 0.0455 0.0401 + Normal 
Secchi depth 74 0.4729 0.0066   
Salinity, ppt 76 0.0965 0.0239 - Not Normal 
      

15369--CATFISH BAYOU AT CONFLUENCE OF SWAN LAKE 
Temperature 76 0.0936 0.0246 + Not Normal 
Conductivity 63 0.0206 0.0698 - Not Normal 
Dissolved Oxygen 35 0.0670 -0.0317 + Normal 
  Saturation Deficit 35 0.0000 0.1899 - Normal 
pH 76 0.0059 0.0858 + Not Normal 
Secchi depth 73 0.0093 0.0798 + Not Normal 
Salinity, ppt 90 0.0103 0.0742 - Not Normal 
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