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Statement of Purpose 
A healthy Double Bayou is vital to support regional commerce, while providing native riparian 

habitat and recreation opportunities in Chambers County. The land surrounding the West and 

East Forks of Double Bayou provide excellent grazing and farming. In 2012, the West Fork of 

Double Bayou was listed by the State of Texas for elevated levels of bacteria and low dissolved 

oxygen. The East Fork of Double Bayou was identified as a concern for near-nonattainment of 

water quality standards for elevated levels of bacteria and as a water quality concern based on 

screening levels for low dissolved oxygen. In response, the Double Bayou Watershed Protection 

Plan was developed using a stakeholder process driven by public participation to provide a 

foundation for restoring and maintaining water quality in the Double Bayou Watershed. 

Development of the Plan involved assessing key water quality issues in the Double Bayou 

Watershed and determining nonpoint sources of pollution that contribute to these issues. With 

this knowledge, management programs and public outreach efforts have been developed to 

restore and protect the vital water resources of the watershed.  

Stakeholders are any individual or group that may be directly or indirectly affected by activities 

implemented to protect water quality such as citizens, businesses, municipalities, city and county 

governments, nonprofit organizations and state agencies. This document is a means by which 

stakeholders can become familiar with the Double Bayou Watershed and be active watershed 

stewards by making a difference in the quality and health of their streams through voluntary 

management practices. The document is a starting point to focus restoration efforts and enable 

financial and technical assistance to facilitate improvements in the Double Bayou Watershed. 

The Double Bayou Watershed Protection Plan is intended to be a living document, adjusted to 

include new data and modified as conditions in the watershed change over time. It will evolve as 

needs and circumstances dictate and will be guided by stakeholders as they undertake active 

stewardship of the watershed.  
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Executive Summary 
The Double Bayou Watershed is located on the Upper Texas Gulf Coast and is part of the 

Galveston Bay Watershed. Situated in the eastern portion of the Lower Galveston Bay 

watershed, it is comprised of two main subwatersheds: East Fork Double Bayou and West Fork 

Double Bayou, which are the primary waterways in the watershed. The Double Bayou 

Watershed drains 98 square miles (61,445 acres) of predominantly rural and agricultural land. 

The Double Bayou Watershed drains directly into the Trinity Bay system and ultimately into 

Galveston Bay. Today, the lands and waters in and around Double Bayou support: rice farming, 

cattle grazing, oil production, small town and country living, industry and commercial 

navigation, sailing, paddling, crabbing, oystering, recreational fishing and wildlife watching.  

The West Fork of Double Bayou (Segment 2422B) was listed as impaired (not meeting its water 

quality standards) on the 2012 Texas Integrated Report 303(d) for low dissolved oxygen for 

aquatic life usage (listed as impaired since 2004) and for elevated levels of bacteria for contact 

recreation (listed as impaired since 2006). The East Fork of Double Bayou (Segment 2422D) 

was identified as a concern for near-nonattainment of the standards for elevated levels of bacteria 

and as a concern for water quality based on screening levels for low dissolved oxygen. 

The Texas State Soil and Water Conservation Board (TSSWCB) provided funding to develop a 

Watershed Protection Plan (WPP) for the Double Bayou Watershed based on criteria that 

included the ongoing activities and level of stakeholder interest, presence on the Texas Integrated 

Report (303(d) list), and the potential for success. Public meetings were held in Anahuac and 

Double Bayou. Shortly thereafter, the Double Bayou Watershed Partnership was formed to guide 

the WPP development process. The Partnership is working with citizens, businesses, public 

officials and state and federal agencies to improve water quality in the Double Bayou Watershed. 

The Partnership recognizes that success in improving and protecting water resources depends on 

the people who live, work and recreate in the watershed. The Double Bayou WPP will serve as a 

guidance document for restoring and protecting local water quality. 

The Partnership and members of the Agriculture, Feral Hogs and Wildlife Workgroup, the 

Recreation and Hunting Workgroup and the Wastewater and Septic Workgroup dedicated 

significant time and effort to identify the potential bacteria sources in the Double Bayou 

Watershed. Potential sources of bacteria identified through the process were: feral hogs, cattle, 

goats, horses, deer and wastewater. Through scientific analysis using sampled bacteria 

concentrations and flow measurements, researchers supporting the Partnership determined 

bacteria load reduction goals. This information was used to set goals and milestones for 

implementation of management measures aimed at reducing bacteria levels in the watershed. 

Based on data analysis, including water quality data and watershed characteristics, the 

workgroups recommended management measures to reduce bacteria levels in the watershed.  

The Wastewater and Septic Workgroup, along with the Partnership, worked closely with local 

government personnel to identify wastewater management measures. Extending sanitary sewer 

service to areas not currently served is a specific target for improvement, reducing infiltration 

and inflow to the Cityôs wastewater system is also a priority. The Partnershipôs Watershed 

Coordinator will work with Texas A&M AgriLife Extension Service to provide education 
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programs for homeowners with septic systems, as well as seek funding to provide financial 

assistance to those who are unable to repair failing systems.  

The Agriculture, Feral Hogs and Wildlife Workgroup along with the Partnership identified 

management measures, which include the development and implementation of voluntary site-

specific conservation plans. Technical and financial assistance can be provided to farmers and 

ranchers for development of conservation plans that address potential sources of bacteria and 

nutrients and meet the needs of each operation. 

The Recreation and Hunting Workgroup along with the Partnership identified management 

measures, which include the possible installation of a boater waste pump out station at Oak 

Island and potentially adding restrooms in the watershed for people who recreate along the 

bayous. 

To address feral hog concerns in the watershed, the Partnership will rely on Texas A&M 

AgriLife Extension Service for technical assistance, education and assistance with management 

of feral hogs. In addition, the Partnership will support continued employment of a full-time, 

regional feral hog management position for direct technical assistance in the Double Bayou 

Watershed.  

Outreach and education will play a significant role in successful WPP implementation. All of the 

workgroups identified key outreach and education management measures that help improve 

water quality by increasing understanding and engaging the community in stewardship of Double 

Bayou. 

The implementation phase may begin once the WPP document is stakeholder approved and 

accepted by the EPA. Continued routine water quality monitoring at four mainstem stations will 

be essential to support adaptive management of the WPP and allow for on-the-ground 

corrections, if needed. Management measures will be tailored to specific sources and land uses, 

and will incorporate an adaptive implementation approach that will continually process water 

quality data, stakeholder experiences and watershed information. 

 Double Bayou Watershed bacteria reduction goals were developed to be achieved after the full 

10-year implementation phase. Interim reduction and programmatic goals were developed for the 

3, 6 and 10-year marks to serve as milestones and progress indicators. To meet 10-year reduction 

goals, progress will be assessed at years 3 and 6 to determine if resource allocation is adequate or 

needs to be redistributed. Other factors may influence water quality of the Double Bayou 

Watershed over the 10-year implementation phase; not all factors can be controlled. However, 

the Double Bayou WPP was designed to guide the implementation of management measures that 

can help to achieve water quality standards in the watershed.  

The Double Bayou Watershed Partnership will continue to meet quarterly, or on an as-needed 

basis, to receive updates on implementation progress and efforts. The goal of the Partnership is 

to improve and protect water quality in the Double Bayou Watershed so it is preserved for future 

generations of stakeholders.
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1 Watershed Management 

1.1 What is a Watershed?  
The simple definition of a watershed is the area of land that catches rain and drains the runoff 

into a stream, marsh, bayou, river, lake or ocean. Watersheds can be large or small ï as small as 

the area of land that drains to a neighborhood stream ï to those that drain into a major river. Each 

watershed can be part of a larger watershed (Figure 1-1 Double Bayou Watershed system). A 

smaller watershed, part of a larger one, is known as a subwatershed. Watershed boundaries often 

cross municipal, county and state borders because the watershed is determined by physical 

geography, not political boundaries. 

Everyone lives in a watershed. Because a water body ñcatchesò the runoff from land in its 

watershed, the water quality and quantity of the water body is affected by what we do on the 

land. The overall function and health of the watershed and water body are the result of these 

cumulative effects.  

 

Figure 1-1 Double Bayou Watershed system 

1.2 Watersheds and Water Quality  
Water quality describes the chemical, physical and biological characteristics of water. Due to 

surface runoff, activities in the watershed can affect in-stream water quality. Water quality 

criteria, or thresholds, are established to evaluate the suitability of a waterbody for particular 

uses. Substances that make water unsuitable for its assigned uses are known as water quality 
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pollutants. Pollutants may be man-made, or they may be natural, but are present in harmful 

concentrations. 

Pollutant sources that can affect water quality are from two main categories ï point or nonpoint 

sources. Runoff from the land to a stream starts as rainfall flowing over agricultural, urban, 

residential, industrial and/or undeveloped areas in a watershed. This runoff can carry with it 

pollutants washed from the surrounding landscape. This type of pollution, coming from 

numerous diffuse sources, is called nonpoint source pollution. Examples of different types of 

nonpoint source pollution include fertilizer in runoff from residential lawns or agricultural fields, 

pet waste from urban runoff and wastes from wildlife, feral hogs, or livestock. Nonpoint source 

pollution is more challenging to manage since it does not originate from a single source.  

On the other hand point source pollution comes from a single source that is discharged directly 

into a water body such as a pipe, storm sewer or outfall. Point source pollution is subject to 

regulation by permit. Discharges from wastewater treatment facilities are an example of point 

source pollution.  

1.3 Water Quality Standards  
The federal Clean Water Act (CWA) of 1977 required that all states establish standards for 

measuring the health of surface water bodies. States must develop standards that describe how 

water bodies are used, establish water quality criteria and develop programs to monitor the 

stateôs water quality. The Texas Commission on Environmental Quality (TCEQ) is charged with 

managing the quality of Texasôs waterbodies and water resources, including establishing the 

stateôs surface water quality standards and setting the surface water quality criteria.  

The TCEQ evaluates surface water quality for Texas through water quality monitoring, 

laboratory analysis and data analysis. Stream segments are evaluated based on a seven-year 

assessment period for various established water quality criteria. Every two years, the TCEQ must 

report to the Environmental Protection Agency (EPA) on the extent to which the Stateôs 

waterbodies meet the surface water quality standards. The Texas Integrated Report is developed 

by the TCEQ and submitted to the EPA. This report describes the status of all surface water 

bodies in Texas according to the water quality standards. The 303(d) list, an important 

management tool produced as part of the Texas Integrated Report, identifies all surface 

waterbodies that do not meet Texas surface water quality standards (i.e., are impaired). 

As part of the standards-setting process, TCEQ established designated uses for Double Bayouôs 

water quality, including uses for: Aquatic Life, Primary Recreation, Swimming, General and 

Fish Consumption (Figure 1-2 West Fork Double Bayou recreation). These designated uses 

require certain levels of water quality to maintain their associated standards. 
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Figure 1-2 West Fork Double Bayou recreation 

1.4 A Watershed Approach to Water Quality Management 

1.4.1 Watershed Approach 

The planning for improved health of a stream can be optimized by assessing the watershed 

system as a whole; watersheds are an integrated system of land and water. State and federal 

water resource management and environmental protection agencies have embraced the watershed 

approach for managing water quality. In Texas, the TCEQ manages programs to prevent and 

abate urban nonpoint source pollution and the Texas State Soil and Water Conservation Board 

(TSSWCB) manages programs to prevent and abate agriculture/silvicultural nonpoint source 

pollution. 

The watershed approach involves assessing sources and causes of impairments at the watershed 

level and utilizing this information to develop and implement watershed management plans. A 

watershed perspective allows all potential sources of pollution entering a waterway to be 

identified and evaluated. A key reason for success of the watershed approach is that watershed 

stakeholders bring together their collective knowledge, expertise and experience to preserve, 

protect and improve water quality. A stakeholder is anyone who lives, works, or has an interest 

within the watershed. 

1.4.2 Watershed Protection Planning for Double Bayou 

Using the watershed approach, the TSSWCB has supported the development of a Watershed 

Protection Plan (WPP) for Double Bayou (Figure 1-3 Double Bayou confluence of East Fork and 

West Fork). The idea of a WPP is to work with local stakeholders to improve water quality 

through voluntary participation. Stakeholder involvement is critical to select, design and 
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implement management measures that improve water quality. Stakeholder stewardship guides 

successful WPP development and implementation. 

 

Figure 1-3 Double Bayou confluence of East Fork and West Fork 

The goal of the Double Bayou WPP is to provide a roadmap to improve the water quality of 

Double Bayou through a voluntary, collaborative approach that incorporates stakeholder ideas in 

the planning process. The Double Bayou WPP presents the current state of the watershed, 

discusses water quality sampling efforts and results, describes stakeholder-identified causes and 

sources of pollution, outlines stakeholder-recommended management measures and includes 

specifications for the technical and financial framework required for implementation. The 

Double Bayou WPP was developed using EPAôs nine key elements for successful watershed 

based plans (see Appendix C: Nine EPA Criteria for a Successful Watershed Protection Plan and 

Location of Elements in the Plan). 
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2 State of the Double Bayou Watershed 

2.1 Double Bayou Watershed Overview 
The lands and waters in the Double Bayou watershed provide a snapshot of the much-prized 

rural Chambers County life: rice farming, cattle grazing, oil production, small town and country 

living, industry and commercial navigation, sailing, paddling, crabbing, recreational fishing and 

wildlife watching. In addition, the waters of Double Bayou drain into Trinity Bay, just up-current 

from the largest oyster harvesting operation in Texas. This chapter describes the relationship 

between the lands and waters of the Double Bayou Watershed. 

2.1.1 Double Bayou Landscape 

The Double Bayou Watershed is located on the Upper Texas Gulf Coast and is part of the 

Galveston Bay watershed (Figure 2-1 The Double Bayou Watershed). Situated in the eastern 

portion of the Lower Galveston Bay watershed, it is comprised of two main subwatersheds: East 

Fork Double Bayou and West Fork Double Bayou, which are also the primary waterways in the 

watershed. The Double Bayou Watershed drains directly into the Trinity Bay system and 

ultimately into Galveston Bay. The majority (93%) of the watershed lies within Chambers 

County, Texas. The remaining 7% of the watershed is located in Liberty County, Texas. The 

Double Bayou Watershed drains 98 square miles (61,445 acres) of predominantly rural and 

agricultural land. However, several residential centers are located in the watershed.  

The City of Anahuac, Texas is located on the Trinity River and the northeast bank of Trinity 

Bay. This rural community is the largest area of developed land in the watershed. Anahuac has a 

total area of 1,344 acres (2 square miles) and is nine feet above sea level (District 2013). 

Anahuac is the Chambers County Seat, with a 2010 U.S. Census population of 2,243. Much of 

the middle portion of Chambers County drains into Double Bayou. The unincorporated 

community of Oak Island is identified by the U.S. Census as a designated place. Oak Island is 

located at the confluence of the East and West Forks of Double Bayou and Trinity Bay. 

Approximately half of Oak Island is located in the Double Bayou Watershed. A third smaller 

community in the watershed is called Double Bayou and is located near the East Fork and FM 

562 (Figure 2-1 The Double Bayou Watershed). 
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Figure 2-1 The Double Bayou Watershed 

2.1.2 Double Bayou Watershed Climate 

The climate of the Double Bayou Watershed is Humid Subtropical, defined by hot humid 

summers and mild winters (Narasimhan, Srinivasan et al. 2005; Turco 2006-07). The annual 

peak of rainfall typically occurs in July. However, this peak summer rainfall is dependent on the 

hurricane season and can reach a maximum in September during hurricane-intensive years.  
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Figure 2-2 Double Bayou Watershed average annual precipitation 

Typically, the average annual rainfall for the southeastern portion of the watershed ranges from 

50-52 inches, while the average annual rainfall for the northern portion ranges from 52-54 inches 

(Figure 2-2 Double Bayou Watershed average annual precipitation). The total annual rainfall in 

the Double Bayou Watershed during calendar year 2014 was 43.3 inches. The average 

temperature ranges from a high of 92ɕF in August to a low of 42ɕF in January. The absolute high 

temperature for the calendar year 2014 was 97ɕF and the lowest temperature was 20ęF.  

2.1.3 Double Bayou  

The East Fork of Double Bayou originates in Liberty County slightly south of FM 1410 (Figure 

2-1 The Double Bayou Watershed). The East Fork follows a relatively straight channel 
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southwest towards Trinity Bay for a total of 27 miles. The only named tributary, Chimney 

Bayou, joins the East Fork of Double Bayou slightly northeast of FM 562 and Eagle Ferry Road. 

Originating just south of State Highway 65 and FM 1724, the West Fork of Double Bayou is 

approximately half the length (14 miles) of the East Fork and is characterized by a meandering 

channel (Figure 2-1 The Double Bayou Watershed). The two bayous form their confluence a 

quarter of a mile before joining Trinity Bay at Oak Island, Texas (Figure 2-3 Confluence of East 

and West Forks at Job Beason Park). The lower portions of both bayous are tidally influenced. 

The bayousô estuary, Trinity Bay, is designated as unclassified oyster waters and as a classified 

estuary (see Chapter 4.3 for a discussion on classifications). According to the TCEQ, the area of 

Trinity Bay is 123 square miles. There are also many channelized water-delivery canals and 

drainage ditches in the watershed.  

 

Figure 2-3 Confluence of East and West Forks at Job Beason Park 

Natural drainage patterns in the Double Bayou Watershed have been altered by an extensive 

network of waterways for drainage and agriculture. For example, the Anahuac Ditch is classified 

as an unimpaired, perennial freshwater stream that is 3 miles in length and flows south from 

Belton Lane in the town of Anahuac to its confluence with the West Fork of Double Bayou just 

upstream of FM 2936 (Sykes Road). The Double Bayou Watershedôs natural drainage is further 

characterized by a shallow water table and a weakly dissected alluvial plain with deep saline 

soils (HARC 2011). 

2.2 Human History of the Watershed 
The Double Bayou Watershedôs rich history of human activity is often connected to milestones 

in the history of Chambers County, as well as Texas. Double Bayou itself, similar to many 

tributaries of the Galveston Bay system, lays claim to pirates sailing its waters around 1820, 
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during the time of Jean Lafitte. Mexican land grants had been conveyed in the Anahuac area by 

the early 1830s, followed by Anglo settlers in the mid-1830s. The early draws to the region were 

its waterways, relatively mild climate and wide-open prairies, well suited for raising cattle.  

In 1831, the Mexican government surveyed the site of Anahuac as a seat of government, and the 

construction of a brick fort was initiated. In the build-up to the war for Texas independence 

(1832 and 1835), Fort Anahuac became the scene of the first Anglo armed resistance to the 

Mexican government. By 1850, James Jackson founded the JHK Ranch (also known as the 

Jackson Ranch) in the lower East Fork watershed. The JHK Ranch went on to become one of the 

largest in the county, with 26,000 acres and 6,000 head of cattle by Jacksonôs death in 1895.  

By 1900, large-scale rice production had been introduced to the watershed area. Two canal 

companies formed in the first decade of the 20th century, to bring irrigation water east from 

Turtle Bay (later closed off to form Lake Anahuac). By 1902, the Hankamer-Stowell Canal 

Company was delivering water to 10,000 acres north and east of the bay, including northern 

parts of the watershed and the East Fork of Double Bayou. By 1906, the Lone Star Canal 

Company was delivering irrigation water to 10,000 acres to the southeast, mostly within the 

Double Bayou Watershed. 

In 1907, the City of Anahuac experienced a rise to prominence when Chambers County voters 

approved moving the County Seat from Wallisville to Anahuac (Chambers County had been 

created out of Liberty County in 1858). In 1909, a rice warehouse was established in Anahuac. 

The first rice dryer established in the watershed was between Anahuac and the community of 

Double Bayou. Previously, rice had to be hauled to Devers to the north or Beaumont to the east 

for drying.  

Meanwhile, the Sterling family had settled on the West Fork of Double Bayou, where Ross 

Sterling was born in 1875. Truck farming had begun to play a prominent agricultural role by the 

1890s, and Sterling ran produce boats to Galveston. Sterling went on to form Humble Oil 

Company in 1911 and become Texas governor in 1931. Humble Oil Company became Humble 

Oil and Refining Co. in 1917, which evolved into ExxonMobil. The first oil discovery in the 

watershed was found accidentally while drilling a water well on the Jackson Ranch in 1925. In 

1935, oil was purposely struck, at a well on land owned by Archie Middleton and leased by 

Humble Oil & Refining Company. This site became the Anahuac field at Monroe City.  

City and County revenues from the Anahuac field also provided the funds to help Anahuac grow 

with the burgeoning demands from development of the field. In 1937, these revenues supported 

construction of a new county courthouse. It was the first courthouse in the state built with central 

air conditioning. Revenues from the oil field also provided 90% of the cost for a state-of-the-art 

school in Anahuac in 1938, to accommodate the growing student population. 

The late 1940s saw formation of two public entities that continue to play a key role in the 

watershed and surrounding areas. The Texas Legislature created the Chambers-Liberty Counties 

Navigation District in 1944. The district purchased the Lone Star Canal system in 1947. 

Irrigation water was provided within a service area of 128,559 acres in Chambers County, much 

of it in the Double Bayou Watershed. The Trinity Bay Conservation District was created at the 
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suggestion of the Trinity Bay Soil Conservation District to improve drainage for agricultural land 

use. Its functions have expanded to providing drinking water and wastewater service within its 

jurisdiction, including areas of the Double Bayou Watershed outside Anahuacôs service area. 

The community of Double Bayou, located between the two forks, was settled by African-

Americans, who came to the area as slaves of the families that began the large ranching and 

farming operations. Many went on to become farmers and ranchers in their own right. One of the 

oldest churches in the county, St. Paulôs United Methodist Church (formerly AME) has been a 

community focal point for nearly 150 years, including housing a school for area African-

American youth, from the mid-1880s until a new school was built in 1920.  

The Oscar Mayes store in Double Bayou originally operated on the East Fork of Double Bayou. 

It became the Jackson Grocery on Eagle Ferry Road and served this community from 1932 until 

the early 2000s. Renowned blues musician Pete Mayes came from Double Bayou and his first 

guitar was purchased from Jackson Grocery. After playing across the U.S., South America and 

Europe, he returned to keep alive the musical tradition at the Double Bayou Dance Hall for 

several decades. That musical heritage dated back to the late 1920s, with a largely African-

American clientele, but entertaining audiences of all backgrounds. The dance hall is soon to be 

commemorated with a State historical marker. 

The community of Oak Island located at the confluence of the East and West Forks of Double 

Bayou just upstream of Trinity Bay, has long served as a maritime hub for the watershed. 

Commerce was primarily waterborne until the mid-1930s; boats carried products to Galveston 

and brought back essential supplies. Before navigation channels were dredged to improve marine 

transportation around the bay, trips to Galveston could take a week or more by rowboat. Oyster 

reefs that ran across Galveston Bay between Smith Point and San Leon were navigational 

hazards that extended the trip time.  

As the oil industry became established, the importance of the bayous for transportation grew. In 

the late 1940s, Brown & Root began operating on the West Fork, just upstream of Oak Island 

near Trinity Bay, to service more than 100 rigs located in the waters of the Galveston Bay 

system. They also constructed pipelines that transported oil from Trinity Bay (and beyond) to the 

plants at Monroe City, where it underwent preliminary processing, before being piped to the 

Exxon facility in Baytown for further refining. The Brown & Root shipyard was closed by the 

mid-1980s, but smaller industrial facilities remain near the confluence. A marine salvage 

operation and a rig servicing business operate there to this day.  

Shrimp boats and crabbing boats hail from Double Bayou at Oak Island and upstream. Crabbing 

boomed with the influx of Vietnamese refugees in the 1980s. Although devastated by Hurricane 

Ike in 2008, the crabbing industry has experienced a strong comeback with the help of a 

dedicated community. The harbor at Oak Island is also a center for recreational fishing, hunting 

and boating. Of additional commercial importance, waters from Double Bayou are a source of 

inflows to the highly productive oyster-harvesting region just down the bay from the mouth of 

Double Bayou. 
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2.3 Geography  

2.3.1 Ecoregion  

The entire Double Bayou Watershed lies within the Northern Humid Gulf Coastal Prairies 

Ecoregion (Figure 2-4 Level Four Ecoregions of Double Bayou; from EPA Level IV Ecoregion). 

The original vegetation of the Northern Humid Gulf Coastal Prairies Ecoregion was mostly 

grasslands with a few clusters of oaks (oak mottes or maritime woodlands). Little bluestem 

(Schizachyrium scoparium), yellow indiangrass (Sorghastrum nutans), brownseed paspalum 

(Paspalum plicatulum), gulf muhly (Muhlenbergia capillaris) and switchgrass (Panicum 

virgatum) were the dominant grassland species. The Northern Humid Gulf Coastal Prairies 

Ecoregion has been mostly converted to land classes that include cropland, rangeland, pasture 

and urban land uses (Griffth, Bryce et al. 2007). Some loblolly pine (Pinus taeda) forest occurs 

in the northern part of the region. Common tree species in the TBCD area of Chambers County, 

as well as nearby southwest Jefferson County include live oak (Quercus virginiana), bald 

cypress (Taxodium distichum), pine (Pinus spp.) and cedar (Cedras sp.) trees, accompanied by 

hardwood species on riparian corridors (Figure 2-5 Riparian corridor along West Fork Double 

Bayou) (District 2013). 
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Figure 2-4 Level Four Ecoregions of Double Bayou 
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Figure 2-5 Riparian corridor along West Fork Double Bayou 

2.3.2 Soils 

Within the Double Bayou Watershed, there are different soil formations including the higher 

Lissie Formation and the lower Beaumont Formation (both of Pleistocene age). The Lissie 

Formation has lighter colored soils, mostly Alfisols, with sandy clay loam surface texture, while 

darker, clayey soils associated with Vertisols are typical of the Beaumont Formation (Griffth, 

Bryce et al. 2007). The soils remain homogenous throughout the watershed and are mostly fine-

textured: clay, clay loam, or sandy clay loam.  

2.3.3 Topography 

Typical for the Northern Humid Gulf Coastal Prairies Ecoregion, the northern portion of the 

watershed has the highest elevation at 23 meters (74.5 feet). The topography of this flat coastal 

prairie gently slopes south toward Trinity Bay and ends at an elevation of -3 meters (9.8 feet) 

below sea level for a change of 26 meters (85.6 feet) in elevation (across approximately 20 

miles). The average elevation within the Double Bayou Watershed is just over 6 meters (19.7 

feet) above sea level. 

2.4 Fish and Wildlife 

2.4.1 Wildlife and Habitat 

Common Double Bayou fish species include the Western mosquitofish (Gambusi affins), bluegill 

(Lepomis macrochirus), longear sunfish (Lepomis megalotis), spotted sunfish (Lepomis 

punctatus), warmouth (Lepomis gulosus) and bay anchovy (Anchoa mitchilli). Less common fish 

species include the pirate perch (Aphredoderus sayanus), pugnose minnow (Opsopoeodus 

emiliae) and the hogchocker (Trinectes maculatus). Largemouth bass (Micropterus salmoides) 

have been reported and represent a recreational opportunity in the bayous. Common species of 
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birds around Trinity Bay include the reddish egret (Egretta rufescens), roseate spoonbill 

(Platalea ajaja) and white-tailed hawk (Buteo albicaudatus) (HARC 2011)(data from TPWD). 

 

Figure 2-6 Riparian habitat in Double Bayou  

 

Figure 2-7 Overhanging vegetation East Fork Double Bayou 
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Other wildlife that is native to the Double Bayou Watershed include coyote (Canis latrans), river 

otter (Lutra canadensis), swamp rabbit (Sylvilagus aquaticus), American alligator (Alligator 

mississippiensis), Texas blind snake (Leptotyphlops dulcis), Gulf coast toad (Bufo nebulifer) and 

diamondback terrapin (Malaclemys terrapin) (Turco 2006-07).  

In-stream cover is ample along the bayous and primarily consists of woody debris, root wads, 

macrophytes, algae and overhanging vegetation (Figure 2-7 Overhanging vegetation East Fork 

Double Bayou). Riparian corridor analysis of the East and West Forks of Double Bayou shows 

approximately 32% canopy cover on the East Fork and 39% canopy cover on the West Fork 

(calculated using approximately 20 meter (65 feet) riparian corridor buffer around the bayous 

from 2011 satellite imagery data). The amount of cover varies widely by bayou and depends on 

whether the floodplain is forested and how the riparian area is managed.  

2.4.2 Invasive Exotic Species  

Nonnative invasive species are also in the watershed such as feral hog (Sus scrofa) (also called 

wild pig), Chinese tallow (Triadica sebifera), Chinese privet (Ligustrum sinense), water hyacinth 

(Eichhornia crassipes), giant salvinia (Salvinia molesta) and alligator weed (Alternanthera 

philoxeroides). 

Feral hogs are largely unmanaged opportunistic generalists that exhibit a high affinity for 

riparian habitats (Figure 2-8 Feral hog in corral trap). Stakeholders have observed that the feral 

hog population has increased in the watershed. Stakeholder estimates of the feral hog population 

in the watershed vary, from approximately 1,300 to 1,500 individuals. Feral hogs lack sweat 

glands, which leads them to congregate in and around waterways, to wallow and keep cool. Feral 

hogs can traverse the watershed and spread rapidly, due to the extensive network of natural and 

channelized waterways, canals and ditches. 

Research suggests that the feral hogôs reproductive capabilities are more than 4 times higher than 

that of native ungulates such as white-tailed deer. Sows can become reproductively capable at 6 

to 10 months of age and have the potential for bi-annual recruitment (i.e. the rate at which 

individuals are added to the feral hog population through births and/or immigration) of 4-6 

piglets annually ï both of which are factors in rapidly increasing feral hog populations. With few 

natural predators, feral hog populations can grow virtually unregulated in the wild (Tyson 2015). 

Due to their affinity for water, feral hogs deposit bacteria-laden fecal waste directly into the 

waterways of the watershed. Their unrelenting appetite also has a negative impact on future seed 

recruitment and seed abundance of riparian oak (Quercus sp.) and hickory (Carya sp.) trees. 

Feral hogs damage native riparian plant communities and compete with native wildlife for food 

sources. Additionally, feral hogs cause an average of $52 million in damage annually to Texas 

agriculture industries (Timmons, Alldredge et al. 2012).  



 

29 

  

 

Figure 2-8 Feral hog in corral trap 

The Chinese tallow tree (Sapium sebifera) and the Chinese privet (Ligustrum sinense) have 

invaded large areas of the watershed. The Chinese tallow tree is considered the most established 

invasive species in the Lower Galveston Bay Watershed (Chilton, Robinson et al. 2011). The 

Double Bayou Watershed is particularly vulnerable to this tree because it thrives in the coastal 

prairie wetlands and ample riparian stream habitat provided by the bayous. The Chinese tallow 

tree is toxic to livestock, wildlife and humans, which increases the risk of health concerns when 

managing this invasive species (handling or burning). The Chinese privet is also an aggressive 

invasive species that can establish rapidly in and around waterways and fence lines. Both species 

outcompete native riparian plant communities for space, sunlight and nutrients.  

In addition to terrestrial invasive plant species, aquatic plant invaders directly impact Double 

Bayou waterways. Water hyacinth (Eichhornia crassipes) is considered the most detrimental 

nonnative aquatic plant species (Figure 2-9 Water hyacinth East Fork Double Bayou). It can 

spread quickly on the surface of waterways and dominate native submerged vegetation. These 

large aquatic mats inhibit light and oxygen diffusion and impede water movement, leading to 

low dissolved oxygen levels. The low dissolved oxygen concentration can kill native populations 

of fish (Chilton, Robinson et al. 2011).  
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Figure 2-9 Water hyacinth East Fork Double Bayou 

In addition, giant salvinia (Salvinia molesta) replaces native forage and is regarded as the second 

most harmful aquatic invasive species behind water hyacinth. Alligator weed (Alternanthera 

philoxeroides), another invasive species, can out compete aquatic and terrestrial native 

vegetation and reduce the recreational quality of waterways. Alligator weed is also associated 

with low dissolved oxygen concentrations. These aquatic invasive species increase the rate of 

evapotranspiration and reduce the amount of water retained in the bayous (Chilton, Robinson et 

al. 2011). 

2.4.3 Parks and Recreational Lands 

Three municipal parks are located in the Double Bayou Watershed, totaling 87 acres. Double 

Bayou Park (about 37 acres) is located near the intersection of FM 562 and Eagle Ferry Road. 

The park provides birding, fishing, picnicking and camping opportunities, as well as a kayak 

launch site. The historical Fort Anahuac Park (also about 37 acres) is located on South Main 

Street about a mile south of Hwy 61 in Anahuac. It provides ample recreational opportunities, 

including fishing, ball fields and nature trails. Job Beason Park (approximately 13 acres) is 

located at the confluence of the East and West Forks of Double Bayou. Job Beason Parkôs 

unique location provides an opportunity to highlight the ecology at the confluence of both 

bayous and Trinity Bay. 
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Figure 2-10 East Fork at Double Bayou Park 

2.5 Land Use 

2.5.1 Land Cover  

Land cover for the Double Bayou Watershed is shown in Figure 2-11 Land Cover and habitat in 

Double Bayou Watershed (land cover data set adapted from the National Oceanic and 

Atmospheric Administration (NOAA) 2010 Coastal Change Analysis Program). The most 

abundant land use/land cover class in the Double Bayou Watershed is Pasture/Hay (34,853 

acres), while the least dominant land use/land cover class is Estuarine Aquatic Bed (about 1.5 

acres).  

A dominant habitat land cover in the Double Bayou Watershed is the Palustrine wetland system; 

this is not further defined by subsystems, but is represented by four classes of wetlands: 

Palustrine Forested Wetland, Palustrine Emergent Wetland, Palustrine Scrub-Shrub Wetland and 

Palustrine Aquatic Bed.  

Palustrine Forested Wetlands are typically tidal and nontidal wetlands that are dominated by 

trees greater than or equal to 5 meters in height, shrubs and persistent emergent vegetation. 

Palustrine Forested Wetlands are wetlands that occur in tidal areas where the salinity is below 

0.5% (Cowardin, Carter et al. 1979). The majority of the Palustrine Forested Wetlands in the 

Double Bayou Watershed are located along the East and West Forks.  
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Figure 2-11 Land Cover and habitat in Double Bayou Watershed 

Palustrine Emergent Wetlands differ from forested wetlands because they include mosses, 

lichens and vascular plants. Palustrine Emergent Wetlands are further characterized by having 

erect, rooted herbaceous hydrophytes and are dominated by perennial plants. Palustrine Scrub-

Shrub Wetlands contain woody vegetation less than 5 meters in height and can consist of all 

water regimes except sub-tidal. Finally, Palustrine Aquatic Bed Wetlands contain plants that 

grow mainly on or below the surface of the water the majority of the growing season and have 

permanently standing surface water (Cowardin, Carter et al. 1979). 

The present Estuarine wetland subsystems include two Intertidal and one Subtidal system in the 

watershed. Subsystems can be further classified as Estuarine Emergent Wetland, Estuarine 
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Scrub-Shrub Wetland and Estuarine Aquatic Bed habitat. However, Estuarine wetlands total only 

114 acres of the Double Bayou Watershed (61,445 acres) and are not dominant on the landscape.  

Table 2-1 Double Bayou Land Cover/Land Use type 

The land cover classes were consolidated into seven categories, due to the small percentage of 

certain land cover classes present in the Double Bayou Watershed and the stakeholdersô desire to 

streamline land cover classes for subsequent analysis, modeling and management measure 

decision processes. Stakeholders wanted to focus on groupings of vegetative heights (as opposed 

to soil type or wetland category) due to familiarity with location in the watershed. Each of the 

land cover classes is represented in one of the seven categories.  

 

 

Land Cover/Land Use Type Acres 

% of Total 

Watershed 

Acres 

Pasture/Hay 34,853 57.4% 

Cultivated Crops 12,993 21.4% 

Palustrine Forested Wetland 6,132 10.1% 

Developed, Low Intensity 2380 3.9% 

Palustrine Emergent Wetland 781 1.3% 

Grassland/Herbaceous 684 1.1% 

Palustrine Scrub/Shrub Wetland 669 1.1% 

Open Water 653 1.1% 

Developed, Open Space 380 0.6% 

Scrub/Shrub 374 0.6% 

Developed, Medium Intensity 267 0.4% 

Evergreen Forest 147 0.2% 

Mixed Forest 146 0.2% 

Estuarine Emergent Wetland 111 0.2% 

The following classes comprise 30 acres or less (0.05% or less) per category: Bare Land, 

Deciduous Forest, Palustrine Aquatic Bed, Unconsolidated Shore, Estuarine 

Scrub/Shrub Wetland and Estuarine Aquatic Bed 
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Table 2-2 Land Cover Class Groupings in the Double Bayou Watershed consolidated from the NOAA Coastal Change 

Analysis Program (C-CAP)  

2.5.2 Geographic Task Force  

Estimated watershed boundaries were determined via local knowledge of the watershed and 

drainage system. A United States Geologic Survey (USGS) Hydrologic Unit Code (HUC) 

watershed boundary was used to define a larger watershed area. Local knowledge, developed 

through several stakeholder meetings, site visits and iterations of the watershed boundary and 

land cover, was applied to create a better representation of the Double Bayou Watershed. 

Different flow patterns from the intricate drainage ways were reviewed by the stakeholder 

geographic task force and incorporated into the boundary. Stakeholder input was used to ground-

truth the land cover and ensure that the ground cover of land-use blocks was accurate, for the 

seven grouped categories of: Grassland/Pasture, Cultivated Crops, Mixed Forest/Forested 

Wetlands, Developed Land, Water, Marsh/Emergent Wetlands and Scrub-Shrub variety. 

Due to the nature of crop rotations, sometimes a block of land designated as Cultivated Crops 

one year may be Grassland/Pasture the next year and vice versa. Cattle are moved from 

Grassland/Pasture to Cultivated Crop land, and then that pasture land is once again cultivated. 

Because of this dynamic relationship the land cover classifications represents a ñsnapshotò in 

time. The stakeholders agreed that the same land use areas are typically traded back and forth 

between cultivation and pasture and are generally adjacent or nearby to each other (and thus 

likely in the same subwatershed), the finalized land cover represents the land cover categories to 

the best extent possible. 

2.5.3 Demographics 

The smallest U.S Census unit, the block level, was used to estimate the population of the 

watershed for each decade from 1970 to 2010 (Figure 2-12 Double Bayou Watershed population 

2000 (3,535) and 2010 (3,335)). To account for instances when a block boundary fell partially in 

the watershed, a ratio of block land percentage in and out of the watershed was used. According 

to this methodology, the 2010 Double Bayou Watershed population is estimated to be 3,335 

people (Table 2-3 Population of Double Bayou Watershed and Anahuac, TX). 

Stakeholder Approved 

Land Cover

Grassland and Pasture Bare Land Grassland/Herbaceous Pasture/Hay ­­­­

Cultivated Crops Cultivated Crops ­­­­ ­­­­ ­­­­

Mixed Forest and 

Forested Wetlands
Deciduous Forest Evergreen Forest Mixed Forest Palustrine Forested Wetland

Developed
Developed, High 

Intensity

Developed, Medium 

Intensity

Developed, Low 

Intensity
Developed, Open Space

Water Open Water Palustrine Aquatic BedEstuarine Aquatic Bed Unconsolidated Shore

Marsh and Emergent 

Wetland

Palustrine Emergent 

Wetland

Estuarine Emergent 

Wetland
­­­­ ­­­­

Scrub/Shrub Variety Scrub/Shrub
Palustrine Scrub/Shrub 

Wetland

Estuarine Scrub/Shrub 

Wetland
­­­­

NOAA Coastal Change Analysis Program (C-CAP) Land Cover
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Year 

of 

Census 

Population of 

Double Bayou 

Watershed 

Percent Change of 

Watershed 

Population  

Population of 

Anahuac, TX 

Percent 

Change of 

Anahuac, TX 

Population  

1970  2,299 X 1,881 X 

1980  3,117 26% 1,840 -2% 

1990  2,923 -7% 1,993 8% 

2000  3,535 17% 2,210 10% 

2010  3,335 -6% 2,243 2% 

Table 2-3 Population of Double Bayou Watershed and Anahuac, TX 

In 1970, Anahuac had a population of 1,881. After a 2% decline in population the total number 

of residents in 1980 was 1,840. In 1990, Anahuac had a population of 1,993 individuals. A 10% 

increase of population occurred from 1990 to 2000 with the addition of 217 people and a 1.5% 

increase occurred from 2000 to 2010 with the addition of 33 persons. The 2010 Census reports 

that Anahuac had a population of 2,243 persons. In 2010, the population by age in Anahuac was 

1,397 people between the ages of 18 and 64, 456 people between the ages of 5 and 17, 246 

people over 65, and 144 people under 4 years old.  

 

Figure 2-12 Double Bayou Watershed population 2000 (3,535) and 2010 (3,335) 
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2.5.4 Existing Land Management Practices 

The 2012 agricultural census reports that forage, including hay, haylage, grass silage and 

greenchop and rice are the top crop items in Chambers County. Sorghum for grain and wheat for 

grain also make up a portion of the farming operations (USDA 2012). These trends are also 

reflected in the Double Bayou Watershed, where rice farming and cattle ranching are the main 

types of agriculture. Accordingly, predominate watershed land cover is 12,993 acres of 

cultivated crops (21.4%) and 34,853 acres of Hay or Pasture (57.4%). (Figure 2-13 Rice Farming 

along the East Fork). The presence of rice farming requires a canal and irrigation system to 

support operations. In 2012, the average farm size in Chambers County was 346 acres. Since 

2007 there has been a 16% reduction in the average farm size in the County (USDA 2012).  

 

Figure 2-13 Rice Farming along the East Fork 

The City of Anahuac, the residential community of Oak Island, and pockets of oil/gas drilling 

and exploration activities are the largest developed areas of land cover in the watershed. The 

largest concentration of oil/gas wells is located south of FM 65 and FM 1724 in the historic 

Anahuac oil field, which centers on the Anahuac oil gathering system and pipeline operated by 

the Texas Petroleum Company. Natural gas pipelines are also prevalent in the watershed along 

with active and plugged wells. The oil/gas operations, combined with the community of Oak 

Island and the City of Anahuac, result in 3,127 acres of developed land (5%) in the watershed.  

The watershed is not highly fragmented by commercial and residential development. 

Landowners, farmers and ranchers own large tracks of the Double Bayou Watershed and their 

participation is paramount to the success of implemented management measures. The rural 

nature of the watershed creates the potential for an effective implementation of management 

measures.  
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The seafood industry also has a presence in the Double Bayou Watershed, primarily in the 

community of Oak Island (Figure 2-14 Commercial fishing vessel near Oak Island, TX). 

Crabbers, shrimpers and oystermen make use of tidal waters near Oak Island and Trinity Bay to 

harvest these natural resources. Outside of the watershed boundaries, extensive oystering occurs 

just south of Oak Island at Smith Point.  

 

Figure 2-14 Commercial fishing vessel near Oak Island, TX 

Along with commercial operations, recreational opportunities are abundant along the bayous. Job 

Beason Park and Fort Anahuac Park are equipped with full access boat ramps, while Double 

Bayou Park has a canoe/kayak launch. Kayaking and sailing are popular forms of recreational 

boating. The three parks located within the watershed could serve as education centers to 

increase watershed awareness. The Double Bayou Watershed is also a popular destination for 

wildlife viewing, birding and recreational fishing.  

The Trinity Bay Conservation District (TBCD) actively manages the bayouôs riparian corridors, 

through easements along the East and West Forks, to improve drainage and reduce the impacts of 

flooding. The application of herbicide and dredging of the bayous are common management 

practices that affect the riparian vegetation of the East and West Forks of Double Bayou.  

2.6 Water Quality 
The Double Bayou Watershed consists of the TCEQ stream segments 2422A (Anahuac Ditch), 

2422B (Double Bayou West Fork) and 2422D (Double Bayou East Fork). The TCEQ began 

monitoring the water quality of Double Bayou in 1969. The Texas Integrated Report, formerly 

known as the Texas Water Quality Inventory and 303(d) list, is a document that describes the 

status of all surface waterbodies of the State evaluated for the given assessment period. A 

waterbody can be listed for a water quality parameter of concern if the constituent does not meet 
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the water quality standards set by the TCEQ. The West Fork of Double Bayou was listed as 

impaired (not meeting its water quality standards, as assessed by numerical criteria) on the 2012 

Texas Integrated Report for low dissolved oxygen (listed as impaired since 2004), and elevated 

levels of bacteria (listed as impaired since 2006). West Fork Double Bayou was also identified as 

a concern for water quality (concern for use based on numerical screening levels, rather than 

criteria) of chlorophyll -a. The East Fork of Double Bayou was identified as a concern for 

elevated levels of bacteria (since 2012) and as a concern for water quality based on screening 

levels for low dissolved oxygen (since 2010). Low dissolved oxygen is a concern for aquatic life 

because they require a certain amount of dissolved oxygen to live and reproduce (see Sections 

4.5 and 4.6 for more information). Elevated levels of bacteria can be a concern for people using a 

waterway for recreational use, because elevated concentrations can indicate the presence of 

human disease-causing pathogens (see Chapter 4.7).  

All of Galveston Bay and its tidal tributaries, including the East and West Forks of Double 

Bayou, are on the Stateôs impaired waters list for PCBs and Dioxin. Most of the contamination 

stems from the Houston Ship Channel sediments and is transferred up the food chain to fish. A 

TCEQ project is under way to figure out how to address the sediment contamination so that the 

concentrations in fish tissue will be reduced. No actions in the Double Bayou Watershed will 

affect fish tissue, but stakeholders can participate in the larger Galveston Bay project.  

2.7 Wastewater Infrastructure 

2.7.1 Permitted Wastewater Treatment Facilities 

The Anahuac Wastewater Treatment Facility (WWTF) is the only municipal wastewater 

treatment facility in the Double Bayou Watershed that discharges into the bayou, via the 

Anahuac Ditch. The effluent from this facility is considered the only point source (pollutant 

attributable to one specific source) in the watershed. Located just south of Anahuac the facility is 

owned by the City of Anahuac and the Trinity Bay Conservation District and is operated by the 

City of Anahuac.  

The operators are required to report effluent sampling results to the CWAôs National Pollutant 

Discharge Elimination System (NPDES) program. Currently, the wastewater treatment facility 

operates under the minor NPDES individual permit number TX0033944. The facility is 

permitted to discharge 0.6 million gallons per day of treated effluent. 

The most recent compliance inspection was on 05/16/2013. The Anahuac WWTF has been out 

of compliance for 11 of 12 quarters from 10/01/2011 to 09/30/2014. However, the non-

compliances have not resulted in significant violations. Chlorine, as total residual, fell below the 

monthly minimum on 4 occasions and it exceeded the monthly maximum once. Nitrogen, as total 

ammonia, resulted in five violations including 2 daily maximum and 3 daily average 

exceedances. Exceedances of the pH minimum limit criterion have also occurred. 

Typically, the WWTFôs E. coli effluent concentrations are well under the required 126 cfu/100 

milliliter (mL) limit.  Intense rainfall can cause problems with Infiltration and Inflow (I&I) to the 

City of Anahuacôs sewage collection system pipes, which also contributes to the overflow of the 

pond and to potential elevated levels of bacteria. TBCDôs collection system that feeds this plant 
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is a force main sewer system and is not vulnerable to I&I . During periods of intense rainfall, an 

increase of E. coli is evident in the receiving waters (Anahuac Ditch) of the WWTF. Both the 

daily maximum and daily average E. coli criteria levels were exceeded on 10/31/2013, after a 

rainfall of 2 inches over a 5-day period. 

A second facility, the Oak Island WWTF (owned and operated by the Trinity Bay Conservation 

District) is located near the community of Oak Island inside the Double Bayou Watershed. 

However, the Oak Island WWTFôs effluent is discharged into Trinity Bay and is not a point 

source contribution to the watershed. As with the Anahuac WWTF, portions of the force main 

collection system for the Oak Island WWTF are within the Double Bayou Watershed. While 

force main sewers do not have the I&I problems that gravity sewers have, leaky or failing pipes 

and joints in force main sewers are possible.  

2.7.2 On-Site Sewage Facilities 

On-site sewage facilities (OSSF) are possible sources of bacteria and dissolved oxygen 

impairments in the Double Bayou Watershed. It is estimated that there are more than 450 OSSFs 

in the Double Bayou Watershed. This number was determined from OSSF permit data and local 

knowledge (stakeholder knowledge of homes not on public sewer systems). Septic systems in the 

Double Bayou Watershed range in age from new to over thirty years old. The majority of the 

septic systems in the Double Bayou Watershed range from twenty to more than thirty years in 

age. 
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3 Public Participation 

3.1 Project History and Development 

3.1.1 Early Project Interest and Activity 

As part of its initiative to improve water quality in Galveston Bay, the Galveston Bay Estuary 

Program (GBEP) became interested in the collection of additional data to better assess the water 

quality of both forks of Double Bayou, because the forks are tributaries of Galveston Bay. GBEP 

also wanted to explore whether a voluntary WPP could be beneficial for the Double Bayou 

Watershed. A Double Bayou WPP could help prevent further water quality degradation and 

restore watershed health through a voluntary, community-driven process. 

Public participation began in 2009, when GBEP facilitated funding for an initial study, from 

grants under the American Recovery and Reinvestment Act, the EPA, state sources and USGS. 

The funding provided resources for HARC to: (a) assemble and analyze existing water quality 

data for the watershed, (b) collect new water quality samples for both forks of Double Bayou and 

analyze the data and (c) share the information with key stakeholders, as well as the general 

public.  

3.1.2 The Watershed Protection Plan Project 

Since 2012, HARC has worked with the USGS and Shead Conservation Solutions to develop a 

WPP for Double Bayou. Funding is provided by the TSSWCB/EPA (federal Clean Water Act 

§319(h) grant) and the GBEP/TCEQ. The goal of the funded project was to develop a nine-

element WPP for the Double Bayou Watershed by:  

1) Establishing and providing direction for a stakeholder group that would serve as a 

decision-making body, 

2) Conducting routine and targeted water quality sampling and analysis, 

3) Identifying and analyzing spatial and temporal patterns in watershed data, and 

4) Increasing education among the targeted audience. 

3.2 Partnership Development, Structure and Meetings 

3.2.1 Development of the Partnership 

Local involvement is crucial for the successful development and implementation of a WPP. 

Funding for the development of the Double Bayou WPP opened the door for public participation. 

Multiple stakeholder categories were considered such as officials, community members with 

vested interest, landowners, recreational users, technical resource providers and any other person 

who may be affected by the Double Bayou WPP. The list was continuously updated over the 

course of the WPP process and was used to inform stakeholders of project and meeting updates 

and to bring stakeholders together for workgroup sessions.  

From the outset, stakeholder interest in the Double Bayou WPP project was high. An invitation 

letter was sent to approximately 170 people. Thirty-seven stakeholders attended the first kick-off 

meeting on May 21, 2013. 113 individual stakeholders have participated in at least one meeting 

during the development of the Double Bayou WPP. 
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3.2.2 Stakeholder Structure  

Stakeholders preferred that the Double Bayou Watershed Partnership operate informally, as a 

ñcommittee of the whole,ò rather than have a limited number of representatives serve on a 

Steering Committee. Stakeholder meetings were typically held every 2-3 months, with 

workgroup meetings and/or workshops held in between. In total, fifteen general meetings, seven 

sets of workgroup meetings and five informational workshops were held during the WPP 

development process. 

3.2.3 General Stakeholder Meetings 

General stakeholder meetings were held to share data, information and workgroup results that 

aided stakeholder decision-making. Over the project period, general meeting topics included in-

stream water quality, water quality monitoring results, land use/land cover in the watershed and 

modeling of potential bacteria sources. In addition, all stakeholders were presented with the 

specialized knowledge and results decided on in each individual workgroup meeting. Any 

objections or concerns were resolved before an informal consensus was reached. During the final 

six months of the WPP process, general meetings were held more frequently (Figure 3-1 Double 

Bayou Watershed Partnership general stakeholder meeting). These final meetings provided a 

forum for the Project Team to present and explain chapter content, while collecting feedback 

from stakeholders. 

 

Figure 3-1 Double Bayou Watershed Partnership general stakeholder meeting 

3.2.4 Workgroup Meetings 

To develop in-depth discussions of specific topics, stakeholders suggested forming four 

workgroup categories: Agriculture/Wildlife/Feral Hogs, Recreation/Hunting, Wastewater/Septic 

and Residential. The workgroups were based on groupings of potential pollutant sources 
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identified during an early general meeting. Based on their interest and expertise, stakeholders 

chose the workgroup(s) in which they wished to participate. All workgroup recommendations 

were reached by informal consensus. 

Each workgroup focused on the potential pollution sources for which they were formed. All 

workgroups started with reviewing basic concepts of watershed protection planning. The 

workgroups focused primarily on potential sources of bacteria pollution and dissolved oxygen 

impairments, but also considered other water quality issues. After identifying specific potential 

pollutant sources, the groups discussed the following topics: evaluation of source data, the 

location of sources in the watershed, development of SELECT modeling scenarios (which 

included their input on location and amount of sources) and potential management measures 

associated with the pollutant source (see Chapter 6). Each workgroup also developed a set of 

outreach and education programs that could address their particular category of pollution sources 

(see Chapter 7). Stakeholders provided input on implementation schedules, milestones and 

indicators for management measures. 

A formal Residential Workgroup did not materialize in the same manner as the other groups. 

Instead, the watershed coordinator conducted one-on-one interviews with stakeholders and 

provided a residential breakout group during a general meeting, to identify and discuss potential 

residential pollutant sources and management measures. 

The Agriculture/Wildlife/Feral Hogs Workgroup identified agricultural categories of potential 

bacteria pollution sources such as livestock (cattle), goats and horses. Combined with the work 

of the Geographic Task Force (see Chapter 2.5.2), they used extensive local knowledge to create 

a current (summer 2014) snapshot of land cover/land use in the watershed, particularly as it 

relates to agricultural production. They also were able to define current estimated grazing 

densities of livestock, based on the specific land cover (Figure 3-2 Agriculture/Wildlife/Feral 

Hogs Workgroup meeting).  
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Figure 3-2 Agriculture/Wildlife/Feral Hogs Workgroup meeting 

The workgroupôs discussion of wildlife bacteria sources settled on source categories for which 

population data could be obtained. Native wildlife sources (deer) were considered background 

bacteria sources, as they occur naturally (i.e., were not specifically introduced by humans for 

agricultural production). Other pollution sources/issues discussed were feral hogs, game and 

livestock carcasses, fish kills and vegetation collecting on the water.  

The Recreation/Hunting Workgroup first identified the recreation/hunting activities common in 

the watershed. Then the bacteria or water pollution issues associated with those activities were 

discussed, including: boater waste, the concentration of scavengers, disposal of game carcasses 

and the lack of public sanitation facilities available to recreationists in the watershed. 

Other water pollution issues that this workgroup developed recommendations for were: vehicle 

maintenance, litter, oil sheen from motorboats and boat engines, lead (from hunting, shooting 

ranges and fishing weights), invasive species and sediment and loss of vegetation from erosion 

caused by ATVs and motorboats. This workgroup also identified feral hogs as a source of 

bacteria and riparian/shoreline erosion. 

The Wastewater/Septic Systems Workgroup spent time identifying and learning about the public 

and private wastewater infrastructure of the watershed. The workgroup gained a better 

understanding of what public wastewater systems are located in the watershed and how the 

infrastructure is operated and maintained. The following questions were addressed: how many 

wastewater treatment facilities operate in the watershed, which of these wastewater treatment 

facilities discharge to Double Bayou or its tributaries and what types of collection systems are 

used in the watershed.  
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The private onsite sewage facilities (OSSFs) were also evaluated by stakeholders as potential 

sources. The type of septic systems in the watershed, their locations and the age of the systems 

were identified. Stakeholder expertise was critical in developing the OSSFs data set. Straight 

pipe discharges were also discussed.  

3.2.5 Workshops 

To bring additional resources to local stakeholders, specialty workshops on a variety of topics 

were held in the watershed. The workshops often combined lectures and field excursions to 

enhance stakeholder knowledge of common watershed issues and introduced practical solutions 

to watershed problems (Figure 3-3 Texas Riparian & Stream Ecosystem workshop). Many of the 

workshops also provided Continuing Education Credits (CEUs) needed by the stakeholders for 

various certifications. Workshops held for stakeholders during the Double Bayou WPP project 

were:  

¶ Texas Watershed Steward Training: June 25th, 2013 

¶ Feral Hog Management Workshop: June 27th, 2014  

¶ Texas Riparian & Stream Ecosystem Workshop: September 24th, 2014 

¶ Septic System Workshop: March 31st , 2015 

¶ Texas Well Owner Network Workshop: May 28th , 2015 

  

 

Figure 3-3 Texas Riparian & Stream Ecosystem workshop 

3.2.6 Project Team 

The Double Bayou WPP Project Team was comprised of representatives from the funding 

agencies (TSSWCB, GBEP/TCEQ and EPA) and from the participating organizations of HARC, 

Shead Conservation Solutions and USGS. The Project Teamôs primary role was to provide the 
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stakeholders with data and information needed to develop the WPP. This included providing 

descriptions of watershed conditions, water quality data analysis and modeling results, and 

suggestions for management measure implementation.  

In addition to their specific roles of providing funding and of approving the direction and 

documentation of the project, the TSSWCB and GBEP representatives provided insight and 

experience from other WPP projects in Texas and the region.  

HARC developed the water quality data analysis and SELECT modeling, prepared graphs and 

exhibits of water quality data and SELECT modeling results and prepared drafts of the WPP 

document chapters for stakeholder review and comment. Shead Conservation Solutions was 

responsible for the public participation component of the project, including maintaining 

communications with stakeholders through email and/or U.S. mail, preparing and distributing 

media items, providing notices of meetings and events, facilitating meetings and preparing 

meeting documents. USGS was responsible for the collection of quality-assured water quality 

data.  

3.3 The Future and Watershed Protection Plan Implementation 
Watershed protection plans guide implementation of holistic water management solutions that 

are developed by watershed stakeholders. They are adaptive documents that evolve as new data, 

partners, funding and stakeholders become available. New information is continually identified 

through tracking and monitoring of the WPP. As with any watershed protection plan, 

implementation of the Double Bayou Watershed Protection Plan is entirely dependent on 

voluntary participation and availability of funding. Continued stakeholder involvement in the 

implementation phase of the WPP is crucial to accomplish the plans goals (see Chapter 8 for the 

stakeholder-identified implementation process). 
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4 Water Quality  

4.1 Data Gaps 
Data gap analysis was conducted to determine the best parameters, locations, schedule and other 

details for the WPP data and model analysis as well as the Monitoring Plan. Flow data in Double 

Bayou watershed were very sparse when beginning the project; flow data available from the 

TCEQ surface water quality monitoring data set for Double Bayou were qualitative rather than 

quantitative; flow is recorded as ñhighò, ñmediumò or ñlowò. Quantitative flow measurements 

had not been collected until the Double Bayou WPP project sampling began. It was determined 

that quantitative flow data would be collected with every grab sample; these data would be 

critical for calculating representative flow and load duration curves.  

At the beginning of the Double Bayou WPP project, it was determined that spatial representation 

of sampling data in the watershed was currently heavily biased towards the estuarine and tidal 

portions of the area. The northern part of the East Fork of Double Bayou was not represented in 

any of the existing monitoring data. The beginning baseline data set showed that data are 

collected somewhat intermittently during special studies, or in certain sampling years. It was 

determined that the data monitoring plan should include efforts to collect data for certain 

indicator parameters regularly each year. In addition to regular monitoring, rain events in the 

watershed also need to be a focus; how the watershed responds to major precipitation events 

indicates the condition of the watershed. 

It was also considered important that monitoring stations capture the effects of WWTF effluent 

along Double Bayou; at the beginning of the Double Bayou WPP there were no direct WWTF 

monitoring samples. Future monitoring efforts would need to ensure that monitoring stations are 

located to facilitate collection of this important information. As well, it was determined that 

information was lacking as to the number and location of septic systems in the watershed. 

The Data Gap Analysis resulted in implications for the WPP and implementation monitoring 

efforts. Using the results from this Data Gap Analysis, the Data Monitoring Plan for the Double 

Bayou WPP focused on better spatial and temporal coverage than is reflected in the historical 

data set. Working within the constraints of time and budget factors, the results from the Data Gap 

Analysis show that sampling efforts needed to place an emphasis on the following: 

¶ Collecting quantitative flow data for use in load durations curves,  

¶ Sampling in non-tidal portions of the Double Bayou watershed,  

¶ Consistently monitoring at regular time intervals each year, and 

¶ Consistently monitoring to capture the effect of heavy rainfall events 

Results from the Double Bayou WPP project sampling show that moving forward with the water 

quality plan for implementation efforts: 

¶ Sampling efforts should still focus on collecting quantitative flow data as it will be a gap 

in the foreseeable future 

¶ Sampling efforts should still focus on a complete spatial coverage of the watershed 
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¶ The WWTF and rainfall events still need to monitored, but focus needs to be more on 

routine ambient monitoring of the four primary stations. 

4.2 Water Quality Sampling 
Physical and chemical water quality sampling was conducted to assess water quality impairments 

and current conditions of the Double Bayou Watershed. All water quality sampling was 

conducted under an approved Quality Assurance Project Plan (QAPP). Four mainstem sampling 

station, two each on the West Fork and the East Fork, and one wastewater treatment facility 

sampling station were identified through a process of stakeholder input and scouting for 

safety/feasibility of sampling (Figure 4-1 USGS sampling station).  

Figure 4-1 USGS sampling station 

The wastewater treatment facility sampling station was incorporated into the sampling design to 

characterize a possible point source contribution in the watershed by analyzing the water quality 

of the effluent discharge of the WWTF. The sampling stations, with their associated 

abbreviation, numerical designation and approximate location, are displayed in Table 4-1 Double 

Bayou sampling stations. Figure 4-2 Double Bayou sampling stations shows the exact location of 

all the sampling stations in the watershed. 

Station Name Abbreviation 
Location 

(crossing) 
USGS 

Designation 

Wastewater Treatment Facility WWTF Anahuac Ditch 294443094401100 

East Fork Upper EFU FM 1663 08042546 

East Fork Lower EFL Carrington Road 08042548 

West Fork Upper WFU Sykes Road 08042554 

West Fork Lower WFL Eagle Ferry Road 08042558 
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Table 4-1 Double Bayou sampling stations 

 

Figure 4-2 Double Bayou sampling stations 

Water quality sampling was conducted under two different conditions ï routine and targeted. 

Sampling conducted under ñroutineò conditions were scheduled events that monitor standard 

ambient (common or prevailing) conditions. Water quality sampling conducted under ñtargetedò 

conditions took place during predicted rain events, to monitor the impact of rainfall on water 

quality. The routine samples were collected approximately twice per month at each station over a 

twenty-month sampling period (10/22/2013-06/08/2015), while targeted samples were dependent 

on rainfall events (Table 4-2 Total Samples collected during WPP sampling period). All  water 

quality samples are surface samples collected at 0.3 meters (about 1 foot) in depth below the 
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surface. Note that not all sampling events provided valid results for every constituent. For 

example, even though the total number of sampling events for the EFU station is 39, only 36 

total dissolved oxygen results are accounted for, due to equipment malfunction or sample 

instability. This is why the quality assured practices of field blanks or replicates are so crucial in 

water quality sampling, to ensure valid results. 

Station 

(Abbr.) 

Number of 

Routine 

Samples 

Number of 

Targeted Samples 

Total Number 

of Samples 

EFU 32 7 39 

WWTF 31 7 38 

EFL 32 7 39 

WFU 33 7 39 

WFL 32 7 38 

Total 159 35 194 

Table 4-2 Total Samples collected during WPP sampling period 

Targeted sampling is focused on analyzing water quality in the bayous during a wet weather 

event (Table 4-3 Targeted sampling dates). This analysis provides insight on how increased 

nonpoint source runoff affects the bayous during rain events. These samples often show the 

ñworst-caseò scenario for water quality indicators such as bacteria. Targeted samples are not 

considered to be representative of the bayousô water quality during normal flow patterns and are 

not used to determine listings on the Texas Integrated Report. All other sampling events are 

considered routine regardless of the amount of precipitation that occurred on or before the 

sampling day.  

Targeted 

Sampling Date 

Amount of 

Rainfall  

10/31/2013  0.53  

2/26/2014  2.50  

5/13/2014  1.10  

5/27/2014  0.16  

9/17/2014  1.40  

3/10/2015  0.40  

4/17/2015  2.80  

Table 4-3 Targeted sampling dates 

4.3 Stream Type Designations and Tidal Mixing  
The water quality sampling stations and their corresponding tidal/nontidal stream type, as 

designated by TCEQ, are displayed in Table 4-4 Stream type designations. The indicator bacteria 

E. coli is used for analysis at the nontidal stations EFU and WWTF; the tidal stations are 

assessed using Enterococci (see Section 4.7, for details). The Anahuac Ditch, where the WWTF 

sampling station is located, joins with the main tidal portion of the West Fork of Double Bayou. 

However, the ditch itself is designated as a nontidal freshwater stream. The only other nontidal 
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sampling station selected for monitoring is the EFU station; the remaining three sampling 

stations are designated as tidal.  

Sampling Station  Stream Type 

Wastewater Treatment Facility  Nontidal 

East Fork Upper  Nontidal 

East Fork Lower  Tidal 

West Fork Upper  Tidal 

West Fork Lower  Tidal 

Table 4-4 Stream type designations 

The WFL station had the strongest negative flow measured during the sampling period. Over the 

20-month study period, the strongest tidally influenced negative flow recorded at the WFL 

station was -511 cubic feet per second (cfs). A negative flow is defined as flow moving from 

downstream towards upstream, caused by an incoming tide from Trinity Bay (see Chapter 5.8.1 

Trinity Bay for a detailed discussion on the influence of wind and freshwater inflows on tides in 

Trinity Bay). Average salinity regime varies widely at the different sampling stations, with WFL 

average at 6.35 practical salinity units (psu), EFL at 0.84 psu and EFU and WFU both under 0.20 

psu. See Chapter 5.8, Tidal Mixing, for a detailed discussion of tidal mixing and how it affects 

constituents in the water compared to typical nontidal flow. 

4.4 Precipitation  
Precipitation analysis is crucial to consider when analyzing water quality data, because rain 

events can affect water quality results. In the Double Bayou Watershed, precipitation data are 

collected at the Anahuac rain gauge and was downloaded from NOAAôs Online Climate Data 

Portal for analysis (Figure 4-3 Precipitation in Double Bayou). The Anahuac rain gauge has been 

operational since March of 1931 and is located east of the City of Anahuac (near FM 562 and SH 

65) (Figure 4-2 Double Bayou sampling stations).  

Precipitation data were analyzed to determine the number of days since last rainfall, which 

provides valuable insight on the effects of rainfall and nonpoint source runoff into the bayou. 

Typically, as the number of days since last rainfall (DSLR) increases, pollutants accumulate on 

the ground. Higher levels of nonpoint source pollutants may be washed into the bayou during the 

next rain. High intensity or frequent rain events also increase surface runoff, which can result in 

large amounts of nonpoint source pollutants flowing into the bayous. A combination of greater 

length of DSLR, followed by an intense wet weather event, can intensify the impact on the 

concentrations of nonpoint source pollutants in the bayous.  

An example of this in Double Bayou was the sampling event on 5/13/2014. Prior to this targeted 

sampling event, 27 days had passed since the last rainfall. On 5/13/2014, 1.10 inches of rain fell 

at the Anahuac rain gauge. The combination of the large wet weather event and highest recorded 

DSLR lead to high bacteria contributions that were transported into the bayous because the 

bacteria were allowed to build on the landscape before being effectively flushed by the large 

precipitation event. 
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Figure 4-3 Precipitation in Double Bayou 

4.5 Dissolved Oxygen 
Dissolved oxygen (DO) is a water quality parameter that is commonly monitored because it is 

crucial for the survival of aquatic life. DO in a waterbody is typically considered optimal for 

aquatic life at concentrations above 6 mg/L; aquatic organisms will become stressed at DO 

concentrations between 4 and 5 mg/L; and the loss of aquatic life is probable when the DO 

concentration is below 3 mg/L. To determine if a waterbody is impaired, the TCEQ established a 

screening level for grab samples (a sample that is taken once, with a literal ñgrabò or scoop of the 

water ï as opposed to continuous sampling) of 3 mg/L for tidal and nontidal waters. Note that for 

DO, the concentration must be less than the threshold of 3 mg/L to be considered as an 

exceedance, compared to most other water quality indicators that have to be greater than the 

designated criterion to be considered an exceedance.  

The concentration of DO in a waterbody can fluctuate depending on several environmental 

factors, including the temperature and salinity of the waterbody and the time of day. DO can also 

fluctuate from season to season. The lowest DO levels are typically observed during the hottest 

months of the year while the highest DO levels occur during the coldest months of the year. 

Colder water can hold more DO. Over the sampling period (10/22/2013-06/08/2015), the average 

concentration of DO in the Double Bayou Watershed (all stations) was 6.3 mg/L. The highest 

DO concentration was 12.6 mg/L and the lowest was 0.8 mg/L. During the sampling period, 16 

routine and targeted samples (9% of the total) were below the TCEQ criterion of 3 mg/L (Figure 

4-4 Double Bayou dissolved oxygen results). The EFU station had the highest percentage (25%) 

of samples below the TCEQ criterion. No DO samples below the criterion were recorded at the 
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WWTF station, while 2 were recorded at the EFL station, 4 at the WFU station and 1 at the WFL 

station.  

 

Figure 4-4 Double Bayou dissolved oxygen results (routine and targeted) 

DO is a not a pollutant but rather a marker to indicate water quality and health for aquatic life. 

Low DO is caused by a number of factors in the bayous. One of these factors can be high 

bacteria levels, because an increase in bacteria will often lead to higher consumption of oxygen 

that can result in lower DO levels. The water quality management measures discussed in 

Chapters 6 and 7 will be targeted towards bacteria, but their benefits will also extend to 

mitigating lower DO levels. 
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4.6 24-hour Dissolved Oxygen Sampling  
In addition to targeted and routine sampling, twelve 24-hour continuous monitoring events 

occurred at mainstem sampling stations (EFU, EFL, WFU and WFL). Continuous (24-hour) 

monitoring data (for water temperature, specific conductance, dissolved oxygen, and pH) were 

collected at 15-minute intervals at each bayou sampling station. Monitoring of 24-hour DO is 

measured to determine compliance with aquatic life use designations and to support biological 

modeling, as well as to aid with the analysis of short-term fluctuations. 24-hour monitoring can 

highlight the variation of DO throughout the course of the day and reveal high and low DO 

concentrations. 

To assess the 24-hour DO sampling results, a separate set of criteria and analyses are used than 

those for grab samples. These include the absolute minimum and average DO values over a 

continuous 24-hour monitoring event. The TCEQ also requires a minimum number of samples to 

be taken during specific seasons (index periods) to accurately represent seasonal DO variations. 

These values must then meet certain TCEQ requirements to determine if the waterbody is 

impaired. Conducting 24-hour sampling events is resource intensive and, therefore, 24-hour data 

are not always available at all streams during the index period necessary for criteria analysis. If 

the 24-hour sampling events are not available, TCEQ relies on grab sample DO data for 

screening level assessment as described in Section 4.5 Dissolved Oxygen. Both 24-hour data and 

grab samples have been used for West and East Fork assessments.  

When the index period requirement is met, the TCEQ criteria to assess the aquatic life use are 

5.0 mg/L average DO for 24-hour nontidal (freshwater) and 4 mg/L average DO for 24-hour tidal 

(saline water). The 24-hour DO minimum for tidal and nontidal waters is 3.0 mg/L. The 24-hour 

data discussed below represent sampling efforts not specifically within the TCEQ criteria for 

index periods; yet the data analyzed represent DO patterns which are important in assessing the 

health of the watershed.  

Figure 4-5 24-hour Dissolved Oxygen displays the results of the 24-hour DO sampling events. 

The top of the black lines represent the maximum DO concentration during the event; the bottom 

of the black lines represents the minimum DO concentration during the event and the colored 

shape represents the average of all DO concentrations sampled during the event. All three of the 

East Fork Upper nontidal 24-hour monitoring events had DO concentrations below the average 

and minimum criteria. The East Fork Lower 24-hour monitoring event on 12/3/2014 had DO 

concentrations below the minimum. Two of the West Fork Upper 24-hour monitoring events had 

DO concentrations below the minimum and average criteria on 8/20/2014 and 9/17/2014. None 

of the West Fork Lower 24-hour monitoring events resulted in samples below the TCEQ criteria 

for DO.  
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Figure 4-5 24-hour Dissolved Oxygen 

4.7 Bacteria 
Another critical indicator of nonpoint and point source pollution is bacteria; specifically, the 

fecal indicator bacteria E. coli and Enterococci. E. coli is the preferred fecal indicator bacteria for 

nontidal waters (freshwater) and was used for analysis in the upper nontidal reaches of the East 

Fork and at the nontidal WWTF to assess bacteria concentrations. E. coli was utilized at the 

WWTF station instead of Enterococci because the WWTFôs operation permit has a self-reporting 

requirement for E. coli concentrations; a direct comparison can be made. The preferred fecal 

indicator bacteria for tidal (saline) waters is Enterococci (TCEQ 2010). These bacteria are used 

to determine the level of health risk from fecal contamination and associated pathogens in their 

respective waterbodies. The fecal indicator bacteria are not a primary threat to human health, but 

serve as an indicator for potential harmful pathogenic microorganisms and fecal waste 

contamination.  

Note that bacteria units are typically identified as colony forming units (cfu) or as most probable 

number (MPN) according to the lab method used for analysis. During our sampling period, 

bacteria were identified in units of MPN and the discussion here will  reflect that. The SELECT 

model uses cfu for bacteria units. These units (MPN and cfu) are comparable in terms of the 

quantity of bacteria.  
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TCEQ uses criteria based on the geometric mean to indicate bacteria impairments for 

recreational waterbodies. The geometric mean is a type of average that normalizes (no one 

number dominates the average) sampled data over a period of time. The geometric mean 

criterion for E. coli is 126 MPN/100 mL while the geometric mean criterion for Enterococci is 

35 MPN/100 mL (TCEQ 2012). These criteria are based on the TCEQôs standards for primary 

contact (i.e. swimming, water skiing and surfing) in recreational waterbodies. Targeted samples 

are not included in geometric mean calculations.  

All three Double Bayou tidal monitoring stations exceeded the geometric mean criterion for 

Enterococci (35 MPN/100 mL) (Figure 4-6 Bacteria geometric means). Of the three tidal 

stations, the WFU station had the highest geometric mean, while the EFL station had the lowest. 

The EFU station did not exceed the geometric mean criterion for E. coli (126 MPN/100 mL) and 

the WWTF station had a geometric mean significantly lower.  

 

Figure 4-6 Bacteria geometric means 

During rain events, bacteria can be transported to the bayou in associated surface runoff. 

Typically, the amount of bacteria transported to the bayou is dependent on the intensity of the 

rain event and the number of days since the last rain event. Longer periods between rain events 

can allow more fecal material to build up on the landscape and be washed into the bayou. 

However, not all of the bacteria that are deposited reach the bayou because die-off and 

absorption occurs from natural mechanisms such as exposure to sunlight and vegetative uptake. 

The bacteria that are not removed during these processes may be carried to the bayou during a 

rain event. This can be mitigated by implementing appropriate management measures that will 

help to remove some of the remaining bacteria before runoff reaches the bayous (see Chapter 6 

for management measures discussion). 
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The largest targeted rainfall event (2.80 inches) occurred on 4/17/2015; however, 0 days had 

passed since the last rainfall. In addition, 2.50 inches of rain had fallen over the five days just 

prior to the 4/17/2015 rain event (Figure 4-7 Targeted Event Bacteria Sampling Results). During 

this rain event, the highest concentration of E. coli from targeted sampling was recorded at the 

WWTF (49,000 MPN/100 mL) and at the EFU (9,600 MPN/100 mL) sampling stations. There 

were not enough data for geomean analysis for the targeted rainfall events; only single sample 

results are shown in Figure 4-7 Targeted Event Bacteria Sampling Results.  

 

Figure 4-7 Targeted Event Bacteria Sampling Results 
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4.8 Nutrients and Chlorophyll-a 
Nutrients and chlorophyll-a, which is the associated indicator of algae biomass, were the third 

class of indicator used to determine if excessive nonpoint source pollution is prevalent in the 

Double Bayou Watershed. Chlorophyll-a is a green pigment found in plants, which absorbs 

sunlight and converts it to sugar during photosynthesis using nutrients such as phosphorus and 

nitrogen. High levels of chlorophyll-a often indicate poor water quality and low levels often 

suggest good conditions, but it is the overall cycle that is important. However, long-term 

persistence of elevated levels can be problematic. Chlorophyll-a is often used as an indicator of 

the abundance and quantity of phytoplankton (microscopic plants) in coastal and estuarine 

waters. 

 

Figure 4-8 Nutrient percent of exceedance 
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Among the various forms of nutrients sampled by the USGS, nitrate, orthophosphate, total 

phosphorus and ammonia were chosen for analysis. It is important to monitor these nutrients 

because excess concentrations can lead to eutrophication (excessive plant growth). 

Eutrophication occurs when excessive nutrients fuel a phytoplankton bloom. This bloom can 

only be supported for a short period of time until large amounts of phytoplankton die off in 

unison and sink to the bottom of the water column. Their subsequent decomposition uses up 

available DO which depresses oxygen levels. The decreased oxygen levels can lead to die-off of 

organisms such as fish and invertebrates. These organisms then sink to the underlying hypoxic 

(low DO) zone (at the bottom) and use more oxygen as they decompose. This exacerbates the 

hypoxic conditions and continues to suppress oxygen levels eventually rendering the water body 

unsuitable for life. 

Concerns for attainment of general uses are identified using screening levels for nutrients and 

chlorophyll-a. TCEQ screening levels for nutrients and chlorophyll-a are statistically derived 

from monitoring data. Double Bayou West Fork was identified as a concern for water quality 

based on screening levels for chlorophyll-a in the 2012 Texas Integrated Report (TCEQ 2012). It 

is important to monitor the nutrient and chlorophyll-a levels in Double Bayou to assess long term 

trends. Tracking of these indicators can serve as early detection such as if the number of 

exceedances starts to increase or if  a new activity in the watershed is causing an excessive 

amount of nitrogen. Over the 20-month study period, the WWTF station had the highest percent 

of exceedances of ammonia, phosphorus and nitrate (Figure 4-8 Nutrient percent of exceedance). 

The WFL station had the highest percent of exceedance for Chlorophyll-a.  
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5 Pollutant Sources and Loads 

5.1 Modeling and Analysis Approach 

5.1.1 Land Use/Land Cover 

Land use/land cover is a crucial input to modeling and analysis used for determination of 

pollutant sources and loads. A pollutant load is the total amount of pollutant entering a 

waterbody from one or multiple sources. Pollutant load is measured as a rate, as in weight per 

unit time or weight per unit area. The determination of land use/land cover in the Double Bayou 

Watershed was accomplished by starting with land cover data from the 2010 NOAA Coastal 

Change Analysis Program (C-CAP) based upon 30-meter Landsat imagery. Stakeholders with 

local knowledge worked with this data set to ground truth the land cover as well as consolidate 

25 land classes into 7. The consolidation was based on local stakeholder expertise of land cover 

locations in the watershed. The details of this process are discussed in Chapter 2, Sections 2.5.1 

and 2.5.2.  

5.1.2 SELECT 

The SELECT (Spatially Explicit Load Enrichment Calculation Tool) model was used to estimate 

potential pollutant loadings from bacteria across the Double Bayou Watershed. SELECT was 

developed by the Department of Biological and Agricultural Engineering and the Spatial Science 

Laboratory at Texas A&M University. SELECT modeling for the Double Bayou Watershed was 

performed to estimate bacteria loadings from various sources and identified critical loading areas 

within the watershed. SELECT works within an ArcGIS environment and spatially characterizes 

the bacterial loads in the watershed. For this WPP, the distribution of livestock, wildlife, 

wastewater treatment facilities and septic systems along with the contributions from each were 

quantified through source-specific bacterial production rates. Rankings of each source were 

assessed for the entire watershed. A refined model was created by using available data and 

watershed characteristics to modify point sources based on stakeholder input. All model inputs 

and model results were discussed with stakeholders and outputs were assessed for management 

measure implementation. SELECT results are based on subwatersheds, which are smaller 

watersheds within the Double Bayou Watershed that are determined using elevation and 

hydrological characteristics. 

To maximize potential pollutant reduction and the efficiency of available funding, SELECT 

results support implementation of on-the-ground management measures. For example, a riparian 

herbaceous buffer, coupled with cross fencing and alternate water sources for livestock, was 

recommended to reduce bacteria contributions from feral hog and livestock fecal waste. 

SELECT provides stakeholders insight when they choose voluntary management strategies. 

5.1.3 Developing a Load Duration Curve 

A Load Duration Curve (LDC) is used to evaluate water quality data to determine pollutant 

loadings under different flow conditions. LDC analysis results in a graph representing the 

percentage of time during which the value of the load is equaled or exceeded. The first step in 

developing a load duration curve is to calculate a Flow Duration Curve (FDC). Flow data are 

sorted and ranked from highest flow to lowest flow and then used to develop a graph of flow rate 

versus frequency (Figure 5-1 Example Flow Duration Curve - stream flow data are used to 
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determine how frequently stream conditions exceed certain flows). The LDC analysis for the 

Double Bayou WPP was performed using flow measurements and bacteria samples obtained as 

part of the overall sampling plan (see Chapter 4.1). Stakeholders consider the LDC analysis for 

bacterial loads when deciding on load reduction goals. LDC analysis helps guide plan 

implementation and management strategies.  

 

Figure 5-1 Example Flow Duration Curve - stream flow data are used to determine how frequently stream conditions exceed 

certain flows 

Flow data from the FDC are multiplied by the water quality standard for the pollutant in question 

(in Double Bayouôs case, bacteria) to produce the LDC. The ñloadò is expressed as amount of 

pollutant per unit time ï for bacteria; this would be bacteria cfu/day. The resulting curve reflects 

the maximum load (bacteria in this case) a stream can carry during various flow conditions (low, 

medium, and high flows) without exceeding the water quality standard. Typically, a margin of 

safety (MOS) is applied to the pollutant concentration to allow for possible variations in loading 

from potential sources, stream flow, management measures and other types of uncertainty. For 

this WPP, stakeholders selected a 10% MOS for bacteria. The regulatory standard for E. coli 

bacteria as established by TCEQ for contact recreation is 126 cfu/100 mL; the applied 10% MOS 

results in a more conservative threshold concentration of 113 cfu/100 mL. 
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Figure 5-2 Example Load Duration Curve 

Different flow regimes are identified in the LDC as areas where the slope of the curve changes 

significantly ï indicating a significant change in flow. In the example (Figure 5-2 Example Load 

Duration Curve) and in the actual Double Bayou LDC (see Section 5.7 ), there are three flow 

regimes: high, mid-range and low. The monitored data can be plotted on the curve to show the 

frequency and magnitude of exceedances. In the example, the red squares indicate the data 

collected under high flow conditions, the blue triangles indicate data collected under mid-range 

conditions and the green circles indicate data collected during low flow conditions. In Figure 5-2, 

the red line ñmaximum allowable E. coli loads with 10% MOSò, indicates the maximum allowed 

load for E. coli bacteria with the 10% MOS discussed above. When the monitored data points are 

above the red line, the actual (measured) stream load has exceeded the water quality standard. 

Monitored data points on or below the red line indicate that the actual (measured) stream load is 

in compliance with the water quality standard.  

The blue regression line is the statistical ñbest fitò line for the monitored data (Figure 5-2 

Example Load Duration Curve). When the blue regression line is on or below the red line, the 

monitoring data are in compliance with the water quality standard. When the blue line is above 

the red line, the monitoring data are not in compliance with the water quality standard. 

Regression analysis aids in determining the estimated percent reduction needed to achieve 

pollutant loads.  

The LDC analysis provides information about pollutant concentrations and flows. In general, if 

exceedances observed on the LDC only occur during high flow conditions, nonpoint sources of 

pollution are likely to be the primary causes of impairment. High flow conditions usually 

indicate high rainfall events which increase surface runoff and therefore cause more surface 
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pollutants to be carried to the bayou. On the other end of the LDC, in general, if observed 

exceedances occur during low flow conditions, point sources of pollution are likely the primary 

cause of impairment. Low flow conditions usually indicate no runoff, which indicates that direct 

discharges (point sources) contribute to the bayouôs load. 

Tidal mixing was analyzed to determine the amount of influence tidal forces have on bacteria 

loadings in the lower tidal portion of the watershed. A critical component of tidal mixing 

analysis was the Index Velocity Site Gauge that was in operation throughout the project period at 

the West Fork Lower sampling station. The Index Velocity Site Gauge is a continuous operating 

flow meter that measures both positive and negative flows. Using this continuous flow data, 

comprehensive tidal analysis was performed. 

5.1.4 Identifying Point and Nonpoint Pollutant Sources 

The Anahuac WWTF is a point source in the Double Bayou Watershed (Figure 5-20 WWTF 

SELECT results). The effluent that is discharged to the Anahuac Ditch does not change location 

and comes from a single identifiable source (see Chapter 2.7.1 for compliance details). Many 

nonpoint pollutant sources contribute to the bacteria and nutrient concentrations of the bayous. 

To identify the diffuse nonpoint sources of pollution, the Double Bayou Partnership workgroups 

discussed all possible contributions (see Chapter 3 for details on all sources). As discussed in 

Chapter 3, there were three main Workgroups: the Wastewater/Septic Workgroup, the 

Recreation/Hunting Workgroup and the Agriculture/Wildlife/Feral Hogs Workgroup. Feral hogs 

were discussed in both the Agriculture/Wildlife/Feral Hogs and the Recreation/Hunting 

Workgroups because both sets of stakeholders have experience with the potential pollution and 

management issues associated with feral hogs.  

A consensus on a subset of primary point and nonpoint sources with known loading rates was 

reached for SELECT analysis. These sources include input from each of the three workgroups. 

Chapter 3.2.4 has a detailed discussion on the workgroups and possible sources and pollutants. 

The following analyses - SELECT, LDC and tidal mixing - are focused on bacteria pollutant 

loading because bacteria is the main pollutant of concern in the East and West Forks of Double 

Bayou. The potential sources from each workgroup discussed in the following sections are: the 

Anahuac WWTF and septic systems (from the Wastewater/Septic Workgroup); cattle, horses, 

goats and deer (from the Agriculture/Wildlife/Feral Hogs Workgroup) (Figure 5-3 Cattle in the 

Double Bayou Watershed); and feral hogs (from the Agriculture/Wildlife/Feral Hogs Workgroup 

and the Recreation/Hunting Workgroup). Note that dogs, which often are considered as a 

contributing source, were determined not to be a potential bacteria source of great concern due to 

the rural nature of the watershed and the low density dispersal of dogs. 
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Figure 5-3 Cattle in the Double Bayou Watershed 

5.2  SELECT Analysis Overview 
High and low bacteria loading scenarios were generated by stakeholder workgroups for sources 

that had population inputs; septic systems, cattle and feral hog. High, medium and low scenarios 

were generated for the WWTF. Single scenarios were generated for horse, goat and deer sources 

because their population inputs were fixed values. The high and low scenarios provide insight on 

the approximate range of potential load from a given source. The low scenarios provide a 

threshold for periods of low rainfall and a baseline for comparison. The stakeholders decided to 

use high loading scenarios for all possible sources to determine priority and placement of 

management measures within the watershed. This allows maximum effectiveness of 

management measures because the highest possible loads are targeted for reduction. 

Management measures can be designed to handle the worst case scenario. Reduction of bacteria 

loading rates requires a combination of management measures to have the greatest impact. High 

input scenarios from SELECT analysis will be discussed in this chapter; for low and medium 

scenario loading rates see Appendix D: In-depth SELECT Approach. 

The stakeholder-established land cover is a June 2014 (month of development) snapshot of land 

use in the watershed because agriculture is dynamic and may vary depending on the growing 

season and livestock grazing requirements (Figure 5-4 Land cover of Double Bayou Watershed). 

In some cases, this arrangement may shift the distribution of the associated nonpoint source 

pollutants to different subwatersheds from year to year (Figure 5-5 Double Bayou 

subwatersheds). For example, rice crops are typically rotated to different fields and alternated 

with other agricultural crops, cattle, or left fallow. The alternating fields typically remain in the 

same subwatershed because they are in close proximity to the original field. However, the overall 
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number of cattle and acres of crop land in the watershed will not change significantly even when 

they are rotated between subwatersheds.  

 

Figure 5-4 Land cover of Double Bayou Watershed 

The SELECT model output is E. coli load per subwatershed per day (for each input source) 

(Figure 5-5 Double Bayou subwatersheds). To achieve this, the SELECT model distributes the 

animal population for each source throughout the watershed based on input population and 

suitable habitat area (including land cover). The bacteria loading rate is another model input, and 

equals total cfu per day per animal (cfu/animal/day). The EPA created a standardized set of 

known daily bacterial loading rates from a variety of nonpoint sources (U.S. EPA 2001). These 
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loading rates are based on rate of excretion, diet, species of animal and other environmental 

factors. The SELECT model multiplies a known loading rate by the estimated population to 

generate a total load for each subwatershed. To convert total load to E.coli load, the total load is 

multiplied by the E.coli conversion factor of 0.63 (See Appendix D: In-depth SELECT Approach 

for load equations).  

SELECT results represent concentrations of bacteria that are potentially on the ground; not 

necessarily the amount of bacteria that reaches the bayous. Important factors to consider include 

distribution of source loadings, proximity of the source to the bayou, the amount and location of 

vegetative material that may filter bacteria contributions before they reach the bayou and 

variation in input populations (which is dependent on factors such as animal diet).  
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Figure 5-5 Double Bayou subwatersheds  

A total estimated load scenario was created for analysis by summing SELECT generated 

potential bacteria loads from 22 subwatersheds (Figure 5-6 Total output (all sources) bacteria 

loads). The subwatershed color scheme shows relative potential bacteria loads in different 

subwatersheds. Subwatersheds with the highest potential load are yellow (larger number in the 

legend). Dark blue represents subwatersheds with the lowest potential load (smaller number in 

the legend). The color scheme will remain the same for all SELECT output figures. Although the 

color scale remains the same, the high and low legend scale of loading rates changes per source. 

All units of bacteria are reported as colony forming units (cfu) per day (cfu/day). Analysis of 
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total estimated loads provides insight on the prioritization of management measures that have the 

greatest reduction of pollutants.  

  

Figure 5-6 Total output (all sources) bacteria loads 

SELECT analysis resulted in total loads ranging from 5.4x1010 (54,000,000,000 or 54 billion) to 

5.4x1012 (5,400,000,000,000 or 5.4 trillion) cfu of bacteria per day. To have the greatest impact, 

management measures can be prioritized to subwatersheds with the highest potential daily 

bacteria loads.  
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5.3 SELECT Results: Wildlife   
Wildlife is likely a large contributor to bacteria loads in the watershed. However, the SELECT 

model needs known quantifiable bacteria source excretion rates and population inputs to generate 

accurate results. Due to data restraints, the only native wildlife analyzed with SELECT was deer. 

Although the Double Bayou Watershed supports large flocks of migratory birds and background 

populations of wildlife, their potential bacteria contributions and population dynamics are 

unknown. Therefore, SELECT modeling focused on deer as the only known native wildl ife 

source with adequate data.  

A total deer population estimate was based on the Texas Parks and Wildlife (TPWD) deer 

density for Resource Management Unit 13 (RMU 13), where Chambers and Liberty County are 

located. RMU 13 currently has an estimated deer density of 5.15 deer/1,000 acres, with a 95% 

confidence interval of 2.2-12.3 deer/1,000 acres. Stakeholders agreed that this was a reasonable 

estimate. The Mixed Forest/Forested Wetland land class was determined to be the only land class 

suitable for deer (Figure 5-7 Deer associated land cover). The population estimate of 5.15 

deer/1,000 acres was applied to the 6,321 acres of suitable habitat generating a total watershed 

deer population of 33. The SELECT default for deer bacteria contributions of 3.5x108 

cfu/deer/day was used to generate estimated deer bacteria loadings.  
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Figure 5-7 Deer associated land cover 

Subwatersheds with most of the remaining Mixed Forest/Forested Wetland are located in the 

southern portion of the watershed. These subwatersheds also contain the largest deer populations 

(Figure 5-7 Deer associated land cover). However, deer contribute a small amount to the total 

daily potential bacteria load. Their highest potential to contribute is 3.3x106 cfu/day, while the 

lowest is 1.9x109 cfu/day (Figure 5-8 Deer SELECT results). Deer will not be actively managed 

by the Double Bayou Partnership because the TPWD already manages Texas deer populations 

(see Chapter 6.3).  






































































































































































































