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Executive Summary 
Lake Arlington is a reservoir located in southern Tarrant County, forming part of the boundary between the cities of 
Arlington and Fort Worth. The lake is fed primarily by Village Creek, a tributary of the West Fork of the Trinity River with 
a contributing watershed that headwaters in northern Johnson County, flowing northward to feed Lake Arlington. This 
watershed spans 28 river miles and covers 143 square miles (91,402 acres). Lake Arlington supplies water to the citizens 
of Arlington, but also to several other cities within Tarrant County (Bedford, Colleyville, and Euless, along with portions 
of Grapevine and North Richland Hills). Recreation is popular on the lake, and is a popular destination for anglers looking 
for catfish or largemouth bass in particular. 

Portions of ten incorporated communities and one census-designated place call the watershed home, varying in 
population from nearly 400,000 down to less than 300. The majority of the watershed surrounding the lake is urbanized, 
as is the area around the city of Burleson. Although the majority of the urban areas around the lake are fully built-out, 
there exists significant potential for urban growth in the southern extent of the watershed around Burleson and Joshua. 
Currently, these areas consist of mostly undeveloped land, with pasture, grassland, and deciduous forest being 
prominent both to the south and east of the watershed. In these areas, cattle are the most prominent livestock species, 
constituting just over half of the estimated livestock population in the watershed. The remainder is composed of nearly 
equal representation from sheep, goats, and horses. These three species, while well-represented in more rural areas, 
were also observed with frequency in many lower-density urban areas in the watershed, on small-acreage properties 
ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƘƻōōȅ ŦŀǊƳǎΦέ LƴŘǳǎǘǊȅ ŀǇǇŜŀǊǎ ǘƻ ōŜ Ƴƻǎǘ ŘŜƴǎŜ ǿƛǘƘƛƴ ǘƘŜ ǎǘǊŜǘŎƘ ƻŦ ƭŀƴŘ Ƨǳǎǘ ǎƻǳǘƘ ƻŦ ǘƘŜ 
lake along the I-20 interstate highway corridor, but examples of larger industrial complexes can be found throughout the 
watershed. 

The Need for a Plan 
Village Creek was first listed for a recreational use impairment due to excessive levels of E. coli bacteria in the 2010 
Texas Commission on Environmental Quality Integrated Report for Surface Water Quality. Successive reports published 
in 2012 and 2014 indicated that the creek was becoming progressively more impaired. At the time this watershed 
protection plan was being developed, the approved 2016 Integrated Report was not yet available for use. Current data 
places Village Creek at a geometric mean of 302 MPN/100 mL, more than double the state standard of 126 MPN/100 mL 
for water bodies designated for primary contact recreation. This impairment applies to the entire waterbody, designated 
as assessment unit 0828_A. While this impairment does not extend to Lake Arlington, the lake does exhibit levels of 
nitrate and chlorophyll-a that constitute general use concerns in the lake. Chlorophyll-a is by far the longest-standing 
concern, first listed in 2006 with appearances in every biennial report since. The latest data from 2014 places three lake 
assessment units, 0828_02, 0828_05, and 0828_6, at geometric means between 44.96 and 48.99 µg/L, which exceeds 
the screening level of 26.7 µg/L. Nitrate first appeared on the concerns list in 2012 and again in 2014, but only in an 
assessment unit 0828_07. In this unit, nitrate reached 0.47 mg/L in the 2014 report, exceeding the screening level of 
0.37 mg/L for lakes. 

Stakeholders Take Action 
Efforts to address these impairments and concerns began well before the conception of this WPP, with the earliest 
efforts beginning in 2011 as area stakeholders began to meet to discuss the Lake Arlington Master Plan, an initiative 
sponsored by the City of Arlington. This was followed by a study of ecological sensitivity in the Village Creek-Lake 
Arlington watershed, led by the North Central Texas Council of Governments, in partnership with the Trust for Public 
Land. In 2012, Kennedale followed on the heels of these efforts with its own Village Creek Master Plan. Though they vary 
in scope and intent, these three studies laid the foundations for discussions that would eventually lead to the suggestion 
of potentially developing a watershed protection plan for the Village Creek-Lake Arlington watershed. Coordination 
between the City of Arlington, the Texas Commission on Environmental Quality, and the Trinity River Authority ensued, 
and in 2015, these entities began developing the Village Creek-Lake Arlington Watershed Protection Plan.  
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Basemap: ESRI World Streetmap; Stream data source: National Hydrography Dataset (NHD). 

Location of Village Creek-Lake Arlington Watershed. 



Executive Summary 

Village Creek-Lake Arlington Watershed Protection Plan xiii 

Over the course of the next three years, stakeholders gathered to form the Village Creek-Lake Arlington Watershed 
Partnership, meeting to discuss priorities for water quality improvements and strategies for preventing further 
degradation. Development of the plan took place over the course of 16 meetings between the general Partnership and 
its subcommittees. Meetings were open to the public, represented by attendees from watershed residents, businesses, 
municipal and county staff, other public officials, and state/federal agency staff. From the onset, Partnership members 
clearly defined their goals of improving water quality in Village Creek and protecting water quality in Lake Arlington, 
while simultaneously accounting for the socio-economic needs and recreational wants of those that live, work, and play 
in the VCLA watershed. 

Addressing Pollutant Sources 
A watershed characterization was initiated during the first year of the project, providing additional water quality data for 
stakeholders to use in their quest to identify potential pollutant sources. Through the use of several pollutant load 
calculation techniques, it was determined that pet waste, livestock, feral hogs, and septic systems were significant 
sources of E. coli. However, after much discussion about the relative cost effectiveness of the best management 
practices associated with reducing loads for each of these pollutant source categories, stakeholders were able to adjust 
their priorities, focus on managing modeled sources that could be managed more efficiently, and were even able to 
incorporate management measures to address some important non-modeled sources, including illegal dumping, lawn 
wastes, and residue. While these two sources are not directly related to significant E. coli loads, both still present real 
threats to water quality if left unchecked, so stakeholders chose to make these additional priorities in addition to the 
efforts focused on E. coli load reductions. 

Researchers associated with the WPP used the collected water quality data to determine that a reduction of 72% in E. 
coli concentrations would be needed to meet the state water quality standard for primary contact recreation and 
maintain a 10% margin of safety to account for uncertainties inherent to the planning, research, and implementation 
strategies associated with the WPP effort. Data was also used to set interim milestones to guide progress in pursuit of 
water quality goals. Due to a lack of numeric criteria and available data, numeric goals were not set for other pollutants, 
but goals and interim milestones using other metrics, such as reductions in the number of sanitary sewer overflow 
events) were dictated whenever it was appropriate to do so. It was determined that the majority of pollutant sources in 
the watershed were nonpoint sources and therefore closely related to stormwater runoff. Because of this, it is likely that 
many of the management measures purposed for E. coli reductions will likely also reduce a number of other pollutants, 
including nutrients (like nitrate), sediments, and other hazardous substances that could become pollutants in the future. 

Recommended Actions 
Based on their evaluation of the monitoring, modeling, and survey data collected during earlier stages of the WPP, 
Partnership members recommended several management practices targeted to E. coli reductions, with expectations 
that other known and emerging pollutants would also be attenuated along with E. coli when the management measures 
are applied. Additional recommendations were made to gather more information regarding illegal dumping activities, 
illicit discharges, and other stormwater-related sources, so that efforts to address these concerns can be mobilized 
quickly during the implementation stages of the WPP. 

Dogs and Cats 
Pets are a significant source of E. coli in the watershed. Stakeholders immediately recognized that efforts put towards 
reducing loads from pet waste, specifically from dogs as well as outdoor, feral, or barn cats, would provide significant 
reductions with high cost-effectiveness. Recommendations made by the stakeholder group include the development 
and adoption of model pet waste ordinances and by-laws to help combat bad actors that leave pet waste in public areas, 
installation of additional pet waste stations in high-need areas throughout the watershed, and promotion and 
installation of pet waste digesters for homeowners to help reduce the incidence of pet waste-borne E. coli entering 
waterways from their backyards. 

Illegal Dumping 
Illegal dumping was a significant concern for stakeholders in the VCLA watershed, and addressing the problem early in 
implementation quickly became a priority. To support this effort, early grant funding requests are expected to 
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incorporate support for wider-ranging and more frequent surveys of the watershed to locate popular illegal dumpsites 
so that the proper enforcement entities have the necessary information to move forward with cleanup efforts. 
Hazardous household waste pickup days for rural/unincorporated areas were also identified as a need, as was expansion 
of current lake cleanup events to extend into the Village Creek watershed to be inclusive of communities in the southern 
extent of the watershed. 

Lawn Residue and Waste 
Development of model lawn residue and waste ordinances and by-laws to discourage residents and businesses from 
disposing of organic lawn waste into stormwater drains and/or overuse lawn chemicals was seen as a priority to reduce 
impacts to aquatic health in the creeks and the lake. Existing landowner resources promoting land management, green 
infrastructure, proper irrigation, soil health, and herbicide/pesticide application were also seen as valuable resources. 

Livestock 
Agricultural management measures have been a mainstay of the watershed planning process, and are popular options 
for incorporation into WPPs due to their flexibility in aggregating a number of smaller land, forage, and animal 
management practices into cohesive, whole-farm or whole-ranch plans that are developed by local resource technicians 
to meet the needs of the watershed.  

Feral Hogs 
While feral hogs did prove to be a significant source of E. coli loading in the watershed, stakeholders understood that 
attempts to manage the population would be costly, resource-intensive, and would likely only provide minimum returns 
on investment. To that end, management recommendations focus on using existing or voluntary measures such as 
landowner agreements to construct exclusionary fencing around attractive nuisances (e.g. game feeders), and shoot-on-
site tactics. In addition to limited funding identified for creation and management of a framework designed to connect 
landowners to a network of trappers, trapping programs, and other feral hog-related resources, Partnership members 
also outlined funding for a municipal trap share program, if the need and desire to move forward with a coordinated 
trapping program arises in the future. 

Sanitary Sewer Overflows 
It is understood that the majority of corrective activities associated with sanitary sewer overflows falls outside of the 

purview of the Clean Water Act Section 319(h) program, but stakeholders still recognized opportunities to assist 

wastewater infrastructure managers with identification of potential SSOs. The implementation of stormwater 

infrastructure assessments designed to identify illicit wastewater connections, proper placement and abundance of 

storm drains, and the identification of other opportunities to improve stormwater conveyance, will help minimize 

impacts from infiltration and inflow from stormwater systems. This assessment will help identify infiltration into 

wastewater infrastructure and reduce pollution from sanitary sewer overflows. 

Septic Systems 
Retrofitting and replacing failing septic systems is a proven method of reducing pollution. However, significant 
installation costs can quickly exhaust available implementation funding with a lower return on investment when 
compared with other management activities. Instead, the Partnership focused on incentivizing septic inspections and 
pumpouts, with system retrofits and complete replacements identified as a secondary component. Neighborhood-wide 
events to take advantage of cost savings for inspections and pumpouts were also identified as viable management 
measureΦ 9ƳǇƘŀǎƛǎ ǿŀǎ ŀƭǎƻ ǇƭŀŎŜŘ ƻƴ ǇǊƻƳƻǘƛƻƴ ƻŦ άǎŜǇǘƛŎ ǘƻ ǎŜǿŜǊέ ƛƴƛǘƛŀǘƛǾŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǊŜǎƛŘŜƴǘǎ ƛƴ ŀǊŜŀǎ ŎƻǾŜǊŜŘ 
by centralized wastewater systems but have yet to make the switch from their existing septic system.  

Education and Outreach 
In general, education and outreach initiatives will be tied to the physical and programmatic management measures 
covered in the previous section. Various examples include: 

¶ Implementation of existing resources highlighting the importance of proper pet waste disposal; 

¶ Development of educational materials for novel or under-utilized pet waste management methods; 
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¶ Land conservation education for new owners of hobby farms with no prior farming experience; 

¶ Continued development and delivery of feral hog educational workshops; 

¶ Coordination with other entities on existing, successful campaigns for littering and illegal dumping; 

¶ Implementation ƻŦ ά²ŀǘŜǊ ²ƛǎŜέ ǇǊƻƎǊŀƳƳƛƴƎ ŦƻǊ ƘƻƳŜƻǿƴŜǊǎ ŀƴŘ ƭŀǿƴ ŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭǎ ǊŜƎŀǊŘƛƴƎ ǇǊƻǇŜǊ 
stormwater management techniques associated with home and lawn care; 

¶ Implementation of existing septic system maintenance training for homeowners; and  

¶ Development of new training for professionals like real estate agents to reduce the likelihood of system failure and 
surface water contamination. 

 

Tracking Implementation Progress 
To track implementation progress and improvements in water quality, it will be necessary to continue routine water 
quality monitoring in the watershed. There may also be a need to supplement this broad scoped monitoring effort with 
more targeted monitoring, which could be catered to a specific source, location, or management measure of interest. As 
the needs of the watershed progress, flexibility in the monitoring program will be imperative so that researchers can 
adapt to the monitoring needs as new developments arise. Future changes in water quality, along with implementation 
updates and other relevant news, will be conveyed to stakeholders in a manner agreed upon by the Partnership. An 
annual newsletter will be provided over the 10-year implementation period, with meetings held on an as-needed basis. 

²ƘŀǘΩǎ bŜȄǘΚ 
In the coming years, the Village Creek-Lake Arlington Watershed Protection Partnership will continue to convene, at a 
frequency and manner that is agreed upon by the Partnership, with an annual meeting as a minimum. These meetings 
will be designed to provide attendees with updates on implementation progress, covering active and completed 
projects, along with any water quality or aesthetic improvements these projects exemplified. These meetings will also 
serve as checkpoints to evaluate implementation progress and to determine whether adaptive management techniques 
will be needed to ensure projects stay on course in pursuit of water quality goals so that future generations may benefit 
from the work done in the present to protect the valuable resources in the Village Creek-Lake Arlington Watershed.  

Morning dew on a web overlooking Village Creek at the US 287 BUS bridge in Kennedale, TX. 
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1.0 Watershed Management 

1.1 Watersheds and Water Quality 
A watershed is the land area that drains water to a common point such as a stream, river, lake, wetland, or ocean. 
Watersheds can be very small, such as part of a park that drains to the creek in your neighborhood. Many of these small 
watersheds combine to form much larger watersheds, such as major river basins that drain large portions of states, and 
in some cases, cover large portions of countries or continents. For example, several sub-watersheds make up the Village 
Creek watershed, which is itself part of the Trinity River basin (Figure 1-1).  

No matter where you are ƻƴ ǘƘŜ 9ŀǊǘƘΣ ȅƻǳΩǊŜ ƛƴ ŀ ǿŀǘŜǊǎƘŜŘΦ As runoff water from storms flows across the landscape, it 
picks up and carries sediment and various other substances as it flows to a waterway. This means that everything we do 
on the land affects both water quality and quantity, and the cumulative effects can impact the function and health of 
the whole watershed. 

An effective watershed management strategy will show a measurable effect on the water quality of the receiving 
waterbody. To accomplish this, the strategy must account for and examine the full scope of human activities and natural 
processes that occur within the watersƘŜŘΩǎ ōƻǳƴŘŀǊȅΦ 

1.2 The Watershed Approach 
Watersheds often contain parts of many municipalities and counties, and may even cross state lines. This often makes it 
difficult for any one entity to approach and solve water quality concerns on their own. To address this constraint, many 
state resource agencies, in partnership with federal agencies, have adopted a watershed approach for managing water 
quality, which involves assessing the sources and impacts of water quality impairments at the watershed level. That 
information can be used to develop and implement best management practices (BMPs) that are applicable throughout 
the entire watershed. 

Utilizing a watershed approach greatly improves the 
chances of identifying and evaluating all potential 
pollution sources to a waterway. A key component of 
the watershed approach is the input from 
stakeholders, who may be anyone that has an 
interest in the watershed. These stakeholders may 
offer unique insights and experiences gained from 
either working, living, or engaging in recreation in the 
watershed. These insights and experiences will 
supplement water quality monitoring data to help 
inform management decisions that are put into 
practice. As users of the watershed, stakeholders 
have a vested interest in the water quality, and will 
also be affected by the management decisions used 
to address water quality issues. 

1.3 Watershed Protection Planning 
To support stakeholders who wish to utilize this 
watershed approach, the U.S. Environmental 
Protection Agency (EPA) has developed a list of nine 
key elements necessary for developing a successful 
watershed protection plan (WPP) capable of 
addressing water quality issues. A WPP document 
outlines the coordinated efforts of all stakeholder 
groups as they plan to implement a prioritized set of 

Figure 1-1. Conceptual interpretation of the Village Creek-Lake Arlington 
watershed system. 
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water quality protection and restoration strategies. Details about these elements, as well as the WPP chapters they 
correspond to, are provided in Appendix A: Key Elements of Successful WPPs. 

The intent of the Village Creek-Lake Arlington (VCLA) WPP is to empower stakeholders to implement these strategies 
through voluntary participation in pursuit of the environmental goals they set themselves. Public participation is a 
critical component throughout the process, as it is up to stakeholders to select, design, and implement management 
strategies best suited for the watershed from the standpoints of economic feasibility, social acceptability, and scientific 
credibility. The success of the VCLA WPP is dependent on the continued commitment of residents, landowners, 
businesses, and elected officials to act as good stewards of the natural resources of the watershed. 

1.4 The Village Creek-Lake Arlington Watershed Protection Partnership 
Effective WPPs utilize local knowledge and expertise to guide the planning process, ensuring that the BMPs selected for 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀǊŜ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƛǎǎǳŜǎΣ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŜǘǘƛƴƎ ƻŦ ǘƘŜ ǿŀǘŜǊǎƘŜŘΣ ŀƴŘ 
feasible for the watershed residents, given available resources. If this process is followed, local stakeholders are more 
likely to modify their behaviors and adopt the BMPs identified in the Plan. 

1.4.1 Formation 
The VCLA Watershed Protection Partnership (Partnership) effort was initiated to address water quality concerns in both 
Lake Arlington (segment 0828) and its tributaries. Drinking water from Lake Arlington is utilized by over half a million 
people in both the city of Arlington and other communities throughout Tarrant County. Although Lake Arlington is 
currently fully supporting its drinking water use, several assessment units (AUs) of Lake Arlington are listed on the TCEQ 
2014 Water Quality InventoryτWater Bodies with Concerns for Use Attainment and Screening Levels for chlorophyll-a 
(chl-a) and nitrate (TCEQ, 2015a)Φ ¢ƘŜ ƭŀƪŜΩǎ main tributary, Village Creek, has been ƭƛǎǘŜŘ ƻƴ ¢/9vΩǎ ¢ŜȄŀǎ ²ŀǘŜǊ vǳŀƭƛǘȅ 
Inventory-303(d) List as impaired for bacteria since 2010 (TCEQ, 2015b). 

Rapid and often unsustainable development around the lake and within the watershed has and will continue to 
negatively affect water quality over time, as indicated by previous studies conducted for the watershed, namely the 
2011 Lake Arlington Master Plan (LAMP) (Malcolm Pirnie and Arcadis U.S., 2011), the 2011 Greenprint Study conducted 
by the Trust for Public Land (TPL, 2011), and the Village Creek Master Plan and Flood Study developed for the City of 
Kennedale (Halff, 2012). To combat this degradation, local stakeholders have elected to take a proactive approach to 
establish appropriate management measures to ensure that the water quality in the lake is protected. 

As part of the process for developing the LAMP, stakeholders were identified and their participation was elicited. 
Beginning in 2011, bimonthly stakeholder meetings within the Lake Arlington watershed were held to discuss 
opportunities to collaborate on watershed protection. This activity was instrumental in creating the Clean Water Act 
(CWA) Section (§) 319(h) grant application. An assessment of the LAMP was undertaken in May 2012 by these 
stakeholders to identify and prioritize the suggested projects. During the development of the LAMP, the results of the 
sampling and modeling efforts identified nutrients and chl-a as important parameters of concern. While well-suited to 
the objectives of the LAMP, the sampling and modeling performed was not of sufficient quantity and specificity to allow 
for load reductions to be calculated for existing impairments. To address this need and ensure eligibility for federal 
assistance for water quality protections and improvements through the CWA § 319(h) grant program, the group made 
the recommendation to pursue a watershed-based plan effort. This, along with support from those parties involved with 
the Greenprint Study and the Village Creek Master Plan, provided the support base needed to begin orchestrating a 
concerted stakeholder effort in the watershed. 

1.4.2 Structure 
The public effort for the Partnership consists of three stakeholder groups, each with its own set of responsibilities and 
focus areas. To ensure that watershed interests are well-represented, there is a continued effort by the project team to 
maintain stakeholder representation that is well-distributed, both spatially throughout the watershed, and topically 
amongst multiple users with varying needs. 
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General Membership 
The Partnership functions as the overall stakeholder group, consisting of all stakeholders, including subgroup members 
and general members. As such, there are no formal membership requirements, and members may come and go as they 
please. Partnership meetings serve as a public forum for stakeholder concerns and updates on project progress. 

Steering Committee 
To facilitate the decision-making process, a core group of stakeholders presently act as the voting body of the 
Partnership, known as the Steering Committee (Committee). The Committee has and will continue to vote on key 
watershed decisions and review potential water quality improvement BMPs for applicability in the watershed.  

The intent of creating the Committee is to foster a wide representation of varied focus groups, including local 
landowners, businesses, and government officials. These focus groups represent areas of shared knowledge and 
interest, capable of providing valuable feedback from a variety of perspectives. A list of members and focus groups is 
provided in Figure 1-2.  

Technical Advisory Group 
The Partnership also saw a need to create a second stakeholder subgroup capable of providing technical guidance, 
resource information, and funding opportunities to both the Committee and the Partnership. This technical advisory 
group (TAG) will serve strictly in an advisory capacity with no formal voting power, making recommendations to the 
Partnership and Committee as needed. A list of participating entities is provided in Figure 1-3.  

Steering Committee (17 members)
Municipalities (4) Local Resource Agencies (2)
¶         City #1 (Lake Arlington area) ¶         SWCD Rep (Dalworth or Johnson District)

¶         City #2 (Village Creek area) ¶         Ag Extension Agent (Johnson or Tarrant Co.)

¶         City #3 (at large) Regional Water Entities (2)
¶         City #4 (at large) ¶         Rep #1

Private Landowners (4) ¶         Rep #2

¶         Rep #1 (Lake Arlington area) Industry (2)
¶         Rep #2 (Village Creek area) ¶         Food/Beverage

¶         Rep #3 (Ag/Rancher) ¶         Energy

¶         Rep #4 (at large) Education (2)

Counties (1) ¶         4-year institution

¶         Public Health (Johnson or Tarrant Co.) ¶         2-year institution

Figure 1-2. Steering Committee membership and focus groups. 

Technical Advisory Group (12 members)
¶         North Central Texas Council of ¶         Texas Institute for Applied Environmental 

        Governments (NCTCOG)         Research (TIAER)

¶         Natural Resource Conservation Service ¶         Texas Parks & Wildlife Department (TPWD)

        (NRCS) ¶         Trinity River Authority of Texas (TRA)

¶         Railroad Commission of Texas (RRC) ¶         Tarrant Regional Water District (TRWD)

¶         Texas AgriLife Extension & Research ¶         U.S. Environmental Protection Agency (EPA)

        (AgriLife) ¶         U.S. Fish & Wildlife Service (FWS)

¶         Texas Commission on Environmental ¶         U.S. Geological Survey (USGS)

        Quality (TCEQ)

Figure 1-3. Technical Advisory Group membership. 
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1.4.3 Coordinated Development of the Plan 
Development of the Plan was achieved through the combined efforts of the Steering Committee, TAG, and general 
Partnership over the course of a 29-month period. Partnership members were instrumental in identifying BMPs and 
strategies that proved useful from their diverse experiences, and the TAG was useful in providing technical information 
ǘƻǿŀǊŘǎ ǘƘŜǎŜ ǇǊŀŎǘƛŎŜǎΩ ǇƻǘŜƴǘƛŀƭ ōŜƴŜŦƛǘǎΦ ¢ƘŜ /ƻƳƳƛǘǘŜŜ ǳǎŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ōƻǘƘ ƎǊƻǳǇǎ ǘƻ ǊŜŎƻƳƳŜƴŘ ǿƘƛŎƘ 
BMPs were the best fit for the VCLA watershed and its residents. 

Ultimately, this information was used by the Committee to evaluate the BMPs that need to be implemented to achieve 
the desired water quality goals. This process involves continued communication between all three groups as they 
identify measurable milestones for these goals and prioritize specific BMPs. This may require review and revision of the 
Plan through the use of adaptive management techniques, as well as the effective communication of valuable 
information about the impacts of the Plan to other interested or affected entities, both within and outside of the 
watershed. 

Achieving improvements in water quality will not be a short-term effort and will continue long after the initial planning 
ǇŜǊƛƻŘ ƛǎ ŎƻƳǇƭŜǘŜΦ 9ǾŜƴ ŀŦǘŜǊ ǘƘŜ tƭŀƴΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘy goals are achieved, continued preservation of these goals and 
long-term protection of the watershed is necessary. As such, the Steering Committee will continue to be a functional 
group throughout the implementation period of the Plan, as successive components of the Plan are put into practice 
throughout the VCLA watershed. These programs and practices will require periodic evaluation of their results through 
the use of continued water quality monitoring, which will be targeted to interim and long-term milestones. Through 
these evaluations, adaptive management techniques will be used to reassess the recommended strategies used in the 
watershed. 

Watershed stakeholders attending the Texas Riparian & Stream Ecosystems Workshop in Arlington, TX. 
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2.0 Watershed Overview 

2.1 Geography 
The VCLA watershed extends approximately 28 river miles from its headwaters near the City of Joshua in Johnson 
County to the Lake Arlington dam in Tarrant County. Elevations in the watershed range from 1,065 ft above mean sea 
level (MSL) at Caddo Peak in the headwaters of Willow Creek west of Joshua in Johnson County, down to 550 ft above 
MSL at the normal conservation pool elevation of Lake Arlington. 

The watershed contains two TCEQ-designated segments, Lake Arlington (0828), and Village Creek (0828A). The entire 
drainage area behind the Lake Arlington dam consists of approximately 143 mi2, or 91,402 ac. The VCLA watershed is 
composed of a series of smaller watersheds that are defined by 12-digit hydrologic unit codes (HUC). These smaller 
HUCs then combine to form larger HUCs that are defined by 10, 8, 6, or 4 digits. For example, the VCLA watershed is 
actually composed of several subunits of the Village Creek watershed (10-digit hydrologic unit code (HUC): 1203010204). 
This is part of the Lower West Fork Trinity subbasin (HUC 12030102) which is part of the Upper Trinity River basin (HUC 
120301) and the Trinity River subregion (HUC 1203) (Figure 2-1).  

While Lake Arlington receives the majority of its flow from Village Creek, it will occasionally receive storm flows from 
other smaller tributaries along its perimeter. Wildcat Branch and Prairie Dog Creek are the largest tributaries on the 
west side of the lake, but they and the majority of the other direct lake tributaries are largely ephemeral in nature. 
There are a few smaller tributaries on the east bank that drain housing subdivisions. Steady baseflow is present in many 
of these eastern tributaries. Spring flow in Village Creek is rare, but several seeps have been identified midway through 
the watershed that may constitute some small portion of baseflow as well. 

Village Creek itself is fed by several named tributaries, with Winding Creek, Kennedale Creek, and Elm Branch draining 
the area in the vicinity of Kennedale. Deer Creek drains Crowley and parts of northern Burleson, while Little Booger 
Creek, Shannon Creek, and Willow Creek drain the western portion of Burleson around IH-35. To the east, Quil Miller 
Creek drains a large rural area containing eastern Burleson, along with the towns of Briaroaks and Cross Timber. 
Population centers in the watershed include 10 municipalities and one census-designated place (CDP) (Table 2-1). 

Figure 2-1. Location of the Village Creek-Lake Arlington watershed within the Trinity River Basin in Texas. 

On the left: The Trinity Basin within the context of the state, with the location of the VCLA watershed in red. On the right: a closer view of the watersheds and 

nearby subbasins that interact with the VCLA watershed. Data Source: TWDB and TCEQ. 
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2.2 Geology and Soils 
The VCLA watershed is largely located within the 
Grand Prairie physiographic province according to the 
Physiographic Map of Texas (BEG, 1996). The majority 
of the watershed is underlain by units from the 
Washita and Woodbine groups, with some fluviatile 
terrace deposits and alluvial floodplain deposits in 
areas underlying Lake Arlington and Village Creek. 

Soils in the vicinity of the lake are composed mainly of 
fine sandy loams with silty clays near the transitional 
zone within Village Creek. Some of the more common 
upland soil groups in the watershed include Crosstell 
fine sandy loams, Sanger clays, Crosstell-Urban land 
complex, and Ponder clay loam. Several hydric soils 
occupy the bottom land areas of the watershed, with 
Frio silty clays, Pulexas fine sandy loam, and Hassee 
fine sandy loam being most common (USDA, 2015a, 
2015b). For a more comprehensive list of soils in the 
watershed, visit the U.S. Department of Agriculture 
(USDA) Natural Resource Conservation Service (NRCS) 
Soils Surveys developed for Johnson and Tarrant 
counties available online at: 
https://websoilsurvey.sc.egov.usda.gov/. 

2.3 Land Use and Land Cover 
The downstream portions of the watershed 
surrounding the lake are urbanized, while the 
upstream portions of the watershed have remained 
generally ǊǳǊŀƭ ǿƛǘƘ ǎƻƳŜ ǇŀǎǘǳǊŜƭŀƴŘ ŀƴŘ ǊƻǿπŎǊƻǇ 
agriculture. Major population centers include the city 
of Burleson and the communities of the southwest 
DFW Metroplex, which includes portions of Fort 
Worth and Arlington. These population centers 
compose the majority of the developed land in the 
area, shown in red on Figure 2-2. Land use within the 
watershed from 2013, based on data collected by the 
North Central Texas Council of Governments 
(NCTCOG), is depicted in Figure 2-3, which relates a 
use category (residential, industrial, undeveloped, 
etc.) to the land cover information. The urban centers 
previously mentioned are characterized by a high 
percentage of single family homes, but a significant 
percentage of industrial complexes are shown to exist 
immediately south and west of the lake. Outside of 
these urbanized areas, ranch land is dominant, with 
pockets of farm land and undeveloped lots being 
typical. 

Figure 2-2. 2012 NLCD land cover classes in the watershed. 

Data source: Multi-Resolution Land Characteristics Consortium; Basemap: ESRI 

World Imagery. 

Table 2-1. Population centers in the VCLA watershed. 

Name

2015 Population 

Estimatea
% of City Limit 

in Watershedb
Population in 

Watershed
Arlington 388,125 3.61%c

14,024

Briaroaks 496 100.00% 496

Burleson 43,625 89.16% 38,894

Cross Timber 275 100.00% 275

Crowley 14,853 100.00% 14,853

Everman 6,352 100.00% 6,352

Forest Hill 12,881 99.95% 12,874

Fort Worth 833,319 10.42% 86,856

Joshua 6,066 49.28% 2,989

Kennedale 7,715 84.08% 6,487

Rendon CDP 13,577d
48.29% 6,556

(d) Based on the 2010 population and average 2010-2015 projected population 

increases for nearby municipalities.

(a) U.S. Census Bureau estimate based on 2010 census projections.

(b) Calculated using TXDOT 2015 municipal boundary dataset.

(c) Excludes part of the city limits that lie within Lake Arlington's footprint.

https://websoilsurvey.sc.egov.usda.gov/
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2.4 Ecology 
The watershed is wholly situated within the Cross Timbers ecoregion. All of Lake Arlington is located in the Eastern Cross 
Timbers ecoregion (29b). Here, oaks are common overstory trees, along with hickory, redcedar, and various sumac 
species. Native grasses such as bluestem, Indiangrass, and dropseed are represented in the understory and prairie 
inclusions. The majority of Village Creek also falls within 29b, but the western portion of the watershed, including 
several smaller tributaries, is encompassed within the Grand Prairie ecoregion (29d). The upland area is dominated by 
tallgrass prairie species. In undisturbed areas, this includes bluestems, Indiangrass, gramas, and cupgrasses. In riparian 
bands, woody species such as elm, pecan, and hackberry are common (Griffith et al., 2007). 

No critical habitat for any federally-listed threatened and endangered species exists in the watershed, but data from the 
U.S. Fish and Wildlife Service (FWS) and Texas Parks and Wildlife Department (TPWD) indicated several threatened and 
ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎ ǘƘŀǘ Ƴŀȅ ƻŎŎǳǊ ƛƴǘŜǊƳƛǘǘŜƴǘƭȅ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ hŦ ƴƻǘŜ ƛƴ ǘƘŜ C²{Ωǎ CŜŘŜǊŀƭ ƭƛǎǘ ǿŜǊŜ 
several endangered or threatened avian species, including the Black-capped Vireo (Vireo atricapilla), Golden-cheeked 
Warbler (Dendroica chrysoparia), Least Tern (Sterna antillarum), and Whooping Crane (Grus Americana). The list also 
included one species of freshwater mussel, the Texas Fawnsfoot (Truncilla macrodon), which is currently listed as a 
Candidate species (USFWS, 2016).  

Additional avian and mollusk species appear on the TPWD list. These county-level lists also include several fish, mammal, 
reptilian, and plant species, which are not present in Federal lists (TPWD, 2016a, 2016b). 

2.5 Fish and Macroinvertebrate 

Communities 

2.5.1 Lake Arlington 
Due to its relatively urban locale, Lake Arlington has 
long been a popular venue for sport and recreational 
fishing for south-central portions of the Metroplex. As 
such, populations of Largemouth Bass, White Crappie, 
and Channel Catfish are managed by the Texas Parks 
& Wildlife Department (TPWD). In particular, Lake 
Arlington is a popular destination for Channel Catfish, 
and regularly boasts the highest catch rates amongst 
all the lakes within its district. Largemouth Bass are 
also very popular and are stocked frequently. 

Prey species include abundant populations of Gizzard 
and Threadfin Shad, along with sustainable numbers 
of Bluegill and Longear Sunfish. Channel Catfish are, 
as previously mentioned, very abundant in the lake, 
but Flathead Catfish are also present. Largemouth 
Bass and White Crappie are usually abundant, but the 
latest population numbers are lower than in past 
surveys. White Bass, though present, are not 
common, and Yellow Bass populations are on the rise. 

Emergent vegetation within the lake is typically 
sparse, so fish habitat usually consists of native 
vegetation such as water willow and buttonbush, 
although there have been human efforts to enrich 
habitat through artificial structures constructed from 
bamboo. Fish also utilize a number of artificial rocky 
shorelines and riprap for cover. 

Data source: NCTCOG; Basemap: ESRI World Imagery. 

Figure 2-3. 2013 NCTCOG land use classifications in the watershed. 
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Recently, two invasive species have posed a threat to the lake. These include zebra mussels and an aquatic plant known 
as Giant Salvinia. TPWD worked with the City of Arlington to install signage near boat launches and public areas around 
Lake Arlington to educate anglers and boaters of the threat, and to date no reports of either species have been 
documented in the lake. (Brock and Hungerford, 2015). 

2.5.2 Village Creek Aquatic Life Monitoring 
The portion of Village Creek upstream of Lake Arlington is classified as an intermittent stream with perennial pools that 
are sufficient to support significant aquatic life use. Data collected in the summer and fall of 2016 indicated that the 
stream exceeded its previously-ǇǊŜǎǳƳŜŘ ΨƭƛƳƛǘŜŘΩ ǳǎŜ ƭŜǾŜƭΦ  

CƻǊ ŦƛǎƘΣ ŜǾŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ōƻǘƘ ǘƘŜ ŎǊƛǘƛŎŀƭ ǎǳƳƳŜǊ ƳƻƴǘƘǎ ŀƴŘ ǘƘŜ ŎƻƻƭŜǊ ƛƴŘŜȄ ǇŜǊƛƻŘ ǇǊƻŘǳŎŜŘ Ψ9ȄŎŜǇǘƛƻƴŀƭΩ ŦƛǎƘ 
scores for both species diversity and population. Several of the notable species identified include catfish (Yellow 
Bullhead, Flathead, Channel), sunfish (Bluegill, Longear, Redear, Green), Largemouth bass, white crappie, topminnow 
(Blackspotted, Blackstripe), Bullhead minnow, shiner (Red, Blacktail), Gambusia, and Bluntnose Darter.  

Benthic macroinvertebrate genera represented included caddisflies, damselflies (rubyspot, dancer), riffle beetles, 
flatworms, dragonflies (amberwing, spinyleg, ringtail), mayflies, water striders, non-biting midge flies, horse flies, and 
black flies. One species of scud (amphipod) was also identified, Hyalella azteca. Sampling for freshwater mussels was not 
a component of the study, but Tapered pondhorn, 
Threeridge, Yellow sandshell, Giant floater, and Asian 
clam specimens were observed in the field.  

2.6 Climate 
County-level data for areas within the watershed 
ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ŎƭƛƳŀǘŜ ŀǎ ΨƘǳƳƛŘ ǎǳōǘǊƻǇƛŎŀƭΣΩ ǿƛǘƘ 
hot, humid summers and generally mild to cool 
winters (Kottek et al., 2012). Mean annual daily 
temperature from the National Weather Service 
(NWS) database for the Dallas/Fort Worth (DFW) 
Metroplex (https://www.weather.gov/fwd/dfwclimo) 
is 65.9 °F for the entire period of record (POR) 
between 1899 and 2015. Temperatures are generally 
lowest in January and highest in July, with POR daily 
annual averages of 45.5 °F and 85 °F, respectively. 

The watershed generally receives between 32 and 36 
inches of precipitation annually, while the mean 
annual precipitation for the entire DFW area is 33.1 
inches for the entire POR between 1899 and 2015. 
The lowest yearly total came in 1921, with only 17.9 
inches, with the highest yearly total occurring in 2015, 
when prolonged storms brought 62.8 inches of rain, 
along with historic flooding. 

2.7 Groundwater 
Two major aquifer groups exist within the VCLA 

watershed: the Trinity group and the Woodbine 

group. Data provided by the Texas Water 

Development Board (TWDB) indicate that public 

water supply wells (86 total) are the most common 

and widespread water use type (Figure 2-4). Domestic Figure 2-4. Aquifers and known water wells in the VCLA watershed. 

Data source: TWDB. 

https://www.weather.gov/fwd/dfwclimo
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use wells (41 total) are more frequently found in the southern extent of the watershed, mainly within Johnson County. A 

few irrigation and industrial use wells also exist throughout the watershed. 

2.7.1 Trinity Group 
The subcrop region of the Trinity aquifer underlays the entirety of the watershed (Figure 2-4). The ongoing development 

within the general DFW Metroplex has significantly impacted water availability in this aquifer, with levels in some areas 

dropping more than 550 ft from historic levels. As a consequence, many public water supply wells have been abandoned 

since the mid-1970s in favor of surface water supply sources. This has translated to a slight recovery for the aquifer, but 

areas of Johnson County still remain as much as 100 ft below normal depth (Ashworth and Hopkins, 1995). 

2.7.2 Woodbine Group 
The outcrop region of the Woodbine group is represented along the eastern and southern edges of the watershed, along 

with a small sliver of the subcrop region, which is located in the far southeast corner of the watershed (Figure 2-4). Only 

the lower two of the three zones of the Woodbine are suitable for public water supply or domestic use. Water within 

the upper zone, also called the outcrop, often contains excessive levels of iron, and is not recommended for these uses. 

Although the chemical quality of the water deteriorates quickly in well depths greater than 1,500 ft, the areas above this 

depth and below the outcrop zone are considered to be of overall good water quality, assuming that steps have been 

taken to seal off portions of the upper Woodbine that contain excessive amounts of iron (Ashworth and Hopkins, 1995). 

2.8 Surface Water 

2.8.1 Lake Arlington 
The normal conservation pool elevation for Lake Arlington is 550 ft above MSL, which coincides with the elevation of the 
drop inlet spillway that drains the lake, located near the east end of the Lake Arlington dam. A flowage easement held 
by the City of Arlington allows for additional operational flexibility during high flow events up to 560 ft above MSL. 
During flood events, water may crest the uncontrolled emergency spillway, which has a crest elevation of 559.7 ft above 
MSL and a width of 882 ft and flow uncontrolled over the spillway (Malcolm Pirnie and Arcadis U.S., 2011). Historical 
lake elevations from 1988 to 2016 are provided in Figure 2-5. 

¢ƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ƭŀƪŜΩǎ Ǉƻƻƭ ŜƭŜǾŀtion relies heavily on the contractual relationships with the Tarrant Regional 
Water District (TRWD), particularly in the summer months. Under a 1971 agreement, TRWD agreed to maintain a 
minimum lake elevation of 540 ft MSL during the summer months (from June 1 to September 1) and a minimum of 535 
ft MSL during the remainder of the year. Under the agreement, TRWD supplements water from Village Creek with 

Data source: USGS. 

Figure 2-5.Daily Observed Water Surface Elevation in Lake Arlington, 1988-2016. 
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additional water piped in from two other reservoirs in East Texas, Richland-Chambers and Cedar Creek Reservoirs 
(Figure 2-6). This permits Lake Arlington to be used as a terminal storage reservoir in ¢w²5Ωǎ Trinity River Diversion 
Water Supply Project. The outlet for this pipeline is situated just downstream of the Village Creek bridge on Everman-
Kennedale Road, shown on the inset map in όǎŜŜ Ψ!ǊƭƛƴƎǘƻƴ hǳǘƭŜǘΩύ ƻƴ Figure 2-6. From the Lake Arlington outlet, the 
pipeline continues on to Lake Benbrook and from there to Eagle Mountain Reservoir. Occasionally, flow in the pipeline is 
reversed to deliver water from Lake Benbrook to supply Lake Arlington.  

Water rights permits for Lake Arlington are held by the City of Arlington and TXU Electric/Excelon Power. Prior to the 
construction of the Lake Arlington Dam, Lake Erie inhabited an area in the northwestern corner of the lake. Although it 
ǊŜǘŀƛƴǎ ǎƻƳŜ ƻŦ [ŀƪŜ 9ǊƛŜΩǎ ŦƻǊƳŜǊ ǳǘƛƭƛǘȅ ŀǎ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ŎƻƻƭƛƴƎ ǿŀǘŜǊ ǎƻǳǊŎŜΣ [ŀƪŜ !ǊƭƛƴƎǘƻƴ ǿŀǘŜǊ ƛǎ ǇǊŜǎŜƴǘƭȅ ǳǎŜŘ 
primarily for municipal purposes, providing drinking water to over half a million residents in the City of Arlington, as well 
as some surrounding communities in Tarrant County. Drinking water from the lake is treated at two facilities: the Pierce-
Burch Water Treatment Plant (WTP), owned and operated by the City of Arlington, and the Tarrant County Water Supply 
Project (TCWSP) WTP, owned and operated by the Trinity River Authority (TRA). Water from the Pierce-Burch WTP is 
supplied to the citizens of Arlington, while water from the TCWSP WTP meets the needs of the citizens of Bedford, 
Colleyville and Euless, along with portions of Grapevine and North Richland Hills. Withdrawals for these uses are 
provided in Table 2-2. The lake is also used regularly for public recreation, with several public and privately owned docks 
allowing for boat entry for fishing and other recreational activities (Malcolm Pirnie and Arcadis U.S., 2011). For 
additional information regarding the human history and corresponding development that shaped the area and its water 
supply needs, please see Appendix B. 

Data Source: Tarrant Regional Water District. Area of interest (in purple) shows detail for the location of the Arlington Outlet. 

Figure 2-6. Pipeline ROW for reservoir connectivity within the Trinity River Diversion Water Supply Project. 
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Holders of water rights on Lake Arlington are 
authorized to impound a total of 45,710 acre-
feet of water behind the dam. In contrast, 
TRA diverts water for their TCWSP plant 
through contractual agreements with TRWD, 
utilizing the imported water brought in to 
±ƛƭƭŀƎŜ /ǊŜŜƪ ŦǊƻƳ ¢w²5Ωǎ ¢Ǌƛƴƛǘȅ wƛǾŜǊ 
Diversion Water Supply pipeline, instead of 
the yield from Village Creek itself. In a given 
year, inflows from the pipeline can be 
expected to contribute approximately 46% of 
the total average annual inflows to the lake 
(Table 2-2). 

2.8.2 Lake Tributaries 
Two named tributaries feed Lake Arlington: 
Wildcat Branch, along with several other 
unnamed tributaries, drains areas of Fort 

Worth to the west of the lake, while Village Creek drains the majority of the watershed, which is to the south. Several 
small unnamed tributaries drain the thin corridor of the watershed that exists to the east of the lake. 

Flow data for Village Creek is tracked continuously by a U.S. Geological Survey (USGS) gaging station at the Village Creek 
ōǊƛŘƎŜ ƻƴ wŜƴŘƻƴ wƻŀŘ ό¦{D{ DŀƎŜ ІлулпуфтлύΦ ¢Ƙƛǎ ǎǘŀǘƛƻƴ ƛǎ ǎƛǘǳŀǘŜŘ ǳǇǎǘǊŜŀƳ ƻŦ ¢w²5Ωǎ !ǊƭƛƴƎǘƻƴ Outlet, and 
therefore does not record inputs from the Richland-Chambers and Cedar Creek Reservoirs. This flow dataset only dates 
back to July 2007, but additional flow data exists within the Surface Water Quality Monitoring Information System 
(SWQMIS) from previous years.  

Table 2-2. Sources of supply and uses of water in Lake Arlington. 

Inflows Withdrawals

Natural supply from watershed 50,995(1)
N/A

City of Arlington Pierce-Burch WTP N/A 32,800(2)

TRA TCWSP WTP N/A 34,000(2)

Excelon Handley Power Plant N/A 4,000(3)

TRWD Discharge from Cedar Creek and 

Richland-Chambers Reservoirs to Village Creek43,500(4) N/A

N/A - not applicable

(1) Based on rainfall data from 1992-2009 and PLOAD model projections. Estimated annual 
       inflow includes baseflow from Village Creek (2,735 acre-ft) and estimated surface runoff.

(2) Average annual withdrawal between 2009 and 2010.

(3) Projected 2010 net demand, considering diversion and return flows (TRWD, 1998).

(4) Average monitored discharges between 2005 and 2009.

Annual Averages (acre-ft)

Lake Arlington Supplies and Uses

Adapted from: Lake Arlington Master Plan, Malcolm Pirnie 2011. 

Looking downstream on the unnamed tributary to Lake Arlington under high flow conditions. 
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3.0 Water Quality Assessment 
The EPA requires states to develop a list (commonly called the 303(d) List) describing all impaired waterbodies that do 
not conform to established water quality standards (40 CFR § 130.7). In accordance with the CWA (33 USC § 1251.303), 
States may create and apply their own water quality standards, but these must first be approved by the EPA. In Texas, 
these water quality standards and the designated uses they are designed to support are defined in the Texas Water 
Code, in fulfillment of the requirements laid out by the CWA. Addressing waterways impaired by pollution and 
hazardous substances is at the heart of the CWA, which requires standards that: 1) maintain and restore biological 
integrity; 2) ensure that all wŀǘŜǊōƻŘƛŜǎ ǊŜƳŀƛƴ άǎǿƛƳƳŀōƭŜ ŀƴŘ ŦƛǎƘŀōƭŜέ ōȅ ǇǊƻǘŜŎǘƛƴƎ ŦƛǎƘΣ ǿƛƭŘƭƛŦŜΣ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭ 
uses, and 3) assess the many uses of a water of the state (public water supply, agricultural, industrial, wildlife, 
recreation) from both a use and value standpoint. 

EPA also requires that states develop acceptable strategies for restoring water quality in its impaired waterbodies (40 
CFR § 130.7). One acceptable strategy is the use of a regulatory mechanism for developing total maximum daily loads 
(TMDLs) that sets buŘƎŜǘǎ ŦƻǊ Ǉƻƭƭǳǘŀƴǘǎ ƛƴ ŀ ǿŀǘŜǊōƻŘȅΦ ¢ƘŜǎŜ ōǳŘƎŜǘǎ ƛŘŜƴǘƛŦȅ ǘƘŜ ǿŀǘŜǊōƻŘȅΩǎ ƳŀȄƛƳǳƳ Ǉƻƭƭǳǘŀƴǘ 
loading capacity and the reduction required to meet standards for applicable uses. TMDLs accomplish this by allocating 
the pollutant load budget to a variety of pollutant sources and establishing the maximum allowable loads from those 
sources. An alternative strategy involves the use of non-regulatory methods, such as a WPP. This allows stakeholders to 
identify and address water quality impairments, along with other water quality concerns in the watershed, with more 
autonomy in comparison to a TMDL. Due to the wider scope allowed with WPPs, established water quality goals may 
also include protections for unimpaired waters in addition to those designed to attain standards in impaired waters. 

3.1 Waterbody Assessments 
TCEQ conducts biennial assessments of Texas 
waterbodies, with results provided in the Texas 
Integrated Report of Surface Water Quality for Clean 
Water Act Sections 305(b) and 303(d) List (Integrated 
Report). These assessments are the drivers for 
waterbodies being added or removed from the 
303(d) List. The TCEQ 2014 Texas Integrated Report 
for the Trinity River covers a seven-year assessment 
period from December 1, 2005 to November 30, 
2012 (TCEQ, 2015c). This period occurs nearly three 
years before the WPP efforts began and only 
contains data from 2 of the 11 stations monitored as 
part of the watershed characterization component of 
the WPP project. Further detail about the methods 
used for this assessment are described in the 2014 
Guidance for Assessing and Reporting Surface Water 
Quality in Texas (TCEQ, 2015d).  

Findings of the Integrated Report assessments are 
classified as Fully Supporting, No Concern, Use 
Concern, Screening Level Concern, and Not 
Supporting. Use Concerns are given for assessments 
against designated use criteria for water quality 
parameters such as DO and E. coli. Use Concerns can 
apply to datasets with limited data where the 
threshold number of exceedances are met or to datasets with adequate data where there are less than the threshold 
number of exceedances required for a Not Supporting finding. Screening Level Concerns apply to General Use 

Sample collection on Village Creek at the FM 1187 bridge. 
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parameters, such as nutrients and chl-a, as well as a few other parameters for other designated uses. These parameters 
have screening levels rather than standards.  

Waterbodies assessed in Texas are given a segment identification number (ID), which is then subdivided into one or 
more AUs. Lake Arlington is defined as segment 0828, which is composed of eight AUs, 0828_01 through 0828_08. In 
contrast, Village Creek, or segment 0828A, has only one AU, 0828A_01, which includes the whole segment (Figure 3-1). 
The results of the 2014 waterbody assessment for the VCLA watershed are shown in Table 3-1, accompanied by an 
evaluation of which designated uses had available data for a use assessment. Note that while data was not collected 
within the lake itself as part of this project, AUs in the lake with contaminants of concern noted in the 2014 assessment 
are displayed. This is provided so that data collected for these contaminants within its tributaries may potentially inform 
any correlations or connections between inflow of contaminants from the tributaries and the concentrations and 
locations of higher pollutants in the lake. 

Table 3-1. 2014 Texas Integrated Report information for AUs in the VCLA Watershed. 

 

3.2 Texas Surface Water Quality Standards 
TCEQ is responsible for establishing numeric and narrative criteria for water quality in the state of Texas. These criteria 
ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ¢/9vΩǎ ¢ŜȄŀǎ {ǳǊŦŀŎŜ ²ŀǘŜǊ vǳŀƭƛǘȅ {ǘŀƴŘŀǊŘǎ ό¢{²v{ύ ŀƴŘ ŀǊŜ ŀǇǇǊƻǾŜŘ ōȅ ǘƘŜ EPA. These standards 
are codified in the Texas Administrative Code (TAC), Title 30, Chapter 307, hereto referred to as TAC 307 (TCEQ, 2014) 
and are used by TCEQ regulatory programs to establish reasonable methods of assessing waterbodies of the state with 
the intent of implementing targeted strategies aimed at specific designated uses. Site-specific water quality criteria for 
Lake Arlington (Segment 0828) and Village Creek (Segment 0828A), as defined in TAC 307, are presented in Table 3-2, 
along with designated use associated with each criteria parameter. All parameters must be evaluated with a minimum of 
10 samples (excluding E. coli, which requires 20) from a seven-year period to determine whether a designated use is 
being met (TCEQ, 2015d). 
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Impairments Concerns**
Lake Arlington: Lowermost portion of lake along 

western half of dam
0828_01 ω ω ω

Lake Arlington: Lowermost portion of lake along 

eastern half of dam
0828_02 ω ω ω ω ω ω ŎƘƭƻǊƻǇƘȅƭƭπŀ

Lake Arlington: Western half of lower portion of 

lake
0828_03 ω ω ω

Lake Arlington: Eastern half of lower portion of lake0828_04 ω ω ω ω

Lake Arlington: Western half of upper portion of 

lake
0828_05 ω ω ω ω ω ω ŎƘƭƻǊƻǇƘȅƭƭπŀ

Lake Arlington: Eastern half of upper portion of lake0828_06 ω ω ω ω ω ω ŎƘƭƻǊƻǇƘȅƭƭπŀ

Lake Arlington: Uppermost portion of lake 0828_07 ω ω ω ω ω ω ƴƛǘǊŀǘŜ

Lake Arlington: Remainder of lake 0828_08 ω ω ω

Village Creek: From Lake Arlington to the 

headwaters
0828A_01 ω ω ω ω ω ōŀŎǘŜǊƛŀ

*Blanks in the "Designated Uses" column indicate that no data was available for a specific designated use in the corresponding segment, or that a

  specific designated use does not apply for that segment.

ϝϝ¢ƻ ǎƛƳǇƭƛŦȅ Řŀǘŀ ǇǊŜǎŜƴǘŀǘƛƻƴΣ ǘƘŜ Ϧ¦ǎŜ /ƻƴŎŜǊƴϦ ŀƴŘ Ϧ{ŎǊŜŜƴƛƴƎ [ŜǾŜƭ /ƻƴŎŜǊƴϦ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ǿŜǊŜ ŎƻƳōƛƴŜŘ ƛƴǘƻ ŀ ǎƛƴƎƭŜ ά/ƻƴŎŜǊƴέ ŎŀǘŜƎƻǊȅΦ

Waterbody AU

Designated Uses* 2014 TCEQ Report
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Figure 3-1. Assessment Units, segments, and monitoring stations in the watershed. 

  

Basemap: ESRI World Street Map; Stream data source: NHD. 
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Bacteria 
Primary contact recreation uses are evaluated using a bacteria standard of 126 colony-forming units (cfu) per 100 mL 
sample of water, although newer bacteria enumeration methods use a most probable number of colonies (MPN)/100 
mL metric. The two should be considered equivalent for the purposes of this study. This standard, which is applied to all 
freshwater systems in Texas, is typically applied unless site-specific standards have been developed. This standard is 
compared to the geometric mean (geomean) of the sample set, which must include a minimum of 20 samples over a 
seven-year period (TCEQ, 2015d). The risk level associated with this standard is based on epidemiological data (from the 
Great Lakes and lakes in Oklahoma) which indicates the instance of gastrointestinal illness in 8 individuals out of a 
population of 1000 engaged in primary contact recreation (swimming, diving, or children wading) (USEPA, 1986). 

Total Dissolved Solids 
Total dissolved solids (TDS) is a rudimentary measurement of all the dissolved ions within a waterbody, such as chloride, 
sulfate, and other dissolved salts. While it does provide a very rough indicator of general water quality for evaluating 
aquatic life and public water supply uses, it cannot reveal the specific source or composition of the ions in the sample. 
The maximum allowable average concentration for TDS in either Lake Arlington or Village Creek is 300 mg/L (TCEQ, 
2014). 

Other Measurements 
Several additional parameters are often measured routinely to assess general use, support of aquatic life, and for public 
water supply use. These include dissolved oxygen (DO), water temperature (temp), potential hydrogen (pH), chloride, 
and sulfate. Chloride and sulfate are components of TDS, with excessive levels of each posing similar concerns for both 
aquatic life and public water supply uses. Chloride standards for both Lake Arlington and Village Creek are 100 mg/L. The 
sulfate standard for the lake is likewise 100 mg/L, but no such standard exists for Village Creek (TCEQ, 2014). Due to 
their close association with TDS and the fact that no issues with either constituent were known prior to the inception of 
the project, neither parameter was directly measured during the characterization efforts. Water temperature and pH 
are similarly important for a variety of uses. Healthy aquatic habitats in Texas typically fall within a pH range of 6.5-9.0. 
The pH values can be heavily dependent on water temperature, with excessively high water temperatures (>95 °F) 
indicating conditions that are stressful for aquatic organisms. This association is also evident with DO, which is vital to 
the survival of fish and other aquatic fauna, being affected by both temperature and nutrient concentrations. For Lake 
Arlington, a 24-hour DO average of 5.0 mg/L and minimum of 3.0 mg/L must be maintained to support its aquatic life 
use. For Village Creek, these standards are 3.0 mg/L and 2.0 mg/L, respectively (TCEQ, 2015d). 

0828 0828A

DO (mg/L) Grab minimum 3.0 2.0

DO (mg/L) 24-hr average 5.0 3.0

DO (mg/L) 24-hr minimum 3.0 2.0

E. coli (cfu/100ml) Geomean 126 126 Contact Recreation

Chloride (mg/L) 100 100

Sulfate (mg/L) 100 -

TDS (mg/L) 300 300

pH range 6.5-9.0 6.5-9.0

Water temp (°F; °C) 95; 35 95; 35

Aquatic Life

Average General

Parameter Criteria

Screening Level Corresponding 

Designated Use

Table 3-2. Designated uses and corresponding site-specific water quality criteria for 
segments in the watershed. 
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3.3 Nutrient Screening Levels and 

Reference Criteria 
TCEQ Screening Levels 
Currently, no numeric standards exist for nutrients in 
streams in the state of Texas. Numeric standards for 
chl-a have been approved by EPA for 75 reservoirs in 
the state; however, Lake Arlington is not one of these 
reservoirs. In such situations where no water quality 
standards exist or are in the process of being 
developed, controls such as narrative criteria and 
antidegradation considerations are often used. 
Despite this lack of numeric criteria, TCEQ continues 
to screen for parameters such as nitrogen, 
phosphorus, and chl-a as preliminary indicators for 
waterbodies of possible concern for 303(d) 
impairments. To support this effort, nutrient 
screening levels are often used to compare a 
waterbody to screening levels that are set at the 85th 
percentile for those parameters of interest seen in 
similar waterbodies (Table 3-3). The Texas Nutrient 
Screening Levels are based on statistical analyses of 
Surface Water Quality Monitoring (SWQM) data 
(TCEQ, 2015d).  

EPA Reference Criteria and Other Sources 
The EPA Reference Criteria are regional values based 
on data from reservoirs and streams within specific 
ecoregion units and subunits (USEPA, 2000a, 2000b). 
It is worth noting that these Reference Criteria differ 
from the Texas Nutrient Screening Levels in that EPA 
developed the Reference Criteria using conditions 
that are indicative of minimally impacted (or in some 
cases, pristine) waterbodies, attainment of which 
would result in protection of all designated uses 
within those specific units and subunits. As such, 
Reference Criteria thresholds are much lower than 
those for state screening levels, and surpassing 
Reference Criteria thresholds may not necessarily 
indicate a concern, as is the case with the state 
thresholds (Table 3-3). Where state screening levels 
or national reference criteria were non-existent, other 
sources were used, for nitrite in particular (Mesner 
and Geiger, 2010). 

3.4 Segment Impairments and Concerns 
When a sufficient number of elevated water quality 
measurements cause the waterbody to surpass the 
water quality criteria (min, max, average, or 
geomean), the waterbody is considered impaired and 
may not be supportive of one or several of its 

Table 3-3. Nutrient Screening Levels and Reference Criteria. 

Lake/ 

ReservoirStream Source

(mg/L) 0.41 0.4 EPA Reference Criteriaa

(mg/L) 0.02 0.02 Other Sourcesb

(mg/L) 0.37 1.95 TCEQ Screening Levels

(mg/L) 0.20 0.69 TCEQ Screening Levels

(mg/L) 0.05 0.37 TCEQ Screening Levelsc

(µg/L) 26.7 14.1 TCEQ Screening Levels

(a) 

all seasons.

(b) For nitrite, concentrations above 0.02 mg/L (ppm) usually indicate 

polluted waters (Mesner, N., J. Geiger. 2010. Understanding Your 

Watershed: Nitrogen. Utah State University, Water Quality Extension.

(c)

Integrated Report.

(d)

correction.

Chl-ad

For level III Ecoregion 29 waterbodies, upper 25th percentile of data from 

OP is no longer used for TCEQ screening purposes, as of the 2014 Texas 

Chlorophyll a, as measured by Spectrophotometric method with acid 

OP

TKN 

NO2

NO3

TP

Parameter

Figure 3-2. Impaired segments and water quality concerns in the watershed. 

Basemap: ESRI World Street Map; Stream data source: NHD; AU source: TCEQ. 
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designated uses. For the assessment period covered by the 2014 Texas Integrated Report, Village Creek was the only 
impairment in the watershed, specifically for bacteria (Table 3-1, Figure 3-2). 

LŦ ƳƻǊŜ ǘƘŀƴ нл҈ ƻŦ ŀ ǿŀǘŜǊōƻŘȅΩǎ ǎŀƳǇƭŜǎ ŦǊƻƳ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ǇŜǊƛƻŘ ŜȄŎŜŜŘ ŀ ǎŎǊŜŜƴƛƴƎ ƭŜǾŜƭΣ ǘƘŜƴ ƻƴ ŀǾŜǊŀƎŜΣ ƛǘ ǿƛƭƭ 
experience higher pollutant concentrations than 85% of the streams in Texas and thus is considered to have a concern 
for elevated nutrients. For the same 2014 assessment period, there were three AUs in the lake with screening level 
concerns for chl-a and one with a concern for nitrate. No screening level concerns were identified in Village Creek, and 
no use concerns were identified anywhere in the watershed (Table 3-1, Figure 3-2). Historically, E. coli geomeans have 
been on the rise since Village Creek was first listed in 2010. Since then the mean exceedance has more than doubled 
from 141.54 MPN/100 mL to 302.07 MPN/100 mL in the latest Integrated Report (2014). Exceedances for chl-a also 
occurred on the 2010 Integrated Report, but further increases have been much less pronounced than those of E. coli 
(Table 3-4). 

 

AUs Mean ExceedCriteria AUs Mean Exceed Screening Level

2010 141.54 -

2012 182.07 -

2014 302.07 -

2012 - 0828_07 0.52 0.37

2014 - 0828_07 0.47

- 0828_02 N/A

- 0828_05 N/A

- 0828_06 N/A

- 0828_02 N/A

- 0828_05 N/A

- 0828_06 N/A

- 0828_02 41.94

- 0828_05 43.85

- 0828_06 43.98

- 0828_02 44.28

- 0828_05 46.33

- 0828_06 45.77

- 0828_02 44.96

- 0828_05 48.99

- 0828_06 47.04

1260828A_01

2008

2014

26.7

2012

26.7

26.7

2006 26.7

2010 26.7

Texas Integrated 

Report

Recreation Impairment - E. coli (MPN/100 mL)

Village Creek Lake Arlington

General Concern - chloropyll-a (µg/L)

General Concern - nitrate (mg/L)

Table 3-4. Records of impairments and concerns in the watershed. 
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4.0 Potential Pollutant Sources 
Pollutants from human activities and natural processes can be grouped into two categories, based on their origin: 

Point source pollution is a discharge that can be traced back to a single point of origin. This can be a pipe, drain, or 
outfall and is typically discharged directly into a waterway. Because point sources are tied to human activity, they 
regularly contribute flow to a system regardless of the native flow conditions. In fact, point sources may constitute most 
or all of the baseflow in some systems, particularly in urban watersheds where large or regional wastewater treatment 
facilities (WWTFs) provide consistent effluent flows. 

Point source pollution is regulated through a permitting process; in Texas this is administered through the Texas 
Commission on Environmental Quality (TCEQ). One example of a permitted discharge is effluent from WWTFs. Here, the 
treated effluent musǘ ǊŜƳŀƛƴ ǿƛǘƘƛƴ ǎǇŜŎƛŦƛŎ Ǉƻƭƭǳǘŀƴǘ ƭƛƳƛǘǎ ǎƻ ǘƘŀǘ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǊŜŎŜƛǾƛƴƎ ǿŀǘŜǊōƻŘȅ ƛǎ 
minimized. Other examples include wastewater infrastructure issues, like a break in a wastewater pipeline, or a sanitary 
sewer overflow (SSO). These point sources bypass WWTFs, and can have either acute (short-term) or chronic (long-term) 
effects on water quality depending on ǿƘŜƴ ǘƘŜȅΩǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ Ƙƻǿ ǉǳƛŎƪƭȅ ǘƘŜȅΩǊŜ ŀŘŘǊŜǎǎŜŘ. 

Nonpoint source pollution, by contrast, tends to be more challenging to manage since it cannot be traced back to a 

single point of origin. Instead, pollutants that are dispersed over the land (either through human activity or natural 

processes) are carried into waterways with runoff from storm events. Several factors may influence the types and 

amounts of pollutants that ultimately end up in a waterway, but they are primarily dependent on land use and land 

cover (LULC). Sources of pollutants may include excess agricultural or residential fertilizers, fluids from leaking vehicles, 

pet waste from yards or urban public areas, or waste from wildlife, livestock, and feral hogs. 

²ƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ Ǉƻƭƭǳǘŀƴǘ ǎƻǳǊŎŜǎΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǎƻǳǊŎŜΩǎ ǇǊƻȄƛƳƛǘȅ ǘƻ ǿŀǘŜǊǿŀȅǎΦ 

This is accomplished by estimating the percentage of the E. coli load that could realistically be transported from source 

to waterways through surface water or ground water transport. Weighted percentages for each sourceΩǎ ƭƻŎŀǘƛƻƴ will be 

applied using the Spatially Explicit Load Enrichment Calculation Tool (SELECT). This approach weights riparian zones 

more heavily than those in upland zones to illustrate the increased impacts from sources in riparian zones. For additional 

information on SELECT and how source loads were calculated for both point and nonpoint sources, see Appendix E. 

4.1 Prioritizing Pollutant Sources 
Likely pollutant sources in the watershed were 

identified through the historical data review, water 

quality monitoring, and source identification/load 

calculation efforts. These results were interpreted 

and refined with the help of watershed stakeholders, 

including project partners, the Steering Committee, 

and the TAG (Figure 4-1, Table 4-1).  

As discussions with stakeholders progressed 

throughout the planning process, it became clear 

that stakeholder priorities for water quality did not 

always run parallel with the results of water quality 

monitoring and modeling efforts. For example, feral 

hog contributions to E. coli loads were ranked 3rd 

overall in volume, but stakeholders understand the 

difficulty of controlling wild animals as management 

measure, and thus chose to focus their efforts where 

funding would be better spent on more reliable 

Pet Waste
Illegal Dumping

Yard Waste

SSOs
Livestock

OSSFs
Feral Hogs

WWTFs

Wildlife

Figure 4-1. Continuum for prioritizing pollutant sources in the watershed, 
from highest priority (red) to lowest (blue). 
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results. This leads into a 2nd example, where efforts to reduce illegal dumping are a 1st-level stakeholder priority, but 

could not even be included in the modeling due to a lack of reliable data on illegal dumping as a source of 

contamination. Similar allowances were made when considering acute contamination problems of high volume vs. 

chronic contamination problems of low but consistent volume. Stakeholders spent substantial time and effort 

considering these situations as they sorted through their collective priorities. They used a tiered approach to group 

priorities of similar urgency, based on perceived need, probability of success, and economical advantages. 

Table 4-1. Summary of potential pollutant sources in the watershed and associated management priority as indicated by stakeholders. 

 

4.2 Point Source Pollution 

4.2.1 Permitted Discharges 
Seven permitted wastewater discharges exist in the VCLA watershed (Figure 4-2). Four are inactive or have had their 
permit cancelled. The Handley Power Plant is also a discharger, but its effluent is characterized as industrial cooling 
water used within the plant, and is not expected to be a contributor of E. coli. 

Details about the three active WWTFs and any associated permit limit exceedances for water quality parameters are 

provided in Table 4-2. Of these facilities, only one is considered a municipal discharger, the Johnson County Special 

Source Concerns Potential Impacts Rank1 Priority2

Improper disposal of pet waste

Disease transmission and public safety

Lack of education on impacts and proper disposal

Household/construction waste disposal in/near waterbody

Animal carcass/hunting remains disposal in/near 

waterbody

Disposal of large items (furniture, appliances, vehicles)

Improper disposal of yard clippings

Excessive ferti l izer, herbicide, or pesticide application

Failure due to stormwater I&I issues

Failure due to age, land erosion, or construction damage

Increased runoff from overgrazing of upland areas 

Manure transported to waterbody by runoff

Riparian buffer zone degradation

Direct manure deposition in waterbody

"Straight pipes" and other il legal wastewater discharges

Failure due to age, improper design, or lack of maintenance

Improperly treated aerobic effluent applied to land

Manure transported to waterbody by runoff

Riparian buffer zone degradation

Direct manure deposition in waterbody

Displacement/predation of native species

Failure due to age, stormwater I&I, or lack of maintenance

Overloads from population growth or i l l icit connections

Manure transported to waterbody by runoff

Riparian buffer zone degradation

Direct manure deposition in waterbody
(1) Relative impact of E. coli load on the watershed, as ranked by the SELECT analysis. Sources noted by '-' could not be included in the SELECT analysis.

(2) Water quality restoration priorities, as identified by watershed stakeholders in tiers descending from 1 (highest priority) to 5 (lowest priority).

(1) Direct/indirect E. coli loading to 

waterbody; (2) human health hazards
5 2SSOs

Wildlife
(1) Direct/indirect E. coli loading to 

waterbody; (2) loss of natural 

pollutant mitigation capabilities

22

4WWTFs
(1) Direct loading of untreated 

wastewater to waterbody
7

6 5

Feral 

Hogs

(1) Direct/indirect E. coli loading to 

waterbody; (2) loss of natural 

pollutant mitigation capabilities; (3) 

loss of natural species diversity

1

OSSFs
(1) Direct/indirect loading of untreated 

wastewater to waterbody; (2) local 

groundwater resource degradation

4 3

1

Livestock

(1) Direct/indirect E. coli loading to 

waterbody; (2) loss of natural 

pollutant mitigation capabilities

Pets

(1) Indirect E. coli loading to waterbody 

from yards, public greenspaces, 

kennels, and shelters; (2) spread of 

disease amongst/between species

Illegal 

Dumping
- 1

(1) Direct/indirect contamination of  

waterbody from E. coli, nutrients,  and 

hazardous materials; (2) localized 

human health hazards; (3) Flow 

obstruction/alteration

Lawn 

Residue 

and 

Waste

(1) Direct/indirect contamination of  

waterbody from E. coli, nutrients,  and 

hazardous materials; (2) impacts to 

aquatic wildlife

- 1

3 3
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Utility District (SUD), with a permitted average daily 

discharge of 0.7 million gallons per day (MGD). The 

other two facilities are smaller plants that treat 

wastewater from a housing subdivision and a mobile 

home park. Both maintain a permitted average daily 

discharge of < 0.1 MGD. Recent permit exceedances 

for these facilities for E. coli, total suspended solids 

(TSS), 5-day biological oxygen demand (BOD5), and 

ammonia are provided in Table 4-2. 

The significance of the WWTF locations in this 
watershed is that effectively all monitored reaches of 
the watershed may contain some portion of 
wastewater effluent constituting their baseflow 
throughout the year (Figure 4-2). It is worth noting 
that until 2017, another WWTF known as RV Ranch 
WWTP was also operating. This facility serviced a 
number of businesses, including a recreational vehicle 
(RV) park, campgrounds, and water theme park. 
However, an increasing frequency of E. coli permit 
violations over the past decade prompted the city of 
Burleson to investigate the non-compliant facility. In 
the summer of 2017, the city was able to successfully 
ǘƛŜ ƛƴ ŀƭƭ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ōǳǎƛƴŜǎǎŜǎ ǘƻ .ǳǊƭŜǎƻƴΩǎ 
municipal wastewater system and retired the RV 
Ranch WWTP to inactive status (Figure 4-2). 

Stormwater inflow and infiltration (I/ I) issues 

associated with the wastewater infrastructure 

connected to the WWTF are the most common cause 

of elevated E. coli concentrations leaving the facility 

above permitted effluent limits. This exceedance of 

treatment capacity can also be caused by unknown 

Basemap: ESRI World Street Map; Stream/WWTF data source: TCEQ. 

Figure 4-2. Permitted discharges in the VCLA watershed. 

Table 4-2. Compliance history for active WWTFs in the Village Creek-Lake Arlington watershed. 

Permitted Reported(1) Permitted Reported(2)

Johnson County 

Special Util ity 

District WWTP

Village Creek 0.7 0.41 126 1.26 5 0 1 0 0

Mayfair WWTP
Unnamed trib 

of Deer Creek
0.0963 0.0405 126 7.75 8 1(3) 3 3 3

Oak Ridge 

Square MHP 

WWTP

Quil Miller 

Creek
0.0195 0.0143 126 3.70 11 0(3) 0 0 2

(1) 3-year average based on daily measurements from USEPA data, 1/31/2014 - 12/31/2016 .

(2) 3-year geomean  based on daily measurements from USEPA data, 1/31/2014 - 12/31/2016 .

(3) Reported quarterly rather than monthly.

Receiving 

WaterbodyFacility Name

Violations Assessment from Monthly Reports

Late/ 

Missing 

Reports E.coli Ammonia BOD5 TSS

Flow (daily average, 

MGD)

E. coli (daily average, 

cfu/100 mL)
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illicit connections delivering inconsistent additional flows, or from continued urbanization stressing the WWTF beyond 

its original design capacity. Emerging contaminants in effluent are also a concern, with LAMP stakeholders specifically 

discussing endocrine-disrupting compounds as a potential risk (Malcolm Pirnie and Arcadis U.S., 2011). 

4.2.2 Sanitary Sewer Overflows 
Being components of the wastewater conveyance system, many of the same issues encountered at WWTFs are caused 
by issues with the pipes and other infrastructure carrying wastewater from homes and businesses. SSOs occur when 
pipes are blocked, broken, or when deteriorating pipes and connections allow stormwater or groundwater infiltration 
into the wastewater system. These I/ I issues often result in combined stormwater/ wastewater volumes that exceed the 
design capacity of the pipes, causing backups that will eventually find a relief point, often a manhole cover or other 
surface access. From this relief point, untreated sewage can potentially reach streams and lakes if not contained 
properly or in a timely manner. For this reason, proximity of the SSO site to a waterbody must be accounted for when 
analyzing potential impacts. For this project, 90% of the E. coli contributions within a 330-ft (100-m) buffer are assumed 
to reach waterbodies. For upland areas outside of this riparian buffer, the contribution is reduced to 50%. Both the 

riparian buffer distance and contribution percentages 
were recommended by the TAG and agreed upon by 
stakeholders, having seen values similar to these used 
in other WPPs and TMDLs throughout the state.  

Older neighborhoods tend to be more prone to SSOs, 
as they tend to be serviced by older infrastructure 
that may be subject to the deterioration or design 
capacity issues mentioned previously (Figure 4-3). For 
the purposes of this project, SSOs, when combined 
with pet waste nonpoint sources, will be used as 
surrogates for urban runoff when calculating 
pollutant loads from urban sources.  

4.2.3 Other Point Sources 
LAMP stakeholders also expressed interest in 
identifying threats to groundwater quality throughout 
the watershed. While important, these additional 
sources are not specifically tied to E. coli concerns, 
and as such cannot be estimated as part of this 
analysis due to the technical limitations of the 
analytical tool used for this project. 

Water Wells 
Chemical or pollutant spills that occur in or near any 
water well can provide a direct route for pollutants to 
reach aquifers, bypassing the soil and rock substrata 
that usually provide some measure of remediation in 
natural systems. Plugged or destroyed wells, along 
with abandoned or otherwise unmaintained wells, are 
of particular interest. These wells are usually not 
closely monitored and potential contamination may 
go unnoticed for long periods of time. A total of 34 
unused and 14 plugged or destroyed wells are present 

in the watershed (Figure 2-4). Well construction standards, along with regulation of abandoned or deteriorated water 
wells, are under the jurisdiction of the Texas Department of Licensing and Regulation (TDLR). Complaints for such wells 
can be reported to TDLR through their website. 

Figure 4-3. Reported SSO events in the watershed, 2011-2016. 

SSO data source: NCTCOG; Stream data source: NHD 
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Underground Storage Tanks 
Underground storage tanks (USTs) are often used to store petroleum products and other hazardous liquids, most 
notably at gas stations. Most USTs are made of common steel, and thus are subject to oxidation and rust over time. 
Excessive corrosion may lead to cracks or holes in the tank, which can result in groundwater contamination. TCEQ is the 
regulatory entity and current custodian of records related to leaking USTs in Texas. 

Oil & Gas Exploration 
Although several traditional oil and gas wells exist in the watershed, continued development of the Barnett Shale natural 
gas field has resulted in expansion of hydraulic fracturing activities, sometimes in close proximity to the lake. As such, 
development of additional pad sites and associated pipelines and process water injection wells is anticipated to continue 
(Malcolm Pirnie and Arcadis U.S., 2011). Along with groundwater concerns, pad site construction may require a 
deforestation or other clearing of vegetation that can lead to increased runoff, in terms of both volume and frequency. If 
these pad sites are located near riparian buffer zones, the increased runoff may deliver higher pollutant loads to nearby 
waterways. The most recent EPA report on hydraulic fracturing (USEPA, 2016) recommended that stakeholders focus on 
several activities that are more likely than others to result in water supply impacts, including but not limited to: 

¶ Water withdrawals in areas where groundwater 
is already scarce; 

¶ Surface spills of chemicals or process water that 
may reach groundwater sources; 

¶ Fluid injection into inadequately designed wells 
that allow for leakage into groundwater; 

¶ Discharge of inadequately treated process water 
into surface water; or 

¶ Disposal or storage of process water in unlined or 
improperly lined pits, allowing for groundwater 
contamination. 

 
The Texas Railroad Commission (RRC) is the entity 
responsible for regulation and operation of oil & gas 
wells in Texas.  

4.3 Nonpoint Source Pollution 
Unless explicitly stated for each source, the 
contribution weights for the riparian buffer (90% 
contribution) and upland areas (50% contribution) 
mentioned previously are applied to the nonpoint 
sources analyzed for this project.  

4.3.1 On-Site Sewage Facilities 
There are several unincorporated and rural areas in 

the watershed where on-site sewage facilities 

(OSSFs) are used by residents for wastewater 

treatment. When not functioning properly, OSSFs can 

become sources of pollution for E. coli, nutrients, and 

solids, both in groundwater and surface water 

bodies. A variety of causes can be to blame for 

reduced performance or malfunctions, including 

improper design/installation, lack of maintenance, 

unsuitable soil types (Figure 4-4), age of the system, and proximity to other systems.  

Figure 4-4. Permeability of soils in the watershed. 

Adapted from LAMP (Malcolm Pirnie and Arcadis U.S., 2011). 
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Since 1989, counties are responsible for maintaining 

records of permitted OSSFs, which must be inspected 

to ensure compliance with state regulations. Many of 

the known existing systems in the watershed 

installed prior to 1989 are not tied to a current 

permit, indicating that they have not been recently 

inspected, and thus have a much higher likelihood for 

failure. Since many of these systems were 

constructed before stricter permitting requirements 

were put in place, it is possible that many were either 

designed or installed improperly, especially in areas 

where soils are less suitable and unable to treat and 

ŀōǎƻǊō ŜŦŦƭǳŜƴǘ ƭƻŀŘǎΦ ¢ƘŜǎŜ άƴƻƴ-ǇŜǊƳƛǘǘŜŘέ 

systems present a greater contamination risk to 

water quality, and are weighted accordingly for 

analysis. However, it is expected that even some permitted systems are currently in a state of failure, usually due to 

neglect or lack of homeowner knowledge regarding OSSF operation. Designated representatives (DRs) for counties in the 

watershed, as well as other stakeholders, agreed with statewide estimates of failure rates for non-permitted (50% 

failure) and permitted (12% failure) systems used in several other WPP efforts in Texas (RS&Y, 2002). 

Proximity to a waterbody is also a major factor in contamination. OSSFs within the stakeholder-recognized buffer 

distance (330 ft) are expected to have the greatest impact (Figure 4-5). For this reason, stakeholders chose to focus 

management efforts specifically on those OSSFs within the buffer for this project, agreeing to a 90% contribution weight 

from OSSFs within the riparian buffer. OSSFs contributions from upland areas were limited to 10% to account for some 

additional remediation provided by the soil before reaching the surface. Of the total 10,687 OSSFs estimated to exist in 

the watershed, only 3,454 have existing permits. Considering only those OSSFs inside the riparian buffer, 457 have 

associated permits and 1,826 do not. Proximity to other systems can negatively affect OSSF performance, particularly in 

areas where systems are densely spaced. In these situations, multiple failures are possible if one drain field exceeds its 

capacity and impacts adjacent fields, increasing the likelihood for drain field contaminants reaching waterbodies.  

4.3.2 Pet waste 
Feces from pets may also be a source of E. coli and nutrient loading to waterbodies via stormwater runoff. This may 

include dogs as well as cats that defecate outdoors, such as feral and barn cats. As with any nonpoint source, the 

severity of the contamination from an area is heavily influenced by the presence of impermeable soils (Figure 4-4) and 

increasing amounts of impervious cover (e.g., buildings, parking lots, Figure 2-2) associated with ongoing development in 

the watershed. These measurements are derived from human population data, so while there will be some 

contributions from rural areas, it is expected that urban areas will show the largest contributions. Thus, loading from pet 

sources will serve to approximate E. coli and nutrient contributions from urban runoff, in concert with other yard waste 

runoff and contributions from SSOs. Additionally, if excessive pet waste is left in yards to accumulate, this increases the 

chances of gastrointestinal parasite or other disease transmission to other pets or potentially to other species. 

Estimates for pets (Table 4-3) were made by extrapolating census data from the watershed and applying nationwide 

estimates for the number of dogs and cats per household. According to the American Veterinary Medical Association 

(AVMA), 36.5% of all households own dogs, and 30.4 % own cats. The average number of dogs by those households is 

1.6 (AVMA, 2012). That number is slightly higher for cats, but stakeholders recommended using the dog estimate to 

account for the outdoor cats that do not use litter boxes. This estimate is supported by information from several animal 

welfare groups, which estimate 350,000 stray cats in the DFW Metroplex, with the majority in the southern extent 

(Rajwani and Tsiaperas, 2016) The standard contribution weights for riparian (90%) and upland (50%) were then applied.  

Pooled effluent seeping from malfunctioning OSSF (credit: City of Arlington). 
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4.3.3 Agricultural Activities 
Livestock that roam freely to graze can also be a contributor to nonpoint source E. coli loads, especially if they have 
direct access to waterbodies where they can defecate directly into or near a waterbody. However, poor land 
management practices can also affect the amount of manure E. coli that reaches waterbodies from upland areas by 
stormwater flows. If pastures are overgrazed, improperly tilled, or otherwise mismanaged for runoff potential, runoff 
will increase, which can deliver larger loads of E. coli, nutrients, and pesticides/herbicides to waterbodies. 

Initially, populations for cattle, sheep/goats, and horses (Table 4-3), were estimated using data from the 2012 National 
Agricultural Statistics Survey, or NASS (USDA, 2012). Holding with values used in other WPPs across the state, all 
livestock animal classes were originally applied to 100% of grassland and 90% of pasture land classes in the watershed. 
Populations were applied to pasture at a lower percentage on the assumption that some portion will be used for seed or 
hay crops and not grazed by livestock. These stocking percentages were recommended by the TAG and approved by the 
Steering Committee. Cattle population estimates were compared to USDA stocking rate recommendations, and 
stakeholders eventually recommended moving forward with the NASS estimate. However, stakeholders felt the NASS 
ƴǳƳōŜǊǎ ŦƻǊ ǎƘŜŜǇκƎƻŀǘǎ ŀƴŘ ƘƻǊǎŜǎ ǿŜǊŜ ǘƻƻ ƭƻǿΦ ¢Ƙƛǎ ŀǎǎǳƳǇǘƛƻƴ ǿŀǎ ƳŀŘŜ ƎƛǾŜƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƭƻŎŀǘƛƻƴ ŀƭƻƴƎ ǘƘŜ 
metropolitan/rural fringe of the DFW metroplex, where many small-ŀŎǊŜŀƎŜ άƘƻōōȅ ŦŀǊƳǎέ ŀƴŘ ȅƻǳǘƘ п-H/FFA animal 
projects that do not receive the NASS mail-outs are expected to inflate numbers beyond the NASS estimates. To account 
for this, stakeholders recommended increasing the population estimates for both horses and sheep/goats. For these two 
source classes, the applicable land use was expanded to include 5% of low-density developed areas to account for some 
of the hobby farms/animal projects that exist in the urban/rural mosaic that is typical in the watershed. 

Table 4-3. Estimated animal populations in the watershed. 

 

In addition to E. coli and nutrient inputs from grazing livestock, production agriculture may also contribute other types of 
nonpoint source pollution to waterways, including nutrients from fertilizers, herbicides, and pesticides.  

4.3.4 Wildlife and Feral Hogs 
Although some areas of denser forest exist in the watershed, it is expected that the majority of wildlife in the watershed 

inhabit the forested riparian buffers that exist throughout the watershed. Wild animals tend to spend much of their life 

moving through riparian areas so stakeholders felt it was important to account for them as a pollutant source. 

Stakeholders agreed that accounting for native wildlife specifically (e.g., not including feral hogs) would be a source of 

άōŀŎƪƎǊƻǳƴŘέ ƻǊ άōŀǎŜƭƛƴŜέ E. coli loading rather than a significant opportunity for E. coli load management. For this 

project, wild animal populations were estimated using data for deer and feral hogs, as no data exists for other species. 

For deer populations, stakeholders agreed to use the most recent annual median density estimate of one deer per 53.7 

acres (53.7 ac/deer) recommended by the TPWD analysis for the resource management unit (RMU) in which the 

watershed exists (unpublished TPWD data). According to TPWD, this density is spread across all land uses except heavy 

development and open water. Feral hogs, by contrast, were applied only to riparian zones and upland forested areas. 

Although data from several studies done by Texas A&M University were originally cited for the estimate, stakeholders 

agreed that the population density for feral hogs was roughly double that of deer throughout the watershed. Using the 

Population1 Additional Information

Dogs 21,903 Estimate from U.S. Census and AVMA data

Cats 18,243 Stakeholder recommendation adapted from dog estimates

Cattle 6,488 NASS estimate

Sheep/Goats 2,500 Stakeholder adjustment from NASS estimate of 839

Horses 2,500 Stakeholder adjustment from NASS estimate of 1,037

Deer 1,461 TPWD annual median density estimate for RMU #22

Feral Hogs 1,000 Stakeholder adjustment based on several TAMU studies

(1) Estimate includes adjustments made by stakeholders to reflect perceived  populations in the watershed.

Wild 

Animals

Source

Pets

Livestock
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stakeholder-provided population estimate (Table 4-3), this amounted to approximately 26.62 ac/hog, in close 

agreement with the original 2:1 hog-to-deer population density assumption. 

4.3.5 Other Nonpoint Sources 
There are several other pollutant sources that stakeholders deemed important, but for which we could not account for 
numerically in the pollutant analysis due to lack of data. Some of the sources include 1) direct depositions of E. coli from 
bridge-nesting birds, 2) E. coli contributions from rural άȅŀǊŘ ōƛǊŘǎέ ŀƴŘ ǎƳall backyard poultry operations in both rural 
and urban areas, 3) stormwater runoff from exercise areas for dog kennels/animal shelters if feces are not properly 
disposed of, as well as washout areas for these facilities where collected feces travels with wash water into nearby 
waterways, 4) illegal dumping at bridges/secluded areas, 5) exotic animal operations (ranches, sanctuaries, hunting 
outfitters, etc.), and 6) residential yard waste that is improperly handled, allowing yard clippings, fertilizer, pesticides, 
herbicides, excess sediments, and other pollutants to reach storm drains and nearby waterbodies. 

Other sources of urban runoff were also considered, including stormwater runoff from large industrial/commercial pads, 
roads, and parking lots. These areas can be sources of polyaromatic hydrocarbons (PAHs), automotive fluids, and other 
synthetic compounds used by humans (detergents, degreasers, colorants, etc.) (Malcolm Pirnie and Arcadis U.S., 2011). 
Many of these areas may be subject to regulation under their own stormwater pollution prevention plans (SWPPPs).  

Stakeholders agreed that addressing illegal dumping and yard waste were important pollutant sources that should be 
prioritized. Throughout the monitoring effort, staff observed numerous animal carcasses and discarded animal hunting 
remains near/under bridges and along roadsides near riparian zones, particularly in secluded areas. These remains can 
contribute directly to E. coli loads in a waterway, especially in places where disposal is recurrent and removal or cleanup 
is infrequent or non-existent. If improperly managed, organic waste and chemical residues from managed green spaces 
(e.g., residential lawns, public parks, sports fields, golf courses, etc.), can also be a major contributor of pollutants to 
waterbodies, even in the absence of pets and their waste. Over-application can lead to an excessive build-up of nutrient 
fertilizers, pesticides, and herbicides in managed green spaces. Stormwater runoff (or similarly, lawn irrigation) will carry 
these pollutants to the nearest waterbody, usually via storm drain. In addition to the concerns associated with the 
herbicides and pesticides, excessive nutrient fertilizer runoff from multiple residential lawns will accumulate in the 
waterbody, encouraging growth of excessive algae.Extensive algal populations can cause diurnal swings in DO in the 
water, potentially placing aquatic organisms at risk. Once the algae  have exhausted the excess nutrient supply, they will 
eventually die and begin to decay, removing additional DO, which is a major cause of fish kills. Some algal species also 
produce toxins that can kill fish and other gill-breathing organisms, especially when in high abundance. If nutrient 
enrichment is also accompanied by leaf litter and grass clippings being blown into storm drains after mowing, the decay 
from this plant matter will further exacerbate DO swings and impair water quality even further. 

Fish kills due to excessive algal growth (credit: TPWD). 
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5.0 Pollutant Source Assessment 
No one method of analysis is sufficiently accurate to 
provide a clear picture of the water quality impacts in 
a watershed on its own. To ensure that a thorough 
characterization of the watershedΩǎ ǎǘŀǘǳǎ was 
achieved, pollutant loadings were assessed using a 
variety of methods utilizing both empirical data and 
estimations based on literature values from multiple 
sources. The methods used in this study included 
routine and flow-biased water quality data analysis, a 
load duration curve (LDC) analysis based on collected 
data for multiple pollutants, and spatial analysis of 
potential E. coli sources using SELECT. Additional 
information about these analyses is provided in 
Appendix C and Appendix F, respectively. 

5.1 Water Quality Monitoring 
Additional sampling proposed for this project was 
intended to further characterize the sources of the 
nutrient screening level concerns in the lake and the 
E. coli impairment in Village Creek. This supplemental 
sampling began in June 2016 and concluded in May 
2017. Three distinct sampling regimes were 
conducted as part of this effort: 

¶ Regime #1 - routine sampling at 11 sites (herein after called routine monitoring). This regime consisted of bi-monthly 
E. coli, nitrites or NO2, nitrates or NO3, total Kjeldahl nitrogen (TKN), total phosphorus (TP), orthophosphate (OP) 
samples, and chl-a, as well as field and flow parameters. These routine samples were consistently taken near the 
beginning of the two-month cycle, regardless of flow conditions. This routine data will be used for biennial 
integrated water quality assessments conducted by TCEQ. 

¶ Regime #2 - bi-monthly flow-biased monitoring at the same 11 sites (herein after called flow-biased monitoring) and 
for the same parameters described in Regime #1. The goal of the flow-biased monitoring was to ensure that, to the 
furthest extent possible, the full range of flows were represented in the resultant data so that functional LDCs could 
be produced. Therefore, sampling for targeted flows was based on data gaps that developed in the routine 
monitoring. For example, if routine monitoring did not include high flow events, then higher flows were targeted for 
monitoring. Conversely, if routine monitoring tended to occur during normal and higher flow events, then low flow 
events were targeted. Use of data from these samples has been restricted to load calculation, and thus does not 
qualify for inclusion in future biennial integrated reports composed by TCEQ. 

¶ Regime #3 - optical brightener (OB) testing at various sites in the watershed including, but not necessarily limited to, 
the 11 sites at which routine and flow-biased monitoring were conducted. This testing consisted of anchoring 
natural untreated cotton sampling medium in rigid flow-through containers in the stream for a period of time (24 to 
48 hours). The sample medium was later collected and checked for fluorescence from detectable OBs. These 
compounds are found in many laundry detergents and can therefore indicate the presence of sewage leaks or failing 
septic systems. OB detection results may help identify potential human sources of E. coli in the watershed and 
inform the selection of BMPs to manage these sources. 

 

A variety of sites were selected to encompass different land uses and flow regimes (Figure 3-1). One site characterizes 
residential and industrial developments on the west side of Lake Arlington (10793), with another characterizing 
residential developments on the east side (10798). Seven sites are located on the main tributary to the lake, Village 

Flow measurement on Village Creek near Kennedale, TX. 
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Creek. Two of these sites, which characterize industrial and manufacturing land uses, are periodically under influence of 
the lake (10780 and 10781). This means that measurements taken at these sites when water levels are at or near the 
conservation pool elevation may represent pooled water from the lake rather than inflowing water from Village Creek 
όŀƭǎƻ ŎŀƭƭŜŘ ΨōŀŎƪǿŀǘŜǊΩ ŎƻƴŘƛǘƛƻƴǎ. Further upstream, two sites are located on either side of the TRWD outfall (21762 
and 13671), which brings in additional water from two lakes in east Texas and significantly changes water quality when 
active. Another station (10786) is located at the site of a USGS gage, at the approximate midpoint of the watershed. Two 
stations located further upstream characterize suburban-rural mosaic land uses (10785 and 21763). Two upstream 
tributaries were also monitored: Deer Creek (10805) and Quil Miller Creek (21759), representing similar suburban-rural 
mosaic land uses.  

5.1.1 E. coli 
The additional monitoring conducted in 2016 and 

2017 indicates that contact recreational use is not 

supported in Village Creek or its tributaries due to 

elevated E. coli levels. The data also indicates that the 

additional two tributaries to Lake Arlington that were 

sampled (stations 10798 and 10793) may also not 

support contact recreational uses. Often, evaluations 

of supported uses employ a 10% margin of safety 

(MoS) to account for one or several sources of 

uncertainty related to data collection and analysis, 

including field collection and laboratory errors. When 

applied in water quality, the MoS is often observed to 

provided additional confidence that the noted water 

quality action level is being met. A boxplot analysis of 

all stations (Figure 5-1) revealed that only one station 

(21762) maintained a geomean concentration well 

below the 10% MoS (113 MPN/100 mL) at 76 

MPN/100 mL, with another (10786) just below the 

water quality standard (126 MPN/100 mL) at 124 

MPN/100 mL. With the exception of these two sites and Deer Creek (10805), the boxplots indicate that more than half 

of the samples collected at each site exhibited E. coli concentrations higher than the standard, with geomeans varying 

from 171 (10805) to 713 MPN/100 mL (10798). As indicated earlier, it is worth reiterating that flow-biased sampling 

methods were a component of this data collection effort, and several high- and flood-flow events represented in the 

boxplot were intentionally sought so that a variety of flows would be available to conduct a thorough LDC analysis and 

load estimations. As such, only a portion of this data will be represented in future biennial integrated reports.  

For most of the sites on Village Creek (upstream from station 21762), E. coli concentrations appeared to be closely 

related to precipitation events and thus higher flows, indicating that nonpoint sources and/or resuspension of existing 

sediment bacterial colonies are likely to be the significant contributors of E. coli. Figure 5-2 provides an example of the 

flow-concentration relationship typical of these stations. Beginning at station 21762, however, dilution from incoming 

flows from the TRWD outfall significantly reduces E. coli concentrations. The relationship between concentration and 

flow is confounded when this outfall is active. During these release events, flow increased but E. coli concentrations 

tended to remain low, only exceeding the standard when associated with a precipitation event (Figure 5-3). The direct 

relationship between increasing flow and E. coli concentration breaks down even further at sites closer to the lake 

(10781, 10780, 10793). Here, backwater conditions that result as the lake approaches its capacity further reduce the 

predictability of the flow-concentration relationship. However, as seen in the example shown in Figure 5-4, high E. coli 

can still reliably be predicted using recent rainfall at these three sites. 

Figure 5-1. Boxplots and geomeans for E. coli samples collected June 2016 ς 
May 2017. 
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Figure 5-2. Hydrology and E. coli parameters, Village Creek at Everman Drive (13671). 

 

 

 
Figure 5-3. Hydrology and E. coli parameters, Village Creek near Freeman Drive (21762). 

 

 

 
Figure 5-4. Hydrology and E. coli parameters, Village Creek at IH-20 (10780). 
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Figure 5-5. Hydrology and E. coli parameters, Tributary of Lake Arlington (10798). 

Rainfall data for each station was estimated using area-interpolated daily precipitation values from the NWSΩǎ !ŘǾŀƴŎŜŘ 

Hydrologic Prediction Service (https://water.weather.gov/precip/). This provides a more accurate estimate of recent 

rainfall compared with using precipitation values from the nearest weather station. 

Despite being collected at relatively the same time frame as the other monitoring stations, the station on the unnamed 

tributary to the lake (10798) displayed distinct flow-concentration relationships that were unlike any of the other sites. 

For instance, 10798 was the only site that displayed E. coli concentrations that were consistently elevated above the 

water quality standard, despite regularly being the site with the lowest flow (Figure 5-5). It was also the only monitored 

ǎƛǘŜ ǘƘŀǘ ŀǇǇŜŀǊŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƻƴǎƛǎǘŜƴǘ Ŧƭƻǿ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊƻƧŜŎǘΣ ŜǾŜƴ ŘǳǊƛƴƎ ǘƘŜ άŦƭŀǎƘ ŘǊƻǳƎƘǘέ ŎƻƴŘƛǘƛƻƴǎ 

encountered in the summer of 2015 when even the main stem of Village Creek exhibited disconnected pools and zero 

recorded flow at the Rendon USGS gage (site 10786). This continuous flow condition is supported by the anoxic 

substrate conditions encountered in several portions of the reach, particular in concrete-lined portions where black 

substrate is often indicative of continuously-wet conditions in the bed and banks. Upon hearing of the potential issue, 

City of Arlington staff promptly responded to investigate. Further analysis of the site revealed that point source issues 

may play a part in the consistently elevated values and continuous flow, but definitive conclusions have yet to be made, 

as follow-up tests done at wastewater infrastructure bisects with the tributary have yet to show leakage occurring. 

5.1.2 Solids 
Typically, discussions of solids, and TDS in particular, are not major components of watershed plans. Most of the BMPs 
aimed at curbing TDS are applicable to reducing E. coli and nutrient inflows, so they can easily be grouped in with those 
contaminants for simplicity. However, given the potential point source influence encountered at site 10798, along with 
several elevated geomeans in upper reaches of the watershed (Figure 5-7), TDS became a prominent parameter of 
interest from a water supply perspective. 

Viewed in tandem with the E. coli boxplots, the TDS data also support a case for point source wastewater influence 
within the unnamed tributary, since high TDS values are often associated with raw human sewage. However, inflows 
from lawn irrigation leaving one of the many residential properties that drain to the tributary may just as easily be the 
cause. Frequent, low-duration irrigation cycles can cause solids to build up in lawns due to evapotranspiration. In the 
event an irrigation cycle does produce runoff, it can carry these accumulated solids, along with E. coli from any pet feces 
currently left in the yard, to the stream. This may explain why high TDS and E. coli concentrations are encountered in the 
unnamed tributary outside of storm events. ̧ Ŝǘ ŀƴƻǘƘŜǊ ŜȄǇƭŀƴŀǘƛƻƴ Ƴŀȅ ƭƛŜ ƛƴ ǘƘŜ ƎŜƻƭƻƎȅ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ǘǊƛōǳǘŀǊȅΩǎ 
drainage. Studies conducted by the University of Texas-Arlington (UTA) indicate that groundwater feeding the area is 
rich in cobalt and nickel, along with several other solids (UTA, n.d.). This constant inflow of groundwater would explain 
both the elevated TDS and consistent flow, but does not explain why E. coli values remain elevated. TRA conducted 

https://water.weather.gov/precip/
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supplemental investigations in the tributary. Staff discovered that specific conductance values (which are related to TDS) 
below the wastewater pipeline crossing doubled from readings taken above the wastewater pipeline intersecting the 
channel. Although not definitive, these results add to speculation that sewage influence in the area may be partially 
responsible for the elevated E. coli. However, additional studies are needed for full confirmation. 

With the exception of the Deer Creek tributary (10805), 
high TDS values were also apparent in all monitoring sites 
above the TRWD outfall, with geomeans for the five sites 
exceeding the water quality standard (300 mg/L) (Figure 
5-6). The Quil Miller Creek tributary (21759) exhibited the 
2nd highest geomean in the dataset, but in general, both 
the site geomeans and overall TDS ranges tended to 
decrease on Village Creek with downstream progression, 
indicating that additions of flow from other tributaries 
(dilution) played a role in the TDS reduction.  

5.1.3 Nutrients 
Although several nutrients exhibited occasionally high 

levels within the lake, no one nutrient was elevated 

ǿƛǘƘƛƴ ŀƴȅ ƻŦ ǘƘŜ ƭŀƪŜΩǎ ǘǊƛōǳǘŀǊƛŜǎΦ IƻǿŜǾŜǊΣ Ǿŀƭǳes for 

nitrogen and phosphorus species at the at the most 

upstream Village Creek site (21763) were slightly elevated 

when compared to other sites (Figure 5-7). In contrast to 

the TDS trend, it would appear that the two tributaries, 

Quil Miller and Deer Creeks, are now providing the 

dilution, this time for nutrients. This indicates that the primary source of nitrogen and phosphorus in the watershed 

ƻǊƛƎƛƴŀǘŜǎ ƛƴ ǘƘŜ ƘŜŀŘǿŀǘŜǊǎ ƻŦ ±ƛƭƭŀƎŜ /ǊŜŜƪΩǎ Ƴŀƛƴ ōǊŀƴŎƘΦ Lƴƛǘƛŀƭ ŀǎǎǳƳǇǘƛƻƴǎ ƻƴ ǎources focused on the agricultural 

land use near the headwaters. However, greater agricultural land use in the Quil Miller Creek subwatershed prompted 

re-evaluation of potential sources. After further review of aerial imagery, it became apparent that there were two golf 

courses upstream of site 21763, one which bordered the west bank of Village Creek, and another through which Village 

Creek bisected. Golf courses can be a prominent source of nutrients from extensive fertilizer use. Proposed 

supplemental monitoring will further explore this possibility in the future. Effluent from the nearby WWTF may also be a 

contributor to the elevated values within this reach of the main stem, with wastewater discharges (and thus nutrient 

enrichment) being more significant here than in either of the tributaries providing dilution. 

This trend reversed direction with respect to chl-a, where the three highest geomeans were exhibited by the three sites 

(10781, 10780, and 10793) that were under influence of the lake for at least ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘǳǊŀǘƛƻƴ όFigure 

5-7). Higher chl-a concentrations here are likely due to decreased flow velocity, which allows for free-floating algal 

species to populate an area more easily. 

Despite the lack of distinct nutrient-related water quality concerns in the tributaries, caution should be exerted when 

drawing conclusions on how tributary inputs impact the lake. Nutrients are transient in a flowing system such as a creek 

or river, but once those nutrients are delivered to a dammed waterbody like a lake or reservoir, flow rates decrease 

significantly, and will likely even be difficult to accurately measure during reservoir releases at the dam. This increased 

residence time leads to accumulation of nutrients, sediment, and other solids. Nutrients will continue to accumulate in 

both the water column and bed sediments, until they are used by organisms, removed by human means (typically 

through dredging), or resuspended and flushed downstream over the dam. If excessive nutrients begin to accumulate in 

a lake, this reduces the growth limitations on algae, and algal blooms will often result, a phenomenon commonly 

referred to as lake eutrophication. In many cases, eutrophication is a natural process in lakes, but can be intensified with 

Figure 5-6. Boxplots and geomeans for TDS samples collected June 2016 
ς May 2017. 
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the proliferation of urban environments. In addition to the potentially harmful environmental effects, algal blooms may 

also cause taste and odor problems in municipal water taken from the lake, and may impact recreational opportunities. 

5.2 Load Duration Curve Analysis 
In watersheds where nonpoint sources are the likely primary source of pollutant loading, LDCs are useful tools for 

illustrating the relationship between stream flow, pollutant concentration, and the resulting pollutant loads. The 

pollutant loads during each monitoring event can be compared to the maximum allowable load at that particular flow 

rate; this data can then be used to calculate the reduction needed to meet the water quality goal for each pollutant. 

Although LDCs cannot be used to differentiate between specific sources (e.g., livestock, pets, OSSFs), they can be used to 

determine whether point sources or nonpoint sources are the primary concern by identifying whether exceedances 

Figure 5-7. Boxplots and geomeans for nutrients in samples collected June 2016 ς May 2017. 

Boxplots for parameters of interest include a) nitrate, b) TP, c) OP, and d) chl-a. 

a) 

d) c) 

b) 
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occur within a specific flow regime. If exceedances are only observed during periods of high flow or moist conditions 

associated with storm events, then nonpoint sources are the likely contributor. However, if allowable load exceedances 

are also present during dry conditions or periods of low flow, then it is likely that point sources are also contributing to 

the overall load, becoming more prominent as flows decrease (Figure 5-8). Both stakeholders and regulatory entities 

recognize that exceedances at high flows are usually attributed to flooding, and thus inherently unmanageable. 

Therefore, stakeholders agreed that reductions demonstrated in the mid-range conditions flow regime would be most 

appropriate for representing the water quality reduction goal at each site. Additional information regarding LDC 

development is provided in Appendix D. 

A minimum of 12 paired stream flow-pollutant concentration data points are required to properly execute the LDC 

analysis tool. During the monitoring effort, 12 paired samples were successfully collected for all sites except 10793, 

which experienced several periods of no flow during the monitoring effort. LDCs were developed at each of the 11 

stations for five key constituents, E. coli, TDS, nitrate, TP, and chl-a, so that any trends between stations could be 

analyzed. Although the LDCs for all sites were instrumental in developing an understanding of pollutant load dynamics 

throughout the watershed, stakeholders chose to focus on two sites to determine several short-term and long-term 

water quality goals. 

Figure 5-8. Flow categories and regions of likely pollutant sources along an example load duration curve. 
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Site 10781 
For planning purposes, site 10781 (Village Creek at US-287 BUS) was chosen as the benchmark for establishing water 

quality goals for pollutant reductions. While it is expected that some element of lake influence may ultimately be 

present at site 10781, it was still considered the site that most accurately represented the entire watershed for several 

reasons: 

¶ Lake influence is not as prominent and flow was consistently obtainable (advantage over site 10780); 

¶ Site is convenient to access, with shoulder protected by concrete barriers (advantage over site 10780); 

¶ Ongoing access is very likely ŘǳŜ ǘƻ ǘƘŜ ǎƛǘŜΩǎ ƭƻŎŀǘƛƻƴ ƛƴ ŀ ōǊƛŘƎŜ ǊƛƎƘǘ-of-way (ROW) (advantage over site 21762); 

¶ Supplemental inputs from TRWD outfall releases captured in flow calculations (advantage over site 10786); and 

¶ Site represents several Village Creek tributaries downstream of the TRWD outfall that often completely mask water 
quality improvements observed when releases are active (advantage over sites 13671, 21762); 

 

Keeping in mind that protection of water quality in the lake is just as important to stakeholders as restoring water 

quality in Village Creek, using site 10781 as the benchmark for planning purposes is expected to provide valuable 

nutrient loading data as well as that for E. coli.  

Site 10798 
As discussed in Section 5.1.1, it is suspected that the unnamed tributary monitored at site 10798 may be impacted by 

point sources to a much greater extent than the rest of the watershed. For this reason, this tributary was analyzed with 

additional short-term goals in mind when compared to the long-term water quality goals identified for the whole 

watershed. LDC analysis for this site will help to further identify the source type (point vs. nonpoint) by comparing the 

required load reductions between the various flow categories. 

5.2.1 E. coli 
As represented by the data collected at site 10781, the LDC analysis indicates that elevated E. coli concentrations are 
primarily associated with high flow, moist conditions, and mid-range conditions flow categories, indicating that nonpoint 
source inputs and in-stream resuspension of E. coli from bed sediments are primarily responsible for the exceedances 
(Figure 5-9). Similar conditions are represented at other stations along Village Creek. To ensure that water quality goals 
are achieved, an annual reduction of 1.61E+14 MPN/yr during mid-range conditions is needed at this site (Table 5-1). 

In contrast to all other monitored sites, the LDC analysis for site 10798 revealed that reductions were required at all flow 
conditions, including low flows (Table 5-1). This was also exemplified in the graphical interpretation, as it was the only 
site where the regression trend for the calculated loads (in blue) never intersected the trend for the maximum allowable 
load (in red) (Figure 5-9). Here, reductions during mid-range conditions are expected to be 1.83E+11 MPN/yr.  

Table 5-1. E. coli load reduction goals at a) site 10781 and b) site 10798. 

Flow Condition             

at Si te 04 (10781)

% of 

Time 

Flow 

Exceeds

Dai ly 

Loading 

(MPN/day) 

% Dai ly 

Reduction 

Needed 

for Goal

Annual  

Loading 

(MPN/yr)

Annual  

Reduction 

Needed 

(MPN/yr)

High Flows 0-10% 8.90E+13 96 3.25E+16 3.10E+16

Moist Condi tions 10-40% 1.71E+12 81 6.23E+14 5.14E+14

Mid-Range Conditions40-60% 5.89E+11 72 2.15E+14 1.61E+14

Dry Conditions 60-90% 2.49E+10 12 9.08E+12 2.13E+12

Low Flows 90-100% 3.78E+09 - 1.38E+12 -

Flow Condition             

at Si te 04 (10793)

% of 

Time 

Flow 

Exceeds

Dai ly 

Loading 

(MPN/day) 

% Dai ly 

Reduction 

Needed 

for Goal

Annual  

Loading 

(MPN/yr)

Annual  

Reduction 

Needed 

(MPN/yr)

High Flows 0-10% 6.36E+11 98 2.32E+14 2.27E+14

Moist Condi tions 10-40% 1.47E+11 90 5.36E+13 5.23E+13

Mid-Range Conditions40-60% 6.22E+08 80 2.27E+11 1.83E+11

Dry Conditions 60-90% 2.36E+08 73 8.60E+10 6.34E+10

Low Flows 90-100% 7.09E+07 61 2.59E+10 1.57E+10

  a)   b) 
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Figure 5-9. LDCs for E. coli at a) site 10781 and b) site 10798. 
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5.2.2 Solids  
Although several upstream sites exhibit exceedances for TDS at some of the lower flow conditions, likely due to 
baseflow influence from the nearby WWTFs, these impacts become negligible at site 10781. Thus, no reductions 
specifically targeted to the TDS load were recommended by stakeholders for the main stem of Village Creek. 

For the unnamed tributary, exceedances were prevalent at all flow conditions except high flows. However, TDS is 
primarily used in this study as a supplemental source of information to further identify potential sources of E. coli and 
nutrient pollution. Therefore, no load reduction goals were identified for inclusion by the stakeholders.  

5.2.3 Nutrients  
As indicated in Section 5.1.3, Lake Arlington is listed for both nitrate and chl-a concerns. Although several collected 

samples surpass nutrient screening levels for nitrate and TP in the two most upstream sites (21762 and 21759), no 

overall nutrient concerns currently ŜȄƛǎǘ ƛƴ ŀƴȅ ƻŦ ǘƘŜ ƭŀƪŜΩǎ ǘǊƛōǳǘŀǊƛŜǎΦ IƻǿŜǾŜǊΣ ƛǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǎŎǊŜŜƴƛƴƎ 

level thresholds for nitrate and TP are higher in 

streams than in lakes (Table 3-3). This means that a 

nutrient concentration in a stream may meet the 

screening level there, but would likely surpass the 

ƭŀƪŜΩǎ ǎŎǊŜŜƴƛƴƎ ƭŜǾŜƭ ƛŦ ŀ ǎŀƳǇƭŜ ǿŀǎ ǘŀƪŜƴ ƴŜŀǊ ǘƘŜ 

stream-lake confluence where dilution effects were 

not yet significant. Therefore, while stakeholders did 

not specifically outline water quality goals in terms of 

a reduction, several protective measures to mitigate 

future increases will be recommended. These 

protective measures are expected to minimize 

increases to chl-a by limiting the nutrients available to 

algal species, thus limiting eutrophic potential. 

5.3 Spatial Analysis of E. coli Sources Using 

SELECT 
Watershed prioritization and BMP recommendations 

were further refined with the use of the SELECT 

analysis, which further partitions potential E. coli 

loads into 55 modeled catchments, or subwatersheds 

(Figure 5-10), based on likely E. coli sources as 

identified by watershed stakeholders. Using a 

combination of geographic information system (GIS) 

and spreadsheet tools, estimated populations of 

various warm-blooded animal species (humans, pets, 

livestock, wildlife) were distributed spatially 

throughout the watershed based on each 

ǇƻǇǳƭŀǘƛƻƴΩǎ ŀǇǇƭƛŎŀōƛƭƛǘȅ ǘƻ ŘƛŦŦŜǊŜƴǘ ƭŀƴŘ ǳǎŜκƭŀƴŘ 

cover characteristics, and then sub-categorized into 

riparian and upland zones. Once distributed, species-

specific E. coli load production values published in 

scientific literature were applied to each population 

(Table 5-2), producing the E. coli loads that may 

eventually find their way to waterways (Figure 5-11, 

Figure 5-12, Figure 5-13). To account for the variety in 
Figure 5-10. Subwatersheds and riparian buffer zones in the watershed for 
use in the SELECT analysis. 
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the sizes of the subwatersheds, these loads were then 

normalized to a per-acre basis to ensure that 

contributions from larger subwatersheds did not 

overshadow those from several smaller ones. Finally, 

the separate, normalized sources are then aggregated 

to produce an overall normalized E. coli load for each 

subwatershed. For an in-depth look at the SELECT 

analysis, please refer to Appendix E. Please note that 

SELECT was designed specifically for calculating loads 

from E. coli sources, and thus cannot be used to 

calculate loads from other pollutants of interest to 

stakeholders, despite their relative importance. 

Proper distribution of populations is of paramount 

importance in the analysis, and stakeholders took 

care to ensure that distributions accurately reflected 

conditions experienced in watersheds existing along 

urban-rural fringes outside of major metropolitan 

areas like Dallas-Fort Worth (DFW). For example, it is 

unlikely that you would find a large cow/calf operation in the middle of a dense urban area, so no portion of the 

ǿŀǘŜǊǎƘŜŘΩǎ ŎŀǘǘƭŜ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ ŘƛǎǘǊƛōǳǘŜŘ ǘƻ urban land uses, instead being placed in rangeland and pasture classes. 

/ƻƴǾŜǊǎŜƭȅΣ ǿƘƛƭŜ ƛǘ ƛǎ ƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƘƻǊǎŜ ǇƻǇǳƭŀǘƛƻƴ ǿƛƭƭ ŀƭǎƻ ōŜ ŦƻǳƴŘ ƛƴ ǊŀƴƎŜκǇŀǎǘǳǊŜ 

land use classes, it is also likely that some portion may be found in low-density urban areas, on what are commonly 

known as small-ŀŎǊŜŀƎŜ ƻǊ άƘƻōōȅέ farms, typically 5 acres or less. Therefore, the stakeholder group elected to account 

ŦƻǊ ǘƘŜǎŜ άǇƻŎƪŜǘ ǇƻǇǳƭŀǘƛƻƴǎέ ōȅ ŘƛǎǘǊƛōǳǘƛƴƎ ǾŜǊȅ ǎƳŀƭƭ ǇƻǊǘƛƻƴǎ όр҈ύ ƻŦ applicable species populations to these low-

density urban areas so that a more accurate characterization of the watershed conditions could be achieved. 

wŀǿ {9[9/¢ ƻǳǘǇǳǘ ƛǎ ƻŦǘŜƴ ǎŜŜƴ ŀǎ ŀ άǿƻǊǎǘ ŎŀǎŜ ǎŎŜƴŀǊƛƻέ ŦƻǊ ŜǎǘƛƳŀǘƛƴƎ E. coli loads, as the tool does not contain any 

built-in functionality that automatically adjusts for E. coli die-off, predation, soil entrainment, or other forms of 

mitigation between the time of deposition up to its introduction to a waterway. However, these processes can be 

partially accounted for by applying weights to the loads based on their distance to a waterway. For example, manure 

deposition within riparian buffer areas (< 100 m from a stream), carry more weight than would deposition in an upland 

area further away (Figure 5-10). Use of this tactic will allow for further refinement of critical areas for BMP 

implementation.  

E. coli loads were similar for all livestock species (cattle, sheep, goats, and horses), being generally more prevalent in the 

more rural areas just south of the lake near Everman and Rendon, and further south in Johnson County, with minimal 

impacts in the urban areas east and west of the lake and in the vicinity of Burleson and Crowley. In particular, per-acre 

loads were most concentrated in subwatersheds 29, 50, 27, 54, and 32 (Figure 5-11).  

Impacts from deer E. coli loads were not as widespread, with noticeably less impacts near urban centers, with rare 

exception. The greatest impacts for deer occurred in the same subwatersheds impacted by livestock, with 

subwatersheds 29, 54, 50, and 30 bearing the highest per-acre loads (Figure 5-12). The highest E. coli loads for feral hogs 

were exhibited in subwatersheds 13, 54, 29, 30, and 50, but impacts were slightly higher in several urban subwatersheds 

closer to the lake when compared to other sources. In contrast, E. coli loads from pets tended to be highest in these 

smaller, urban watersheds, with the highest loads encountered in subwatersheds 10, 7, 20, 11, and 22, all occurring 

along the rim of the lake. 

Source E. coli Loading Factor Literature Source

Cattle 2.70E+9 MPN/AU-day Metcalf and Eddy, 1991

Sheep/Goats 9.00E+9 MPN/AU-day Metcalf and Eddy, 1991

Horses 2.10E+8 MPN/AU-day ASAE, 1998

Deer 1.75E+8 MPN/AU-day Teague et al., 2009

Feral Hogs 4.45E+9 MPN/AU-day Metcalf and Eddy, 1991

Dogs/Cats 2.50E+9 MPN/AU-day Horsley and Witten, 1996

OSSFs 1.33E+9 MPN/person-day Teague et al., 2009

SSOs

1.89E+7 MPN/gal; daily 

volume varies based on 

reported release volumes 

(gal) from database

USEPA, 2001

WWTFs

4.78E+9 MPN/MGD; daily 

volume varies based on 

self-reported release 

volumes (MGD) from 

facility

Teague et al., 2009

Table 5-2. E. coli loading factors for calculating E. coli loads from various 
sources. 
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As expected, E. coli loads from OSSFs were most significant in the rural areas to the south and east, with the highest 

loads coming from subwatersheds 36, 31, 53, 45, and 55. Impacts from SSOs were more scattered, with the highest E. 

coli loads borne by subwatersheds 17, 46, 35, 23, and 8. For WWTFs, the three subwatersheds containing active 

facilities, 50, 44, and 54, were the only ones with measurable loads (Figure 5-13). 

As with any spatial analysis, aberrations can occur, and unexpected results should be discussed with stakeholders. In one 

example, stakeholders questioned the high E. coli load for feral hogs in subwatershed 13, as well as in several of the 

other undeveloped watersheds on the west side of the lake. While feral hog presence is possible since the species 

commonly uses wooded riparian buffers as passageways between and amongst urbanized areas, their presence here is 

unlikely given that these areas are isolated from other forested areas by dense urban and industrial land uses nearby. 

Similar situations occurred with several smaller urbanized subwatersheds in the southwest corner of the lake, where it is 

unlikely that impacts from livestock species are valid concerns due to the fact that development in this area consists 

primarily of medium-density subdivisions. In this case, it is likely that several open lots in the area have skewed the land 

cover analysis in the direction of agricultural use, despite no such use being obvious in the area. Stakeholders must be 

mindful of such situations during the implementation phase of this project so that BMPs are properly applied.  

Stakeholders must be prepared for the unexpected when it comes to pollutant source management (credit: City of Fort Worth). 
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Overall, impacts from all combined E. coli sources 

appeared to be most prevalent in three collective 

categories: 1) in smaller subwatersheds surrounding 

the lake, 2) near the center of the watershed 

downstream of the Deer Creek-Village Creek 

confluence, and 3) in subwatersheds near the 

headwaters with a relatively high percentage of 

riparian-to-upland area. Of these, 8 of the 10 

subwatersheds with the highest per-acre E. coli loads 

were located on the lake rim (Figure 5-14). On the 

west side of the lake, these contributions are likely 

from wildlife in large forested areas that compose a 

significant portion of the coastline. However, several 

large oil extraction pads exists within these forested 

areas. The increased runoff generated by these open 

areas may carry a disproportionate amount of E. coli 

from the forested areas into the lake. In the more 

urbanized areas around the lake, much of this 

influence likely comes from dog/cat populations. Pets 

were by far the most prominent source, with all 

watersheds contributing at least some amount of E. 

coli. The pets category exhibited both the highest 

maximum and minimum contributions, highlighting 

the importance for management of this E. coli source. 

E. coli contributions from sheep and goats followed in 

prominence, with loads from cattle being very similar. 

OSSFs also supplied significant loads. Figure 5-15 

provides a visual comparison of the minimum and 

maximum loading values for all evaluated E. coli 

sources for the watershed, while Table 5-3 provides 

an in-depth analysis of all evaluated sources in all 55 

subwatersheds. Please note that Figure 5-15 uses 

units of MPN/ac-day for comparison between 

pollutant source classes, while Table 5-3 uses units of 

MPN/day to establish the scope of the reductions 

needed to meet water quality goals. 

As mentioned previously, there exist several 

potential E. coli sources that could not be modeled 

reliably, but that stakeholders still recognize as viable 

pollutant management opportunities. These un-

modeled sources, as listed in Section 4.3.5, will also 

be considered in the overall management strategy 

covered in future chapters. 

  

Figure 5-14. Relative severity of E. coli loads for all sources by subwatershed. 

Figure 5-15. Daily Potential E. coli load ranges for all source categories. 



Pollutant Source Assessment 

Village Creek-Lake Arlington Watershed Protection Plan 43 

Table 5-3. Potential E. coli loads for all subwatersheds and evaluated sources (MPN/day). 

 

Sub-

water-

shed

Cattle Horses
Sheep & 

Goats
Deer

Feral 

Hogs

Dogs & 

Cats
OSSFs SSOs WWTFs

Total E. 

coli

1 3.67E+10 1.18E+09 5.08E+10 4.49E+08 2.93E+10 7.57E+11 τ 2.18E+06 τ 8.76E+11

2 8.77E+09 3.04E+08 1.30E+10 8.57E+07 1.73E+10 1.18E+12 τ τ τ 1.22E+12

3 1.24E+09 8.27E+07 3.54E+09 8.12E+06 3.28E+09 6.07E+11 τ 3.24E+05 τ 6.15E+11

4 3.04E+09 9.50E+07 4.07E+09 9.65E+07 6.76E+09 1.19E+12 τ τ τ 1.20E+12

5 τ 5.42E+07 2.32E+09 τ 3.38E+09 6.01E+11 τ 2.18E+07 τ 6.06E+11

6 2.26E+10 8.11E+08 3.47E+10 3.04E+08 4.70E+10 1.03E+12 τ 1.46E+06 τ 1.14E+12

7 τ 1.61E+07 6.91E+08 τ 3.71E+09 1.14E+12 τ τ τ 1.14E+12

8 1.66E+10 7.94E+08 3.40E+10 5.74E+08 7.65E+10 6.94E+11 τ 4.43E+08 τ 8.23E+11

9 1.63E+10 8.53E+08 3.66E+10 5.55E+08 4.16E+10 6.30E+11 τ 3.43E+07 τ 7.26E+11

10 τ 1.19E+07 5.11E+08 τ 4.22E+09 1.39E+12 τ τ τ 1.40E+12

11 τ τ τ 1.23E+08 5.88E+09 1.05E+12 τ τ τ 1.05E+12

12 τ 9.10E+07 3.90E+09 τ 1.10E+10 8.98E+11 τ 3.97E+07 τ 9.13E+11

13 9.29E+08 2.90E+07 1.24E+09 2.29E+08 1.27E+10 1.19E+12 τ τ τ 1.21E+12

14 τ 9.54E+07 4.09E+09 τ 1.58E+10 1.02E+12 τ 4.84E+06 τ 1.04E+12

15 4.59E+09 1.92E+08 8.23E+09 1.77E+08 1.12E+10 8.93E+11 τ τ τ 9.18E+11

16 5.97E+08 2.27E+08 9.71E+09 3.91E+06 5.75E+10 1.15E+12 τ 7.85E+05 τ 1.21E+12

17 5.70E+10 2.24E+09 9.61E+10 5.41E+08 2.53E+11 1.01E+12 4.45E+09 1.01E+10 τ 1.43E+12

18 τ 5.51E+07 2.36E+09 τ 1.75E+10 1.01E+12 τ 4.60E+05 τ 1.03E+12

19 6.48E+10 2.20E+09 9.45E+10 6.28E+08 4.65E+10 6.79E+11 2.60E+09 2.43E+07 τ 8.90E+11

20 1.49E+09 4.60E+07 1.97E+09 1.34E+07 1.26E+09 5.57E+11 τ τ τ 5.62E+11

21 2.01E+10 5.76E+08 2.47E+10 1.38E+08 1.12E+10 1.15E+12 τ τ τ 1.21E+12

22 τ 6.06E+06 2.60E+08 τ 4.88E+09 7.86E+11 τ τ τ 7.91E+11

23 2.09E+11 6.53E+09 2.80E+11 2.28E+09 2.37E+11 1.40E+12 3.71E+08 4.79E+08 τ 2.13E+12

24 5.27E+09 2.94E+08 1.26E+10 1.12E+08 6.81E+10 1.50E+12 τ 8.33E+05 τ 1.58E+12

25 1.01E+12 3.02E+10 1.29E+12 9.19E+09 5.69E+11 1.26E+12 2.26E+11 τ τ 4.40E+12

26 5.23E+11 1.65E+10 7.06E+11 5.40E+09 5.54E+11 1.07E+12 7.38E+10 1.52E+07 τ 2.95E+12

27 6.67E+11 1.98E+10 8.48E+11 5.57E+09 2.85E+11 9.49E+11 3.30E+10 2.56E+07 τ 2.81E+12

28 3.32E+11 1.07E+10 4.58E+11 5.17E+09 4.95E+11 9.69E+11 3.71E+08 2.54E+06 τ 2.27E+12

29 2.15E+11 6.27E+09 2.69E+11 2.11E+09 9.02E+10 9.87E+11 1.08E+10 τ τ 1.58E+12

30 1.35E+11 3.85E+09 1.65E+11 1.25E+09 5.93E+10 1.03E+12 5.19E+09 τ τ 1.40E+12

31 2.85E+11 8.45E+09 3.62E+11 3.25E+09 1.08E+11 1.20E+12 3.07E+11 τ τ 2.28E+12

32 1.25E+12 3.72E+10 1.59E+12 1.15E+10 5.38E+11 1.25E+12 3.93E+10 τ τ 4.72E+12

33 8.93E+10 2.56E+09 1.10E+11 1.00E+09 2.38E+10 8.93E+11 3.71E+10 τ τ 1.16E+12

34 9.60E+11 2.80E+10 1.20E+12 8.08E+09 4.29E+11 1.63E+12 2.79E+11 2.20E+06 τ 4.53E+12

35 1.60E+11 4.64E+09 1.99E+11 1.18E+09 6.73E+10 1.99E+12 2.97E+10 1.48E+08 τ 2.45E+12

36 3.73E+11 1.09E+10 4.69E+11 3.21E+09 8.60E+10 1.88E+12 3.94E+11 5.01E+06 τ 3.22E+12

37 5.12E+11 1.53E+10 6.58E+11 3.81E+09 2.34E+11 1.72E+12 1.71E+10 1.30E+06 τ 3.16E+12

38 4.46E+11 1.33E+10 5.71E+11 4.00E+09 1.07E+11 1.85E+12 1.08E+10 1.32E+07 τ 3.00E+12

39 2.05E+10 6.33E+08 2.71E+10 1.85E+08 6.15E+09 1.53E+12 τ τ τ 1.58E+12

40 1.61E+10 4.60E+08 1.97E+10 1.42E+08 4.95E+09 1.58E+12 τ τ τ 1.63E+12

41 8.00E+09 2.36E+08 1.01E+10 9.40E+07 3.64E+09 1.63E+12 τ τ τ 1.65E+12

42 4.12E+11 1.22E+10 5.23E+11 2.99E+09 6.27E+10 1.04E+12 1.00E+10 8.67E+07 τ 2.06E+12

43 3.69E+11 1.07E+10 4.60E+11 3.26E+09 7.37E+10 8.62E+11 2.11E+10 τ τ 1.80E+12

44 7.93E+11 2.36E+10 1.01E+12 6.58E+09 2.09E+11 1.31E+12 2.47E+11 τ 2.25E+08 3.60E+12

45 4.37E+11 1.28E+10 5.48E+11 4.31E+09 1.06E+11 1.26E+12 4.74E+11 2.27E+08 τ 2.85E+12

46 2.71E+11 8.87E+09 3.80E+11 3.28E+09 4.40E+11 1.42E+12 7.42E+08 2.19E+09 τ 2.53E+12

47 4.31E+11 1.30E+10 5.58E+11 5.53E+09 1.93E+11 9.95E+11 2.69E+11 4.53E+06 τ 2.46E+12

48 2.13E+11 7.50E+09 3.21E+11 2.42E+09 4.73E+11 1.35E+12 6.68E+09 4.05E+08 τ 2.37E+12

49 9.98E+11 2.93E+10 1.25E+12 9.31E+09 2.47E+11 1.54E+12 1.31E+11 2.16E+05 τ 4.21E+12

50 1.78E+12 5.27E+10 2.26E+12 1.64E+10 7.64E+11 1.43E+12 4.07E+11 2.16E+08 2.14E+09 6.71E+12

51 6.20E+11 1.82E+10 7.82E+11 6.14E+09 1.88E+11 1.38E+12 1.42E+11 τ τ 3.13E+12

52 1.92E+11 5.83E+09 2.50E+11 2.42E+09 1.27E+11 1.62E+12 2.23E+09 τ τ 2.20E+12

53 6.13E+11 1.84E+10 7.87E+11 6.67E+09 1.92E+11 1.09E+12 6.26E+11 τ τ 3.33E+12

54 1.68E+12 4.96E+10 2.12E+12 1.60E+10 7.45E+11 1.50E+12 4.13E+11 τ 8.16E+07 6.52E+12

55 7.46E+11 2.21E+10 9.49E+11 7.36E+09 2.20E+11 1.07E+12 3.01E+11 τ τ 3.31E+12

Daily 1.70E+13 5.11E+11 2.19E+13 1.64E+11 8.69E+12 6.48E+13 4.52E+12 1.45E+10 2.45E+09 1.18E+14

Annual 6.21E+15 1.86E+14 7.99E+15 5.99E+13 3.17E+15 2.36E+16 1.65E+15 5.29E+12 8.94E+11 4.29E+16

Totals
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5.4 Documentation of Illegal Dumping Using Photograph Repository 
Significant quantities of refuse and potentially hazardous materials were found in and near tributaries by TRA field 
scientists at many of the sampling locations. Therefore, further reconnaissance in the watershed was conducted at 
rural/urban bridge crossings and cul-de-sacs with known or expected uses as illegal dumping sites.  

Prior to conducting the reconnaissance, 22 sites were selected using aerial imagery, based on roadway access and 

proximity to Lake Arlington. A standard field data sheet was created that included parameters such as waste type, 

streambank erosion, homeless occupation, stream flow, and waste quantity. These parameters were further broken 

down into sub-categories with assigned point values based on potential water quality impacts. Hazardous waste was 

assigned the highest value of 5, whereas common litter items (cans, cups, fast food containers, bags, bottles, etc.), were 

assigned the lowest ǾŀƭǳŜ ƻŦ мΦ 9ŀŎƘ ǎƛǘŜΩǎ ŎǳƳǳƭŀǘƛǾŜ Ǉƻƛƴǘ ǾŀƭǳŜ ǿŀǎ ƳǳƭǘƛǇƭƛŜŘ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ м-2 if the refuse was 

purposely dumped and then multiplied by 1-2 again based on the quantity. This created a standard grading rubric for 

each site where higher severity scores indicated more severe potential negative impacts on water quality. During the 

survey, field scientists completed data sheets, recorded GPS points, and took photographs to support their findings. 

Field data were entered into a spreadsheet and used to create a mapping geodatabase. Using the total severity score, 

sites were distributed into four categories: 1) minimal impact, 2) some impact, 3) significant impact, and 4) critical 

impact. Of the 22 sites, five were classified as critical impact, three were significant impact, four had some impact, and 

nine had minimal impact on water quality. 

Example of a site with minimal impacts from illegal dumping. Example of a site with some impacts from illegal dumping. 

Example of a site with significant impacts from illegal dumping. Example of a site with critical impacts from illegal dumping. 
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Based on preliminary observations, sites with significant or critical impacts from illegal dumping usually have evidence of 
repeated dumping events. Stakeholders agreed that further monitoring is required to have more conclusive information 
on illegal dumping behavior at these sites, and recommend expansion of both the scope and frequency of the survey.  

To support this recommendation, a story map has been created using ArcGIS Online software that can be shared with 
interested individuals and enforcement authorities. This application is capable of spatially cataloging potential dumping 
sites, allowing users to include pictures depicting the extent of the impacts. Previous interactions between TRA and 
several municipalities in the watershed demonstrated that there was indeed a willingness to cooperatively address the 
illegal dumping issue at the municipal level. This might provide an opportunity to improve communication between the 
departments involved in enforcement and other departments engaged in routine or frequent field operations that may 
be able to provide information about illegal dumping activity and dumping sites. Through the development, expansion, 
and use of this or sƻƳŜ ǎƛƳƛƭŀǊ ƻƴƭƛƴŜ ǎǇŀǘƛŀƭκǾƛǎǳŀƭ ǊŜǇƻǊǘƛƴƎ ǘƻƻƭΣ ƛǘ ƛǎ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ƛƴǘŜƴǘ ǘƘŀǘ ƛƴǘŜǊ-departmental 
and inter-municipal communication will improve, resulting in quicker response times and potentially even improving the 
odds of identifying offenders engaged in dumping activities. 

5.5 Optical Brighteners Analysis 
Optical brighteners (OBs) are dye compounds that are added to laundry detergent to make clothing seem whiter or 
brighter in color after washing. Although not a direct measurement of bacterial contamination, the presence or absence 
of OBs in the water found at the monitoring site may be an indicator of human sewage contamination, which is a 
potential source of E. coli ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ Lƴ Ƴƻǎǘ ŎŀǎŜǎΣ άƎǊŜȅǿŀǘŜǊέ ŦǊƻƳ ƭŀǳƴŘǊȅ ǿŀǎƘƛƴƎΣ ǎƛƴƪǎΣ ŀƴŘ ŘƛǎƘǿashers is 
ŎƻƳōƛƴŜŘ ǿƛǘƘ άōƭŀŎƪǿŀǘŜǊέ ŦǊƻƳ ǘƻƛƭŜǘǎ ŀƴŘ ǳǊƛƴŀƭǎ ƛƴ ǘƘŜ ǿŀǎǘŜ ǎǘǊŜŀƳ ƭŜŀǾƛƴƎ ŀ ǊŜǎƛŘŜƴŎŜ ŀƴŘ ǘǊŀǾŜƭs to either an 

OSSF or centralized municipal WWTF. While it is true 
that very little OB biodegradation occurs in these two 
facilities, it has been shown that as much as 85% of 
OBs are removed from the water by adsorbtion to 
sludge particles that settle out of the effluent water 
before it is released (Poiger et al., 1998). This allows 
for the OBs to be used as a reliable indicator for 
human sewage contamination. Common sources of 
OBs include 1) malfunctioning OSSFs, 2) non-
ǇŜǊƳƛǘǘŜŘ άǎǘǊŀƛƎƘǘ ǇƛǇŜǎέ ǘƘŀǘ ƻŦŦŜǊ ƴƻ ǘǊŜŀǘƳŜƴǘΣ 
and 3) leaking, damaged, or otherwise 
malfunctioning WWTF infrastructure, either within 
the conveyance lines to the facility, or within the 
ŦŀŎƛƭƛǘȅΩǎ treatment train itself. However, other 
household, personal care, and industrial products can 
Ŏƻƴǘŀƛƴ ǎƛƳƛƭŀǊ ŘȅŜǎΣ ǿƘƛŎƘ Ŏŀƴ ǇǊŜǎŜƴǘ ΨŦŀƭǎŜ 
ǇƻǎƛǘƛǾŜǎΩ ƛƴ ǘƘŜ ǘŜǎǘΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜΣ ōǳǘ ŀǊŜ ƴƻǘ 
limited to, antifreeze, car wash detergents, lawn 
grass dyes, and some viral-vector pesticides. 

The method used in this project was adapted from 
similar ones employed within municipal stormwater 
conveyance systems by various municipalities in the 
DFW area. Positive results are reflected above for 
selected sites in Figure 5-2 through Figure 5-5. 
Results for all sites are provided in Appendix C. The 
method itself, while providing some insight into what 
are believed to be several false positives, did not 
necessarily provide any solid evidence of human 
waste contamination at any point in the watershed, 

Above: Typical instream OB sampling setup. 

Below: Instream OB sample compared to fluorescence references under UV lamp. 
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either as a consistent load or as a periodic occurrence. It may be that there are simply too many variables to account for 
in natural waterways that do not exist in heavily channelized municipal stormwater conveyance systems. However, due 
to the cost-effectiveness and simplicity of the analysis, TRA will continue to conduct OB studies in the event that the 
analysis does, in fact, provide early detection of human waste contamination during future field sampling operations. 

5.6 Conclusions 
Based on these analyses, it is clear that there are several significant sources of E. coli, nutrients, and other contaminants 

distributed throughout the watershed, and that focusing on one particular land use or location will not provide a viable 

solution. Soil permeability also appears to play a significant role in the sharp increases in E. coli loading seen 

downstream of the site near Enon Rd (21763), where any water quality improvements afforded by the addition of water 

from the TRWD outfall are quickly masked by runoff inputs from other tributaries from areas with highly impermeable 

soils off to the west (Figure 4-4). In many cases, wildlife tend to be the primary contributor of E. coli in Texas 

watersheds. Stakeholders have few management options in these cases, and VCLA stakeholders even expressed interest 

in avoiding management of wildlife contributions altogether, instead preferring to account for wildlife E. coli loads as 

background or baseline contributions. However, due to the significant amount of urbanized area in the VCLA watershed, 

several sources that are inherently more manageable outranked wildlife sources. For this reason, E. coli contributions 

from dogs and cats are likely the primary source of pollution in the watershed, followed closely by agricultural livestock. 

These sources prove to be advantageous for E. coli management in the watershed, as several well-known and proven 

management strategies exist for both source categories, whether it be for E. coli or nutrients. Additional BMPs put in 

place for several of the other source categories will provide additional flexibility for achieving the 1.61E+14 MPN/yr 

reduction on Village Creek and the 1.83E+11 MPN/yr reduction needed for the unnamed tributary.  

Survey site on Wildcat Branch impacted by both floatable trash and significant erosion. 
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6.0 Management Strategies and Associated Load Reductions 
¢ƘŜ ²tt ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎ ƻǇŜǊŀǘŜǎ ƻƴ ŀ ŎƻƴǘƛƴǳǳƳΣ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ƛǎǎǳŜǎ ŀƴŘ 
recognition of the data gaps that need to be addressed before decisions can be made to remedy those issues. Several 
analyses are then conducted to spatially and quantitatively characterize the pollutant loads. This information can then 
be used by stakeholders to make informed decisions about the management methods most appropriate for remedying 
the issues with the highest stakeholder priorities. 

6.1 Meeting Water Quality Goals 
The primary water quality goals for the watershed, as defined in Section 5.2.1, are specifically for E. coli loads, in terms 
of MPN/day. However, these loads are expected to fluctuate, with reductions from BMP implementation offset by 
increases from land use/land cover changes with continued development. To meet this challenge, load reduction goals 
will always refer back to the primary contact recreation quality standard for E. coli of 126 MPN/100 mL, which is 
measured as a concentration rather than a load. A 10% MoS on the water quality standard will be observed for load 
calculation, so the water quality target for the waterbodies of interest will effectively be 113 MPN/100 mL for calculating 
the E. coli loads. 

Typically, only one index site is chosen for establishing water quality goals in a WPP. However, as described in Section 
5.2, conditions in an unnamed tributary of Lake Arlington do not resemble those throughout the rest of the watershed, 
and thus stakeholders have recommended that separate goals be established for that small watershed. For Village 
Creek, site 10781 (US 287-BUS) was chosen. Likewise, the monitoring site on the unnamed tributary, 10793 (@ Bowman 
Springs) will be used as its index site. Stakeholders selected the mid-range conditions flow regime as the basis for 
calculating the load reductions needed to reach the water quality goal. With reductions for both systems already in 
excess of 70% within this regime, stakeholders sought to set a realistic goal for water quality improvement that could be 
revisited in the future if merited. The required annual reductions, under mid-range conditions, are 1.61E+14 MPN/yr for 
Village Creek and 1.83E+11 MPN/yr for the unnamed tributary.  

Conducting flow measurement at the watershed index site, downstream of US 287-BUS in Kennedale, TX. 
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Although the E. coli reductions are the primary 
regulatory goal for the WPP, stakeholders agreed 
that bacteria issues were not necessarily the primary 
concern in the watershed. Concerns related to the 
amount of nutrients reaching the lake and their 
relationship to eutrophication, and more specifically 
algal growth, were of primary interest due in part to 
ǘƘŜ ƭŀƪŜΩǎ ǳǎŜǎ ŀǎ ŀ ǇƻǇǳƭŀǊ ǊŜcreational area and as 
the sole drinking water supply for many residents 
throughout Tarrant County. While it is true that LDC 
analysis did not reveal any explicit nutrient load 
reductions for any of the sites, stakeholders 
understand that nutrient storage can occur in lakes 
even if monitoring does not indicate nutrient 
concerns in the tributaries. For this reason, nutrient 
reductions will be tied to management 
recommendations for E. coli, since many E. coli BMPs, 
(specifically those for water retention/detention and 
treatment) are also expected to curb both nutrient 
and sediment loads as well. Stakeholders also expressed interest in addressing more visible forms of pollution, including 
floatable trash, illegal dumping, and yard residues. Due to the sporadic and often transient nature of these sources, no 
quantitative reduction goals were recommended. However, stakeholders did recommend goals related to improving 
homeowner education and communication between various field investigators and regulatory entities (municipalities) to 
improve response time and cleanup.  

With many examples of active oil and gas production around the lake and throughout the watershed, it is also possible 
that contamination from petroleum products or production by-products may endanger the lake or its tributaries. Due 
again to the sporadic and transient nature of these occurrences (similar to SSOs), no explicit load reduction goals were 
identified within the scope of the WPP towards these areas specifically; they will instead be considered within the 
overall scope of loads considered for greenspaces and open areas in general. There is also the possibility that 
stakeholders may choose to re-evaluate the need to address these areas separately in the future. 

6.2 The Whole Watershed Approach 
StakŜƘƻƭŘŜǊǎ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ŦƻŎǳǎƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ƎǊƻǳǇΩǎ ŜŦŦƻǊǘǎ ƻƴ ŀ ǎƛƴƎƭŜ ǎƻǳǊŎŜ ǿƛƭƭ ƭƛƪŜƭȅ ǊŜǎǳƭǘ ƛƴ ŘƛƳƛƴƛǎƘƛƴƎ ǊŜǘǳǊƴǎ 
in the form of load reductions with successive incremental funding increases. Instead, stakeholders have chosen to 
offset these diminishing returns by selecting appropriate BMPs for a variety of pollutant source categories. While the 
overall loads from each source were certainly taken into account, the stakeholder BMP recommendation process also 
incorporated elements of feasibility, cost-effectiveness, and community visibility. It is for this reason that several un-
modeled sources (e.g., illegal dumping, yard waste) received a higher stakeholder priority rating than did more 
significant E. coli sources (e.g., livestock, OSSFs), as illustrated in Table 4-1. Conversely, these selection criteria also serve 
as justification for why stakeholders chose not to prioritize BMPs for native wildlife E. coli contributions, even 
recommending to avoid them outright to avoid creating perceived attractive nuisance issues near alternative watering 
facilities. This approach has been used in other WPPs, as management of wildlife in any capacity (for E. coli deposition or 
otherwise) is impractical, costly, and thus unlikely to yield meaningful load reductions within the watershed. 

Prioritization by source was then followed by spatial prioritization. Stakeholders agreed that while placement of 
physical/environmental BMPs should follow the results of the SELECT analysis, education-based BMPs should be focused 
on areas that impose the most direct impacts to Lake Arlington and expand outward and upstream as appropriate. 
Following the expectations of adaptive management, it is anticipated that these priority areas will fluctuate in size, 
shape, and location as needs arise or are resolved. These adjustments will rely heavily on stakeholder input, and only 
those BMP recommendations approved by stakeholders (at present or in the future) will be considered. Stakeholders 

Construction BMPs for stormwater pollution (silt fences, green curlex mat, sod 

ǊŜǇƭŀŎŜƳŜƴǘύ ƴŜŀǊ ŀ ŘŜǾŜƭƻǇƳŜƴǘΩǎ ǊŜǘŜƴǘƛƻƴ ǇƻƴŘ όŎǊŜŘƛǘΥ /ƛǘȅ ƻŦ CƻǊǘ ²ƻǊǘƘύΦ 
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themselves are responsible for implementing these voluntary recommendations, and their willingness to do so will 
ultimately define the speed and efficacy with which water quality goals are achieved. 

6.3 Synergies with the Lake Arlington Master Plan 
Being the initial inspiration for this WPP, readers will find numerous references to the LAMP throughout this document. 

While the two plans share a geographical setting and common goal of protecting water quality within Lake Arlington, 

they differ slightly in scope. In addition to water quality protection measures, the LAMP also contained 

recommendations for aspects of lake aesthetics and future development alternatives. Conversely, the WPP focuses only 

on improvements to water quality, effectively magnifying and addressing various components of the LAMP related to 

nonpoint source pollution management, with heavy emphasis placed on pollutant loading due to E. coli. However, as 

previously stated, both LAMP and WPP stakeholders have identified water quality improvement and protection 

priorities beyond the E. coli impairment. Many of these priorities were conveyed in Section 7 of the LAMP, Source Water 

Protection and Watershed Management (Malcolm Pirnie and Arcadis U.S., 2011). Management recommendations 

relevant to the WPP, will be summarized in the following subsections; please refer to Section 7 of the LAMP for 

additional details. 

6.3.1 Stormwater Runoff Volume Reduction and Pollution Control Measures 
Runoff Reduction Requirements for Subdivision/Development Regulations 
The LAMP recommends the establishment/enforcement and periodic review of multiple ordinances related to reducing 

the amount of impervious surfaces in new construction and redevelopment projects. These ordinances, which are 

utilized more prominently within 100-year floodplains, require developers to include stormwater BMPs and green 

infrastructure in their designs to remain as close to the pre-development hydrologic (runoff) condition as possible.  

BMPs for Reducing Runoff Volume 
To support the implementation of both voluntary and 

compulsory (via ordinance) stormwater runoff 

reduction and pollution control measures, the LAMP 

recommends several BMPs aimed at either runoff 

reduction or stormwater detention/remediation. 

Please reference page 110 of the LAMP for additional 

details about the recommended BMPs (Malcolm 

Pirnie and Arcadis U.S., 2011). 

Establishment of Environmentally Sensitive Areas and 
Floodplain Corridors 
Perhaps the most important opportunity for 

improving and protecting water quality lies in the 

ability to preserve existing riparian buffer zones or 

rehabilitate those that have been degraded. Protection of these environmentally sensitive areas (ESAs) around 

waterbodies ensures that there exists a last line of defense between pollutant sources and waterways. The intent 

behind establishing ESAs is not to restrict or discourage development, but rather to provide stakeholders and decision-

makers with spatial prioritizaǘƛƻƴ ŦƻǊ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ άŦƛǊǎǘ ǎǘǊƛƪŜέ ƛƴƛǘƛŀǘƛǾŜǎ ŦƻǊ Ǉƻƭƭǳǘŀƴǘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ǘƘŜ 

watershed. This concept was further developed in the TPL Greenprint study, which further classified ESAs into three 

priority levels (Figure 6-1). A similar Greenprint study was also conducted for parts of Lake Lewisville, and has since been 

ŘŜǾŜƭƻǇŜŘ ŜǾŜƴ ŦǳǊǘƘŜǊ ƛƴǘƻ 5Ŝƴǘƻƴ /ƻǳƴǘȅΩǎ DǊŜŜƴōŜƭǘ tƭŀƴ (UTCT, 2017). The Greenbelt Plan takes the ESA concept a 

step further, seeking to permanently protect these areas through a land trust. No such plans have been made for the 

VCLA watershed, but should stakeholders determine this is a viable option, it could be addressed in the future. 

Citizen attempting to curtail erosion issues on their property on Lake Arlington using 

green curlex mats and terracing (credit: City of Arlington). 
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6.3.2 Runoff Control from Disturbed Areas 
The land disturbance that is inherent to any land 

development/construction project was a significant 

focal point for the LAMP. These sites can result in 

both short-term and long-term watershed 

contamination from a variety of sources. Section 7 in 

the LAMP provides an extensive list of runoff control 

BMPs for both circumstances. 

Construction Sites 
The LAMP briefly discusses National Pollutant 

Discharge Elimination System (NPDES) requirements 

for Phase I- and Phase II-regulated entities. CWA § 

319(h) grant funding cannot be used for activities 

ŀƭǊŜŀŘȅ ǊŜǉǳƛǊŜŘ ōȅ ŀƴ ŜƴǘƛǘȅΩǎ municipal separate 

stormwater sewer system (MS4) permit, but may be 

ǳǎŜŘ όǿƛǘƘ Ŏŀǳǘƛƻƴύ ǘƻ ŦǳƴŘ ǎƛƳƛƭŀǊ ŀŎǘƛǾƛǘƛŜǎ άŀōƻǾŜ 

ŀƴŘ ōŜȅƻƴŘέ ǿƘŀǘ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ ǘƘŜ a{пΦ Therefore, 

construction site BMPs ǿƻƴΩǘ compose a significant 

portion of grant funding requests through the CWA § 

319 process. Instead, 319 funds would be used for 

establishing post-construction pollution controls 

above and beyond what is required by MS4 permits, 

where the landowner voluntarily proposes to limit or 

reverse chronic erosion or significantly reduce 

pollutants in runoff from the property by installing 

appropriate green infrastructure components to 

better mimic pre-construction runoff conditions. 

Oil and Gas Exploration Sites 
With typical construction sites, the majority of water 

quality impacts are acute in nature, with erosion and 

pollutant concerns diminishing as the site recovers ecologically. However, when areas are cleared for oil and gas 

exploration pad sites, these same pollutant inputs can potentially become chronic concerns. Local studies revealed that 

while petroleum hydrocarbons were not any more prevalent in stormwater runoff when compared to other sites, 

concentrations of metals and TSS were significantly higher, often comparable to runoff concentration values from active 

construction sites (Banks and Wachal, 2017). The study concluded that installation of typical stormwater BMPs would 

result in sediment yield reductions of 50-90%. Pad sites for oil and gas extraction are regulated through the Texas RRC, 

and thus the opportunity for management through the WPP is limited. Regardless, TRA will coordinate with local RRC 

staff and municipalities to inventory existing stormwater run-on/runoff BMP requirements for pad sites to uncover any 

opportunities for improvement. 

Figure 6-1. Prioritized areas for BMP implementation in the watershed. 

Data Source: TPL, NCTCOG 




































































































