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Statement of Purpose
A healthyDouble Bayous vital to supportregional commerceyhile providingnative riparian
habitatand recreation opportuniti@s Chambers Countyl'he land surrounding the West and
East Forks of Double Bayou provide excellergzing and farmingn 2012, he West Fork of
Double Bayou was listelly the State of Texder elevated levels of bacteria and low dissolved
oxygen The East Fork of Double Bayou was identified as a concern fomoeattainment of
water quality standasdforelevated levels of bacteréand as avater qualityconcern based on
screening levels for low dissolved oxygémresponse, thBouble Bayou Watershederotection
Plan was developed using a stakeholder process driven by public participation to @rovide
foundation forrestoring and maintainingater quality inthe Double Bayou Watershed
Development othe Raninvolvedassessingey water quality issues in tiizouble Bayou
Watershedind determiningionpoint sources of pollution that contribtiethe® issueswith
this knowledgemanagement programs and public outreach effat® been developéd
restore and prote the vital water resources of thatershed.

Stakeholders are any individual or group that may be directly or indirectly affectediwaties
implementedd protect water qualitguch as citizens, businesses, municipalitgg,andcounty
governments, nonprofit organizatisand state agencies. This document is a means by which
stakeholders can become familiar with breuble BayouWVatershedind be active watershed
stewards by making difference in the quality and health of their streams throulyimtzry
management practices. The documisr starting point to focus restoration efforts and enable
financial and technical assistartoefacilitate improvements ithe Double Bayou Watershed

The Double Bayou Watershderotection Plan is intended to be a living document, adjusted to
include new data and modified as conditions in the watershed change over time. It will evolve as
needs ad circumstances dictate and will be guided by stakeholders as they undertake active
stewardship of the watershed.
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Executive Summary
TheDouble Bayou Watershad located on the Upper Texas Gulf Coast and is part of the
Galveston Bg Watershed. Situated in the eastern portion of the Lower Gaiv8ay
watershedit is comprised of two main subwatersheds: East Bodble Bayouand West Fork
Double Bayouwhicharethe primary waterways in the watershed. Tiwaible Bayou
Watershedirains 98 square miles (61,445 acres) of predominantly rural and agricultural land.
TheDouble Bayou Watershadtains directly into the Trinity Bay system and ultimately into
Galveston Bay. Today, the lands and waters in and around Double 8gywart rice farming,
cattle grazing, oil production, small town and country living, industry and commercial
navigation, sailing, paddling, crabbingysteringrecreational fishing and wildlife watching.

The West Fork of Double Bayd®egment 2422B)as listed agmpaired (not meeting its water
guality standards) on the 2012 Texas Integrated R8p8({d)for low dissolved oxygefor
aqguatic life usage (listed as impaired since 2004 ¥anelevated levels dbacteriafor contact
recreation(listed as impaired ste 2006) The East Fork of Double Bay¢8egment 2422D)
was identified as a concern for negemmnattainment of the standards &evated levels dbacteria
and as a concern for water quality based on screening levels for low dissolved oxygen.

The Texas Site Soil and Water Conservation Board (TSSW@Byided funding talevelop a
Watershed Protection Plan (WHB) the Double Bayou Watershdzhsed on criteria that

includedthe ongoing activities and level of stakeholder intepstsence on the Texas Igtated
Report(303(d) lis), and thepotential for succes®ublic meetings were held Anahuac and

Double Bayou Shortly thereafterthe Double Bayou Watershdeartnership was formed to guide

the WPP development proce$se Partnership is working withtizens, businesses, public

officials and state and federal agenciesrtprovewater quality inthe Double Bayou Watershed

The Partnership recognizes that success in improving and protecting water resources depends on
the people who live, worindrecrede in the watershed:he Double BayouNPPwill serve as a
guidance document for restoring and protecting local water quality.

The Partnership andembers of the Agriculture, Feral Hogs and WildWNerkgroup the
Recreation and Hunting/orkgroupandthe Wastewater and SeptWworkgroupdedicated
significant time and efforto identify the potential bacteria sources in theuble Bayou
WatershedPotential sourcesf bacteriadentified through the process were: feral hogs, cattle,
goats, horses, deandwastewaterThrough scientific analysigsing sampled bacteria
concentrations and flow measuremengsearchers supporting the Partnership determined
bacteridoad reduction goal This information was used to set goals and milestones for
implementation omanagement measures aimed at reducing bacteria levkéswatershed
Based on data analysis, including water quality data and sk icharacteristics, the
workgroups recommended management measures to reduce bacteria ltheslsatershed

TheWadgewater and Septid/orkgroup along with thePartnershipworked closely witHocal
governmenpersonnel to identify wastewater management meadtxtsndng sanitary sewer
service to areas not currently senisa specific target fomprovementreducng infiltration

and inflow to the igaseaypdosityThePsatr @ waeWastsheghydsst e m
Coordinatowill work with Texas A&M AgriLife ExtensiorServiceto provideedua@ation
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programs for homeowners wisieptic systemsas well aseek funding to providegnancial
assistance to those who are unable to repair failing systems.

The Agriculture, Feral Hogs and Wildlii&orkgroupalong with thePartnership identified
managementneasures, whicimclude the development and implementationatintary site
specificconservation plangechnical and financial assistance can be provided to farmers and
ranchers for development of conservation plans that address potential sources of bacteria and
nutrients and meet the needs of each operation.

The Recration and HuntingVorkgroupalong with thePartnership identified nmagement
measures, whicimclude thepossibleinstallationof a boater waste pump out statatr©ak
Islandand potentially addingestoomsin the watershetbr peoplewho recreate along the
bayous.

To address feral hog concerns in the watershed, the Partnership will iegyxas A&M

AgriLife ExtensionServicefor technical assistance, education and assistance with management
of feral has. In addition, the Partnership will support continued employment of-ard|

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

Outreach and education will play a significant role in succe¥$RPimplementationAll of the
workgroups identified key outreach and education management measures that help improve
water quality by increasing understanding and engaging the community in stewardship of Double
Bayou.

The implementation phaseaybegin once the WPP document is stakehadggrovedand
accepted by thEPA. Continuedoutinewater quality monitoring at four mainstem stations will
be essential to support adaptive managemethteodVPPand allow for orthe-ground
corrections, if needk Management measures will taloredto specific sources and land uses
and will incorporatean adaptive implementation approabhtwill continually process water
guality data, stakeholder experiesemd watershed information

Double Bayou Watershduhcteria reduction goals were developed tadigevedafter the full
10-year implementation phase. Interim reduction and programuagic were developed for the
3, 6 and10-year marks to serve as milestones pragjress indicatord.o meet 16year redation
goals progress will be assessed at years 3 and 6 to determ@saifrceallocation is adequate or
needs to be redistribute@ther factors may influence water quality of heuble Bayou
Watershedaver thelO-yearimplementation phase; not all facs can be controlletHowever,
theDouble BayowWWPPwas designed to guide the implentation of management measubtest
can help to achieve water quality standards in the watershed.

TheDouble BayouNatershedPartnership will continue to megtiarterly or onanasneeded
bass, toreceive updates on implementation prograsd effortsThe goal of the Partnership
to improve and protect water quality in tbeuble Bayou Watershexb itis preservedor future
generations of stakeholders.
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1 Watershed Management

1.1 What is a Watershed?

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

into a stream, marsh, bayou, river, lake or ocean. Watersheds can @ Erg#li as small as

the area of land that drains to a neighborhood stie@nthose that drain into a major river. Each
watershed can be part of a larger waterskegli(e1-1 Double Bayou Watershegstem). A

smaller watershed, part of a larger one, is known as a subwatershed. Watershed boundaries often
cross municipal, county and state borders because the watershed is determined by physical
geography, not politiddoundaries.

Everyone |ives in a watershed. Because a wate
watershed, the water quality and quantity of the water body is affected by what we do on the

land. The overall function and healthtbe watershed angater body ar¢he result of these

cumulative effects.

Galveston Bay

/ East or West
U Fork

Figure 1-1 Double Bayou Watershedystem

1.2 Watersheds andlVater Quality

Water quality describes the chemical, physical and biological characterfstvasen. Due to
surface runoffactivities in the watershed caffectin-stream water quality. Water quality
criteria, or thresholds, are established to evaluate the suitability of a waterbody for particular
usesSubstances that make water unsuitablét$assignedises ar&nown aswvater quality
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pollutants. Pollutants may be marade, or they may be natural, lawé presenn harmful
concentrations.

Pollutant sources that caffectwater quality are from two main categoriepoint or nonpoint
sourca. Runoff from the land to a stream starts as rainfall flowing over agricultural, urban,
residential, industrighndor unceveloped areas in a watersh&dis runoff can carry with it
pollutants washeddm the surrounding landscape. This type of pollytcmming from
numerous diffuse sources, is callemhpoint source pollution Examples of different types of
nonpoint source pollution include fertilizer runoff fromresidential lawns or agricultural fields,
pet wastdrom urban unoff and wastes from wildlife, feral hogs, or livestodlonpoint source
pollution is more challenging to manage since it does not originate from a single source.

On the other hangdoint source pollutioncomes from a single source thatlischargedlirectly

into a water bodguch asa pipe, storm sewer or outfall. Point source pollution is subject to
regulation by permit. Discharges from wastewater treatment facilities are an example of point
source pollution.

1.3 Water Quality Standards

The federal Clean Water Act (CWA) of 1977 required that all states establish standards for
measuring the health of surface water bodies. States must develop standards that describe how
water bodies are used, establish water quality criteria and develpamsto monitor the

statebdbs water quality. The Texas Commi ssion o
managinghe quality ofT e x avatérlsodiesind water resources, including establishing the

s t adudabdewater quality standards and settthg surfacewater quality criteria.

The TCEQ evaluates stace water quality for Texalrough water quality monitoring,

laboratory analysis and data analysis. Stream segments are evaluated based eyearseven
assessment period for various establishater quality criteria. Every two years, the TCEQ must

report to the Environmental Protection AgenEPA)ont he ext ent t o which th
waterbodies meet the surface water quality standards. The Texas Integrated Report is developed

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

bodies in Texas according to the water quality standards303(d) list, an important

management tool produced as part oftegasintegrated Report, identifies all surface

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

As part ofthe standardssetting process, TCEQ estabksldesignated usesforldb | e Bayouo0s
water qualityincluding uses forAquatic Life, Primary Recreation, Swimminge@eraland

Fish Conamption Figurel-2 West Fork Double Bayou recreatjoithese designated uses

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

1.4 A Watershed Approach to Water Quality Management

1.4.1 Watershed Approach

The planning for improved health of a stream caoftanized by assessing the watershed

system as a whole; watersheds are an integrated system of land an&tatdéeand federal

water resource management and environmental protection agencies have embraced the watershed
approach for managing water quality Texas, the TCEQ manages programs to prevent and

abate urban nonpoint source pollution and the Texas State Soil and Water Conservation Board
(TSSWCB) manages programs to prevent and abate agriculture/silvicultural nonpoint source
pollution.

The watershd approach involves assessing sources and causes of impairments at the watershed
level and utilizing this information to develop and implement watershed managaianen\
watershed perspective allowh potential sources ofgtlution entering a waterweto be

identified and evaluated. A key reason for success of the watershed approach is that watershed
stakeholders bring together their collective knowledge, expertise and experience to preserve,
protect and improve water quali#.stakeholder is anyongho lives, works, or hasanterest

within the watershed.

1.4.2 Watershed Protection Planning for Double Bayou

Using the watershed approach, the TSSWCB has supported the development of a Watershed
Protection Plan (WPP) for Double Baydtiqure1-3 Double Bayowconfluence of East Fork and
West Forfl. The idea of a WPP is to work with local stakeholders to improve water quality
through voluntary participatiorstakénolderinvolvement is critical to selealesign and
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implementmanagement measurdémtimprove water qualityStakeholder stewardship guides
successful WPP development and implementation.

Figure 1-3 Double Bayouconfluence of East Fork and West Fork

The goal of the Double Bayou WR$to provide a roadmap to improve the water quality
Double Bayou through a voluntamollaborative approach thatcorporatestakeholder ideas
the planning processThe DoubleBayou WPP presents the current state of the watershed,
discusses water quality sampling efforts and resiiscribes stakeholdatentified causes and
sources of pollution, outlines stakeholdecommended management measareincludes
specificationdor the technical and financial framework required for implementatiba.
Double BayouWWPPwas developed usifg P A dire key elements fauccessfulvatershed
based planéseeAppendix C:Nine EPA Criteria for a Sucessful WatersheBrotection Plan and
Location of Elements in the Plan
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2 State of theDouble Bayou Watershed

2.1 Double Bayou Watershe@verview

The lands and waters the Double Bayouvatershegrovide a snapshot of the muphzed

rural Chambers County life: rice farming, cattle grazing, oil production, small town and country
living, industry and commercial navigation, sailing, paddling, crabbing, recreational fishing and
wildlife watching. Inaddition, the waters ddouble Bayou drain into Trinity Bay, just tqurrent
from the largest oyster harvesting operation in Texas. This chapter describes the relationship
between the lands and waters of Drmuble Bayou Watershed

2.1.1 Double Bayou Landscape

TheDouble Bayou Watershad located on the Upper Texas Gulf Coast and is part of the
Galveston Bay watersh€Bigure2-1 The Double Bayou Watershed®ituated in theastern
portion of the Lower Galveston Bayatershedit is comprised of two main subwatersheds: East
Fork Double Bayouand West Forlboouble Bayouwhich are also the primary waterways in the
watershedThe Double Bayou Watershattains directly into th&rinity Bay system and
ultimately into Galvestn Bay. The majority (93%) of the watershed lies within Chambers
County, Texas. The remaining 7% of the watershed is located in Liberty County, Texas. The
Double Bayou Watershettains 98square mile$61,445 areg of predominantly rural and
agricultural land. However, several residential centers are located in the watershed.

The City of Anahuac, Texas is located on the Trinity River and the northeast bank of Trinity
Bay. This rural community is the largesearof developed land in the watershed. Anahuac has a
total area ofi,344acres (2 square miles) and is nine feet above sea[2gélict 2013.

Anahuac is the Chambers County Seat, with a 2080 Censupopulation of 2,243. Much of

the middle portion of Chambers County drains into Double Bayou. The unincorporated
community of Oak Island is identifiday the U.S. Census as a designated place. Oak Island is
located at the confluence ofetlitast and Westofks of Double Bayou and Trinity Bay.
Approximately half of Oak Island is located in theuble Bayou Watershed third smaller
community in thevatershed is called Double Bayou and is located near the EasiribFV

562 (Figure2-1 The Double Bayou Watershed
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Figure 2-1 The Double Bayou Watershed
2.1.2 Double Bayowatershedlimate

The climate of th®ouble Bayou Watershad Humid Subtropical, defined by hot humid
summers and mild winte(dlarasimhan, Srinivasan et al. 200%irco 206-07). The annual

peak of rainfall typicly occurs in July. However, thigeak summer rainfall is dependent on the
hurricane season and can reach a maximum in September during huinteas&e years.
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Double Bayou Average Annual Precipitation

\

Legend
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Figure 2-2 Double Bayou Watershedverage annual precipitation

Typically, the average annual rainfall for the southeastern portion of the watershed ranges from
50-52 inches, while thaverage annual rainfall for tm@rthern portion nages from 554 inches
(Figure2-2 Double Bayou Watersheaerage annual precipitatiprmhe total annual rainfall in
theDouble Bayou Watershetlring calendar yea?2014 was 43.3 inches. The average
temperature ranges from a high o2 Augustto a low of 42F in January. The absolute high
temperature for the calendar year 2014 wak anid the lowest temperature wag 2B

2.1.3 Double Bayou
The East Fork of Double Bayawiginatesn Liberty County slightly south of FM 141@igure
2-1 The Double Bayou Watershed he East Fork follows a relatively stratgchannel
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southwest towards Trinity Bay for a total of 27 miles. The only named tributary, Chimney
Bayou, joins the East Fork of Double Bayou slightly northeast of FM 562 and Eagle Ferry Road
Originating just south of State Highway 65 and FM 1724, thetWerk of Double Bayou is
approximately half the length (14 miles) of the East Fork and is characterized by a meandering
channel Figure2-1 The Double Bayou Watershed he twobayousform their confluence a

guarter of a mile before joining Trinity Bay at Oak Island, Te¥agure2-3 Confluence of East

and West Forks at Job Beason Rafke lower portions of both bayous are tidally influenced.

T h e b &stuary Tidity Bay,is designated asnclassified oyster waters and as a classified
estuary(seeChapterd.3for a discussion on classificatignéccording to the TCEQhe area of
Trinity Bay is 123 square miles. There are also many channelized deditezry canals and
drainage ditches in the watershed.

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

Natural drainage patterns in tBeuble Bayou Watershdthve been altered by an extensive

network of waterways for drainage and agriculture. For example, the Anahohd<ditassified

as an unimpairegerennial freshwater streahat is 3 miles in length and flows south from

Belton Lane in the town of Anahuac to its confluence with the West Fork of Double Bayou just
upstream of FM 2936 (Sykes Road). Dhauble Bayou Wiershed s nat ur al dr ai nag
characterized by a shallow water table and a weakly dissalwedl plain with deep saline

soils(HARC 201).

2.2 Human History of the Watershed

TheDouble Bayou Watershéds r i ch hi story of human activity
in the history ®Chambers County, as well asxas Double Bayou itself, similar to many

tributaries of th&alveston Bayystem, |gs claim topirates sailingts waters around 1820,
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during the time of Jean Lafitte. Mexican land grants had been conveyed in the Anahuac area by
the early 1830s, followed by Anglo settlers in the 1b&B0s. The early draws to the region were
its waterways, relativelynild climateandwide-openprairies, well suited for raising cattle.

In 1831, the Mexican government surveyed the site of Anadacseat of governmeiaind the
construction of a brick fort was initiated. In the build to the war for Texas independen

(1832 and 1835), Fort Anahuac became the scene of the first Anglo armed resistance to the
Mexican governmenBy 1850, James Jackson founded the JHK Raaislo knownas the

Jackson Ranch) in the lower East Fork watershed. The JHK Ranch went on te loeeoof the

|l argest in the county, with 26,000 acres and

By 1900, largescale ricgoroduction had been introducedthe watershed area. Two canal
companies formed in the first decade of the 20th centiuty;ing irrigation water east from

Turtle Bay (later closed off to form Lake Anahuac). By 1902, the Hank&tosvell Canal
Company was delivering water to 10,000 acres north and east of the bay, including northern
parts of the watershexhd theEast Forkof Double Bayou. By 1906, the Lone Star Canal
Company was delivering irrigation water10,000 acres to the southeast, mosailyin the

Double Bayou Watershed

In 1907, the City of Anahuac experienced a rise to prominence when Chambers County voters
appioved moving the County Seat from Wallisville to Anahuac (Chambers County had been
created out of Liberty County in 185&). 1909, a rice warehouse was estdtasin Anahuac.

The first rice dryeestablishedn the watershed was between Anahuac and theremity of

Double BayouPreviously rice had to be hauled to Devers to the north or Beaumont to the east
for drying.

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

Sterling was born in 1875 rtdck farminghad beguato play a prominent agrultural role by the
1890s,andSterling rarmproduce boats to Galvestddterling went on to form Humble Oil

Company in 1911 and become Texas governor in 1931. Humble Oil Company became Humble
Oil and Refining Co. in 1917, whiclvelved into ExxonMobilThe firstoil discovery in the
watershed wamundaccidentallywhile drilling a water well on the Jackson Ranch in 1985.

1935, oil wagpurposely struckat a well oand owned by Archie Middletoand leasedyp

Humble Oil & Refning Company. This siteecame the Anahuaiefd at Monroe City.

City and unty revenues from the Anahuaeldl also provided the funds to help Anahuac grow
with the burgeoning demands from development of the fiel@i937, these revenues supported
congruction of a new county courthouse. It was the first courthouse in the state built with central
air conditioning. Revenues from the oil field also provided 90% of the cost for avbtheart

school in Anahuac in 1938, to accommodate the growing stpdenlation.

The late 1940s saw formation of two public entities that continue to play a key role in the
watershed and surrounding areas. Theas Legislature created the Chamieberty Counties
Navigation Districtin 1944. The district purchased th@ne Star Canaystem in 1947.

Irrigation water was providkwithin a service area of 128,559 acres in Chambers County, much
of it in theDouble Bayou Watershed'he Trinity Bay Conservation District was created at the
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suggestion of the Trinity Bay Sdllonservation District to improve drainage for agricultural land
use. Its functions have expanded to providing drinking water and wastewater service within its
jurisdiction,includingareas of th®ouble Bayou Watershemslut si de Anahuacds ser

The @mmunity of Double Bayou, located between the two forks, was settled by African

Americans, who came to the area as slaves of the families that began tharehgsgrand

farming operations. Mamyent on to become farmers and ranchers in their own Qgte.of the

ol dest churches in the county, St )hasbaenbh 6s Uni
community focal point fonearly 150 yearsncluding housing a school for area Afriean

American youth, from the mi@880s until a new school was buiit 1920

The Oscar Mayes store in Double Bayou originally operatatie East Fork of Double Bayou.

It became thdackson Grocery on Eagle Ferry Ra@audl servedhis community from 1932 until
the early 2000s. Renowned blues musician Pete Maasfrom Double Bayou and higrét

guitar was purchased frodackson Grocery. After playing across the U.S., South America and
Europe hereturned tdkeep alive the musical tradition at the Double Bayou Dance Hall for
several decade¥hat musical heritage dateddbeto the late 1920s, with a largely African
American clientele, but entertaining audiences of all backgrodimésdance halk soon to be
commemorated with a State historical marker.

The community of Oakslandlocatedat the confluence of the East anst Forks of Double
Bayou just upstream of Trinity Bay, has long served msatime hub for the watershed.
Commerce was primarily waterborne until the rai@30s;boatscarried products to Galveston
and brought back essential suppliBsfore navigatiomhannelsvere dredged tomprove marine
transportation around the bay, trips to Galvestond:take a week or more by rowbo@tyster
reefs that ran across Galveston Bay between Smith Point and San Leon were navigational
hazards that extended the trip éim

As the oil industry became establishde: importance of thiayousfor transportation grewn

the late 1940s, Brown & Root began opergbn the West Fork, just upsam of Oak Island

near Trinity Bayto servicamore than 100 rigkcatedin the waters ofthe Galveston Bay

system They also constructqupelines that transported oil from Trinity Bay (and beyond) to the
plants at Monroe City, where it underwent preliminary processing, before being piped to the
Exxon facility in Baytown for further refining. The Brown & Root shipyard was closed by the
mid-1980s but smaller industrial facilities remain near the conflueAcmarine salvage

operation and a rig servicing businegerate there to this day

Shrimp boat@ndcrabbing boats hail from Double Bayou at Osland and upstream. Crabbing
boomed withthe influx of Viethamese refugees in the 1980s. Although devastated by Hurricane
Ike in 2008 the crabbing industry has experieth@eestrong comeback with ttelp of a

dedicated community’he harbor at Oak Island is also a center fore@wonal fishig, hunting

and boatingOf additional commercial importance, waters from Double Bayou are a source of
inflows to the highly productiveysterharvestingegion just down the bay from the mouth of
Double Bayou.
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2.3 Geography

2.3.1 Ecoregion

The entireDouble BayouVatershedies within the Northen Humid Gulf Coastal Prairies
Ecoregion Figure2-4 Level Four Ecoregions of Double Baydtom EPA Level IV Ecoregion
The originalvegetation of thé&lorthen Humid Gulf Coastal PrairiescBregionwas mostly
grasslands with a few clusters of oaks (oak mottes or maritime woodlaittiis)oluestem
(Schizachyrium scopariunyellow indiangrassorghastrum nutafnsbrownseed paspalum
(Paspalum plicatulum gulf muhly Muhlenbergia capillariy andswitchgrassRPanicum
virgatum) were the dominat grassland species. TNerthean Humid Gulf Coastal Prairies
Ecoregionhas been mostly converted to land classes that inchegand, rangeind pasture
and urban land usé&riffth, Bryce et al. 2007). Some loblolly pinBifius taedaforest occurs
in the northern part of the regio@dommon tree species in the TBCD area of Chambers County
as well amearby southwest Jefferson County incllide oak Quercus virginiang bald
cypress Taxodium distichuin pine Pinusspp.) and cedaredrassp.) treesaccompanied by
hardwood species on riparian corriddegyUre2-5 Riparian corridor along West Fork Double
Bayoy (District 2013).
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Double Bayou Level IV Ecoregions
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Figure 2-4 Level Four Ecoregions of Double Bayou
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Figure 2-5 Riparian corridor along West Fork Double Bayou

2.3.2 Soils

Within the Double Bayou Watershethere ardalifferent soil formationgncludingthe higher
Lissie Formatiorandthe lower Beaumont Formatighoth of Pleistocene apel'he Lissie
Formation has lighterolored soils, mostly Alfisolswith sandy clay loam surface texture, while
darker, clayey dts associted with Vertisols are typical of the Beaumont Formaf@niffth,
Bryce et al. 200) The soils remain homogenous throughout the watershedramdostly fine
textured: clay, clay lam, or sandy clay loam.

2.3.3 Topography

Typical for the Northern Humid Gulf Coastal PrairiesoEegion the northern portion of the
watershed has the highedevation at 23 meter34.5 feet). The topography of this flat coastal
prarie gently slopes souttowardTrinity Bay and ends at arexation of-3 meters (9.8eet)
below sea leveldr a change of 26 meters (B3eet) in elevation (across approximately 20
miles). The average elevation within tDeuble Bayou Watershes just over 6 meters (19.7
feef) above sea level.

2.4 Fish and Wildlife

2.4.1 Wildlife and Habitat

CommonDouble Bayou fish speciésclude the Western mosquitofisBdmbusi affing bluegill
(Lepomis macrochirgslongear sunfishLepomis megalotjs spotted sunfishLepomis

punctatu$, warmouth(Lepomis gulosysand bay anchovyAnchoa mitchill). Less common fish
species include the pirate peréphredoderus sayanygpugnose minnowdpsopoeodus

emiliag and the hogchockeT (inectes maculatysLargemouth basdvicropterus salmoidgs

have bem reported and represent a recreational opportunity in the bayous. Common species of
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birds around Trinity Bay include the reddish edEajretta rufescensroseate spoonbill
(Platalea ajajg and whitetailed rawk (Buteo albicaudatygHARC 201)(data from TPWD).

Figure 2-7 Overhanging vegetation East Fork Double Bayou
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Other wildlife that is native to thBouble Bayou Watershedclude coyoteCanis latran3, river
otter (Lutra canadensis swamp rabbitylvilagus aquaticuspmerican alligatorAlligator
mississippiensis)exas blind sake(Leptotyphlops dulc)s Gulf coastdad(Bufo nebuliferand
diamondbackdrrapin(Malaclemys terrapinfTurco 200607).

In-stream cover is ample along the bayous and primarily consists of woody debris, root wads,
macrophytesalgae and overhanging vegetatiéigure2-7 Overhanging vegetation East Fork
Double Bayo. Riparian corridor analysis dfie East and WesbFks ofDouble Bayou shes
approximately 32% canopy cover tire East Fork and 39% canopy cover on the West Fork
(calculated using approximately 20 meter (65 feet) riparian corridor buffer around the bayous
from 2011 satellite imagery datd)he amount of cover varies widely bgyou andlepend on
whether the floodplairs forested antiow the riparian area is managed.

2.4.2 Invasive Exotic Species

Nonnative invasive species are ailsthe watersheduch as feral ho(Sus scrofa(also called
wild pig), Chinese tallowTriadica sebiferg, Chinese privetl(gustrum sinengewater hyacinth
(Eichhornia crassipés giant salvinia Salvinia molestpand #ligator weed Alternanthera
philoxeroides$.

Feral hogs arlargely unmanagedpportunistic generalisthatexhibit a high affiniy for

riparian habitatgFigure2-8 Feral hog in coal trap. Stakeholders have observed that the feral

hog population has increased in the watershed. Stakeholoeates of the feral hog population

in the watershed vary, from approximately 1,300 to 1,500 individuals. Feral hogs lack sweat
glandswhich leadghem to congregate in and around waterways, to wallow and keep cool. Feral
hogs can traverse the watershad apread rapidly, due to the extensive network of natural and
channelized waterways, canals and ditches.

Research suggests that the feral hogbés reprod
that of native ungulatesuch asvhite-tailed deerSows can become reproductively capable at 6

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

individuals are added to the feral hog population through births and/or immigeaitié:6)

piglets annually both ofwhich are factors in rapidly increasing feral hog populatiish few

natural predatorseral hog populationsangrow virtually unregulated in the wil@yson 2013.

Due to their affinity for water, feral hogs deposit bactéa@en fecal waste directly into the

waterways of the watershed. Their unrelenting appetite also has a negative impact on future seed
recruitment and seed abundance of riparian Qalefcussp.) and hickoryQaryasp.) trees.

Feral hogs damage native riparian plant communities and comgbteative wildlife for food

sources. Additionally, feral hogs cause an average of $52 million in damage annually to Texas
agricultureindustriegTimmons,Alldredge et al. 201Q2
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Figure 2-8 Feral hog in caral trap

The Chinese tallow trg&apium sebifefeandthe Chinese privefLigustrum sinengehave

invaded large areas of the watersh&tle Chines¢allow tree is considered the most established
invasive spees in the Lower Galveston BayatérshedChilton, Robinson et al. 201L1The

Double Bayou Watershasd particularly vulnerable to this tree because it thrives in the coastal
prairie wetlands and ample riparian stream habitat provided by the bayous. The Chinese tallow
tree is toxic to livestock, wildlife and humans, which increases the ris&aith coserns when
managing this invasive species (handling or burning). The Chinese privet is also an aggressive
invasive species that can establish rapidly in and around waterways and fence lines. Both species
outcompete native riparian plant communities forcgpaunlight and nutrients.

In addition to terrestrial invasive plant species, aquasintinvaders directly impact Double

Bayou waterways. Water hyacintBi¢hhornia crassipeds considerethe most detrimental
nonnative aquatic plant speci€sgure2-9 Water hyacinth East FoDouble Bayoil It can

spread quickly on the surface of waterways and dominate native submerged vegetation. These
large aquatic mats inhildight and oxygen diffusion and impedater movementeading to

low dissolved oxygen level3he low dissolved oxygetoncentratiorcan kill native populations

of fish (Chilton, Robinson et al. 201
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Figure 2-9 Water hyacinth East Fok Double Bayou

In addition,giant salvinia(Salvinia molestareplaces native forage and is regarded as the second
most harmful guatic invasive species behinétsr hyacinthAlligator weed(Alternanthera
philoxeroide$, another invasive specieggnout compete aquatic and terrestrial native

vegetation and reduce the recreational quality of waterwdlygator weedis also associated

with low dissolved oxygen concentrations. These aquatic invasive species increase the rate of
evapotranspiration aneéduce the amount of water retainedhabayous(Chilton, Robinson et

al. 2012.

2.4.3 Parks and Recreational Lands

Three municipal parks are locdtan theDouble Bayou Watershetbtaling 87 acreDouble

Bayou Park (about 37 acres) is located near the intersection of FM 562 and EagRogdrry

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

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

Street about a nelsouth of Hwy 61 in Anahualt.provides amp# recreational opportunities,

including fishing,ball fieldsandnature trails. Job Beason Park (approximately 13 acres) is

located at theanfluence of the Eastand WestF k s of Doubl e Bayou. Job
unique location provides an opportunity ighiight the ecology at the confluence of both

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

2.5 Land Use

2.5.1 Land Cover

Land coverfor theDouble Bayou Watershad shownin Figure2-11 Land Cover and habitat in
Double Bayou Watershdthnd cover data set adapted from the National Oceanic and
Atmospheric Administration (NOAA) 2010 Coast@hange Analysis Programihe most

abundant land use/land cover class inRDbeble Bayou Watershad Pasture/Hay (34,853

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

A dominant habitat land covén theDouble Bayou Watershesd the Palustrine wetland system;
this is not further defined by subsystems, but is represented by four classes of wetlands:
Palustrine Forested Wetland, Palustrine Emergent Wetland, PalustrineSBeulbWetland and
Palustine Aquatic Bed.

Palustrine Forested Wetlandee typically tidal and nontidal wetlands that are dominated by
trees greater than or equal to 5 meters in height, shrubs and persistent emergent vegetation.
Palustrine Forested Wetlandse wetlands that oacin tidal areas where the salinity is below
0.5%(Cowardin, Carter et al. 19Y.9The majority of thé?alustrine Forested Wetlanihsthe

Double Bayou Watersheate located along the East and WeskBo
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Figure 2-11Land Cover and habitat irDouble Bayou Watershed

Palustrine Emergent Wetlands differ from forested wetlands because they include mosses,
lichens and vascular plants. Palustrine Emergent Wetlands are further characterized by having
erect, rooted herbaceous hydrophytes and are dominated by perenniaRaarstsine Scrub

Shrub Wetlands contain woody vegetation less than 5 meters in height and can consist of all
water regimes except siolal. Finally,Palustrine Aquatic Bewetlands contain plants that

grow mainly on or below the surface of the waterrtfagority of the growing season and have
permanently standing surface wa€owardin, Carter et al. 19Y.9

The present Estuarine wetlasalbsystems include two Intertidal and one Subsigstem inthe
watershed. @bsystems can be further classified as Estuarine Emergent Wetland, Estuarine
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ScrubShrub Wetland and Estuarine Aquatic Bed habitat. How&stuarine wetland®tal only
114 acres of thBouble Bayou Watershg@1,445 acresand are not doinant on the landscape.

% of Total
Land Cover/Land UseType Acres Watershed

Acres
Pasture/Hay 34,853 57.4%
Cultivated Crops 12,993 21.4%
Palustrine Forested Wetland 6,132 10.1%
Developed, Low Intensity 2380 3.9%
Palustrine Emergent Wetland 781 1.3%
Grassland/Herbaceous 684 1.1%
Palustrine Scrub/Shrub Wetland 669 1.1%
Open Water 653 1.1%
Developed, Open Space 380 0.6%
Scrub/Shrub 374 0.6%
Developed, Medium Intensity 267 0.4%
Evergreen Forest 147 0.2%
Mixed Forest 146 0.2%
Estuarine EmergentWetland 111 0.2%
The following classes comprise 30 acres or less (0.05% or less) per categBgre Land,
Deciduous ForestPalustrine Aquatic Bed, Unconsolidated ShorgEstuarine
Scrub/Shrub Wetland and Estuarine Aquatic Bed

Table2-1 Double Bayou Land Cover/Land Use type

The land cover classes were consolidated into seven categories, due to the small percentage of
certain land cover classes present inRbeble Bayou Watersheahd the stakeholddidesie to
streamline land cover classes for subsequent analysis, modeling and management measure
decision processes. Stakeholders wanted to focus on groupings of vegetative heights (as opposed
to soil type or wetland category) due to familiarity witbationin the watershed. Each of the

land cover classes is represented in one of the seven categories
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Stakeholder Approved
Land Cover
Grassland and Pasture Bare Land Grassland/Herbaceous  Pasture/Hay
Cultivated Crops Cultivated Crops
Mixed Forest and

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

Deciduous Forest  Evergreen Forest Mixed Forest [ Palustrine Forested Wetla
Forested Wetlands
Developed Devebpeq, High Developed,.Medlum DeveIopeq, Low Devebped, Open Spacd
Intensity Intensity Intensity
Water Open Water | Palustrine Aquatic Bed Estuarine Aquatic Bed Unconsolidated Shore
Marsh and Emergent |Palustrine Emerge]  Estuarine Emergent
Wetland Wetland Wetland

. Palustrine Scrub/Shrul Estuarine Scrub/Shry
Scrub/Shrub Variety Scrub/Shrub Wetiand e

Table2-2 Land Cover Class Groupings in theouble Bayou Watershedonsolidated from the NOAA Coastal Change
Analysis Program (GCAP)

2.5.2 Geographic Task Force

Estimated watershed boundaries were determined via local knowledge of the watershed and
drainage system. A United States Geologic Survey (USGS) Hydrologic Unit Code (HUC)
watershed boundary was used to definlarger watershed area. Local knowledigeeloped
through several stakeholder meetings, site vasititerations of thevatershedoundary and

land coverwas applied to create a better representation ddthuble Bayou Watershed

Different flow paterns from the intricate drainage ways were reviewed by the stakeholder
geographic task force and incorporated into the boundary. Stakeholder input was used to ground
truth the land cover and ensuhat the ground cover of lanude blocks was accurafer the

seven grouped categories Gftassland/Pastur€ultivated Crops, Mixed ForeBirested
Wetlands, Developed Land, Water, Marsh/Emergent Wetlands and Slerub variety.

Due to the nature of crop rotations, sometimes a block of land design&ieliieastedCrops

one year may b&rassland/Pastutbe next year and vice versaattleare moved from
Grassland/Pastute Cultivated Cop land, andthen that pasture land is@magain cultivated.

Because of this dynamic relationship the land cover €ieasons represens fAsnapshot o
time. The stakeholders agreed that the skand useareas ar¢ypically traded lack and forth

between cultivation and pastuaadaregenerally adjacent or nearbyeach othefand thus

likely in the same subwatershethe finalized land coveepresentshe land cover categories to

the best extent possible.

2.5.3 Demographics

The smallest U.S Census unit, the block level, was used to estimate the population of the
watershed for each decade from 1970 to 2Figu¢e2-12 Double Bayou Watershgmbpulation
2000 (3,535) and 2010 (3,335J 0 account fornstances when a block boundary fell partially in
the wateshed aratio of block land percentage in aodt of the watershewas used. According
to this methodology, the 20I@uble Bayou Watershgmbpulation is estimated to be 3,335
people Table2-3 Population oDouble Bayou Watershezhd Anahuac, TX
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Year Population of | Percent Change of Population of Cizacge;éf
of Double Bayou Watershed
Census| Watershed Population ATEIILES, 12 Anahuac_, TX

Population

1970 2,299 X 1,881 X

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

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

2000 3,535 17% 2,210 10%

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

Table2-3 Population ofDouble Bayou Watershednd Anahuac, TX

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

of residents in 1980 was 1,840. In 1990, Anahuac had a population of 1,993 individuals. A 10%
increase of population occurred from 1990 to 20@8 the addition of 217 peopbnda 1.5%
increase occurred from 2000 to 2010 with the addition of 33 persons. The 2010 Census reports
that Anahuac had a population of 2,243 persons. In 2010, the population by age in Aveshuac
1,397 people between theesgof 18 and 64, 456 people between the ages of 5 and 17, 246
people over 65and 144 people under 4 years old.
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Figure 2-12 Double Bayou Watershegopulation 2000 (3,535) and 2010 (3,335)
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2.5.4 Existing LandVianagement Practices

The 2012 agricultural census reports that forage, including hay, haylage, grass silage and
greenchogndrice are the top crop items in Chambers County. Sorghum for grain and wheat for
grain also make up a portion of the farming operst(USDA 2013. These trends asdso

reflected in thdDouble Bayou Watershewhere rice farming and cattle ranching are the main
types of agriculture. Accordingly, predominate waterdhed cover is 12,993 acre§ o

cultivated crop (21.4%) and 34,853 acres of Hay oafture (57.4%) Higure2-13 Rice Farming
along the East FojkThe presence of rice farming requires a canal and irrigation system to
support operations. In 2012, the average farm size in Chambers County was 346 acres. Since
2007 tere has been a 16%duction inthe average farm size in theahty (USDA 2013.

Figure 2-13 Rice Farming along the East Fork

The City of Anahuac, the residential community of Oak Islamdpockets of oilgas drilling

and exploratioractivities are the largest developed areas of land cover in the watershed. The
largest concentration of oil/gas wells is located south of FM 65 and FM 1724 in the historic
Anahuac oil field, which centers dhe Anahuac oil gathering system and pipeline operated by
the Texas Petroleum Company. Natural gas pipelines are also prevalent in the watershed along
with active and plugged wells. The oil/gas operaticombined with the community of Oak

Island andhe City ofAnahuagresult in 3,127 acres of developed land (5%) in the watershed.

The watershed is not highly fragmented by commercial and residential development.
Landownersfarmers and ranchers own large tracks ofibable Bayou Watershezhd their
participation is paramount to the success of implemenswthgement measurdse rural
nature of the watershed creates the potential for an effective implementananajement
measures
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The seafood industry also has a presence iDthuble Bayou Wagrshed primarily in the
community of Oak IslandHjgure2-14 Commercial fishingzessel near Oak Island, JX
Crabbers, shrimpers and oystermen make use of tidalsma@rOak Island and Trinity Bay to
harvest these natural resources. Outside of the watershed bouredeiesive oystering occurs
just south of Oak Island at Smith Point.

Figure 2-14 Commercial fishingvessel near Oak Island, TX

Along with commercial operations, recreational opportunities are abundant along the bayous. Job
Beason Park and Fort Anahuac Park are equipped with full access boat ramps, while Double
Bayou Park has a canoe/kayak launch. Kaygkind sailing are popular forms of recreational
boating. The three parks located within the watersbettiserve as education centers to

increase watershed awareness. Dbable Bayou Watershead also a popular destination for

wildlife viewing, birdingand recreational fishing.

The Trinity Bay Conservation DistricTBCD) actively manages h e b @pgrieancdrriglors
througheasementalong the East and West Forks improve drainage and reduce the impacts of
flooding. The application of herbicide and dredging of the bayous are comamegement
practices that affect the riparian vegetation of the East and West Forks of Double Bayou.

2.6 Water Quality

The Double BayouVatershedonsists of the TCEQ stream segments 2422A (Anahuac Ditch),
2422B (Double Bayou West Fork) and 2422D (Double Bayou East Fork). The TCEQ began
monitoring the water quality of Double Bayou in 1969. The Texas Integrated Report, formerly
known as tk Texas Water Quality Inventory and 303(d) list, is a documentiézatibes the
status of all surface waterbodies of the State evaluated for the given assessmen period
waterbody can be listed for a water quality parameter of concern if the cortsfid@smot meet
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the water quality standards set by the TCERe West Fork of Double Bayou was listed as
impaired (not meeting its water quality standaatsassessed by numerical crifeoa the 2012
Texas Integrated Report for low dissolved oxygenetisas impaired since 2004ydelevated
levels ofbacteria (listed as impaired since 2006). West Fork Double Bayou was also identified as
a concern for water qualifgoncern for usbased omumericalscreening levelgather than
criteria) of chlorophyli-a. The East Fork of Double Bayaasidentified as a concern for

elevated levels dbacteriasince 2012and as a concern for water quality based on screening
levels for low dissolved oxygeisince 2010)Low dissolved oxygen is a concern for aquate |
because they require a certain amount of dissaxgden to live and reproducesgsSectiors
4.5and4.6for more information)Elevated levels dbacteria can be a concern for people using a
waterway for recreational use, becaak®atedconcentrations candicate the presencaf

human diseaseausing pathogensggChapter.7).

All of Galveston Bay and its tidal tributaries, including the East and West Forks of Double
Bayou, are on the St at eddDioxinnMos of theecdntamiaatianr s | i s
stems from the Houston Ship Channel sediments and is tnaustg the food chain to fisA.

TCEQ project is under way to figure out how to address the sediment contamination so that the
concentrations in fish tisswell be reduced. No actions in tizouble Bayou Watershedlll

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

2.7 Wastevater Infrastructure

2.7.1 Permitted Wastewater Treatment Facilities

The Anahuac Wastewater Treatment Facility (WWTF) is the onigicipalwastewater

treatment facility in thé&ouble Bayou Watershedtat dischargemto the bayouvia the

Anahuac Ditch. The effluent from this facility is considetieglonly point source (pllutant

attributable to one specific source) in the watershed. Located just south of Anahuac the facility is
owned by the City of Anahuac and the Trinity Bay Conservation District and is operated by the
City of Anahuac.

The operators are requiredtorepp ef fl uent sampling results to
Discharge Elimination System (NPDES) program. Currently, the wastewater treatment facility
operates under the minor NPDES individual pemainber TX0033944. The facility is

permitted to dischaeg0.6 million gallons per day tfeatedeffluent.

The most recent compliance inspection was on 05/16/2013. The Anahuac WWTF has been out
of compliance for 11 of 12 quarters from 10/01/2011 to 09/30/2014. However, the non
compliances have not resulted igrsficant violations. Chloringas total residal, fell below the
monthly minimum on 4 occasiom@dit exceeded the monthly maximum once. Nitrogen, as total
ammonia, resulted in five violations including 2 daily maximum and 3 daily average
exceedances.Xeéeedances of the pH minimum limit criterion have asourred.

Typi cal | y, E. cohefluent\wonéedtrations aveell under the required 126 ¢i00
milliliter (mL) limit. Intense rainfall can cause problems with Infiltration and Inflow & the
City of Anahuacb6és sewage collection system pi
pond and to potential elevated | evels of bact
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is a force main sewer system andad vulnerabled I&I. During periods of intense rainfall, an
increase oE. coliis evident in the receiving watefAnahuac Ditchpf the WWTF. Both the
daily maximum and daily average colicriteria levels were exceeded on 10/31/2Gi&ra
rainfall of 2 inchesover a 5-day period.

A second facility, the Oak Island WWTF (owned and operated by the Trinity Bay Conservation
District) is located near the community of Oak Island insidéineble Bayou Watershed
However, the Oak | sl and WWiihityBayandis fotapeintt i s
source contribution to the watershed. As with the Anahuac WWTF, portions of the force main
collection system for the Oak Island WWTF an¢hin the Double Bayou WatershetlVhile

force main sewers do not have the 1&l probldhet gravity sewers have, leaky or failing pipes
and joints in force main sewers are possible.

2.7.2 OnSite Sewage Facilities

On-site sewage facilities (OSSF) are possible sources of bacteria and dissolved oxygen
impairments in th®ouble Bayou Watershett is estimated thahere aremore thard500SSFs
in theDouble Bayou Watershe@his number was determined from OS&fmitdata and local

di

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

Double Bayou Watershadnge in age from new to over thirty years old. The majority of the
septic systems in teouble Bayou Watershadnge from twenty to more thalnirty years in
age
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3 Public Participation

3.1 Project History and Development

3.1.1 Early Project Interest and Activity

As part of its initiative to improve water quality in Galveston Bay, the Galveston Bay Estuary
Program (GBEP) became interestedhe collection of additional data to better assess the water
quality of both forks of Double Bau, because the forks are tributaries of Galveston Bay. GBEP
also wanted to explore whether a voluntary WPP could be beneficial fDotii#e Bayou
WatershedA Double Bayou WPP could help prevent further water quality degradation and
restore watershecehlththrough a voluntary, communigriven process.

Public participation began in 2009, when GBEP facilitated funding for an initial study, from
grants under the American Recovery and Reinvestment Act, the EPA, state aodtd8&S.

The funding providedesources for HARC tda) assemble and analyze existing wataality

data for the watershe(h) collect new water quality samples for both forks of Double Bayou and
analyze the datand (c) share the information with key stakeholders, as well asrnkeeage

public.

3.1.2 The Watershed Protection Plan Project
Since 2012HARC has worked with the USGS and Shead Conservation Soltutiates/elop a
WPP for Double Bayaurundingis provided by th@ SSWCB/EPA(federal Clean Water Act
§319(h) grantandthe GBEP/T(EQ. The goal of the funded project was to develop a-nine
element WPP for thBouble Bayou Watershedw:

1) Establishing and providing direction for a stakeholder group tbatdserve as a
decisionmaking body

2) Conducting routine and targetegter qualitysanpling and analysis,

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

4) Increasingeducatioramongthetargeted audience.

3.2 Partnership Development, Structur@nd Meetings

3.2.1 Development of the Partnership

Local involvement isrucial for the successful development and implementation of a WPP.
Funding for the development of the Double Bayou WPP opened the door for public participation.
Multiple stakeholder categories were considemechasofficials, community members with

vesed interest, landowners, recreational users, technical resource providers and any other person
whomay be affected by the Double Bayou WPP. The list was continuously updated over the
course of the WPP process and was used to inform stakeholders of gndj@ceeting updates

and to bring stakeholders together for workgroup sessions.

From the owet, stakeholder interest in the Double Bayou WPP project was high. An invitation
letter was sertb approximately 170 people. Thirgevenstakeholders attendedktfirst kick-off
meeting on May1, 2013113individual stakeholderksave participated in at least one meeting
during the development of the Double Bayou WPP
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3.2.2 Stakeholder Structure

Stakeholders preferred that tB®uble Bayou Watershdeartnership operatinformally, as a

Acommi ttee of t he \hitednembér of repréesbnetivestsdrve onah av e a
Steering Committee. Stakeholder meetings were typically held ex@ma@nths, with

workgroup meetings and/or workshdpeldin between. Irtotal, fifteengeneral meetingseven

sets of workgroup meetingsdfive informational workshops were held during the WPP
development process.

3.2.3 General Stakeholder Meetings

General stakeholder meetings were held to share data, information and workgrouphagsults
aided stakeholder decisionaking. Over the project peripgeneral meeting topics included in
stream water quality, water quality monitoring results, land use/land cover in the watershed and
modeling of potential bacteria sources. In addition, akettolders were presented with the
specialized knowledge and resudecided on in eadhndividual workgroup meeting. iy
objections or concerns were resolmore an informatonsensusvas reached. During the final
six months of the WPP procegeneraimeetings were helohore frequentlyfFigure3-1 Double
BayouWatershedPartnershigeneral stakeholder meet)nghese final meetings provided a
forum for the ProjecTeam to present and explain chapter content, while collecting feedback
from stakeholders.

Figure 3-1 Double BayouwatershedPartnershipgeneral stakeholder meeting

3.2.4 Workgroup Meetings

To develop irdepth dscussions of specific topics, stakeholders suggested forming four
workgroup categories: Agriculture/Wildlife/Feral Hogs, Recreation/Hunting, Wastewater/Septic
andResidential. The workgroupgerebased on groupings of potential pollutant sources

41




identifiedduring an early general meeting. Based on their interest and expeatistotders
chose the workgroup(s) in which they wished to participsitevorkgroup recommendations
were reached by informal consensus.

Each workgroup focused on the potengiallution sources for wikth they were formed. All
workgroups started with reviewing basic concepts of watershed protection planning. The
workgroups focused primarily on potential sources of bacteria pollutidmigsolved oxygen
impairments, buélso conglered other water quality issues. After identifying specific potential
pollutant sources, the groups discussed the following topieguation osource data, the
location of sources in the watershed, developmeS&EAMECT modeling scenariowkich

included theirinput on location and amount of sourcasyl potential management measures
associated with the pollutant soufsee Chapte6). Each worlgroupalsodeveloped a set of
outreach and education programs that could address their particular category of pollution sources
(seeChapter7). Stakeholders provetl input on implementation scheduleslestones and
indicators formanagement measures.

A formal ResidentiaWorkgroupdid not materialize in the same manner as the other groups.
Instead, the watershed coordinator conductedoorene interviews with staholdersand
provided a residentidreakoutgroup during a general meetirig,identify and discuss potential
residential pollutant sources and management measures.

The Agriculture/Wildlife/Feral HogdVorkgroupidentified agricultural categories of potet
bacteria pollution sources such as livestock (catiledts and h@es. Combined with the work

of theGeographic Task ForcegeChapter2.5.2), they used extensive local knowledge to create
a current (summer 2014) snapshot of laoder/land use in the watershedrtularly as it

relates to agricultural production. They also wadée to define current estimated grazing
densities of livestogkased on the specific land coveigure3-2 Agriculture/Wildlife/Feral

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

The workgroupés discussion of wildlife bacter
population data could be obtained. Native wildliteises (deer) were considered background

bacteria sources, as they occur naturally (i.e., were not specifically introduced by humans for
agricultural production). Other pollution sources/issues discwgsezferal hogs, game and

livestock carcasses, fi#tills andvegetation collecting on the water

TheRecreation/Hunting Workgrouirst identified the recreation/hunting activities common in

the watershed. Then the bacteria or water pollution issues associatdubaélactivities were
discussedincluding boater waste, the concentration of scavengers, disposal of game carcasses
andthe lack of public sanitation facilities available to recreatismisthe watershed.

Other water pollution issues that this workgroup developed recommendatioreréonehicle
maintenance, litter, oil sheen from motorboats and boat engines, lead (from hunting, shooting
ranges and fishing weightshvasive species arstdiment and loss of vegetation frenosion
caused bATV sand motorboa This workgroup also idgified feral hogs as a source of
bacteriaand riparian/shoreline erosion.

TheWastewater/Septic Systems Workgragent timadentifying and learning about the public
and private wastewater infrastructure of the watershed. The workgroup gained a better
understanding of what public wastewater systems are located in the watershed and how the
infrastructure is operated and maintained. The following questions were addressed: how many
wastewater treatment facilities operate in the watershieidh of thesewasewater treatment
facilities discharge t®ouble Bayouor its tributariesand what types of collection systems are
used in the watershed.
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The private onsite sewage facilities (OSSFs) veése evaluated bgtakeholders as potential

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

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

3.2.5 Workshops

To bring additionatesources to local stakeholdespecialty workshops on a variety of topics
were held in the watershed. The workshoftencombined lectures and field excursions to
enhance stakeholder knowledge of common watershed issuggraddced practical solutions

to watershed problem§&igure3-3 Texas Riparian & Stream Ecosystem workghdany of the
workshops also provided Continuing Educat@redits (CEUSs) needed by the stakeholders for
various certifications. Workshops held for stakeholders during the Double Bayou WPP project
were:

Texas Watershed Steward Training: Jun&, 2913

Feral Hog Management Workshop: Jun&, 2014

TexasRiparian & Stream Ecosystem Worksh&eptember 2% 2014
Septic System Workshop: Marchs812015

Texas Well Owner Network Workshop: May'282015

= =4 -4 A -

Figure 3-3 Texas Riparian & Stream Ecosystem workgho

3.2.6 Project Team
The Double BayoWPPProject Team was comprised of representatives from the funding
agencies (TSSWCB, GBEP/TCE®dEPA) and from the participating organizations of HARC,

Shead Conservation Solutions anmnastdpso@dethe The
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stakeholders witkata and information needed to develop the WPP. This included providing
descriptions of watershed conditions, water quality data analysis and modeling agsllts
suggestions for management measure implementation.

In addition to their specific roles of providing funding and of approving the direction and
documentation of the project, the TSSWCB and GBEP representatives provided insight and
experience from other WPP projeatsTexas and the region

HARC developed thwater quality data analysis and SELECT modeling, prepared graphs and
exhibits of water quality data and SELECT modeling results and prepared drafts of the WPP
document chapters for stakeholder review and comment. Shead Conservation Solutions was
responsile for the public participation component of the project, including maintaining
communications with stakeholders through email and/or U.S. mail, preparing and distributing
media items, providing notices of meetings and events, facilitating meatidgseparing

meeting documents. USGS was respomrsibt the collection of qualitpssured water quality

data.

3.3 The Future and Watershed Protection Pldmplementation

Watershed protection plans guide implementation of holistic water management solutions that

are developed by watershed stakeholders. They are adaptive documents that evolve as new data,
partnersfunding and stakeholdeb®come available. New informatios ¢ontinually identified

through tracking and monitoring of the WPP. As with any watershed protection plan,
implementation of th®ouble Bayou Watershd@rotection Plan is entirely dependent on

voluntary participation and availability of funding. Continugdkeholder involvement in the
implementation phase of the WPP is cruttahccomplish the plans godiee Chapte8 for the
stakeholdeidentified implemetation process
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4 Water Quality

4.1 Data Gaps

Data gap analysis was conducted to determine the best parameters, locations, schedule and other
details for theVPP data and model analysis as well asvbaitoring PlanFlow data in Double

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

TCEQ surface water quality monitoring data set for Double Bayerequalitative rather than
guantitative; flow isrrdédtowded Quanfihitaghoyvenime
had not been collected until the Double Bayou WPP project sampling began. It was determined

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

critical for calculating represéative flow and load duration curves.

At the beginning of the Double Bayou WPP project, it was determinedphizdlsepresentation
of sampling data in the watershed wasrently heavily biased towards the estuarine and tidal
portions of the area. Therthern part othe East Fork of Double Bayou wast represented in
any of the existing monitoring datéhe beginningbaseline data set show#tht data are

collected somewhat intermittently during special studies, or in certain samplinglyeass.
determined thatie data monitoring plan should include efforts to collect data for certain
indicator parameters regularly each year. In addition to regular monitoring, rain events in the
watershed also need to be a focus; how the watershed respondsrtpneapitation events
indicates the condition of the watershed.

It was also considerathportantthatmonitoring stations capture the effects of WWTF effluent
along Double Bayauat the beginning of the Double Bayou WPP there were no direct WWTF
monitoring samples. Future monitoring efforts wounkeed to ensure that monitoring stations are
located to facilitate collection of this important informatiés. well, it was determined that
information wadacking as to the number and location of septic systertise watershed.

The Data Gap Analysis resulted mplicatiors for the WPP and implementation monitoring
efforts.Using the results from this Data Gap Analysis, the Data Monitoringf®lahe Double

Bayou WPP dcusdon better spatial and temporal coage than is reflected in the historical

data set. Working within the constraints of time and budget factors, the results from the Data Gap
Analysis show that sampling efforts neédo place an emphasis on the following:

1 Collecting quantitative flow datfor use in load durations curves,

1 Sampling in nortidal portions of the Double Bayou watershed,

1 Consistently monitoring at regular time intervals each yaat,

1 Consistently monitoring to capture thigéeet of heavy rainfall events

Results from the DoublBayou WPP project sampling show that moving forward with the water
guality plan for implementation efforts:

1 Sampling efforts should still focus on collecting quantitative flow data as it will be a gap
in the foreseeable future
1 Sampling efforts should $itfocus on a complete spatial coverage of the watershed
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T The WWTF and rainfall events still need to monitored, but focus nedsmore on
routine ambient monitoring of the four primary stations.

4.2 Water Quality Sampling

Physical and chemical water quality sampling was conducted to assess water quality impairments
and current conditions of ti@ouble Bayou Watershedll water quality sampling was

conducted under an approved Quality Assurance Project Plan (QAPP). Fostemasampling

station two each onthe West Fork and the East Fpakd one wastewater treatment facility
samplingstationwere identified through a process of stakeholder input and scouting for
safety/feasibility of sammg (Figure4-1 USGS sampling statign

Figure 4-1 USGS sampling station

The wastewater treatment facility sampling station was incorporated intonipérgadesign to
characterize a possible point source contribution in the watershed by analyzing the water quality
of the effluent discharge of the WWTFhesampling stations, withheir associated
abbreviationnumerical designation and approximate lamgtare displayed ifable4-1 Double

Bayou samplingtations Figure4-2 Double Bayou sampling statioshows the exact location of

all thesamplingstations in the watershed.

. L Location USGS
Station Name Abbreviation (crossing Designation
Wastewater Treatment Facilif  WWTF Anahuac Ditch | 29444309440110(
East Fork Upper EFU FM 1663 08042546
East Fork Lower EFL Carrington Road 08042548
West Fork Upper WFU Sykes Road 08042554
West Fork Lower WFL Eagle Ferry Road 08042558
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Table4-1 Double Bayou samplingtations

Double Bayou Watershed Sampling Stations

1410

LIBERTY COUNTY

CHAMBERS COUNTY

I & 1663
East Fork Upper @ FM 1663
7L
\
<
-
&
) 65
Anahuac Rain Gauge
Belton
Anahuac WWTP
Sykes Fairview

Rd

East Fork’Lower @ Carrington Rd

‘ f’ Legend | |
West Fork Lower @ Eagle Ferry'Rd @ Anahuac Rain Gauge

& Sampling Stations

N

0 1.25 25 5 Miles A
'B.i‘"\:ﬁ EM'NERE' DOLQ‘"“ Hl"-‘"y"!;i 003’0’\5‘-‘."””

Figure 4-2 Double Bayou sampling stations

Water quality sampling was conducted under two different conditioostine and targeted.
Sampling conduct ed umerdseheduladrecenthaimorgtarstandand di t i ons
ambient (common or prevailing) conditions. Wa
conditions took place during predicted rain events, to monitor the impact of rainfall on water

guality. The routine samples were collected approximateiye permonthat each statioover a
twenty-month sampling period (10/22/2008/08/2015)while targeted samples were dependent

on rainfall eventg§Table4-2 Total Samples collected during WPP sampling périall water

guality samplesre surface samples collected at 0.3 mdtasut 1 footjn depthbelow the
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surface Note thatnot all sampling events provided valid restittiseveryconstituat. For
example, even thoughe total number acdampling eventfor the EFU station is 39only 36

total dissolved oxygen resulise accounted fodue to equipment malfunctiar sample
instability. This is why the quality assured practices of fielchkkaor replicates are so crucial in
water quality samplingo ensure valid results.

Station ngrc?l?t(ier:e()f Number of Total Number
(Abbr) Samples Targeted Samples  of Samples
EFU 32 7 39
WWTF 31 7 38
EFL 32 7 39
WFU 33 7 39
WFL 32 7 38
Total 159 35 194

Table4-2 Total Samples collected during WPP sampling period

Targetedsamplingis focusedn analyang water quality in the bayous during a wet weather
event Table4-3 Targeted sampling dafed his analysis provides insight on how increased
nonpoint source runoff affects the bayous during rain events. These samples often show the
Awo-c at e o0 ®rwatargualityandicators such as bacteria. Targeted samples are not
considered to be representative of the ba§aaser quality during normal flow patterasdare

not used to determine listings on the Texas Integrated Réflasther sampling evestare
considered routine regardless of the amount of precipitation that occurred on or before the
sampling day.

Targeted Amount of
Sampling Date Rainfall
10/31/2013 0.53
2/26/2014 2.50
5/13/2014 1.10
5/27/2014 0.16
9/17/2014 1.40
3/10/2015 0.40
4/17/2015 2.80

Table4-3 Targeted sampling dates

4.3 Stream Type Designations and Tidal Mixing

The water quality sampling stations and their corresponding tidal/nontidal stream type, as
designated by TCECare displayed iffable4-4 Stream type designationBhe indicator bacteria
E. coliis used for analysiat thenontidalstations EU and WWTF-thetidal stationsare
assessed using Enterocofseie Sectior.7, for detailg. The Anahuac Ditch, where the WW
sampling station is located, joins with tfmain tidal portion of the West Fork of Double Bayou.
However, the ditch itself idesignateds anontidal freshwater stream. The only other nontidal
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sampling station selected for monitoring is the EFU statleremaining three sampling
stations are designated as tidal.

Sampling Station Stream Type
Wastewater Treatment Facilit Nontidal
East Fork Upper Nontidal
East Fork Lower Tidal
West Fork Upper Tidal
West Fork Lower Tidal

Table4-4 Stream type designations

The WFL station hathe strongest negatiflow measured during the sampling peri@er the
20-month study period, the strongest tidally influenced neg#itverecorded at the WFL
station was511 cubic feet per second (cf#).negativeflow is defined aslow moving from
downstream towards upstreacaused by an incoming tide from Trinity B@geChapter5.8.1
Trinity Bay for a detailed discussion @he influence ofvind and freshwater inflows on tides in
Trinity Bay). Average salinity regimearies widelyat the different sampling statignsith WFL
average at 6.35 practical satynunits (psu), EFL at 0.84 psaindEFU and WFU both under 0.20
psu See Chaptes.8, Tidal Mixing, for a detailed discussior tidal mixing and how it affects
constituentsn the watercompared to typical nontidal flow.

4.4 Precipitation

Precipitation analysis is crucial to consider when analyzing water qualitybéatyse rain

events canféect water quality results. In thBouble Bayou Watershegrecipitation datare
collectedatthdnahuac rain gauge and was downl oaded f
Portal for analysi¢Figure4-3 Precipitation in Double Baygu The Anahuac raigauge has been
operational since March of 1931 and is located east of the City of Anéiesrc-M 562 and SH

65) (Figure4-2 Double Bayou sampling stations

Predpitation data vereanalyzed to determine the number of days since last rainfall, which
provides valuable ingght onthe effects of rainfalindnonpoint source runoff into the bayou.
Typically, as thenumberof days sincéast rainfall (DSLR) increaseppllutants accumulate on
the groundHigher levels of nonpoint source pollutamaybe washed into the bayalurring the
next rain.High intensity or frequent rain events also increase surfaadfruvhich can result in
largeamounts of nonpoint sourcelfutants flowing into the bayous. A combination of greater
length of DSLR followed by an intense wet weather eyexan intensify the impact on the
concentrations of nonpoisburcepollutants in the bayous.

An example of this in Double Bayou was thenpéing event on 5/13/2014. Prior to this targeted
sampling event, 27 days had passed since the last rainfall. On 5/13/2014, 1.10 inchdslbf rain
at the Anahuac rain gaugehe combinatiomf thelarge wet weather event ah@jhest recorded
DSLR leadto high bacteria contributions thatere transportethto the bayous because the
bacteriawereallowed to buildon the landscapeefore being effectively flushed by the large
precipitation event.
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Precipitation at Anahuac Rain Gauge (10/01/2013-5/31/2015)

4.5 [E Targeted Sampling Rainfall
O Ambient Precipitation Over S3ampling Period
M Routine Sampling Events with Rainfall
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Figure 4-3 Precipitation in Double Bayou

4.5 Dissolved Oxygen

Dissolved oxygen (DO) is a water qualggrametethat iscommonly monitored because it is
crucial for the survival of aquatic lif€0O in a waterbody is typically considered optimal for
aguatic life at concerations above 6 mg/L; aquatic organisms will become stres$2@ at
concentrations between 4 and 5 mg/L; and the loss of aquatic life is prolheriehe DO
concentration ielow 3 mg/L. To determine if a waterbody is impajitheé TCEQ establisheal
screening level forgrabsampesa s ampl e that i s taken once
wateri as opposed to continuous samplingB mg/Lfor tidal and nontidal waters. Note that for
DO, the concentratiomust bdessthan the threshold & mg/L to be considered as an
exceedanceompared to most other water quality indicatbegt have tobe greaterthanthe
designated criterioto be considered an exceedance

, Wi

The concentration of DO in a waterbody can fluctuate depending on severaherasmtal

factors including the temperature and salinity of the waterbody and the time of day. Dalsoan
fluctuate from season to season. The lowest DO levels are typically observed during the hottest
months of the year while the highest DO levels octuing the coldesinonthsof the year.

Colder water can hold mof2O. Over the sampling period (10/22/2608/08/2015), the average
concentration of DO in thBouble Bayou Watershddll stations) was 6.3 mg/L. Theghest

DO concentration was 12rfg/L ard the lowest was 0.8 mg/L. During the sampling period, 16
routine and targeted sample84®f the tota) were below the TCEQ criterion of 3 mg/Ei§ure

4-4 Double Bayou dissolved oxygen resultBhe EFU station had the highest percen{@géo)

of samples dew the TCEQ criterionNo DO samples below the criterion were recorded at the
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WWTF station while 2 were recorded at the EBtation, 4 athe WFU stationand 1 athe WFL
station

Double Bayou DO Results

LIBERTY COUNTY

FM 1410

CHAMBERS COUNTY

ol

\Waste Water, TreatmeitTFac'iIity Belton

Fairview

Samples between 10/22/13 - 6/8/15 —

I DO Below 3.0 mg/L
71 DO Above 3.0 mg/L

. N
0 1.25 25 5 Miles A
1 1 1 1 1 1 1 I}

Basernap: Esri, HERE, DeLorme, Maprmylndia, ® OpenSiresiviap

Figure 4-4 Double Bayou dissolved oxygen resuftsutine and targeted)

DO s a not a pollutant but rather a marker to indicate water quality and health for aquatic life.
Low DO is caused by a numbef factors in the bayous. Oné thesefactors can be high

bacteria levelshecausean increase in bacteria will often lead toleg consumption of oxygen
that carresult in lower DOevels. The water quality management measures discussed in
Chapters and7 will be targeted towards bacteria, but their benefits will also extend to
mitigating lowerDO levels.
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4.6 24-hour Dissolved Oxygen Sampling

In addition to targeted and routine sampling, twelvén@drcontinuousmonitoring events
occurred atmainstem sampling statio(BFU, EFL, WFU and WF)L Continuous (24our)
monitoring datafpr water temperature, specific conductance, dissolved oxpneipH) were
collected at 15ninute intervals at eadimyousampling stationMonitoring of 24-hour DO is
measured to determine compliance with aquatic life use designatiotssarport biological
modeling, as well a® aid withthe analysis o$hortterm fluctuatios. 24-hour monitoring can
highlightthe varigion of DO throughout theourse of the day and revdagh and lonDO
concentrations.

To assess the Zdour DO sampling results,separate set of criteria and analyses are ilnsed
those for grab sampleBhese include thabsolute minimum and averaD® values overa
continuous 24our monitoring event. The TCEQ also requires a minimumberof samples to
be taken during specific seasons (index periods) to accurately represent de@seaations.
These values must then meet certain TCEQ requireneidetermine if the waterbody is
impaired.Conducting24-hour sampling evenis resource intensive antherefore 24-hour data
are not always available at all streams during the index period necessariefaanalysis. If
the 24hour sampling evea are not available, TCEQ relies on grab sample DOfdata
screening levehssessmerats describeth Section4.5 Dissolved OxygenBoth 24hour data and
grab samples lva been used for West and Eastkassessments.

When the index periogequirements met, he TCEQcriteriato assess the aquatic life wme

5.0 mg/Laverage DQor 24-hour nontidal (freshwategnd4 mg/L average DO fa24-hour tidal
(saline water)The 24hourDO minimum for tidal and nontidal waters is 3.0 mg/L. Thehur
data discussed below represent sampling effartspecifically within theTCEQ criteria for

index periodsyetthe data analyzed repres®t patterns which are important in assessing the
health of the watershed.

Figure4-5 24-hour Dissolved Oxygedisplays the results of the 2ur DO sampling events.
Thetop of the black lines represent the maximD@® concentration during the evetite bottom
of the black lines represerttee minimumDO concentration during the event and todored
shape representthe average of alDO concentrations sampled during the evaiitthree of the
East Fork Upper nontidal 2dour monitoring eventisad DO concentratiorigelow the average
and minimunxcriteria. The East Fork Lower 2Bour monitoring event on 12/3/20hé&d DO
concentrationdelow the minimumTwo of the West Fork Upper 2dour monitoring eventsad
DO concentrationbelow the minimum and average criéeon 8/20/2014 and 9/17/2014. None
of the Wes Fork Lower 24hour monitoring events resultedsamples below the TCEQ criteria
for DO.
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Double Bayou 24-hour Dissolved Oxygen
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Figure 4-5 24-hour Dissolved Oxygen
4.7 Bacteria

Another critical indicator of nonpoir@nd pointsource pollution is bacteria; specifically, the
fecal indicator bacteri&. coliand EnterococcE. coliis the preferredecal indicator bacteria for
nontidalwaters(freshwater) and was used for analysis in the upper nonéidehes of the East
Fork ard at the nontidal WWTF to assess bacteria concentraiomsliwas utilized at the
WWTF station instead of Enterococci because the W&3F o p e r a has aseifegodimgmi t
requirement foE. coliconcentrationsa direct comparison can be made. pheferredfecal
indicator bacteria fotidal (saline) waters is Enteroco¢@iCEQ 2010(. These bacteria atsed

to deternme the level of health risk frofecal contamination and associated pathogens in their
respective waterbodieShefecal indicator bactesiare not a primary threat to human health, but
serve as an indicator for potential harmful pathogenic microorganisms and fecal waste
contamination.

Note that bacteria units are typically identified as colony forming ucfitd ¢r asmost probable
number (MPN) according to the lab method used for analysis. During our sampling period,
bacteria were identifébin units of MPNandthe discussiorherewill reflect that. The SELECT
modelusescfu for bacteria units. These units (MPN afd) are comparable in terms of the
guantityof bacteria.
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TCEQ usegriteria based on thgeometric mean to indicate bacteria impairments for
recreational waterbodieshe geometric mean is a type of average that normdhpesne

number dominates theerage) sampledata over a period of tim&he geometric mean

criterion forE. coliis 126 MPN/100 mL while the geometric mean criterion for Enterococci is
35 MPN/100 m(TCEQ 2012. Thesecriteriaar e b as e d «tanddrds prifidtyE Q06 s
contact (i.e. swimming, water skiing and surfingjecreatioral waterbodies. Targeted samples
are not included in geometric mean calculations.

All three Double Bayou tidal monitoring stations exceeded the geometricantaion for
Enterococc(35 MPN/100 mL)Figure4-6 Bacteria geometric mean©f the three tidal
stationsthe WFU stationhad the highest geometric mearhile the EFL stabn had the lowest.
The EFU station did not exceed the geometric neeiderion for E. coli (126 MPN/100 mLand
the WWTF station hdha geometric mean significantly lower.

Double Baycu Bacteria Geometric Mean == = =E. coli Geometric Mean Criterion (126 MPN/100 mL)
* Geometric means includes routine samples only == ==Enterococci Geometric Mean Criterion (35 MPN/100 mL)
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Figure 4-6 Bacteria geometric means

During rain eventshacteria can be transported to the bayoassociatedurface runoff.

Typically, the amount of bacteria transported to the bayou is dependent on the intensity of the
rain event and the number of days sincediserain event. Longer periods between rain events
can allow more fecal material to builgh on the lamdscape and be washed into the bayou
However,not all ofthe bacteria that aseposited reach the bayou becauseoffiand

absorption occurs from natl mechanisms such asposure to sunligland vegetative uptake.
The bacteria tharenot removed during these processiay becarriedto the bayou during a

rain event. This can be mitigated by implenmegreppropriatenanagement measureat will

hdp to remove some of the remaining bactéeforerunoff reaches the bayousege Chapteé

for management measures discussion).
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The largest targeted rainfall etd.80 inches) occurred on 4/17/2015; however, 0 days had

passed since the last rainfall. In addition, 2.50 inches oheairfallenover the five daygust
prior to the 4/17/2015 rain eve(figure4-7 Targeted Event Bacteria Sampling Reguairing

this rain event,he highest concentration Bf colifrom targeted sampling was recorded at the

WWTF (49,000 MPN/100 mL) and at the EF&J00 MPN/100 mL) sampling stationghere
were not enough data foegmearanalysisfor thetargetedainfall eventspnly single sample

results are shown iRigure4-7 Targeted Event Bacteria Sampling Results

Double Bayou Targeted Bacteria Results
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Figure 4-7 Targeted Event Bacteria Sampling Results
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4.8 Nutrients and ChlorophyHa

Nutrients ancthlorophylta, which istheassociged indicator of algabiomasswerethe third
class of indicator used to determine if excessive nonpoint source pollution is prevéient in
Double BayouVatershedChlorophylta is a green pigment found in planigich absorbs
sunlight and converts it to sugar during photakgsis using nutrients such as phosphorus and
nitrogen. High levels of chlorophyéd often indicate poor water quality and low levels often
suggest good conditionisut it is the overall cycle that is important. However, lbagn
persistence of elevatéelvels can be problematic. Chlorophglis often used as an indicatdr
theabundance anguantityof phytoplanktonlmicroscopic plantsih coastal and estuarine
waters.

Double Bayou Nutrient Results
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Figure 4-8 Nutrient percent ofexceedance
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Among the various forms ofutrientssampled by the USGS, nitrate, orthophosphate, total
phosphorus and ammonia were chosen for analysis. It is important to monitor these nutrients
because excess concentrations can lead to eutrophi@atmessiveplant growth)

Eutrophication occurs when excessive nutrients fuel a phytoplankton bloom. This bloom can
only be supported for a short period of time until large amounts of phytoplankton die off in
unison and sink to the bottom of the water column. Tédiisequent decomposition uses up
availableDO which depresses oxygen levels. The decreased oxygen levels can leaoftotie
organisms such as fish and invertebrates. These organisms then sink to the underlying hypoxic
(low DO) zone &t thebottom) anduse more oxygen as they decompose. This exacerbates the
hypoxic conditions and continues to suppress oxygen levels eventually rendering the water body
unsuitable for life.

Concerns for attainment of general uses are identigtyscreening levels for nutrients and
chlorophylta. TCEQ screening levels for nutrients and chlorophyte statistically derived

from monitoring data. Double Bayou West Fork was identified as a concern for water quality
based on screening levels for dioiphyll-a in the 2012 Texas Integrated RedCEQ 2012. It

is important to monitor the nutrient and chloropkg/levels in Double Bayou to assess long term
trends. Tracking of these indicasacan serve as early detectgurch asf the numbe of
exceedances statb increase oif a new activity in the watershed is causing an excessive
amountof nitrogen. Over the 2nonth study periodhe WWTF station hathe highest percent

of exceedances of ammonia, phosphorus and nitfagare4-8 Nutrient percent oéxaeedancg

The WFL station had the highest percent of exceedancgiiorophylta.
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5 Pollutant Sources and Loads

5.1 Modeling and Analysis Approach

5.1.1 Land Use/Land Gver

Land use/land cover is a crucial input to modeling and analgsi for determination of
pollutant sources and loads pollutant load istie total amount of pollutant entering a
waterbaly from one or mitiple sources. Pollutant loadiseasured as a rate, as in weight per
unit time orweightper unit areaThe determinationf land use/land cover in ti2ouble Bayou
Watershedvas accomplished by starting wiind cover data from tH2010 NOAA Coastal
Change Analysis Program {CAP) based upon 3Meter Landsat imagertakeholders with
local knowledge worked with this data set to ground truth the land cover as well as consolidate
25 land classesito 7. The consolidation was basedlocal stakeholder expertise of land cover
locations in the watershed. The details of this process are discusseapiter2, Section.5.1
and2.5.2

5.1.2 SELECT

The SELECT (Spatially Explicit Load Enrichment Calculation Tool) model was used to estimate
potential pollutant loadings from bacterier@ss theDouble Bayou Watershe®ELECT was
developed by the Department of Biological and Agricultural Engineering and the Spatial Science
Laboratory at Texas A&M University. SELECT modeling for theuble Bayou Watershesas
performed to estimate bactetbadings from various sources adéntifiedcritical loading areas
within the watershed. SELECT works within an ArcGIS environment and spatially characterizes
the bacterial loads in the watershed. For this WPP, the distribution of livestock, wildlife,
wastewater treatment faciliti@smdseptic systems along with the contributions from each were
guantified through souregpecific bacterial production rates. Rankings of each source were
assessed for the entire watershedeffnedmodel was created hysing available datand
watersheatharacteristics to modify point sources based on stakeholder input. All model inputs
andmodel results were discussed with stakeholdadoutputs were assessed foanagement
measuremplementation. SELECT results are basedsubwatersheds, which are smaller
watersheds within thBouble Bayou Watershdtat are determined using elevation and
hydrologicalcharacteristics.

To maximize potential pollutant reduction and the efficiency of avigilunding, SELECT
resultssuppot implementation of ofthe-groundmanagement measurér example, a riparian
herbaceous buffer, coupled with cross fencing and alternate water sources for livestock, was
recommendetb redwce bacteriacontributions fronferal hog and livestock fecal waste.

SELECT providestakeholderssightwhen they chooseoluntarymanagemendtrategies.

5.1.3 Developing a Load Duration Curve

A Load Duration Curve (LDC) is udd¢o evaluatavater quality data to determine pollutant
loadingsunder different flow conditiond.DC analysis results in a graph representing the
percentage of time during which the value of the load is equaled or exc&hddiist step in
developing doad duation curve is to calculate a Flow Duration Cu(#®C). Flow data are

sorted and ranked from highest flow to lowest flow and then used to develop a graph of flow rate
versus frequencyF{gure5-1 Example Flow Duration @rve- stream flow data are used to
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determinenow frequently stream conditions exceed certain flowse LDC analysis fothe

Double BayowWWPPwas performed using flow measurements and bacteria samples obtained as
part of the overall sampling plan ésChaper4.1). Stakeholders considdrg LDC analysis for
bacterial loadsvhendecidingon load reduction goale DC analysishelps guideplan

implementation and management strategies.

Example Flow Duration Curve
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Figure 5-1 Example Flow Duration Qirve - stream flow data are used teterminehow frequently stream conditions exceed
certain flows

Flow data from thé-DC aremultiplied by thewater quality standard for the pollutant in question

(in Double Bayoub6s case, bacteria) to produce
pollutant per unit timé for bacteriathis would be bacteria cfu/day. The resulting cueféects

the maximum loadbacteria in this case) stream can carduring varioudlow conditions (low,

medium andhigh flows) without exceeding the water quality standard. Typically, a margin of

safety (MOS) is applietb the pollutant concentratido allow for possible variations in loading

from potential sources, stream flow, management measures and other types of undestainty.

this WPP stakeholders selected a 10% MOS for bacteria. The regulatory standaraddir

bacteria as established by TCEQ for contact recreation is 126 cfu/100 mL; the applied 10% MOS
results in a more conservative threshold concentration of 113 cfu/100 mL.
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Figure 5-2 Example LoadDuration Curve

Different flow regimes are identified in the LDC as areas where the slope of the curve changes
significantlyi indicating a significant change in flow. In the examley(gre5-2 Example Load
DurationCurwve) and in the actudbouble Bayol.DC (see Sectiorb.7), there ae three flow
regimes: high, midange and lowThemonitored data can be plotted on the curve to show the
frequency and magnitude of exceedanteshe example, the red squares indicate the data
collected under high flow conditions, the blue triangles indicate data collected uneiemiged
conditionsandthe green ccles indicate data collected durilogv flow conditions. InFigure 52,
the red | i ne fEneoklionaudns aw il tohmaitiade%ehevir@8ndum allowed
load forE. colibacteria with the 10% MOS discussed above. When the mondatagoints are
above the red line, the actual (measured) stream load has exceeded the water quality standard.
Monitored data points on or below the red line indith#&tthe actual (measured) stream load is

in compliance with the water quality standard.

The blue regression linsthestatisticai b e st f i t 0 | i ne(Figueb-2 t he moni t
Example LoadDurationCurve). When the blue regression line is on dolethe red line, the

monitoring data are in compliance with the water quality standard. When the blue line is above

the red line, the monitoring data are not in compliance wétwiiter quality standard.

Regression analysis aids in determining the eséthpercent reduction needed to achieve

pollutant loads.

The LDC analysis provides information about pollutant concentrations and flows. In general, if
exceedances observed on the LDC only occur during high flow conditions, nonpoint eburces
pollution are likely to be the primary causes of impairment. High flow conditions usually
indicate high rainfall events which increase surface runoff and therefore cause more surface
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pollutants to be carried to the bayou. On the otinelof the LDC, in general, ibbserved
exceedancesccur during low flow conditions, point souraafspollutionare likely the primary
causeof impairment. Low flow conditions usually indicate no runoff, whiatlicates thatlirect
discharges (point sourgecontributeto theb a y daad s

Tidal mixing was analyzed to determine #rmaount ofinfluencetidal forces have on bacteria

loadings in the lower tidal portion of the watershed. A critical component of tidal mixing

analysis was the Index Velocity Site Gauge that was in operation throughout the project period at
the West Fork Lower sampling statidrhe Index Velocity Site Gauge is a continuous operating
flow meter that measures both positive and negétves. Using ths continuous flow data
comprehensive tidal analysisasperformed.

5.1.4 Identifying Point and Nonpoint Pollutant Sources

The Anahuac WWF is a point source in tHeouble Bayou Watershd&igure5-20 WWTF
SELECTresulty. The effluent that is deharged to the Anahuac Ditch does notrgfelocation
and comes from single identifiable source (see Cha@ér.1 for compliance detaildylany
nonpoint pollutant source®ntribute to the bacteria and nutrient concentrations of the bayous.
To identify the diffuse nonpoint sources of pollutisgheDouble BayouPartnershipvorkgroups
discusgd all possible contributionsggChapter3 for details on all sources). As discussed in
Chapter3, there were three mailvorkgrouys: the Wastewater/SeptWorkgroup the
Recreation/HuntingVorkgroupand the Agriculture/Wildlife/Feral Hog#&/orkgroup Feral hog
were discussed in both the Agriculture/Wildlife/Feral Hogs and the Recreation/Hunting
Workgrougs because both sets of stakeholders have experience with the potential pollution and
management issues associated with feral hogs.

A consensus on a subsetpofmary point and nonpoint sources with known loading rates was
reached for SELEC@nalysis. These sources includput from each of the three workgroups.
Chapter3.2.4has a detailed digssion on the workgroups apdssible sources and pollutants.

The followinganalyses SELECT, LDC and tidal mixing arefocused on bactexipollutant

loading because bacteriatigee main pollutant of concern the East and Wesbrks ofDouble
Bayou.The potential sources from each workgroup discussed in the following sections are: the
Anahuac WWTF and septic systems (from the Wastewater/S&ptikgroup; cattle, horses,

goats and deer (from the Agriculture/Wildlife/Feral Hdgerkgroup (Figure5-3 Cattle in the
Double Bayou Watershgdand feral hog(from the Agriculture/Wildlife/Feral Hogg/orkgroup

and the Recreation/Huntingforkgroup. Note that @gs which often are considered as a
contributing sourceyere determing not to be a potential bacteria source of great concern due to
the rural nature of theatershed and the low density dispersal of dogs
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Figure 5-3 Cattle in theDouble Bayou Watershed

5.2 SELECT Analysis Overiew

High and low bacteribbading scenarios were generated by stakeholder workgroups for sources
that hadpopulation inputssepticsystemscattle and feral hogdigh, medium and low scenarios
were generated for the WWTF. Single scenarios were gendoatedrse, goat and deer sources
because their population inputs were fixed valdé® high and low scenaripsovide insighton
the approximate range pbtential load from a given source. The low scenarios provide a
threshold for periods of low rainfadind a baseline for comparisorhel'stakeholders decided to
usehigh loading scenarios for gibssible sources to determimgority and placement of
management measuneghin the watershed. Thalows maximum effectiveness of
management measurescaus the highest possibledds are targeted for reduction.
Management measurean be designed to handietworst case scenario. Reductiomatteria
loading rates requissa combination omanagement measur@shave the greateshpact. High
input scenaos fromSELECT analysis will be discussed in this chapter; for low and medium
scenario loading rategsAppendix D: Inrdepth SELECT Approach

The stkeholderestablished land coves aJune 2014 (month of development) snapshot of land

use in the watershed because agriculture is dynamic and may vary depending on the growing
season and livestock grazing requiremehRigure5-4 Landcover ofDouble BayouVatershell

In some cases, this arrangement may shift the distribution of the associated nonpoint source
pollutans to different subwatersheds from year to yéag(re5-5 Double Bayou

subwatershedsFor example, rice crops are typically rotated to different fields and alternated

with other agricultural crops, cattler leftfallow. The alternating fields typically remain in the

same subwatershed because they are in close proximity to the original field. However, the overall
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number ofcattleand acres of crop land in the watershed will not charggefisiantly even when
theyarerotated between subwatersheds.

Legend Double Bayou Habitat
Habitat o~

[ Developed, High Intensity A
[ Developed, Medium Intensity
I Developed, Low Intensity

[[] Developed, Open Space

I Cultivated Crops

[ Pasture/Hay

[] Grassland/Herbaceous

[ Deciduous Forest

I Evergreen Forest

I Mixed Forest

Bl Scrub/Shrub

I Palustrine Forested Wetland
[ Palustrine Scrub/Shrub Wetland
B Palustrine Emergent Wetland
Il Estuarine Scrub/Shrub Wetland
B Estuarine Emergent Wetland
Unconsolidated Shore
[1Bare Land

Il Open Water

Il Falustrine Aquatic Bed

B Estuarine Aquatic Bed
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Figure 5-4 Land cover ofDouble BayouWatershed

TheSELECT modebutput isE. coliload per subwatershed per day (for eaplit source)
(Figure5-5 Double BayowsubwatershedsTo achieve this, the SELECT model distributes the
animal populatiorior each sourcéhroughoutthe watershed based on input populatad
suitable habitat aee(including land cover). Theacteria loashg rateis anothemodelinput, and
equalgotal cfuper day per animgtfu/animal/day) The EPAcreated a standardized set of
known daily bacterial loading rates from a variety of nonpoint sources (U.S. ERA Z0@se
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loading rates are based @te of excretion, diet, species of animal and other environmental
factors.The SELECT model multiplies Bnownloading rateby the estimated population to
generate #otal loadfor eachsubwatershedl'o convert totaldad toE.coliload, the total load is
multiplied by theE.coli conversion factor of 0.63 (Sé@pendix D: Indepth SELECT Approach
for load equations

SELECTresults represembncentratios of bacteriahat aregpotentially on the ground; not
necessarily the amount of bacteria that reaches the bdggqatant factorso consider include
distribution of sourcéoadings, proximity of the source te bayouthe amount and location of
vegetative material that may filter bacteria contributions before they reach theavealyou
varidion in input populatios (which is dependent on factors such as animal diet).
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LIBERTY COUNTY

CHAMBERS COUNTY

12

Fairview

1980

0 1.25 25 5 Miles
I ; L ' 1 ' ' ' |

| t + + t + + + |
Basemap: Esri, HERE. DeLorme, Mapmylndia, © OpenStreatidap

Figure 5-5 Double Bayousubwatersheds

A total estimated load scenario waeated for analysis by summiSgELECT generated
potentialbacteria loads fror2 subwatershed§&igure5-6 Total output (all sourcedacteria

loadg. The subwatershed color scheme shows relative potential bactesaratifierent
subwatersheds.ubwatersheds with the highest potential load are yellow (larger number in the
legend). Ddt blue representsubwatersheds with the lowesitential load (smaller number in

the legend). The color scheme will remain the same for all SELECT output figures. Although the
color scale remains the same, thgh and low legend scale lofading rates dngespersource.

All units of bacteria are reported as colony forming units (cfu) pe{cfajday). Analysis of
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total estimated loaprovides insight on the prioritization ofanagement measurgsmthave the
greatest reduction of pollutants

) /
Legend

Total Load (CFU/Day) Double Bayou
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Figure 5-6 Total output (all sourcespacterialoads

SELECT analysis resulted in total loa@sgingfrom 5.4x10'° (54,000,000,000 or 54 billiond
5.4x10?(5,400,@0,000,000 or 5.4 trillion) cfof bacteria per day. To have the greatest impact,
management measuresn be prioritized tsubwatershesiwith the highest potentidhily

bacteria loads.
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5.3 SELECT Results: Wildlife

Wildlife is likely a large contributor to bacteria loads in the watetshkiwever, th6&ELECT
modelneedsknown quantifiabldacteria source excretion rates and population inputs to generate
accurate resultue to data restraints, the only native wildlife analyzed with SELECT was deer.
Although theDouble Bayou Watershesipports large flocks of migratory birds and background
populations of wildlife, their potential bacteria contributi@msl population dynamicee

unknown. Therefa, SELECT modelingpcused on deer as the only knonativewildlife

source with adequate dat

A total deer population estimate was based o th@s Parks and WildlifefPWD) deer

density for Resource Management Unit 13 (RMU 13), where Chambers and Gberity are
located. RMU 13 currently has an estimated deer density of 5.15,8686récres, with a 95%
confidence intervabf 2.2-12.3 deer/D00 acres. Bkeholders agreed that thiss a reasonable
estimate. The Mixed Forestifested/Netland land class was determined to be the only land class
suitable for deerRigure5-7 Deer associated land coyefhe population estimate 6f15

deerl,000 acresvasapplied tothe 6,321 acres of suitable habitat generatrigtal wateshed

deer population of 3 The SELECT default for deer bacteria contributions of 3.8x10
cfu/deer/day was used to generegémated deer bacteria loadings.
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Figure 5-7 Deer associated land cover

Subwatersheds wittostof the remainindVixed Forest/Forested Wetlamdelocatedin the
southern portion of the watershed. These subwatersheds alsm ¢batkargest deer populations
(Figure5-7 Deer associated land coyedowever, deer contribute a small amount to the total
daily potential bacteria load. Their highest potential to contribute is £8kl@ay, while the
lowest is 1.9x18cfu/day(Figure5-8 Deer SELECTresulty. Deer will not be actively managed
by the Double Bayo®artnershifpecause the TPWD already manages Teras poplations
(seeChapter6.3).
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