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Houston-Galveston Area Council, administered by the Texas Commission on Environmental Quality.
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LIST OACRONYMS

AWRL Ambient Water Reporting Limit

BMP Best Management Practice

CRP Clean Rivers Program

CWA Clean Water Act

DO Dissolved Oxygen
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H-GAC HoustorrGalveston Area Council
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NCDC National Climatic Data Center
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NOAA National Oceanic Atmospherdministration
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SLOC Station Location

SOP Standard Operating Procedure

SWQM Surface Water Quality Monitoring

SWQMIS Surface WateQuality Monitoring Information System
TCEQ Texas Commission on Environmental Quality
TSWQS Texas Surface Water Quality Standards

wWaQl Water Quality Inventory
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1 ¢ WATERSHEIDNTRODUCTION

WATERSHEPROTECTIORLANNING

The San Bernard Watershed Prdten Plan process was started in September 2009. Portions of the San
Bernard River do not meet contact recreation standards due to elevated bacteria, lanelgheyhave been
placed on the TCEQ list mhpaired waters (303d) There are alsasections ofthe San Bernard that have
excessive nutrients and low dissolved oxygen, which may negatively affect fish and othec &ftgiaOver the
course of theproject, the HoustorGalveston Area Countihsworked with community organizations, citizens,
government agenciesand local industries. The overall goal of the WPP is to identify the causes and sources of
water quality impairmeng and to bring water quality standards into compliance with state criteria. This WPP
was conducted to bring the water qualitpuo acceptable standardsn a voluntary basis before it declined to

the point where a TMDL wid be required.

The San Bernard/atershed Protection Plais a study of the entire watershed identify pollutant sourcesnd
causes,and to form an action plan to control the pollutants enteringthe waterways This planintegrates a
number of studiesto determine what may be causing changes in water quaktgnbient water gquality
monitoring has been going on in the watershed in some locations for as manytyagdars, and a few studies
have been done on the river to assess habitats and floodifigsWatershed Protection Plais a stakeholder
drivenprocess, whiclprovides an opportunity for the local leadership to guide the process so that the outcome
fits for their specific watershednd plans for potential future growthwithout further impairing the water
guality. The population of the watershed is expected to more than deub the next thirty years, which could
potentially have major impacts on water glity. Once completed, this plan will be approved by the Texas
Commission on Environmental Quality (TC&t@)the Environmental Protection Agency (EPA)

Watershed Protection Plans address the causes and sources of pollution in watersheds. Theretgredwd
pollution in the watershed: point source and npoint source. Point source pollution comes from a known
source such as an outfall from a wastewater treatment facility. Point sources are generally regulated by state
and federal laws and requir@ permit. Nonpoint source pollution is the collection of all of the other ruttudt
flows into the waterwayincluding agricultural uses, residential uses, commercial uses, and natural &es
rainwater flows across the land in a watershed it takedgth it all contaminants that are left befd by everyday
uses Sice nonpoint source pollution i@ combination of many types of pollutants, it is hard to determine
where it is coming fronand it is difficult to regulateThe vast majority of the S@ernard Watershed is devoted

to agricultural uses and has scattered areas of residential development,anidw more dense residential
developmens in the tidal portion of the watershed. Many areas of the tidal portion of the river are used for
recreation by local residents. Some of the upper portions of the watershed have very low flow due to
overgrowth of vegetation along the waterwags siltation due to lack of vegetation.

The San BerndrWatershed Protection Plagives the local decision makers ¢htools necessaryo improve

water quality in the region, prepare for growth, incorporate Best Management Practices (BMPs), and coordinate
the framework for implementing and integrating protection and restoration strategigsis plamalsoidentifies
management techniques sources of funding, antechnical assistancéor the problems identified in the
watershed based on modeling effortésnd expected population growth TheWatershed Protection PlavPB
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will follow the Nine Key Elements of watershed bapkhs as required by the Environmental Protection Agency
(EPA).Stakeholders have been very active in the watershed and were instrumertta ievelopment of this
Watershed Protection Plan and will continue to be the major force that drives the implatien of this plan.

——— - »

FIGURE 1.4 SAN BERNARD WATERSBETWEEN AUSTIN ABIDLORADO COUNTIES
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2 ¢ WATERSHEDNVENTORY ANDHARACTERIZATION

PHYSICAL ANMATURAIFEEATURES

WATERSHEBOUNDARIES

The San Bernard River Watershed is over 125 miles long@rets approximately 900 square miles. The
headwaters of the San Bernard River originate in New Ulm in Austin County. The river flows through Austin,
Colorado, Wharton, Fort Bend, and Brazoria Counties. The river ultimately drains to the Gulf of Mekjzast

the Intercoastal Waterway. The San Bernard River watershed is bounded on the north and east by the Brazos

River basin and on the south and west by the Colorado River basin and Caney Creek.

The San Bernard River comprises two stream segmégfised by TCEQ. Stream segment 1302 is the San
Bernard River abovgdal, which flows from theéown of New Ulm in Austin County to a point 2.0 mi upstream
of State Highway 35 in Brazoria County. Stream segment 1301 is San Bernard River tidal, whicimflgw@smi

upstream of State Highway 35 in Brazoria County to the Gulf of Mexico in Brazoria County.

TOPOGRAPHY

The terrain throughout the watershed is characterized by levalrtdulating plains rising to the north with a

timber belt of hardwoods along the river. Closer to the mouth of the river the terrain is Bay Prairie where
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prairie grasses, bunch grasses, mesquite, and oak predominate. Elevations in the watershed védyybetwet (i 2
nnnéd® ¢KS {Iy .SNYFNR 2F0GSNAKSR Aa ARSIFfte&e adaAiGSR ¥

The lower portion of the watershed near the Gulf Coast is characterized by Gulf Coast Prairies and Marshes
Ecoregion. Elevation is generailjeet or less above mean sea level with a few areas 10 feet or more above sea
level.

The Texas Gulfoast has lovlying coastal landforms that include barrier islands, peninsulas, offshore sand bars,
bays, mudflats, dunes, and shoals. These landfomasabject to the activities of waves, winds, storms, tides,
climate, rising sea levels, and human activities.

Legend National Elevation Dataset

September 2011

—— 5 m

Data Sources: HGAC, TCOON, TNRIS (Strat Map), USGS

FIGURE 22WATERSHED ELEVATION
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FIGURR.2 - SAN BERNARD WATERSHBDPOGRAPHY

SOILS

Soils include sand and gels, sandy clay and silt with local sand, mud and other fluvial deposits. In the lower
portion of the watershed near the Gulf, soils are primarily clays ranging from saline teafion. The land is
nearly level and poorly drained.

The lower portion 6Brazoria County is in the Gulf Coast Marsh Resource Area and is predominantly salty soils.
Most of the soils in the county are clayey and loamy, dark in color and have very little slope. 82% of the county
is deep, norsaline soils. The major soilstime county are: Aris, Asa, Bernard, Brazoria, Edna, Lake Charles,
Norwood, and Pledger. The Asa and Norwood soils are loamy and well drained, but the remainder of the soils is
more poorly drained and has very slowly permeable subsoil. These soils atdagaagricultural useg row

crops and pastures, and perform best with a surface drainage system.

In Wharton County, soils range in slope from 1% to 8%, most are somewhat poorly drained, have moderate
available water capacity, and have very low to madely low permeability. Soil types include: Telferner fine
sandy loam, Gladewater soils, Edna fine sandy loam, Hockley fine sandy loam, FKésirear complex, and
BernardEdna complex.
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FIGURE 2.4 SAN BERNARD WATERSISDILS

QLIMATE

Averageanna NI Ay Fl ff Ay GKS IINBIF A& 0S06SSy nné¢ (G2 pné
of the watershed along the coast is characterized by rainfall throughout the year with 60% falling between April
and September. Average annual rainfall @otihe coast is 52 inches. There are a few rain gauges located
throughout the watershed at the Atwater Prairie Chicken refuge, the City of Wharton, and at East Bernard.

Weather data for the simulation was collected from five weather stations in and drthenSan Bernard
Watershed: Brenham, Bellville, Wharton, Wharton Airport, and Freeport. Specific information on each type of
weather data is provided in more detail subsequently.

Although precipitation data were collected from the five stations notedvppusly, three stations (Bellville,
Wharton, and Freeport) are located closest to the watershed. Therefore, data from these three stations were
used preferentially to generate most of the precipitation input for SW¥ddeling A map of these three
stations can be found on page 114 of the appenditfdhiere were gaps in the data during the simulation period

the other two stations were used to complete these gaps. During the review of the weather data, one key
discrepancy was noted for the precipitatiadata collected for Wharton County. One value noted on July 27,
2008 was noted to have a total of 13.98 inches of rainfall occurring but it could not be verified with other data
sources such as NOAA, nearby weather stations. As such, it was removeéddnaimfall dataset.
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WILDLIFE ANBIABITAT

There are three designated wildlife and habitat areas in the San Bernard Watershed: the San Bernard National
Wildlife Refuge, the Justin Hurst Wildlife Management Area, and the Attwater Prairie ChickernaNwtittife
Refuge. There are also vast areas of open space throughout the watershed that are inhabited by wildlife.

Some of the birds found throughout the watershed includgills: Ringg A f f SR [ | dzZAKAy 3 C
/ ALl yIX C2 N AfeNdaraAvocet, VKl Kaptorg R8Houldered Hawk, Refailed Hawk, Bald

Eagle, Crested Caracara, Osprey, wading birds: Great Blue Heron, Great Egret, Snowy Egret, Little Blue Heron
other birds: Belted Kingfisher, American Pelican, Brown Pelid@otropical cormorant, Doublbreasted
cormorant, Snow Geese

Some of the other wildlife in the watershed includdish: Redfish, Black minnows, Gar, speckled trout, flounder,
blue catfish, mammals: Whit€ail Deer, Raccoons, feral hogs, reptiles: -8a&dd sliders, Water Moccasins
(cottonmouths), diamonéback water snakes, shellfish: Oysters (beds), crabs

ey COUNTY —
2, HARRIS T
COUNTY.

< X,
COLORADO i Sl -
COUNTY | Cr N

WHARTON
COUNTY

Legend
Wildlife and Habitat Areas

Justin Hurst Widife Management Ares

N
i
MATAGORDA
COUNTY

Location

FIGURR.5- WILDLIFE AND HABITAREAS IN THE SAN RERD WATERSHED

SANBERNARINATIONAWILDLIFEREFUGE

The San Bernard National Wildlife Rgdus a 27,000 acre sanctuary established in 1968 to protect habitat for
wintering waterfowl and estuarine systems for marine species. The United States Fish and Wildlife Service
maintain the preserved land. Part of the refuge is open to the public fanraadnd wildlife viewing, and there

are areas of permitted hunting on selected days throughout the year.
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A portion of this refuge is in the southernmost part of the San Bernard watershed, and is an important coastal
marsh wilderness and shelter for mili® of migrating and nesting birds, including over 230 different species
annually. Some of these include snow geese, warblers, herons, egrets, terns, and gulls, as well as neotropical
bird species. The birds can be found in the marshy bottomlands, on $eesnate islands, or within the
bottomland hardwood forests found throughout the refuge. \{sit may also see bobcats aligators while

touring the wildlife sanctuary. The refuge also supports estuaries that flourish with shell and fin fish and reefs of
colonial oysters, supplying a feeding ground for adult fish and crabs.

JUSTINHURSTWILDLIFBM ANAGEMENAREA

Justin Hurst Wildlife Management area (formerly The Peach Point Wildlife Management Area) is another coastal
preserve found in the southernmogtortion of the San Bernard River watershed. The land, acquired between
Mpyp FYR Mdpyy> A& RSRAOIFIGSR (G2 az2dzyR o0A2f23A0If 02
The WMA, managed by the Texas Parks and Wildlife Department, cont@nd@®Q@00 acres of coastal prairie

and marshes and is part of the Central Coast Wetlands Ecosystem Project (CCWEP).

The CCWEP aims to create and maintain habitat for indigenous and migratory species, particularly waterfowl.
Research activities are prevatehroughout the WMA, with resulting information concerning the understanding

of coastal ecosystems distributed to scientists, land managers, resource agencies, and other interested parties.
Currently, researchers are studying small mammals, snakes, egetation within the WMA. In addition,
researchers assist in bird banding, which provides data for the Monitoring Avian Productivity and Survivorship
Program.

The San Bernard National Wildlife Refuge and the Justin Hurst Wildlife Management Area semanimp
functions in the conservation of native vegetation and migrating wildlife and in the understanding of coastal
ecosystems. These sanctuaries not only provide important information to scientists and the public, but they also
provide recreational oppaunities for locals and tourists as well as economic benefits to the region.

ATTWATE® PRAIRIECHICKENNATIONAIWILDLIFEREFUGE

¢CKS 1adsl GSND& t NI ANKRS fisdocalelireaf Eagle llake2 yroday itanalidésfaboiitS  w
10,000 acres of IN2P § SOG SR KIF oA Gl G LY wmMpyoz GKS ! { CAaK [
Chicken Recovery Team to carry out scielmased efforts to help save the birds. As of 2009, 90 birds inhabit

three reserve sites, but recovery efforts are stilderway.

IN THECENTRAPORTION OF TRMIATERSHED

Baldcypress wetlands, and green ash and water Ijclkees dominate the landscape the southern half of the

San Bernard area while green ash and water oak are the predominate woody species in tisembalf of the

San Bernard study area and the Middle Bernard Creek area. Where present, yaupon holly and Chinese privet
dominate the understory layer with a dense herbaceous layer throughout the area. Vegetation within the areas
can be classified as ripan, earlymid successional vegetation. The vegetation consists of a moderately dense
overstory with the tree canopy averaging 60 feet in height, a moderately dense understory, and a dense
herbaceous layer.
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FIGURE 2.6 SAN BERNARD RIVERMNARTON COQU'Y

TIDAL PORTION OF WMAATERSHED NEAR THEUNIH

The lower portion of the watershed is located in the diexBiotic Provincean area which supports a wide
variety of animals. The San Bernard River area provides feeding and nesting habitat for a labge ofum
species of waterfowl, shore, and migratory birds traversing the Mississippi or Central Flyways. The bays and
marshes contain shore and wading birds. Marshes and pasturelands in the area oodided habitat for the

other wildlife in the area. The beaches in the project area provide habitat for nesting sea turtles and are
designated as critical habitat for the threatened piping plover.
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FIGURE 2. SAN BERNARD RIVEBRAZORIA COUNTY NHAE MOUTH

LAND COVERNDPOPULATIOKHARACTERISTICS

LAND COVERNDLANDCOVER

Much of the land throughout the watershed is used for crop production and cattle grazing, and the river is used
for boating and fishing. Today, small towns among vast open spaces, with no major metropolitan area,
characterize thewatershed. The major agribusiness types in the watershed are beef cattle grazing and hay
production. The counties in the northern and west central portions of the San Bernard River watershed are
among the top cattle/ calf producers in the state. Other coomerops found throughout the watershed include

rice, sorghum, corn, cotton, and soybearisand covein the watersheds primarily rural and agricultural, with
scattered areas of urbanization, in the lower part of the watershed there is a lot of baffie Bissociated with

the natural resource industry.

Minerals are another major natural resource found within the area. Oil, gas, sulfur, and salt are abundant
subsurface features. Petrochemical services are another facet of the economy. Of partiealagical
significance, Boling Dome is situated on the western bank of the San Bernard River, in the easternmost part of
Wharton County, near BoliAlgago. This subsurface structure contains petroleum, sulfur, and salt. The
associated sulfur reserve has pgueced more sulfur than any other mine in the world. As of 1990, 80.5 million
tons of sulfur had been removed, along with over 6,000 million cubic feet of natural gas, and over 25,500,000
barrels of oil. Basin Highlights Report;GAC)
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ConocePhillips hasa refinery located in Sweeny that contains a natural gas liquid processing center and
petrochemical production facilities. TlHacility uses the river to transport tankers from thacility in Sweeny to
the Port of Freeport. Products produced includegme, jet fuel, and diesel fuel.

TABLR.1- LAND COVHER THE SAN BERNARB'VERSHED 2006

2006 National Land Acres Percent of Total
Cover Dataset

Developed 33,048 5.7%
Cultivated 209,198 35.8%
Grassland 185,863 31.8%
Forest 45,394 7.8%
Woody Wetland 84,292 14.4%
Herbaceous Wetland 21,344 3.7%
Bare 1,303 0.2%

Open Water 4,194 0.7%
TOTAL ACRES 584,634 100%

Much of the lower part of the watershed is wetlands and forest with residential uses along the waterways, the

central part of the watershed is barren land and cultivated lands, and the upper part of the watershed is barren
land and forest.
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EXISTINGANDMANAGEMENPRACTICES

The Texas State Soil and \WatConservation Board has 152 Water Quality Management Plans in the San
Bernard Watershed.These WQMPs are sipecific plans that are developed and approved by soil and water
conservation districts to include appropriate land treatment practices, prbdacpractices, management
measures, technologies or combinations of thesehe purpose of these plans is to achieve water pollution
prevention and to be consistent with state water quality standards. These plans do not cost anything to
develop, but thee are costs associated with implementation of practices to improve water quality, and there is
financial assistance available.

Types of plans that have already been implemented in the San Bernard Watershed include: prescribed grazing,
nutrient managementcrop residue management, irrigation water management, forage harvest management,
and pest management. The acreage in the San Bernard Watershed under a water quality management plan is
64,383 acres and the total acreage is 680,435, so approximately 89 witershed is under a plan currently.

Below is a table showing the percentage of acreage under each type of management measure.

TABLE 2.2 EXISTING MANAGEMERRACTICES BY ACRES

Management Measure Acres Percent of Watershed
Prescribed Grazing 31,68 4.7%
Nutrient Management 46,444 6.8%
Crop Res@ue Management/ 29.304 4.3%
Conservation Crop Rotation
Forage Harvest Management 2,846 0.4%
Wildlife Land 9,456 1.4%

POPULATIOKBROWTH

The household population growth was generated for the watershedneyHGAC. Growth was forecast for
urban and rural areas over a thirty year period in 5 year increments. The total population of the watershed is
expected to more than double in the next thirty years. It is expected that the majority of the new populatio
growth will be in cultivated and grassland areas (80%) and in forest and wetland areas (20%). As the population
in the watershed grows, it is expected that bacteria concentrations associated with urban and residential uses
such as ossite sewage faciliégs and pets will continue to increase as rural sources like livestock sources will
decrease.

TABLE 2.8 WATERSHED POPULATBEONDECADE

Year 2010 2015 2020 2025 2030 2035 2040
Total' 19,588 20,927 23,594 27,174 32,518 39,207 45,746
Population

BloLOGY

A recent water quality and biological study conducted by the United States Geological Survey (USGS; East and
Hogan, 2003) on the San Bernard River found that fish diversity and numbers decreased as they sampled down
river. The study reports only seven sgcincluding longnose gar (Lepisosteus osseus), channel catfish (Ictalurus
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punctatus), longear sunfish (Lepomis megalotis), freshwater drum (Aplodinotus grunniens), blackstripe
topminnow (Fundulus notatus), blacktail shiner (Cyprinella venusta), and neer fCyprinella lutrensis) from a
collection station at West Columbia, approximately 25 miles upstream, from a list of 32 fish species found in the
river at all sampling locations. With the near total closure of the mouth of the river and minimal fladabr
exchange, it is assumed that thiger supportsa diverse fish population of more salt tolerant species.

GEOMORPHOLOGY

This very active coastal area has undergone significant change over the last 80 years, due in large part to impacts
to coastal sennent budget resulting from the development of the Port of Freeport and the dredging ofulfe G
IntercoastalWater Way. The diversion of the Brazos River for port development resulted in a significant increase

in the amount of sediment transported southwhto the San Bernard River area, while the GIWW provides a
OKIyySt T @FAflIoftS G2 aOFLWGdNBE Ft26 FNRBY (GKS AYLISRS
mouth of the river open. Apparently unaware of the 2002 ERDC report (Kraus, 2005,0R / 2 aidl t C
5AOAaA2Y SOl fd2d SR GKS 0f20113S 2F GKS NAGSNR& Y2 dz
the GIWW on the lower river (Chen and Buzan, 2004). Although their study was inconclusive as to the influence
of the GIWWon the river, Chen and Buzan document that the mouth migrated from its 1974 location (the
approximate location proposed for its restoration in this project), over 1.3 miles to the southwest by 2002. The
Mmptn t20F0A2Yy 2F GKS Nikastdsiniial Sari dpit Knat fvas drgoged th@ugh i thiS G S |
current restoration effort.

ADDITIONADATANEEDED FORJTUREMIODELING

Assumptions have been made regarding E. coli levels in effluentWai s in the watershed. Currently we do
not have any dta for these outfalls, so it is being assumed that they are releasing effluent that is within the
current standards ASWWTIS renew their permits they will be required to start reporting E. coli levels.

SOURCES ARFORMATION

USGS in Cooperation withe HoustonGalveston Area Council and the Texas Commission on Environmental
Quiality; Hydrologic, WateQuality, and Biological Data for Three Water Bodies, Texas Gulf Coastal Plain, 2000
2002; Open File Report 859

2008 Texas 303(d) List, March 19, 00exas Commission on Environmental Quality

US Army Corps of Engineers, Galveston District; Draft Environmental AssesdRestdration of the Mouth of
the San Bernard River to the Gulf of Mexico, Brazoria County, Texas, June 2008

Halff Associates, In&an Bernard Watershed Flood Protection Planning Study Final Report, July 15, 2009.
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3 ¢ PUBLICPARTICIPATION

PUBLIAPARTICIPATION

Public education and outreach are essential to the implementation of a successful Watershed Protection Plan.
In addition b the physical BMPs to be implemented by landowners and jurisdictions in the watershed,
behavioral BMPs can be addressed by everyone in the watershed. Public Participation can include public
education workshops, distribution of educational materials, gadticipation in activities to improve water
quality.

PUBLICPARTICIPATIONEADAGENCYROLES ANBESPONSIBILITIES

STAKEHOLDHRCILITATION

Stakeholder Group membetsave actively participated in the Watershed Protection Plan Proddssnbers
haveidentified and presentd insights, suggestions, and concerns from a community, environmental, or public
interest perspective.

2 a
FIGURE 3.4 SAN BERNARD STAKHPER MEETING
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PROJECPARTNERS

PROJECRARTNERS

H-GACworked with TCEQ in the preparation of theaférshed Protection Plan. A number of cities and school
districts are located in the watershed. There are also a number of state and local agencies that operate within
the watershed.

PARTNERBST

Counties:

Austin School Districts:

Brazoria Belleville

Colorado Seay

Fort Bend Columbus

Wharton Rice Consolidated
Kendleton

Cities: Needville

Eagle Lake Brazos

Wallis Lamar Consolidated

East Bernard Damon

Kendleton Sweeny

Needville Colunbia-Brazoria

Wharton Brazosport

West Columbia Boling

Sweeny East Bernard

Brazoria Wharton

Jones Creek El Campo

Wild Peach Village

WPPSTAKEHOLDEBROUP

STAKEHOLDEBROUFSTRUCTURE

The Stakeholder Group was divided into committee members with voting privileges and at large stakeholder
group members who will participate asvailable. Committee members will ultimately be responsible for plan
implementation in the watershed.

GROUPMEMBERSHIP

Voting Committee Members: Darrell Schwebel (Cradle of Texas Conservancy/DOW)
Commissioner Dude Payne (Brazoria County) Carol Jones (homeowner)

Nancy and Fred Kanter (FOR) Roy and Jan Edwards (homeowners, Rivers End)
John Phillips (Waters Davis SWCD) Linda and Ken Wright (FOR)

Jeremy Jett (Industry/Walmart, Sealy) William Todd (Ag producer)
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Sheri and Melvin Ganske (Boling property evs)
Richard Forgason (ag, Hungerford)

Harry Anderson (ag, East Bernard)

Terry Hlavinka (Ag, East Bernard)

At Large Stakeholder Group Members:

Bill and Jackie Benson (homeowners)
Valroy and Adalia Maudlin (homeowners)
Greg Roque (business/industry, Sealy)
Karen Carroll (Brazoria Co. Health)
Charles Boettcher (Ag, East Bernard)
Harry Goudeau (Ag, Hungerford)

John Wallace (landowner, Brazoria)
Michael Lange (FWS)

Paul Wood (engineer)
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SUBCOMMITTEESND WORKGROUPS
In order to carry out its responsibilities, tif®akeholder Group has discretion to form standing and ad
hoc work groups to carry out specific assignments from the group.

ROLESANDRESPONSIBILITIES

Stakeholder group members assidiwith:

A Site visits, photos, sample site descriptions

Advertising e plan

Provide/gather information on issues and concerns of the watershed
Knowledge of existing programs or plans to consider or integrate
Technical assistance in developing and implementing the plan
Responsible for implementation and communication toathffected parties
Provide review and comments on plan as it is written.

> > D> D> >

AGENCIEBNVOLVED ASTAKEHOLDERS

Texas Commission on Environmental Quality

Texas Parks and Wildlife

U.S. Fish and Wildlife

United States Army Corps of Engineers

Texas State Soil diWater Conservation Board (TSSWCB)
Soil and Water Conservation Dista¢6WCD)

Extension Agents Ag and Natural Resources

District Conservationists

US Department of Agriculture (USDA)

QTIZENSNVOLVED ASTAKEHOLDERS

Friends of the RiverSan Bernal is a very active citizen group involved in the watershed. The group is
currently organized into committees based on their interemtsl professional affiliations.

GOALDEVELOPMENT

Stakeholder group members assgidtwith the goals and visioning of ehproject, andidentified and
prioritize programs and practices to achéethese goals. The stakeholdesmmittee membersare
ultimately responsible for the implementation of projects to achieve these goals.

SELECTION OF THEADORGANIZATION FAMRPLEMETATIONJPDATE OF TRMEZPP

Friends of the River San Bernard, Stream Team membgadslocal Master Naturalists are currently
doing a lot of work to help advance the Watershed Protection Plan through public education and
outreach measures. The Texas Stati &d Water Conservation board is also advertising farm plans to
property owners in the watershed. Counties and other authorized agents are updating and
strengthening the OSSF regulation and permitting efforts.
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4 - WATERSHEANALYSIS

HYDROLOGY

The San Bernard River Watershed drains approximately 900 square miles, the river flows southeast to
form the boundary between Austin and Colorado counties, then flows between Wharton and Fort Bend
County and through Brazoria County befaptyinginto the Guf of Mexico. The San Bernard River
comprises two stream segments defined by TCEQ. Stream se@B@his the San Bernard River Above
Tidal, which flows from the city of New Ulm in Austin County to a point 2.0 mi upstream of State
Highway 35 in Brazoria Qaty. Stream semgent 1301 is San Bernard Rivedal, which flows from 2.0

mi upstream of State Highway 35 in Brazoria County toGh# of Mexico There are concerns about
dissolved oxygen levels and nutrients, and the river is listed as impaireddi@riaaon the 303d list.

FIGURE 4.4 AERIAL PHOTO OF S¥RNARD RIVER MOUMN2010

In the upper portions of the watershed, the river has had minimal flow for most of the year over the
past 20 years, however there used to be a more significant. fldwumber of factors have contributed

to the lack of flow, including recent drought, creation of retention ponds, more impervious surfaces
which reduce inflowand increased vegetation and tree cover along the river bamke. recent drought

has caused number of issues for the watershed, including limited flow in the-tidal part of the
watershed, increased salinity, changes in biological composition, and lower dissolved oxygen. The
drought has also resulted in several drought related problems asdish kills and an occurrence of red

tide along the coast. The past few years have not been representative of usual watershed conditions.
The period of analysis for the watershed modeling was Z200° when data was available.

The tidal and no#tidal portions of the watershed are separated by the salt barrier dam. This small dam

is located on the river near West Columbia about one mile north of Highway 35. The purpose of the
dam is to prevent saltater from the Gulf from reaching the upper portionéthe river that are used for
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water supplyfor industrial uses There is also a diversion area on the Whaiffont Bend County line
called the New Gulf Reservaoir, it is owned by the Texas Gulf Sulfur Company and is used for municipal
supply and irrigatin.

The mouth of the San Bernard River has migrated about two miles to the southwest since the 1929
construction of the Diversion Channel and the 1940 construction of the Gulf Intercoastal Water Way
(GIWW), and almost closed at the Gulf of Mexico dusand accretion from the delta formed by the
Diversion Channel. Accretion has accelerated over the last ten years due to a number of factors,
including flooding on the Brazos River. The result of the sediment butlauged the river discharge to

not be sificient enoughto flush the shoaling at the mouth of the river and keep it open to the Gulf. The
0f2011Fr3S 2F (KS NRAGSNRA Y2dziK RAGSNISR Ff26 Aydz
GIWW (Kraus, 2002). The Galveston District, USACEedeaged reports that barge tows traveling along

the GIWW between the San Bernard and Brazos Rivers can experience an eastward flowing current that
is sufficiently strong to pose a potential navigation hazard. To allow for a more effective, safe, and
efficient waterway, the proposed restoration of the mouth of the San Bernard River would reduce
treacherous currents resulting from diverted flow into the GIWW and Brazos River Floodgates.

In 2002, a study by the U.S. Army Engineer Research and Developmant (E®RDC) addressed how to
improve navigation safety and efficiency on the GIWW in the vicinity of the San Bernard River. The
purpose of the project was to reconnect the San Bernard River with the Gulf of Mexico at its historic
location. The conclusionfdhe study was that dredging a shorter, deeper channel to the Gulf would
increase the hydraulic efficiency of the river sufficiently to keep the mouth open and flowing for perhaps
6 to 12 years, before longshore transport of sediment from the Brazos Rgd again ovaake the
channel. Unfortunately, due to the severe drought in 2012, the river mouth has once again closed as of
December 2012.
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FIGURE.3- HYDROGRAPH OF DAVIEYAN DISCHARGE ANBIE OF WATERUALITY SAMPLENON SAN BERNARD REBOLING, JULY
2000- SEPTEMBER 2002 (USGSDY)

Page |25 San Bernard Watershed Protection Plan December012



WATERBODY ANNVATERSHEGONDITIONS

WATERQUALITYSAMPLING

Eight water quality monitoring stations are currently located in the San Bernard Watershed. Five of the
monitoring stations a& located on the main stem of the San Bernard River and three are located on
tributaries of the San Bernard River. Five of the stations are monitored by Clean Rivers Partners and
three are monitored by TCE@dditional sites have been proposed to be ntored through the Texas

State Soil and Water Conservation Board.

Five Established Monitoring Sites: San Bernard @ FM 3013 8I/®

San Bernard Tidal @ FM 2611 # 12146 Three Never Monitoring Sites:

San Bernard Tidal @ Hwy 35 # 20460 Mound Creek @ CR 45@&723

San Bernard @ FM 442 # 12147 Peach Creek @CR 11206%722

San Bernard @ US 90A # 16373 West Bernard Creek @ CR 2250#21

The San Bernard River is a water body connecting Segment 1301, San Bernard River Tidal with Segment
2501-05, Gulf of Mexico A between Freeport and Port Aransas. Water body uses of these segments
are: Aquatic Life Use (ALU); Recreation Use; General Use; and Fish Consumption Use. Based on the most
recent data (TCEQ, 2008), the TCEQ determined that ALU in Segment 1301 is highreThe direct

industrial or municipal discharges in the vicinity that could degrade water quality. However, Recreation
Use is not supported in Segment 1301 because of bacteria impairment (TCEQ, 2008).

“(

FIGURE 48PREPARING FOR FIEAMPLING IN THAIS BERNARD WATERSHED
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A data study was completed by USGS in 2002, andcddction at six stations began in late summer of
2000. One monitoring meter was installed in the ratal portion of the watershed to collect data
continuously (every thirty minats). This allowed scientists to monitor the levels of dissolved oxygen
under varying conditions. Other parameters collected included pH, conductivity, and temperature.
Additional water quality monitoring sites were sampled monthly and included the paramésted

above as well as Biological Oxygen Demand, nitrogen and phosphorus compounds, dissolved solids,
bacteria, and flow. Recordings from a permanent USGS station near Boling supplied continuous flow
measurements. (USGS Study)

Habitat and biological ata collected along the San Bernard River and its tributaries have been
summarized and compared with similar data from other streams in southeast Texas. Measures of
stream habitat compare closely with other riverine settings, as opposed to tidally infdemoastal
bayous. Similarly, measures of aquatic insect and fish population diversity are similar to water bodies
with minimally impacted watersheds. Based on these biological data, along with selected water
chemistry and wateguality data that were ats collected during 200Q002, the San Bernard River does

not exhibit significant water quality problems. The river has been removed from the list of water bodies
not meeting designated standards for high aquatic life use due to low dissolved oxygen caticest

FIGURE 44WATER QUALITY MONRING IN THE SAN BERD RIVER WATERSHED
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303D) LIST
From the 2008 303d list:

SeglD: 1301  San Bernard River Tidal
From the confluence with the Intracoastal Waterway in Brazora County to a pomt 3.2 kam (2.0 miles)
upstream of SH 35 in Brazora County

Area Category Year First Listed
1301_01  Enfire Segment

bacteria Sc 2006

SeglD: 1302 San Bernard River Above Tidal

From a point 3.2 km (2.0 miles) upstream of SH 35 in Brazoria County to the county road sontheast of
New Ulm in Aunstin County

Area Category ~ Year First Listed

1302 01  Lower 25 miles of segment

bacteria ja 2002
1302 02 25 miles from just upsiream of FM 447 to downsiveam of

US 904

bacteria 3a 2002
1302 03 25 miles from downstveam of US 904 to upstream of FM

3013

bacteria ja 2002

SeglD: 1302ZA Gum Tree Branch (unclassified water body)
From the confluence with West Bernard Creek near Wharton CR. 252 to the headwaters approximately

15 miles upstream near BR 102
Area Category  Year Furst Listed
13024 01 The enfire 13 miles of the segment
bacteria 3e 2006
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SeglD: 1302B West Bernard Creek (unclassified water body)
From the confluence with the San Bernard River Above Tidal downstream of US highway 59 to the
headwaters approximately 40 miles upstream near FM 1093

_Area Category ~ Year First Tisted
13028 01 Lower 15 miles of segment

depressed dissolved cxygzen 5c 2006
1302B_02  Upper 25 miles of segment

bacteria e 2006

POLLUTANEOURCES

POINTSOURCES

Point source pollution comes from known sources such as outfalls that flow intesitee Along the San
Bernard River, there are 6 industrial outfalls and 17 domestic outfalls from sources such as cities and schools.
There are a total of 23 known outfalls into the San Bernard.

NONPONTSOURCES

Nonpoint source pollution is the comlzition of all other sources that are carried into the river as water runs
across the land and into the waterways. Common sources of nonpoint source pollution include: malfunctioning
septic systems, construction site runoff, agricultural sources, and rdirwoff streets and yards. Bacteria is the
primary cause of water quality problems in the San Bernard River. Possible sources of bacteria include: humans,
livestock, domestic animals, and other wildlife and fmmmestic animals. Other sources of pollutiortiude
nutrients, sediment, and toxic and hazardous substances.

BACTERIA

Portions of the San Bernard River do not meet standards for contact recreation due to elevated levels of
bacteria. In the San Bernard watershed, bacteria levels average jusi®&eand maximum levels are in the

400s. Although these numbers are higher than acceptable levels, they are not exceedingly high and can be
managed to reach acceptable level§ollowingare a table and a chart of bacteria levels for 5 monitoring
stationsalong the San Bernard Rivand mean EColi and enterococci by year for stations in the tidal and-non

tidal parts of the watershed In the tidal portion of the river the criteria is for enterococcus and the above tidal
criteria is for E. coli.
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TABLEA.1- BACTERIA LEVELS BABN BERNARD WATERBINEONITORING STATI®N

Station Criteria

Min Max Average
16370 126 10 413 99
16373 126 30 369 168
12147 126 41 243 135
20460 B85 1 201 64
12146 35 0 86 46

Average E. Coli and Enterococus Densi
By Monitoring Station
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NUTRIENTS

In addition to high levels of bacteria, there are also higher levels of nutrients found in the San Bernard River.
Maximum nutrient levels allowed in a stream or river are <1.95 mg/L nitrate nitrogen and <0.69 mg/L total
phosphorous. Both nitrogen and phosphorous are found in the natural environment, but they are also found in
fertilizers added by humans. They are necesfaryplant growth, but at high levels they can cause overgrowth

of plants. Below aréive tables of nutrient mean concentrations by year for nitrate+nitrogen, total phosphorus,
orthophosphate, ammoniaand average mean by year.

1.6
Nitrate -Nitrogen Mean Concentration By Year
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1.2

AmmoniaMean Concentration By Year
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DISSOLVEOXYGEN

The San Bernard River has also had low dissolved oxygen levels, although DO levels have been returning to
normal since the opening of the mouth of the river in March 2009. Below are stamfatdvelsand those

found in the San Bernard RiveFhe state criterion for the above tidal is 3 and the criterion for below tidal is 2.

1-2 mg/L = very polluted
3-5 mg/L = somewhat polluted
6-9 mg/L = moderately clean

10+ mg/L = very good
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FIGURE.13- AVER&E DISSOLVED OXYGBEWNCENTRATION BYAR

IDENTIFICATION QRUSES ANSOURCES

During the series of open houses, participants were asked to include their comments and observations on a map
of the San Bernard River Watershed regarding causes and sourngebutdnts. In the northern portion of the
watershed in Colorado and Austin Counties, it was noted that there are a number of small man made ponds and
ditches that have been diverted to these ponds. This diversion of water could cause lower flowsairirgan
Bernard River, and could cause a buildup of bacteria that would be flushed out during a rainfall event. In the
southern part of Colorado County just north of Wharton County it was noted that there are sludge applications
adjacent to the rivertiwas unclear if this was a sludge drying process or application of already dried sludge. It
was noted that just south of Kendleton there is a dump site on the west side of the river.
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At the confluence of Bee Tree Creek and the San Bernard River iowW/@aunty it was noted that the creek

has been cleaned out and there is only bare soil on the banks and that a sandbar is forming in the river. In the
area north of the saltwater dam in Brazoria County, it was noted that there is an area wheredassland
appliances are being dumped. It was also noted that along this stretch of river that animal carcasses are
sometimes found, that cattle water in the river, there is fishrcassdumping, and there are a number of
residential areas with potentiallyailing septic systems.

FIGURE 44 ¢ TRASH DUMPED IN T&#EN BERNARD RIVERUNARTON COUNTY

In the vicinity of Riverbend and 344 south of Sweeny it was noted that there are drainage and garbage problems
and that cattle are watering in the river. Atd very southern end of the watershed, it was noted that there are
a2YS 2Aft FYyR 33L& RNRAREfAYy3 2LISNIridA2yas a2vYS ol yR2yS
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FIGURE 485l POTENTIAL CAUSES AXIWRCES OF POLLUTNORHE SAN BERNARBWERSHED

At this time,all causes and sources of the pollutants are unknown, but information received from stakeholders
and public meetingbavehelped further identify areas that may be sources of bacteria to the San Bernard River.
Additional monitoringwill be implemented to further identify causes and sources of pollutants, and once
identified; BMPs wilbe applied to lessen the amouaf pollutants being carried into the San Bernard River.

An online survey was also conducted of arahed residents ahlandownersithe response rate was about 10%.
Questions included asking respondents how they use their land in the watershed, how much land they have, and
whether or not they have been involved in the Watershed Protection Plan Process. The resporeterdasked

to specify which BMPs they thought would best address the identified causes and sources of pollution.
Respondents also had the opportunity to answer some open ended questions about what they thought needed
to be added to the plan, what the biggfeobstacle in implementing the plan would be, and were given the
opportunity to add any other additional comment§he following causes and sources of pollutants in the San

Bernard Watershed were identified.
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FIGURE 46l STAKEHOLDER PRIGRATION & CAUSES AND SOURTIEBOLLUTION IN TS#N BERNARD WATERSHE

WATERQUALITY ANBLOW

H-GAC has been monitoring water quality and flow in the San Bernard watershed for an extended period of time, below is a
snapshot of the sampling results for the eighesicurrently being sampled.

TABLHE.2- WATER QUALITY MONRING DATA

. Number .
Monitoring - . Sampling
: Parameter of Minimum Maximum Mean .
Station Period
Samples
12146 Ammonia-N 169 0.01 1.9 0.14 1969-2010
Dissolved Oxygen 180 2.9 18.1 7.5 1969-2010
Enterococci 37 5 10462 385 1969-2010
Nitrate-N 189 0.01 2.12 0.28 1969-2010
Orthophosphate-P 147 0.02 1.66 0.18 1969-2010
pH 138 6.5 9.9 7.7 1969-2010
Total Phosphorus 166 0.01 6.18 0.29 1969-2010
Total Suspended 170 2 359 38 1969-2010
Solids
12147 Ammonia-N 165 0 3 0.14 1970-2011
Dissolved Oxygen 188 3.8 12.5 7.3 1968-2011
E. Coli 44 10 9804 765 2001-2011
Nitrate-N 187 0.01 3.26 0.43 1970-2011
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Orthophosphate-P 143 0.03 1.44 0.18 1973-2011
pH 124 6.2 8.8 7.6 1973-2010
Total Phosphorus 159 0.07 4.18 0.27 1970-2011
Total Suspended 162 1 320 61 1970-2011
Solids
16370 Ammonia-N 13 0.05 0.05 0.05 2007-2010
Dissolved Oxygen 12 3.8 9.4 6.6 2007-2010
E. Coli 13 10 2000 257 2007-2010
Nitrate-N 13 0.02 0.02 0.02 2007-2010
Orthophosphate-P 13 0.02 0.05 0.02 2007-2010
pH 12 6.9 7.9 7.5 2007-2010
Total Phosphorus 13 0.03 0.41 0.12 2007-2010
Total Suspended 13 1 18 6 2007-2010
16373 Ammonia-N 35 0.03 0.3 0.07 2001-2010
Dissolved Oxygen 40 4.1 10.9 6.8 2001-2010
E. Coli 37 62 3076 388 2001-2010
Nitrate-N 37 0.02 1.17 0.29 2001-2010
Orthophosphate-P 35 0.02 0.26 0.13 2001-2010
pH 41 6.4 8 7.5 2001-2010
Total Phosphorus 36 0.03 0.49 0.22 2001-2010
Ba-vias 34 2 109 33 2001-2010
20460 Ammonia-N 12 0.05 0.6 0.1 2007-2010
Dissolved Oxygen 13 3.8 11.1 7.4 2007-2010
Enterococci 12 5 410 116 2007-2010
Nitrate-N 12 0.02 2.33 0.22 2007-2010
Orthophosphate-P 12 0.02 0.27 0.15 2007-2010
pH 13 7.5 8.3 7.8 2007-2010
Total Phosphorus 12 0.09 0.94 0.33 2007-2010
Total Suspended 12 4 85 22 2007-2010
Solids
20721 Ammonia-N 5 0.05 0.2 0.08 2010
Dissolved Oxygen 5 4.3 9.6 5.8 2010
E. Coli 5 41 170 96 2010
Nitrate-N 5 0.02 0.37 0.24 2010
Orthophosphate-P 5 0.09 0.23 0.16 2010
pH 5 7.3 7.5 7.5 2010
Total Phosphorus 5 0.22 0.49 0.35 2010
Total ggﬁé’f”ded 5 11 84 44 2010
20722 Ammonia-N 5 0.05 0.05 0.05 2010
Dissolved Oxygen 5 34 8.8 5.1 2010
E. Coli 5 31 290 135 2010
Nitrate-N 5 0.02 0.16 0.11 2010
Orthophosphate-P 5 0.19 0.41 0.27 2010
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pH 5 7.4 7.5 7.4 2010

Total Phosphorus 5 0.23 0.56 0.37 2010
Total Suspended 5 8 49 26 2010
20723 Ammonia-N 5 0.05 0.05 0.05 2010
Dissolved Oxygen 5 1.3 10.2 4.4 2010
E. Coli 3 5 150 62 2010
Enterococci 2 120 1300 710 2010
Nitrate-N 5 0.02 0.07 0.04 2010
Orthophosphate-P 5 0.11 0.3 0.16 2010
pH 5 7.3 7.9 7.7 2010

Total Phosphorus 5 0.17 0.42 0.27 2010
Total Suspended 5 3 101 31 2010

Solids

TABLE.3 - SAN BERNARD RIVERDAIRIBUTARIES MONRIGIG STADNS (USGS STUDY)

Drainage Population Densit
Station Number Station Name Area (sq P Y Data Collection Activity
mi) (people per sq mi)

Bimonthly waterquality
Coushatta Creek at Attwater 39.9 : : .
294036096165001 Prairie Chicken NWR 10 sampsllgr?]/plﬁ]lgloglcal

Bimonthly waterquality
293211096110301 | West Bernard Creek at CR 25 22.1 39 sampling/ Biological
sampling

Bimonthly waterquality
293123096073001 Gum Tree Branch at CR 252 35.1 29 sampling/ Biological
sampling

Bimonthly waterquality
292939096014001 | San Bernard River at FA919 375 24 sampling/ Biological
sampling

Continuous stream flow/
Continuous wateiquality
08117500 San Bernard River near Bolin 727 30 monitoring/ Bimonthly
water-quality sampling/
Biological sampling

Continuous stream flow/
Continuous watexquality
290935095455601 | San Bernat River at FM 1301 825 32 monitoring/ Bimonthly
water-quality sampling/
Biological sampling

RAINFALINFORMATION

Weather data for the simulation was collected from five weather stations in and aroun8ahddernard
Watershed: Brenham, Bellville, Wharton, Wharton Airport, and Freeport. Specific information on each type of
weather data is provided in more detail subsequently.
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Although precipitation data were collected from the five stations noted presliguthree stations (Bellville,
Wharton, and Freeport) are located closest to the watershed. Therefore, data from these three stations were
used preferentially to generate most of the precipitation input for SWAT. If there were gaps in the data during
the simulation period the other two stations were used to complete these gaps.

SOURCES ARFORMATION

USGS in Cooperation with the Hous@alveston Area Council and the Texas Commission on Environmental

Quiality; Hydrologic, WateQuality, and Biologicaldla for Three Water Bodies, Texas Gulf Coastal Plain; 2000
2002; Open File Report 859

2008 Texas 303(d) List, March 19, 2008, Texas Commission on Environmental Quality

US Army Corps of Engineers, Galveston District; Draft Environmental AssesdRestoration of the Mouth of
the San Bernard River to the Gulf of Mexico, Brazoria County, Texas, June 2008

Halff Associates, Inc; San Bernard Watershed Flood Protection Planning Study Final Report, July 15, 2009.
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5- CAUSES ANSOURCES A®OLLUTIONELEMENTRA)

Bacteria come from a number of sources thgbout the watershed. Land usesid land covervary widely
throughout the watershed from agriculture uses to urban uses. The upper portion of the watershed is more
rural in nature and not densely pofaied, the lower part of the watershed is more residential in nature. A
number of causes and sources of pollution have been identified by stakeholders throughout the watershed.
These sources include: domestic animals, trash and dumping, agriculturestrindorganic materials, OSSFs,
wildlife, and waste water treatment facilities. As the population in the watershed continues to grow, more land
in the watershed will be developed and subdivided, and potentially contribute to water quality problems. This
plan will identify prime sources through modeling and will identify BMPs to help reduce bacterial input into
waterways now and in the future.

MODELIN&APPROACH

The progression of steps in the WPP process includes quantification of sources, modelisgjiraf eanditions,

and definition of reduction activities thawill make an impaired strearmeet state water quality standards
(USEPA, 1999). When a water body does not meet the standard required for its designated use, it is listed as
impaired on the Texdsst of impaired waterways (303(d) list). These impairments are evaluated through the use

of bacterial indicators of pathogen contamination. The USEPA and the state of Texas have defined two types or
indicator organismsEscherichia color freshwaters ad Enterococci for marine waters.

The standards for these indicators depend on the assigned use of the stream: contactanact recreation.

In Texas, there are two different levels of standards. The-terng trends in bacteria concentrations are
evaluated using the geometric mean standard. Instantaneous concentrations are evaluated using the single
sample, or the noto-exceed standard.

San Bernard River and tributaries are classified as contact recreation water bodies; for this reason, thrdstanda
currently used are E. coli geometric mean and single sample standard for thidabportion and Enterococci

for tidal influenced streams. The E. colid&d/ geometric mean standard for contact recreation purposes is 126
cfu/dL and the single samelstandard is 394 cfu/dL; while Enterococci standards are 35cfu/dL and 89cfu/dL
respectively.

For the regulatory Total Maximum Daily Load (TMDL) process addressing pathogen contamination, the EPA
published recommendations to assess E. coli source conib@nd identification, characterize the sources,

and estimate the E. coli load produced by each source (USEPA, 2001). The EPA document recommends
identification of the location and densities of E. coli contributing source populations to characterilmatisein

a watershed. The same process is used for the modeling in San Bernard River watershed.

The Spatially Explicit Load Enrichment Calculation Tool (SELECT) was used in the development of the Sar
Bernard WPP to characterize the bacteria load assatititeeach individual source as well as tdaatribution of

each source within the watershed. The methodology followed in the application of the model was based on
Teague et al. (2009).
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SWATMODEL

The Soil and Water Assessment Tool (SWaS)developedn the early 1998 at Texas A&M University by the
USDA Agricultural Research Service and is available in the public dbi@igéch, Arnold et al. 2005 SWAT
focuses on runoff and loadings from rural and agricukdioeninated watersheds. Thus, SWAT is a continuous
model that simulates the effects of land management practices on water, sediment, and agricultural chemical
yields for largescale complex watersheds or river basins.

A key advantage of SWAT is its extenBiMP evaluation module that simulates BMPs through several very
specific applications relevant to rural watersheds. The model can be used to evaluate operations that control
the plant growth cycle (i.e., planting and harvesting); application of ferti{lzath inorganic and manure),

grazing operations, use of grass filter strips and irrigation BMPs.

TIDALPRISMMODELING

Tidal prism models (TPMs) are edienensional steadsgtate receiving water models that utilize the concept of
GidARFf T dafekhig phisical tite@spoit af Wodleitants in a tidal basin over time. The theory of tidal
flushing was originally developed by Ketchum in 1951, and several TPMs have been developed and refined to
apply the concept towards water quality modeling of a variet constituents, including bacter{guo and

Neilson 1988Kuo, Park et al. 2005hen, Sun et al. 20D5

TPMs perform simulations on a tidal cycle time scale, which is on the order of 12 hours depending on the
location. Data requirements are fairly low for TPMs compared to some other mechanistic receiving water
models, ad as such they can only be used for smaller tidal basins and estuaries since one of the key
assumptions is that the tide rises and falls simultaneously throughout each modeled segment. Model
hydrodynamics are typically validated using a conservativetratich as salinity. Simple bacteria dynamics of
first order decay are generally assumed. Because no software has been developed for tidal prism model
development, models are generally programmed in Microsoft Excel, FORTRAN, or other programming
envirorments; as such, source code is generally available for the applications.

SLECMODELING

SELECT was used to evaluate current and future (subsequent 30 years) bacteria loadings within the watershed.
In order to obtain more accurate results, the entirsmm®@ernard watershed was divided up into 10

subwatersheds based on the HUE division for Texas, their proximity to the biggest tributaries, and location of
water quality monitoring stations (Figure 5.1). Variables reflecting the percent land coveraleutated using

The National Land Cover Dataset (NLCD) from 2006. The land

TABLE 5.1 LAND COMEZRRTEGORIES BY SUBBRSHED

SUBW SUBW SUBW SUBW SUBW, SUBW
Land Cover Category 1 SUBW 2 3 4 SUBW 6 7 SUBW {SUBW 10

High Intensity Developed | 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%

Low Intensity Developed 1% 1% 1% 2% 2% 4% 1% 1% 5% 1%

Open Space Developed | 0% 0% 0% 0% 0% 0% 0% 0% 2% 1%
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Cultivated 62% 87% 89% | 85% | 77% | 68% | 47% | 60% | 26% 7%
Grassland/Shrub 12% 5% 6% 7% 6% 14% | 9% 15% | 27% 5%
Forest 20% 1% 2% 1% 1% 7% 1% 1% 6% 3%
Woody Wetland 4% 4% 2% 3% 12% 6% | 38% | 21% | 27% 7%
Herbaceous Wetland 1% 1% 1% 1% 1% 1% 2% 1% 4% 70%
Bare 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Open Water 0% 0% 0% 0% 0% 0% 1% 0% 2% 6%
San Bernard Watershed ‘ i
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Information used ¢ estimate bacterial loads for the subsequent 30 years were based on household forecast
information obtained from HSACHousing and jobs forecasts were obtained for urbanized areas within the
watershed. These areas include: Beasley, Brazoria, Jones Keeelketon, Needville, and Sweeny. The
additional number of estimated househaltbr rural versus urban areas was also obtained for the 10
subwatersheds for the years 2010 to 2040. The total population in 2010 was estimated to be 18,520 and the
estimatedpopulation in 2040 is 44,006. The total rural population in 2010 was 10,144 and the urban population
was 8,376. In 2040 it is projected that the total rysapulation will be 33,059 and the urban population will be
10,974.However, it was necessary moake several assumptions in the projection of bacteria loadings. Although
the population will change, it was assumed that the type of housing remained the same, single family homes.
For growth of residential areas, an assumption that the new housingpevéliburban single family homes on

1/2 acre lots. Additionallyand coverfrom pastures and farming was assumed to provide most of the area for
growth. Finally, the increased number of households in rural areas is assumed to be on OSSFs and those
projected to be in urban areas OVWTE.

POTENTIAROURCHESFBACTERIA

Each source of E. coli was distributed to the appropriate subwatersheds and then bacteria loads were calculated.
The average daily load for each source was calculated according to the roktgpduggested by EPA (USEPA,
HAanMmOT GKAA A& YdAf GALX @Ay3 |y AYRAQGARdDZ t aLISOASaQ ¥
population. (Table 5.2) E. coli loads were assumed to be 50% of the Fecal coliform concentration (Teague et al
2009, Doyle and Erikson, 2004. coli sources were distributed to subwatersheds based on land cover

distribution and loadings associated with each of the land covdext, all different sources of bacteria

considered in the model are described.

TABLE 5.ZALCULATION- BACTERIA LOADSNIBOR THE PLANNINERFOD

ALL CATEGORIES-Loading distribution

SOURCES 2011 2015 2020 2025 2030 2035 2040
OSSFs 9.0E+13| 7.6E+13| 8.3E+13| 1.0E+14| 1.3E+14| 1.6E+14| 1.9E+14
WWTIS 9.8E+09| 1.0E+10| 1.0E+10| 1.1E+10| 1.1E+10| 1.2E+10| 1.3E+10

Urban Runoff 5.9E+12| 5.9E+12| 5.9E+12| 5.9E+12| 6.0E+12| 6.0E+12| 6.0E+12
Dogs 3.7E+13| 4.0E+13| 4.5E+13| 5.2E+13| 6.2E+13| 7.5E+13| 8.8E+13
Livestock 1.1E+14| 1.1E+14| 1.1E+14| 1.1E+14| 1.1E+14| 1.1E+14| 1.1E+14
Wildlife 1.3E+13| 1.3E+13| 1.3E+13| 1.3E+13| 1.3E+13| 1.3E+13| 1.2E+13
TOTAL 2.6E+14| 2.5E+14| 2.6E+14| 2.9E+14| 3.2E+14| 3.6E+14| 4.0E+14

POINTSOURCES

WASTBRWNATERIREATMENFFACILITES

Point sources of bacteria in the SELECT model originate from Waste Water TreatiétesQW\WTH

effluent. San Bernard River watershed accounts for a total GNVISTIS; but two of them present intermittent

flow, so no flow data is reported. Table 5.3 shows the permitted and self reported flow generated within each
subwatershed.
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None of theWWTIHS in the areare required to monitor for fecal contamination; however, tWoNTIS reported
values of 126cfu/dL. For this reason, it was assumed th#\MTTIS presented the same concentrations as the
ones reporting. Daily load from eabWTHs calculated by multiplgg average self reported flow by bacteria
concentration (Table 5.3). Wastewater Treatmeatilityloadings will rise slightly as the population in the
watershed increases, however they will not be a significant contribution to the total loading

TABLE.3 SAN BERNARMWTFEFFLUENTS

Number | Permitted Flow [Average Self Reported
SUBWATERSHED
(MGD) Flow (MGD)*
SW1- SBILittle San Bernard River 1 0.050 0.001
SW2- SB/East Bernard Creek 2 0.595 0.159
SW4- West Bernard Creek 0 0.000 0.000
SW3- Middle Bernard Creek 2 0.110 0.040
SW1- SB/Snake Creek 6 1.058 0.444
SW6- Peach Creek 0 0.000 0.000
SW7- SB/Cedar Creek 1 0.400 0.181
SW8- Mound Creek 0 0.000 0.000
SW10- SB/Lower Tidal 5 2.282 1.250
SW9- SB/Upper Tidal 0 0.000 0.000
TOTAL 17 4.495 2.076

1. From 01/2008

NON-POINTSOURCES

Non point sources are related to runoff and any other trectly measurable source of contamination {gite
facilities and deposition from wildlife and birds).

OSS§E

Onsite sewage facilities (OSS& another potential source of bacteria contamination. -&e sanitary

facilities are the predominant form of wastewater treatment foany areas of the watershed. These systems

are built to treat domestic wastewater where no sewer systems exist.eBadbading from these systems can
reach streams by overland flow from surface ponding during wet periods or through groundwater. When the
systems are properly designed and installed, they do not constitute a source of bacteria, but if they do not
receive proper maintenance, eventually they will fallccording to a study conducted by Reed, Stowe & Yanke

in 2001, regulated systems would have a failure rate of 12%, while unregulated systems would have a failure of
50%; OSSFs were regulated starting in9] 9hile systems installed prior 1989 remain unregulated
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FIGURE 5.2 OSSF CRVE

The number and location of households utilizing OSSFs was obtained from a recent database developed by H
GAC. In cases where no installation year was available, it was extdsinat 60% of the systems were
unregulateddue to no installation date associated with themThe OSSF dataset is missing information for
Wharton and Colorado Counties, so the loadings are not very accurate for the watetsis¢éead of using this
datasd, average household data was used to determine where population exists that is not connected to a
waste water treatment facility.

Next, the E. coli load for each subwatershed was calculated based on an estimated 70 gal/person/day discharge
and 5*106 c®dL E. coli concentrations (Table 5.2). The average number per household was obtained from the
2009 U.S Census (USCB 2009, Teague, 2009). The highest loadings from OSSFs are in the northeast part of tf
watershed, and the lowest loadings are at the ntowof the water by the coast where there is little population.
Loadingdrom on-site sewage facilities will continue to increase as the population increases in the watershed
howewer with proper installationand maintenance, these OSS#4l not contribute a significant portion of

bacteria loading to the watershed.

LIVESTOCK

Waste generated by range animals can be directly deposited into the stream or carried by runoff from fields to
the stream. Animal populations were obtained from the 2007 Census afultgre per each county (Table 5.4)

and the number of animals was uniformly distributed in 90% of Hay/Pasture and herbaceous areas; the density
of cattle per mile was calculated drassigned to specific land coveséthin each subwatershed. Then the
numbe of animals within each subwatershed was multiplied by the fecal coliform excretion rate and then
converted to E. coli load. (Table 5.2).
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TABLE 5.4 NUMBER ARIMALS PER COUNTERNSUS OF AGRICUIEHZR07)

NUMBER OF ANIMALS PER COUNTY
County Cattle | Horses| Sheep & Goats
Austin 70184 | 3491 1930
Brazoria | 78560| 5367 5481
Colorado | 98283| 1897 1036
Fort Bend | 46206| 3105 1258
Wharton | 76780| 1942 3591

Habitats for livestock were determined based on literature and previous studies (Table 5.4). Animalsiumb
were distributed among the watersheds within each county based on land cover types.

TABLE 5.ASSIGNED HABITATRRUILDLIFE

Cattle Herbaceous + 90% of Hay Pasture ar
Horses Herbaceous + 90% of Hay Pasture ar
Sheep&Goaty Herbaceous + 90% blay Pasture area

FIGURE 5.3 CATTLEAIBSTIN COUNTY

Bacteria loadings from livestock are expected to decrease over the next thirty years as more residential
development occurs in the watershed. The greatest loadings are in the south part of theshesten the tidal
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portion where there are more areas covered by pasture and where there are greater nsiofldesrses, sheep
and goats.

Source Calculation
Catile EC = #cattle- 2.7- 10 cfu d ' head
Horses EC = #horses- 2.1- 10°cfu d” head '
Sheep and goats EC = #sheep- 9- 10 cfu d ' head”
Deer EC = #deer- 1.75- 10"cfu d ' head
Feral hogs EC = #hogs- 4.45- 10" cfu d™' head™
Dogs EC = #households - 0.8 dogs
household

©25-10°cfud” head™

, _ 5-10°chu
Failing septic EC = #failing systems -
systems 100 mL

265- 10°mL Avg # persons

person/day household

126 cfu

WWTP EC = permitted MGD -
100 mL

10°gal  3758.2mL

MGD gal

Calculation of Potential E. Coli loads from various sources in the watershed (Teague, A. E., 2007. Spatially Explic
Load Enrichment Calculation Tool and Cluster Analysus for Identification of E.coli Sources in Plum Creek
Watershed Unpublished MS thesis. Texas A&M University, Department of Biological and Agricultural
Engineering, College Station, Texas

PETS

Dogs wee the only pets considered to contribute to pet waste withiretkvatershed. According to the
Veterinary Medical Association, Texans own 5.4 million dogs; by dividing this number by the number of
households in Texas, it was found there is a ratio of 6gsthousehold. With this ratio, the number of dogs per
subwatershed was calculated. It svaonsidered that dogs produce about 0.75 pounds of wpsteday (USEPA,
2001). The ratio 0.5 cfu E.coli/cfu Fecal coliforms was used to calculate the load gdresatsubwatershed
associated with this source (Table 5.2). Bacteria loadings from pets are expected to increase with the rise in
population in the watershed. The highest loadings will continue to come from the areas with population centers
and residentibpopulations.

URBANRUNOFF

Urban runoff includes bacteria that accumulate on surfaces from domestic animals and human activities. In the
calculation of bacteria loads generated by runoff, it was necessary to quantify bacteria concentration and runoff

volumes generated during rainfall events. E. coli concentrations during wet periods were calculated by using a
study performed by the engineering firm PBS&J (now Atkins). In this study, an empirical relationship between E.
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coli concentrations and percerge of imperviousness was developed. The fraction of impesvimyver
associated to each land covemas extracted from either a study conducted by the US EPA (Exum et al. 2005) or
guidance documents from the Tropical Storm Allison Recovery Project (TSARPimplest method was
applied to calculate Runoff volumes and E.coli loading within each subwatershed. Urban Runoff loadings are
associated to urban areas; for this reason, they are expected to increase as population and development
increase in the wateshed.

SEWERBYSTEMVERFLOWSSG)

Sewer system overflow data was obtained for the entire San Bernard Watershéloef@reviousseven year
period. Seventpne events were reported from four facilities during this time, 92% of which were generated by
storm events at one specific facility. Due to the discrete nature of the data, it was not included in the analysis.

TABLE 5.6 SEWER &SN DVERFLOWS REP@RINESAN BERNARD VERISHED

# | TOTALDURATION | TOTAL | ECCONC. | ECTOTAL LOADING
SUBWAT. | EPA Permit Date events {days) GALLONS | (#cfu/dL) (cfu/day)
1 [Tx0114880 8/29/2005 1 0.2083 0 1.00E+07 0.00E+00
5 |TX0D098949 5/23/2003 1 0.2083 9000 | 1.00E+07 1.18E+13
9 |Txo024511( 6/2/2002,6/16/04 | 2 0.0417 200000 | 1.00E+07 1.31E+15
o |Txoo25615 | 06/26/06-09/20/10 | &2 25.17 1418870 | 1.00E+07 1.54F+13
WILDLIFE

To estimate E. coli potential load generated by wildlifeer, and feral hogs were considered the two major
contributors (Teague, 2009). Even if there are other wildlife sources such as birds, raccoons, coyotes and
opossums, they were not considered due to lack of reliable information.

Density population fodeer was obtained from the Texas Parks and Wildlife Department (TPWD); deer densities
FNBE NBLR2NISR F2N) NBa2dzNOS YIyIlF3ISYSyild dzyAda owal avd
number of deer within each subwatershed. Then the fecal colifexaretion rate of 3.58*105fa/day-animal

(Zeckoski et al2005) was used to obtain the E. coli loads generated by this source within each subdivision.

Geese population data was received from Texas Parks and Wildlife for the San Bernard Watershed.
Stakéolders have identified waterfowl as a contributor to the bacteria loads in the watershed, however limited
data is available for bird populations.

Feral hog population range from 3.2 to 6 hogs/km2 in the Rio Grande Plains and lower coastal prairés of Tex
(Hellgren, 1997 Teague2009). Loadings from feral hogs are distributed throughout the watershed since they
are found in all land covers and they reproduce rapidly. A density of 5 hogs/km2 was applied to the watershed
and then the number of animals walistributed in forested areas and scrublands. It was considered a fecal
coliform excretion rate of 4.45*109 cfu/animal. E. coli was again assumed to account for 50% of fecal coliform
concentration (Teague, 2009). The total loads per subwatershed wengdatad (Table 5.2) and distributed per
subwatershed. As the population grows in the watershed, it is expected that the loading from wildlife may
decrease as habitat areas become more densely populated. Preferred habitats for wildlife were determined
basal on literature and previous studies (Table 5.5). Animal numbers were distributed among the watersheds
within each county based on land cover types.
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TABLE 5.HABITATS ASSIGNEDWIRDLIFE

Deer | 90% of Hay Pasture areas+ forest (mijxddciduous, andergreen)
no hogs in developed areas, and open water
Hogs| 3 hogs/Knd in bare land cover categories

5 hogs/Knin all other categories

SELECVIODELINGONCLUSIONS

¢ It was found that the highest contributing sources of bacteria wettle and wildlife¢ primarily feral
hogs The relative contribution to each subwatershed varies according to land cover distribution and
number of households in rural areas.

e There are bacteria sources such as urban ruMilyTIS which are mainly associatedth urban areas,
whereas other sources like livestock, wildlife, OFFS are predominant in rural areas.

e SELECT assumes that 100% of loadings will enter the stream, overestimating potential concentrations at
all sampling locations. However it gives a general idea about sw@inces of contamination. The
spreadsheets set for the model, however, allow the use of attenuation factors for each bacteria source;
so it is possible to incorporate the effect of BMPs on bacteria reductions within the watershed. The
inclusion of a buffezone around the streams showed a reduction on rural loadings of 40 to 60 %

¢ The model does not account for mitigation processes such as settling, vegetative filtering, temperature,
solar inactivation, or other biological factors that bacteria might unddygfore reaching the stream.

e In order to get more accurate results, SELECT will be coupled with SWAT to simulate transport
processes.

SWATMODELING

The purpose of this modeling project is to evaluate current and futustream bacterial concentratioria the
San Bernard River and its major tributaries. The specific questions that are the focus of the study include:

A What are existing bacteria loads at the existing monitoring locations in the watershed?
A What is the effect of irstream processes (decayn bacteria loadings?

A What is the impact of tidal mixing on bacteria loading?

A How willimplementationof BMPs impact kstream bacteria loading?

A coupled system comprised of a receiving water model and a watershed model has been developed to aid in

the understanding of the San Bernard Above Tidal and Tidal Segments.

ABOVEIIDAL

Watershed pollutant loading modelseabased on topography, land coyand hydrologic attributes and are
used to predict stream flow and pollutant loadings delivered from the Enéhace of a watershed to the surface
waters of a receiving stream, river, lake, or estuary. These models are an important means to account for
nonpoint source pollution that will reach the receiving waters.
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The Soil and Water Assessment Tool (SWAaSHeveloped in the early 1990at Texas A&M University by the
USDA Agricultural Research Service and is available in the public dbieigsch, Arnold et al. 2005 SWAT
focuses on runoff and loadings from rural and agtice-dominated watersheds. Thus, SWAT is a continuous
model that simulates the effects of land management practices on water, sediment, and agricultural chemical
yields for largescale complex watersheds or river basins.

A key advantage of SWAT isdidensive BMP evaluation module that simulates BMPs through several very
specific applications relevant to rural watersheds. The model can be used to evaluate operations that control
the plant growth cycle (i.e., planting and harvesting); applicaticiemilizer (both inorganic and manure),

grazing operations, use of grass filter strips and irrigation BMPs.

BELOWTIDAL

Receiving water models are used to determine the fate and transport of pollutants in surface waters, as well as
to predict the interations between other water quality constituents of interest. Receiving water models for any
tidal water body should account for the dynamics of stream flow, tidal flow, point source loading into the bayou,
nonpoint source loading (which is estimated iretlwatershed models described above), and bacteria fate
processes such as didf, sedimentation, and resuspension.

Tidal prism models (TPMs) are etienensional steadsgtate receiving water models that utilize the concept of
GiGARFEt Tt dza Kie yHysical frahspait ofYpditithnts 8 a tidal basin over time. The theory of tidal
flushing was originally developed by Ketchum in 1951, and several TPMs have been developed and refined to
apply the concept towards water quality modeling of a variefyconstituents, including bacterigKuo and

Neilson 1988Kuo, Park et al. 2005hen, Sun et al. 20D5

TPMs perform simulations on a tidal cycle time scale, which is on the order of 12 hours depending on the
location. Data requirements are fairly low for TPMs compared to some other mechanistic receiving water
models, andas such they can only be used for smaller tidal basins and estuaries since one of the key
assumptions is that the tide rises and falls simultaneously throughout each modeled segment. Model
hydrodynamics are typically validated using a conservative traceh as salinity. Simple bacteria dynamics of
first order decay are generally assumed. Because no software has been developed for tidal prism model
development, models are generally programmed in Microsoft Excel, FORTRAN, or other programming
environmeris; as such, source code is generally available for the applications.

WWTF

There are a total of 14 Texas Pollutant Discharge Elimination System (TPDES) permitted facilities in the San
Bernard River Watershed that discharge treated wastewater to the dveme of its tributaries. These plants

are listed in Tabl®&.11and are shown in Figure%s One additional facility (permit number WQ0014948001) is
permitted for discharge into subbasin 20, but is not in operation yet.

Of the permitted facilities locad within the watershed, domestic treatment facilities were the focus of the
study because of their potential impact on bacteria concentrations. Industrial dischargers in the watershed
were not generally investigated.
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Flows reported by each facility ohdir Discharge Monitoring Report (DMR) were obtained from the USEPA PCS
online database for the period 2000 through 2010, when available. Missing data were completed for short
periods (generally five or more missing data points) by using the average pfdii®us and subsequent flow
values; longer periods assumed the previous flow value as a constant input. None of the plants have a permitted
flow greater than 1 MGD which is the threshold for consideration as a major facility, requiring dechlorination of
effluent and additional monitoring/reporting requirements as well as other requirements. Flows for domestic
WWTFs were assumed to be constant over the entire month and bacteria levels were assumed to be 126

MPN/dL.

TABLE 5.11 WASTEWRTEREATMENT FACESTIN SAN BERNARD FRWATERSHED

Permit .
Permitted Flo
Subbasin Name Location :\/IGD W
Number ( )
1 New ULM WSC Bema{:tf EMl s WQ0013655001 0.05
WWTF '
New ULM, TX 78950
FM RD 1093 & ST
City of Wallis
11 WWTE HWY 36 WQ0010765001 0.2
Wallis, TX 77485
106 Fitzgerald St.
13 Wharton County East Ll;?nard X WQ0014019001 0.4
WCID No. 2 ' '
77435
Citv of Kendleton 1,500 Ft E Farm Market RD 2219
21 y Kendleton, TX WQO0010996001 0.08
WWTF
77451
Hungerford Mud No. 1 250 ft NW Int W Live Oak &
9 ' Haber WQ0013240001 0.08
WWTF
29 Hungerford, TX 77448
Straightway Inc. Interx FM 1161 & CR 218
ghtway WQ0014040001 0.03
WWTF Hungerford, TX 77448
32 City of Needville 14206 Church Street, WQO0010343001 0.4
y Needville, TX 77461 '
Needville ISD Roesler RD and Danhouse RD,
W 1201 1 .
33 WWTF Needville, TX 77461 001201000 0.036
Sthwy 35, 570 ft East
Autumn Shadows
36 WWTE Sthwy 35 WQ0013796001 0.007
Danbury, TX 77534
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Permit .
Permitted Flo
Subbasin Name Location :\/IGD W
Number ( )
N End of Ave. A on W Bank of
City of Sween WQO0010297001 0.975
fly of sweeny Sweeny, TX 77480 Q
Bernard Timbers USHWY 90A, 1.4M NE
WSC USHWY 90A & WQO0012097001 0.021
East Bernard, TX 77435
37
. . One Mile West of
City of Brazoria Intersection WQ0014581001 0.75
WWTF i '
Brazoria, TX 77422
Wild Peach 1miSof STHWY 36 @ PT 4.5 mi
W 14 1 .01
Elementary WWTF S West Columbia, TX 77486 (2001489300 0.0
. iNI h
40 Clemensunit o ml& FrI:/tlxzf)to e WQ0010878001 0.54
WWTF ) '
Brazoria, TX 77422
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SANITARYEWEROVERFLOWS

SSOs are releases of untreated wastewater, including domestic, commercial, and industrial wastewater. These
releases usually occur as thesults of a break, stoppage, or exceedance of capacity in the sanitary sewer
conveyance system. If not directly discharged into the river, the overflows will typically drain to the storm water
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FIGURE 5.4 LOCATIORWWTHN SAN BERNARD WABERD

conveyance system which can then carry the overflows to the river.

SSO data were obtained byGAC and are shown in tabular format for the project area in Tallz Latitude

and longitude coordinates were not provided with the SSO data; therefore, SSOweatelin the watershed

using their street address. In cases where the street address was not provided or could not be located, the SSO
was assigned to the same subbasin as the WWTF. A total of six SSOs were reported during the period between
June 2, 2002nd July 3, 200 which was the representative modeling time framElows associated with these

SSOs range from 4,000 gallons to 200,000 gallons. Bacteria levels for SSOs were assumed to be 100,000 MPN/d
and were conservatively assumed to occur at astant flow rate over the entire month that the SSO was
reportedfor the purposes of modeling
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TABLE 5.12 SANITABFWER OVERFLOWSAN BERNARD RIVER WERBHED

SSO Flow Dates of
Subbasin WWTF Location
(MGD) Occurrence
. 1,500 FE Farm Market RD
City of 2919
21 Kendleton 0.04 5/31/2003
WWTE Kendleton, TX
77451
Needville ISD Roesler RD and Danhouse RD
. 42 1/2
33 WWTF Needville, TX 77461 0.00399428 5/31/2005
Citv of Brazoria One Mile West of 0.06 6/20/2006
y Intersection 0.103 12/112006
WWTF .
37 Brazoria, TX 77422 0.04 7/3/2007
N End of Ave. A on W Bank of
ity of 4.7 2/2002
City of Sweeny Sweeny, TX 77480 98 6/2/200

ON-SITEEEWAGHACILITIES

Onsite sewage facilities (OSSFs) can be a source of indicator bacteria loading to streams and rivers if they are not
maintained properly Indicator bacteria loading from failing OSSFs can be transported to streams in a variety of
ways, including runoff from surface discharge to the receiving waters or from transport by storm water runoff.
Texas Agrilife Extension (2008) reports that beeaplsnew regulations since 1997, site evaluations are being
completed for new septic system installations to examine soil limitations such as high water tables and low
permeability soils; OSSFs older than 1997 may not have taken these limitations intatazsoigorously.

Households associated with failing septic systems were calculated based on extending SELECT assumptions.
These assumptions included that 60% of the OSSFs were unregulated (i.e., built before 1989) based on the
minimum percentage of wegulated systems in the-BAC septic system databas8ince OSSF data was not
available for all areas of the watershed, land cover was used as a starting point to identify the number of OSSFs
in each subwatershedJnregulated OSSFs were assumed to hatailare rate of 50% while regulated OSSFs

(i.e., those built after 1989) were assumed to have a failure rate of 12%.

Failing septic systems were assumed to be associated with range andlaniiacoves in the SWAT model. This
reflects the assumption #it while most septic systems are located outside city and WWTF service boundaries, it
would be expected that some older neighborhoods in urban regions that would remain on septic systems.
Other inputs required by the SWAT model to simulate OSSFs include:

¢ The minimum distance to the stream: this distance was set as 0.4 km based on the dataset provided by
H-GAC for septic systems for a portion of the study area.

e The number of individuals associated with septic system: the number of persons per houses®l|d
assumed to be 2.8 person based on previously established assumptions used in SELECT;
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e The amount of discharge associated with septic systems: based on previous SELECT assumptions, a
discharge of 70 gallons/person/day was used in SWAT.

¢ The concentratiorof bacteria associated with OSSF discharge: Bacteria concentrations associated with
failing systems was assumed to be 500,000 MPN/dL.

Based on the assumptions described above, a total of 6,817 failing OSSFs were simulated in the SWAT model
within the SarBernard River Watershedrailing OSSF density throughout the watershed is presented in Table
5.13 and a plot of the septic system densities by subbasin is shown in Figureablb.10.2 shows the number

of potentially failing septic systems in the 33@rnard Watershed by subbasin and the number of systems that
would need to be repaired to meet water quality standards.

TABLE 5.13 FAILINGISITE SEWAGE FAGHSTN SAN BERNARBER WATERSHED

Subbasin Sepztic Density Assumed tstance from the Seam
(kn?) (km)
1 5.48 0.422
2 4.89 0.422
3 12.40 0.422
4 13.80 0.422
5 9.33 0.422
6 6.16 0.422
7 7.78 0.422
8 10.28 0.422
9 11.65 0.422
10 20.05 0.422
11 17.75 0.422
12 7.73 0.422
13 9.53 0.422
14 15.69 0.422
15 16.17 0.422
16 21.41 0.422
17 25.80 0.422
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Septic Density

Assumed ttance from the S#am

Subbasin (k) (km)

18 27.63 0.422
19 16.40 0.422
20 36.91 0.422
21 21.88 0.422
22 18.89 0.422
23 32.28 0.422
24 17.82 0.422
25 17.91 0.422
26 60.93 0.422
27 33.69 0.422
28 19.10 0.422
29 42.52 0.422
30 23.26 0.422
31 33.20 0.422
32 24.24 0.422
33 2121 0.422
34 10.02 0.422
35 37.38 0.422
36 129.31 0.422
37 77.54 0.422
38 61.05 0.422
39 51.49 0.422
40 7.70 0.422
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Legend

A~ Major Stream

Septic Density

Septic Density
1) 483-1380

1381-25.80
2581- 4252 1in = 10 miles
4253-77.64 September 2011

@ 7755- 12931 Miles cm

Data Sources: HGAC, TCOON, TNRIS (Strat Map)
FIGURE 5.SEPTIC DENSITY IN®&RNARD WATERSHED

AGRICULTURE

Although no CAFOs exist within the San Bernard River Watershed, dhera significant number of livestock
farms in the watershed that can serve as a potential source of bacteria.

Livestock estimates were obtained from the National Agriculture Statistical Service Census, which provides
livestock estimates by county. &hn in Table5.14 are estimates for 2007 for cattle, sheep and goats and
horses. For input into SWAT, livestock estimates were aggregated based on Animal Equivalent Units (as shown
in Table5.14) and were applied to range areas and 90% of pasture areagh@wvn in Table.b5). The concept

of animal equivalent units is well known in agriculture.

Page |59 San Bernard Watershed Protection Plan December 2012



TABLE 5.1€0UNTY ANIMAL CENRESULTS AND ANIMADEVALENT UNITS

Animal Animal Equivalent Units County Population
Cattle 1.000 Austin 70,184
Brazoria 78,%0
Colorado 98,283
Fort Bend 46,206
Wharton 76780
Sheep& Goats 0.175 Austin 1,930
Brazoria 5,481
Colorado 1,036
Fort Bend 1,258
Wharton 3,591
Horses 1.250 Austin 3,491
Brazoria 5,367
Colorado 1,897
Fort Bend 3,105
Wharton 1,942

Bacteria loading associated with livestock is simulated using the grazing management option in SWAT. Livestock
grazing was associated with hay and range lands (both herbaceous and brush). For each subwatershed and
hydrologic response code, thaodel requires information on the number of grazing days, the amount of
manure produced by the livestock and the amount of biomass eaten. The number of grazing days in the
watershed was assumed to be 365 days per year and the dry weight of biomassneonaas 18 dry kg/day

per animal (Coffey, 2010). Presented in Taldes and 5.16 are assumptions used for livestock manure
characteristics to specify required SWAT parameters.

WILDLIFE ANONMANAGEDANIMALCONTRIBUTION

Deer, feral hogs, and geese dypical in this watershed. A typical value for deer densities in the area, based on
the Deer Density-Map provided by the Quality Deer Management Association estimated on average 30 head
per acre, with a range of between 15 and 45 head per acre. Deex a&sumed to be prevalent in 90% of
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pasture areas plus forested areas (both mixed deciduous and evergreen) based on previous SELECT modeling
assumptions.

Feral hogs were assumed to have a density of five hogs per square kilometer based on values apdied in
SELECT modeling. SELECT data also provided a density of three hogs per square kilometdaridr draeg
however that land covewas not included in the SWAT modiele to bare land only comprising 0.1% of the total
land area of the watershed and thmeeting the threshold to be included as a land cover for SWAT analysis

Three types of geese were evaluated: light goose species, Greater-Wbitteed Goose, and Canada Goose).
The three geese species were aggregated into a single wildlife speciearilgrimade up from the light goose
species. Geese densities were based on data provided-BAEl and as per guidance with the data, were
assumed to be in agricultural and coastal marsh/prairie areas.

Bacteria loading associated with wildlife is simutatesing the continuous fertilizer option in SWAT. For each
subwatershed and hydrologic response code, the model requires information the number of days fertilizer is
applied, the frequency of fertilizer application, and on the amount of manure producdtidowildlife. The
number of days fertilizer is applied was assumed to be 365 days per year and frequency of fertilizer application
was once per day (the most frequent option). For the manure production input, the total production for all
wildlife in asubbasin was summed and input as a single value and bacteria concentrations are adjusted to reflect
the variation expected in bacteria concentrations in manure. Presented in Taftfeand5.16 are assumptions

used for wildlife manure characteristics $pecify required SWAT parameters.

DOMESTI®ETS

Domesticated animals, such as dogs and cats, can be a source of bacteria to San Bernard River Watershed via
nonpoint source runoff from high and low density residentaid coves. The American VeterinaMedical
Association (2007) reports that 37.2% of all households own a dog and 32.4% of the households own cats. Using
U.S. Census data at the tract level (U.S. Census Bureau, 2008), census population estimates were used to
determine the approximate nundy of domestic pets within the project area; an average of 0.8 pets per
household was used for this study based on the inputs for the SELECT modeling. Domestic pets were assumed
to be distributed to the saméand coves as used for septic systems, urbamdaural areas (i.e., rangand

coves).

TABLE 5.18MANUREPHYSICAL CHARACTHERIS FOR ANIMALS

Animal Production Moisture Production (dry Source(s)
kg/day/animal)
(kg/day/animal)
Livestock (used values f{ 1,34
beef cattle) 36-58 85% 5.4-8.7
Geese(used values for - - 0.03¢0.18 2,3
Deer 4.5 75% 11 3
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Feral Hogs (used values foi 1
swine) 84 86%” 12.6

Dog 0.45 75%" 0.11 5

Source 1: ASAE Manure Production Standards (2005)

Source 2: Little Sac TMDittp://dnr.mo.gov/env/wpp/tmdl/1381-l-sacr-tmdl.pdf

Source 3: Parajuli, 2006WAT Bacteria StModel Evaluation And Application
Source 4:; Coffey et al., 2010. Development of Pathogen Transport model for Irish CatchitheS8IW&WAT

Source 5: Fecal coliform TMDL for the Ortega River, FDEP,
http://www.dep.state.fl.us/water/tmdl/docs/tmdls/final/gp2/fecaltmdl|_ortegarive.pdf

Notes: ®assume equivalent to shectassume equivalent to livestock

TABLE 5.18IANURBBACTERIA CHARACTERIS FOR ANIMALS

Animal Fecalcoliform concentration Source
(cfu/day-animal)’
Livestock 4.29x16-3.3 x 10° 1,2
Geese 8.00 x 18 1
Deer 2.78 x 18-3.6 x 16 1,2
Feral hogs 7.06 16-3.3 x 10° 2,3
Dog 450 x 16-3.97 x 10 1,2

Source 1: Bacteria Source Loading Calculator, Virginia Tech (20@6&www.tmdl.bse.vt.edu/outreach/C85/

Source 2: SELECT modeling

Source 3: Assumed same as livestock
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6 ¢ ESTIMATEIROADREDUCTIONELEMENB)

Below is a table showing the percent load reductioegded by sourcas determined in the SWAT modeling.
Overall a 70% reduction ithe bacteria geomean is required in the watershed.oad reductions by
subwatershed can be found in the appendices along with a box plot of source lo&tincent load reductions
were determined by(Baseline E. coli concentratigrE. coli concentratio when source removed) / Baseline E.
coli concentration

TABLE 6.8 PERCENT REDUCTIOQME. COLI GEOMEAN MEET WATER QUALSTANDARD

Source Average Load Relative
Contribution | Percentage

(cfu/day) Reduction

Required
Wildlife 5.79E+11 40%
Septics 4.83E+11 33%
Livestock 2.55E+11 18%
Point Source 1.43E+11 10%

SWATMODEIPERFORMANCE

As with the hydrology, a calibration period of up to two years was selected as per the project Quality Assurance
Project Plan (QAPP). The selected period was the samtteef hydrology calibration as for the bacteria
calibration. Model performance for bacteria was evaluated on the basis of several criteria including:

A Comparisons of observed grab samples to daily model bacteria concentratiuhs;
A Longterm geometric mea comparisons

Model performance was also evaluated using time series and overall geometric mean comparisons to observed
data collected by TCEQ and/otGAC at several monitoring stations. There are data starting in 2010 at recently
added monitoring stabns, specifically 20722 and 20723. Because the model simulation period did not extend
beyond 2009, these stations could not be used specifically for calibration. However, the data at these stations
were used to give a general understanding of typicaké@a concentrations at those two locations and

parameters in the model were adjusted to match the general trends observed at those stations.

Results from the modeling are presented in Table 12 for the calibration period and Table 13 for the validation
period. The results presented in these tables are for paired results, meaning that the simulated bacteria
concentration was matched with an observed data point and the geometric means were calculated using those
data. As can be seen from the table, thare some stations where the model matched very well, such as

Station 16373. Other stations, such as 12147, did not match as well on a paired basis. This is not unexpected
for bacteria simulations.
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TABLEB.2¢ BACTERIA SIMULATIPERFORMANGEALBRATION PERIOD (CENTRATIONS IN CFUYDL

Number of | Observed Modeled
Station Samples Geometric Mean Geometric Mean Error
16373 16 303.3 301.9 2%
17420 9 317.0 91.6 -74%
12147 18 412.5 753.3 225%
15272 12 428.3 229.2 -48%

1. Erroris calculated adserved concentration minus the modeled value divided by the obser

value.

TABLE 8.¢ BACTERIA SIMULATIBERFORMANGHEAIRED DATASET RORIDATION PERIOBD(CCENTRATIONS IN @TRY

Station Number of | Observed Modeled Error !
Samples Geometric Mean | Geometric Mean
163D 16 78.1 366.9 370%
16373 9 295 301 2%
12147 18 2824 918.1 225%

1. Error is calculated as observed concentration minus the modeled value divided b
observed value.

TIDALPRISMMODEIPERFORMANCE

The model performance for thedal prism for bacteria was evaluated by comparing the observed enterococci to
modeled enterococci at all available stations along the main stem of the stream on an overall geometric mean
basis as well as by comparing individual grab samples to simuldtezsva

A longitudinal plot of the modeled and observed geometric mean concentrations for the calibration period is
presented inFigure 6.%For the calibration period an&igure 6.Zor the validation period. The maximum and
minimum concentrations preseat in the longitudinal plot are the maximum/minimum geometric means for

each year of the calibration time period. The validation time period was not long enough to calculate geometric
means for more than one year; therefore, only the geometric mean wattepl on the graph. Time series plots

for each of the stations are also presented-igure 62 for the calibration period anBigure 63 forthe

validation period. Segment 2 exhibits small changes in concentration that reflect the tidal fluctuatienSarnh
Bernard River. The peaks observed in the data are related to rainfall events which cause runoff from the
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watershed to reach the tidal segment of the San Bernard River, carrying with it elevated concentrations of
bacteria. While it can be seen thiiie model does overestimate in some segments and underestimates in
others, overall it captures the bacterial levels in San Bernard River.

FIGURB.1¢ BACTERIA LONGITUDINA.OT, CALIBRATION (JANUAR'?007¢ DECEMBER 31, 2008)
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FIGURB.3¢TIME SERIES PLQTALIBRATION PERIOD
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BACTERISOURCHRANALYSIS

There are several potential sources of bacteria in the San Bernard Rawersied. These include permitted
sources, such as wastewater treatment facilities that do not completely disinfect their effluent and sanitary
sewer overflows. Other sources, such as livestock, wildlife, domestic pets, and faiiitg sewage facilies
(septic systems) are not permitted but may also contribute to bacteria loading in the San Bernard River.

To explore the impact of each of these sources, several scenarios were run using SWAT with each source
eliminated. The change in the-dtream ©ncentrations of bacteria indicate how significant an impact each of
the sources have on the San Bernard River. Since the majority of these changes occur in the watershed, the
SWAT model was the only tool used to evaluate the sources in the River. stilise of the analysis are

presented inFigure 6.4

The figure demonstrates that all bacteria sources in the watershed play a role in maintaining the bacteria levels
in the River. This is an important finding as it suggests that improving water qadligy River can be achieved

in multiple ways. It is important to note that these scenarios are used as a tool to understand the watershed; it
is not expected that any of the source elimination scenarios would be physically implemented in the watershed.
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FIGURB.5¢ BACTERIA SOURCE AR, TIDAL PRISM MODEL

The figures demonstrate that all bacteria sources in the watershed play a role in maintaining the bacteria levels
in the River. This an important finding as it suggests that improving water quality in the River can be achieved
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in multiple ways. It is important to note that these scenarios are used as a tool to understand the watershed; it
is not expected that any of the source eiimation scenarios would be physically implemented in the watershed.

A summary table of the reductions based on each source is presentile 6.4for the SWAT model and
Table6.5for the Tidal Prism model.

TABLE.4. SUMMARY OE. COLCONCENTRATGS AND PERCENT REDON FROM BASELINENDITION, SWAT MODEL

Baseline| NoWWTH or SSOs No Wildlife No Septic Systems No Livestock

=3 =2 |28 |=2 |g8 |=2 |28 |=2 |8

83 |82 |88 (82 |88 |82 |88 |82 |85

Subbasin| River Km| W %/ w % g E w % g E w % g E w % g E
1 312.09 87.8 87.2 -1% 20.7 -76% 1.4 -98% 2.0 -98%
7 293.11 90.4 90.1 0% 225 -75% 1.3 -99% 1.9 -98%
8 289.04 93.6 934 0% 24.7 -74% 1.3 -99% 19 -98%
10 273.77 62.1 62.0 0% 16.8 -73% 14 -98% 2.0 -97%
11 254.09 122.9 117.6 -4% 40.0 -67% 2.0 -98% 9.8 -92%
13 246.50 332.2 318.8 -4% 26.9 -92% 9.6 -97% 110.7 -67%
16 237.75 282.3 272.6 -3% 23.0 -92% 9.3 -97% 96.3 -66%
17 215.14 279.0 273.1 -2% 15.5 -94% 9.6 -97% 115.3 -59%
21 200.00 274.8 256.6 -T1% 14.7 -95% 9.4 -97% 122.9 -55%
23 187.65 272.8 268.6 -2% 26.8 -90% 8.5 -97% 90.8 -67%
26 179.27| 1085.0| 1079.6 0% 305.9 -12% 8.0 -99% 64.7 -94%
28 173.90 956.8 953.8 0% 268.7 -12% 7.6 -99% 58.1 -94%
30 166.97 818.5 817.1 0% 233.3 -71% 7.4 -99% 52.1 -94%
31 139.05 554.9 554.7 0% 159.3 -71% 6.9 -99% 41.6 -93%
35 112.85 291.8 273.9 -6% 82.8 -712% 7.4 -97% 37.5 -87%
34 108.76| 1246.9| 1246.9 0% 412.1 -67% 24 -100% 10.5 -99%
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TABLE.5. SUMMARY OENTEROCOGUDNCENTRATIONS ANHREBENT REDUCTIONMBASEINE CONDITIONTIDAL PRISM MODEL

Baseline | NOWWTI or SSOg No Wildlife No Septic Systems No Livestock

- - - S - - £ - - C - - 5

o =) c 3 3 c 3 3 c e 3 c .8

= = L O = L O = Q0 = QO

c Z o Z ° > T Z o > o Z © > © Z e =

River KM/Segment = < 8 S 273 < s S 27T

2 2 4 2 4 2 o 2 o
32.00 37.8 38.4 2% 35.1 -7% 4.0 -89% 2.2 -94%
30.00 27.7 27.8 0% 24.6 -11% 3.5 -87% 2.2 -92%
28.00 20.8 20.6 -1% 17.9 -14% 3.2 -85% 2.1 -90%
26.00 15.3 15.6 2% 135 -12% 2.9 -81% 2.0 -87%
24.00 12.2 125 2% 10.7 -12% 2.7 -78% 1.9 -84%
22.00 10.0 10.2 2% 8.8 -11% 2.6 -714% 1.9 -81%
20.00 8.4 8.7 3% 7.6 -10% 25 -71% 1.8 -79%
18.00 7.3 7.5 3% 6.7 -8% 2.4 -67% 1.8 -75%
16.00 6.5 6.7 3% 6.1 -6% 2.4 -63% 1.8 -712%
14.00 6.0 6.2 3% 5.8 -4% 25 -58% 1.9 -69%
12.00 5.6 5.8 3% 5.6 -1% 2.7 -52% 2.0 -64%
10.00 5.5 5.6 3% 5.5 1% 3.0 -44% 2.3 -59%
8.00 5.6 5.8 3% 5.8 3% 3.6 -36% 2.6 -53%
6.00 6.0 6.2 2% 6.2 4% 4.5 -26% 3.2 -48%
4.00 6.5 6.6 2% 6.7 3% 5.5 -15% 3.8 -41%
2.00 13.0 13.0 0% 13.0 0% 13.0 0% 13.0 0%

Keyfindings are as follows:

o \Wastewater treatment facilitesIt was assumed that thdischarge associated with W\WTwould be

126 MPN/dL for the baseline condition, which is the current water quality standard for E. coli. SSOs were
assigned a concentratiorf 600,000 MPN/dL which is consistent with dilute sewage concentrations.

The source elimination scenario eliminated all bacteria in the effluent discharge. In practice, the
concentrations associated with the discharges will vary based upon a wide rafagg¢oo$ such as plant
condition, plant maintenance, and occurrence of rainfall. However, it is clear from the modeling that
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wastewater treatment plants do play a small role in maintaining the elevated bacteria concentrations in
the current baseline model

e Septic systems: Septic systems proved to be a significant factor in the elevated concentrations observed
in the San Bernard River. This scenario assumed that all malfunctioning septic systems were fixed and
therefore no discharge of bacteria occurrethe difference in bacteria concentrations with and without
failing septic systems is striking and suggests that there is a significant impact from the systems on the
San Bernard River.

e Livestock: The modeling suggests that bacteria runoff from livestaciure is another key factor that
maintains the elevated bacteria in the San Bernard River. It is clear that livestock are another key factor
in maintaining the bacteria concentrations in the San Bernard River. Livestock have more impact on the
upper reaxhes of the watershed than other locations. It is important to note that the livestock (and
wildlife) estimates for some subbasins were calibrated higher than what would be predicted based on
the animal census data to match thestream bacteria levels.

o Wildlife and domesticated animals: Wildlife and domesticated animal loading in the watershed is
another key source of bacteria in the region. Eliminating their contributions does not permit the San
Bernard to meet water quality standards.

BMPSCENARIEVALUATION

Modeling determined that there are a number of different causes and sources of pollution in the San Bernard
Watershed, and that there are a number of BMPs that will work to reduce pollution levels in the watershed.
Vegetative filter strips andrassed waterways were both evaluated by the SWAT model for their effectiveness in
pollution removal for the four categories of pollution that were examined. There are also a number of other
BMPs that were not modeled specifically for the San Bernardnsiagel, but that have been tested in other
watersheds for effectiveness. These BMPs and their estimated load reductions are presented in the appendices
on pages 131132. Some BMPs are mypiurpose such as the vegetative filter strips and the grassed

waterways, and some are more source specific, such as fixing failing OSSFs. Water Quality Management Plans
are common throughout the watershed, and are specific to each property they protect.

After evaluating the impact of each bacteria source on the SanaBd River watershed, the next step was to
evaluate some specific BMPs that could be implemented in the watershed to improve water quality. The
following section outlines some potential BMP solutions.

BMPSCENARIA - VEGETATIVELTERSTRIPS

One type iinportant management practice (BMP) for water pollution in agricultural areas is a vegetative filter
strip. Vegetative filter strips (VFSs) are also known as buffer strips, riparian zones, protection strips, and
streamside management zones. Filter stiaps located adjacent to the stream to help protect water quality of

the stream or lake. These strips are used to minimize the effect of agricultural uses, grazing, and urban activity
around the watershed. Filter strips prevent bacteria, sediments, acganutrients, pesticides, and other
contaminant loadings from entering the streams and thus improving water quality.

SWAT models VFSs with two approaches: one that receives modest flow densities and one that receives
concentrated flows. The VFS changebmetry is defined as a trapezoidal with 8:1 side slope; the required
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inputs for waterways are length, width, depth, and slope. In SWAT, the VFS functionality is simulated in two
sections; section 1 represents the bulk of the VFS area receiving theflowst(i.e., is more diffuse) and
aSOGA2Y H NBOSA®Sa lo2dzi wpr G2 7vp: 2F GKS FTAStER NH
concentrated flow). One important point to note is that in VFSs, bacteria are assumed to be sorbed and

captured withn the sediment and the soluble particles are captured on the runoff.

The VFSs were applied to agriculture (AGRR), hay (HAY), rangeland shrub (RNGB), and rangeland
grassland/herbaceous (RNG&)d coves. The filter strip was assumed to start at the bagig of the
simulation period. Several other key variables were specified for the VFS:

e VFSRATIO is the ratio of field area to filter strip (ha?ha?), ranges from 0 ha%ha2 to 300 ha?ha? with 40
haz/haz to 60 haz/ha2z being common values, the values testeithe model were 45 ha2/haz and 55
ha?/ha?. These values indicate the density

e The VFSCON variable refers to the fraction of the HRU that drains the most concentrated 10% of the
filters strip area, value of 50% was used per SWAT guidance.

e VFSCH is theaction of the flow of the most concentrated 10% of the filter strip; this value was set to
0% per SWAT guidance (Waidler et al, 2011).

Once all the variables were set, the edits were extended to all the subbasins containing the Geslredves
for all the different slopes.

The results of the analysis are preseniedrigures.6. A summary of the concentrations in tabular form are
presented in Tablé.6aswell. As the figure demonstrates, vegetated filter strips implemented in the watershed
could have a very significant impact on thesineam concentrations of bacteria. It is important to note that the
middle portion of the River is just above the water quality standard when the most significant improvements
are observed, indicating that s@radditional efforts will be required to reduce failing septic systems, improve
wastewater treatment or otherwise exclude cattle/wildlife from the streams.
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TABLE.6. SUMMARY OE. COLCONCENTRAINS AND PERCENT REDION FROM BASELMENDITION VEGETATED FILTERBRESULTS

FIGURB.6¢ VEGETATED FILTERBRESULTS

Ratio of filter are to filter strip Ratio of filter are to filter
Baseline =45 strip =55
E. coli E. coli Percent E. coli Percent
Subbasin| River Km (MPN/dL) (MPN/dL) Reduction (MPN/dL) Reduction
1 312.09 87.8 9.2 -90% 2.9 -97%
7 293.11 90.4 9.5 -89% 3.7 -96%
8 289.04 93.6 10.2 -89% 3.9 -96%
10 273.77 62.1 7.7 -88% 3.2 -95%
11 254.09 122.9 27.6 -78% 10.0 -92%
13 246.5 332.2 144.2 -57% 51.3 -85%
16 237.75 282.3 124.2 -56% 45.9 -84%
17 215.14 279.0 135.1 -52% 68.5 -75%
21 200 274.8 138.8 -49% 74.5 -73%
23 187.65 272.8 99.5 -64% 120.2 -56%
26 179.27 1085.0 162.1 -85% 860.9 -21%
28 173.9 956.8 147.1 -85% 762.6 -20%
30 166.97 818.5 125.4 -85% 652.3 -20%
31 139.05 554.9 90.2 -84% 443.0 -20%
35 112.85 291.8 62.9 -78% 2374 -19%
34 108.76 1246.9 58.2 -95% 455.9 -63%

The model does not specify a specific sorption rate, but does have several parameters that specify the
relationship between bacteria and soil: Bactes@l partitioning coefficient (BACTKDQ) is the ratio of the

bacteria concentration in the surface 10 mm of soil water to the concentration of bacteria in surface

runoff. Higher valuesresult in lower concentrations of bacteria in the surface rundtfe value for the San

Bernard watershed was set to 175; this default value has been found to be appropriate in several other SWAT
December 2012
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modeling applications. Bacteria percolation coefficient (BACTMIX) is the ratio of bacteria concentrations in the
top 10 mm of sd to the concentration of bacteria in the percolat&he model default value is 10.0 and the

value can range from 7.0 to 20.The value for the San Bernard watershed was set to 10.0 based on other
studies that have applied the default value.

It is interesting that the more concentrated filter strips (those with a ratio of filter area to filter strip of 45
ha?/ha?) result in lower concentrations near the mouth of watershed when compared with the less
concentrated filter strips (those with ratio of filt@rea to filter strip of 55 haz/ha?). This may be related to the
flatter land near the mouth of the watershed which may not respond as well to the filter strips. In the upper
watershed, a less concentrated filter strip could potentially result in adofigw path along the filter strip and
thus remove additional bacteria from stormwater runoff.

BMPSCENARI@ - GRASSERWVATERNAYS

Grassed waterways are another typeBNIPfor bacterial water pollution. Grassed waterways are strips of grass
seeded irareas where water concentrates or flows off a field. These patches are planted with strong roots grass
to carry water across a land. These waterways provide benefits such as reducing the flow velocity, trap
sediment and bacteria, absorb chemicals andrients from the runoff water, and provide enhancements to

wildlife.

SWAT models grassed waterways as a trapezoidal channel. SWAT simulates the channel as broad and shallow
with side slopes of 8:1. The reduction of sediments, bacteria and nutrients lardatad in a similar fashion to

the way the model simulates sediment and organic nutrient loss for subbasin tributary channels. The main
inputs are width and length. Grassed waterway is simulated on an HRU basis, meaning that they can be varied
by land cover.

The grassed waterways were applied to the sdamel coves as VFSs, agriculture (AGRR), hay (HAY), rangeland
shrub (RNGB), and rangeland grassland/herbaceous (R&i@Epves. The grassed waterways were assumed
to be in place at the beginning the simulation period. The following key variables were used to simulate
grassed waterways

e D21 ¢byY {21 ¢ NBIldZANBAa I alyyAy3aQa b dzaSR FT2NJ 2 9¢
alyyAyaQa y aStSOGSR ¢l a noop G2 NBLINBaSyid (KS :
¢ GWATBCON is a linear parameter for the sediments in the waterways, the default value of 0.005 was
used for the variable.

e GWATL is the length of the grassed waterway is entered under the GWATL variable. The length was
varied between 5, 25 and 50 km in lengtiihis default is the length of a single side of a squared HRU.

e GWATD is the depth of the channel from top of the bank to the bottom in meters. If a depth is not
selected the program sets the depth as 3/64 of GWATW. For the 5 and 25 m long chanakis,af 1
m was used. For the channel with 50 m in length, a value of 2 m was used.

e GWATW is the average width in meters of the grassed waterway. For the evaluation of the alternative
widths of 100 meters were used.
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e GWATS is the average slope of thennel in meters. The default value of 0.005 was used for the slope.
If the slope is not entere®WAT calculates the slope as 75% of the HRU slope.

Results from the analyses are presented in Figure A tabular summary of the results are presented i
Table6.7. As shown, there is some reduction in bacteria concentrations when the BMPs are immdment
The results suggest that implementing graseederways in the San Bernard River watershed will result in
an improvement in water quality; howevehe impact of these BMPs will not be as significant as the
vegetated filter strips.
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FIGURE 6. GRASSED WATERWAYS

TABLE.7- SUMMARY OE. COLCONCENTRATIONS ANHREENT REDUCTIONMBASELINE CONDITIQGRASSED WATERWAYWRES

Waterway length =5 | Waterway length = 25 | Waterway length = 50
Baseline m m m
River E. coli E. coli Percent E. coli Percent E. coli Percent

Subbasin| Km (MPN/dL) [ (MPN/dL) [ Reduction | (MPN/dL) | Reduction | (MPN/dL) | Reduction
1 312.09 87.8 78.4 -11% 57.8 -34% 57.8 -34%
7 293.11 90.4 80.7 -11% 59.4 -34% 59.4 -34%
8 289.04 93.6 83.2 -11% 61.1 -35% 61.1 -35%
10 273.77 62.1 55.6 -11% 41.1 -34% 41.1 -34%
11 254.09 122.9 116.7 -5% 91.4 -26% 91.4 -26%
13 246.5 332.2 329.9 -1% 287.9 -13% 287.9 -13%
16 237.75 282.3 280.2 -1% 2449 -13% 2449 -13%
17 215.14 279.0 277.0 -1% 245.6 -12% 245.6 -12%
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21 200 274.8 273.0 -1% 243.6 -11% 243.6 -11%
23 187.65 272.8 258.5 -5% 222.5 -18% 222.5 -18%
26 179.27 1085.0 991.1 -9% 774.5 -29% 774.5 -29%
28 173.9 956.8 871.5 -9% 679.6 -29% 6796 -29%
30 166.97 818.5 742.2 -9% 577.6 -29% 577.6 -29%
31 139.05 554.9 504.2 -9% 393.2 -29% 393.2 -29%
35 112.85 291.8 268.4 -8% 213.6 -27% 213.6 -27%
34 108.76 1246.9 1037.0 -17% 733.7 -41% 733.7 -41%

BMPSCENARIG ¢ OSSIREPAIR ANBEPLACEMENT

Onsite septic systems are a significant factor in the elevated bacteria concentrations observed in the San

Bernard Watershed. This BMP focused on the repair and replacement of OSSFs in two specific subbasins: 36 and
25. The model was fairly insensitive tiee OSSF densities within the subbasins, so the analysis was focused on
assuming that all OSSFs in a subbasin would be repaired or replaced. The results show an immediate decrease
in bacteria downstream of these two subbasins, as shown in the figures/belo

TABLE 6.8 SUMMARY OF E. COONICENTRATIONS ANIREENT REDUCTION FRBASELINE CONDITIQRSSF REPAIR AND REFHMENT

Subbasin 36 OSSF | Peach Creek Watershe

Baseline | Repair/Replacement Repair/Replacement

River E. coli E. cdi Percent E. coli Percent
Subbasin| Km (MPN/dL) | (MPN/dL) | Reduction| (MPN/dL) | Reduction
1 312.09 87.8 87.8 0% 87.8 0%
7 293.11 90.4 90.4 0% 90.4 0%
8 289.04 93.6 93.6 0% 93.6 0%
10 273.77 62.1 62.1 0% 62.1 0%
11 254.09 122.9 122.9 0% 122.9 0%
13 246.5 332.2 332.3 0% 332.3 0%
16 237.75 282.3 282.3 0% 282.3 0%
17 215.14 279.0 279.0 0% 279.0 0%
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E. coli (MPN/dL)

21 200 274.8 274.8 0% 274.8 0%
23 187.65 272.8 272.8 0% 272.8 0%
26 179.27 1085.0 1085.0 0% 1085.0 0%
28 173.9 956.8 956.7 0% 636.9 -33%
30 166.97 818.5 818.5 0% 581.0 -29%
31 139.05 554.9 554.9 0% 428.7 -23%
35 112.85 291.8 291.8 0% 267.0 -8%
34 108.76 1246.9 1247.0 0% 1247.0 0%
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FIGURE 6.80SSF REPAIR AND REFHMENT
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BMPXENARI4 ¢ PRESCRIBKBRAZING

Prescibed grazing is another BMP for bacterial wapellution. Prescribed grazing is the management of the
removal of vegetation by grazing animals with respect to plant production limits, sensitivities and management
goals. The rate of growth and physiological condition of the plants, duration amsityef grazing, and

expected productivity of the forage species are other management objectives that are taken into account when
preparing a prescribed grazing program.

The focus of this BMP was on grazing analysis for pasture andleamijeoves, andincluded modification to
several parameters to simulate grazing. These parameters inchumisture, harvest efficiency, and soil loss.
Moisturevalues represensoil permeabilityJand coverand antecedent moisture conditions. Higher moisture
values mdicate improved crop management, but lower permeability coverage, while lower values indicate
higher permeability, but poorer crop management. For this BMP, the values were lowered to simulate
improved crop management. Harvest efficiency is definedhagraction of biomass removed by harvesting
equipment. For the model the value was increased which equates to increase cuttings being left on the ground.
The sensitivity analysis performed showed that the bacteria levels in the San Bernard watershedtwere
sensitive to changes in harvest efficienc$oil loss is the ratio of the erosion that would occur when a crop is
grown using apecific management practice as compared to leaving the continuously tilled fallow state without
vegetation. This valueas already quite high for the San Bernard watershed, so it was not further adjusted.
With these adjustments made, it was found that there were only small reductions in bacteria levels compared
with the baseline conditions.

TABLE 6.9SUMMARY OF E. G@ONCENTRATIONS ANFRCENT REDUCTIOQMBASELINE CONDINIOPRESCRIBED GRAZING

Prescribed Grazing
Baseline Scenario

River E. coli E. coli Percent
Subbasinf| Km | (MPN/dL)| (MPN/dL) | Reduction
1 312.09 87.8 87.7 0%
7 293.11 90.4 91.1 -1%
8 289.04 93.6 92.6 -1%
10 273.77 62.1 61.5 -1%
11 254.09 122.9 118.9 -3%
13 246.5 332.2 3221 -3%
16 237.75 282.3 273.8 -3%
17 215.14 279.0 272.7 -2%
21 200 274.8 267.6 -3%
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23 187.65 272.8 264.4 3%
26 179.27| 1085.0| 1060.9 2%
28 173.9 956.8 939.5 2%
30 166.97 818.5 802.7 -2%
31 139.05 554.9 549.4 1%
35 112.85 291.8 289.3 1%
34 108.76| 1246.9| 10935 4%
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FIGURE 6.9PRESCRIBED GRAZING

BMPSCENARI® ¢ FERAIHOGMANAGEMENT

Feralhogs and other wildlife are significant contributors ottexia in the San Bernard watershed. Feral hog
densities in the watershed are estimated to be about 5 hogs per square kilometer, which results in about 10,000
hogs being found in the watershed. Feral hog management strategies were simulated at 30%, 58% and
reductions in the watershed, although none showed a significant reduction in E. coli levels. While hog manure
production can make up a significant portion of the wildlife loading in some watersheds, wildlife manure
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generally provides a much smallemdribution (usually 1% or less) than livestock manure loading. Therefore
the overall impact of feral hogs is quite small.

TABLE 6.10SUMMARY OF E. COONICENTRATIONS ANIREENT REDUCTION FRBASELINE CONDITIORERAL HOG MANAGEMENT

Page |81

50% Reduction in Ferg 75% Reduction in Fera
Baseline Hogs Hogs
River E. coli E. coli Percent E. coli Percent

Subbasin| Km (MPN/dL) | (MPN/dL) [ Reduction | (MPN/dL) | Reduction
1 312.09 87.8 87.6 0% 87.5 0%
7 293.11 90.4 90.1 0% 89.8 -1%
8 289.04 93.6 93.2 0% 92.9 -1%
10 273.77 62.1 61.9 0% 61.7 -1%
11 254.09 122.9 122.6 0% 122.3 0%
13 246.5 332.2 332.0 0% 331.7 0%
16 237.75 282.3 282.1 0% 281.9 0%
17 215.14 279.0 287.8 0% 278.6 0%
21 200 274.8 274.6 0% 274.4 0%
23 187.65 272.8 272.7 0% 272.5 0%
26 179.27 1085.0 1082.4 0% 1081.1 0%
28 173.9 956.8 955.8 0% 953.3 0%
30 166.97 818.5 818.0 0% 816.5 0%
31 139.05 554.9 555.0 0% 554.6 0%
35 112.85 291.8 291.9 0% 291.8 0%
34 108.76 1246.9 1246.8 0% 1246.5 0%
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MODELINEONCLUSIONS

The vegetative filter stpis,grassed waterwaysand OSSF repairs and replacememésall effective in removing
pollutants from runoff before it enters waterway, however the vegetative filter staipd OSSF repairs and
replacements are the mogffective. The location of the waterway and slope of the surrounding lands makes a
difference in the effectiveness of the BMPhe SWAT and Tidal Prism modeling demonstrates that there are a
number of ways in which to improve the water quality in tlE8ernard watershed. Sources of the most
concern in the watershed include aite sewage facilities, livestock, and wildlife. Best management practices
that help treat and prevent runoff from these sources from entering the waterways will be most useful
lowering bacteria levels in the watershed. The modeling also demonstrated that significantly improving just one
or two of the sources would help improve the overall water quality in the watershed. The two sources that
would most significantly improvene water quality if they were at least partially eliminated would be OSSFs and
livestock. A few of the subwatersheds in particular that contribute greater inputs should be prioritized.
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7 - MANAGEMENMEASURE&LEMENTC)

A number of Best Margement Practices (BMPs) were reviewed for the San Bernard Watershed Protection Plan.
¢tKSaS .ata OFYS FNRY 20KSNJ 2 GSNAKSR t NRPGSOGAZ2Y tfl
list of approved BMPs. A list of currently approved and imples@drBMPs in the watersheds was also
examined. A comprehensive list of BMPs were presented to stakeholders to rank based on what they thought
was most needed in the watershed and what was likely to be implemented. The BMP activities that were ranked
the higtest were: feral hog programs, repair and replacement of OSSFs, enforcement of illegal dumping and
disposal, and filter strips surrounding agricultural practices. The two BMPs that m@deled in the
watershed were vegetated filter strips and grassesemsays. The modeling determined that vegetated filter

strips would be very effective in removing pollutants before they reach waterways. This is a BMP that would be
effective across a number of differelaind coveltypes.

OSS§&

OSSFs have been iderif as a major contributor to the loadings in the San Bernard watershed. When doing
SELECT and SWAT modeling it was assumed that 50% of the OSSFs installed prior to 1989 and 15% of the OSS
installed after 1989 were failing. A lot of the OSSFs in thteralzed are older systems that may be
malfunctioning and need to be replaced. In many cases the system owners may not be aware that their OSSF is
malfunctioning. Malfunctioning systems are the result of over use, lack of maintenance, lack of education by
owners, and inappropriate soils for the type of system. Repair and replacement of OSSFs can have a 10% to 30%
reduction of released pollutants (SWERPC, 2008). OSSFs are prevalent throughout the watershed, but there are
fewer in proximity to the waterways Colorado and Austin Counties. Brazoria County should be a priority for
repair and replacement of existing systems.

e Updating design criteria and placement for new systems to ensure adequate space and soil types
o Work with Authorized Agents to createuniform reporting system, use of GPS in placement

¢ Voluntary repair and replacement of older systems

¢ Homeowner education workshops

WILDLIFE

Feral hogs have beenddtified as a major contributato the bacteria loadings in the watershed. Feral hogs are
found throughout the watershed in urban and rural areas and are known to cause a lot of damage. There are
not a lot of BMPs that are highly effective in controlling the populations; however programs are being developed
in other watersheds that are helginbuild awareness and effectiveness. In addition to feral hogs there are also
a number of other wild animals in the watershed including raccoon, opossums, deer, and avian wildlife.
Programs to control feral hog populations should be a top priority foofathe jurisdictions of the watershed

since it is a statewide problem.

e Feral Hog Programs with Texas AgriLife Extension Service and Texas Parks and Wildlife
e Hog hunting and trapping programs to help reduce numbers
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LIVESTOCK

Modeling has identified ¢de as a source of concern in the San Bernard Watershed. A lot of pasture land
directly fronts the San Bernard River and its tributaries. Management measures for livestock can voluntarily be
implemented to keep cattle and their waste from entering thaterways. The TSSWCB also offers Water
Quality Management Plans to landowners in the watershed, and once approved landowners may be eligible for
funding to help implement the practices identified in the plan. Controlling animal waste entering streams can
have a 50% to 75% reduction of pollutants being released into streams (SWERPC, 2008). Water Quality
Management Plans that contain livestock BMPs are already occurring throughout the watershed.

¢ \Waste Management by creating temporary storage faciliitesanimal waste and contaminated water

e Fencing to create a barrier to livestock and wildlife from entering streams and to assist in other
conservation efforts

o Alternate Water Sources to provide water sources for livestock

e Prescribed Grazing to manage etgion with the use of grazing animals to reduce soil erosion

AGRICULTURE

Agricultural lands are not a major contributor to the total loadings in the San Bemmatershed;however
agricultural lands do make up the majority of the land cover in the whtets The TSSWCB offers Water Quality
Management Plans to landowners in the watershed, and once approved, landowners may be eligible for funding
to help implement the practices identified in the plan. Conservation practices thatfiftelp pollutants can

have up toa 50% reduction in the amount of pollutants released into waterways (SWERPC, 2008). Water
Quality Management Plans that contain agriculture BMPs are already occurring throughout the watershed.
Watershed Modeling demonstrated that contour lferf strips and filter strips were the most effective in
removing pollutants from runoff. These two BMPs should be given priority in WQMPs.

¢ Nutrient Management to manage the amount, timing and placement of nutrients

e Crop Residue Management to leave a paiive layer of previous crop behind to help reduce erosion

e Conservation Crop Rotation to grow various crops in rotation to reduce erosion and improve sail

e Terracing to create ridges and channels to reduce slope length and reduce erosion and sedimint runo
e Contour Buffer Strips to convey runoff without erosion and protect water quality

e Filter Strips to reduce sediment, organics and pollution from entering the waterway with a grassy strip
e Waste Utilization to apply agricultural waste in an environmenfaindly manner

e Soil Testing to determine the actual amount of nutrients needed

WASTEWATEREATMENPLANTEOUTFALLS

Wastewater Treatment Plants are a point source pollution found in the watershed from which the contribution
of pollution can be directly easured. Currently effluent from these outfalls is not being monitored, but
bacterial monitoring can be added to monitor outputs and determine if any of the facilities areorapliant.
SELECT and SWddeling both used the standartR6 for the Wastewter effluent, however if this number
was lower the baseline data for the watershed would be lowered.WA®TIS renew their permits, they will
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begin testing their effluent for bacteria. Priority should be given to facilities that are just upstream of
monitoring stations with higher levels of bacteria.

e Enforcement and testing of effluent from the 23 area Wastewater Treatment Plants

PETS

Pet waste can be a major contributor to loadings in the watershed, especially in residential areas. As population
incresses, so do the number of pets. Pet waste collection does not require any a lot of resources and can
voluntarily be implemented. Pet waste control programs can have up to a 5% reduction in the amount of
pollutants released to waterways (SWERPC, 2008).

o Pd waste cleanup in residential areas
e Spay and Neuter programs to control number of feral animals in the watershed

LANDMANAGEMENT

Land management in the San Bernard watershed includes a number of BMPsatteabeendone by land

owners and city and couptgovernments. A number of conservation easements exist invditershed along the
waterways. ©Gnservation easements are a good way for a landowner to preserve their property and prevent
development from occurring adjacent to the waterways. There areeots in the watershed about vegetation
management along the waterways, some areas have been clear cut and are eroding, and some are overgrown to
the point where water cannot flow. There are also a number of sites throughout the watershed where trash and
appliances have been dumped off of bridges.

Urban Runoff is not a major contributor to the loads in the San Bernard Watershed, especially in the upper part
of the watershed. However there is a lot of residential development along the river in the fmweof the
watershed, and more areas will develop as the population in the watershed continues to grow. Urban Runoff
BMPs are also effective for flooding events which occur in the lower part of the watershed and wash pollutants
into the river. A numbeof dump sites have also been identified in the watershed, where residents are dumping
household trash and large appliances. Residential land management practices can have a 2% to 10% reduction
in the pollutants released to area waterways (SWERPC, 2068hup events should be prioritized for counties
where there is a lot of trash dumped at bridges that cross the San Bernard River and its tributaries.

¢ Conservation Easements to acquire land along waterways

e City/County enforcement of illegal dumping andmbsal

¢ Brush management would help in the removal of invasive species to help protect soils, control erosion,
reduce sedimentation, and improve water quality

¢ |dentification and removal of abandoned boats

e Trash pickup events

e Good Housekeeping/Yardcarergsidential areas and neighborhoods
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MODELORDINANCES

Model ordinance could be used by the jurisdictions in the San Bernard watershed to design nonpoint source
pollution control ordinances or storm water pollution prevention plans. A number of examgieamces have
been collected and posted to the San Bernard Watershed website.

e Storm Water Pollution Prevention Plan
e Non Point Source Pollution Control Ordinance

References

SWERPC Community Assistance Planning Report No. 302, Volume 2, AlternativeanchdRded Plans. A Lake
Management Plan for Elizabeth Lake and Lake Mary, Kenosha County, Wisconsin. Nonpoint Source Pollution Control
Measures. 2008.
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8 ¢ TECHNICAL ANBNANCIAINEEDSH EMEND)

Technical and financial needs need to be identifiediid potential sources of funding for implementation of
the BMPs identified in this plan. Needs and costs are identified by BMP category.

OSS§&

e Updating design criteria and placement for new systems to ensure adequate space and soil types
o $ 30,000 per code
e Enforcement of existing or new OSSF regulations
o $ 50,000/ yeakper authorized agent
o Work with Authorized Agents to create a uniform reporting system and use of GPS in placement
o Training of Authorized Agents through grant funds
e OSSF workshops angsistance
o $2,500 per event
e Voluntary repair and replacement of older systems
0 Repair of older systems $5,008/stem
o0 Replacement of systems $10,0Gystem
o Connection to existing sewer systems $2/0p6r house

WILDLIFE

e Feral Hog Programs
0 Texas AgriLif&Extension Service and Tex@fldlife Service workshops for property owners
$8,000 workshop
0 Pork Choppers permitted to hunt hogs in the region

LIVESTOCK

e Water Quality Management Plans
o $10,000- $15,000/ plan
o Done through the TSSWCB and are free to lamaos, however practices identified in the plan
are not paid for, but funding may be available
A Waste Management by creating temporary storage facilities for animal waste and
contaminated water
A Fencing to create a barrier to livestock and wildlife fromeeimy streams and to assist
in other conservation efforts
A Alternate Water Sources to provide water for livestock
A Prescribed Grazing to manage vegetation with the use of grazing animals to reduce soil
erosion

AGRICULTURE
e Ag Waste Collection Days (Counties)
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o $75,000 per event

e Water Quality Management Plans
o $10,000- $15,000/ plan
o Done through the TSSWCB and are free to landowners, however practices identified in the plan
are not paid for, but funding may be available
A Nutrient Management to manage the amei, timing and placement of nutrients
A Crop Residue Management to leave a protective layer of previous crop behind to help
reduce erosion
A Conservation Crop Rotation to grow various crops in rotation to reduce erosion and
improve soil
Terracing to createidges and channels to reduce slope length and reduce erosion and
sediment runoff
Contour Buffer Strips to convey runoff without erosion and protect water quality
Filter Strips to reduce sediment, organics and pollution from entering the waterway
with a grasy strip
A Waste Utilization to apply agricultural waste in an environmentally friendly manner
e Soil Testing to determine the actual amount of nutrients needed
o Free

>

>\ >\

WASTEWATERREATMENPLANTEOUTFALLS

e Enforcement and testing of effluerfor E. coli
0 $25/month/facility

URBANRUNOFF

e Trash pickup even@long waterways
0 Sponsored by Friends of the River San Bernard

e Good Housekeeping/Yardcare in residential areas and neighborhoods
o Educational materials $15,000

PeETS

e Petwaste
0 Spay and Neuter Progra#85,000Q per jurisdiction

LANDMANAGEMENT

e Conservation Easements to acquire land along waterways
0 Varies based on size and location

e City/County enforcement of illegal dumping and disposal
o County eforcement officers
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e Brush managemento help in the removal of invasivepecies to help protect soils, control erosion,
reduce sedimentation, and improve water quality
o Water Quality Management Plans
¢ lllegal Dump Site Cleanup
o $40,000per site
¢ |dentification and removal of abandoned boats
o Removal and disposal $25,0Gser boat

NEWORDINANCES ANDANS

e Storm Water Pollution Prevention Plan
0 See San Bernard WPP Website

¢ Non Point Source Pollution Control Ordinance
0 See San Bernard WPP Website

SOURCES d®INDING

In order to implement Best Management Practices identified in this detumsources of funding are also
identified. Many of the BMPs identified in this plan are currently available in the watershed and funding sources
are also available.

¢ Individual Landowners
e Local funds from area Counties and Cities
e Section 319(h) GrantsFederal Clean Water Act
e Section 106 Water Pollution Control Grants
e SER; Supplemental Environmental Projects
o Conservation Easements
0 OSSF repair and replacement
e Water Quality Management PlagsTSSWCB
0 Agricultural and Grazing plans
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9 ¢ OUTREACHND EDUCATIONEH.EMENE)

OUTREACH ANEDUCATION

Public education and outreach are essential to the implementation of a successful Watershed Protection Plan.
In addition to the physical BMPs to be implemented by landowners and jurisdictions in the wakershe
behavioral BMPs can be addressed by everyone in the watershed. Public Participation can include public
education workshops, distribution of educational materials, and participation in activities to improve water
qguality. HGAC will continue meeting thi stakeholdersto gather input on watershed planning, results on
continued modeling, and implementation of best management practices in the waterSlaedeted audiences

of outreach and education include, but are not limited tesidents, landownersgity and county officials,

MUDs, Soil and Water Conservation Districts, state agencies, Waste Water Treatment Facilities, Septic System
Authorized Agents, and neprofit groups.

PUBLICOUTREACH ANEDUCATION

ADVERTISING

The HGACadvertises the project thraugh press release direct mailing, emails, phone callthe website and
through community newsletters Effortsare beingmade to gather public support, diverse public participation,
and community input for this project through several different outreadforts. HGAC will continue to notify
stakeholders about upcoming events as appropriate when they pertain to the watershed and activities laid out
in the WPP.

MEDIARELATIONS

PRESKIT

HD! / KIFa LINBPRdzOSR | ¢ 0SNRKSR (GCNB BEERNIE ( A it BaR thd {0156
educate stakeholders about the impacts of individual activities on water quality and how to reduce those
impacts. The watershed brochure gives an overview of the area economy and resources, historgualiier

Best Management Practices, and water monitoring resulise watershed brochure will be updated annually to
include the most current monitoring results. -GAC also produces an annual report of all waterways in the
region and highlights improvemés and degradations over the past year.

NEWSRELEASES

H-GAC creates and submits news releases to numerous media outlets, including 5 local newspapers and
approximately 50 additional local and regional newspapers, magazines, radio programs and TV. deatess
releaseshave beenused throughout the Watershed Protection Plan procegsdditional public information
articles will be developed and submitted to key outlets to announce completion of the watershed plan and to
encourage stakeholder involvemeint the implementation process.

MEDIADATABASE
Press releases for the San Bernard Watershed ProtectiorhBleanbeen and continue to hiistributed to:

Alvin Sun / Alvin Advertiser The Bulletin of Brazoria County
Banner Press Newspaper The Bellvig Times

Page |90 San Bernard Watershed Protection Plan December 2012



Eagle Lake Headlight
Colorado County Citizen
Houston/Fort Bend Lifestyle & Homes
Fort Bend Herald

Sealy News

El Campo Leaddiews
Coastal Broadcasting
Fort Bend Spotlight

Gulf Coast Tribune
Wallis NewsReview

The Weimar Mercury
Fort Ber Mirror

The Brazosport Facts

Greatwood / New Territory / Pecan Grov

Richmond/Rosenberg Heral@oaster
Las Noticias de Fort Bend
The Pearland Journal

Fort Bend Star

Brazoria County News

Katy Times

The Brazosport Facts
Pearland Reporter

La VidaNews/The Ebony Voice
KULP Radio

Radio Station KULIM
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EDUCATION

PROACTIVE OUTREARESPONSE
Texas Stream Team

Texas Stream Team is a network of trained volunteers and supporting partners working together to
collect information about the natural resoces of Texas to ensure the information is available to all
citizens. Volunteers are trained to collect quaklissured information that can be used to make
environmentally sound decisions. The Stream Team is administerddGAC in the San Bernard
Watershedand does not receive any federal fundingolunteers complete three phases of training and
are certified at various levels depending on their environmental goals and concEnesTexas Stream
Team program will continue recruiting members in then &ernard Watershed and will hold periodic
training sessions“fvor new members.

el )

FIGURE 9.4 TEXAS STREAM TEAMESL IN SAN BERNARBMWZRSHED

Clean Waters Initiative Program

The Clean Waters Initiative (CWI) program offers workshops that will help ¢marnments,
landowners, and citizens develop strategies to reduce pollution in area waterways. Workshops will
focus on a variety of issues such as leaking septic tanks @hdign from urban developmenand
agriculture, or broader issues of watershpdbtection, planning, and stormwater permitting. -GAC
makes individual presentations and can tailor workshops to the needs of specific &eakshops are

held approximately every 6 weeks throughout the year.
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FIGURE 9.2 CWI WORKSHOP ATGAC

Watershed Signhage

Road signhave beendeveloped as a way to notify residents and visitors that they are entering the
watershed and encourage them to take action and protect water quality in the area. Thesebeen
posted on major roads and highways and wheeossing a tributary of the San Bernard.

FIGURE 9.8SAN BERNARD RIVERTWRSHED SIGN
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