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Statement of Purpose

Mill Creek is a vital resource in the area, supporting contact recreation and agricultural uses and
providing habitat for a diverse arraygfnts and animalsit served as a source of water to

Native Americans and early Spanish settlers. The creelplaged a key role in the success of

the firstAnglo-American colony in Texas and was home to the first saw mill in the state, from
which the creek derived its name. The land surrounding the creek has provided excellent
agricultural and industrial opportities. Agriculture remains a vital part of the local economy,

and the most prevalent land use. In 20Mil Creek was listed by the State of Texas as having

E. colibacteria levels that impaired contact recreation use of the creek. In responsd, the Mi
Creek Watershed Protection Plan was developed using a stakeholder process driven by public
participation to provide a foundation for restoring water quality in Mill Creek and its tributaries.
By identifying key water quality issues in the Mill Creekterahed and determining the factors
contributing to these issues, management programs and public outreach efforts can be targeted to
restore and protect the vital water resources of this watershed. The Mill Creek Watershed
Protection Plan incorporatése analysis of existing water quality data afetailedinvestigation

of potential pollutant sources based on local knowledge and experience to develop a strategy for
addressing concerns related to water quality.

Stakeholders are any individual or groupttimay be directly or indirectly affected by activities
implemented to protect water quality, such as citizens, businesses, municipalities, county
governments, river authoritiesil and water conservation districts, agricultural committees,
nonprofit orgaizations, and statend federabgencies. ThisVatershed Protection Plana

means by which stakeholders can become more familiar with the Mill Creek watershed and
actively make a difference in the quality and health of their water resources tiatgpgjon of
voluntary management practices héips focugestoration effortsand enables financial and
technical assistance to facilitate improvements in Mill Créehe plan is intended to be a living
document, adjusted to include new data and mod#$econditions in the watershed change over
time. It will evolve as needs and circumstances dictate and will be guided by the stakeholders as
they undertake active stewardship of the watershed.
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Executive Summary

Mill Creek is formed by twdorks, East and WedVlill Creek, in southwest Washington County
which unite near Bellville, TX in Austin County to form the main stem. Mill Creek then flows
14 miles southeast to its confluence with the Brazos River. The 268c4&0vatershed is made
up of 55percentangeand, 22percentcropland (including managed pasture) pEscentfforest,

and 8percentdeveloped land. Major agricultural uses include forage production and grazing
lands with corn and cotton being grown on a small number of acres. The predominartHlivest
species in the watershed is cattle; however, there also are poultry, horses, domesiebpgs,
and goats in the area.

While the vast majority of the watershed is undeveloped or agricultural land, there are a few
incorporated areas within the Mlreek watershed. The City of Bellville is the largest city in

the watershed and is located along the Boggy Creek tributary. Other incorporated areas in the
watershed include the Cities of Burton and Industry. Additionally, very small portions of both
Brenham and New Ulm lie within the watershed boundary.

In 2007 a Recreational Use Attainability Analysis (RUAA) was conducted on Mill Creek to
determine if Mill Creek supports contact recreation uses. The Mill Creek RUAA was the first
analysis of its kid in Texas and served as a model for RUAAs throughout the state. Results of
the analysis concluded that Mill Creek historically supported contact recreation and abtdinue
do so, affirming the primary contact recreation designated use assigned toddkl gy the

Texas Commission on Environmental Quality.

Mill Creek (Segment 1202K) is identified as impaired on the 2014 Texas Inteyvated

Report 303(d) list due to bacterial contamination. Data used for the 2014 IntegratedirReport
26 samples tadn during the #ear period between December 2005 and November {202

the SH36 monitoring stationThe geometric mean of these data for E. coli bacteria was 192
colony forming units per 100 milliliters{u/100 mL), which exceeds theéa® standard df26
cfu/100 mL for water bodiedesignated foprimary contact recreation. Elevated level&otoli
indicate the potential presence of pathogenic organisms.

The Texas State Soil and Water Conservation Board (TSSWCB) seleitit€xedk for

developmenof a WatershedProtectionPlan (WPP) based on criteria that included presence on

the Texas Integrated/aterReport 303(d) list, potential for success, ongoing activities, and level

of stakeholder interest. Public meetings were held in Bellville and BreimhNovember 2014

and shortly thereafter the Mill Creek Watershed Partnership was formed to guide the WPP
development process. Led by the Steering Committee, the Partnership is working with citizens,
businesses, public officials and state and fedg@heaies in the watershed to restore water

quality in Mill Creek. The Partnership recognizes that success in improving and protecting water
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resources depends on the people who live, work, and recreate in the watershed. The Mill Creek
Watershed Protectiddlan created through these efforts, will serve as a guidance document for
restoring and protecting local water quality.

The Partnership and Steering Committee dedicated significant time to the identification and
location of potential sources of bactenethe Mill Creek watershed. Potential sources identified

are: urban runoff, dogs, cattle, goats, sheep, horses, domestic hogs, poultry, deer, feral hogs, and
wastewater. While not of primary concern in this watershed, pollutants such as nutrients,
sedimat, pesticides and hydrocarbons (fuel, motor oil and grease) may also be present in runoff.

Through scientific analysis, researchers supporting the Partnership determined that Mill Creek
requires a 4percenteduction in bacteria concentrations in ortemeet the state water quality
standard. As part of this analysis, the Steering Committee directed researchers to incorporate a
10 percentMargin of Safety to account for any inherent uncertainties. This information was

used to set goals and milestones for the implementation of management measures aimed at
reducing bacteria levels in Mill Creek.

Based on the evaluation of existing watealify data and watershed characteristics, the
Partnership and Steering Committee recommended management s&aseatace bacteria
levels in Mill Creek.

Urban management measures focused on addressing potential sources of bacteria in existing
urbanizedareas of Bellville, Burton, Industry, and Brenham, coupled with plans for future
growth and expansion. Dog waste and urban stormwater runoff were the two primary sources
for which management measures were recommended. City ordinances and pet watita collec
facilities are proposed to address dog wasteaddress stormwater managemeng, t

Partnership will support cities in the watershedeekingfunding to conduct detailed

engineering analyses to properly locate and design practices specific totgach

The Partnership worked closely with both city and county personnel to identify wastewater
management measures. In order to reduce the occurrence of illicit sanitary sewer system

discharges, the Partnership recommends that cities participate @dGE Sani t ary Syst
Overflow Initiative program. In addition, cities will work to extend sanitary sewer service to

peripheral areas not currently served. Both Austin and Washington Counties will conduct

education programs for homeowners on sepstesns and seek funding to provide assistance to

those who are unable to repair failing systems due to financial constraints.

Agricultural management measures identified by the Partnership included voluntaiyesitec

Water Quality Management Plang fodividual operations. Enhanced planning and financial
assistance will be provided to farmers and ranchers for development of management plans that
reduce bacteria and nutrient losses and meet the needs of each farm operation. Activities
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including filter strips, nutrient management, and conservation easements are recommended as
pollutant controls in the Mill Creek watershed.

To address concerns over feral hogs in the lower portion of the waters&artnership will

rely heavily on the expertise @mesources of the Texas Wildlife Sendgder technical

assistance, education, and direct control of feral hogs. In addition, the Partnership will support
continued employment of a fuime, regional feral hog management position to provide direct
techncal assistance in the Mill Creek watershed.

As recommended management measures are implemented, it will be essential to monitor water
quality and make any necessary adjustments to the implementation strategy. Routine water
guality monitoring at the St36 monitoring station will continue throughout the immpentation
phase. In addition, ningtes will be monitored binonthly throughout the 1Qear

implementation period. In order to provide flexibility and enable adjustments to monitoring and
implemenation activite s dapt&eimplementation will be utilized throughout the process.

This ontgoing, cyclic implementation and evaluation process serves to focus project efforts and
optimize impacts. Adaptivienplementation relies on constant input of wsthed information

and the establishment of intermediate and final water quality targets. Pollutant concentration
targets for Mill Creek were developed based on complete implementation of the watershed
protection plan and assume full accomplishment olpantit load reductions by the end of the
10-year implementation period. The Partnership will evaluate progress towards achieving
programmatic and water quality goals at years 3, 6, andR&8uctions irthe loadings will be

tied toimplementation of mana&gnent measures throughout the watershed. Phnojgcted

pollutant targetsvill serve as benchmarks of progress, indicating the need to maintain or adjust
planned activities. While water quality conditions likely will change and may not precisely
follow the projections indicated in the WPP, these estimates serve as a tool to facilitate
stakeholder evaluation and decisimaking based oadaptiveimplementation.

The Mill Creek Watershed Partnership veitintinue to meet on a quarteldgsis or as needed,

to receive updates on the progress of implementation efforts and guide the program though
adaptive management actions. Ultimately, it is the goal of the Partneyskspthis plan to
improve and protect water quality in Mill Creek for present and éug@nerations

Another important goal of the Mill Creek project was to demonstrate that Watershed Protection
Plans can be developed with greater time efficiency without sacrificing quality, accuracy, or
effectiveness. Thus, arBonth timeline was created and executedte Mill Creek plan
development process. Through effective planning and management, and the dedication of the
Partnership, this goal was met. Most importantly, by completing the process in a timely manner,
stakeholder engagement was maintained and miumeoptimizedas the implementation phase
begins.
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1. Watershed Management

A watershed is an area of land that water flows across, through, or under on its way to a common
point in a stream, river, lake, or oceaWatersheds not onipcludewater bodies such as

streams and lakes, but also all the surrounding lands that contribute water to the system as runoff
during and after rainfall event3.he elationship between the quality and quantity of water
affecsthe function and health of a watbed. Thus, significant water removals (such as

irrigation) or water additions (such psrmitteddischarges) are importantVatersheds can be
extremely large, covering many thousands of acres, and oftenlat&idednto smaller
subwatersheds for thpurposes of study and management.

WATERSHEDS AND WATER QUALITY

To effectively address water issues, it is important to examine all natural processes and human
activities occurring in a watershed that may affect water quality and quaRtityoff that

eventually makes it to a water body begins as surface or subsurface water flow from rainfall on
agricultural,urban, residential, industrial, and undeveloped arelsis water can carry
pollutantswashed from the surrounding landscapeaddition, wast&ater from various sources
containingpollutants may be released directly into a water bally better enable identification
andmanagement, potentiabntaminarg are classified based on their origin as either point

source ononpoint source pollution.

Point source pollutionis discharged from a defined locatj@uch as a pipe, ditch, or draik.
includes any pollution that may be traced back to a spwjle of origin Point source pollution
is typically discharged directly into a waterway and mftentributes flow across aftream
conditions,from low flow to high flow. In Texas, dischargef®lding a permit through the
Texas Pollutant Discharge Elimination System (TPDE8e Appendix A for a complete list of
acronyms) areonsidered point soces, anceffluent is permitted with specific pollutant limits to
reduce the impact on the receiviwgterbody

Nonpoint source pollution (NPS) on the other hand, comes from a source that does not have a
single point of origin The pollutants are gendisacarried off the land by runoff from storm
waterfollowing rainfall events.

As runoff moves over the land, it can pick up both naturalhamdanrelated pollutants,
depositing them into water bodies sucltieeeks rivers, andakes. Ultimately, the tpes and
amounts of pollutants entering a water body will determine the quéhtyater it contains and
whether it is suitable for particular uses such as irrigation, fiseuigpming, or drinking.
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Watershed Management

BENEFITS OF A WATERSHED APPROACH

State and federal water resource management and environmental protection agencies have
embraced the watershed approach for managing water quality. The watershed approach involves
assessing sources and causes of impairna¢the watershed level and utilizing this information
to develop and implement watershed management plaaser$ideds are determined by the
landscape and not political bordemsd thusoftencross municipk county, and state boundaries
By using a wateshed perspective, glbtential sources of pollution entering a waterway can be
better identified and evaluatedust asmportant, all stakeholders in the watershed can be
involved in the processA watershedtakeholder is anyone who lives, workseogages in
recreation in the watershe@hey have alirect interest in the quality of the watershed and will
be affected by planned efforts to addresser quality issuesindividuals, groups, and
organizations within a watershed camd shouldecomeanvolved as stakeholderStakeholder
involvement is critical for selecting, designing, and implementing management measures to
successfully improve water quality.

WATERSHED PROTECTION PLANNING

The United States Environmental Protection Agency (EPA) dpedla list of nine keylements
(see AppendixB) which serve as guidance for development of successful watershed protection
plans (WPP). Using that guidance, plans are develop&atalystakeholders with the primary
goal being to restorand/or protecthewater quality and designated uses of a water body
through voluntarynon-regulatorywater resource managememtublic participation is critical
throughoutplan development and implementation, as ultimate success ¥WBRylepends on
stewardship of theand and water resources by landowners, businesses, el#fateds, and
residents of the watershedheMill Creek WPP defines atrategy and identifies opportunities

for stakeholders across thatershed to work together and as individuals to imphmeluntary
practices and prograntisat restore and protect water quality.
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2. Overview of the Watershed

GEOGRAPHY

Mill Creek is formed by twdorks, East and West Mill Creek, in sowthst Washington County
which unite near Bellville, TX in Austin County to form the main stem. The almossdguare

mile watershe@263,450 acred)es within the larger Brazos River Bas The headwaters of the
East and West forks of Mill Creek begin in southwestern Washington County, just ab@80SH
near Burton (Figur@.1). Thetwo forksparallel one another, flowing southeast and joining
approximately 4 milesvest of Bellville. Mill Creek then continues southeast for 14 miles to its
confluence with the Brazos Rivéifigure 2.2) Much of Mill Creek is intermittent with pools

during much of the year, until just above the confluence of the East and West forks. The upper
and centrbportions of the watershed are characterized by rolling hills while the lower portion of
the watershed transitions to a coastal prairie. Elevations in the watershed range from 551 feet in
the upper reaches to 121 feet near the Brazos Rineorporatedareas within the watershed

include the cities of 8llville, Burton, and Industry, which have populations of 4,097, 300, and
304, respectivelyBOC, 2010)

p 3

Figure 2.1.Mill Creek flowing through a rural portion of the watershed. Image courtesy@AB.
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B Washington County

S Brenham
e

I \illCreek Wateshed

Figure 2.2. The Mill Creek watershed.

PHYSICAL AND NATURAL FEATURES

Ecoregions

While the headwaters of Mill Creek begin in the Blackland Prairies ecoregion, the main stem
flows through the Post Oak Savannah ecoregidro, the lower, southern end of the watershed
extends slightly into the Gulf Coast Prairies & Marshes ecoregion (F28)teThe Texas
Blackland Prairies ecoregion is dominated by tallgrass species on uplands and by deciduous
woodlands along riparian oidors (USDA, 1984). The Post Oak Savannah ecoregion is
characterized by a mix of hardwoods, improved pasture, and rangelands while the Gulf Coast
Prairies and Marshes ecoregion is a nearly level, slowly drained plain less than 150 feet in
elevation. Native vegetation in the watershed consists of tallgrass prairies and post oak
woodlands (TPWD, 1996). Post oak is the predominant hardwood species in the area but
hickory, live oak, blackjack oak, elm, hackberry, black walnut, sycameday, juniper, pemn,
loblolly pine, Chinese tallow, yaupohuisacheand mesgite alsoarepresent. Animals native
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to the area include whitiled deer, beaver, bobcat, coyote, fox, skunk, raccoon, squirrel, and a
diverse array of other small mammals and birds (TPWD7R0In addition, feral hog (nen

native, invasive species) populations in the lower end of the watershiatbaneto be

significant.

Texas River Basins and
Natural Regions
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Figure 2.3. Ecoregions of Texas. Image courtesy of TPWD.

Soils

Soils in the upper end of the Mill Creek watersigederally are very deep clayey soils on rolling

hills (Blackland Prairies zone), transitioning to loamy fine sandy soils on gently sloping prairies
(Post Oak Savannah zone) towards the lower end of the watershed. However, soils across both
ecological regpns are highly varied (Figui2z4). In the upper portions of the Mill Creek

Watershed in Washington County, soils are primadhiefrelsburg serieg/hich consists of very

deep, moderately well drained, clayey soils on uplands.
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Bosque and Brenham sesielay loam soils are common in the central watershed where

Frelshurg series and similar clayey soils continue to be the dominant soil type. Both the Bosque

and Brenham series are very deep, well drained, moderately permeable soils.

Near the confluencef the East and West forks of Mill Creek the watershed transitions into the

Post Oak Savannah ecoregion where the soildarenated by th€atillaand Trinityseries.

The Catilla series consists of very gemoderately well drained, moderately slowbrmeable
loamy fine sandsen uplands.The Trinity seriesconsists otvery deep, moderately well drained,
slowly permeable&lay soils foundin riparian areas and ftoodplainsthroughout the watershed
(USDA, 1984).

SOIL
TEXTURE
- Clay
- Clay Loam
- Coarse Sand
- Fine Sand
- Fine Sandy Lodm
- Loamy Fing’Sand
- Loamy $and
I sitLdam
- Silty Clay
Other
Water

Figure 2.4. Soil textures of the MCreek watershed.

Water Resources

Flows in the upper reaches of the East and West Forks of Mill Creeblageneralprimarily
occurring only during and immediately after rainfall events. Lower in therstegd before the

East and Wesbfks join, spring flows into the creek provide a more consistent supply of water.
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Springs in the area originate chiefly from the northern part of Austin County. It has been noted
tha the East Fork of Mill Creek runs noticeable colder, likely due toflmaséom groundwater
(PBS&J, 2007).However, he main stem of Mill Creek flows consistently throughout the year,
receiving flows from the East and West Forks as well as from the Bellville wastewater treatment
facility.

The principle water bearing steaunder the study area are the Fleming Formation and Willis
Sands, which are part of the Gulf Coast Aquifer. In addition, the Alluvium of the Brazos River
and Mill Creek Alluvium are found adjacent to the water bodies for which they are named.

The demical quality of the water from wells in the area is, in general, good for municipal, most
irrigation, and most industrial purposes. Groundwater in thetypezlly ranges from

moderately hard to very hardlthoughmostgroundwatein the areaneetsall drinking water
standards, fluoride has frequently been observed srttes optimum levels (TWDB, 69).

Water in the alluvial formations however is susceptible to contamination due to its shallow depth
and should be carefully tested before using dsnking supply.

Groundwater is the primary source of drinking supply for the vast majority of residents in the
watershed.The Cities of Bellville, Burton, and Industry utilize water from the Gulf Coast

aquifer for drinking supply and operate severallsvlocated within or near city limitsThe city

of Brenhan however uses water frobmke Sommervillelocated approximately 14 miles

northwest of Brenham in the adjacent Yegua Creek watershed, as its primary source of drinking
water.

Fish and Benthc Macroinvertebrate Communities

Mill Creek has been identified by TPWD as an Ecologically Significant Stream Segment (ESSS)
based upon its high water quality, exceptional aquatic life, and high aesthetic value.
Furthermore, it has been noted that thelceegports a high degree of biodiversity and rare
gammagrasswitchgrass species that grow in its bottomlands (Bayer et al., 1991; Moring et al.
1998). Fiskspeciesnclude channel catfish, common carp, spottedayad multiple species of
sunfish and nmnows. Common benthic macroinvertebrates collected during sampling include
mayflies, midges, worms, and aquatic beetles.

CLIMATE

The Mill Creek watershed lies in a humid subtropical climate zone characterized by hot
summers. Tropical maritime air masses predominate throughout spring, summer, and fall.
Modified polar air masses exert substantial influence during winter and peocm@inental

type climate, characterized by considerable variations in temperature. Actual weather varies
widely from year to year. For example, average annual rainfall is betweéhiathes.

However, he wettest year on record for the watershed was 1992, when the weather stations at
Brenham and Bellville recorded total annual raindatiounts 067.3 and 64.4hches
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respectivelyln contrastjotal annuatainfall for those same stations in 20d&/as 228 and 17.1

inches, respectively The area experienced an fiexcepti on;
remained in drought conditions until 2014. Peak rainfall is usually the result of thundershowers

in late spring. A secondary peak occurs infle The prevailing winds are south and

southeasterly most of the year. Winters are mild, with January mean temperatures of

approximately 51°FSummers are generally hot, with July mean temperatures of 83°F.

HISTORY

The earliest known settlers in thalMCreek watershed were Indians belonging to the Tonkawa
tribes, although archeological evidence suggests that human habitation in the area began as early
as 7400 B.C. The Tonkawa were mostly nomadic, but evidence of their presence in the Mill
Creek areds the number of arrowheads, tools and other artifacts found along the creek.

Early Spanish explorers referred to Mill Creek as Palmetto Creek, in reference to a species of
dwarf palm trees which once grew along the lower reaches of the creek. By thédats,

Texas was under Spanish rule. Although several Spanish trade and military routes traversed the
area settlements were not established until the arrival of American colonists in thés 1800

In January 1821IMoses Austin received permission frane Spanish to settle 300 families in

Texas, but diednly a few months afterward. Two years later his son, Stephen F. Austin,

established the first American colony in the area under the Spanish grant his father had obtained.
Austin settled inpresenedy Austi n County and chose a site |
confluence with the Brazos River to serve as
the Spanish governor for the province, Felipe de la Garza, proposed the site be namdgesan Fel

de Austin, in honor of Stephen F. Austin and

Some of the first colonists to arrive with Austin were the Cummins family, who constructed a
waterpowered saw and grist mill near the mouth of Mill Creek in the 18@2(s, giving the

creek its current name. The mill was the first industrial fixture in the area and is thought to be
the first of its kind in Texas. Cotton giaksowere established in the area around this time and

San Felipe quickly became a hub for commgseeond only in Texas to San Antonio. By the

183, steamboats appeared in the lower Brazos, providing an alternative means for transporting
goods to the Gulf coast.

Agricultural development increased exponentially over the next several decadestteithand
corn being the most prevalent crops. Oats, potadmekdpbacco were also grown in significant
guantities. During this timdivestock production increased with equal vigéterds of cattle,
sheep, goats, hogand horses flourished on the lush coastal prairies.

Following the Civil War, economic development in the area was slow. However, a boost in
immigration in the late 18@ marked an upturn for the region. By this tithe railroad had
reached the arend continued to stimulate growth. Agriculture continued to dominate the local
economy and would do so until present day.
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Soon after the turn of the century petroleum was discovered in the county, although significant
production did not begin until th&203 with the opening of the Raccoon Bend oilfield
northeast of BellvilePr oducti on peaked in the early 19806
few decadesHydrocarborproduction is still a significant component of the local economy and

both oil and natural gas wedican be found in operation throughout the watershed.

Agriculture remains the chief economic driver in the éoday Beef cattle, hay, cotton, cqrn

and grain sorghum are the chief agricultural products. In recent gedarsreas of absentee
landowners has ushered in, to some degree, the conversion of agricultural lands to homesteads
and those used primarily for wildlife management.

LAND USES

Land use in the Mill Creek watershed is predominately rural and agricultural. BRadsgeind
managed pastures account for over-thiods of the watershed, most of which are utilized for
livestock and hay productiqirigure 2.5) Beef cattle are the dominant livestock species
throughout the watershed but small numbers of sheep, godtspeseslso araaised. Native
grasses include Indian grass, tall bunchgrass, buffalogregfluestemsBermudagrass ithe
predominant forage species produced in the wateitshiea variety of cool and warm season
grasseslso arggrown for hay angjrazing including bahiagrass, johnson grass, bushy bluestem
andKR bluestem.

Cotton, corn, rice and sorghum production take place in the lower watershed near the Brazos
River. The sandy loam soils and availability of groundwater for supplementatiorgn this

part of the watershed make it ideal for row crop productidowever, altivated crops account

for only one percent of the watershadd areconcentrated near the mouth of Mill Creek.

There is also a significant percentage of forest irMhleCreek watershed. Deciduous,

evergreen and mixed forest covéspercentf the watershed. These forested areas are found
primarily in the western and southern ends of the watershed. Furthermore, near riparian forests
account for an addition&l percent of the watershed area. Most of the near riparian forest land is
found in the large floodplain along the main stem of Mill Creek and the lower reaches of the East
and West forks, where Trinity series clay soils are dominant.

Urban land representssanall portion of the watershed and is concentrated in the cities of

Bell vill e, I ndustry, and Burton. A very smal
watershed. Population growth and urban expansion in Bellville, Industry, and Buvtinelesm

slow since the 1990s, a trend which is estimated to continue (BOC, 2010). Brenham however

has grown more steadily over the past several decades. Although the watershed encompasses
very little of Brenham currently, future urban expansion may lead tore significant

concentration of urban land in the northeastern fringes of the watershed.
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Figure 2.5. Row crop production in the Mill Creek Watershed.

PERMITTED DISCHARGES

Permitted discharges in the watershed include the City of Bellville, Citydoktrny, and City of
Burton wastewater treatment facilities (WWTF). The City of Bellvile WWNRPDES Permit
ID TX002062) is located approximately 1 mile southwest of downtown Bellville. It is
permitted to discharge 0.95 million gallons/day (MGD) inte Boggy Creek tributary of Mill
Creek. Boggy Creek joins the main stem of Mill Creek approximately 0.5 miles west38.SH
The WWTF serving the City of Indust(iNPDES Permit ID TX011627jMdischarges into an
unnamed tributary of West Mill Creek and isrmitted to discharge 70,000 gallons per dalge
discharge point is located approximately 0.75 miles upstaddahe confluence ahe unnamed
tributary with West Mill Creek, whiclccursl.2 miles north by northwest of the city of
Industry. The City ofBurton WWTF(NPDES Permit ID TX0083089s located approximately
0.1 miles north otJS Hwy 290 on Indian Creelind is permitted to discharge 44,000 gallons per
day(Figure 2.6) Indian Creek joins East Mill Creek approximately 7 miles to the southeast.

In addition, the Kieke egg farNPDES Permit ID TXG921138ocated approximately 4.8
miles south by southwest of Burton, TX is the only permittedentratecanimal feeding
operation (CAFO) in the watershed. It is permitted to apply poultry &ttarontrolled rateo

land management units located in the upper reaches of the Mill Creek watershed, and is
estimated to generate a total of 10,209 tons of solid waste and 5.33 acre feet of wastewater
annually.
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Figure 26. Permitted discharge locationstire Mill Creek Watershed.

WATER QUALITY

Mill Creek s identified as segment 1202K anals been monitoreat the SH36 crossindy the
Texas Commission on Environmental Quality (TCE®{ler various progranssnce 1974
(Figure2.7 and 28). Mill Creek was listed on the 2006 Texas Integrated Report of Surface
Water Quality, formerly known as the Texas Water Quality Inventory and 303d list, with a
concern for an impaired fish community in its downstream portion, and was listed again on the
2008 report.Additionally, Mill Creek appeared on the 2010 and 2012 Texas Integrated Reports
as impaired for elevated levels of bacteria. All waters across the state are considered to have a
contact recreation designated uStream segments are assessed by congp#rengeometric

mean of thee. colibacteria data availabfeom water quality monitoringver the previous seven
years to a standardn Texas, thede. colibacteria standard is 126 colony forming units per 100
milliliters (cfu/100mL). If the geometric mean &. coliexceedd26 cfu/100mL,the streans
impaired for bacteriaThe 20102012 and 2014Texas Integrated Report 303(d) lsigtentified

Mill Creek as impaired for contact recreation because the geometric méarctrbactera
exceeded the contact recreation stream standard established by the TCEQ.
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Figure 27. Mill Creek at SH36. Photo courtesy of4GAC.

Since the data utilized for the Texas 303(d) List were from a limited geographic Taxges,
A&M AgriLife Extension (Extension engagedhe HoustonGalveston Area CounciH-GAC)

to initiate an extensive monitoring program on Mill Creek and its tributaries as part\WiRRe
developmenprocess The goabf this effortwas tobetter characterize water quality across the
watershed and to assist the Steering Committee and Partnership in developing the
implementation strategy

Data collection was conducted at 13 sitesugrmut the watershed (Figure 28d Table 2.1).
Following input from local stakeholders, the uppermost 4 sites were selected exclusively for
biased stormwater monitorindue to ephemeral stream conditions the upper reaches of the
watershed.Routine sampling was conducted at the nine lowermost ambient siéesonthly

basis from September 2014 to June 20RB&sed monitoring was conducted at the four
stormwater sites plus the nine ambient stations 3 times during this 10 month sampling period,
when rainfall events generated measurable flow in the upper seafctiee watershed.
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Figure 28. Water quality sampling on East Mill Creek. Photo courtesy-GiACL.

Typically, a minimum of 7 years worth of data is used to determine attainability of water quality
standards.Therefore, additional data will be neededully assess water quality at each of the

13 sites.However, data collected during the 10 month sampling period seems to indicate that
elevatedbacteria levels are positively correlatedrioreasedlow. Although thedata show
exceedances at several of the siiies data desnot conclusively identify any individual
subwatershed asleading contributor to bacteria pollution in Mill Creek.
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Mill Creek Water Quality Monitoring Stations

Indian Creel;c-z

e

m Mill Creek Watershed
@ Ambient Monitoring Stations
/\ Storm Water Monitoring Stations

Major Highways
— State Highways 10
Other Roads
Waterways
Water

L____-_} County Boundary

| T
0 175385 7 Miles.

Figure 29. Mill Creekwater qualiy samplingstationsin the watershed
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Table 2.1. Sampling stations in the Mill Creek watershed.

Latitude Long

Site | Site_ID | Decimal Decimal Description

13* | I1IG2 30.154482 | -96.514878 | Indian Creek a€CR 2Beckermann Rd,25yards south of
CR 25 an8.6 mileswest of Brenham.

12* | EMG1 | 30.146670 | -96.494839 | East Mill Creek at Indian Creek Ln/CR 28A, &5 B8\W of
intersection of CR 28 and Indian Creek Ln.

11* | EMGC 30.097393 | -96.464984 | East Mill Creek at FM332,7 milesSW of intersection of

2a FM332 and CR 389.

10* | WMG1 | 30.046920 | -96.567711 | West Mill Creek at Wolfe Rd approximaté&l@ milesNW
of intersection of FM 389 and Wolfe Rd.

9 | EMG4 | 30.039449 | -96.413137 | East Mill Creek at Bleiblerville Rd. Aboumnile northwest
of TCEQ station ID 20133.

8 | EMG6 |29.959612 | -96.320151 | East Mill Creek at FM 159/0Id Nelsonville Rahilswest
of intersection of Koy Rd and FM 159.

7 |SCL 29.955764 | -96.455117 | Sandy Creek at New Breman Rd approximaetyiles
southeast of the city of Industry.

6 | WMG |29.955712 | -96.4276336

4a 7 West Mill Creek at Tiemann Rd, east of Industry.

5 | WMG6 | 29.935733 | -96.360328 | West Mill Creek adjacent to small lake between Artists (
Dr and John Schoelikopf Rd approximate8mileswest
of the Mill Creek Rd and Kuykendall Rd

4 | SS4 |29.921135 | -96.301334 | sandy Creek at Mill Creek Rd southwest of Bellville

3 | 2013% | 29.89679 | -96.25499 Mill Creek at FM 2429.2 milesupstream of SH 36 and

A 3.26 mileddownstream of Mill Creek Road approximately
3.6 milessouth of Bellville in Austin County
2 | MG3 29.88602 | -96.21®M53 | Little Boggy Creek at Hwy 36 south of Bellville
1 | MGC2 29.869@7 |-96.15232 | Mill Creek at FM33limmediately downstream of bridge.

* Denotes storm water monitoring sites
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WATERSHED SELECTION

Mill Creek was selected for WPP development due to two primary fadfatdiad been listed
asimpaired due to bacteria levels in exceedance of the recreational contact use ,stad2)al
Recreational Use Attainability AnalygiRUAA) had been conducted on Mill Creek in 2007. In
addition, given the extent of agricultural production and lack of urban developmeatershed
protection plan approach was deemed the best strategy for adgmeaser quality issues in Mill
Creek.

The RUAA conducted on Mill Creek was the first such analysis conducted in the state, and
became the template for future recreationalait@nabilityanalyses. It concluded that Mill
Creek currently supports, andshistorically supported, contact recreation. This affirmed that
the contactecreatioruse designation and concurrent water quality standards assigned to Mill
Creek were appropriate.

Mi | | Creek first dfiptasaimpaidkd foetevatedhlevelssof badtedad s 3 0 3
201Q and also appeaten the 2012 and 2014 lists. Water qualayadcollectecnd used to

asses#ill Creek for the 2010, 2012, and 20I4xas Integrated Water Repostsowed the

geometric mean of bacteria concentratimas 200, 177and 192 cfu/100mLrespectively.

After completion of two very successful watershed planning projects in the Guadalupe River
Basin, the Plum Creek WPP and Geronimo & Alligator Creeks WPP, Extension obtained a State
NPS Program grant from tAieSSWCB to support the planning procesgh@Mill Creek

watershed
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3. TheMill Creek Partnership
PARTNERSHIP FORMATIO N

Local public involvement is critical for successfidvelopment and implementation of a WPP.

To inform and educate citizens from across the watershed and engage them in the planning
process, an intensive information and education campaign was conducted at thef tutset
project. Pess releases were déymed and delivered in the watershed in advance of the planning
process using key media outlets including local newspapers and newslgtékesholdersvere
defined as those who make and implement decisibase who are affected by the decisions
made andthose who have the ability to assist with implementation of the decisions.

Following these effortawo public meetings were announced and heldwmdates in
November 2014with one in thaupper (Brenhamandone in the lowe(Bellville) portion ofthe
watershed Seventynine stakeholders attended #epublic meetingsvhereinformation was
provided regarding conditions Mill Creek and the proposed development of W
Participants were invited to become members ofitle CreekWatershedPartrership and asked
to help notify other potential stakeholdénatshould be part of the process.

PARTNERSHIP MEETINGS

Monthly public meetings facilitated by Texas A&M AgriLife Extension were held in the

watershed (Figure 3.1).echnical issues were presed in detail to the Partnership for

discussion and evaluation, and recommendations were developed and forwarded to the Steering
Committee for consideration and approval. All meetings were open to the public, with
announcements sent out vienail and navs release, and posted on the project website. A total

of six Partnership meetings were conducted during the plan development process.

PARTNERSHIP STRUCTURE

Steering Committee Membership

A Steering Committeeomposed of stakeholders from tédl Creek Watershedas formed to
serve as a decision making body for the Partnershipobtainequitable geographic and topical
representatiorsolicitatiors for Steering Committemembers wreconducted using three
methods2) as part of the public meegjs held in the watershed), & meetings with various
stakeholder interest groups and individuals, 3) and followargsultation with Texad&M
AgriLife Extension Service County Agenisystin & WashingtorCountySoil and Water
Conservation Distrigt, andlocal and regional governmentlSnomination or requests by
various stakeholder groups or individualere welcomed
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Figure 3.1. Stakeholders participated in numerous Partnership and Steering Committee
meetingsimage courtesy of Beth Luedeker.

The Steering Committewas designetb reflect the diversity of interests within thgll Creek
Watershed and to incorporate the viewpoints of those who will be affected by the WPP
Members include botprivateindividuals and representatives of organizations and agencies.
Size of the Steering Committeess limitedto 21 members solely for reasons of practicality.
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Types of stakeholders represented on the Steering Committee were:
Land owners

Business amh industry representatives

Agriculture producers

Educators

County and city officials

Citizen groups

= =2 =4 4 -4 A -2

Environmental and conservation groups
1 Soil and water conservation districts

Ground rules were developed in order for the members to understand their roles and
responsibilities, as well as, to provide guidance throughout the development and implementation
of the WPRAppendix C) Clear ground rules added structure and improveetiiciency of

the group.

The Steering Committee considdiand incorporatgéthe following into thedevelopmenof the
WPP:

Economic feasibility, affordability and growth;

Unique environmental resources of the watershed;

== = =2

Regional planning efforts; and
1 Regonal cooperation.

Development otheMill Creek WPP requicka 6-month period. Howevergcaieving water
quality improvemerttlikely will requiresignificantly moreime, sinceimplementation is an
iterative process of executing programs and practitdsevaluatiorof results andnterim
milestones and reassessment of strategies and recommendBguasise of thishe Steering
Committeewill continue to function throughout implementation of the WPP.

Committee members as@diwith identification ofthe desired water qualigonditions and
measurable goalgrioritization of programs and practices to achieve watedity and
programmatic goalgjevelopment and review ahe WPP document, andmmunicaion
regardingmplications of the WPP to other afted parties in thevatershed.
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As an expression of their approval and commitment to successful implementation of the plan,
Steering Committee members sgiihe final WPP.

Technical Advisory Group

A Technical Advisory Group (TAG) consisting of state &deral agencies with water quality
responsibilities providizguidance to the Steering Committee &adtnership.The TAG assisd
with WPP development bserving as a technical resource angdwering questions related to the
jurisdictiors of their agenas. The TAG includé representatives from the following agencies:

1 Texas Commission on Environmental Quality (TCEQ)
TexasA&M AgriLife Extension ServicgAgriLife Extension)
TexasA&M AgriLife Researci{AgriLife Research)

Texas Department of Agricultu(@DA)
Texas Parks and Wildlife DepartmgifWD)

1
1
1
1
1 Texas State Soil and Water Conservation Board (TSSWCB)
1 Texas Water Development Board (TWDB)

1 U.S Environmental Protection Agen¢gPA)

1 U.S Geological SurveyUSGS)

1

United StatesDepartment oAgricultureNatural Resources Conservation Service
(USDA-NRCS)

1 USDA Farm Service Agency (USDRSA)
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4. Methods of Analysis
LAND USE CLASSIFICAT ION

In orderfor the Mill CreekPartnership to begin to analyze the water quality data, identify
potential sources of pollutant loading, and make recommendations on possible management
measures, an analysis of land use in the watershed was conducted (Figure 4.1).

Thefirst step in development of the land use dataset was to select appropriately dated imagery
for the Mill Creek watershedThis was accomplished using aerial imagery iAtheter

resolution available through the National Agriculture Imagery Progi#iP) and Landsa8
databases. NAIHRmagery taken during 2@ and Landsa® imagery taken during 2013 and 2014
wereused for this analysigviajor land use types included in the classification were urban land,
open water, rangeland, managed pasture, forestudiivhted crops (Figure 4.2, See Appendix

D for complete descriptions and a full explanation of land use data).

Figure 4.1 Example of the managed pasture land use in the Mill Creek Watershed.
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Figure4.2.Mill Creek Watershed land use map.
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Land pacels were assigned to classes based on attributes including vegetation, hydrology, and
level of urban development. In order to simplify the map, similar land uses were aggregated
where appropriateFor example, the urban land use category includes tdiveasegory land

uses: open, low, medium, and high intensity urban developanertarren landl@ble4.1).

The watershed is made upagproximately65% rangeland, 21% managed pasture, 15% forest,

8% urban, and 1% cropland areas.

Table4.1.Summay of land uses in the MilCreek Watershed.

Land Use Percentage of Tote Acres
Rangeland 54.7 144,004
Managed pastur| 20.6 54,323
Forest 15.2 40,021
Urban 7.9 20,677
Cultivated crops| 1.1 3,025
Open water 05 1,400
Total 1000 263450
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Methods of Analysis

Subwatershed Delineation

To enable closer examination of potential pollutant sources and as a tool to assist in focusing

implementation efforts, the watershed was divided into 10 subwater@tig@4.2) based upon
elevation and hydrological characteristiEggure 4.3).

=)

Bellville

e City
— Stream
:l Counties
;/ Subwatersheds 9 s

Figure4.3. Subwatersheds of tinill Creek Watershed.
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DETERMINING SOURCES OF POLLUTION

Load Duration Curve

A widely accepted approach for analyzing water quality data is the use of a Load Duration Curve
(LDC). A LDC enablegleterminatiorand visual representatiar pollutant loadings under

different flow conditions. The first step in developing a LDC is construction of a Flow Duration
Curve. Flow data for a particular sampling location are sorted in order and thenfranked

highest to lowest to determine the frequency of a particular flow in the stream. These results are
used to create a graph of flow volume versus frequency which produces the flow duration curve
(Figure 4.4).

Developing a Load Duration Curve

There isa single stream flow gage (USGS 08111700) in the Mill Creek Watershed. The gage is
located at SKFB6 and Mill Creek. As previously noted, this is the same location at which TCEQ
collects water quality data. Although stream flow data collection on MéékCbegan in 1940, it
was not until 1963 that stream flow datarerecorded on a daily basislowever, sincevater

guality data werenot collected aBH-36 and Mill Creekprior to 182 only stream flow data

from that point forward wreused to develop the flow duration curve.

Flow Duration Curve

1.E+04

1.E+03

1.E+02

1.E+01

Flow rate (cfs)

1.E+00

1.E01

Percent of Days Flovexceeded

Figure4.4. Mill Creek flow duration curve Historical stream flow datltom SH36 wereused
to determine how frequently stream conditions exceed different ficd@s= cubic feet per
second)
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Next, data from the flow duration curve are multiplied by the water qugd#yfor the pollutant
to produce the LDC (Fig. 4.5). This cursieows the maximunpollutantload (amount per unit
time; e.g., for bacteria, cfu/dag)stream caassimilateacross the range of flow conditions (low
flow to high flow)without exceedinghe water qualitygoal Flow regimes typically are
identified as areas ofi¢ LDC where the slope of the curve chandasghis exampleas in the
actual LDCs for Mill Creek, therare thredlow regimes: high flows (@0), midrange 11-85),
and low flows 86-100).

Load Duration Curve

1.E+15
Ny e Maximum
1.E+14 Allowable E.
coli Load witr
= 10% MOS
@ 1.E+13 -
[ |
Q .
) m High Flows
LL 1.E+12
9/ .
©
g \\
i 1.E+11 — 2
g A — —_— Mid-Range
W 1.E+10 \~
1.E+09
Low Flows
1.E+08

0O 10 20 30 40 50 60 70 80 90 100
Percent of Days Load Exceeds¢

Figure4.5.Mill Creek load duration curveMultiplying stream flow by pollutant concentration
produces an estimate of pollutant load.

Stream monitoring data for a pollutaiiencan be plotted on the curvesbow the frequency

and magnitude of exceedances. Indgkample inFigure4.5, theredline indicates the maximum
acceptable stream load flar coli bacterigandthe squares, triangles, and circles represent water
guality monitoring data collected under high, mahge, and low flow conditions, respectively.
Where thanonitoring sampleare above theedline, the actual stream load has exceeded the
water quality standard. Points located on or below the red line are in compliance with the water
quality standard.

In order to analyze the entire range of monitoring daxession analysis is conducted using the
moni tored samples to calculate the Aline of
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line is on or below the red line, monitoring data at that flow percentile are in compliance with the
water qualitystandard. Where the blue line is above the red line, monitoring data indicate that
the water quality standard is not being met at that flow percentile. Regression analysis also
enables calculation dlfie estimatedgercent reduction needed to achieve ptadde pollutant

loads. In this example, load reductions of 83, 43, and 0% are needed at higtangedand low

flows, respectively.

Load Duration Curve

1.E+15
e \aximum
Allowable E.
1.E+14 coli Load witr
10% MOS
)
516413 \\m o —Load
o Regression
E Curve
1.E+12
S N
_% \ m High Flows
O \\
S1E+1 — AN
© A
3 =
Wi 1.E4+10 - Mid-Range
1.E+09
Low Flows
1.E+08

0O 10 20 30 40 50 60 70 80 90 100
Percent of Days Load Exceede

Figure4.6. MillCreekl oad duration curve with monitored s
fit.o

Typically, amargin of safetfMOS) is applied to the threshopbllutantconcentratiorio
account for possible variations in loading due to sources, stream flow, effectisgéness
management measures, and other sources of uncert@mySteering Committee selected a
10% MOS for bacteria in this plaThus although the regular standard frcoli bacteria is
126 cfu/100 ml.a more conservatiiareshold concentratioof 113 cfu/100 mL [1267 (126 X
0.1)]wasused in the LDC analysfsr Mill Creek.

By considering the processes at work during high-raidye, and low flows, it is possible to link
pollutant concentrations with potential point or nonpoint sources of pollukiogeneral, if
exceedances observed on the LDC only occur during high flows, nonpoint sourdes\ate

be the primary causes of impairment. This is because high tjpieslly areassociated with
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higher rainfall events that generate surface runoff which can carry pollutants to the stream. In
contrast, exceedances at low flogenerallyare attributed to point sources since no runoff is
entering the stream and only direct discharges or depositiothie stream are contributing (see
Appendix E for a more detailed explanatioradfoad Duration Curve).

Spatially Explicit Load Enrichment Calculation Tool

To estimate the likely distribution gfotential pollutant sourcexrosshewatershed and the

degree otcontributionby eachthe Mill Creek Steering Committee utilizélue Spatially Explicit

Load Enrichment Calculation TodBELECT) developed by the Spatial Sciences Laboratory and

the Biological and Agricultural Engineering Department at Texas Adiersity. Each

potential pollutansource identified by the Steering Committee was distributed across the 10
subwatersheds based on the best available data and information regarding its presence in a given
subwatershedPollutantloads wereestimated ér each source each subwatershéxsed on

known pollutant production rate8y so doing, Beasand sourcewith the greatest potential for
impacting water qualityvereidentified andargetedor implementation A more complete

explanation of the SELET approach can be found in Appenéix

It is important to note that SELECT evaluatespb&ential for pollution from the possible

sources and subwatersheds, resulting in a relative approximation for eacB@urszes with

high loadingpotential are the evaluated to determine if necessary controls are already in place
or if action should be taken to reduce pollutant contributions.

Data Limitations

When evaluatinghe relationships between instream conditions and factors in the surrounding
landscape, it is important to consider all potential sources of pollution and rely on the most
dependabl@nd currentlata available In addition to receiving input from localekeholders,
information used in the analysis of thidl Creek Watershed was gathered from a number of
sources, including local and regional groups, river authoramed$county,state and federal
agencies.

It alsois important to remember that infornaat collected for the development of the Mill Creek
WPPrepresents a snapshot in timeadiost of compleprocesses at workVhether associated

with human activities and urban growth, weather patterns, animal distribution, or other factors,
the Mill Cre& watersheds very dynamic in nature, and conditiocenchange dramatically
between years and even within a given seasamthermore, time lags often exist between
population census counts and remapping and updating of land cover and land infors@ation u
As a resultcontributions from individuapollutantsources mayary considerably over time.
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Estimate of Pollutant Loads and Required Reductions

The SH36 site haserved as the only routine monitoring station inNhik Creek Watershed
andis utilized by TCEQ for the 305(b) assessment of Mikek Sampling began at tieH-36
locationin 1974, thus the siteas over 40 years of dat@he sitealsorepresents approximately
91% of the total area of the watershedth adrainage area @&76square milesFor these
reasons, the S6 sampling station was used to determine load reduction goals for the
watershed

BACTERIA LOADS

LDC analysis for the S¥86 monitoring site indicates the bacteria water quality standard is not
supported above michnge flows, whilet is supportedinderdry conditions and low flows (Fig
4.7). Based on the regression analysis, reductiois ooliloads 0f83 and 43% will be required
at high and migange flows, respectively, to achieve the water quality critddoprimary

contact recreation.

1.E+15
= \aximum
Allowable E.
1.E+14 coli Load witt
10% MOS
—
g 1E+13 |\ o — Load
ke Regression
E Curve
QO 1E+12 R
N’
_% \ m High Flows
S \
S1Em — AN
_ B
5 s
Wi 1.E+10 N Mid-Range
1.E+09
Low Flows
1.E+08 83% 43% 0%

0O 10 20 30 40 50 60 70 80 90 100
Percent of Days Load Exceede

Figure 4.7. Mill Creekdad duration curve for E. coli at the &8 monitoring station.
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RECOMMENDED PERCENT LOAD REDUCTION

Based on the LDC analysitie Steering Committee mathee decision tase a load reduction

goal of 436 as identified for midange conditions. This represents a very conservative approach
which will guide implementation efforts to not only achieve current water quality goals, but also
will help to protect Mil Creek into the future by considering increasing pressure on the
watershed anticipated due to letegm population growthrlhis load reductiomvasapplied

across thentirewatershed for all sources and all flow regimes.

ANNUAL LOADS AND LOA D REDUCTIONS

Based on the LDC analysis, mean annual loads, load reductions, and target |gadslfor
bacteria (cfu/year) were calculated utilizing data from the38hnonitoring station (Tabk.2).
Calculations for bacteria were based on loading occubétgeerthe 11" and85" percentile
flows, which is the range of flows for which the effective implementation of management
measures is considered to be feasible.

Table 4.2. Mean annual loads, load reductions and target loads for-B@ i@bhnitoring station.

Pollutant | Mean Annuall Mean Annual | Mean Annuall Reduction
Load Load Reductior] Target Load]| Goal (%)

2.33x 104 1.00x 10 1.33x 10" 43

E. coli
(cfulyear)

HOW VARIABLE FLOWS | NFLUENCE TRENDS IN BACTERIA LOADS

Table4.3 is a summary of the estimated annual aveEagmli bacteria load categorized by flow
condition for the SKFB6 monitoring stationNonsupport of the primary contact recreation use
during md-rangeand high flows is indicative of contributions from nonpoint sources. High flow
events occur in response to high rainfall runoff which transports pollutants greater distances
across the landscape. However, these events occur only 10% of the time, aaltyghee

runoff resulting from these extreme rainfall events cannot effectively be controlled by available
best management practices (BMPs). In contrast, runoff events which residtiange and

moist conditionstream flows are more common and coesed more manageable using

available BMPs. On that basis, the focus of implementation will be on management of loading
that occurs during theid-range andnoist conditiondlow ranges (185" percentile flows.

Bacteria loading at lowilows are not ofufficient magnitude to cause nonattainment of the water
quality standard for primary contact recreation (Figu. 4.
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Table 4.3. Estimated average anriiatoliloads under different flow conditions in Mill Creek
based on water quality data at the-$&imonitoring station.

Monitoring Loading by Streamflow Condition (cfu/yr)
Station High Flows Mid-range Flovs Low Flows
Mill Creek at 5.42x 10° 2.33x 10" 4.79x 10°
SH-36

.
oto courtegyrafkMonk.

S ~e

Figure 4.8. Contact recreation in Mill Creek. Ph
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5. Pollutant Source Assessment

As noted previously, point sources in the watershed include WWTFs for the cities of Bellville,
Burton, andndustry, and the Kieke Egg farm. However, these sources are managed by permits
issued by TCEQ through the National Pollutant Discharge Elimination System (NPB&S).
result, implementation efforts will focus on nonpoint sources of bacteria pollution.

The Partnership and Steering Committee dedicated significant time to identification of potential
nonpoint sources of bacteria in the watershed utilizing their knowledge of the area and
information gathered from stakeholders. In addition, the Steering @twamecognized

nutrients, specifically nitrogen and phosphorus, as a potential future water quality concern and
included them in the source evaluation. Based on this assessment, the likely potential sources of
pollutants were identified and are presente@able 5.1.

Table 5.1. Potential pollutant sources in the Mill Creek Watershed identified by the Steering
Committee.

Source Categories | Potential Sources| Bacteria | Nutrients
Urban Urban Runoff X X
Dogs X X
Wastewater Septic Systems X X
Cropland X
Cattle X X
Agriculture Domestic Hogs X X
Horses X X
SheepGoats X X
Domestic Poultry X X
Wildlife and Deer X X
Nondomestic Animals Feral Hogs X X

The TCEQ does not currently have numerical nutrient standards in effect for surface waters in
Texas. Regardless, water quality data collected at th@8SElean Rivers Program monitoring

site do not show cause for a nutrient concern in Mill Creek. Because elevated bacteria levels are
the only current cause of impairment or concern in Mill Creekatialysis focused on assessing
potential sources of E. coli. However, pollutant sources that contribute bacteria inevitably also
contribute nutrients
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Pollutant Source Assessment

SELECT ANALYSIS RESULTS

Total estimated daili. coliloads summed for all potential sourcesdech of thelO

subwatersheds iMlill Creekare presented in Figure 5.1. For this and similar SELECT figures in
the WPR red orange, and yellowolorsindicatesubwatersheds withotential dailybacteria

loads for a source that are comparativiigher, intermediate, and lower, respectiveljhus,
subwatersheds 4, 8, and 9 represent area with the highest potential to contribute bacteria to Mill
Creek. This information will be useful in the targeting and planning of implementation efforts to
achieve watequality goals.

’& Total Potential E. coli Load

B 1.59e+014 - 1.97e+014
] 1.98e+014 - 2.36e+014
[ 12.37e+014 - 2.75e+014
I 2.76e+014 - 3.13e+014
B 3.14e+014 - 3.52e+014

| Sub-watersheds
(CFU/day)

(36

)\
.

4

0 12525 5 7.5 10
O e s Viles

Figure 5.1 Average total daily potentidd. coli contribution from all sources by subwatershed

The following sections present and discuss results of the SELECT analysis for each of the
potentialnonpointsourcesn the Mill Creek Watershed identified by the Steering Committee,
which include wban runoff, domestic dogs, wastewater, livestock, andlifel Additional
background information specific for each identified potential source in the watershed is located
in Appendix F.
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WASTEWATER TREATMENT FACILITIES

As previously mentioned, there are three municipal WWTFs in the watershed that serveghe citi
of Bellville, Industry, and Burton. These facilities discharge 0.95, 0.07, and 0.04 MGD,
respectively.NPDES permit data show these fae are required to tredischarge for bacteria
below 126 cfu/100mLA review of permit compliance history ftiese facilities showed no
discharge violations over the past seven yedsng the permitted discharge concentratiok of

coli (126 cfu/100mL)and the discharge rate for each facility, the combined daily bacteria load
from WWTFs in the watershed is nwore than 5.07E9Thus, it was determined that due to the
relatively low discharge rate of treated effluent from these facilities, potential loading from
WWTFs in the watershed was much lower than any other source. Consequently, SELECT
analysis was not prmed for WWTFs

URBAN RUNOFF

The Partnership and Steering Commitiéézed estimates of impervious surface cover from the
land use analysisee Appendix Fand bacteria loading estimates frarstudy conducted by the
City of Austin (1997)o evaluate urban runoff. As would be expected, the subwatershed
including the city oBellville has the most urban development and the greatest potential for
urbanrelated pollution (Figure 5.2).

The City of Austin study showed that bacteria concentratio urban runoff can be extremely
high in areas with a high degree of impervious surface cover (rooftops, roads, and other hard
surfaces).Impervious covecauses more surface runoff and less water infiltration into the soil
increagng potential polluton from household pets, leslg wastewatecollection systems
sanitaryseweroverflows, and urban wildlifeldentifying the original source of pollution is
extremely difficult since pollutants in runoff from urban areas potentially may come from any
onesource or a combination of several sources.

Variation exists in the level of urbanization between municipalities in the Mill Creek watershed.
Bellville, located at the intersection of S36 and SHL59 in the lower portion of the watershed

is by far themost urbanized area in the watershed. However, with a population of only
approximately 4,17@&nd a moderate urban density its potential pollutant load is relatively low
compared to other soueim the Mill Creek WatershedThe cities of Industry and Bian are

both much smaller in terms #nd areaand populationand therefore do not represent a
significant stormwater concerrConsequently, SELECT analysis was not performed for urban
runoff. However, the analysis conducted for domestic dogs coselmeztly to the distribution

of urban areas in the watershed and was used to plan implementation efforts aimed at stormwater
management. While the potential pollutant load is small compared to other sources in the
watershedthe potentiafor pollutantcontributionsfrom these urban are&sincrease with
populationdoes exist and is therefore discussed in more detail in the Management Measures
chapter(Section 8)
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Figure 5.2. The town square in Bellville is an example of the high intensity urbahuse
category in the Mill Creek Watershed.

DOMESTIC DOGS

Management of pet waste can have a substantial impact on the quality of stormmatteram

areas witthigh pet populationsThis category typically focuses on waste generatedblgy and

cas. Fecal coliform production rates of dogs and cats are roughly twice that of humans (EPA,
2001). Dogs typically defecate outdoors and do not bury their waste, which if not collected from
lawns, sidewalks, parking lots, and park areas can readily contiibloteh bacteria and nutrient
pollution. Management efforts for dog waste will focus on the entire watershed including both
public and private property.

In contrast, domestic cats typically deposit fecal material indoors in litter boxes, which is

disposé of in residential garbage collection or through the wastewater treatment system. Feral
cats, as well as domestic cats allowed outside, usually bury their feces in shallow holes which
substantially reduces potential loading in stormwater runoff. Atsle, published information

exists on feral cat populations. For these reasons, typically and in the case of this plan, cat waste
is not considered when calculating potential loads and identifying management measures.

According to the American VeterinalMedical Association, the average American household

owns 0.63 dogs (AVMA, 2008) and the average Texas household owns 0.8 dogs (AVMA, 2002).
Local veterinarians suggested that the watershed dog population was higher than either of those
averages, and reconemded a dog ownership of 1.25 dogs/househdhds conservative

estimate was accepted by the Partnership and Steering Committee and used for planning
purposes.
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According to 2010 US Census population data for the watershed and using an av&rage
dogs/houwsehold, there are an estimated 9,dads in the watershedhese animals are

concentrated in urban areas, particularly Bellville, which have more households and a greater
human population. Urban growth in Bellville has been slow, with the populatoeasingnly

20% from 1990 to 2010, well below the national average. During that same, piegicdy of

Industry experienced 48% population growth, rising from 206 to 304 persons, and the city of
Burton slightly declined in populatiorAdditionally, the upper portions of East Mill Creek

contain a relatively high number of homes concentrated arourZB8tand-M-109 due
primarily to the ar ea thsontcastodather cifies iothe watershgd t o Br
Brenham has experienced steadygh over the past two decades, increasing 30% from 1990 to
2010. Currently only a very small portion of the city of Brenham lies within the watershed
however, future urban growth could lead to an increase in population in the upper reaches of East
Mill Creek. These population growth estimates are based upon 2010 Census di&ya and
personnel estimatedBased on this information, the SELECT analysis indicates the greatest
potential for pollutant loads from pets occurs in the relatively urbanized serstveds (Figure

5.3).

Dog Potential E. coli Load

B 1.32e+012 - 2.75e+012
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B 7.04e+012 - 8.46e+012
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Figure 53. Average daily potentidt. coliload from domestic dogs by subwatershed.
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SEPTIC SYSTEMS

Ruralresidentsacross Texas rely on egite sewage facilities (OSSFs), or septic systems, for
disposal of household wastewat&ew systems are installed when homes and businesses are
constructed where centralized municipal sewer service is unavaildbts is typicdly outside

city limits but not necessarilywWhile WWTFs must be operated by trained personnel, septic
systems are the responsibility of ihdividual homeownepor business ownerlf regular and
essential maintenance are not conducted, major problentccar.

As with most types oNPSpollution, failing septic systems are found across the landscape

Those located nearest streams or drainage areas are most likely towameaciuality. A study

funded by the Texas GBite Wastewater Treatment Res#a€ouncil Reed et al., 2001

estimatedhatin theregion of Texas containinfpe Mill Creek Watershedapproximatelyl2%

of existingseptic systems are chronically malfunctionidgfinedasi pr one t o f ai |l ur e
t o y SByatem failures in thisegion are due largely to the following four main factors ranked

in order from most to least importasbil suitability for the type of installed septic system,

system age, a general lack of education of septic system owners, and a lack of proper
mainterance(Figure 5.4). Failure also can result from hydraulic overload of the system by

adding additional homes to an existing system that was not designed to accept the increased load.
Other factors that can contribute to system failure are improper atstaland improper system

design.

In Texas, installation of a septic system requires a permit based on state regulations passed in
1989. However, a septic system was fdAdgrandfat
authorized program was establisloedefore September 1, 1989, 2) has a treatment and disposal
facility (tank and associated drainfield), and 3) has had no significant increase in its use.

i

i I 7 BT\ X It LT bl $e W 4t ; \ ¥

Figure 5.4. Surfacing effluent is a symptom of septic system failure that can be caused by several
factors such as poor soil suitability, age of the system, or overloading. Photo courtesy of Ryan
Gerlich.
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The Partnership and Steering Committee utilizethdax based on soil type and age of system

to predict septic system failure rates. Soil type was obtained from NRCS soil surveys, while
system age was based on date of platting. Estimated failure rate categories were 8, 10, or 15%,
based on the calculat@ttex (see Appendix F for a complete explanation of the calculated

index). This index of possible failure rates was used instead of the commonly utilized single
estimated failure rate from Reed, Stowe, and Yanke (2001) due to its ability to more &ccurate
estimate failure rates.

Incorporating estimated failure rate into the SELECT analysegreaestpotential loading

from septic systemaccursin the East Mill Creek subwatersheds (Figure Suljwatersheds 1,

3, 5, and). As previously noted, thepper portions of East Mill Creek contain a relatively high
number of homes, concentrated around298 and=M-109. As Brenham continues to grow,
these areas likely will become more heavily populated resulting in an even greater number of
septic systemsAdditionally, the upper portion of the main stem of Mill Creek has a relatively
high potential for loading from septic systems. Like the East Mill Creek subwatersheds, a
greater concentration of homes can be found in this area due to its proximitgity tife

Bellville (Figure 55; subwatershed)9 Furthermore, the presence of a large floodplain
composed primarily of Trinity Clay soils exacerbates the potential for bacteria loading from
septic systems in this part of the watershed.
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OSSF Daily Potential E. coli Load
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Figure 5.5. Average daily potential coliload from failing septic systems by subwatershed.
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AGRICULTURE

The Partnership and Steering Committee identified segetahtialagricultural sourcesf
bacteria, and helped develop animal population estimates used in SELECT analysis.
Livestock

Cattle, horses, goats, shedpmestic poultryand domestic hogsere identified as the primary
livestock raised in the area. Results of SELECT analysis &br @athese classes of livestock
are presented and discussed below.

Cattle

Based on USDA National Agricultural Statistics Service (USDA NASS) census data, cattle are
the dominant livestock species in thetevrahed (Figure 5.6). Like ahimals, waste products

from cattle are sources of both bacteria and nitrogen. After being deposited on the ground, these
pollutants can be transported into streams during rainfall runoff events. The potential for impact
increases where and when aninmais grazed or confined near streams or drainage areas. Direct
deposition in the waterbody also can occur when these animals are permitted access to riparian
areas and/or the stream (Figure 5.7).

iz * ¥ AN

dPhoto cottesy of HGAC. |

¥

Figure 5.6. Cattle in th it]:reekWatershe
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The Partnership and Steering Committee chose to utilize 2012 USDA NASS data to estimate
area stocking densitieg\ccording toNASS data, the total cattle population in the watershed
was estimated at 38,299 heakhe cattle population was distributed across land covers used for
grazing in each county, which include rangeland and managed pasture. In general, most cattle
grazing operations utilize several different land use types throughout the course of @agtar.
grazing will occur on different land use types of varying carrying capacity, while the cattle
population will remain somewhat constarBased on this information, an average stocking
density of 1 head of cattle per 5.2 acres was applied to thetezbland uses to determine cattle
population and distribution for SELECT analysiEhe analysis indicated that the largest

potential source of loading from cattle is found in the central portion of the watershed (Figure
5.8; subwatersheds 4 a8}l Addiionally, the uppermost subwatersheds of the East and West
Mill Creek as well as those along the main stem of Mill Creek have significant potential for
loading from cattle.

B
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Figure 5.7. A cow in Mill Creek.
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It should be noted that development of th#le population estimates was conducted as this area

of the state was emerging from a period of extreme drought, during which time most cattle
operations were markedly reduced. Many operations were in the process of restocking when the
2012 USDA NASS Cesus was conducted. However, the PartneshgSteering Committee
indicated that the 2012 USDA NASS datacuratelyreflectedan average cattle population for

the watershedThere are no concentrated animal feeding operations for cattle in the watershed
such as feedlots or dairies.

Cattle Daily Potential E. coli Load
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Figure 5.8. Average daily potential coliload from cattle by subwatershed.
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Horses

The Partnership and Steering Committee based the popséation 2012 USDA NASS county
data which estimate there are approximately 2,251 horses in the waté@itsBeapproach was

used since stakeholders felt that it accurately estimated the horse population in the watershed.
While the total population of lmses in the watershed is low compareddtile management
practices directly affect the potential for these animals to be contributors of bacteria.
Stakeholders indicated that horses in the watershed are often kept on undersized acreages which
results n overgrazing, and potentially increased runoff of fecal material. For this reason the
horse population was distributed across only the managed pasture acres in the watershed for
SELECT analysis.Theanalysis indicates the greatest potential loading®aated in the

central and lower portions of East Mill Creek and in the central portion of West Mill Creek
(Figure 5.9; subwatersheds 4, 5, &)d

2 (CFU/day)

10

Figure 5.9 Average daily potentidt. coli load from horses by subwatershed.
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