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SECTION 1

Introduction

The Federal Water pollution Control A&3 U.S.C. 1251 et sed.972, commonlycalledthe

Clean Water Ac{CWA), requiresTexasto set water quality standards including designated uses
for eachwater bod. Every two yearsper Section 305(b) of the CW#He status of water bodies
throughout Tgas is assessed and a list of impaired water bgtiesenot meeting water quality
standardgis develogd. Ths list of impaired water bodies is known as the 303(d) List in
reference t&ection 303(d) ofhe CWA.The Texas Commision on Environmental Quality
(TCEQ) presents this assessement and list of impaired water pmdibsin the Texas

Integrated Report of Surface Water Qualiihe2014Texas IntegrateReportof Surface Water
Quality representshe most reentapprovedeport as ofJanuary 2018TCEQ, 2015).

Once a water body is listed as impaired, one or more of the following actions may be
recommended by TCEQ:

1 More monitoring, if data used for designating the impairment were considered
insufficient

1 A standards reviewo determinef the designated uge appropriatéy assigned,

1 Development and implementation of a Watershed Protection Plan (\ARFr

1 Establishment of a Total Maximum Daily Load (TMDL).

Nolan Creek/South Nolan Creek Watershed

The full length ofNolan Creek/8uth Nolan Creek (Segment 1218), as defined by €Q,
stretches nearly 30 river miles from its confluence with the Leon River in Bell Countyotota p
100 meters upstreata the most upstream crossing of US 190 and Loop 172 in Bell County
(Figure 11). Within the 2014 Texas Integrated Surface Water Quality Report (TCEQa?2015
portions of Nolan Creek/South Nolan Creek were assessed as impaired due to elevated bacteria
concentrationsTheimpaired reachemclude assessment unit (AU) 1218_02, which extends
from the confluence of South Nolan Creek with North Nolan/Nolan Crpskaeam to the
confluence with Liberty Ditch in Killeen (Figure1l), and AU 1218C, which represents Little
Nolan Creek, a tributary of South Nolan Creek in Killeen. A bacteria impairment was first
designated for AU 1218 02 in 1996, while AU 1218C wadist#d until 2010. Concerns for
bacteria are also noted for AU 1218A, a tributary to Little Nolan Creek

In the 2014 Texas Integrated Report (26)15mpairments are defined for AUs with a geometric
meanEscherichia coliconcentration above 12®lonie$100 mL for primary contact recreation
based on samples collected between December 1, 2005 and November 30, 2012-@idgdie 1
note,E. coliunitsof colonies/100 mL and most probably number (MPN)/100 mL are used
interchangeably by TCE@esides bacteriaripairments and concerns, water quality concerns
are reported for nitrates and total phosphorus within AU 1218 02 (TCEQg2CHmcerns for
nutrients are based on a comparison of stream concentrations dwid@srreening levels
(Table x1).

Section 1 Introduction



Watershed Protection Plan forNolan Creek/South Nolan Creek

— Segmant 1218
Roads

Stroams

| D County Baundary

2= 1)
m Assessment Unt Boundanes S \\4/
Belton \ 4
A\ — oc,(f, —
Harker Heights N G A
7
Kieen > Sl

J

Nolenvile [ o — — 25
Fort Mood Miltary Reservation V 0 1 2 4 6 8

Figure 1-1  Watershed and assessment units associated with Segment 1218, Nolan
Creek/South Nolan Creeknset shows watershed location withinxas.
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Figure 1-2 2014 Texas Integrated Report assessment results by AU for bacteria along Nolan
Creek/South Nolan Creeource: TCEQ (20E). Values above bars are the
reported geometric means used in the assessment. The red line indicates the
assessment criteriqd26 MPN/100 mLYor primary contact recreation.
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Table 1-1 2014 Texas Integrated Report assessment resultdfd218 02 for nitrates and
total phosphorusSource: TCEQ (20E).

" " Screenin Mean of Samples
1218 02 9 Exceeding
Exceeded| Samples| Level :
Screening Level
Nitrate 37 38 1.95 8.64
Total
Phosphorug 22 28 0.69 1.93

For impairments associated with recreational use due to elevated bacteria concentrations, a
standards review is recommended befoittating a WPP or TMDL. By default, all water bodies

in Texasexceptthe Houston Ship Channel, are presumed to have a designated use of primary
contact recreation, which means they may be used for activies, such as swimming, where there is
a significant risk ofngesting the wateil.o assess the recreation use designated to a water body
a Recreational Use Attainability Assessment (RUAA) may be condastpdrt ofa standards
reviewto determine ithewater body has sufficient depth or other characteristicagpast

primary contact recreation (TCEQ, &)1The RUAA process alsmcludes interviews with
individuals within the watershed to document current and historic recreation#lthedindings

of an RUAA do nosupport primary contact recreation, a chaimgthe designated use may be
recommendedwhich could potentially lead to delistinlf after a standards review, the water
body is still considered impaired, then a WPP or TM®hbften the next step

Based on findings from a RUAA conducted for Segni&ii8 representing the full length of

Nolan Creek/South Nolan Creek (Winemiller et al., 2010), TCEQ recommended that the
presumed use of primary contact recreation be retained as primary contact recreation activities,
such as swimming, have been documented
(https://www.tceq.texas.gov/assets/public/waterquality/standards/ruaa/brazos1/NolanCreek reco
mmendation.pdf Sincethe RUAA, more maitoring andfurther characterizatioof the
watershedasoccurred, leading ta stakeholderecommendation fadevelopment of a WPP

rather than a TMDL

In comparing WPPs and TMDLspth WPPs and TMDLs identify management practices needed
to improve and mtect water quality and watershed health. The main differences betwsen the
two approaches is that a WRPa voluntary driven approach, with a broader focus than just
impaired watersften focused on nonpoint sources of pollutidrifMDL is a regulatorydriven
processwith intensivestakeholder involvement thaiftenfocuseson point source pollution

leading to regulatory limits on permitted discharges.

While development of a WPP does not preclude later development of a regulatory BMDL,
WPPcan be anore viable approach for water quality restoratitam a TMDL, particularly
when nonpoint sources are considered the primaneauspairment This is becauseorpoint
sourcesnvolve contributiongrom landscape runothatcan come from a variety of sources.
Contrdling nonpoint source pollution can be challenging in that therermotle eclear source,
and changing the behavior of many individuals wariety ofwaysmay be needetb make
notable reductions
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The WPP Approach

TheWPPapproacholistically characterizswater quality issueand impairmensources with

the goal of water quality recovery. The success of the planning process involves multiple steps
and depends on stakeholder involvement. Because sources of impairments are not always clear,
local knowledge is needdrbm a variety ofindividuds throughout the watershéal determine
sourcesandmanagement practices

The Environmental Protection Agency (EP&juires the followingnine element$o be
addressed ia WPP(EPA, 2008):

a) ldentification of causes that will need to be controlleddbieve load reductions
described in (k)

b) Estimates of load reductions expecteamhftthe management measures described in (c)

c) Description othe management measunesededo achieve load reductions described in
(b) and critical areas where they will raplemented

d) An estimate of the technical and financial assistance needed to implement the plan.

e) ldentification of annformation/education component that will be used to ecdg@ublic
understanding of thelan

f) A schedule for implementing managemergasureslescribed in (c)

g) A description of interim, measurable milestonestfacking implementation of
management measures described imn(cpmparisorto the schedule outlined in (f).

h) A set of criteria that can be used to determine whether loadtredsicescribed in (b)
are being achieved

i) A water quality monitoring component to evaluate effectiveness of implementation
measured against established critagdescribed in (h)

Stakeholder involvement is critical to the WPP process in providinghinsitp sources as well

as definingvhatmanagement measunedl bestbeembraced by the community. For the
development of the Nolan Creek/South Nolan Creek WPP, involvement included representatives
from each municipalityKilleen, Harker Heights, NolanN&, and Belton) Fort Hood, Bell
County,Water Control and Improvement Districts (WG)as well as private individuabs the

core stakeholder committee (Figur&)L Technical advisors to the process routinely included
representatives from the Texas Commission on Environmental Quality (TCEQ), Texas Parks and
Wildlife Department (TPWD), Texas State Soil and Water Conservation Board (TSSWCB),
Texas Forest Service (TE$)e Central Texas Cauail of Governments (CTCOGand the

United States Department of Agricultuiatural Resource Conservation Service (USDA
NRCS).The Texas Institute for Applied Environmental Research (TIAER) acted as a facilitator
for development ofhe WPP with oversight provided by TCEQ and EPA.
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Watershed Partnership Structure

Stakeholder | Technical Advisory
Committee Group
TIAER
(facilitator)
i l“““““.
i TCEQ |
i (oversight) !
| pottmtmintntoie i-'.----'--.l
i EPA |
] (oversight) |

Figure 1-3  Partnership structure for development of the Nolan Creek/South Nolan Creek
WPP,

Meeing dates, minutes, handouts, and presentations of the Nolan Creek partnership in
development of this WPP are available on the project website at:

http://www.nolancreekwpp.con@inder the News tab below the @atlar of Upcoming Evenjts
Informationon meetingsand stakeholder involvemeptior to May 4, 2016 leading up to

develoment of the WPP are aviailable on TIAEROGS w
http://tiaer.tarleton.edu/ruaa/nolaneekwatershed.html
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SECTION 2

Watershed Characteristics

Nolan Creek has two main forks, South Nolan Creek and North Nolan Creek, which converge
about two miles northwest of the City of Belton (Figurgé)1South Nolan Creek flows abaz@

river milesprimarily in an eastward direction with its headwatergeahg around the City of
Killeen and including portions of the Fort Hood Military Reservatiorth Nolan Creek

extends nearl{4 river miles through primarily range and &st land witharge portion part of

the Fort Hood Military ReservatioAfter SouthNolan Creek and North Nolan Creek merge,
Nolan Creek continues for about 10 more river miles through the City of Belton prior to
converging with the Leon River.

Demographics

The major population centers wirtithe Nolan Creek/South Nolan Creek watershed are the cities
of Killeen (2016 population estimald0,257), Harker Heights28,670), and Nolanville 4,846)

along South Nolan Creek and the City of Belton (20,186) along Nolan Creek (Texas State Data
Center, D16). The Fort Hood Military Reservationsa has a large fluctuating population and
providessome basbousing fomilitary families with about 7,000 units near or within the Nolan
Creek/South Nolan Creek watershkikely due to the influx of personnaldm Fort Hood, the
median age estimated within the watershed area is about 27 years based on 2010 census data,
which is about 15 percent lower than the medianaagess Texa$?opulation growth based on
comparison of 2010 Census data and 2016 population estimates rfaurttegpalitiesis about

1.6 percent per year.

Land Use/Land Cover

The land use in the Nolan Creek/South Nolan Creeknstaéd is predominately urbaith the
western portiortovered bythe cities of Killeen, Harker Heights, and Nolanville dnd most
easten portioncovered bythe Gty of Belton (Figure 21). Between Nolanville and Belt@aiong
South Nolan and Nolan Creefrasslanadomprises much of the land cover intersected by
developed land representing roads amll subdivisionsA very notable section of the
watershedearthe center is categorized as barren land. baisen areaepresents the Lhoist
North American quarry located north of NolanviNgithin the North Nolan Creek
subwatershed, the majority of which is part of the Fort Hood Military Reservation (see Figure 1
1), the land cover is largely mix of forest and grassland. Only a relativatyall portion of the
watershed isn cultivated crops or pasture h@lyable 21). The watershed is almaoali within

Bell County with only a very small portion (less than one percenbetmorthwest within

Coryell CountyWhile situated primarily withiBell County, the land use of the Nolan
Creek/South Nolan Creek watershed varies greatly BethCountyas a wholavith a much
larger portion of the watershed associated with urban develd@meétess to cropland, pasture,
or grasslan@Table 21).
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Figure2-1  Land use/land cover for the Nolan Creek/South Nolan Creek wateSberte:
2011 National Land Cover Databgdd CD) (USGS, 2014).

Ecology

The Nolan Creek/South Nolan Creek watershed is located within the Cross Timbers ecoregion
(Level 11l 29) as part of the Limestone Cut Plain (Level IV 29e; Griffith et al., 2007). The
Limestone Cut Plain is known for its statep bpography of mesas intertwined with broad

valleys underlain by Lower Cretaceous limestoiNggive grasslands represent a mix of tall,

mid, and short grasses, while woodland are fairly open with oak, cedar elm, and ash species
prevalentHistorically, muchof this area was grassland and woodJdnd nowmuch is

urbanized.

Soils

Soils are critical in defining land cover and land use. Within the watershed, soils fall into two
major associations; the Dent®urves and the SpedlarrantPurves (Huckabee et al., 1977).

The majority of the watershed draining to South Nolan Creek isoptdre DentorPurves soil
association, while the watershed draining to North Nolan Creek and most of Nolan Creek is part
of the SpeckTarrantPurves association.
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Table 21 Comparison of land use/land cover for the Nolan Creek/South Nolan Creek
watershedvith Bell County.Source: 2011 National Land Cover Database (USGS,

2014).
Nolan Nolan
Catogory | Nolan resk | Notan Gresk | 291 Coun | 80! Couny
Watershed Watershed
(%) (acres)

Developed 40.1 29,196 13.3 92,480
Barren 0.8 590 0.3 2,086
Forest 22.6 16,708 17.5 121,684

Shrub/Scrub 4.2 3,040 4.3 29,899
Grassland Herbaceoy 26.8 19,517 32.0 222,508
Pasture Hay 15 1,072 7.5 52,150
Cultivated Crops 1.4 991 19.0 132,114

Wetlands 1.8 1,337 2.9 20,165

Open Water 0.5 360 3.2 22,251
Totals 100.0 72,811 100.0 695,336

The land area within the Dentdturves association is oftaearly level or gently sloping with

silty clay soils extending about a foot to three feet thick resting over hard limestone bedrock. The
DentorrPurves soils are noted as suitable for cultivation in a few areas, but largely, if not
urbanized, used for livesck grazing due to their shallow nature. In urban areas, the siwiglk
potential of these soils can cause cracking and shifting of structures and corrosion of
underground pipelines. Both the Denton and Purves soil series are noted to have severe
limitations for septic tank absorption fields as they have a shallow depth to bedrock (8 to 40
inches). The Denton series is also noted for slow permeability.

The SpeckTarrantPurves associatiaimderlying the more northeastgrart of the watershed

more undlating than the DenteRurves association and represents shallow, gravelly clay loam

or silty clay loam soils resting on limestone bedrock. This association primarily supports range
and woodland used by livestock and wildlife habitat. Small areas aasleed hills provide

deeper loamy soils that may be cultivated. The woodland is considered noncommercial and due
to encroachment of oak, juniper, and other plants described as a scrub forest by Huckabee et al.
(1977). Features of this soil association tteat affect urban developments are the shallow depth
to bedrock and the shrirdwvell potential in more clayey areas. Severe limitations are noted for
septic tanks absorption fields for the three major soil serigeiBpecKrarrantPurves

association duto shallow depth to bedrock (8 to 20 inches) and slow permeability for the Speck
soil series.
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Climate

The climate of the watershed is humid subtropical with hot summers and winters that are
generally mild (Orton, 1977%nowfall is very unusual for the watershed, but can occur on rare
occasions. Freezing temperatures (below 32°F) generally as nighttime lows commonly occur
between late November and early March. The prevailing winds are southerly with the strongest
winds geerally associated with spring thundersto @ston, 1977).

Precipitation based on 3f@ars of data from the National WeatBarvice for Killeen (1981

2010) averages 33.1 inches per year varying 1.8 to 4.2 inches per months(Zgared 23).
Sincel980, annual precipitation has ranged from a low of about 17 inches in 2014 to a high of
almost 57 inches in 2007 (Figure2®. Seasonally hie wettest months are generally May and
June with ovefour inches of precipitation on average and the driest nsoentd July and August
with less thariwo inches on averag@&igure 23). Monthly normals represent averages over

three decades as evaluated by the National Centers for Environmental Information under the
National Oceanic and Atmospheric AdministratiMaximum average temperatures occur in

July and August corresponding with the driest months of the year. The coolest months of the
year aregenerally December and January.

(o2}
o

41}
o

N
o

[xv)
o

Annual Precipitation (inches)
3 S

o

) Estimated Annual Killeen

Long-term Average (1981-2010)

Figure 2-2  Estimated annual precipitation for Killeen, Texas1®80through 2017For
years with nissingdaily valuesfor Killeen, annual precipitation wastimated
usingthe sum of daily values f@tillhouse Hollow Lake Danfor 1980-1982,
19891991, and 2002012 and for Copperas Cove in 1997 and 2@&Rirce:
NCDC (2018).
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Figure 2-3  Monthly normal precipitation and average temperature for Killeen, T&msce:
National Climate Data Center, monthlgrmals represent averages over three
decades from 9812010 (NCDC, 2023).

Hydrology

Watershed ydrology is influenced by the interplay of rainfalith topography, land cover, soils,
and geology. @er factors influencing the hydrology Wblan Creek/South Nolan Creek
includes permitted discharges that add flatvwarious poirg, water rights that remowar divert
water,and surface impawdments thastore water, many of which were designed tovétti

flood control(Figure 24).

Streamflow

Historical streamflowdata for Nolan Creek/South Nolan Creek is limit@dly one USGS

gaging station, 08102600 on Nolan Creek at Beltonhlsdsrical datgFigure 24; USGS,

1983. Streamflow at station 08102600hich was locatedt the crossing dhterstate35 below
Confederate Parkyas measured frodanuary 31, 1974 through November 3, 1@88ure 25).

During this period, radian discharge for statid8102600wvas 39 cfs and the lowest average

daily flow reported was 9 cfs. At least 50 percent of the time, flows were 30 cfs or less (Figure 2
6). Only about 12 percent of the time were flows greater than 100 cfs and less than 1 percent of
the time were hws greater than 1,000 cfs. In comparing loegn flow with precipitation data,

the pattern of average monthly flows generally fobakat of precipitation the highest average
flows in May and June and some of the lowest flows in the summer monthy,ckuglist and
Septembe(see Figures-3 and 27). In late March 2018, the USGS started recording gage

height at station 08102595 for Nolan Creek at South Penelope in Belton, Texas, which should
provide important future information aiding management isfwratershedThis gaging station

is not shown in Figure-2 because due to the scale of the map, it would overlay the same general
location as statio88102600
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Figure 2-4  Hydrologic features within the Nolan Creek/South Nolan Creek watershed
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Figure 2-5 USGS daily data for station 08102600 on Nolan Creek at Belton, Teadg

values for January 31, 1974 through November 3, 188Gtce: USGS1084).
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Figure 2-6  Flow duration curve based on daily data from January 31, 1974 through
November 3, 1982 for station 08102600 on Nolan Creek at Belton, . Tecaxce:
USGS (1989).

160

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2-7  USGS average monthly data (19¥981) for statia 08102600 on Nolan Creek at
Belton, TexasSource: USGS1084).

- -
o] P
o o

—
o
o

)
(=

Average Daily Flow (cfs)
=y o
L] [ ]

AN ]
o

12
Section 2 Watershed Characteristics



Watershed Protection Plan forNolan Creek/South Nolan Creek

Some continuous flow data has been collected as part of spejeaitprs part of a
characterization project, four flowmeters were instalteduly 2013 through June 2025 TCEQ
statiors 18828on South Nolan Creek at 8&treet in Killeen 11913on South Nolan Creek at
Roy Reynolds Road in Killeerd1910at US 190 in Nolanvilleand 1190%t Backstrom
Crossing(Figure 24; McFarland and Adams, 264).

Dueto flooding concerns, municipalities and Bell County have jointly installed stream elevation
monitors at various locations along Nolan Creek/South NGlaek to provide reaime

information Stream level data from these stations can be accessed by the public via the Belton
website(http://www.beltontexas.gov/degments/parks _and_recreation/nolan_creek.php

Groundwater

Most of the Nolan Creek/South Nolan Creek watershed overlays the outcrop of the Trinity
Aquifer (George, et al., 2011) with the fractured limestone producing springs providing year
round flowto the headwater8aseflow in the headwaters of South Nolan Creek most notably
comes from seeps and small springs occurring where shallow soils overlie limestone that has
weathered within the karst bedro&kinking water for municipalities within the wagdred

comes from Lake Belton as surface water, but groundwater does provide drinking water to some
private residences with well depths to the Trinity Aquifer often greaterSD@uit

Bell County is part of the Clearwater Underground Water ConservatidncDi$he Texas

Water Development Board in cooperation with the Clearwater Underground Water Conservation
District maintairs three monitoring wells in Bell County that reach down into the Trinity

Aquifer. Of these three wells, one (State Well 4058201dlesswithin the most western portion

of the South Nolan Creek watershed.

Permitted Discharges

There areeightpermitted point source outfalls along Nolan Creek/South Nolan Creek providing
dischargs fromwastewater treatment faciliti€g/WTFs) (Table2-2). These effluent discharges
supplement groundwaterovidinga continuoussource obaseflowto the creelFigure 28). In

the upper portion of South Nolan Creek, discharges from the Bell County WCID No. 1 Main
Plant and Plant 2 represent about 92 perckbaseflow based on monthly field measurements
between May 2013 and June 2015 upstream and downstream of the discharge point (McFarland
and Adams, 2015ajpll eight WWTFs have an average daily discharge limitHocoli of 126
MPN/100 mL and a daily maaum of 399 MPN/100 mLNutrient limitations for permitted
discharges within the watershed exist only for ammonia at 5 to 6 mg/L as a daily average,
although theBell County WCID No. 1 (Plant 3, South Pladtjes have a total phosphorus
limitation of 1 mgL as a daily average for discharges into Trimmier Creek.
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Table 2-2 Permitted WWTF within the Nolan Creek/South Nolan Creek waterSbacdce:
Central Registry TCEQ. Facilities listed in order from east to west.
Permitted | Permitted
Facility Name Operator TCEQ Permit # | Discharge | Discharge
(MGD) (cfs)
Universal Services Fort | Universal Services
Hood WWTF Fort Hood, Inc. WQ0013358001 0.09 0.14
Bell County WCID Bell County WCID
No. 1 (Plant 2) No. 1 WQ0010351003 6 9.3
Bell County WCID Bell County WCID
No. 1 WWTF (Main Plant) No. 1 WQ0010351002 18 21.9
City of Harker Heights City of Harker
WWTE Heights WQ0010155001 3 4.6
Bell County WCID
No. 1 (Plant 3, South | oo COUNMYWCID |\ 0014387000 6 9.3
No. 1
Plant)
Bell County WCID Bell County WCID
NO. 3 WWTE No. 3 WQ0010797001  0.675 1
American Water
Blora WWTF Operations and | WQ0014994001 0.03 0.05
Maintenance, Inc.
TempleBelton Regional Brazos River WQ0011318001 10 155

WWTF

Authority

Water Rights

Active water rights drawing from Nolan Creek/South Nolan Creek are limited with a total
permitted diversion amount of about 740 aitreer year based on information from TCEQ.
Almost all water rights are for irrigation. This small amount represents less than 3 percent at

median stream flows (39 cfs), with diversions representing a negligible amount on average of

total annual flow (< 0.001 percent).

Surface Water Impoundments

Other hydrologic features in the watershed incl2denall lakes and5 reservoirs, 13 of which
areSoil Conservation Service (SCS) reservoirs (Figudd.2any of these SCS reservoirs were
built in the 1950s and 60s for flood contrBkll County WCID No. 6 operates and maintain 13
of these SCS reservojnshile other reservoirs and lakes in the watershed are privately
maintained These small water bodieagture andglow down the release of stormwater aiding
flood control during storms. After storm everdgschargdrom these reservoirs is limitednd
they are not considered to provide a steady source of baseftbe creeKWolfe, 2014)
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Figure 2-8  Location of WWTF discharges and service areas for wastewater collection for the
Nolan Creek/South Nolan Creek watershedte: The service areas are based on
Certificates of Convenience and Necessity (CCN) and municipal boundaries
within the watershed. Some WWTFs have service areas that extend outside the
watershed boundary but largely follow municipaundaries.

Miles

Recreational Use

Recreational use of South Nolan/Nolan Creek varies from its headwaters northwest of Killeen to
its confluence with the Leon River southeast of Belton. Low flows generally limit recreational
use in the areas of Killeen and Harker Heights to noncontact activitiesaswatking or biking
along trails near the creeReveral parks and hikinggils exist along or near the creakits
tributaries includingthe Community Center and Long Brariearksin Killeen, the Booker

Green Spacand Summit Soccer Compléx Harker Heightsandthe Lions, Harris Community,
Yettie Polk, and Confederate Parks in Beltda flows increase, secondary contact recreation
activities increase, such as fishing amating by adults, which ka been observed below the

US 190 in Nolanville. More downstream during periods with adequatelbas&hyaking and
canoeingarecommonactivities,andprimary contact recreatiaactivitiesincluding swimming

and wading by childmhas been observéW/inemiller et al., 2010)
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SECTION 3

Estimating Needed LoadReductions

In determining needddad reductions to meet water quality criteridns useful to relate
measureadoncentrations to the amount of flow occurring when saswpdgecollected. Relating
concentration to flow allows calculation of a loading (e.g., for bacteria MPN/day). Ciogppar
estimaed loadings from measured concentrations to loadings based on our target concentration
(126 MPN/100 ml) can aid in indicatinghe dominant type of contributirgpurces (point or
nonpoint).Thiskind of graphicalpresentatioris referred to as lad duration curve (LDC)he

LDC approach was developad amaid in assessing nutriewater quality issues istreams

(EPA, 2007) and is now commonly used in evaluating badtesnies (e.g., Johnson et al., 2009
Prcin et al., 2013 Several publications promote the use of a LDC approach in evaluating water
quality problems, particularly in watersheds with limited stream data, and provide detailed
guidance on LDC development and interpretation (e.g., Morrison and Bonta, 2008;dPA, 2
Bonta and Cleland, 2003; Cleland, 2002; 2003; Bonta, 2002).

By relating loads to flow conditions, LDCs assist in determining patterns in pollution loadings
with varying streamflow. If exceedances occur primarily during low flow conditions, then point
sources are likely the contributing sourtfeexceedances occur primarily during high flow
conditions, then nonpoint sources are likely the contributing source. Load duration curves are
also important aaid inestimaing load reductions needed from maeagent measuseto meet

the water quality target

The LDC methodologys simple to apply and effective in differentiating point and nonpoint
contributions based on flow regime (EPA, 2007; Cleland, 2003). The flow regime is defined
using a duration curve, wdh is a graph that illustrates the percentage of time a given flow is
equaled or exceeded based on Hergn stream dat@see Figure B). Theflow duration curve
(FDC) identifies general hydrologic conditions (i.e., wet versus dry) and generally howdchg
condition occurs (Cleland, 200For example irFigure2-6, average daily flows exceed 54 cfs
30 percent of the time and 30 &8 percent of the timir Nolan CreekAverage daily flows
exceed 9 cfs 100 percent of the time.

A LDC, which is relatedo the FDC, shows the corresponding relationship between contaminant
loadings and stream flows for a given station @mieveloped by associating a concentration,
generally the water quality criterion or screening level, with each flow value to devetoes

of allowable loadings. Monitoring data representing the concentration of the constituent of
interest collected at a given flow is then overlaid with the allowable LDC to aid in identifying
flow conditions under which allowable or desired loadseaeeded.
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Flow Duration Curves

For the Nolan Creek/South Nolan Creek waterskR&f;s and_DCs were developed for four
locatiors (Figure3-1).

f 18828 located on South Nolan Creek df S#reet in Killeen,

1 11913located on South Nolan Creek at Roy Reynolds Road in Killeen,

1 11910 located on South Nolan Creek at US Highway 190 in Nolanville, and
9 11905 located on South Nolan Creek at Backstrom Crossing.

These stations were intensively monitored between May 2013uaed2015 under a variety of
flow conditions including routine monthly monitoring and some biased storm monitoring. The
raw water quality data used in the LDC presented below can be found in the report,
Characterizing Water Quality within Nolan Creek/Sobiblan CreeKMcFarland and Adams,
20168). The location of WWTF discharges is shown as an important contributor of flow to the
creek, particularly during low flow condition¥gble 22 andFigure 31).
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Figure 3-1  Monitoring stationsand wastewater treatment facility (WWTF) discharge
locationsusedin FDCs and LDG along Nolan Creek/South Nolan Creek
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Because streamflow data for these four stations were very limited (less than 2 yrs), FDCs were
estimatedrom historical flows monitored at USGS station 08102600 on Nolan Creek at Belton
as the best available loitgrm dah (see Figue 2-6; USGS,1984). Drainage area ratios were
developed between each monitoring station and the USGS station on Nolan CreeB-{jable
Discharges fronWWTFs can be prominent contributoto streamflow, especially during

periods oflow flow. Estimates of the average daily discharge from each WW@iobtained

from the EPAENnforcement and Compliance History Online (ECH@)sitefor each facility

that discharged above statid&10260Q Table3-2). Of note, the Temple Belton Regional

WWTF discharges below the location of statfi102600 and, thusflows for the Temple

Belton Region WWTF araot included in Tabl8-2. Also, reported discharges fBell County
WCID No. 1 (Plant 2are zero (see TableZ, because the discharges for this facility are
included with the reported discharges for Bedl County WCID No. 1 WWTF (Main Plant)

The FDC forUSGS station 08102608hown in Figure 6) was generated by

1) Ranking daily flowsrom highest to lowest

2) Calculating the percent of days each flemluewas exceeded (rank/(number of data
points)*100

3) Plotting each flow valueyfaxis) against it exceedance valueafis).

The FDCs for each monitoring station were then estimated froffQefor statior08102600

by first adjusting the streamflow record by removing the estimated WWTF dischasgesated
WWTF discharges were based on the mean of reported values 8T2blEhis adjusted
streamflow was then multiplied by tkeainage areeatio (DAR) for each monitoring station and
then the estimated WWTF discharge above each monitoring station was added to the DAR
adjusted flow(Figure3-2).

Table 3-1 Area and drainage area ratios for monitoring stations compared to USGS station
08102600n Nolan Creek.

. Drainage
Station Area (acres) Area Ratio
18828 12,388 0.173
11931 24,089 0.336
11910 34,072 0.475
11905 49,415 0.689
USGS08102600 71,680 1.000

More details regarding development of these FDCs can be found in the @aoecterizing
Potential Pollutant Loads to Nolan Creek/South Nolan C(d&tFarland and Adams, 2046
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Table 3-2 Estimated average daily discharge from WWTFs above std@8®82600n Nolan Creek/South Nolan Cre&ource:
EPAECHO (https://echo.epa.goy/data accessed in August 2015
. Standard . First Last
. Mean Median - Min. Max. Number
EPA ID Facility Name Deviation Record Record
(MGD) | (MGD) (MGD) (MGD) | (MGD) Used Used of Obs.
Universal
TX0101869| Services Ft Hooqg 0.05 0.05 0.01 0.04 0.06 Aug-10 May-15 58
WWTF
Bell County
WCID No. 1
TX0024597 WWTF (Main 11.2 10.8 1.82 8.77 18.7 Aug-10 Junls 59
Plant)
Bell County
TX0102938| WCID No. 1 0? 0? 0? 0? 0? Aug-10 Mar-13 0?
(Plant 2)
City of Harker
TX0024473 Heights WWTE 1.86 1.83 0.29 1.53 3.25 Aug-10 Junl15 59
Bell County
WCID No. 1
TX0125377 (Plant 3, South 2.55 2.81 0.88 0.81 4.49 Aug-10 Junl15 59
Plant)
Bell County
TX0069191| WCID No. 3 0.31 0.24 0.42 0.15 2.86 Apr-12 Junl15 39
WWTF
TX0132446| Blora WWTF 0.01 0.01 0.01 0.00 0.03 Juk1l Junl15 48

a. Reported discharges for the Bell County WCID No. 1 (Plant 2) are included with reported values for Bell County WCID
. 1 (Main Plant).

No
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Figure 3-2  Estimated FDCs for stations along Nolan Cf8ekith Nolan Creek
Load Duration Curves

To convert FDCs into LDCs, flow data are multiplied by a thresbptdrget concentratiorfror
freshwaterEscherichia colis used as the indicator bacteaad he geometric mean criterion

for E. coliof 126 MPN/100 mL from the Texas State Water Quality Standards (TSWQS) was
used as the target level for LDGAs nutrientsarealso a concern in this watersheelevant
LDCsfor nutrientsare presented in Appendix A.)

Measured data were then stipgosed on the graph showing allowable log®btaining the

load for each sample based oncitsicentration and flowand relating the measured flow with the
corresponding percent exceedance from the .RExles below the allowable loading line are
consiered Ain complianceo while values above
c o mp | i Ta futher.inform measured data were categorized as influenced by wet or dry
weather conditions based dretparametedidays since last significant mipitationd (DSLP,
parameter code 72053). If DSLP was recorded aghass4 daysthe sample was considered
wet-weather influenced.

The LDCs for bacteria are shown bel{figures3-31 3-6). For all LDCs, the curvevasdivided

into three flowregimes representing high flows-{0% exceedance), moderate flows-g%o
exceedance), and low flow8(100% exceedancdh general, the high flow regime-0%
exceedance) is related to flood conditions and nonpoint sourdadsathe moderate flow

regime (1660% exceedance) is related to point and nonpoint source loadings, and the low flow
regime (60100% exceedance) is related to dry conditions and point source lodebngs.
reference, the geometric mean of measured valubgveach flow regime is shown at the
midpoint of the percent days exceeded (FigGr83 3-6).
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Figure 3-3  Load duration curvéor station 18828, South Nolan Creek af'3reet
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Figure 3-4  Load duration curve for station 11913, South Nolan Creek at Roy Reynolds Road
Value 77,000 MPN/100 mL collected on July 10, 2013 excluded from calculation
of low flow geometric mean.
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Figure 3-6  Load duration curve for station 11905, Nolan Creek at Backstrom Crossing
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For all four stations, measured bacteria loadings for high flows were associated witbatlegr
events with all values exceeding the allowable loading based on the 126 MPN/100 mL criterion
(Figures3-31 3-6). For moderate flows, loadings during wet aing events at all stations

generally exceeded criterion loadings, except at station 18828. At station 18828, the most
upstream station located along South Nolan Creek'a8@et in the City of Killeen, most dry
event samples collected under moderai® ftonditions led to loadings below the criterion load.

In almost all cases, loadings associated withwesther events lead to higher loadings than dry
weather eventehenmonitoredat similar flows.For low flows all stations, but 18828, indicated
geometric mean loadings above the criteradthough the difference was smaller than for
moderate or high flow conditions

Estimated Load Reductions

To satisfy part of EPAOGSs ERA, 20@8)pactegaineductiors f or
estimates were calculatedthin each flow regime. This was done for bacteria by taking the
geometric mean of measured valbgdglow regimethat were greater than the criteriamd
calculating the percent differencerglation to the criterion (126 MPN/100 mthendividing

that difference by theneasuredjeometric man concentratio{iTable3-3). The end result is load
reductions needed to meet the water quality criteri& faoli.

At station 11913 off Roy Reynolds Rad, there was one very high bacteria value (77,000
MPN/100 mL) at station 11913 that occurred during low flows in association with a sample
collected on July 10, 2013. This stream sample was related to a sewage discharge reported on
July 2, 2013 (see McHand and Adams, 2015b). This value of 77,000 MPN/100 mL was
removed prior to calculating load reductions as an outlier representing a localized problem that
has been fixed (Table3). No other data points were removed in calculating needed load
reductions

Table 3-3 Geometric mean concentratioobmeasured bacteria valueg flow regime and
estimated percent reductions needed to meet the primary contact recreation
criterion of 126 MPN/100 mL for four stations along Nolan Creek/South Nolan
Creek Zeropercent reductionshaded in greyindicate the criterion is already
met and reductions amn®t necessary.

High Flows (0-10%) | Moderate Flows (1060%) | Low Flows 60-100%)
Geometric Geometric Geometric
Station Mean. Estimated Mean. Estimated Mean. Estimated
E. coli Percent E. coli Percent E. coli Percent
(MPN/100 | Reduction | (MPN/100 | Reduction | (MPN/100 | Reduction
mL) mL) mL)
18828 865 85% 116 0% 88 0%
11913 1521 92% 243 48% 335 6296%
11910 2049 94% 616 80% 227 44%
11905 1405 91% 326 61% 149 16%

a. Value of 77,000 MPN/100 mL removed prior to calculating load reductions as an outlier

representative of a SSO problem that has since been fixed.
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Load reductions to meet the water quality target highlight the influence of nonpoint source
pollution with themuch larger reductions needed within the high and moderate flow regimes.
The highest estimated load reductions were noted during high flows with over 90 percent noted
at all four stations. For moderate and low flows, no reductions were noted as neetigiiofor
18828. The highest percent reduction during moderate flows was noted at station 11910 for
Nolan Creek at US 190. The highest percent reduction during low flows was noted at station
11913 on South Nolan Creek at Roy Reynolds Road between the ®itieefh and the City of
Harker Heights. At station 11913 off Roy Reynolds Road, higher load reductions were indicated
at low flows than moderate flows, potentially indicating a point source influence.
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SECTION 4

Potential Pollutant Sources

While LDCs are useful in identifyingollutants agoming from primarilypoint or nonpoint
sources, other toolre needed to hetlfifferentiate potential sources within these two broad
categoriesBesides LDCs, a source survey wasducted within the watershebhis source
survey included a visual assessmaith input from stakeholdemss well as an intensive data
inventory includng information on land uses, WWTF discharges, unauthorized discharges
(sewer system overflows), eite sewage facilities (OSSE$iyestock densitieand other
potential sources (sé&écFarland and Adams, 2015a; 2015b)

To aid in evaluating potential ctiibutions frommany ofthese sources, tt&patially Explicit

Load Enrichment Calculation TO(SELECT) was usedResearchers with the Department of
Biological and Agricultural Engineering and the Spatial Science Laboratory at Texas A&M
University developg SELECTfor useas a screening tool for evaluating potential bacteria loads
from various sources within a watershed (Teague, et al., 2009). Within a watershed, SELECT
calculates potential bacteria loadings from various sources andhagallyallocateshese

loadings largely based on lardse The end product from SELECT is a series of maps that
allow a visual assessment of the distribution of potential loadmntige land surfacehroughout

the watershed.

Potential badings estimated via SELECT detriake into account losses associated with

treatment or transport across the landscape or instream (Teague et al., 2009). These potential

| oadings present what might be considered a
produced by a given sore maksit into the stream system. Withologicaltransport processes,

there are some losses of bacteria loadings from the landscape to the stream system, as well as
die-off and regrowth that can occur over timstream The details associated with the fate and

transport processes of bacteria are quite complex (e.g., Benham et al., 2006 and Vidon et al.,

2008) and are outside the scope and purpose of SELECT. The purpose of SELE@M&t to

potential sources and corfiuting areas within a watershed to focus implementation of bacteria

control practiceand educational effortgiot to calculatexplicit loadings.

SELECT Methodology

To estimatepotential bacteria loadindsy sourcdor a watershed, SELECT relies on lamgk
classification data integrated with information regarding the soils, the layout of the stream
network, human population and animal densjtasswell as the location and discharge of point
sources, such as municipal WWTR&gany of the inputs used for SELECT were identified in the
datainventory andsource surveyeports completetbr thisproject(McFarland and Adams,
2015a; 2015k. Input fromlocal stakeholder&asalso important in deriving the types and
densities of potential pollution sourcasd feedback on preliminary inputs was obtained from
stakeholderat theSeptember 25, 201 eeting of the Nolan Creek Partnersltiipr theNolan
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CreelSouth Nolan Creewatershed, the followingource categories were evaluated using
SELECT:

Regulatedsources
1 Municipal Wastewater Discharges
1 Urban Stormwater Runoff

Non-RegulatedSources

Cattle

Sheep/Goats

Horses (including ponies, utes,burros,anddonkey9

Feral Hogs

Deer

Dogs

On-Site Sewage Facilities (often referred to egtE system3

= =4 =48 _9_9_-°

While wildlife beside deer vasalso identified as a potential source, SELECT at this time is
unable tanclude small wildlife, such asaterfowl, birds, raccoonsggpossumsand skunks. For

small wildlife, the appropriate animal density and fecal production data are not yet available for
integration into SELECTBorel et al., 202). Also, unauthorized discharges from sanitary sewer
overflows (SSOs) were not includedSELECT as there is not a consistent loading or loading
point that can be associated with SSOs. The potential contribution from SSOs is better targeted
through SSO reports and monitoring (see McFarland and Adams, 2015a; 2015b).

To aid in targetin@reas and potential sources across the landscape, SELECT divides the
watershed into multiplsubbasin®ased on elevation changes along tributaries and the mainstem
of the river.To delineatesubbasinstheArcView Soil and Water Assessment Tool (AVSWAT
2006 Di Luzio et al., 2002; 2004yasapplied A minimum subbasinstream threshd) sizeof
200acres was used faritial delineationsA few subbasinsvere then manually combined to

obtain a more even distributipresuting in 45 subbasinyarying in size fron889to 2,579acres

with an averagesubbasirsize ofl,618acres (Figte 4-1 and Table 41).

To calculate bacteria loadings for potential sources, such as livestock, an animal density and
fecal production rate is needed, which is theated with particular land covers to estimate the
distribution of animals across the watershed (Tak2¢. &ecal production rates for potential
sources followed previous applications of SELECT (see Teague et al., 2009; Brazos River
Authority and Espey @nsultants, 2010; and Borel et al., 2012), which were based primarily on
information provided in EPA guidance f&r coli (USEPA, 2001).

Land use/land cover data were obtained from the 2011 National Land Cover Database. The 2011
National Land CoveDatabase applies a-8feter spatial resolution and is based on circa 2011
Landsat satellite data (USGS, 2014). Defining the land use associated with each potential source
is outlined in more detail below by category.
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3 subbssins

Assessment Units
25 1218A_0%
12188_01
1218C_01
1218_01

1218_02
1218_03

0 1 2 4 6
— ) Miles

Figure 4-1

Table 4-1

Delineatedsubbasingor Nolan Creek/South Nolan Creek watershedbbasins
delineated using AVSWAT.

Size of delineated subbasiguped by assessment unit for Nolan Creek/South
Nolan Creek watershedColors correspond to assessment units in Figtlre 4

AssociatedAU Subbasin # Acres
1218A 01 24 2,579
1218B 01 10 1,116
1218B 01 22 2,472
1218C 01 25 1,265
1218C 01 34 1,603
1218C 01 41 1,560

1218 01 2 1,345
1218 01 3 1,905
1218 01 4 1,184
1218 01 16 2,225
1218 01 17 1,491
1218 01 28 985

1218 01 33 1,288
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AssociatedAU Subbasin # Acres
1218 01 36 1,206
1218 01 39 2,069
1218 01 40 971
1218 01 44 2,025
1218 01 45 2,046
1218 01 13 1,704
1218 01 5 1,563
1218 01 21 1,312
1218 02 1 1,613
1218 02 6 1,388
1218 02 14 889
1218 02 15 1,059
1218 02 18 1,705
1218 02 19 1,346
1218 02 20 1,831
1218 02 23 1,671
1218 02 26 1,455
1218 02 27 2,287
1218 02 29 1,611
1218 02 30 1,753
1218 02 31 1,201
1218 02 32 1,454
1218 02 35 2,464
1218 02 37 1,932
1218 02 38 1,618
1218 02 42 1,351
1218 02 43 2,274
1218 03 7 2,424
1218 03 8 1,169
1218 03 9 1,260
1218 03 11 1,623
1218 03 12 1,521
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Table 4-2 Production rates d&. coliby sourceSource: EPA2001).
Production Rate,E. :
Source coli (cfu/day) @ Load Calculation (cfu/day)
Municipal : . . .
Wastewater 126 cfu/100 mb Production rate times permitted discharge
. milliliters
Dischargs

Urban Stormwater

2.8710% to 1.04x16°¢

Estimated unoff volume time<. coli
loading associated with impervioasver

Cattle 10x10@ cfu/day * 0.5 Production rate times number of cattle
Sheep/Goats 1.2x109 cfulday * 0.5 Production rate tgi]n;l:tssnumber of sheep ¢
Horses 4.2x1@ cfu/day * 0.5 Production rate times number of horses
Feral Hogs 1.1x10° cfu/day * 0.5 Production ratéimes number ofogs
Deer 3.5x1@ cfu/day * 0.5 Production rate times numbef deer
Dogs 5x1C cfu/day * 0.5 Production rate times number of dogs

On-Site Sewage
Facilities

10x1@ cfu/100 mL *
0.5

Production rate times potential failure
discharge amoufit

a. Production rate values multiplied by 0.5 are in units of fecal coliform and conveied to

coli using a conversion factor suggested by Doyle and Erikson (2006).

b. For permitted dischargers, the criterion of 126 cfu/100 mL associategnvitarily
contact recreation was used as the maximum potential production rate for bacteria.

c. Production rates for urban stormwater runoff based on estimates from a study by PBS&J
(2000)with the curve adjusted for a zero intercept as the percent impeoadves

reaches zero

d. Failure rates for OSSFs were based on limitation classes for septic drainage fields of
underlying soils within each subbasin.

RegulatedSources

Municipal WastewatebDischarges

There are eight peritted outfalls that discharge within the Nolan Creek/South Nolan Creek
watershed (Tablé-3, Figure2-8). Of note, the Bell County Water Control and Improvement

District ( WCID) No. 1-P| ant 3
south of the watershed on &@€haparral Road in Killeen, but discharges to South Nolan Creek

facility,

al so knownd as

within the City of Nolanville. Managers at the WCID No- Rlant 3 have indicated thiteir
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permitas of August 27, 201%Jlows for30 to 37 percenaf the wastewater from this plamd be
discharged to Trimmier Creek, outside the Nolan CreeklSNolan Creek watershedowever,
as of July 2018, no discharges from WCID Ne.Plant 3 have occurred iaimmier Creek
Further information on changes to the discharge from the WCID NBlant 3 are discussed
with the management measures presented in Sectir Bvaluation with SELECT, the total
discharge from WCID No. 1Plant 3 was assumed to discharge into SoutlamNCreekWithin
SELECT, the maximum permitted discharge andg&heoli concentration permit limit of 126
cfu/100 mL was applied to eashbbasirwith a WWTF outlet(Table 43).

Table 4-3 Potential loading rates amstibbasiriocation for permitted dischargers within the
Nolan Creek/South Nolan Creelatershed.

Subbasin Permitted Potential Daily E.
Facility Name of Permit # Discharge coli Loading
Outfall (MGD) (cfu/day)
Temple Belton
Regional WWTF 45 WQ0011318001 10 4.74E+10
Bell County WCID
No. 3 WWTE 38 WQ0010797001 0.675 3.20E+09
City of Harker Heights
WWTE 23 WQ0010155001 3 1.42E+10
Bell County WCID
No. 1 WWTF (Main 15 WQ0010351002 18 8.52E+10
Plant)
Bell County WCID .
No. 1 (Plant 2) 15 WQ0010351003 6 2.84E+10
Bell County WCID
No. 1 (Plant 3, South 35 WQ0014387001 6 2.84E+10
Plant)
Universal Servicesdit
Hood WWTE 10 WQ0013358001 0.09 4.26E+08
BLORA WWTF 16 WQ0014994001 0.03 1.42E+08

a. Loadings for permitted dischargers were calculatdfl asli (cfu/day) = permitted
MGD*(126 cfu/100 mL)*(16 gallons/MGD)*(3758.2 mL/gallon)
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Potential loadings from WWTRaereassociated witBubbasins relative tie location of each
dischargepoint (Figure 43). The maps from SELECT categorize loadings across subbasins with
the lowest loadings noted in stes of green, moderate loadings ingwlto orange, and the

highest loadings in shades of red. For potential loading&.tbeli criterion of 126 cfu/100 mL

is assumed, but in reality, WWTF discharges generally have a muchtauteria

concentrations reported for all eight facilitisgeMcFarland and Adams, 2015&ompliance

with the bacteria criterion is generally nistthese WWTFEsalthough some compliance issues
have arisen andre discussed in Section 5.

Nolan Creek - SELECT
Potential Total Loads for WWTF

D Subbssn

E. coli {cfu/day)
I cocoooe+o00

I 1 000000 005 - 4.202150+008
[ 42622004008 - 3.219140+009
[ ] 32191504009 - 1 4307361010
[ ] 14307424010 - 28514621010
B 25614764010 - 47591064010
I 4 76011e-010 - 1142580011

Figure 4-3  Distribution of potentiak. coliloads from WWTFs by subbasin withthe Nolan
Creek/South Nolan Creek watershed

UrbanStormwateiRunoff

While SELECT was developed for rural watersheds, the urban area, represented by municipal
separate storm sewer system (MS4) areas, can also be considered with some modifications (e.qg.,
Ling et al., 2012)Estimating the contribution of bacteriaifn uban areass more challenging

with SELECT due to the large variety of potential sources. In using SELECT, potential loadings
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from urban arehave beemssociated with runoff amounts and the land area associated with
impervious cover (e.g., Ling et al., 2012).

Stormwater runoff from urban areas falls under MS4 permitting regulatiith the permitted

i Ur b an e adefided Bythe U.S. Census Bureau as anedh populations greater than
50,000thathave an overall population density of at least 1,000 peoplego@re milgFigure4-
4). Within these urbanized areas, the percentage of impervious cover is often related to
developed land use/land covBecause SELECT focuses on land use, the potential loadings
from urban stormwater runoff were not limited to thedMsdundaries, but focused on the
impervious cover within each subbasin.

o\

North Nolan
Craek

o

%
/%
flmsn/: Creck %
U

Nolan

2010 Urbanized Area
e Segment 1218
Roads
—— Streams

I D Counly Boundary s 2
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Belton — _d:‘ o/
[~ 9> A
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I /
Killeen | . — SR TS
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Figure 4-4  Location of MS4 areas within the Nolan Creek/South Nolan Creek wateftred
the watershed, the MS4 areas for cities include the 2010 Census Data for
urbanized areas and extend to municipal boundaries.

From the National Land Cover Database for 2011, about 40 percent of the Nolan Creek/South
Nolan Creek waterdd is comprised of developed areas (FiguB.4l'he intensity of

development varies greatly. Within the National Land Cover Database, developed land is
considered a mixture of constructed materials and vegetation with impervious cover ranging
from less tlan 20 percent in developed, open space to 80 percent or greater in high intensity
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developed areas (USGS, 2014). For low intensity developed areas, impervious cover accounts
for 20 to 49 percent of total cover, while in medium intensity developed areasyioys cover
accounts for 50 to 79 percent of total cover (USGS, 2014). For reference, the percent of
developed land by subcategory within each AU within the Nolan Creek/South Nolan Creek
watershed is given in Table#4 The largest percentage of higheimsity developed area is found
within the drainage areas of AUs 1218 03 and 1218A.

2011 NLCD B rorest

P Barren Land GrassiandHarbaceous

- Cuttivated Crops - Open Water

‘ Developed, High Intensity Pasture/Hay

B Oevelopad, Low intensity Shrub/Serub

- Developed, Mecwm Intensity Wetlands . 0 1 2 4 &
Developed, Open Space C:S Assessment Units A [ s sesss—

Figure 4-5  Land use/land cover for the Nolan Creek/South Nolan Creek watershed showing
developed subcategorieéSource: 2011 National Land Cover Database (USGS,
2014).

To estimate potential loadings from urban stormwateoff, the amount of impervious cover

was estimated using the middle of the range for impervious cover for each subcategory of
developed land as noted within the 2011 National Land Cover Database (USGS, 2014). Percent
impervious cover was assumed to Bep@rcent for high intensity developed land, 65 percent for
medium intensity developed land, 35 percent for low intensity developed land, and 10 percent for
developed open spacFor example, if a 268cre subbasin was 30 percent high intensity
developeddnd and 20 percent medium intensity developed land, and 50 percent in land uses
other than developed, the impervious area was estimated to cover 80 acres or 40 percent of the
subbasin.
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Table 4-4

Percent developed land by subcategory and number ofitots of developed

land within each AU of the Nolan Creek/South Nolan Creek waterSmo@:
2011 National Land Cover Database (USGS, 2014).

Developed Subcategory | 1218 01| 1218 02 | 1218 03| 1218A | 1218B | 1218C
Developed, High Intensity 6% 6% 17% 18% 4% 8%
Developed, Medium Intensitf 18% 18% 24% 30% 43% 32%
Developed, Low Intensity 19% 37% 36% 37% 34% 30%
Developed, Open Space | 57% 39% 22% 15% 20% 30%
Total Acres Developed 3,106 9,913 7,488 2,430 | 2,867 | 3,391

The bacteria production rate was then estimated for each subbasthon the estimated percent
impervious cover using the following equation derived by PBS&J (2000):

FC =[107(4.03 + 0.0229*(IC))]
where
FC = fecal coliform ircfu/100 mL and
IC = percent impervious cover

The equation above was modified to indicatew2eadings when the percent impervious cover
was zeran a subbasity subtracting 10,72As the purpose of SELECS to estimatgotential
relative loadings between subbasins, it made sense that loadings from urban runoff should be
zerowhen no urban fad existedin a subbasimather than producing an artificial loading.
Becausehe Water Quality Standards are Earcoli, and theaboveequation for impervious

cover uses fecal coliform, a translator is needée. production rate for FC was multiplied by

0.5 to estimate the production rateEofcoli within a subbasiiiDoyle and Erikson, 2006)

The equation above provides an estimate o&ttent mean concentration bacteria associated
with stormwater runoffTo get at an estimate of the volume of runoff, a curve number approach
was applied using standard equations on the impervious land cover within each siablzasin
typical storm eventMcCuen, 1982)A curve number of 98 was usad a typical number
recommendedor impervious surfaceSCS, 1986)Curve numbersave a range of 30 to 100,

with larger numbers indicating increased runoff potendalume estimates assumed average
antecedent moisture conditiomistoricaldaily precipitationdata from1981-2010 were

reviewed and a typical storm event for the City of Killeen estgnate as0.45 inches.

Potential loading from urban stormwater are shown for areas with the highesttpmpervious
cover (Figured-6). Of note, subbasingith the highest potential loading from urban stormwater
based on SELECT appear to be associated with assessment unit ak8a83Ehd 1218A 01,
see Figurel-1) that are not noted as impaired for bacteria (TCHQ5).
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Nolan Creek - SELECT
Potential Total Loads for Urban Stormwater

D Subbasin

E. coli (cfu/day)
B © 000000+000 - 55022604011
[ s 5023004011 - 4.078020-012
| 407302e+012-6.77827€+012
I & 7752800012 - 1.5621664013
B 1 sc2170:013 28338304012

Figure 4-6  Distribution of potentiak. coliloads from urban stormwater runoff by subbasin
within the Nolan Creek/South Nolan Creek watershed

Non-RegulatedSources
Livestock

For livestockcounty level datavereusedto estimatdivestock numberas the best available
information(see Teague et al., 2008pr Bell County, he latest USDA Census of Agriculture
conducted by the National Agriculture Statistics Service (NASS) in 2012 notes cattle followed
by goats and sheep as the domirigpées oflivestock (USDANASS, 2014)Table 45). Horses

and ponies combinedlith estimates of mules, burros, and donkegse also considereals
prominent livestock categoriegthin SELECT. Poultry, while noted as a major livestock
category within Bell County with almost 14,000 chickens, primagglayers, was excluded as

a ategory for the Nolan Creek/South Nolan Creek watershed within SEBEE large

poultry facilities within Bell County aréocatedoutsidethe watershed area. Hogs and pigs were
also excluded from SELECT as thevereno large hog facilities within theatershed.
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Livestock estimates within SELEGN¥erethen distributed by category across wivate
considered suitable land covers. For example, cattle grazing is most often associated with
grassland herbaceous and pasture hay land c@emause the land esfor Bell County overall
is quite different from the land use within the Nolan Creek/SouthriNGreek watershed (see
Table2-1), a relative weighting athe land covers most often associated with &aektock type
within Bell County compared to the veashed area was ustdestimatdivestock numbers
within the Nolan Creek/South Nolan Creek watershed (T4ble

Table 4-5 Livestock estimates for the Nolan Creek/South Nolan Creek watef8ased on
2012 Census of Agriculture for Bell County (USEMASS, 2014) and 2011
NLCD (USGS, 2014).
Land Area Land Area in Estimated
in Bell Nolan Animals in
Estimated Associated Count Creek/South Nolan
Category | Animalsin | Land Use/Land y Nolan Creek
represented Creek/South
Bell County | Cover (LULC) Watershed
by LULC : , Nolan Creek
(acres) associated with Watershed
LULC (acres)
Grassland
Cattle & 34,922 | Herbaceous & | 274,658 20,589 2618
Calves
Pasture Hay
Grassland
Sheep & Herbaceous,
Goal'?s 17,082 Pasture Hay, 396,342 37,297 1,607
Shrubland &
Forest
Horses &
Ponies and Grassland
Mules, 3,735 Herbaceous & 274,658 20,589 280
Burros, & Pasture Hay
Donkeys

Another slight complication in using SELECT in a watershed widlige urban component is

that within some municipal boundaries, there are areas of land that would be considered suitable

for livestock grazingbut such a use would be prohibited by municipal ordinances. In running
SELECT, suitable land use areas withinmeipal boundaries were masked out so livestock
would not be distributed within municipalities. Of note, theresaraeexceptions where
livestock do occur within a municipal boundary. For example, based on the tinrangex{ation,

land that was in agnidtural use when annexed can be maintained in that use. For the watershed
as a whole, these types of exceptions were considered rare and would be very minor contributors

at the subbasin scale currently being evaluated with SELECT.
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Loadings for cattle werealculated as the number of hdased on the adjusted number of cattle
within the watershed timeké production rate (see Table® 4nd 45). TheE. coliloading from

grazing cattle was then distributed within SELECT on grassland herbaceous and pasture/hay land
covers, excluding municipal boundarigsgure 47). The resulting stocking rate would be about

0.13 cows/acre on these land categories or 8 perasow.As might be anticipated, the largely

rural areas between Nolanville and Belton indicated some of the largest potential loadings from
cattle (Figure 47).

Figure 4-7  Distribution of potentiak. coliloads from cattle by subbasin within the Nolan
Creek/South Nolan Creek watershitlinicipal boundaries shown to indicate
areas wherbvestockwere excluded per city ordinances.

Similar to cattle, estimated sheep and goat numbers were obtained at the county level from
USDA National Agricultural Statistics Service fBell County and adjusted fdné¢ watershed as
shown in Tablel-5. Loadings for sheep and goats were calculated as the adjusted number of
head timeshe production rate (see Talfl€) anddistributed on the lardse categories of
grassland/herbaceous, pasture/lshyub landand woodlandvithin the watershed, excludyrthe
area within municipal boundari€Sigure4-8). Based on the difference in lainde categories
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