Bacteria Modeling Report for the
Spring Creek Watershed

January2021

This document was prepared by the HoustotGalveston Area Council (HGAC)
for the stakeholders of the Spring Creek Watershed Partnership. It as prepared
in cooperation with the Texas Commission on Environmental QualityTCEQ)
and the United States Environmental Protection Agency{EPA).

This project has beefunded wholly or in part byEPA under assistance agreement 582-10159 to
TCEQ. The contents of this document do not necessarily reflectvieevs and policies dEPA nor does
EPA endorse trade names or recommend the use of commercial products mentioned in this document.

SP'RING CRE]j,K \l\" EPA

United States _
Houston-Galveston Environmental Protection
rea Council
Agency

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



Table of Contents

ST=Tod 1T o I [ (o o (3 Tod 1o PP EPTPR PP 6
Y= Tox (o 2w (0] [=ox B 1N (== T (P 8.
Section 3: Model Selection aNAIYSIS DESIGIL........uviiiiiiiiiiiiiiireeiie e e er e e e e e e 8
G T80 1V o To [= T IS =1 =T od 1 o o PP 8
I AN = 11 E T L= T | o PP 9
SeCtioN 4: LDC EVAIUALIONS. ... ..uuuuiiiiiiieeeiieiieees sttt ee e e e e e e s s s s me e bbb e e e e e e e e s s s ssb e enssbbsseeeeeeeeeeans 9
R O =T 1 PSP 9
v o T- To =3 (10 0T (o] o PP PRSPPI 9
IS | (IR T= [T ox 1 o] o P PPPRPPRRSPPPRIN 10
4.4 Data DEVEIOPMENL ... ..iiieiiiiiie e e iemee ettt e e e e e e et e e e e e e e s e e e b r e e e e e e e e e e e 15
4.5 LDC IMPIEMENTATION . ....eeeiiiiiieiiiiiiiitieeettie et e e e e e s et nenss e e e e e e e e e e s annbb b s ennnsnseeeeeeeeeaannnes 16
Station 20463 Brushy Creek at Glenmont Estates Boulevard................ooovvcvevriveeveeeveeeeee, 16
Station 20462 Walnut Creek at Decker Prairie Rosehl Road...............cccvvvieeeiiiiiieeieeniis 18
Station 11314 Spring Creek at SH 249...........ouiiiiiiiiii e 20
Station 11185 Willow Creek at GosliNg ROAM...........uuuuiiiiiiiiiiee e eees e 22
Station 16627 Lower Panther Branch at Footbridge 265 M Upstream of Sawdust.Road.....24
Station 11313 Spring Creek Bridge @t4d5............ouviiiiiiieiiiiiceee e ee e 26

4.6 LDC Summary and Fecal Indicator Bacteria Reducliargets............ccceeevviiiiiemmniiiinnneneeenn. 28
Section 5: SELECT EVAIUALIONS ......cciiiiiiiiiiiiiiieeeiiieeiee e e e e e e s sseieeeeenessseeeeeeeeeeesssnnssseseeemnnsseeeeeaeeens 31
LN O 1Y = V=T 31
5.2 SOUICE SUIMNVERY......oiiiiiiiiee ettt sttt ettt ettt ettt e et e e e e e s amees s e et e e e e e e e e e e e eeeeeeeesann 32
LT T I PSSRSO 34

L@ 253 SRS 36
[0 TR PPPPPT 38

L 1= P 40

[ (0] 51T S PP TPPP 42
SNEEP ANU GOALS ...ttt e et e e e e e e e s rmmne e e bbb e e e e e e e e nane 44

01T = RPN PSRPPIY o
= = L o [0 0 LSRR o

(@1 01T Yo 11 ] o0 == USRS 51

5.3 SUMMAIY Of RESUILS. ...ttt e e e e e rmmne e e s 54
Section 6: Outcomes and IMPlICALIONS...........ooiiiiiii e neneeess 58
6.1 OVErVIEW Of OUICOMES ... ..o e e et e e et e e e e et e e eeeeeeamnne e e e eeaeeeaeenas 58

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



LI\ [o o (=] IR ] = Vo [ 58

6.3 Fecal Indicator Bacteria Reduction TargetS.........ccoooiiiiii i rree e e e 58
MIIESTONE YBAL. ... eeeeiiiiie et eee ettt e e eeea bbbttt e e e e e e e s st bbb bnnnss bbb et e eeaeeeesennssbbenenans 59
LT [ A L= TR 59
AllOCAING REAUCTIONS. .....eeiiiiieeiiiii it ireei et e e e e mens e e e e e e e e s e enens s n e e e e e eeeeeeann 59

6.4 IMPplicationNs Of FININGS. .....vuviiiiiiiiiiiieree e eeee s rmmme e e e e e e eeeeees) 60

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



Figure

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.

Figure 20.

Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.

Index

The Spring Creek Watershed, Land Cover and Regional Context............cccoeevvcceeeeeeen. 7
Subwatersheds of the Spring Creek Watershed................coovieeeiiiiiiiiiie e, 12
LDC Locations in the Spring Creek Watershed.............cocccvivieeeee e, 14
Aerial VIEW Of SPHNG CrEEK. .. .uuuiiiiiiiiiiiiieeme et eeeer e 15
E. cOli LDC for Station 20463...........coeviiiiiiieiiiimemiaeeeieeeee e e e e e e e e e e e e e e eeeeieeeeneeeeeeeneennneennnnnnns 17
Dissolved Oxygen LDC for Station 20463...........ccooiiiiiiimimmmiiiiiiee e eeesineeeee s 17
E. cOli LDC fOr Station 20462............ceeeiiiiieiiiiieemiaeeeee e ee e e e e e e e e e e e e e eeeeeeeeeneeeeeeenrennneennnnnnes 19
Dissolved Oxygen LDC for Station 20462...........ccouuiiiuimimmmiiiiieieeeee e sssiieseeesnneeeeeee s 19
E. COli LDC fOr Station 11314......ccceiiiiiiiiiiiiieeceeeeeeee et ene e e e e e e e s s ssnane e e e enn 21

E. COli LDC fOr Station 11185........cciiiiiiiiiiiiii ettt rme e e e e e an 23
Dissolved Oxygen LDC for L1185.........cooiiiiiiiiiii e e e e e e eeeeees 23
E. COli LDC fOr Station 1662.7..........ccceviiieiiieeiiieaeiaaeseaeesaaseaassesseesssmemeeeeessassseesseeenennnnne 25
Dissolved Oxygen LDC for Station 16627..........cccceeeriiiiiimmmniiiiiiieeeeee e e assieeeiiieeeees 25
E. coli LDC fOr Station 11313.......ccoviiiiiiiiieieeiiieeeieas s ese e s ss s s e s s e e e s e e s s smmeeaeeseaeseseeseeennennnee 27
Dissolved Oxygen LDC for Station 11313 .......ccouiiiiiiiiiiirmmriiieiee e e eeaieeeees 27
Fecal Indicator Bacteria AttainEMt Ar€AS..........uuuviiiieieiiiiirreriiiiie e eee e 30
E. coli Loadings from WWTFs by Subwatershed.............ccccoiiiiiieeeeeeee 35
Future E. coli Loadings from WWTES.........couuiiiiiiiiiiiieen e eeeeavvennnneennnes 35
E. coli Loading from OSSFs by Subwatershed............ccoooiiiiiiccciiieeiieeeeeeeeee 37
Future E. coli Loadings from OSSES.........cooiiiiiiieiieeeiec e 38
E. coli Loading from Dogs by Subwatershed...............ccuviiiieeeiii e 39
Future E. coli Loading from DOgS..........ccouuiiiiiiiii e 40
E. coli Loading from Cattle by Subwatershed..............oiicoie e 41
Future E. coli Loading from Cattle.............ooiiiiiiiieemriiiieeee e ereee e 42
E. coli Loading from Horses by Subwatershed..........ccooooiiiiiiiccciieeiiieeeeeeeeeeeveeveeen 43
Future E. coli Loadings from HOISES..........covviiiiiiiiiieeeee e 44
E. coli Loadings from Sheep & Goats by Subwatershed..........ccccooeiiiiccciiiiiiiinninnnn, 45
Future E. coli Loadings from Sheep & GQats.........cccccvvvviiiiiemmeeeieeeiiecieecceeeeeeeeeeeeeen . 46
E. coli Loadings from Deer by Subwatershed............ccccooiiiciiiiiiiiiiceee e 47
Future E. coli Loadings from DEEL.........uuiiiiiiiiiiiieeee et ee e 48
E. coli Loadings from Feral Hogs by Subwatershed...............cccvvieeei 50
Future E. coli Loadings from Feral HOGS...........oooiiiiiiii e 50
Nature preserve in the Spring Creek Watershed..............oovviiiceeeiiiiiieeeeeeeeeeeeee, 54
Total Potential Daily Loads, 204B045........uuuuiiiiiiee i eee e eeeseaseees e e e e e e e e ens 56
Fecal Indicator Bacteria Source Profile, 2018.......ccooveerieeee e eeeme s 57
Fecal Indicator Bacteria Source Profile, 2048.........coouieeiiei e eemn e eend 57
SPING CIEEK ..ttt ettt e e e e e e s rmmne e e eeeaae s 61

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



Table Index

TabDIE 1. LDC LOCALIONS . .. uueetiiiieeiiiiiitiiitieeesteeeeeeeeeeessssbbbe e e enesseeeeeeeessaannbsas e e e e ennseeeeaeeeeesnnnbbeeees 13
Table 2. Number of Samples DY Station.............oooiiiiiiiiieeeiccc e eees 15
Table 3. Flow Specific Values for LDC 20463........cccooiiiiiiii ittt reeen s e e e e 16
Table 4. Flow Specific Values for LDC 20462..........cccooiiiiiiii i ceeeeeeeeeeeeeeeeeetavseeeen s an e e 18
Table 5. Flow Specific Values for LDC L11314.......couiiiiiiiiiiiiieeniieee e eeenr e e e e e 20
Table 6. Flow Specific Values for LDC L11185........cccoiiiiiiiiiiiireniiie e eeess e e e e e 22
Table 7. Flow Specific Values for LDC LO627...........ccooiiiiiiiiiieeeiiieieee e e eeesssseee e e e e e 24
Table 8. Flow Specific Values for LDC L11313.......cooiiiiiiiiiiiiiieeniiee e eeesssese e e e e e e 26
Table 9. Attainment Areas and Fecal Indicator Bacteria Load Reduction Goals................ccceeee.. 29
Table 10. Fecal Indicator Bacteria SOUICE SUIVEY..........uuurrrurirrrrimemieeiieeieeeeaeeeaaeeaeeeeeeessrsssnnnnnnne 33
Table 11. Wastewater Outfalls and Loadings by Sutewshed.............cccovvvviviviieee 36
Table 12. OSSFs and Loadings by Subwatershed...........ccooooiiiiiccciiiiiiieeeeeeen e 38
Table 13. Dogs and Loadings by Subwatershed.............oooi e 40
Table 14. Cattle and Loadings by Subwatershed.............ccuviiiiieeeiiiiieee e 42
Table 15. Horses and Loadings by Subwatershed...........cccccovvvvccceeiiiiiiiiiiiieccce e A4
Table 16. Sheep & Goats and Loadings by Subwatershed..............cuvvvieeeiiiiiieee e 46
Table 17. Deer and Loadings by Subwatershed...............coooiiiioem e 48
Table 18. Feral hog population density estimates by attainment area and land cover.type........ 49
Table 19. Feral Hogs and Loadings by Subwatershed..........ccooooiiiiiiccciiiiiieiiieeeeeeevveeee e 51
Table 20. Current Fecal Indicator Bacteria Daily Average Loadings by Source and Subwatershefl
Table 21. Daily Average Fecal Indicator Bacteria Loadings by Source for All Milestone Y.ears..55
Table 22. Current and 2035 Source Load Reduction TarQeLlS..........uuvvieeeiiiicceeeesiiiiiieieeeeeeee e 60
Table 23. 2030 Source Reduction Loads Distributed by Source and Attainment Atea................ 60

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



SECTION 1: INTRODUCTION

The watershed area @&pring Creek includegortions of Grimes, Harris, Montgomery, and Waller
Counties. Approximately 440 square miles of laatedrained by a network of tributaries into the main
stem of Spring Creek before ultimately discharging into the West Fork SaroRisiat and Lake Houston
(Figure 1). Developedand cover is extensive on the eastern side of the wateasdagexpected to extend
westward into land currently covelrby pasture, grass, foreahd shrubsA great deal ofecreation activity
andcommunity focus has been placed on its riparian corridor, including an active greenway.

The most recent version of the Integrated Report of Surface Water Qyabguced bythe Texas
Commission on Environmental Quality (TCE@dicated exceedances of state water quality standards for

a range of parametersrmany of the streams the Spring Creek Waterstte@oncerns for aquatic life and
general use due to depressed dissbloxygen and high nutrient concentrations were noted throughout the
watershed High concentrations of théecal indicatorbacteriaEscherichia coli(E. coli) resulting in
impairments to contact recreation use were also prevBlecausd. coliare found in the digestive systems

of people and animals, detecting high concentrationthisforganismin the surface water indicate
potentialcontamination from sources such as untreated sewage, agricultural curtEposits from wild
animals. Espaally in cases where human waste pressures are indicated, there is also a likelihood that
additional pathogens could be present in waterways. Without taking action to manage sources of
contamination, recreation activities such as swimming and wadingreanss will not be safe for
communities of the watershed. More importantly, these negative effects could extend to the reservoir that
Spring Creek and its tributaries drain into, Lake Houston, which serves as a drinking water source for
communities throughd the region.

These challengeled tothe development of a Watershed Protection Plan (WPP) which will outline the
specific goals and action strategies set forth by local stakeholders to achieve water quality improvements.
In their roles as facilitators tthis stakeholder group, thdoustonGalveston Area Council (&AC)
conducted a series of modeling efforts to provide stakeholders with a more comprehensive understanding
of fecalbacteria sources impacting the Spring Creek Water3tede modeling effostinclude estimations

for fecalbacteria load reductions and improvements in dissolved oxygen texaaled to comply with state

water quality standarddetermined witHoad durationcurve (LDC) analyses. Additionally, potentiaical

bacteria source loagssessments for each of the-swdiersheds in the project area were conducted using

the Spatially Explicit Load Enrichment Calculation Tool (SELECTheseassessmestwill help to
determinevhereand howimprovements can be matiereduce negative impadts water quality

The following sections ohis document wildiscuss

Needs of the project that will be met through modeling anglyses

Types of models used in this report and how they fit into the design of the overall analysis,
Results of LDC evaluains,

Results of SELECT model evaluations, and

An overview of the outcomes and implications of the findings from this report.

= =4 =4 -8 A

1 This report references the 2020 version of the Integrated Report of Surface Water Qhaby.assessments
determinewhich streamsare classified as havinmpairmentymeasurementsxceeding numerical or other specific
state water quality standi®) or concernsekceedances atreening levels or othaor-numeric/specificriteria).

2 A more detailed analysis of water qualitydiscussd further in the Wadr Quality Data Analysis Summaryeport
for the Spring Creek Watershed. This document and more informatiatatanquality objectives, concerns, and
methodologies used in these analy&ktailedin the Spring Creek Modeling Quality Assurance Project Pdae
available for review atttps://springcreekpartnership.weebly.com/documents.html
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SECTION 2: PROJECT NEEDS

Model result@re an important resource for stakeholders seeking to make watershed planning dBgisions.
observing modeledata, stakeholders will develop a better understanding of what pollutant sources are
impacting the watershed, at what magnitudes pollutants are delivered to the system, where pollutant
pressures are spatially distributed, and how to address these conosreffectively. Beyond this primary

need, the combination of modeling results, other data analyses, and stakeholdisr éspantial to the
fulfillment of Element A of the United States Environmental Protection Agency (ERAgraent model

for watersled-based plars

Needs specific to the development of a WPP for Spring Creek include:

1 Relatingstreamflow to pollutant loads to identify at which flow conditions exceedances of water
guality standards are observed using LDC n&de

9 Establishing goaldécalbacteria load reduction and dissolved oxygen improvement benchmarks)
necessary for compliance with state water quality standards using LDC models,

9 Usingfecal indicator bacteria data as proxy for estimasipgtial relationshipsmal source analysis
of fecal waste loadingn area subwatershedsing SELECT modelgnd

1 Usingthe LDC and SELECT model results to relate load reductions to source load data and estimate
specific source load reductions.

As an additional consideration, batlrrent and future source loading conditions will be assessed to account
for the expansion of developed area and other land changes forecasted to take place in the watershed in the
next 25 years.

SECTION 3: MODEL SELECTION AND ANALYSIS DESIGN

3.1 Model Sdection

To best suit the project needs described in Section@AR staff selected LDC and SELECT models to
represent pollutant loading data in the Spring Creek Watershed. These models strike the balance between
efficiency and complexity, and have beerdisvidely on other WPP projects throughout the region.

After discussions between8AC and TCEQregarding this project as well as similar watershed planning
efforts, relating LDC reduction percentages linearly to SELE®Uirce load estimatiomodels was
determined to be appropridiar decisionmaking needs related to WPP development. Fate and transport of
pollutants are not captured by these models between source loads and could be more pred@setedepre
by complex modes such &NVAT. However, the lesl of detail rendered from these intensive analyses
ultimately das not provide more meaningful support for stakeholder decisiaking, and requie
additional cost and time to develdks part of the WPP, loaterm monitoring and assessments of efficacy
will be carried out which will help to offset the need for complex, predictive modeling.

Additionally, HGAC staff incorporateé modifications to the standard SELECT modeling process to
counteract spatial generalization of results. By utilizing busfersnes within a set distance ohather

featur®d models can assign more weight to certain sets of results based on spatial relationships. In the case
of watershed planning, potential pollutant loads from sources within buffers immediately surrounding
waterwayscan be given more weight than sources distributed outside the buffer according to higher

3 https://www.epa.gov/nps/handbodkvelopingwatersheeplansrestoreand protectour-waters
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likelihood of impact. Another modification to the SELECT models used in this rémaotved the
utilization of a base assumption for wildlife impattteoughout the watershed. This helps to bridge the gap
thatthe SELECT model can sometimes face when limited by sparse or insuffidldhite data.

3.2 AnalysisDesign

According to findings from the most recent version of the Integrated Report of Surface Quatity
produced by TCEQ, the most widespread and frequently occurring impairment in the Spring Creek
Watershed is caused by high levels of the backerizoli, which can indicate the presence of fecal waste
and pathogens in surface watdtater quality ad spatial data used in this report were collected from quality
assured sources including the Surface Water Quality Monitoring Information System and the National
Hydrography Dataset. Whiléecal bacteria assessments are the principal component of thist,rep
additional analyses on dissolved oxygen data were condudsiuy LDCs and SELECT models, the
following analyses were designed to consider:

1 Whether adequate water qualityd flow data exist for the study area,

1 Which of the major flow categories aséthe highest concern in this watershed,

1 Which locations throughout the watershed could act as benchmarks for monitoring progress toward
water quality goals,

1 What pollutant sources need to be incorporated into the models and where to acquire data to

represent these sources,

How to determine the best source estimations,

At which points in the future to forecast projected loading values and how to develop them,

How to incorporate the buffer method into a modified SELECT output, and

How stakeholder input cadilbe used to refine these assessments.

= =4 =4 =9

Model results from LDCs and SELECT evaluatiomsre combined to link reduction goals to specific
source loads and develop effective water quality improvement strategies for the WPP. Future reduction
targets derived from this assessnrepresenb-year benchmarks through the year 2045.

SECTION 4: LDC EVAL UATIONS

4.1 Overview

LDCswereused to characterize the relationship between pollutant loads and stream flow. By determining
the difference between modeled loads and the maximum loads permitted by state water quality standards,
reduction targets can be iesated. Because high levels of fecal indicator bacteria and low levels of
dissolved oxygen were indicated as major pressures in the Spring Creek wathisiped¢éssvascarried

out on bottdatasets.

4.2 Load Estimation

Origins of fecal waste indicateloly E. coli in waterwaysare informed by the stream flow conditions
observed at the time of sample collection. This information is also helpful in determining the strategies that
will be most effective in reducing contamination. For example, if fecal badteels are highest in periods

of high flowsseen durindlooding everns, stormwater flows and other nonpoint sources are likely to be the
major contributors to impairment. If fecal bacteria levels are highest when flows are limited, point sources
or souces known to steadily contribute contaminants into waterways are indicated as the greater concern.
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To calculate LDCs for Spring Creek and its tributaries, stream flow data frddnitesl States Geological

Survey USG9 and Clean Rivers PrograrfCRP) water quality data from the Surface Water Quality
Monitoring Information System were used. USGS gage data is ideal to produce flow duration curves used
in LDC analyses due to the loigrm, continuous measurements recorded by the gBgssd on the
percentage of days during the study period flows of a known magnitude are observed, a flow duration curve
is developed and plotted. To this plot, curves resultiogy the multiplication of state water quality
standardandvalues of the flow duration cuevare added to represent the maximum allowable contaminant
loads during each flow condition. Finally, individual obserpetlutantlevels collected during the study

period and a curve modeled from these observations (load regression curve) are ploteshdahere

the load regression curve exceeds the maximum allowable contaminant load curve, reductions are needed.

4.3 Site Selection

Locations of monitoring data used for LDC analyses were selected based on their periods of record, water
guality conditbns, availability of corresponding stream flow data, and representativeness of smaller
drainage areas within the greater watershed known as subwate&hiedatershed delineation is useful

as a means of yielding more spatially spedifformationthat can be used to target source load reductions

with greater precision. This analysisference the eight subwatersheds described below and shown in
Figure 2.

1) Mill Creek (SW1) i the drainage area of Mill Creek which runs southeast from its headwaters in
Grimes County to a confluence with Spring Creek near Tomball. Whédes is an active
monitoring station located on Mill Creek, its location near the-paitht of the streanmdicates
that data collected there does not capture water quality dynamics closer to the confluence with
Spring Creek. Further, there is no available stream flowatdtas tributaryFor these reasons, no
LDC analysis was performed for this subwatersiBecause there is less development in this
subwatershed compared to those to its emater qualitydaté from Mill Creek most closely
resembles data collected in other tributaries forming the headwaters of Spring Creek. Assumptions
about the Mill Creek Subwatershegremade based on data from\testermeighbas.

2) Walnut Creek (SW2)i the drainage area tvezen Mill Creek and Brushy Creek on the western
side of the Spring Creek Watershathracterized by low developmeiihis areds represented by
Station 2062 (Walnut Creek aDecker Prairie RosehlRopd near Wal nut Cr eekbs
Spring Creek. N gagedstream flow data is available on thifbutary; however, stream flowas
estimated by linear regressi@ontinuous stream flow values from a nearby USGS gage on Spring
Creek (08068275)asplotted against oneime flow recordings logged duringregling events for
ambient data. The linear relationship between these valmssed to estimate continuous stream
flow values.

3) Brushy Creek (SW3) 1 the drainage area between Walnut Creektaecheadwaters of Spring
Creek on the western side of the Sgri@reek Watershednhich is alsocharacterizedy more
natural land cover type3his areais represented by Station 2@58Brushy Creek atGlenmont
Estates BoulevajchearBrushyCr e ek 6s conf | ue nAsevithWalhuCrelom i ng Cr
gagedstream low data is available on this tributary, however, stream fl@sestimated by linear
regressioras described in the process used for Walnut Creek

4 A more detailed analysis of water qualitydiscussd further in the Water Quality Data Analysis Summagpgtt
for the Spring Creek Watershed. This document and more informatidatamuality objectives, concerns, and
methodologies used in these analy&k=ailedin the Spring Creek Modeling Quality Assurance Project)Riam
available for review atttps://springcreekpartnership.weebly.com/documents.html
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4)

5)

6)

7

8)

Spring Creek, Upper (SW4)i the drainage area of the headwaters of Spring Creek running east
from Waller County. The delineation for this area stops just north of Tomball near the confluence
with Mill Creek Though this area is characterized by a majority of natural land cover types, it is
also the subwatershed with the highest concentration of agraluland cover. Ambient data for

this areds represented by Station 11314 (Spring Creek at SH 249) and streamdiagsessed

from USGS gage 08068275

Willow Creek (SW5)1 the drainage area of Willow Creek south of the main stem of Spring Creek.
This area is covered by a variety of land types including areas of high intensity development.
Ambient datawere collected from Station 11185 (Willow Creek at Gosling Road) near the
confluence with Spring Creek. Stream flow de#ere collected from USGS gage 083325.As

the USGS gage is located upstream from the location of the station, a drainage awess tessol

to convert continuous stream flow observed at the USGS gage to an estimation of flows further
downstream.

Spring Creek, Middle (SW6)1 the drainag area of Spring Creek between its headwaters west of
SH 249 and the downstream section of the watershed starting to the e&st Biiis subwatershed

is overlapped by the Woodlands Township which is one of the most heavily developed areas in the
watersked although a variety of natural and developed land types cover thisfanégent data

were collected from Station 11313 (Spring Creek Bridge-db) and stream flow datavere
assessed from USGS gage 08068500.

Panther Branch (SW7) 1 the drainage area &fpper and Lower Panther Branch, Bear Branch,
and Lake Woodlands north of Spring Creek. This subwatershed is at the heart of the Woodlands
Township and is the most heavily developed. Ambient deta collected from Station 16627
(Lower Panther Branch abbtbridge 265 M Upstream of Sawdust Road) and stream flow data
wereassessed from USGS gage 08068450.

Spring Creek, Lower (SW8) i the drainage area of Spring Creek running east4f to a
confluence with the West Fork of the San Jacinto Riveis diea overlaps with the city of Spring

and is heavily developed outside of the greenwayeastof the Hardy Toll Road. Unfortunately,

no gage data is available for this subwatersheds tepresented by proxy by Station 11313
immediately west of itgelineation boundary.
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Ambient water quality data are collected at over 400 sites it 3tw®unty HoustorGalveston region by
H-GAC, local partners, and the TCEQ as part of the CRP. In general, most monitoring stations are sampled
by CRP partners on a quarterly frequency for a suite of field, bacteriological, and conventional parameters.
Thefinal determination of the regulatory status of each segment is based primarily on these ambient data.
The impetus for development of the WPP was formed largely in response to the current regulatory status
of Spring Creek and its tributaries, therefore mnbdata is a relevant source of information for informing
stakeholder decisions. Ambient data used for LDC analyses were collected in the Spring Creek Watershed
between 2009 and 294t the locations indicated figure 3 and described ifiable 1.

Tablel. LDC Locations

LDC Site CRP Station | USGS Gage Assessed Area
Brushy Creelat Glenmont
Estates Boulevalr 20463 No Gage | Subwatershed 2
Walnut Creelat Decker
Prairie Rosehl Road 20462 No Gage | Subwatershed 3
Spring Creek aBH 249 11314 08068275 | Subwatershed (and1 by proxy)
Willow Creekat Gosling Road 11185 08068325 | Subwatershed 5
Lower Panther Brancht
Footbridge 265 M Upstream 16627 08068450 | Subwatershed 6
of Sawdust Road
Spring Creek Bridge at45 11313 08068500 | Subwatershed 7 (and 8 by proxy
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4.4 Data Development

In addition to location and availability of stream flow data, sufficiency and consistency of ambient data
collection were important factors leading to the selection of the six CRP stations used for LDC analysis.
The number of quality assured data valuedfghE. coliand dissolved oxygen are expressedable 2.

All stations have at least 10 years of datailable and range from 33 to 90 samplesHocoliand 37 to

98 samples for dissolved oxygen. This is within the acceptable range for LDC development as stated in the
guality assurance objectives for the project.

Table2. Number of Samples by Station

# of E. coli # of Dissolved

LDC Location Station
Samples | Oxygen Samples
Brushy Creek at Glenmogistates Boulevard 20463 38 37
Walnut Creek at Deckdtrairie Rosehl Road 20462 39 37
Spring Creek at SH 249 11314 79 83
Willow Creek at Gosling Road 11185 90 90

Lower Panther Branch &botbridge 265 M
Upstreanof Sawdust Road 16627 33 98
Spring Creek Bridge at45 11313 50 66

-

Figure 4. Aerial View of Spring Creek
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4.5 LDC Implementation

Project staff used the data referenced above to generate flow curves andNb2@preciable issues were
identified in LDC developmertiased on quality assured internal revi®urther results of these analyses
were discussed in greater detail with prdjestakeholderswho supported theiraccuracy and

representativeness

Station 20463 Brushy Creek aGlenmontEstates Boulevard
Station 20463 is located on Brushy Creek just north of its confluence with Spring Theetumulative
drainage of the subwatershed area of Brushy Creek flows to this point. This area includes some residential
development but is largely covered by natlmad types such as forest, shrubland, grassland and wetland.
Development is expected to increase in this area in the coming years with expansion of residential areas.
Daily averagerates ofstream flowin cubic feet per second (cfen Brusy Creek areedimated to be
between 0 and 1000 cf®uring extreme events such as flooding or hurricdeeas floods in 2015 and

2016, Hurricane Harvey in 201 #hese estimated rates increased but did not exceed 10,080sofsf

note, the period of record includadgtatewide drought which resulted in low or no flows between late 2010

and 2012LDC resultsfor E. coliand dissolved oxygen at this station are showFidare 5 andFigure 6

respectivelyandreduction and improvement values necessary to bring water quality into compliance with
state standards are shownTiable 3. While both geomean and single sample datdefcal bacteria were

assessedt each station observed in this reportly the geomean resultgere used for degrmining
reductiontargetd/al ues |
(red

Dat ao

abel
circles)

ed
wi t hi

n

fGeometric

a speci

Me an

fic fl ow

Loado

(bl ue
condi t

represents the reduction needegi@sented as percentages on corresponding til#dgative values in
Table 3indicate that no reductions or improvements are needed in associated stream flow comtisons.
is also true of negative results presented in LDC summary tables for subsequent stations.

The results of LDC analyses for Station 20463 indicate a need for moderate reductemadbacteria

loading at high flow, moist conditions and rrahge coditions.E. coligeomearoads expressed in colony
forming units per day (cfu/dayyere higherat higher levels of flovandimplicate nonpoint sources as the
greater pressure in this subwatershed akem.assessment ofissolved oxygenloads expressed in

milligrams per day (mg/day3howed that Brushy Creek demonstiagiegreater assimilative capacity at
higher rates of flow but this abilitwas limited as flows diminish.

Table3. Flow Specific Values for LDC 20463

E. coli Percent E. coli Percent Dissolved
Flow Category Percent of Days Reduction Reductiqn Oxygen Percent
Flow Exceeded Needed Needed- Single Improvement
Geomean Sample Needed
High Flows 0-10% 58% -32% -154%
Moist Conditions 10-40% 47% -67% -116%
Mid-Rarge 40-60% 36% -102% -90%
Conditions
Dry Conditions 60-90% -21% -285% -37%
Low Flows 90-100% -21% -285% -37%
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Figure 6. Dissolved Oxygen LDC for Stati@0463
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Station 20462 Walnut Creek aDecker Prairie Rosehl Road

From its locatioron WalnutCreek just north of a confluence with Spring Cregtiation 20462 represents

the cumulative drainage area of the Walnut Ceeddwatershed. Land cover types such as forest, shrubland,
grassland and wetland are most common in this area, however, development associated with residential
expansion is expected increase in this area in the futudd.all the streams observed in this report, Walnut
Creek is estimated to have the loweallydaveragerates of stream flowvith the majority falling below

100 cfs LDC results fork. coliand dissolved oxygen at ttesation are shown iRigure 7 andFigure 8
respectively andreduction and impraement values necessary to bring water quality into compliance with
state standards are showriTeble 4.

The results bLDC analyses for Station 20468dicate a need fomore extensivereductions infecal
bacteria loading a broader range dfow conditions Exceedances of thfecal bacteriageomearwater
quality standard were observed in all flow conditions except low fldWwsse broadly distributiloading
effects implythat whilenonpoint sourceignak are strongest in this segment, point sources may also be
influencingfecalbacteria loads, especially in lower flow conditioBtation 20462 is the only station of the
six observed in this analydihat indicateda need for solved oxygelimprovements. This only ocaed

at the lowest flow condition, wh greater assimilative capacitieslicated in all other types of stream flow.

Table4. Flow Specific Values for LDC 262

E. coli Percent E. coli Percent Dissolved
Flow Category Percent of Days Reduction Reductiqn Oxygen Percent
Flow Exceeded Needed- Needed- Single Improvement
Geomean Sample Needed
High Flows 0-10% 89% 66% -156%
Moist Conditions 10-40% 41% -87% -106%
Mid-Range 40-60% 22% -146% -98%
Conditions
Dry Conditions 60-90% 4% -203% -86%
Low Flows 90-100% -4396% -14139% 17%
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Figure 8. DissolvedOxygen LDC for Station 20462
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Station 11314 Spring Creek aSH 249

As one of the stations located on the main stem of Spring Creek, Station 11314 is important for
understanding loading pressures and reduction targets in this sySterstation is lodad near the
streambébs intersection with SH 249 north of Tombal
draining to this station including mostly grassland in the western reaches transitioning to light development
closer to the station locatio This land area also includes the highest concentration of agricultural land
cover of the other subwatersheds observed in this analysis. As with previously mentioned areas, the
subwatershed represented by Station 11314 is expected to experience &e iincdevelopment in the
coming yearsFlow variability ishighas extreme events can lead to flow rates in excess of 10,@@rcfs

order of magnitude greater than flows observed on Brushy and Walnut @rBéksesults forE. coliand
dissolved oxygen ahis station are shown iRigure 9 and Figure 10 respectively, andeduction and
improvement values necessary to bring wapeality into compliance with state standards are shown in
Table 5.

Like Station 20462fecal bacteria aStation11314requirereductionin high flows andmoist, midrange
and dry conditionsComparative to Station 20462, reduction levels at Station 1d@fethigher E. coli
geomearioads atlow flows were within state standard rangéere, nonpoint source pressures may be
compounded by additionatress from point sourceBissolved oxygen wacompliant with state standards
at all levels of flowwith higher assimilative capacities observed at higher rates of flow

Table5. Flow Specific Values for LDC 11314

E. coli Percent E. coli Percent Dissolved
Flow Category Percent of Days Reduction Reductic_)n Oxygen Percent
Flow Exceeded Needed- Needed- Single Improvement

Geomean Sample Needed
High Flows 0-10% 81% 39% -151%
Moist Conditions 10-40% 64% -15% -123%
Mid-ange 40-60% 54% 47% 113%
Dry Conditions 60-90% 20% -153% -89%
Low Flows 90-100% -475% -1722% -45%
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Station 11185 Willow Creek atGosling Road

Moving east across the greater Spring Creek Watershed, Station 11185 can be found on Willow Creek near
its confluence with Spring Creelhe drainage area representedtifis station ishome to the city of
Tomball and iscovered by a majority of developed land typ€kis areawill continue to develop in the

near future Stream flow on Willow Creek typically ranges between 0 and 1000 cfs with the exception of
extreme hit-flow eventsLDC results folE. coliand dissolved oxygen at this station are showigare
11andFigure 12respectivelyandreduction and improvement values necessary to bring wasdity into
compliance with state standards are showrsaible 6.

The results of LDC analyses for Statibhl 85 are noticeapdifferent from analyses conducted on stations

west of this point in that greater geomean loads are observed throughout the curve. Larger reductions in
fecal bacteria are recommended at this station compared to previous stations in high flow and moist
condtions, butioading beameless severe in michnge conditions and finalfell within the standard range

for dry conditions and low flows. This indicates a strong influence from nonpoint source pressures in this
subwatershedDissolved oxygerwas consistatly shown to be within the standard range at all flow
conditions observed at this station.

Table6. Flow Specific Values for LDC 11185

E. coli Percent E. coli Percent Dissolved
Flow Category Percent of Days Reduction Reductiqn Oxygen Percent
Flow Exceeded Needed Needed- Single Improvement
Geomean Sample Needed
High Flows 0-10% 98% 94% -128%
Moist Conditions 10-40% 77% 28% -170%
Mid-Range 40-60% 18% -161% -194%
Conditions
Dry Conditions 60-90% -27% -302% -204%
Low Flows 90-100% -79% -468% -212%
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Station 16627 Lower Panther Branch dtootbridge 265 M Upstream of Sawdust Road

Station 16627 is found in the Panther Branch subwatershed on Lower Panther Branch between Lake
Woodlands and a confluence with Spring Creek. This station represents the drainage area of the most
heavily developed subwatershed reviewed in this report. dhadhip of the Woodlands andetlity of
Shenandoaloverlapthis subwatershed which is bordereddewelopment alonthe F45 corridorto the
east.Stream flow at this statiois similar to that observed on Willow Creek with the majority of flows
occurringat rates below 1000 cfStreamflow increased during extreme high flow events and exceeded
10,000 cfsat one timepointassociated with heavy rainfall brought on by Hurricane Harnk&yC results

for E. coliand dissolved oxygen at this station are shawhigure 13 and Figure 14 respectively, and
reduction and improvement values necessary to bring water quality into compliance with state standards
are shown inrable 7.

The results of LDC analyses for StatibB627indicatethatappreciabldecal bacteria loadeductions are
needed in high flow conditions and moderate reductions are needed in moist condiiexseedances

of theE. coligeomeanvater quality standard were observediiy other flow conditiondNonpoint sources

are indicated as the greateflilrnce onfecal bacteria loading in this segmeimtissolved oxygen loads

were shown to be consistently within the standard range at this station. LDC results suggest assimilative
capacity for dissolved oxygen decredéth lower rates of flow.

Table7. Flow Specific Values for LDC 16627

E. coli Percent E. coli Percent Dissolved
Percent of Days Reduction Reduction Oxygen Percent
Flow Category Flow Exceeded Needed- Needed- Single Improvement
Geomean Sample Needed
High Flows 0-10% 92% 76% -245%
Moist Conditions 10-40% 50% -57% -120%
Mid-Range 40-60% -12% -254% -80%
Conditions
Dry Conditions 60-90% -61% -408% -63%
Low Flows 90-100% -140% -661% -46%
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Figure 13. E. coliLDC for Station 16627
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Figure 14. Dissolved Oxygen LDC f@tation 16627
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Station 11313 Spring CreelBridgeat 1-45

Station 11313 is the furthest downstream station observed in this report. It is located at the point where
Spring Creek crossesib on the farthestiestern edge of the city of Spg. The drainage area represented

by this station spans westward to SH 248 overlaps high intensity development areas of the Woodlands.
Land cover in this subwatershed is largely developed with most of its natural areas occurring along riparian
corridors.The highest rates of flow of all the stations observed in this repautrec at this location.DC

results fork. coliand dissolved oxygen at this station are showFidgnre 15andFigure 16 respectively
andreduction and improvement values necessary to bring water quality into compliance with state standards
are shown ifrable 8.

The results of LDC analyses for Statidi313 are similar to those observed in other downstream
segmentd particularly Station 2046ZExceedances of the coliwater quality standard were observed in
periods of highHlow and in moist and midangeconditions Fecal lacteria geomean loads observed in dry
andlow flows were within the acceptable standard rafBgcause higher reductions are needed at higher
rates of flow, nonpoint sources fdcal bacteria loading are the greater concern at this Bissolved
oxygen loadswvere within range of the standard at all flow conditions with high assimilative capacity
observed throughout

Table8. Flow Specific Values for LDC 1131

E. coli Percent E. coli Percent Dissolved
Flow Category Percent of Days Reduction Reductiqn Oxygen Percent
Flow Exceeded Needed- Needed- Single Improvement
Geomean Sample Needed
High Flows 0-10% 95% 85% -159%
Moist Conditions 10-40% 73% 13% -177%
Mid-Range 40-60% 33% -113% -187%
Conditions
Dry Conditions 60-90% -9% -244% -193%
Low Flows 90-100% -78% -463% -200%
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Figure 15. E. coliLDC for Station 11313
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Figure 16. Dissolved Oxygen LDC f@tation 11313
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4.6 LDC Summary anBlecal IndicatoBacteria Reduction Targets

Results ofLDC analyss for Spring Creek have been reviewed internalhg subjected to thorough
stakeholder analysi#l-GAC staff discussdthese results with stakeholders at partnership meetings and in
more focused, onen-one conversation§takeholdesupport and positiveeedbacksupportconfidencen
theestimated levelsfdecalbacteria loadings and reduction targets for the Spring Creek Watershed.

Some of the most importawbservations to be made from the LDC analysis of Spring Creek and its
tributaries are:

91 All of the assessed locations display a high assimilativecitgqfar dissolved oxygetoading at

all levels of flow with the exception of Station 20462 in the lowest flow conditions,
1 E. coliloading exceeded the standard in high flow and moist conditions across the watershed, and
1 E. coliloading in other flow condions varied among sites.

Generally, dissolved oxygen assimilative capacity for stream segments throughout the watershed is well
within the range of state water quality standards. In some segments, this capacity becomes more limited
with decreased strearfoW. These segments inclulewer Panther Branch, Upper Spring Creek, Brushy
Creek, and Walnut Creek. In the case of Walnut Creek, dissolved oxygen requires a 17% improvement to
comply with the standard at low flow conditions. Stream flowggaandflow estimation data relating to

the sites assessed on the aforementioned segments indicate lower observed flows relative to those observed
on Willow Creek and migbpring Creek.

LDC analyses ofecalbacteria loads at all sites throughout the watersheddted! a need faronsiderals
reductions in high flow and most conditions. Reduction needs at lower levels of flow varied among sites.
Sites on the western side of the wateed (20463, 20462 and 11314) require more moderate reductions
relative to thoseacommended in more developed areas, however, reductions are recommended for a wider
range of flow levels (high flows through dry conditions). On the eastern side of the watershed, sites 16627,
11185 and 11313 bore stronger resemblances to each othet redhetions of greater magnitude are
required at the highest flow conditiomelative to those recommended in the west. Dry to low flow
conditions aravithin range of the standagat these sites and only moderate reductions are needed-at mid
range conditins for 16627 and 11313.

Because of the similarities in model results between sites 16627, 11185 and 11313, their respective stream
segments and watershed areas were grouped together to differentiate the downstream portion of the
watershed from the subwatss heds draining into Spring Creekos
generalized attainment areas as showFigare 17, overall reduction targets compromising betw over
generalization of the total watershed and overly conservative reduction targets for individual subwatersheds
at different rates of flow can be applied in the development of a WPP. Overall reduction targets for each
attainment area were determineyl selecting a representative station for the area and taking a weighted
average ofhe LDC reduction targets produced for that station based on rates of fevefore where W
represents the weighting factor (percent of flows) at fi@h (h), moist ), mid-range (r), dry (d), and
low flow (I) conditions, and R represents the reduction value nedjait each rate of flowhe weighted
averageeductioncan becalculated as follows:
o gn sk o e A % A 7.Q0Q 74626 7ai2ai 7RQ 7 ®a
=1 1
7 AE CBE @ROALARO A O =0 74 741 70 74

For exampleStation 11314s the farthest downstream station in #tinment area of the headwaters of
Spring Creek and wassed to represent tle@eaas shown inTable 9. At the high flow category which
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represents the top 10% of flows B. colireduction 081% is recommendeé. coliobserved inlie next
30% of flows (moist conditions) require a reduction of 64% Bndoli observed irthe following 20% of
flows (midrange conditions) require a 54% reductidfinally, E. coli observed indry conditions
comprisingthe following 30% of flows only require a 20% reductibow flow conditions are not factored
into this calculation as no reductions wengelicated by the LDC modeThe calculation for the weighted
average reduction for Station 11314 is shown below:

AGRIG¥P OTMOT GmUT omgm
- PTT OTL CTM OT

L TP WG TP T TIQ T T

| S R | w',-[

. N v o o o~ o~ AL T Tt
7AEQEGDA&/OZA1’(;A&OAO—I(E»—%} T W

7 AE CE @ROALAO

7 AE CE @QROALROA

This calculation was also used to determine the weighted aviedbacteria reduction needed at Station
11313 which was selected as the best representative station in the downstream attainméfhiilarea.
Station 1B13occurs well upstream of the confluence of Spring Creek and the West Fork of the San Jacinto
River at theerminal endbf the watershed arei s the furthest downstream station in the attainment area
with accompanying stream gage dd@aly weightingfactors and reduction targets from high, moist and
mid-range flows were considered as no reductions were indicated by the LDC model at dry and low flow
conditions. The resulting value is showriliable 9.

Table9. Attainment Areas and Fecal Indicator Bacteria Load Reduction Goals

: . Weighted AverageE. coli
Attainment Area LDC Station Subwatersheds Reduction Target
Headwaters 11314 1,2,3and 4 49%
Downstream 11313 5,6,7 and 8 63%

With the exception of a 17% improvement suggested in low flow conditions on Walnut Creek, LDC results
for dissolved oxygen did not indicate the need for improvemiatspecific percentage goals were
developedor dissolved oxygen in the two attainment areas designated for this watetshwdver, the

LDCs for dissolved oxygen offer a means to evaluate the relative health of the system in regard to dissolved
levels, which may be used by stakeholdershape future decisions about implementation meastres. |
shouldalsobe noted that this data may not represent the full variabilityssblved oxygeronditions, so

this should not be taken to indicate no improvemedtssfolved oxygers warrantechtthe attainment area

or overall watershed level
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SECTION 5: SELECT EVALUATIONS

5.1 Overview

SELECT is a Glshased tool for estimating potentfatalbacteria loads in a watershed area developed by

the Spatial Sciences Laboratory and the Biological and Agricultural Engineering Department at Texas
A&M University®. This analysis can also determine the relative contributions of fecal indicator bacteria
made by a range of potential sources, and expresses source contribution data spatially by subwatershed.
SELECT analyses result from the combination of land use and land cover data, known source locations
(e.g. outfalls), literature assumption values for r@npsources (e.g. pet waste, livestock census data,
wildlife population density), and stakeholder input. The model does not account for instream loading or
other natural processes which may affieecal bacteria concentrations, nor does it estimate tlaive
proximity of loading sources to the waterway. Therefore, all references to load estimates in this section
refer to potential source loads and netessarilyhe actual amount décalbacteria transported into the
streams and tributaries of the By Creek Watershed.

In order to meet the needs of this project, modifications to the original SELECT model were made. The
first of these modifications is the use of buffers or zones within a specified distance from a feature (in this
case, waterways) tafterentiate source load estimations by proximity to stredumads generated adjacent

to streams are more likely to contribute to instream loadrgause the original SELECT model cannot
account for fate and transport of pollutant loads, incorporatirfes around riparian corridors and
assigning lower loading rates to sources located in areas outside the buffer minimizes overrepresentation
of sources located farther from waterways. Without this consideration, false equivalencies could be
interpreted btween loads of equal size but different location relative to riparian corridorthe purposes

of this project, 100 percent of the waste generated by sources withinfadB@iffer zone was assumed

to impact waterways. For sources located in aretssdeuthis zone, only 25 percent of the total waste was
assumed to be transmitted to the stream network. For sources with no associated spatial data (e.g. deer
population density per acre), uniform distribution was assumed for appropriate land usesitethrid

outside the buffer boundaries.

The second modification made to the original design of the SELECT modéb wasmatdecal bacteria

loading changes associated with increased developmdiveigear increments throughothie next 25

years By accountingfor changes in spatial distribution and magnitude of source loads related to predicted
changes in land udsetween current conditiohandthe year 2045, reduction estimates can be anticipated

at the loading rate observed in thegamet day anchbse projected in the futurAs with any forecasting

effort, a certain level of uncertainty is expected with these predictions especially as they relate to sources
assumed to be linked to land use types. For example, in this model, wildlife populati@ssamed to
decrease as developed area increases within the watershed. This does not account for the adaptability of
wildlife to consolidate or redistribute within the watershed afeather monitoring and assessments of
such sources should be incorpedhtnto the management recommendations of the WPP in order to more
accurately account for these factors and counteract this uncertainty.

5 Additional information about SELECT can be found laitp:/ssl.tamwedu/media/11291/seleaarin.pdf
Information abouspecific implementation of SELECor this project can be found in the project modeling QAPP.
6 At the time of this report, the most updated land use data represents parcel allocations in the yeaW\2Al&s,
Harris, and Montgomery Counties (Grimes County not included from regional data)
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5.2 Source Survey

Determining potential sources of fecal waste as identified by fecal indicator bacteria is thedfirstsrd
developing SELECT analyses. To do this, source surveys or characterizations of known and estimated
loading impacts specific to the watershed area are conducted by evadpatiagdata, land use estimates,
imageryreconnaissance, and stakelalteedback. Project staff considered the following factors in their
development of the source survey of the Spring Creek Watershed:

1 Known Source$ spatially referenced data typically associated with permit locations including:
0 Wastewater treatment fac¢ili(WWTF) locations and discharge monitoring reports,
o Permitted onsite sewage facility (OSSF) locations,
o Corcentratechnimal feeding operation (CAFO) locations and violations, and
0 Sanitary sewer overflow (SSO) records.

1 LandCover andLandUseAnalyssi spatial distribution of specific land cover types within the
watershed and respective to each subwatershed were estimated based on national land cover
datasets and ¥AC proprietary data.

1 Imagery Reconnaissandeaerial imagery, online map assets such Google Maps, Google
Streetview and Google Earth, and stakeholder feedback were used to identify source locations and
discussion points to review with stakeholders

9 Stakeholder Feedbatkinsight and engagement of the local community is a critical coeraf
this analysis and to the overall understanding of the watershed area. Stakeholder knowledge was
shared at partnership meetings, -@meone meetings with local parties, and @reone meetings
with regional experts and agencies such as the Texas &adkWildlife Department, Texas State
Soil and Water Conservation Board, and others.

Throughout the modeling process, stakeholders will be consulted regularly at partnership meetings, small
workgroups and in oren-one discussions to review model results and recommend revisions as needed. As
mentioned previously, the source survey providageneral outline on which the SELECT models and
discussions with stakeholders can be based.

Preliminary results of the source survey by general categmrysummarized iffable 10. These early
estimates may differ fromutcomes of the SELECMHodds and do not account for increases or decreases
in loading associated with watershed change over tifoBowing the table, modeled sources will be
discussed in detail and rdts of SELECT analyses will be shown spatially and organized by subwatershed
to display relative contribution to the total watershed load.
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Table10. Fecal IndicatorBacteria Source Survey

- Estimated Extent
Category Source Origin (Preliminary)
WWTEs Impro_perly treated sewage from Minor
permitted outfalls
OSSFs Failing or improperly routed OSSF4 Moderate
Human Untreated sewage from wastewate| | ,.
Waste SSOs collection systems Minor to Moderate (locally)
Direct Discharge Untreated wastes from areas witho Minor
9¢ | OSSF or WWTF service
. Improperly treated or applied .
Land Deposition sewage sludge Minor
Cattle Runoff or direct deposition Moderate
Horses Runoff or direct deposition Minor to Moderatglocally)
Agriculture | Sheep & Goats | Runoff or direct deposition Minor
Pigs Runoff Minor
CAFOs Imprqperly trgg_ted discharge from Not Expected
permitted facilities
Deer Runoff or direct deposition Minor to Moderate (locally)
Birds Directdeposition Minor, No Data
Wildlife
Bats Direct deposition Minor, No Data
Other Wildlife Runoff or direct deposition ModerateNo Data
Dogs (pets) Runoff Major
Domestic | D0ogs (feral) Runoff Minor (locally)
Animals | cats (pets) Runoff Not Expected
Cats(feral) Runoff Not Expected to Minor
Invasive : .
Animals Feral Hogs Runoff or direct deposition Moderate
Dumping Runoff or direct deposition Minor (locally)
Other
Sedimentation Erosion or mining operations Not Applicablé

”While not a source of fecal bacteria, suspended sediment in waterways can decrefiseodignsolation, etc.
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WWTFS

Wastewater utilities serve a number of communities throughout the watershed and occur in various sizes
and capacities. For areas outside city boundaries, centralized waste treatment is most commonly managed
by municipal utility districts and other districtConsidering all types of WWTF28 permitted facilities

are found within the watershed boundary of Spring Cealcharge monitoring report data was available

for 61 of these facilities and was incorporated into the SELECT m&iad. of WWTFs vary gily
throughout the watershed and range betveagacities of less than 0.1 millions of gallons per day (MGD)

to 10 MGD.

According to the results of a previous data re¥j@MWTFs in the Spring Creek Watershed are not expected

to be major contributors tiecal indicator bacteria loading. However, as the risks associated with human
waste processed by WWTFs candmnsiderable in the event of improper treatment or other localized
incidents, it is important to consider estimates of potential WWTF loadirthe ioverall SELECT model.

These estimates are derived by multiplying the total discharge capacity of each facility by the state water
quality standard fofecalbacteriaForfuture projections, models continued to estinfatalbacteria loads

at the sta standard but adapted flow rates to refthet projectedncrease in the number of households
within service area boundarieds many facilities discharge well below their maximum permittgds,

this results in a potentialverestimatiorof fecal bacteria loading from this source. As noted previously,

this method is still deemed appropriate for this watershed in order to account for exceedances or variations
throughout daily discharges that could have greater impacts lio pablth.

CurrentWWTF loading distributions throughout the watershed as well as relative load contribution from
each of the subwatersheds draining into Spring Creek are represdfitpadénl8. As loads were estimated

to reflect the impacts of direct outfalls, all results are indicated within the buffer zone surrounding the
watershed stream netwoirRolor intensity of subwatershed areas indicates loading severityedia the

other subwatersheds and may not be directly comparable between this modeled parameter and others.
Actual loading estimates by subwatershed are represenféabie 11. In Figure 19, forecasted total
watershed loads froWWTFs are plotted ifive-yearincrements through the year 2045.

8 See the Water Quality Data Analysis Summary Repwailable ahttp:/springcreekpartnership.com
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Figure 18. E. coli Loadings from WWTFs by Subwatershed
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Figure 19. FutureE. coliLoadings from WWTFs
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Table11l. Wastewater Outfalls and Loadings by Subwatershed

# of Outfalls Load Estimate SubwatershedPercent
of Total Load

1 9 1.66E+09 2%

2 7 2.03E+09 2%

3 1 1.91E+07 0%

4 6 3.05E+08 0%

5 24 1.76E+10 20%

6 12 7.67E+09 9%

7 6 3.49E+10 39%

8 13 2.45E+10 28%

Total 78 8.87E+10 100%

In the Spring Creek Watershddcalbacteria loading from WWTFs is more prevalent in developed areas
where WWTF densities and sizes are greater. When considering the expansion of development throughout
the watershed in the coming 25 years, ovéeatilbacteria loading in the watershedxpected to increase.
However, the values décal bacteria loads delivered to Spring Creek and its tributaries via WWTFs are
several orders of magnitude lower than those estimated for other modeled sources described in this section.
Therefore, WWTFs areiitconsidered only minor contributors to overall potentedal bacteria loading

in the watershedlThese sources are still important to consider in the WPP however, as the health risks
associated with any introduction of improperly treated human waste by WWTFs into the watershed are far
greater than those associated with other solirces

OSSE

While centralized wastewater treatment is more common in developed areas, OS86wedilkely to be
used in parts of the watershed outside service area boundaries such as rural com@86iEssuch as
septic and aerobic systems are an efficient and eféeetay to manage wastewater, however, aging or
improperly maintained units run the risk of failing. Significant sourcdsazl bacteria can be transmitted
to waterways in the event of an OSSF failure.

To estimate OSSF distribution throughout 8pging Creek Watshed, the spatial datd permitted units
collected under a 604(b) agreement betwedBA€ and TCEQ, and quality assured under the auspices of
that contracdf. Where portions of the watershed overlapped with areas outside@f&CHegionsuch as

Grimes County, Texas State Data Center population projections were Thisddataset in not
comprehensive as some data may be subject to insufficiencies such as a lack of geocoding. This uncertainty
is accounted for in the SELECT model througteatimation of any unrecorded or otherwise unpermitted
OSSF units in the watershed area based on landJapermitted OSSF units throughout the watershed
were estimated by assessing the number of occupied parcels outside service area boundariesdhat were
indicated in the permitted OSSF database. Loading rates observed from improperly maintained and failed
systems were used to estimate total load contribution from OSSFs. Literature values for OSSF failure rates
range between 10 and 15%. For the purpo§#ss report, a conservative estimate of 10% failure rate was

® Results of gantitative microbial risk assessment studies, including wddne in the Leon River
(https://oaktrust.library.tamu.edu/handle/1969.1/153#véve indicated that sources with equivalent loads may have
pronounced differences in expected microbial risk, with human sources being the most potentially problematic.
10 Use of thisacquired data is detailed in the project modeling QAPP for this project.
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applied to the combined total number of permitted units and unpermittedindidated by the current
dataset and for each of the fiyear interval projectionghrough 2045This methodhas been used for
watershed projects in nearby areasl was supported lbycal stakeholders

Current OSSF loading distributions throughout the watershed as well as relative load contribution from
each of the subwatersheds draining into Spring Creek aresesped inFigure 20. Color intensity of
subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly
comparable between this modeled parameter and others. Actual loading estimates by subwatershed are
represented iable 12. In Figure 21, forecasted total watershed loads from OSSFs are plottiadein
yearincrements through the year 2045.
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Figure 20. E. coliLoading from OSSFs by Subwatershed
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Figure 21. FutureE. coliLoadings from OSSFs

Table12. OSSFs and Loadings by Subwatershed

OSSFs OSSFs | Load Outside | Load Within | SuPwatershed
Outside Within Buffer Buffer Buffer Percent of
Buffer Total Load

SW1 2012 635 1.87E+11 5.89E+10 8%

SW2 4070 1303 3.77E+11 1.21E+11 16%

SW3 2199 539 2 ME+11 5.00E+10 8%

SW4 1882 544 1.75E+11 5.05E+10 7%

SW5 4977 610 4.62E+11 5.66E+10 16%

SW6 3758 999 3.49E+11 0.27E+10 14%

SW7 5286 398 4.90E+11 3.69E+10 16%

Sws 4446 886 4.12E+11 8.22E+10 15%

TOTAL 28630 5914 2. 66E+12 5.49E+11 100%

OSSF loadings are expected to continue to incrdaseigh 208 as residential development increases
throughout the watershethese future projections are still based on an assumed 10% fatkireowever,
stakeholders may choose to incorporate continued monitoring of these systems in the comia@RaFs
installments age. In the event that systems are found to exceed the 10% failure rate, a new percentage value
may be determinedkailure rates among these newly developed systems are likely to be lower as regular
maintenance will be required by petmAs improperly maintained OSSFs could also have a negative
impact on property values, communities may be more likely to adhere to routine maintenance standards.
However, as the health risks associated with any introduction of improperly treated hurteslmwSSFs

into the watershed are far greater than those associated with other gbesmespurces are still important

to consider in the WPP.

Dogs

Domestic and feral dog populations are significant contristtoiecal bacteriacontamination in denge
developed areasnd are a commosource of loading in the greater Houston region. Waste from other
domestic petge.g.,cats) istypically managed through collection in waste receptacles, whereas dog waste
is more likely to be degsited directly into the environment.
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For SELECT analysisfecal bacteria loading from dog populations will be estimated by assessing pet
ownership. Statistical data for Texestablished by thAmerican Veterinary Medical Associatidrof 0.6

dogs per hoseholdwere used IrSELECT moded. This value was applied to current household data and
future projectionghrough 2045This methodhas been useid other WPP projects with similar land use
and drainage areaAdditionally, stakeholder feedback receiveédring reviews of model results lead to a
slight revision of these assumptions based on the spetificacteristis of the Spring Creek Watershed.
Stakeholder insighten recent efforts to control pet wasteluding development of pet waste station
infrastructureand community use of waste bags, etoeady underway in the watershé@a. account for

this, the estimated load based®6é dogs per household was further reduced by 20%.

Current dog loading distributiotBroughout the watershed as well as relative load contribirbameach

of the subwatersheds draining into Spring Creek are representEgjure 22. Color intensity 6
subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly
comparable between this modeled parameter and others. Actual loading estimates by subwatershed are
represented iffable 13. In Figure 23, forecasted total watershed loads from dogs are plottigkhyear
increments through thgear 2045.
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Figure 22. E. coliLoading from Dogs by Subwatershed

1 hitps://www.avma.org/KB/Resources/Statistics/Pages/MadssarckstatisticsUS-petownership.aspx
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Figure 23. FutureE. coliLoading from Dogs
Table13. Dogs and Loadings by Subwatershed
Dogs Outside | Dogs Within | Load Outside | Load Within Subwatershed
Percent of
Buffer Buffer Buffer Buffer
Total Load
SW1 2313 750 1.16E+12 1.50E+12 5%
SW2 3369 977 1.68E+12 1.95E+12 7%
SW3 1319 323 6.60E+11 6.47E+11 2%
SW4 2282 498 1.14E+12 9.96E+11 4%
SW5 10101 1433 5.05E+12 2.87E+12 15%
SW6 8313 2002 4,16E+12 4.00E+12 15%
SW7 20050 3425 1.00E+13 6.85E+12 31%
SW8 13342 2179 6.67E+12 4.36E+12 21%
Total 61089 11587 3.0%¢E+13 2.3E+13 100%

Dog ownership and therefore dog waste is most densalientrated in the more developed subwatersheds

on the east side of the Spring Creek Watershed. Load values associated with this waste are the highest of
any modeled sources in current and future conditions. As the human population of the waterstsas increa
with expanding residential development in the coming years, dog populations will also increase.

Cattle

Agricultural land, grassland and pastures are most common in the western reaches of the watershed with
smaller concentrated areas of these landrdyypes distributed throughautlational livestock populations

including cattle were most recently assessed in a 2017 census lnited States Department of

Agriculture Census data are available by county and are not specific to the watershed asandie

cattle in the Spring Creek Watershedr at i o o f each countyds portion
appropriate land cover types to that of tegpective county as a whal@as applied tagriculturalcensus

data from each of the fourcounti@d® i s approach ensures that the densi
|l and cover acreage (grassland and pasture/ hay) wa
land use acreagdfter stakeholdereview, this initial estimate was modifiefilirther to better mect
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observed conditionsStakeholdersndicated that initiakstimatedistributing cattle populations solely in
grassland and pastuinay land cover areaseneinaccurate due to an overestimatafrthe usage of those
areas by ca#l To account for fallow lands or smaller parcels of pasture and grasslagthzed be herds,
cattle population estimates were adjusted to 90% of thaliai&timaten these land cover areas. Further,
stakeholders noted that cattle occasionally ussst@nd shrubland especially when adjacent to waterways.
This observation was reflected in the model by distributing 10% of the cattle popdatiorate into
forested areas within the riparian buffer.

Current cattle loading distributions throughout the watershed as well as relative load contribution from each
of the subwatersheds draining into Spring Creek are representEijure 24. Color intensity of
subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly
comparable between this modeled parameter and others. Actual loading estimates by subwatershed a
represented iffable 14. In Figure 25, forecated total watershed loads from cattle are plotted inyrar
increments through the year 2045.
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Figure 24. E. coliLoading from Cattle by Subwatershed
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Cattle - E. coli Loadings
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Figure 25. FutureE. coliLoading from Cattle
Table14. Cattleand Loadings by Subwatershed
Catle | cattle within | Load Outside | Load Within | Subwatershed
Outside Buffer Buffer Buffer Percent of
Buffer Total Load
SW1 1105 456 7.5E+11 1.2E+12 17%
SW2 916 407 6.2E+11 1.1E+12 14%
SW3 1996 376 1.3E+12 1.0E+12 20%
SW4 3243 655 2.2E+12 1.8E+12 33%
SW5 798 164 54E+11 4.4E+11 8%
SW6 276 122 1.9E+11 3.3E+11 4%
SW7 97 63 6.5E+10 1.7E+11 2%
SW8 61 52 4.1E+10 1.4E+11 2%
Total 8492 2295 57E+12 6.2E+12 100%

Cattle loads fromvesternsubwatersheds are greater comparezhtterrsubwatersheds in morevigoped

areas.Projections of futurdecal bacteria loading by cattle decrease over the next 25 years as land use
changesre predicted tpush residential dela@pment farther west throughout the Spring Creek Watershed.

Horses

Similar to cattle, brse populatiomstimates were calculated based on agricultural census data modified by
the ratio of watershed area of relevant land use types to total countased.on stakeholder feedback,
horse populations were similarly distributed 9@¥pasture and grasslanadal 0% to forested area within

the riparian bufferThis method assesses only the horses designated for livestock use in the watershed.

Horses owned for recreational purposes may not be well represented by these estimates.

Current horse loading distribotis throughout the watershed as well as relative load contribution from each

of the subwatersheds draining into Spring Creek are representEgjure 26. Color intensity of

subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly
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comparable between this modeled parameter and others. Actual loading estimates by subwatershed are
represented imable 15. In Figure 27, forecasted total watershed loads froondes are plotted in fevyear
increments through the year 2045.
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Figure 26. E. coliLoading from Horses by Subwatershed
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Figure 27. FutureE. coliLoadings from Horses

Table15. Horses and Loadings by Subwatershed

Hors_es Horses Load Outside | Load Within Subwatershed
Outside Within Buffer Buffer Buffer Percent of
Buffer Total Load

SW1i 102 42 5.3E+09 8.8E+09 17%

SW2 84 38 4.4E+09 7.9E+09 14%

SW3 184 35 9.7E+09 7.3E+09 20%

SwW4 299 60 1.6E+10 1.3E+10 33%

SW5 74 15 3.9E+09 3.2E+09 8%

SW6 25 11 1.3E+09 2.4E+09 4%

SW7 9 6 4. 7E+08 1.2E+09 2%

SW8 6 5 2.9E+08 1.0E+09 2%

Total 783 212 4.1E+10 4.4E+10 100%

Model results for horse drivefiecal bacteria loading in the watershed look similar to those of cattle aside
from the smaller relative loading contributions. Another similarity between the two modeled sources is that
horse populations are expected to decrease over time as land developpasethroughout the
watershed.

Sheep and Goats

Sheep and goat populations represent a smaller portion of the livestock in the watershed, but still retain a
presence in rural areas. Both animal populations are grouped into a single statistic indtiaragjdensus.

To estimate the size of these populations, the same method used for cattle and horses was applied to
agricultural census data for sheep and gdgdsed on stakeholder feedbaskeep and goatopulations

were similarly distributed 90% tapture and grassland, and 10% to forested area within the riparian buffer.

Current sheep and goat loading distributions throughout the watershed as well as relative load contribution
from each of the subwatersheds draining into Spring Creek are repdesdtitpire 28. Color intensity of
subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT



comparable étween this modeled parameter and others. Actual loading estimates by subwatershed are
represented iable 16. In Figure 29, forecasted total watershed loads from sheep and goats are plotted in
five-year increments through the year 2045.
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Figure 28. E. coliLoadings from Sheep & Goats by Subwatershed
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Figure 29. FutureE. coliLoadings from Sheep & Goats

Table16. Sheep & Goa and Loadings by Subwatershed

Sheep & Sheep & . - Subwatershed
Goats Outside| Goats Within Loagu?fg?'de Loagu}%ihm Percent of
Buffer Buffer Total Load
Swi 151 63 3.4E+11 5.6E+11 17%
SW2 126 56 2.8E+11 5.0E+11 14%
SW3 274 52 6.2E+11 4.6E+11 20%
Sw4 445 90 1.0E+12 8.1E+11 33%
SW5 109 22 2.5E+11 2.0E+11 8%
SW6 38 17 8.5E+10 1.5E+11 4%
SwW7 13 9 3.0E+10 7.8E+10 2%
SW8 8 7 1.9E+10 6.4E+10 2%
Total 1164 315 2.6E+12 2.8E+12 100%

Potential source load distribution and relative contribution by subwatershed are fairly similar between sheep
and goats and other livestock animals such as horses and cattle. The greatest loading is expected to occur
in the western, headwater section & thatershed whereas subwatersheds in thesleast fewer impacts.

As with other agricultural animals, sheep and goat populations are expected to decrease over time as land
use trends toward development.

Deer

Forestsand operareasn thelessdeveloped aas of the watershed providmplehabitatarea for white

tailed deerHowever, deer are among the few species that are adaptable to the encroachment of developed
areas. Loss afiatural areas may lead deer to explore larger lots of suburban and lightiavieémpment

as alternative habitat. Because of th@estedareas and open and low intensity developed areas were
considered as possible deer habitat for the purposes of load estimatiestimate deer populations and

their associatedecal bacteria bading potential, Resource Management Udpulation density data
accessed from the Texas Parks and Wildlife Departassuming 1 deer for every 40.2 acresarég,
shrubland and open developaaasin low intensity developed areas, deer density assimed to be 1
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deer for every 80.4 acrelfter consulting with stakeholders, tHiswer density ofl deerper 80.4 acres

was aplied in additional land cover arem&luding pasture and grasslamegtlandsandbarren land. This

change was made atakeholdersgreed that degropulations are most concentrated in forested areas, but
noted seeing deer in areas also used by feral hog popul&imrswth thisupdated approacipopulation
dynamics are not well represented with respect to movementgedn land cover types and possible
increases in density of natural areas after the built environment extends into previously undeveloped spaces.

Current deer loading distributions throughout the watershed as well as relative load contribution from each
of the subwatersheds draining into Spring Creek are representEijuire 30. Color intensity of
subwatershed areas indicates loading severity relatitieetother subwatersheds and may not be directly
comparable between this modeled parameter and others. Actual loading estimates by subwatershed are
represented ifable 17. In Figure 31, forecasted total watershed loads from deer are plotted hydae
increments through the year 2045.
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Figure 30. E. coliLoadings from Deer by Subwatershed
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Figure 31. FutureE. coliLoadings from Deer

Tablel7. Deerand Loadings by Subwatershed

Deer Outside | Deer Within Load Outside | Load Within Subwatershed
Buffer Buffer Buffer Buffer Percent of
Total Load
SwWi1 633 271 2.8E+10 4.7E+10 22%
SW2 611 256 2.7E+10 4 5E+10 21%
SW3 406 107 1.8E+10 1.9E+10 11%
SwW4 464 147 2.0E+10 2.6E+10 14%
SW5 354 73 1.5E+10 1.3E+10 8%
SW6 330 109 1.4E+10 1.9E+10 10%
SwW7 244 67 1.1E+10 1.2E+10 7%
SW8 246 64 1.1E+10 1.1E+10 7%
Total 3287 1093 1.4E+11 1.9E+11 100%

Despite their ability to adapt to more developed land avbas faced with the loss of natural habitat, deer
populations in the Spring Creek Watershed are predicted to decrease slightly over time. As the SELECT
model only accounts for gains and lossefeoélbacteria load pressures, migratlmetween parcels ctil

be underestimated.

Feral Hogs

In the HoustorGalveston regiotrieral hogs $us scrofpare an invasive species that negatively impact
agriculture, wildlife species and their habitats, and human landsdafpess to control feral hogs have
been carrid out by communities within the Spring Creek Watershed that have already recognized the
environmental pressures associated with their populations. Fegsdule of particular concern as carriers

of diseases that can dangerous to domestic livestoges, and humans. These animals are known to use
land around waterways as shelter and transportation corridors between food resmgroas) generate

large volumes of waste where they concentrate.
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Though they occur in the highest densities along ripamandors and other natural areas, feral hogs are
pervasive and can be found in all land cover types aside Heavily developed areas and open water.
Population density estimates used in the SELECT model for feral hog source loads referenced land cover
types in the watershed area basedAgriLife literature value¥. Though initial estimates accounted for
hogs in all land covesreasexcludingdevelopment and open watstakeholder feedbaabout observed
hog behaviors and migratian the watershed le a number of changes. First, the headwaters portion of
the watershed which is dominated by mostly natural land cover type was assumed to havaageater
densitiesthan the downstream portion. Secondly, hog densities were assumed to follcdieatgram
heavy densities in more natural land cover typeligbter densities with increasing proximity to
development. InTable 18, the specific allocation of hog populatiatensity based on stakeholder
recommendations is described.

Table18. Feral hog population density estimates by attainment area and laret tgpe

Headwaters Downstream
(Upper Spring Creek, Walnut | (Middle and Lower Spring Creek
Creek, Brushy Creek, Mill Creek| Panther Branch, Willow Creek)

Land Cover Type

Wetlands

16.4hogs/square mile

16.4hogs/square mile

Forest and Shrubland

16.4hogs/square mile

16.4hogs/square mile

Grassland and Pasture

16.4hogs/square mile

12.7hogs/square mile

Cultivated Cropland

12.7hogs/square mile

12.7hogs/square mile

Barren Land

12.7hogs/square mile

12.7hogs/square mile

Developed OpeSpace

12.7hogs/square mile

8.9hogs/square mile

Low IntensityDeveloped

12.7hogs/square mile

8.9hogs/square mile

Current feral hog loading distributions throughout the watershed as well as relative load contribution from
each of the subwatersheds draining into Spring Creek are represefigdri 32. Color intensity of
subwatershed areas indicates loading severity relative to the other subwatersheds and may not be directly
comparable between this modeled parameter and others. Actual loading estimates by seovwatersh
represented ifable 19. In Figure 33, forecasted total watershed loads from feral hogs are plotted in five

year increments through the year 2045.

12 hitp://agrilife.org/feralhogs/files/2010/04/FeralHogPopulationGrwothDensityandHervestinTexasedited. pdf

HOUSTON-GALVESTON AREA COUNCIL | SPRING CREEK BACTERIA MODELING REPORT


http://agrilife.org/feralhogs/files/2010/04/FeralHogPopulationGrwothDensityandHervestinTexasedited.pdf

Potential Daily E. Coli Loading:
Feral Hogs

: Bacteria Loading =% Subwatersheds
Low
~~— Main Channels
@ .
@
Medium Stations
3 Major Roads
0 1.252.5 5 7.5 10Miles —— |nterstate/Toll
T T 23] High —— Other Highway

Figure 32. E. coliLoadings from Feral Hogs by Subwatershed
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Figure 33. FutureE. coliLoadings from Feral Hogs
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