5- CAUSES ANSOURCES APOLLUTIONE.EMENTRA)

Bacteria come from a number of sources throughout the watershed. Land cover and landanges
widely throughout the watershedrom agriculture uses to urban usesThe upper portion of the
watershed ignore rural in natire and not densely populated, the lower part of the watershed is more
residential in nature.A number of causes and sources of pollution have been identifiestaiyeholders
throughout the watershed. These sources include: domestic animals, trash and dumping, agriculture,
industry, organic materials, OSSFs, wildlife, and waste water treatment facilkgeshe population in

the watershed continues to grow, merdand in the watershed will be developed and subdivided, and
potentially contribute to water quality problemsThis plan will identify prime sources through modeling
and will identify BMPs to help reduce bacterial input into waterwagw and in the futue.

MODELIN&PPROACH

The progression of steps in the WPP process inslgdentification of sources, modeling of existing
conditions, and definitin of reduction activities thawill makean impaired streanto meet state water

guality standards (USEPA, 1999). When a water body does not meet the standard required for its
designated use, it is listed as impaired on the Texas list of impaired waterways (303(d) list). These
impairments are evaluated through the use ofdterial indicators as indicaterof pathogen
contamination. The USEPA and tktate of Texas have defined two types or indicator organisms,
Escherichia coli for freshwaters and Enterococci for marine waters.

The standards for these indicators depend dwe assigned use of the stream: contact or rummtact
recreation. In Texas, there are two different levels of standards. Thetéongtrends in bacteria
concentrations are evaluated using the geometric mean standard. Instantaneous concentrations are
evaliated using the single sample, or the fiotexceed standard.

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

portion and Enterococci for tidal influenced streams. The E. cala@dyeometric mean standard for
contact recreation purposes is 126 cfu/dind the single sample standard is 394 cfu/dL; while
Enterococci standards are 35cfu/dL and 89cfukeipectively.

For the regulatory Total Maximum Daily Load (TMDL) process addressing pathogen contamination, the
EPA published recommendations to assess E. coli source contribution and identification, characterize the
sources and estimate the E. coli loadrq@luced by each source (USEPA, 2001). The EPA document
recommends identification of the location and densities of E. coli contributing source populations to
characterize the loads in a watershed. The same process is used for the modeling in San Bernard R
watershed.

The Spatially Explicit Load Enrichment Calculation Tool (SELECT) was used in the develtiperieamn of
Bernard WPP to characterize the bacteria load associated to each individual source as well as the
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contribution of each source within theatershed. The methodology followed in the application of the
model was based on Teague et al. (2009).

SWATMODEL

¢KS {2Af YR 2 GSNI!aasSaavySyid ¢22f 6{2!1¢0 gl & RSO
by the USDA Agricultural Research #erand is available in the public dom@Neitsch, Arnold et al.

2005. SWAT focuses on runoff and loadings from rural and agrictdtuménated watersheds. Thus,

SWAT is a continuous model that simulates the effectaraf management practices on water,
sediment, and agricultural chemical yields for lasgale complex watersheds or river basins.

A key advantage of SWAT is its extensive BMP evaluation module that simulates BMPs through several
very specific applicains relevant to rural watersheds. The model can be used to evaluate operations
that control the plant growth cycle (i.e., planting and harvesting); application of fertilizer (both inorganic
and manure), grazing operations, use of grass filter stripsraigdtion BMPs.

TIDALPRISMMODELING

Tidal prism models (TPMs) are edienensional steadytate receiving water models that utilize the

O2yOSLIi 2F GilUARIf FfdzaKAYy3IE (2 arAydzZ I GS GKS LIKeahi
theory of tidal flushing was originally developed by Ketchum in 1951, and several TPMs have been

developed and refined to apply the concept towards water quality modeling of a variety of constituents,
including bacterigKuo and Neilson 1988&uo, Park et al. 2005hen, Sun et al. 20D5

TPMs perform simulations on a tidal cycle time scale, which is on the order of 12 hours depending on

the location. Data requirements are fairly low for TPMs compared to some other mechanistic receiving
water models, and as such they can only be used for smaller tidal basins and estuaries since one of the
key assumptions is that the tide rises and faltaultaneously throughout each modeled segment.

Model hydrodynamics are typically validated using a conservative tracer, such as salinity. Simple
bacteria dynamics of first order decay are generally assumed. Because no software has been developed
for tidal prism model development, models are generally programmed in Microsoft Excel, FORTRAN, or
other programming environments; as such, source code is generally available for the applications.

SLECMODELING

SELECT was usecei@luatecurrent and future(subsequent 30 yeardacteria loadingwithin the
watershed In order to obtain more accurate resulthe entire San Bernard watershed was divided up
into 10 subwatershedbased on based on the HUR division for Texas, their proximity to the biggest
tributaries, andocationof water quality monitoring station@igure5.1). Variables reflecting the
percent land cover were calculated using The National IGoetr DatasefNLCD) from 2006. The land
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TABLE.1LANDCOVERATEGORIBSSUBWATERSHED

SUBW SUBW SUBW SUBW| SUBW SUBW SUBW SUBW SUBW,
L BW 2
and Cover Category 1 SuU 3 4 5 5 7 8 9 10

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

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

Open Space Developed| 0% 0% 0% | 0% | 0% 0% | 0% | 0% 2% 1%

Cultivated 62% | 87% | 89% | 85% | 77% | 68% | 47% | 60% | 26% | 7%

Grassland/Shrub 12% 5% 6% | 7% 6% | 14% | 9% | 15% | 27% | 5%

Forest 20% 1% 2% | 1% 1% 7% | 1% 1% 6% 3%

Woody Wetland 4% 4% 2% | 3% | 12% | 6% | 38% | 21% | 27% | 7%

Herbaceous Wetland 1% 1% 1% | 1% 1% 1% 2% 1% 4% 70%

Bare 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Open Water 0% 0% 0% 0% 0% 0% 1% 0% 2% 6%
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Information used to estimate bacterial loads for thebsequent 30 years were based on household
forecast information obtained from #&AC. However, it was necessary to make several assumptions in
the projection of bacteria loadings. Although the population will change, it was assumed that the type of
housingremained the same, single family homes. For growth of residential areas, an assumption that
the new housing will beuburban single family homes on 1&2re lots. Additionally, land use from
pasturesand farming was assumed to providest of thearea fa growth. Finally, the increased

number of households in rural areasassumed to be on OSSFs and those projected to be in urban areas
on WWTPs.

POTENTIAROURCHESFBACTERIA

Each source of E. coli was distributed to the appropriate subwatersiradithen bacteria loads were

calculated. The average daily load for each source was calculated according to the methodology
ddz33SaidSR o6& 9t! o6'{9t!3Y WwannmuT GKAA A& Ydzf GALX @A
rate by the correspondingpecies population. (Table 5R) colioads were assumed to be 50% of the

Fecal coliform concentratioT €ague et al., 200Qoyle and Erikson, 2006). Nexf,different sources

of bacteria considered in the model are described.

FIGURE 5.C2ALCULATIODF BACTERIA LOADING

Source Calculation E. coli Loading i EC (cfu*d™)

WWTPs

OSSFs

Dogs

Cattle

Horses

Sheep / Goats

Deer

Feral hogs

POINTSOURCES

WASTBNATERTREATMENIPLANTS

t 2Ay 0 a2d2NOS&a 2F ol OGSNALF Ay GKS {9[9/¢ Y2RSt 2N
effluent. San Bernard River watershed accounts for a total of 19 WWiliRsjo of them present

intermittent flow, so no flow data is reportedlable 5.3 shas the permitted and self reported flow

generated within each subwatershed.

None of the WWTPS in the area are required to monitor for fecal contamination; however, two WWTPs
reported values of 126cfu/dLFor this reasonit was assumed that all WWTPggented the same
concentrations as the ones reporting. Daily load from each WWTP is calculated by multiplying average
self reported flow by bacteria concentration (Tabl8). Wastewater Treatment Plant loadings will rise
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slightly as the population in theatershed increases, however they will not be a significant contribution
to the total loading

Table 5.3. San Bernard WWTPs Effluents

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

. From 01/2008

NON-POINTSOURCES

Non point sources are related to runoff and any other wrectly measurable source of contamination
(on-site facilities andleposition from wildlife and birds).

OSS§&

Onsite sewage facilities (OSSFs) are another potential source of bacteria contaminatisite On

sanitary facilities are the predominant form of wastewater treatment for many are#iseoivatershed

These systems are built to treat domestic wastewater where no sewer systems exist. Bacteria loading
from these systems can reach streams by overland flow from surface ponding during wet periods or
through groundwater. When the systems gm@perly designed and installed, they do not constitute a
source of bacteria, but if they do not receive proper maintenance, eventually they will fail. According to
a study conducted by Reed, Stowe & Yanke in 2001, regulated systems would have eafeilofé2%,

while unregulated systems would have a failure of 50%; OSSFs were regulated starting in 1989, while
systems installed prior 1989 remain unregulated.
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The number and location of households utilizing OSSFs was obtained from a recent dd@akmsped

by HGAC. In caseshere no installation year was available, it was assumed that 60% of the systems
were unregulated. The OSSF dataset is missing information for Wharton and Colorado Counties, so the
loadings are not very accurate for the wadbed.

Next, the E. coli load for each subwatked was calculated based on astimated 70gal/person/day
discharge and 5*106 cuf/dL E. cotincentrations(Table 5.2). The average number per household was
obtained from the 2009 U.S Census (USCB,Z@@@ue, 2009 The highest loadings from OSSFs are in
the northeast part of the watershed, and the lowest loadings are at the mouth of the water by the coast
where there is little population. Bacteria loadings from osite sewage facilities will continut®
increase as the population increases in the watershed.

LIVESTOCK

Waste generated by range animals can be directly deposited into the stream or carried by runoff from
fields to the stream Animal populations were obtained frothe 2007 Census ofghiculture per eab

county (Table 5.4) and the number of animals was uniformly distributed in 90% of Hay/Pasture and
herbaceous areas; the density of cattle per mile was calculated and assigned to specific land uses within
each subwatershed. Then the numberasfimals within each subwatershed was multiplied by the fecal
coliform excretion rate and then converted E colioad. (Table 5.2).

TABLE5.4 NUMBER OF ANIMBIPER COUNTY (CENSBAGRICULTUREDO7)

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

Habitats for livestock were determined based on literature and previous stydigsle 5.4) Animal
numbers were distributed among the watersheds within each county based on land cover types.

TAB.E 5.4 ASSIGNED HAMSIS FOR WILDLIFE

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

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

PETS

Dogs were the only pets considered to contribute to pet waste within the watershed. According to the
veterinary Medical Assation, Texans own 5.4 million dogs; by dividing this numbeh&ynumber of
households in Texas, it was foutiabre isa ratio of 0.8 dogs/household. With this ratio, the number of
dogs per subwatershed was calculated. It was considered dbgs produce 5*1® fecal coliform
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organisms per day (USEPA, 2001). The ratio 0.5 cfu E.coli/cfu Fecal coliforms was used to calculate the
load generated per subwatershed associateith this source (Table 5.2)Bacteria loadings from pets

are expected to increassith the rise in population in the watershed. The highest loadings will continue

to come from the areas with population centers and residential populations.

WWTPs
These loadings will occur in the subwatersheds that include WWTP outfalls with confiastent

URBANRUNOFF

Urban runoff includes bacteria that accumulate on surfaces from domestic animals and human activities.
In the calculation of bacteria loads generated by runoff, it was necessary to quantify bacteria
concentration and runoff volumes gerated during rainfall eventsE. coliconcentrations during wet
periods were calculated by using a study performed by the engineering firm RPEBS&Atkins) In this

study, an empirical relationship betwedh coliconcentrations and percentage of imgviousness was
developed. The fraction of imperviouous cover associated to each land use was extracted from either a
study conducted by the US EPA (Exum et al. 2005) or guidance documnoemtthe Tropical Storm
Allison Recovery Project (TSARP). The simplest method was applied to calculate Runoff volumes and
E.coliloadingwithin each subwatershedJrban Runoff loadingare associated to urban areas; for this
reason, they are expectdd increaseaspopulation and development increase in the watershed.

SEWERSYSTEMVERFLOWSSG

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

# TOTAL DURATION TOTAL EC CONC. EC TOTAL LOADING
SUBWAT. | EPA Permit Date events (days) GALLOMNS | (#cfu/dL) (cfufday)
1 TXOL114880 8/29/2005 1 0.2083 Q 1.00E+07 0.00E+00
5 TX0098949 5/23/2003 1 0.2083 9000 1.00E+07 1.18E+13
] TX0024511| 6/2/2002, 6/16/04 2 0.0417 200000 1.00E+07 1.31E+15
9 TX0025615 | 06/26/06-09/20/10 62 2517 1418870 | 1.O0E+O7 1.54E+13
WILDLIFE

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

Density population for deer was obtained from the Texas Parks and Wildlife Department (TPWD); deer
densities are reported for resource maas YSy i dzyAla owal a0 ® wa!aQ akitl
used to calculate number of deer within each subwatershed. Then the fecal coliform excretion rate of
3.58*105 ¢u/day-animal (Zeckoski et aR005) was used to obtain thie. coliloads generated byhis

sourcewithin each subdivision.
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Geese population data was received from Texas Parks and Wildlife for the San Bernard Watershed.
Stakeholders have identified waterfowl as a contributor to thetbaa loads in the watershed, howave
limited data is available for bird populations.

Feral hog population range from 3.2 to 6 hogs/km2 in the Rio Grande Plains and lower coastal prairie of
Texas (Hellgren, 199Teague2009. Loadings from feral hogs are distributed throughout the watetsh

since they are found in all land covers and they reproduce rapillgiensity of 5 hogs/km2 was applied

to the watershed and then the number of animals was distributed in forested areas and scrublands. It
was considered a fecal coliform excretion rate4.45*109 cfu/animal. E. coli was again assumed to
account for 50% of fecal coliform concentratifireague 2009). The total loads per subwatershed were
calculated (Table 5)Zanddistributed per subwatershedAs the population grows in the watershetljd
expected that the loading from wildlife may decrease as habitat areas become more densely populated.
Preferred habitats for wildlife were determined based on literature and previous stydi@sle 55).

Animal numbers were distributed among the wegkeds within each county based on land cover types.

TABLE 5. HABITATS ASSIGNED WILDLIFE

Deer| 90% of Hay Pasture areas+ forest (mixddciduous and evergreen
no hogs in developed areas, and open water
Hogs| 3 hogs/Knfin bare land covecategories

5 hogs/Krin all other categories

SELECVIODELASSUMPTIONS

A summary of the assumptions used in the applicatainthe SELECT model in the San Bernard
Watershedis presented nextAssumptions were reviewed with stakeholders for input and suggestions.
These assumptions include:

e Effluent concentrations from WW3$Rvere assumed to be 126 cfu/dL;

e Increases n  WWTP effluent were considered proportional to households
(HH) growth in urban areas;

¢ Non regulatedifstalled prior t01989) and regulated OSSFs systems presented a failure rate of
50% and 12% respectively (Reed, Stowe, and Yanke,; 2001)

¢ Increasen the number of OSSFs were considered proportional to households (HH) growth in
rural areas

¢ New households irrural areas were considered to occuf2 ac per HH and were located in
cultivated, hay/pasture, herbaceous, forest, wetlands, forest and wetlangsojmortion (40, 30,
10, 10, and 10%]) ivestock were located mainly hrerbaceous and 90%f dvay/pasture land
cover categorieand wildlife were located in forestnal wetland areas (Teague, 2009);

o Densitiesof livestockand wildlife were considered to rerraconstant at current values during
forecast.
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e A buffer zone of 100 m was delimited around streams. It was assumed that 100% of the
loadings within the buffer and 25% of the loadings outside the buffer reach the streams.

LOADINGFROMEACHWATERSHED SPURCE

SUB OSS| WwW Urban Do | Catt | De | Ho | Hors | Sheep_G
W. SUBWATERSHED | Fs TP Runoff gs | le er | gs| es oat
SW1 SB/Little San 28 | 16
Sw1 Bernard River 8% | 0% 11% 2% | 23%| % | % | 17% 11%
SW2 SB/East Bernard 18 | 13
SW2 Creek 8% | 8% 12% 8% | 21%| % | % | 24% 18%
SW23 Middle Bernard
SW3 Creek 2% | 0% 6% 1% | 10%| 7% | 8% | 5% 5%
SW4 West Bernard 12 11 | 18
Sw4 Creek 8% | 2% 19% % | 15%| % | % | 10% 20%
11 15

SW5( SWS5 SB/Snake Creek| 16% | 21% 15% % | 7% | 9% | % | 13% 8%

SW6 SW6 PeachCreek 5% | 0% 8% 7% | 6% | 5% | 5% | 4% 8%

10
SW7(| SW?7SB/Cedar Creek| 9% | 9% 7% 9% | 6% | 7% | % | 8% 8%

SW8 SW8 Mound Creek 5% | 0% 3% 2% | 3% | 3% | 4% | 6% 5%

45 11
SW9 | SWB9 SB/Upper Tidal | 34% | 60% 18% % | 6% | % | 9% | 13% 16%

SwW1
0 SW10 SB/Lower Tidal | 4% | 0% 2% 4% | 1% | 1% | 1% | 1% 1%

LOADINGBY SOURCE IRACHWATERSHED

SUB OSS| WW Urban Do | Catt | De | Ho | Hors | Sheep_G

W. SUBWATERSHED | Fs TP Runoff gs le er | gs es oat
SWZ SB/Little San 14

Swi1 Bernard River 2% | 0% 6% 2% | 72%| 1% | % | 0% 4%
SW2 SB/East Bernard 11

SW2 Creek 2% | 0% 7% 8% | 65%| 1% | % | 0% 6%
SW23 Middle Bernard 17

SW3 Creek 1% | 0% 7% 1% | 69%| 1% | % | 0% 4%
SW4 West Bernard 13 17

Sw4 Creek 2% | 0% 11% % | 49%| 0% | % | 0% 7%
18 22

SW5| SW5 SB/Snake Creek| 5% | 0% 13% % | 36%| 1% | % | 0% 5%
19 12

SW6 SW6 Peach Creek 3% | 0% 11% % | 47%| 1% | % | 0% 7%
20 19

SW7| SWP?%SB/Cedar Creek| 4% | 0% 9% % | 41%| 1% | % | 0% 6%
18

Sw8 SW8 Mound Creek 6% | 0% 8% 8% | 50%| 1% | % | 0% 9%
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47
SW9 | SW9 SB/Upper Tidal | 7% | 0% 10% % | 20%| 0% | 8% | 0% 6%
SW1 44 11
0 SW10 SB/Lower Tidal | 9% | 0% 10% % | 21%| 0% | % | 0% 5%

FORECAST @URCES BEX006LANDCOVERIYPE

The loadings associated with each land cover typeeha&en projectedout to the year 2040 in five year
increments based on the projected household population growth in the five countiedousehold
forecasts were obtained from the Forecast Group &BAC. This data was for urban and rural areas in
five year increments @r the period of 30 years.
householddsn the subwatershed which were associated with additional impervious surfaces, OSSFs, and

pets.

This information was used to project additional

SOURCES 2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040
OSSFs 33% | 3.2% | 3.1% | 2.7% | 22% | 1.6% | 1.1%
WWTPs 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
Urban Runoff 84% | 7.3% | 59% | 42% | 2.7% | 1.6% | 0.9%
Dogs 16.0% | 14.5% | 12.3% | 9.6% | 6.9% | 4.6% | 2.8%
Cattle 475% | 41.3% | 32.7% | 23.2% | 14.7% | 8.4% | 4.6%
Horses 02% | 0.1% | 0.1% | 0.1% | 0.0% | 0.0% | 0.0%
Sheep/Goat 55% | 48% | 3.8% | 2.7% | 1.7% | 1.0% | 0.5%
Livestock 53.2% | 46.2% | 36.6% | 26.0% | 16.4% | 9.4% | 5.1%
Deer 0.6% | 05% | 04% | 0.3% | 0.2% | 0.1% | 0.1%
Feral Hogs 13.9% | 24.1% | 38.5% | 54.9% | 70.1% | 81.8% | 89.6%
Geese 46% | 40% | 3.2% | 23% | 1.5% | 0.9% | 0.5%
Wildlife 19.1% | 28.7% | 42.1% | 57.5% | 71.8% | 82.8% | 90.2%
TOTAL 100% 100% 100% 100% 100% 100% | 100%

The results of the forecast model show thattle will continue to be the highest potential source of
bacteria in the watershed, andSSFwill continue to be the second highest potentsurce of bacteria.
As agricultural areas are developed, loadings from livestockwildlifewill be reduced as loadings from

pets rise with the number of households.

SELECNIODELIN@&ONCLUSIONS

It was found that thehighest contributing sources of bacteria were Cattle andldlife. The
relative contribution to each subwatershed varies according to land cover distribution and

number ofhouseholdsn rural areas.

There are bacteria seoes such asrban runoff, WWTPw/hich aremainly associated to urban

areas, whereas other sources like livestock, wildlife, OFFR®@leminantin rural areas.
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e SELECT assumes that 100% of loadings will enter the stream, overestimating potential
concentrations at all sampling locations. Howe\egives a general idea about main sources of
contamination. The spreadsheets set for the modé&lpwever, allow the use ofattenuation
factors for each bacteria sourcsoit is possiblego incorporate the effect of BMPsn bacteria
reductionswithin the waershed. The inclusion of a buffer zone around the streams showed a
reduction on rural loadings of 40 to 60 %

e The model does not account for mitigation processes such as settling, vegedfiteviag,
temperature, solar inactivation, or other biologidaktors that bacteria might undergo before
reaching the stream.

¢ In order to get moreaccurate results, SELECT héllcoupled withSWATto simulate transport
processes.

SWATMODELING

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

A What are existing bacteria loads at the existing monitoring locations in the watershed?
A What is the effet of instream processes (decay) on bacteria loadings?

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

A How willimplementationof BMPs impact kstream bacteria loading?

A coupled system comprised of a receiving water model and a watershed imasibeerdeveloped to aid in the

understanding of the San Bernard Above Tidal and Tidal Segments.

ABOVEIIDAL

Watershed pollutant loading models are based on topography, land uses, and hydrologic attributes and
are used to predict stream flow and pollutanadings delivered from the land surface of a watershed to
the surface waters of a receiving stream, river, lake, or estuary. These models are an important means
to account for nonpoint source pollution that will reach the receiving waters.

TheSoilaR 2 | 1SNJ ! aaSaayYSyid ¢22f o0{2!1¢0 ¢Fa RSOSt2LISR
by the USDA Agricultural Research Service and is available in the public (deil@ich, Arnold et al.

2005. SWAT focuses on rufi@id loadings from rural and agricultudmminated watersheds. Thus,

SWAT is a continuous model that simulates the effects of land management practices on water,

sediment, and agricultural chemical yields for lasgale complex watersheds or river basin

A key advantage of SWAT is its extensive BMP evaluation module that simulates BMPs through several
very specific applications relevant to rural watersheds. The model can be used to evaluate operations
that control the plant growth cycle (i.e., plang and harvesting); application of fertilizer (both inorganic
and manure), grazing operations, use of grass filter strips and irrigation BMPs.
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BELOWTIDAL

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

Tidal prism models (TPMs) are owmensional steadgtate receiving water models that utilize the
O2yOSLIi 2F GUARIf TFfdzaKAy3IE (2 aAYdzZ 4GS GKS LIKe3&A
theory of tidal flushing was originally developed Kgtchum in 1951, and several TPMs have been
developed and refined to apply the concept towards water quality modeling of a variety of constituents,
including bacterigkuo and Neilson 198&uo, Park et al. 2005hen, Sun et al. 20p5

TPMs perform simulations on a tidal cycle time scale, which is on the order of 12 hours depending on
the location. Data requirements are fairly low for TPMs compared to some other mechanistic receiving

water models, and as such they can only be usedrfaller tidal basins and estuaries since one of the

key assumptions is that the tide rises and falls simultaneously throughout each modeled segment.

Model hydrodynamics are typically validated using a conservative tracer, such as salinity. Simple
bacteriadynamics of first order decay are generally assumed. Because no software has been developed
for tidal prism model development, models are generally programmed in Microsoft Excel, FORTRAN, or
other programming environments; as such, source code is gdnenailable for the applications.

WWTF

There are a total of 14 Texas Pollutant Discharge Elimination System (TPDES) permitted facilities in the
San Bernard River Watershed that discharge treated wastewater to the river or one of its tributaries.
These fants are listed in Table 1 and are shown in Figure 5. One additional facility (permit number
WQO0014948001) is permitted for discharge into subbasin 20, but is not in operation yet.

Of the permitted facilities located within the watershed, domestic treatrfacilities were the focus of
the study because of their potential impact on bacteria concentrations. Industrial dischargers in the
watershed were not generally investigated.

Flows reported by each facility on their Discharge Monitoring Report (DMR) wbtained from the
USEPA PCS online database for the period 2000 through 2010, when available. Missing data were
completed for short periods (generally five or more missing data points) by using the average of the
previous and subsequent flow valuesndr periods assumed the previous flow value as a constant
input. None of the plants have a permitted flow greater than 1 MGD which is the threshold for
consideration as a major facility, requiring dechlorination of effluent and additional
monitoring/reporting requirements as well as other requirements. Flows for domestic WWTFs were
assumed to be constant over the entire month and bacteria levels were assumed to be 126 MPN/dL.
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Table 1. Wastewater Treatment Facilities in San Bernard River Watershed

Permit .
P tt Fl
Subbasin Name Location erm:v'ng ow
Number ( )
New ULM WSC Bernard RD, 1 mi SE
1 WWTP Intx FM WQO0013655001 0.05
New ULM, TX 78950
FM RD 1093 & ST
City of Wallis
11 WWTP HWY 36 WQO0010765001 0.2
Wallis, TX 77485
106Fit Id St.
Wharton County ObFitzgerald S
13 East Bernard, TX WQO0014019001 04
WCID No. 2
77435
. 1,500 Ft E Farm Market RD 2219
21 City of Kendleton Kendleton, TX WQ0010996001 0.08
WWTP ' '
77451
250 ft NW Int W Live Oak &
Hungerford Mud No. 1
ung WWT;' Haber WQ0013240001 0.08
22 Hungerford, TX 77448
Straightway Inc. Interx FM 1161 & CR 218
WQ0014040001 0.03
WWTF Hungerford, TX 77448 Q
) ) 14206 Church Street,
32 City of Needville Needville, TX 77461 WQ0010343001 0.4
Needville ISD Roesler RD and Danhouse RD,
33 . WQ0012010001 0.036
WWTP Needville, TX 77461
Sthwy 35, 570 ft East
Autumn Shadows
36 Sthwy 35 WQ0013796001 0.007
WWTF
Danbury, TX 77534
N End of Ave. A on W Bank of
City of Sweeny WQ0010297001 0.975
Sweeny, TX 77480
Bernard Timbers USHWY 90A, 1.4M NE
USHWY 90A & WQ0012097001 0.021
37 WSC
East Bernard, TX 77435
. . One Mile West of
City of Brazoria Intersection WQ0014581001 0.75
WWTP . '
Brazoria, TX 77422
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Permit .
. . Permitted Flow
Subbasin Name Location MGD
Number ( )
Wild Peach 1miSof STHWY 36 @ PT 4.5 mi
WQ0014893001 0.01
Elementary WWTP S West Columbia, TX 77486 Q
0.5 mi N Intx Sthwy 36
Clemens Unit Wy
40 WWTP & FM 200 WQO0010878001 0.54
Brazoria, TX 77422
;\:—\Wté:‘ :\_\\g
\ 13655001 )]
\\ / i;‘é Waller
. *\-!(h\’12097-001 :Lﬁ ~ L\ ‘‘‘‘‘
awnson e S
)
,/ \ k\ 14040-001
i 132&&001;
Legend A Wastewater Treatment
* Wﬁs‘eﬁi::“"a” Facility Locations
Urban Area ) m:;gmm § Sitenibar 3011
Data Sources. HGAC, TCOON, TNRIS (Strat Map) o m
Page |16 San Bernard Watershed Protection Plan September2011




SANITARYSEWEROVERFLOWS

SSOs are releases of untreated wastewater, including domestic, commercial, and industrial wastewater.
These releases usually occur as the results of a break, stoppage, or exceedance of capacity in the
sanitary sewer conveyance system. If not directly disgld into the river, the overflows will typically

drain to the storm water conveyance system which can then carry the overflows to the river.

SSO data were obtained byGAC and are shown in tabular format for the project area in Table 2.
Latitude and lagitude coordinates were not provided with the SSO data; therefore, SSOs were located

in the watershed using their street address. In cases where the street address was not provided or could
not be located, the SSO was assigned to the same subbasin &WhE-. A total of six SSOs were
reported during the period between June 2, 2002 and July 3, 2007. Flows associated with these SSOs
range from 4,000 gallons to 200,000 gallons. Bacteria levels for SSOs were assumed to be 100,000
MPN/dL and were conservaéily assumed to occur at a constant flow rate over the entire month that

the SSO was reported.

Table 2 Sanitary Sewer Overflows in San Bernard River Watershed

Subbasin WWTF Location SSO Flow Dates of
(MGD) Occurrence
. 1,500 Ft B-arm Market RD
City of 2919
21 Kendleton Kendleton. TX 0.04 5/31/2003
WWTP '
77451
33 Needville ISD Roesler RD and Danhouse RD 0.00399428 5/31/2005
WWTP Needville, TX 77461 '
Citv of Brazoria One Mile West of 0.06 6/20/2006
yWWTP Intersection 0.103 12/11/2006
37 Brazoria, TX 77422 0.04 7/3/2007
City of Sweeny | | End of Ave. Aon W Bankof| o 6/2/2002
y y Sweeny, TX 77480 '
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ON-SITEEWAGHACILITIES

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

Households associated with failing septic systems were calculated based on extending SELECT
assumpions. These assumptions included that 60% of the OSSFs were unregulated (i.e., built before
1989) based on the minimum percentage of unregulated systems in {B&E septic system database.
Unregulated OSSFs were assumed to have a failure rate of 50@oradnilated OSSFs (i.e., those built

after 1989) were assumed to have a failure rate of 12%.

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

e The minimum distance to thstream: this distance was set as 0.4 km based on the dataset
provided by HGAC for septic systems for a portion of the study area.

e The number of individuals associated with septic system: the number of persons per household
was assumed to be 2@ rson based on previously established assumptions used in SELECT;

e The amount of discharge associated with septic systems: based on previous SELECT
assumptions, a discharge of 70 gallons/person/day was used in SWAT.

e The concentration of bacteria associdtenith OSSF discharge: Bacteria concentrations
associated with failing systems was assumed to be 500,000 MPN/dL.

Based on the assumptions described above, a total of 6,817 failing OSSFs were simulated in the SWAT
model within the San Bernard River Watezdh Failing OSSF density throughout the watershed is
presented in Table 3 and a plot of the septic systlmsitiesby subbasin is shown in Figure 6.

Table 3 Failing Onsite Sewage Facilities in San Bernard River Watershed

Subbasin (Sker‘r??)c Density z(i;t;mce from the Strean
1 5.48 0.422
2 4.89 0.422
3 12.40 0.422
4 13.80 0.422
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Septic Density

Distance from the Strean

Subbasin (ki) (km)

5 9.33 0.422
6 6.16 0.422
7 7.78 0.422
8 10.28 0.422
9 11.65 0.422
10 20.05 0.422
11 17.75 0.422
12 7.73 0.422
13 9.53 0.422
14 15.69 0.422
15 16.17 0.422
16 21.41 0.422
17 25.80 0.422
18 27.63 0.422
19 16.40 0.422
20 36.91 0.422
21 21.88 0.422
22 18.89 0.422
23 32.28 0.422
24 17.82 0.422
25 17.91 0.422
26 60.93 0.422
27 33.69 0.422
28 19.10 0.422
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Septic Density

Distance from the Strean

Subbasin (km‘l) (km)

29 42.52 0.422
30 23.26 0.422
31 33.20 0.422
32 24.24 0.422
33 21.21 0.422
34 10.02 0.422
35 37.38 0.422
36 129.31 0.422
37 77.54 0.422
38 61.05 0.422
39 51.49 0.422
40 7.70 0.422
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AGRICULTURE
Although no CAFOs exist within the San Bernard River Watershed, there are a significant number of
livestock farms in the watershed that can serve as a potential source of bacteria.

Livestock estimates were obtained from the National Agriculture Statls&ervice Census, which
provides livestock estimates by county. Shown in Table 4 are estimates for 2007 for cattle, sheep and
goats and horses. For input into SWAT, livestock estimates were aggregated based on Animal Equivalent
Units (as shown in Tabty and were applied to range areas and 90% of pasture areas (as shown in Table
5). The concept of animal equivalent units is well known in agriculture

Table 4:County Animal Census Results and Animal Equivalent Units
Animal Animal Equivalent Units | County Population
Cattle 1.000 Austin 70,184
Brazoria 78,560
Colorado 98,283
Fort Bend 46,206
Wharton 76780
Sheep& Goats 0.175 Austin 1,930
Brazoria 5,481
Colorado 1,036
Fort Bend 1,258
Wharton 3,591
Horses 1.250 Austin 3,491
Brazoria 5,367
Colorado 1,897
Fort Bend 3,105
Wharton 1,942

Bacteria loading associated with livestock is simulated using the grazing management option in SWAT.
Livestock grazing was associated with hay and range lands (both herbaceous and brush). For each
subwatershed and hydrologic response code, the modeliireg information on the number of grazing

days, the amount of manure produced by the livestock and the amount of biomass eaten. The number

Page |22 San Bernard Watershed Protection Plan September2011



of grazing days in the watershed was assumed to be 365 days per year and the dry weight of biomass
consumed was 18ry kg/day per animal (Coffey, 2010). Presented in Tables 5 and 6 are assumptions
used for livestock manure characteristics to specify required SWAT parameters.

WILDLIFE ANONMANAGEANIMALCONTRIBUTION

Deer, feral hogs, and geese are typical in tidershed. A typical value for deer densities in the area,
based on the Deer DensityMap provided by the Quality Deer Management Association estimated on
average 30 head per acre, with a range of between 15 and 45 head per acre. Deer were assumed to be
prevalent in 90% of pasture areas plus forested areas (both mixed deciduous and evergreen) based on
previous SELECT modeling assumptions.

Feral hogs were assumed to have a density of five hogs per square kilometer based on values applied in
the SELEQWodeling. SELECT data also provided a density of three hogs per square kilometer for bare
land area, however that land use was not included in the SWAT model.

Three types of geese were evaluated: light goose species, Greater-Wbiteed Goose, and Canada
Goose). The three geese species were aggregated into a single wildlife species, primarily made up from
the light goose species. Geese densities were based on data providedsBCHand as per guidance

with the data, were assumed to be in agricultural aéstal marsh/prairie areas.

Bacteria loading associated with wildlife is simulated using the continuous fertilizer option in SWAT. For
each subwatershed and hydrologic response code, the model requires information the number of days
fertilizer is appgkd, the frequency of fertilizer application, and on the amount of manure produced by
the wildlife.  The number of days fertilizer is applied was assumed to be 365 days per year and
frequency of fertilizer application was once per day (the most frequgniton). For the manure
production input, the total production for all wildlife in a subbasin was summed and input as a single
value and bacteria concentrations are adjusted to reflect the variation expected in bacteria
concentrations in manure. Presenteéd Tables 5 and 6 are assumptions used for wildlife manure
characteristics to specify required SWAT parameters.

DOMESTI®ETS

Domesticated animals, such as dogs and cats, can be a source of bacteria to San Bernard River
Watershed via nonpoint source maff from high and low density residential land uses. The American
Veterinary Medical Association (2007) reports that 37.2% of all households own a dog and 32.4% of the
households own cats. Using U.S. Census data at the tract level (U.S. Census BOo&alwceAsus
population estimates were used to determine the approximate number of domestic pets within the
project area; an average of 0.8 pets per household was used for this study based on the inputs for the
SELECT modeling. Domestic pets were assuméd distributed to the same land uses as used for
septic systems, urban and rural areas (i.e., range land uses).
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Table 5 Manure Physical Characteristics for Animals

Animal Production Moisture Production (dry Source(s)
kg/day/animal)
(kg/day/animal)
Livestock (used values fq 1,3,4
beef cattle) 36-58 85% 5.4-8.7
Geesqused values for - - 0.03¢0.18 2,3
Deer 4.5 75% 1.1 3
FeralHogs(used values fol 1
swine) 84 86%" 12.6
Dog 0.45 75%" 0.11 5

Source 1: ASAE Manure Production Standgrdgs)

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

Source 3: Parajuli, 2006WAT Bacteria StModel Evaluation And Application
Source 4: Coffey all., 2010. Development of Pathogen Transport model for Irish Catchments with SWAT

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

Notes:  assume equivalent to sheétassume equivalent to livestock

Table 8 Manure Bacteria Characteristics for Animals

Animal Fecalcoliform concentration Source
(cfu/day-animal)’
Livestock 4.29x16-3.3 x 10’ 1,2
Geese 8.00 x 16 1
Deer 2.78x16-3.6 x 16 1,2
Feral hogs 7.06 10-3.3x 16° 2,3
Dog 4.50 x 18-3.97 x 18 1,2
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http://dnr.mo.gov/env/wpp/tmdl/1381-l-sac-r-tmdl.pdf
http://www.dep.state.fl.us/water/tmdl/docs/tmdls/final/gp2/fecaltmdl_ortegarive.pdf

Source 1: Bacteria Source Loading Calculator, Virginia Tech (2@2&www.tmdl.bse.vt.edu/outreach/C85/

Source 2: SELECT modeling

Source 3: Assumed same as livestock

MODELCALIBRATION

Model calibration is the process where the model input parameters are adjusticthe simulated

data from the model match with observed data. Model inputs and parameters (as identified in this
section) related to watershed/landscape processes will be adjusted to match the measured and
simulated flow, sediment, and nutrients a@klocations in the watershed. During the calibration
process, model parameters will be adjusted within literature recommended ranges or based-on site
specific considerations as appropriate. Model calibration is an iterative procedure that is achienged us
a combination of best professional judgment and quantitative comparison with a subset of the
measured data.

Model parameters for both the SWAT and Tidal Prism Models were adjusted to minimize differences
between measured and simulated flow and watemlfjty trends at key locations. All model parameters
will be adjusted within reasonable ranges recommended in published literature or based -@Gpedific
considerations.

WATERSHERIODEIC SWAT

MODEL SET-UP

The first task was to compile and review avdigbhysical, water quality and source data for the system.
This evaluation included the water quality data at all eight monitoring sites, flow data from the USGS
gauge in the San Bernard River watershed (USGS gage number 08117500), local meteorolagical dat
land use data, and topographic information. With data compiled, the next step was to set up the
watershed model and the stream model, using the available topographic information.

WATERSHED DELINEATION

The watershed delineation for the San Bernard Rigesroutlined in the project QAPP, was proposed to

be based on the boundaries used for the SELECT modeling. However, there were several streams that
were not adequately represented in the SELECT model that warranted additional refinement of the
subbasins.Additionally, the SELECT subbasins were not aligned with monitoring station in the
watershed. Therefore, the subbasins were redelineated using the SWAT automatic delineation process.

The automatic delineation requires input a Digital Elevation ModaiA)D&hich for the San Bernard
River was based on the USGS National Elevation Dataset (NED). During the automatic delineation
process, the model identifies stream segments and calculates flow direction and accumulation. Each
subbasin contains only one rdaand the length is determined by the subbasins boundary. The DEM
used for watershed delineation is presented in Figure 6.
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Figure 6¢ Digital Elevation Model used for Subbasin Delineation
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Next, subbasioutlets, inlets of draining watershed and point sources input were manually added to the
model after the stream network had been created. SWAT will add an outlet to each connection of
streams linking two subbasins. The user has the opportunity of rdtéhiese outlets by adding more

outlets (e.g., at monitoring stations of interest), removing outlets or redefining the outlet. The last step

for setting the model is the selection of watershed outlets. SWAT will have the user select the

watershed outlethat drains the watershed. After all outlets, inputs and point sources have been input,
SWAT will calculate the subbasin geomorphic parameters and the relative reaches for each subbasin and
finishes setting up the project. SWAT calculates the lengthaicin esach.

After delineation of the subbasins, SWAT conducts a Hydrologic Response Unit (HRU) analysis. An HRU
is a portion of the watershed that contains a representative soil type, land use classification, and slope.

To derive the HRUs for each subims, SWAT requires inputs of land use and soil files. Land use data for

the SWAT model was obtained from the USGS 2006 Land Use Land Cover. These land use classifications
were aligned with SWAT classifications as shown in Table 7. The land use usgdder HRU analysis

is presented in Figure 7 and the relative areas of land uses within the model are presented in Table 8.

Table 7¢ Land Use Assignments for SWAT

HGAC Class Classification
Open Water WATR
Developed, Low Intensity URLD
DevelopedMedium Intensity URMD
Deciduous Forest FRSD
Evergreen Forest FRSE
Mixed Forest FRST
Shrub/ Scrub RNGB
Herbaceous RNGE
Hay/Pasture HAY
Cultivated Crops AGRR
Emergent Herbaceous Wetlands WETF
Woody Wetlands WETN
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Soils for the HRU analysis were based on the State Soil Geographic Database (STATSGO) soils dataset
available from USEPA through their BASINS datasets. Soil data were classified based on the STATSGO

polygon number (i.e., MUID) to krthe dataset to the U.S. Soils database within SWAT and then

imported in the SWAT model. The soils dataset used for HRU analysis is presented in Figure 8 and is

summarized in Table 9.

Table8 ¢ Land Use Distribution in SWAT

Land Use Area (hectares) Percentage
AGRR 87570.57 36.4%
FRSD 7172.578 3.0%
FRSE 7032.947 2.9%
FRST 24.39151 0.0%
HAY 85294.46 35.4%
RNGB 8666.688 3.6%
RNGE 28.0254 0.0%
URLD 4444.126 1.8%
URMD 89.40324 0.0%
WATR 625.8691 0.3%
WETF 33383.01 13.9%
WETN 6457.821 2.7%
GrandTotal 240789.9 100.0%

Table9 ¢ Soils Included in the SWAT Model

Soil Type |Major Soil Component |Area (hectare) |Percentage Curve Number Range
TX031 |Asa 2839.3¢ 1% 54 - 61
TX162 Edna 1012.44 0% 74 - 78
TX163 Edna 22172.0¢ 9% 72 - 84
TX185 Francitas 1449.6¢ 1% 79 - 79
TX220 Harris 2820.74 1% 75 - 87
TX249 Katy 12895.7] 5% 74 - 84
TX276 Lake Charles 34767.71 149 74 - 87
TX277 Lake Charles 12256.71 5% 74 - 84
TX356 Nada 53565.3¢ 229 74 - 84
TX423 Pledger 38558.41 169 72 - 87
TX539 Surfside 3609.7( 1% 74 - 87
TX550 Telferner 14330.3§ 6% 74 - 84
TX571 Tremona 10207.61 4% 65 - 72
TX618  |Wockley 30303.97 139 65 - 80
Total 240789.889 1009 54 - 87
Page |29 San Bernard Watershed Protection Plan September2011



Figure 8 Soils in San Bernard River Watershed
Finally, information on slopes was required to complete the HRU analysis. Slope characterization was

based on the NED data used for the watershed delineation earlier in the modap ggbcess. The San
Bernard Watershed was considered to be relatiflgdyy The slopes were defined with two classes. The
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