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Permitted StormwaterPermitted Stormwater
Segmt. Receiving Stream

TPDES 
Number

Total 
Area 

(acres)

Area under 
MS4 Permit 

(acres)

Percent of 
Watershed 

under 
(MS4)

1101 Clear Creek Tidal WQ0004685000 24,346.7 19,271.4 79%

1101B Chigger Creek WQ0004685000 9,526.2 4,127.3 43%

1102 CC above Tidal WQ0004685000 33,084.3 15,366.8 46%

1102A Cowart Creek WQ0004685000 12,380.3 6,476.3 52%

1102B Mary’s Creek WQ0004685000 10,375.3 9,316.6 90%

1102C Hickory Slough WQ0004685000 4,935.7 4,739.9 96%

1102D Turkey Creek WQ0004685000 6,482.0 4,829.3 75%

1102E Mud Gully WQ0004685000 6,009.1 4,967.7 83%

1101D Robinson Bayou WQ0004685000 3,480.8 2,475.9 71%



Sampled Runoff Sites 2006Sampled Runoff Sites 2006



Stormwater LoadsStormwater Loads –– 2006 Data2006 DataStormwater Loads Stormwater Loads 2006 Data2006 Data

Geomean Geomean of Geomean Geomean of
2nd Storm Sampling

WQM
1st Storm Sampling

Geomean 
of E.coli 

Load 
(MPN/day)

Geomean of 
Enterococci 

Load 
(MPN/day)

Geomean 
of E.coli 

Load 
(MPN/day)

Geomean of 
Enterococci 

Load 
(MPN/day)

WQM 
Station 

ID
Tributaries

(MPN/day) (MPN/day) (MPN/day) (MPN/day)
R1 DITCH # 11 DD2  3.05E+07 5.07E+11

17068 Hickory Slough 1.48E+12 9.34E+11
F1 Turkey Creek 9.01E+12 9.56E+13y

16473 Mary's Creek 9.95E+12 9.80E+13
11425 Cowart Creek 1.80E+12 1.28E+13
16493 Chigger Creek 2.13E+10 2.14E+13gg
16611 Magnolia Creek 2.27E+12 3.44E+13
18818 Unnamed Tributary 3.67E+11 5.69E+10
16486 Robinson Bayou 9.07E+11 3.80E+12

2.23E+13 3.54E+12 2.29E+14 3.82E+13Total
Orange Color indicates Max and Green indicates Min Load.



Pipe Recon 05Pipe Recon 05--0606



FC from GCHD Discharge DataFC from GCHD Discharge DataFC from GCHD Discharge DataFC from GCHD Discharge Data

Segment Stream Name Number of Fecal Fecal Coliform Segment Stream Name Coliform  Samples Geometric Mean
(cfu/100mL)

1101 Clear Creek Tidal 27 179 81101 Clear Creek Tidal 27 179.8
1101B Chigger Creek 31 230

Clear Creek above 
1102 Tidal 38 409.7

1102A Cowart Creek 11 481
1102B Mary's Creek 97 376 51102B Mary s Creek 97 376.5
1102C Hickory Slough 74 273
1102D Turkey Creek 23 103.7
1102E M d G ll 37 290 51102E Mud Gully 37 290.5

Yellow indicates 200 – 400 cfu/100 ml and orange indicates > 400 cfu/100ml



Dry weather PipeDry weather Pipe
Bacteria LoadingBacteria Loading

Segment Stream Name

Ranking of 
Dry Weather 
Pipe Flow 

V l

Ranking of Dry 
Weather Bacteria 
Concentrations 

F Pi O tf llValue From Pipe Outfalls

1101 Clear Creek Tidal Medium Low
1101B Chigger Creek Low Mediumgg
1102 above Tidal High High

1102A Cowart Creek Low High
1102B Mary's Creek High Medium
1102C Hickory Slough ND ND
1102D Turkey Creek ND Low
1102E Mud Gully ND Medium
1101D Robinson Bayou Low ND



Livestock/ManureLivestock/ManureLivestock/ManureLivestock/Manure

Segment Stream Name Cattle & 
Calves-all

Dairy 
Cows Horses Sheep Hogs Ducks Geese Chickens Turkeys Ducks & 

Geese
Chickens & 

Turkeys

1101 Clear Creek Tidal 46 0 5 1 0 1 0 8 0 1 91101 Clear Creek Tidal 46 0 5 1 0 1 0 8 0 1 9
1101B Chigger Creek 115 0 9 1 1 2 1 8 1 2 9

1102
Clear Creek 

b Tid l 37 0 2 0 1 0 0 62 0 0 621102 above Tidal 37 0 2 0 1 0 0 62 0 0 62
1102A Cowart Creek 8 0 1 0 0 0 0 1 0 0 1
1102B Mary's Creek 595 0 34 5 19 2 3 769 2 5 771
1102C Hickory Slough 583 0 29 6 22 0 3 969 1 3 971
1102D Turkey Creek 802 9 93 14 9 17 4 160 3 21 163
1102E Mud Gully 193 2 22 3 2 4 1 39 1 5 391102E Mud Gully 193 2 22 3 2 4 1 39 1 5 39
1101D Robinson Bayou 306 0 25 1 3 5 2 22 2 7 24



OSSFsOSSFs



OSSF LoadsOSSF LoadsOSSF LoadsOSSF Loads
OSSF Estimate  OSSF data 

from Harris # of Estimated Loads 
9Segment Stream Name using 1990 

Census method

from Harris 
County and 

OARS

Failing 
OSSFs

from OSSFs ( x 109 

counts/day)

1101 Cl C k Tid l 9 54 21 1551101 Clear Creek Tidal 9 54 21 155
1101B Chigger Creek 37 4 33
1102 Clear Creek above 420 72 59 435

1102A Cowart Creek 22 3 19
1102B Mary's Creek 12 1 11
1102C Hickory Slough 1 0 1y g
1102D Turkey Creek 0 0 0
1102E Mud Gully 23 3 20
1101D Robinson Bayou 0 0 01101D Robinson Bayou 0 0 0



Domesticated AnimalsDomesticated AnimalsDomesticated AnimalsDomesticated Animals
Segment Stream Name Dogs Cats Total 

(cfu/day)

X 109

g g (cfu/day)
1101 Clear Creek Tidal 4,313 803 5,116

1101B Chigger Creek 1,582 295 1,876gg , ,
1102 Clear Creek above Tidal 4,282 797 5,079

1102A Cowart Creek 2,282 425 2,706
1102B M ' C k 1 312 244 1 5561102B Mary's Creek 1,312 244 1,556
1102C Hickory Slough 356 66 423
1102D Turkey Creek 1,291 240 1,5311102D Turkey Creek 1,291 240 1,531
1102E Mud Gully 122 23 145
1101D Robinson Bayou 861 160 1,021
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TMDL WQ StationsTMDL WQ Stations



LDC SchematicLDC Schematic
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Chigger Creek LDCChigger Creek LDCChigger Creek LDCChigger Creek LDC
1.E+05

1.E+04

y)

Load at WQ Criterion

Load at WQ Target

EC Ob ti

1.E+02

1.E+03

ai
ly

 L
oa

d 
(1

09 /d
ay EC Observations

Wet Weather Influenced EC Observations

1.E+00

1.E+01

sc
he

ric
hi

a 
co

li  
D

a

1.E-01

E
s

1.E-02
0 10 20 30 40 50 60 70 80 90 100

Flow Exceedance Percentile



Reductions for Freshwater Reductions for Freshwater 
SegmentsSegments

Indicator Segment WQM Station Stream Name

% Reduction Required

Bacteria 
Species

Instant-aneous Geo-mean

1101B 16493 Chigger Creek E. coli 27% 54%
Clear Creek

Segment WQM Station Stream Name

1102 14229
Clear Creek 
above Tidal E. coli 62% 26%

1102A 16477 Cowart Creek E. coli 35% 0%
1102B 16473 Marys Creek E. coli 0% 48%y
1102C 17068 Hickory Slough E. coli 14% 25%
1102D 17069 Turkey Creek E. coli 58% 0%
1102E 17071 Mud Gully Fecal coliform 92% 74%
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Tidal BoundaryTidal Boundary



Tidal prism modelTidal prism model

Volume of water between low and high tide levelsg
Model incorporates the following sources of ENT

Storm water runoff loadingsStorm water runoff loadings
WWTP point source loadings
Tidally-influenced loadingsTidally-influenced loadings

ENT removal mechanisms include
N t t i  fl  l diNet estuarine flow loadings
Decay (first-order)



Tidal prism conceptual modelTidal prism conceptual model
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Tidal prism model for Clear Creek TidalTidal prism model for Clear Creek Tidal

Time variable (1 hour time steps)
11 h  i  i  t  d 6 f  j  11 reaches in main stem and 6 for major 
tributaries
Simulation period: 1/1/2000 to 9/30/2006



Tidal prism final model segmentationTidal prism final model segmentation



Input dataInput dataTide elevations from NOAA gage at 
Cl  L k

Tide elevations from NOAA gage at 
Cl  L kClear LakeClear Lake

Cross-sectional areas for boundaries 
of reaches

Cross-sectional areas for boundaries 
of reaches

Support volume and flow 
calculations

of reachesof reaches

Flows and concentrations for u/s 
freshwater streams 

Flows and concentrations for u/s 
freshwater streams 

Boundary conditions for five 
headwaters. Load is Q*C

Storm water runoff daily flows and 
concentrations

Storm water runoff daily flows and 
concentrations

WWTP daily flows and maximum 30-
day geomean concentrations

WWTP daily flows and maximum 30-
day geomean concentrations

Flows and loads to the system. 
Load is Q*C

Flows and concentrations for 
tributaries with no reach in the model

Flows and concentrations for 
tributaries with no reach in the model

First-order decay rateFirst-order decay rate Removal mechanism



Conductivity calibrationConductivity calibration
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Enterococci calibrationEnterococci calibration
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Enterococci calibration Enterococci calibration –– time seriestime series
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Enterococci calibration Enterococci calibration –– time series time series ––cont’dcont’d
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Enterococci calibration Enterococci calibration –– time series time series ––cont’dcont’d
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Required reductions Required reductions –– geometric meangeometric mean
Clear Creek TidalClear Creek Tidal

200

140

160

180

nt
s/d

L)

0% reduction
60% reduction
70% reduction
80% reduction

80

100

120

140

tri
c M

ea
n 

(co
u 80% reduction

90% reduction
Final

40

60

80

EN
T 

Ge
om

et

Geomean WQ criterion

0

20

0510152025

92% reduction 
reaches A-B 70% reduction 

Distance from End of Segment 1101 (km)



Required reductions Required reductions –– single sample criterionsingle sample criterion
Clear Creek TidalClear Creek Tidal
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Required reductions Required reductions –– geometric meangeometric mean
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Required reductions Required reductions –– single sample criterionsingle sample criterion
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Summary required percent reductionsSummary required percent reductions

WQ WQ 
SegmentSegment

WQ WQ 
StationStation Stream NameStream Name

% Reduction Required% Reduction Required

InstantaneousInstantaneous GeomeanGeomean
11011101 1657216572 Clear Creek TidalClear Creek Tidalaa 71%71%bb 72%72%bb

1102A1102A 1142511425 Cowart CreekCowart Creekaa 85%85% 74%74%
1101A1101A 1647216472 Chigger CreekChigger Creekaa 86%86% 36%36%
11011101 1661116611 Magnolia CreekMagnolia Creek 99%99% 94%94%

a Reductions are calculated assuming that the upstream freshwater segment (addressed using LDC) meet the 
WQS of 35 counts/dL

1101D1101D 1647516475 Robinson BayouRobinson Bayou 93%93% 83%83%

b Overall reduction for the entire main stem
The bacteria indicator in tidal segments is Enterococci



TMDL calculations for tidal segmentsTMDL calculations for tidal segments

Loads (counts/day)Loads (counts/day)
WQ WQ 

SegmentSegment Stream NameStream Name
( y)( y)

TMDLTMDLaa MOSMOSbb WWTP WWTP 
WLAWLAcc

MS4 MS4 
WLAWLAdd LALAee

11011101 Clear Creek Clear Creek 5 26E 125 26E 12 2 63E 112 63E 11 3 60E 103 60E 10 3 67E 123 67E 12 1 29E 121 29E 1211011101 Clear Creek Clear Creek 
TidalTidal 5.26E+125.26E+12 2.63E+112.63E+11 3.60E+103.60E+10 3.67E+123.67E+12 1.29E+121.29E+12

1102A1102A Cowart CreekCowart Creek 1.33E+111.33E+11 6.65E+096.65E+09 00 1.26E+111.26E+11 00

1101A1101A Chigger CreekChigger Creek 1 39E+111 39E+11 6 96E+096 96E+09 00 1 32E+111 32E+11 001101A1101A Chigger CreekChigger Creek 1.39E+111.39E+11 6.96E+096.96E+09 00 1.32E+111.32E+11 00
11011101 Magnolia CreekMagnolia Creek 4.09E+104.09E+10 2.05E+092.05E+09 8.74E+088.74E+08 3.80E+103.80E+10 00

1101D1101D Robinson BayouRobinson Bayou 6.28E+106.28E+10 3.14E+093.14E+09 00 3.94E+103.94E+10 2.03E+102.03E+10
a Sum of WWTP, stormwater runoff, and tributary loads discharging directly to the WQ segment that result in 
attainment of the WQ criteria
b TMDL*0.05
c Sum of loads from the WWTP discharging to the segment. Individual loads are calculated as permitted 
fl *35 f /dL* i  f t

g g g p
flow*35 cfu/dL*conversion factor
d MS4 WLA = (TMDL – MOS – WWTP WLA)*percent of drainage area covered by MS4 permits
e LA = TMDL – MOS – WWTP WLA – MS4 WLA


