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Topics

• Official project name “Support for a 
Total Maximum Daily Load for 
Indicator Bacteria at Poenisch Park, 
Segment Number 2481CB_06”

• Poenisch Park Project Timeline

• Poenisch Park Watershed Description

• Water Quality Measurements & 
Wet/Dry Differences

• Modeling 

• Results

• Questions?



Poenisch Project Timeline

• Summer 2017: Initiation of project

• Sept 2017 start of QAPP/ TSD Work

• 2017-2019 changes in measurements/modeling leading to 3 models

• Draft TSD submitted 10/5/2020 – reviews & discussions

• 2020-2022 – COVID – team change at TCEQ

• Sept 2022 – Present: project restart, consensus on modeling, resubmitted QAPP, 
presently working on new QAPP focused on just the model

• Next: Finalize TSD and TMDL with TCEQ modeling team

• TCEQ personnel involved in project: Lauren Young – Chris Loft - Gerrad Hofmans – 
Roger Miranda - Tim Cawthon – Wyatt Eason – Manashi Paul - Sam Bickley

! All information presented is preliminary pending revisions and approval of TSD !



Poenisch Park Watershed: One of Several Small 
Watersheds along Corpus Christi Bay

Wet conditions 
when it rains 
(June 20, 2018)

Mostly dry 
conditions 
(December 24, 
2020)



Poenisch Park Watershed

The total area of the Poenisch Park Watershed is about 65.4 acres and 
about 151 households



Poenisch Park Watershed Contributions to 
Load

Land 

Cover/Use

Load 

Contribution 

per Square 

(CFU/inch)

# of 

Squares
Total CFU/inch Overall %

% per 

Square

Parks 

(PARK)
2.514×109 38 9.55×1010 1.51 0.04

Commercial 

(PO)
1.986×1010 13 2.58×1011 4.09 0.31

Residential 

Medium (ER)
2.269×1010 158 3.59×1012 56.79 0.36

Residential 

Low (LDR)
2.793×1010 85 2.37×1012 37.61 0.44

Total 7.299x1010 294 6.31x1012 100 .00 -

NLCD Land Use Description
City Land Use 

Description
CODE Acres Percentage

Developed, High Intensity Professional Offices PO 2.89 4.42

Developed, Low Density Low Density Residential LDR 18.90 28.91

Developed, Open Space Parks PARK 8.45 12.93

Developed, Medium 
Intensity

Estate Residential ER 35.14 53.74

Total 65.38 100.00



Poenisch Park Determined to be Impaired

• 2020 Texas Integrated Report summary for the impaired AU

• Texas Beach Watch Data date range: 12/01/2011 - 11/30/2018

• All measurements are included for computation

Description AU

TGLO Beach 

Watch 

Monitoring 

Station ID

Method Parameter
Number 

Assessed

Number 

Exceeded

Percent 

Exceedance

Poenisch 
Park (Beach 

ID 
TX682648)

2481CB_06 NUE026

Texas 
Beach 
Watch 

Program 
Advisories

Enterococci 330 87 26.36



But Year to Year Exceedance is Highly Variable (10%-32%)

Year
Number 

Assessed

Number 

Exceeded

Yearly 

Percent 

Exceedance 

(%)

7-Year Average 

Percent 

Exceedance (%)

2004 47 12 26 -

2005 40 6 15 -

2006 45 13 29 -

2007 60 19 32 -

2008 41 6 15 -

2009 51 15 29 24.5

2010 46 10 22 25.6

2011 53 17 32 27.7

2012 51 16 31 27.2

2013 44 11 25 25.0

2014 42 7 17 26.0

2015 47 11 23 25.9

2016 49 14 29 24.6

2017 39 4 10 24.2

• Percent exceedance above the BAV of 
104 CFU/MPN/100 mL computed 
based on the TGLO Beach Watch data. 

• 10 percent in 2017

• 32 percent in 2007 and 2011. 

• Mean: 23.9 percent +/- 3.6 percent

• 95 percent confidence interval 
estimated by assuming a normal 
distribution and using 1.96 x the 
standard error



Water Quality Measurements (TGLO Texas 
Beach Watch Program & City of Corpus Christi)
• Data: November 11, 2003 through July 24, 2018

• Total of 684 measurements

• Wet/dry split based on no precipitation over past 72 hours 

Data N Range Mean Median % ≥104 % <104

Wet 409 0-24,196 401 35 33.2 66.7

Dry 275 1-2,359 68 10 12.4 87.6

Overall Enterococci bacteria concentrations: 
Range: 0 – 24,196 CFU/MPN per 100/mL
Mean: 267 CFU/MPN per 100/mL
Median: 20 CFU/MPN per 100/mL



Precipitation: Measurements & Use of MPE

• MPE is a good estimate of precipitation during the study period

• All of the study area is part of only 1 MPE Cell – only 1 precipitation input to model

Comparison of the MPEs for the Poenisch Park 
Watershed and NAS-CC (2003-2018).

Comparison of MPEs and measurements for NAS-CC



Why 72 Hrs for Wet/Dry Split?
• Compare measurements with or without precipitation in the past 12-96 hours

•  Precipitation has strong influence up to 48 to 72 hours – 72 hours threshold 
selected

 

Number of 

Samples 

(with 

precipitation) 

Average 

CFU/MPN 

per 100 

mL 

% 

Events 

>104 

CFU/MP

N per 

100 mL 

Number of 

Other 

Samples  

Average 

CFU/MP

N per 

100 mL 

% Events 

>104 

CFU/MPN 

per 100 

mL 

At time of 

Measurement 
51 1,173 55 633 194 22 

Past 12 hours 130 810 48 554 140 19 

Past 24 hours 228 612 42 456 95 16 

Past 48 hours 332 471 38 352 75 14 

Past 72 hours 409 401 33 275 68 12 

Past 96 hours 455 371 32 229 72 11 

 



Modeling Runoff to Corpus Christi Bay
• Based on measurements and comparison with two other models, a simple model was selected

• All precipitation reaches the Poenisch outlet within about 3 hours

• Based on measurements use model with 50% (1hr) – 33% (2hr) and 17% (3hr) of precipitation reaching 

Poenisch outlet: 

• Runoff Volume: RV t = Τ1
2 MPE t + Τ1

3 MPE t − 1 + Τ1
6 MPE t − 2 x∑(𝐴𝐶𝑒𝑙𝑙x𝑅𝐶𝐶𝑒𝑙𝑙)

Flow comparison of models with measurements and MPE
∑ 𝐴𝐶𝑒𝑙𝑙xR𝐶𝐶𝑒𝑙𝑙

= Runoff per unit of rainfall

= 9.95x105 cubic feet per foot

RV(t) = Hourly runoff volume at 
time (t) in cubic feet per hour
MPE(t) = Hourly MPE 
precipitation at time (t) in feet 
per hour



Predict Flow & Load for Wet Conditions

• Stormwater runoff and load 
predictions from the simplified step 
model for the study period

Bacteria load computed by the 

simplified step model

L t = ൣ

൧

Τ1
2 MPE t + Τ1

3 MPE t − 1 e−ΚB +

Τ1
6 MPE(

)

t −

2 e−2ΚB ∑ 𝐴𝐶𝑒𝑙𝑙x𝑅𝐶𝐶𝑒𝑙𝑙 𝑥𝐸𝐶𝑎𝑣



List of Dry Weather 
Cases >500 CFU/MPN 
per 100 mL 

• 8 dry cases with indicator 
bacteria >500 CFU/MPN per 
100 mL

• High concentration dry cases 
in colder months, windier 
days, but no clear 
correlations with weather 
conditions or other forcings

Collection 

Time 

CFU 

/MPN 

per 

100 

mL 

Hours 

since 

Last 

Rain 

Event 

(hrs.) 

Max 

Wind 

Speed 

(mph) 

Direction 

Day 

Average 

Temp 

(°F) 

Day 

Temp 

Range 

(°F) 

Prev. 

Day 

Avg. 

Temp 

(°F) 

Prev. 

Day 

max 

Wind 

Speed 

(mph) 

Prev. 

Day Max 

Wind 

direction 

10/02/2013 2359 255 18 
S, SE, 
SSE 

86 
78-
93 

86 20 S, SE 

10/18/2011 2046 119 31 
S, N, 
NNW 

71 
59-
82 

79 18 S, SSE 

01/11/2005 1010 126 23 S, SSE 70 
59-
81 

72 23 S, SSE 

03/30/2004 990 359 12 
N, NW, 
E, SSE 

69 
54-
84 

71 29 
N, NE, 
NNE 

11/03/2009 980 176 15 N, NE, E 66 
53-
79 

66 13 
N, NNE, 

ESE 

10/08/2012 691 159 22 
N, NE, 
ENE 

67 
58-
75 

69 26 NNE 

11/04/2009 670 203 12 
NNW, N, 

NE, E 
66 

52-
78 

66 15 N, E 

04/12/2011 620 491 23 
E, NE, 
SSE 

69 
56-
81 

77 29 SSE, N 

Means 1171 236 20 - 71 
59-
82 

73 22 - 

 



Addressing Wet/Dry Bias

• We have a model for Enterococci concentration in AU for wet conditions

• We do not have a model for dry conditions

• Assume that the dry Enterococci concentration distribution during all dry days is the same 
as for Beach Watch dry samples

• Probabilistic allocation of daily dry weather concentration: CDWL (day) = Τ𝐥𝐧 𝒓𝒏𝒅 −𝝁
𝝈

where: 

CDWL (day) = Probabilistic 

Enterococci concentration dry 

weather concentration for day

μ and σ: parameters of the log 

normal distribution

rnd: random number between 

zero and one



Modeled & Measured Recurrence Frequency

Comparison of recurrence frequency curve for the TBW measurements and the 
study predictions for the study period.

• Red lines: important thresholds 
• ― Full dark line: recurrence 

curve based on Texas Beach 
Watch Measurements (only 
measurements)

• --- Dash line: model including 
full time series (every day/hour 
of study period)

• Note: vertical scale is 
logarithmic



Discussion

• The AU is officially impaired, 26.36% of Texas Beach Watch 
measurements above BAV of 104 CFU-MPN/100 mL (2020 Texas 
Integrated Report)

• Poenisch Park is a small watershed with precipitation rapidly reaching 
the bay (with 3 hours)

• Very high indicator bacteria concentrations are measured mostly 
associated with precipitation events

• Precipitation impacts significantly the AU for about 72 hours

• Model results depend if wet weather bias is corrected or not



Poenisch Park Project Questions?
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