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CHAPTER 1
INTRODUCTION

1.1 PROBLEM STATEMENT

The Houston Metropolitan Area project includes 27 segments (see Table 1.1) that
are on the Texas 2004 303(d) List for not meeting the contact recreation standard for
indicator bacteria. These segments are in a number of watersheds in the San Jacinto
River basin including, Greens Bayou Watershed, Halls Bayou Watershed, Hunting Bayou
Watershed, Brays Bayou Watershed, Sims Bayou Watershed, and the general Houston
Ship Channel Watershed. For the purpose of TMDL development, the project has been
subdivided into five sub-projects; Greens Bayou Watershed — Bacteria, Halls Bayou
Watershed — Bacteria, Brays Bayou Watershed — Bacteria, Sims Bayou Watershed, and
Eastern Houston — Bacteria (Figure 1.1). The Eastern Houston project contains all of the
segments in the Houston Ship Channel and Houston Ship Channel/Buffalo Bayou
watersheds. All of these segments are fresh water and Escherichia coli (E. coli) is the

indicator bacteria for contact recreation.
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Table 1.1 Water Quality Segments in the Project area

TMDL Project Name S Segment Name
Number
1006F Big Gulch Above Tidal
: 1006H Spring Gully Above Tidal
_1007F _Berry Bayou Above Tidal
_1007G _Kuhlman Gully Above Tidal
Eastern Houston - Bacteria - 1007H | Pine Gully Above Tl(_lal
10071 _Plum Creek Above Tidal
1007K Country Club Bayou
" 1007M ' Unnamed Non-Tidal Tributary of Hunting Bayou
10070 ' Unnamed Non-Tidal Tributary of Buffalo Bayou
' 1007R | Hunting Bayou Above Tidal
1016 _Greens Bayou Above Tidal
Greens Bayou Watershed — 10164 | arners Bay(.)u
Bacteria _1016B _Unnamed Tributary of Greens Bayou
1016C Unnamed Tributary of Greens Bayou
' 1016D ' Unnamed Tributary of Greens Bayou
1006D Halls Bayou below US 59
Halls Bayou Watershed — " 1006E Halls Bayou above US 59
Bacteria 10061 Unnamed Tributary of Halls Bayou
1006J) Unnamed Tributary of Halls Bayou
_1007B _Brays Bayou Above Tidal
1007C Keegans Bayou above tidal
Brays Bal);glcltgiitershed B 1007E Willow Waterhole Bayou Above Tidal
1007L Unnamed Non-Tidal Tributary of Brays Bayou
' 1007P | Brays Bayou Above Tidal
. 1007D Sims Bayou Above Tidal
Sims Ba)l;oauct\:;?;ershed - 1007N Unnamed Non-Tidal Tributary of Sims Bayou
1007Q Sims Bayou Above Tidal
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In 2000, the State of Texas adopted new bacteria standards for contact recreation.
The E. coli indicator bacteria standard was adopted for contact recreation in place of the
existing fecal coliform indicator bacteria. For fecal coliform, no sample should exceed
400 colony-forming units (cfu) per 100 mL for contact recreation. In addition, the
geometric mean should be less than 200 cfu/100 mL.

For E. coli, no sample should exceed 394 cfu/ 100 mL and the geometric mean
should be less than 126 cfu/100 mL (30 Texas Administrative Code 307.7(b)(A)).

The overall objective of this project is to establish the TMDL allocation equation
for the segments listed above.

There are three main tasks for WO 582-6-70860-04:

1. Project administration;
2. Participation in stakeholder process; and
3. Determination of Project Strategy.

Additionally, there are four main tasks to be completed for WO 582-6-70860-07:
1. Administer project;
2. Participate in stakeholder process;
3. QAPP/Sampling Plan/Data Management; and
4. Data Collection
This quarterly report summarizes the results for the two work orders for the

period September 2005 through August 2006.
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1.2 DESCRIPTION OF THE REPORT

This document constitutes the final quarterly report for Work Order No. 582-6-
70860-04 and the fourth quarterly report for Work Order No. 582-6-70860-07 of the
Bacteria in the Houston Metropolitan Area TMDL Project and summarizes the activities
undertaken by the University of Houston during the period September 2005 through
August 2006.

This report reflects the progress made towards all the tasks in the two Project
Work Plans listed previously.

Chapter 2 of the report presents a review of the historical data analysis; Chapter 3
presents the detailed sampling plan and activities; Chapter 4 documents the Quality
Assurance Project Plan (QAPP); Chapter 5 presents load duration curve development for
select stations in the Metro area watershed; and Chapter 6 presents the results from the

three sampling events conducted from May 06 through July 06.
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CHAPTER 2
HISTORICAL DATA REVIEW

This section presents a compilation of the analyses of historical monitoring data
for the Houston Metro area watersheds including data for rainfall, flow, TSS, fecal
coliform, and E.coli. There are 45 Harris County Office of Emergency Management
(HCOEM) rain gages in the watersheds within the study area (Figure 2.1). The average
annual rainfall for the period 2000-2004 ranged between 33 and 66 inches, with an
average of 50 inches. Figure 2.2 illustrates the historical annual precipitation ranges for
the entire Houston area obtained by statistically analyzing annual average data for all the
existing HCOEM gages (including those outside the TMDL area).

Thirteen USGS flow gages are located in the study area (Figure 2.3),
seven of which have relatively complete and current flow records as can be seen in Table
2.1. Figure 2.4 shows scatterplots of available flow data for the thirteen gages located in
the Houston Metropolitan area.

Table 2.1 Summary of USGS Gages in the Project Area

USGS Gage ID Site Name Segment | Begin Period End Period
8074800 IKeegans Bayou at Roark Rd nr Houston, TX 1007C 9/1/1964 9/30/1981
8074810 Brays Bayou at Gessner Dr, Houston, TX 1007B 10/1/1989 9/30/2004
8075000 Brays Bayou at Houston, TX 1007B 6/1/1936 9/30/2004
8075400 Sims Bayou at Hiram Clarke St, Houston, TX 1007Q 9/1/1964 9/30/2004
8075500 Sims Bayou at Houston, TX 1007D 10/1/1952 9/1/2001
8075650 Berry Bayou at Forest Oaks St, Houston, TX 1007F 5/1/1964 9/30/2001
8075770 Hunting Bayou at [H 610, Houston, TX 1007R 5/1/1964 9/30/2004
8075780 Greens Bayou at Cutten Rd nr Houston, TX 1016 10/1/1997 9/30/2002
8075900 Greens Bayou near US Hwy 75 nr Houston, TX 1016 8/3/1965 9/30/1992
8076000 Greens Bayou nearr Houston, TX 1016 10/1/1952 9/30/2004
8076180 Garners Bayou near Humble, TX 1016A 2/25/1986 9/30/2004
8076500 Halls Bayou at Houston, TX 1006E 10/1/1952 9/30/2004
8076700 Greens Bayou at Ley Rd, Houston, TX 1016 12/2/1971 9/22/2003
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Flow data from the USGS gages were evaluated by constructing flow duration
curves as can be seen in Figure 2.5. Flow duration curves were constructed for three
different time periods: the entire record from 1991 to 2004, data up to 1990, and data for
the period after 1991. This distinction would help identify any changes in flow due to
urbanization (1990’s). It can be seen in Figure 2.5 that the flow regime for gages
8075400 (Sims at Hiram Clarke) and 8075770 (Hunting at IH 610) appears to be the
same for the whole period. On the other hand, gages 8075000 (Brays at Houston),
8076000 (Greens near Houston), 8076180 (Garners at Humble), and 8076500 (Halls at
Houston) present consistently higher flows for the period after 1990 compared to those
measured prior to 1991. Finally, gage 8074810 (Brays at Gessner) shows a change in the
flow regime only for the higher flows (again flows measured after 1990 are higher than
those measured prior to 1991).

Table 2.2 summarizes median flows using the entire record for the various USGS
gages in the study area as well as the changes in median flows for the stations that

presented changes in flow regime in the last 15 years as discussed above.

Table 2.2 Median Flows for USGS Gages in Study Area

Median Flow (cfs)

USGS Gage | Segment All data Prior to 1991 | 1991-2004
8074800 1007C 34 - ;
8074810 1007B 76 73 77
8075000 1007B 82 45 132
8075400 1007Q 12 12 11
8075500 1007D 38 3 3
8075650 1007F 56 ; -
8075770 1007R 74 7 9
8075780 1016 41 - :
8075900 1016 13 - -
8076000 1016 26 T 43
8076180 1016A 14 8.2 17
8076500 1006E 97 8.5 16
8076700 1016 700 : :

Rows highlighted in green correspond to the gages for which the median flow was significantly
higher for the period 1991-2004.

10
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Figure 2.4 Flow Data for USGS Gages located in the Houston Metro TMDL Area

11



Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

Cumulative Flow Frequency at USGS Station 8074800 Keegans Bayou

Cumulative Flow Frequency at USGS Station 8074810 Brays Bayou @

@ Roark Rd Gessner
10000 10000
Up 16 1090
— — Up to

1000 1 / 1000 —--19p91andafter
= ° hawee - =
=] 1 =]

10
0.1 1
0.01 T T T T T T T T T 1 T T T T T T T T T
0% 10% 20% 30% 40% 350% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%
Percentage Not Exceeding Flow Percentage Not Exceeding Flow
(a) (b)
Cumulative Flow Frequency at USGS Station 8075000 Brays Cumulative Flow Frequency at USGS Station 8075400 Sims
Bayou @ Houston Bayou @ Hiram Clarke
100000 Entire record 10000 i e
10000 | — — Up to 1990 —— Entire record
— = =1991 and after 0

1000 1000 4 = = =1991 and after
1] - — S
T 100 = : — S y
3 10 —_— - 3 100 Py
S = -
= = -

1 04 - —
0.1
0.01 T T T T T T T T T 1 ! ! ! T T ' ' ' !
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 350% 60% 70% 80% 90% 100%
Percentage Not Exceeding Flow Percentage Not Exceeding Flow
(c) (d)

Figure 2.5 Flow Cumulative Curves for USGS Gages in the Houston Metro TMDL Area
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Figure 2.5 Flow Cumulative Curves for USGS Gages in the Houston Metro TMDL Area (Cont’d)
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Figure 2.5 Flow Cumulative Curves for USGS Gages in the Houston Metro TMDL Area (Cont’d)
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2.1 COMPARISON OF DATASETS COLLECTED BY DIFFERENT AGENCIES

E.coli and fecal coliform data collected from four different agencies, the Texas
Commission on Environmental Quality (TCEQ), the City of Houston, the Houston-
Galveston Area Council (HGAC), and data collected under Senate Bill 835 were
analyzed for statistical significance. A statistical test (z-test) was first completed to
determine if data sets obtained from the different organizations were significantly
different. This evaluation is important in deciding whether the data sets could be
combined for analysis or they should be treated independently. Subsequently, the data
were analyzed for temporal trends and spatial patterns. In addition, analyses were also
performed to demonstrate the effect of flow on E.coli concentrations.

Figure 2.6 shows the locations of the sampling stations that have historical
bacteria data. Time series for the various stations were plotted by reporting agency in
order to complete a visual screening of differences among the datasets. E.coli and Fecal
coliform data are available from 1970 to 2004. Time series for segments 1007, 1006, and

1016 are shown in Figures 2.7, 2.8, and 2.9, respectively.
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Figure 2.7 Time Series of Indicator Bacteria in Segment 1007
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Figure 2.9 Time Series of Indicator Bacteria in Segment 1016

28




Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

Fecal Coliform 11372

fg 1.E+03

g

= & From HG A From WC

é 1.E+02 -

E

S

-§ 1.E+01 -

® ~

3

= 1.E+00 ; ; ; ;

Jun-94  Oct-95 Mar-97 Jul-98 Dec-99 Apr-01
Date
(e)
E Coli. Concentration 13778

1.E+07
g 1.E+06 -
S 1.E+05 4 & From HG A From WC
> 1.E+04 * A
§ = A .““0 o Q’A
2, 1.E+03 A * A
e ¢ ‘0“}:0“00
< 1.E+02 A
A%
K 1LEHI A

1.E+00 T T T T

Dec-99  Apr-01 Sep-02 Jan-04  May-05  Oct-06
Date
(8)

Fecal Coliform 11376

1.E+07
é LE+06 - & From HG A From WC
1.E+05 + A
s 1.E+04 4
= 1.E+04 -
E é 1.E+03 4
=& i A AA
E 1LE+02 - A
Eg 1.E+01
£ | E+01 4
S »
1.E+00 : ‘ \
May-90 Jan-93 Oct-95 Jul-98 Apr-01
Date
E coli. Concentration 11369
1.E+07
3 1.E+06 |
g
S 1.E+05 |
= & From HG A From WC
Z 1.E+04 - -
z N * ’0’ $
2 1.E+03 - NS
= ASR ot ot o
T LE+02 A iR, 074y 4
< AA A’ A
g 1.E+H01 4
1.E+00 T \ T T
Dec-99 Apr-01  Sep-02  Jan-04 May-05 Oct-06
Date
(h)
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Note: Abbreviations used: HG=H-GAC, WC=TCEQ, HO=City of Houston, SB=Senate Bill 8§35
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Visual inspection of the time series plots indicates that for most of the stations, there does
not appear to be a significant difference in the datasets collected by the different
agencies. This observation, however, needed to be confirmed by statistical testing.

It can be seen in Table 2.3 that for most of the stations the datasets did not reflect
statistically significant differences with the only exceptions being stations 11132, 11135,
11139, 11292, 11293, 11298, 11309, 11126, 11279, 11271, and 11371. Table 2.3 presents
the p-values obtained from regression analyses performed on the data collected from
different agencies. p — values less than 0.05 indicate statistical significance and are shown
in red. The exceptions may arise due to the fact the analyses were not performed on log-
normalized data. For the stations exhibiting differences between datasets from different
agencies, the test was repeated on log-normalized data. In this latter case, the datasets
collected for the various agencies did not appear to be significantly different. It is
reasonable to log transform the data since the water quality standard will be evaluated on
a geometric mean basis. Based on this analysis, it was concluded that data from all
agencies could be grouped. Even then care will need to be taken to assure proper
comparisons because at least one agency, the TCEQ, appears to have changed monitoring
strategies in recent years. Even then care will need to be taken to assure proper
comparisons because at least one agency, the TCEQ, appears to have changed monitoring

strategies in recent years.
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Table 2.3 Statistical Comparison of Means between Datasets Collected by
Different Agencies

Segment Station ID HG vs WC HG vs HO HGvsSB HOVvsSB HO vs WC SB vs WC
Fecal Coliform
11128 0.1014
11129 0.1780 0.5087 0.6721
11130 0.0710 0.2068 0.3936
11131 0.1057 0.0928 0.4253
11132 0.0000 0.0120 0.0168
11133 0.1385 0.3496 0.6260
11135 0.6933 0.0010 0.1055
11136 0.3346
11138 0.0687 0.0598 0.9360
11139 0.7395 0.5381 0.0031 0.0031 0.9189 0.0031
11140 0.2771
1007 11141 0.4548
11292 0.0000
11293 0.2775 0.0006 0.8934
11294 0.1068
11298 0.3638 0.1455 0.0407 0.2719 0.1698 0.1475
11302 0.8230 0.2552 0.3920 0.6794 0.2703 0.3990
11305 0.9286
11306 0.8532
11309 0.0010
E. coli
11133 0.6809
11139 0.6997
Fecal Coliform
11126 0.3066 0.0000 0.1049 0.3296 0.0000 0.1482
11279 0.0006 0.0033 0.3802
11127 0.0678
11277 0.3090
11274 0.3738
11278 0.1599
1006 11264 0.8080
11271 0.0146
11275 0.0908
E. coli
15864 0.8712
Enterococci
11264 0.1235
11271 0.4135
Fecal Coliform
11369 0.1985
11371 0.9590 0.0040 0.0033
1016 11376 0.2128
E. coli
11369 0.9356
13778 0.9674
Probability values less than 0.05 are in red font, indicating significant statistical difference between the data
compared.

HG=H-GAC, WC=TCEQ, HO=City of Houston, SB=Senate Bill 835
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2.2 TEMPORAL ANALYSIS

The historical bacteria monitoring data were used for the temporal analysis to
determine if correlations existed between indicator concentrations and time. Time series
of FC/EC concentrations by station by segment are shown in Figures 2.10 a through c. It
can be seen in Figure 2.10a that most of the fecal indicator concentrations show no trend
or increasing trend over time for the stations in non-tidal 1006 segments. Fecal indicator
levels in the 1007 non-tidal segments, on the other hand, seem to be stable or decreasing
over time for most of the stations (Figure 2.10b). Finally, fecal indicator concentrations in
segment 1016 (Figure 2.10c) are not changing over time for most of the stations. Linear
regressions were performed on the log-transformed data and significance was evaluated
at a 95% confidence level (a=0.05), assuming the data are log normally distributed. The
regression analysis was performed for segments 1007, 1006, and 1016 within the Metro
area. For fresh water streams, EC data were used, while for tidal streams Enterococci data
were included in the analysis. In the absence of sufficient data, fecal coliform data were

used, whenever possible.
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Figure 2.10a E. Coli /Fecal Coliform Data in 1006 Non-tidal Segments
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Figure 2.10a E. Coli/Fecal Coliform Data in 1006 Non-tidal Segments - Cont'd
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Figure 2.10b E.Coli /Fecal Coliform Data for Water Quality Stations - 1007B
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Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007B (Cont'd)
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Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007C & D (Cont'd)
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Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007 D, E, F, G, H and I (Cont'd)

39




Bacteria in Houston Metro TMDL Project —Work Ordert# 582-6-70860-04 — Draft Quarterly Report No. 4

16650 E. Coli Concentration 16651 E. Coli Concentration
1E+06 1E+06
* o oo ® o * o PS *
i * +05 *
1E+05 * - . * * 1E+05 P . *
2 1E+04 - | SN Tgl_’_g_ 2 1E+04 - P * o Vo
g o o ¢ s g ove, ® r—
= 1E+03 * o0 * = 1E+03
> o o - P * oo . *
S 1E+02 S 1E+02 A ¢
1E+01 A M 1E+01 A . °
1E+00 . . . . . . 1E+00 T T . . . .
Apr-01  Nov-01 May-02 Dec-02  Jun-03 Jan-04  Aug-04  Feb-05 Apr-01  Nov-01  May-02 Dec-02  Jun-03 Jan-04  Aug-04  Feb-05
Date Date
16654 E. Coli Concentration 16657 E. Coli Concentration
1E+05 1E+06
*
. 1E+05 - *
1E+04 - . o * . °
2 ¢ o0 . 2 1E+04 . i
E o9 p & g *
g 1E+03 1 &7 T e A o ¢ g . . .
= . > *o O = 1E+03 ¢ % * .
Z 1502 . ¢ ¢ Z * *® ¢ o
s & 1E+02 - 23 . AR 5\ . N
1E+01 1E+01 *
1E+00 1E+00 ‘ ‘ ‘ ‘ ‘ ‘
Apr-01  Nov-0l May-02  Dec-02 Jun-03 Jan-04  Aug-04  Feb-05 Apr-01  Nov-01  May-02  Dec-02 Jun-03 Jan-04 Aug-04  Feb-05
Date Date
16655 E Coli Concentration 16649 E Coli Concentration
1E+06 1E+06
| *
1E+05 LE+05 . . oo o
- * . __] * L
g 1E+04 1 7S E 1E+04 . . .
& £
= 16403 MR o te ® 0 b S bwos ] pX * — > o
z oo a0 T o V¥ @ > e, o ¢ e ¥ o, °
S 1B+02 - . |\ £ 1B+02 s o - . .
*
1E+01 4 1E+01 * *
1E+00 ‘ ‘ ‘ ‘ ‘ ‘ 1E+00 \ \ \ \ \ \
Apr-01  Nov-01 ~ May-02 Dec-02  Jun-03  Jan-04  Aug-04  Feb-05 Apr-01  Nov-01 ~ May-02  Dec-02  Jun-03  Jan-04  Aug-04  Feb-05
Date Date

Note: cfu: colony forming units, MPN: Most Probable Number

Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007 K, L, M, N and O (Cont'd)
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Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007 P, Q and R (Cont'd)
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Figure 2.10b E.Coli/Fecal Coliform Data for Water Quality Stations - 1007 R (Cont'd)
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Figure 2.10c E. Coli/Fecal Coliform Data in Segment 1016
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2.21 Segment 1007 Analysis

This section presents the statistical analysis for any correlations that may exist
between indicator bacteria concentrations and time as (Fig. 2.10a). Segment 1007
contains freshwater streams and, thus, the regression analysis included all the EC data.
The trend values and probability associated with these have been included in Table 2.4.
For stations that did not have sufficient EC data, the FC data were used in the analysis.
Most of the stations within the segment showed no significant trends, with the exception
of stations 11307, 16620 (1007) and 11133 (1007D). Station 11133 exhibited a
decreasing trend although the correlation coefficient was very low (R* = 0.296). In
addition, station 11307 exhibited a decreasing trend but the dataset is too small to
confirm the trend. Station 16620 exhibited a slightly increasing trend as suggested by the

correlation coefficient (R?=0.0855).

2.22 Segment 1006 Analysis

Regression analysis for segment 1006 revealed that the EC concentrations do not
have a significant correlation with time except for station 11279 that exhibits a
decreasing trend (Table 2.5). Thus it was concluded, that like the other segments, the

bacteria levels are not changing with time.
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Table 2.4 Summary of Temporal Trends for Segment 1007

Segment Station  Slope Trend P value Indicator No. Obs

11306  -0.0001 Decreasing 0.7227 E.coli 36

11307  -0.0002 Decreasing 0.0089 FC 22

1007 11299  -0.0002 Decreasing 0.4523 FC 35
11298 0.0002 Increasing 0.6007 E.coli 36

16620 0.0005 Increasing 0.0246 FC 59

11302 -0.0002 Decreasing 0.5646 E.coli 37

11138 0.0001 Increasing 0.6905 E.coli 37

11139 0.0000 Increasing 0.8258 E.coli 50

1007B 11140  0.0001 Increasing 0.8707 E.coli 34
15849  -0.0003 Decreasing 0.3933 E.coli 34

15854  0.0002 Increasing 0.4023 E.coli 32

15859  0.0002 Increasing 0.5835 E.coli 31

1007C 11169  -0.0001 Decreasing 0.6818 E.coli 34
11132 -0.0001 Decreasing 0.6797 E.coli 37

15861 0.0023  Increasing 0.5187 FC 14

1007D 15877  -0.0005 Decreasing 0.0937 E.coli 36
15878 0.0002 Increasing 0.5409 E.coli 37

11133 -0.0004 Decreasing 0.0382 E.coli 54

1007E 16652  0.0003 Increasing 0.5058 E.coli 32
1007F 16661  -0.0005 Decreasing 0.1460 E.coli 37
1007G 16653  -0.0006 Decreasing 0.2705 E.coli 37
1007H 16659  0.0001 Increasing 0.8483 E.coli 37
10071 16658  -0.0009 Decreasing 0.0999 E.coli 37
1007K 16651  -0.0010 Decreasing 0.1145 E.coli 37
16650  -0.0002 Decreasing 0.6208 E.coli 37

1007L 16654  -0.0001 Decreasing 0.6755 E.coli 34
1007M 16657  -0.0007 Decreasing 0.0852 E.coli 37
1007N 16655  -0.0001 Decreasing 0.8032 E.coli 36
10070 16649 0.0000 Increasing 0.9939 E.coli 37
1007P 15848  -0.0006 Decreasing 0.0618 E.coli 33
16656  -0.0001 Decreasing 0.6997 E.coli 36

1007Q 11135  -0.0002 Decreasing 0.6433 E.coli 36
15875  -0.0006 Decreasing 0.1529 E.coli 36

1007R 15869  -0.0005 Decreasing 0.3286 E.coli 37

Highlighted cells indicate statistical significance (P<0.05)
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Table 2.5 Summary of Temporal Trends for Segment 1006

Segment Station  Slope Trend p value Indicator No. Obs

11264  -0.0002  Decreasing 0.4572 Enterococci 38

1006 11275  -0.0001  Decreasing 0.2943 Fecal Coliform 50
11279  -0.0002  Decreasing 0.0000 Fecal Coliform 161

17154  -0.0010 Decreasing 0.0532 Enterococci 9

15864 0.0001  Increasing 0.6120 E.coli 61

1006D 15863 0.0004  Increasing 0.2064 E.coli 39
15862  0.0005 Increasing 0.2086 E.coli 38

11127  0.0001  Decreasing 0.8147 E.coli 38

1006E 11126  0.0002  Increasing 0.5951 E.coli 39
1006F 16662  -0.0007 Decreasing 0.0832 E.coli 39
1006H 16663  -0.0003 Decreasing 0.2008 E.coli 39
1006J 16665 0.0003  Increasing 0.3708 E.coli 39

Highlighted cells indicate statistical significance (P<0.05)

2.23 Segment 1016 Analysis

The analysis for temporal variations for segment 1016 is presented in Table 2.6. A

close observation of the results reveals that no significant trend is evident except for

Table 2.6 Summary of Temporal Trends for Segment 1016

Segment Station Slope Trend p value Indicator No. Obs

11369 0.00002 Increasing 0.9232 E.coli 59

1016 11370 0.0001 Increasing 0.8512 E.coli 39
11376 0.0001 Increasing 0.6474 E.coli 37

13778 -0.0004  Decreasing 0.0116 E.coli 59

1016A 11125 0.00004 Increasing 0.9155 E.coli 38
16589 -0.00001  Decreasing 0.9670 E.coli 39

1016B 16590 -0.0006  Decreasing 0.1538 E.coli 39
1016C 11124 -0.0001  Decreasing 0.8321 E.coli 39
1016D 16676 0.0008 Increasing 0.0144 E.coli 39

Highlighted cells indicate statistical significance (P<0.05)
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stations 13778 with a decreasing trend and 16676 with an increasing trend. Thus it was

concluded that temporal variations do not exist for this segment.

2.3 SPATIAL TRENDS

Figure 2.11 shows EC concentration profiles along the five major streams in this
TMDL study. Data in Figure 2.11 show that the geometric mean standard of 126
MPN/dL is exceeded at all stations in these five streams. Data also show that the
geometric mean does not change significantly along the streams and that the EC levels in
the tributaries are generally at or below the levels measured in the main stem at the point
of discharge. The only exception is station 15869 in Hunting Bayou that presents a
geomean that is 2 orders of magnitude higher than those measured at other sites along the
same stream. Spatial trends were evaluated using linear regressions as summarized in
Table 2.7. As can be seen in Table 2.7, the only stream that presented a statistically
significant spatial trend is Brays Bayou, for which EC geometric means are increasing

longitudinally from upstream to downstream.
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Figure 2.11 Longitudinal EC Profiles for Major Streams in the Houston Metro TMDL
Study

Table 2.7 Parameters for Linear Regressions of Geometric Means over Distance

Stream Slope R’ p-value
Halls Bayou -31 0.045 0.6469
Hunting Bayou =719 0.167 0.4937
Brays Bayou 122 0.498 0.0070
Sims Bayou 20 0.074 0.6013
Greens Bayou -3 0.008 0.8666

Green shading indicates a statistically significant trend

Total Suspended Solids (TSS) data for the segments included in this TMDL study
were also downloaded from the TCEQ TRACS database and plotted as shown in Figure
2.12. The TSS plots indicate that a time dependent concentration is not particularly
evident for any of the stations. Finally, Table 2.8 presents a summary of the available

fecal indicator/flow data for this project and lists data gaps and needs.
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Table 2.8 Summary of Data Availability and Needs

Segment Description No. Bacteria | No Stations | No. Stations No. Flow Flow Period Data Needs
Stations w/ Sufficient | w/Insufficient Gages From To

1006D Halls Bayou below US 59 4 4 0

1006E Halls Bayou above US 59 2 2 0 1 10/01/52 09/30/04

1006F Big Gulch Above Tidal 2 1 1 E.coli from additional station

1006H Spring Gully Above Tidal 1 1 0 E.coli from additional station

10061 Unnamed Tributary of Halls Bayou 2 2 0

1006J Unnamed Tributary of Halls Bayou 1 1 0

1007B Brays Bayou Above Tidal 14 13 1 2 06/01/36 09/30/04

1007C  |Keegans Bayou above tidal 1 1 0 1 09/01/64 09/30/81  |F-coli and flow monitoring,
additional station

1007D Sims Bayou Above Tidal 5 4 1 1 10/01/52 09/01/01  |Flow

1007E Willow Waterhole Bayou Above Tidal 1 1 0
E.coli and flow monitoring.

1007F Berry Bayou Above Tidal 1 1 0 1 05/01/64 09/30/01  |additional station

1007G Kuhlman Gully Above Tidal 1 1 0

1007H Pine Gully Above Tidal 1 1 0

10071 Plum Creek Above Tidal 1 1 0

1007K Country Club Bayou 2 2 0

1007L Unnamed Non-Tidal Tributary of Brays Bayou 1 1 0

1007M  |Unnamed Non-Tidal Tributary of Hunting Bayou 1 1 0

1007N Unnamed Non-Tidal Tributary of Sims Bayou 1 1 0

10070 Unnamed Non-Tidal Tributary of Buffalo Bayou 2 1 1

1007P Brays Bayou Above Tidal 0 0 0 E.coli

1007Q Sims Bayou Above Tidal 4 2 2 1 09/01/64 09/30/04

1007R Hunting Bayou Above Tidal 14 6 8 1 05/01/64 09/30/04

1016 Greens Bayou Above Tidal 14 6 8 4 10/01/52 09/30/04

1016A Garners Bayou 2 2 0 1 02/25/86 09/30/04  |E.coli from additional station

1016B Unnamed Tributary of Greens Bayou 1 1 0

1016C Unnamed Tributary of Greens Bayou 1 1 0

1016D Unnamed Tributary of Greens Bayou 1 1 0

Total 81 59 22 13

* Stations with more than 20 data points and data up to 2004
® Stations with fewer than 20 data points and/or data older than 2004
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2.4 EFFECT OF FLOW ON INDICATOR CONCENTRATIONS

To determine the effect of flow conditions on bacterial concentrations, a statistical
t-test was performed between the low flow and high flow data to estimate if significant
differences exist between the data obtained at the two flow periods. This involved
separating the data in two sets based upon the flow conditions under which the samples
were collected. Since the stations listed in the segment do not all have USGS gages
installed, only stations where a USGS gage could be located sufficiently close to it were
studied. Flow measurements that were below the 50% or median flow were categorized
as low flow conditions, while flow values that were between the median flow and the 90"
percentile were separated as high flow data. Generally EC data were used, however, in
the absence of sufficient EC data, FC data were used in the analysis. Geometric means
were calculated for each station that had flow data. Standard deviations across bacteria

concentrations were also calculated to evaluate the variability associated with the data.

2.41 Segment 1007 Analysis

An inventory of data under low and high flow conditions is presented in Table
2.9. As observed in Table 2.9, the geometric means ranged from 813 MPN/100 mL to
22,231 MPN/100mL for data collected under high flow conditions. The geometric means
at all the stations analyzed for high flow are above the recommended standard for EC.
The large standard deviations across bacteria concentrations indicate the high variability
in the data. This is also true for stations that were associated with low flow. Data were
collected mainly under high flow periods for the stations in this segment. Thus, the
observations for low flow were relatively few as compared to those under high flow. The

results for the ¢-test are summarized in Table 2.10 and reveal that the indicator
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concentrations observed for the low and high periods are not statistically different except

for station 16657.

Table 2.9 Flow Analysis for Segment 1007

Segment ) Low Flow Data High Flow Data
Ly USGSgage  Station I Obs Nos GM StdDev  Obs Nos GM Std Dev
(MPN/100mL) (MPN/100mL)
11138 5 EC data not available 23 2791 4524
8075000 11139 10 EC data not available 38 6010 2892
15855 Low Flow not reported 26 2394 5140
15859 Low Flow not reported 29 2819 4437
1007B 11140 13 3463 27644 16 6764 10695
15849 13 585 2313 16 990 1736
8074810 15853 10 4170 23242 17 4501 32932
15852 13 1966 3966 14 5012 12772
15851 13 1709 17722 16 6027 27835
1007C 8074800 11169 No flow data available
1007E 8075000 16652 Low Flow not reported 25 1310 49632
1007L 8074810 16654 36 3801 142427 27 4877 27782
15877 No flow data available
1007D 8075500 11132 16 19218 422904 66 17082 301672
11133 5 3865 94965 22 6490 267859
1007N 8075500 16655 13 709 577 15 813 35906
1007F 8075650 16661 No flow data available
1007R 8075770 16657 10 213 197 20 885 31047
8075770 15869 10 30201 111631 20 22231 100866
1007G 8075000 16653 Low Flow not reported 23 1137 69715
10071 8075500 16658 No flow data available
1007K 8075000 16650 Low Flow not reported 23 5603 78689
16651 Low Flow not reported 24 3599 76974

Abbreviations: GM: Geometric mean, Std Dev: Standard Deviation, Obs No. Number of Observations
Fecal coliform data were used for the highlighted stations

It is noted that because of the limited size of some datasets, the analyses may not be

conclusive. Aside from this, the criteria for evaluating the low flow and high flow may

also affect the number of observations that fall in either category.
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Table 2.10 z-test for low flow and high flow data for segment 1007

Station ID t Stat t Critical two-tail p value
11140 -1.65 2.12 0.12
15849 -1.38 2.08 0.18
15851 -1.7 2.06 0.1
15852 -1.93 2.06 0.07
15853 -0.27 2.13 0.79
16655 -0.25 2.12 0.8
15869 0.84 2.08 0.41
16657 -2.8 2.06 0.01
11132 -0.06 2.12 0.95
11133 -0.67 2.78 0.54

Highlighted stations presented statistical significant differences between the two datasets.

2.42 Segment 1006 and 1016 Analysis

For most of the stations within segments 1006 and 1016, data were collected
under high flows only, while for some stations no flow data were available. Thus, for
these segments, a comparison could not be made between high flow and low conditions.
Tables 2.11 and 2.12 show the inventory of data for segments 1006 and 1016,
respectively. Thus, it was not possible to complete the analysis for low and high flow

conditions in this case.

Table 2.11 Low and High flow analysis for EC in segment 1006

Low Flow Data High Flow Data
USGS gage Station ID GM Obs GM
Obs Nos v ipn/1oome)  S9PY Nos (vipN/100mE)  Std PeV

11127 No flow data available
076700 11264 No flow data available

16666 No flow data available

16667 No flow data available

15862 Low flow not reported 29 1731 16725
2076500 15863 Low flow not reported 30 2236 17950

16665 Low flow not reported 30 1934 10193

11126 Low flow not reported 82 12279 88601
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Table 2.12 Low and high flow analysis for EC in segment 1016

High Flow Data
Low Flow Dat
USGS gage Station ID oW (;ﬁ ata o
Obs Nos (MPN/100mL) Std Dev Obs Nos (MPN/100mL) Std Dev
11371 Low Flow not reported 28 1072 5546
2076000 11369 Low Flow not reported 39 421 3315
11124 Low Flow not reported 25 1429 22891
16676 Low Flow not reported 26 1346 30432
075900 13778 No flow data available
11376 No flow data available
2076810 11125 Low Flow not reported 24 441 2227
16589 Low Flow not reported 23 277 635

2.5 SUMMARY OF HISTORICAL DATA ANALYSIS

A review of available data for the 27 study segments and associated watersheds
was completed. The data gathered included precipitation, stream flow, TSS, and fecal
indicator (FC and EC). Spatial patterns reflected by the longitudinal profiles of E.coli
geometric mean concentrations along the major tributaries included in this study showed
little to no trend with distance. This lack of spatial trends was confirmed with linear
regression analyses. Linear regressions of time-series of indicator bacteria for the
majority of stations located in the study area also showed no statistically significant
trends with time. Thus, based on the historical data, it may be concluded that bacteria
levels in the project area generally remain unchanged over time.

Statistical #-tests comparing indicator bacteria concentrations collected under low
flow conditions (flows lower than the long term median flow) to those collected under
high flow conditions (flows higher than the median and lower than the 90" percentile) for

stations in segment 1007 showed no significant difference between the two data series.
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Most of the data for segments 1006 and 1016 were collected under high flow conditions
and, thus, the effect of flow on concentrations of indicator bacteria could not be assessed.

To summarize, the listed Metro Area Segments have been and continue to be
monitored for a range of conventional water quality parameters. The monitoring data
have been analyzed and indicate that the single sample exceedance criterion for EC
(394MPN/dL) is exceeded on average in more than 80% of the samples. Most of the

segments exhibit exceedances of the pathogen standards relatively frequently (Table 3.1).
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Table 2.13 Exceedances of E.coli Standards for Stations in the Project Area

Geometric # samples % Samples
Station ID Station Description Segment # Samples Mean exceeding 394  exceeding 394
(MPN/dL) MPN/dL MPN/dL
TBD-1"  Halls Bayou at Mouth 1006D 0 - - -
16662  Big Gulch at Wallisville Rd 1006F 37 1766 27 73
16663 Spring Gully at Barnesworth D 1006H 37 643 27 73
16666 Trib Halls Bayou at Talton St 10061 37 1852 33 89
16665 Trib Halls Bayou at Langley R 1006J 37 2083 33 97
11138 Brays Bayou at Almeda Rd 1007B 37 5078 36 97
11132 Sims Bayou at Telephone (SH35) 1007 37 2014 36 97
16652  Willow Waterhole at Mcdermed 1007E 32 1761 25 78
16653  Kuhlman Gully at Brock St 1007G 37 1830 22 59
16659  Pine Gully at Old Galveston R 1007H 36 3994 30 83
16658 Plum Creek at Old Galveston R 10071 37 7375 34 92
16650 Country Club Bayou at Wayside 1007K 37 6932 35 95
16657 Trib of Hunting Bayou at Ralston 1007M 37 661 24 65
16655 Trib of Hunting Bayou at Ralston 1007N 36 829 25 69
16649 Trib of Buffalo Bayou/Clinton Dr. 10070 37 1289 27 73
15848  Brays Bayou at SH 6 1007P 33 918 23 70
11128  Hunting Bayou at IH 10 1007R 35 866 25 71
15438 Greens Bayou at El Dorado Golf Course 1016 1 - - -
TBD-2"  Unnamed trib of Halls Bayou at Mouth 1016B 0 - - -
11124 Unnamed trib of Greens Bayou 1016C 37 1283 32 86
16676  Unnamed trib of Greens Bayou 1016D 37 1655 29 78

* New station, station ID pending.
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CHAPTER 3

DETAILED SAMPLING PLAN FY 2006

3.1 Introduction

As part of the Houston Metro TMDL project, the University of Houston and
Parsons Water and Infrastructure collected additional field data on concentrations of fecal

pathogens in the segments of concern to provide sufficient data for the development of

Load Duration Curves (LDCs).

3.2 Monitoring and Data Collection

The monitoring program included two major components: (1) data gathering
including field reconnaissance and survey and (2) sampling. Flow and E.coli data were

collected as part of the preliminary sampling.

3.2.1 E.coli Sampling

The sampling approach was designed to provide sufficient data for development
of load duration curves. Thus, three intensive surveys were completed for obtaining flow
and EC data for twenty — one proposed locations. Locations that were sampled are shown
in Figure 3.1 A reconnaissance survey was conducted by the sampling crew prior to the
first sampling event that occurred in May 06. Following the reconnaissance, due to
difficulty of access, station 15438 was replaced with station 11371 in the sampling plan.
In addition to EC, the samples were tested for standard water quality parameters.

Sampling frequencies and parameters are listed in Table 3.2.
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3.2.2 Flow Measurements

While flow data for a number of USGS gages throughout the study area are
available, there are no flow data available for the twenty-one stations sampled during the
intensive surveys. The only exception is station 11132, however, recent flow data were
not available for this station as well. Thus, during water sample collection for EC, flow
and velocity measurements were made for all the stations included in the project
sampling plan as listed in Table 3.2 (or as close to the sample location as possible taking

into account stream access and sampling crew safety).

74



Legend

{  sampling Locations
l:l Eastern Houston Watershed
D Greens Bayou Watershed
l:l Halls Bayou Waterhsed
l:l Brays Bayou Waterhsed
D Sims Bayou Watershed

Eastern Houston-Bacteria
NAME

1006F
— 1006H

1007F
— 1007G

1007H
— 1007I
— 1007K
— 1007M
— 10070
— 1007R

Greens Bayou Watershed-Bacteria
NAME

1016
— 1016A
— 10168

1016C
— 1016D

Halls Bayou Watershed - Bacteria
NAME

— 1006D
— 1006E
— 10061

1006J

Brays Bayou Watershed - Bacteria
NAME

— 1007B
1007C
— 1007E
— 1007L
1007P

Sims Bayou Watershed - Bacteria
NAME

—— 1007D
—— 1007N
— 1007Q

UMIVERSITY o/
Department of Civil and

HOUSTOMN

Environmental Engineering

Figure 3.1
Sampling Locations for Intensive Survey

Principal Investigator: Hanadi Rifai (University of Houston)

TMDL for Indicator Bacteria in the Houston Metropolitan Area

Work Order No. 582-6-70860-04

Prepared by AMD

Date: 07-17-2006




Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

Table 3.2 Monitoring Sites and Frequencies

Monitoring frequencies

Location ID TCEQ Short Description Segment Field ) Flow > Turbidity TSS
parameters E. Coli in water
TBD-1° Halls Bayou at Mouth 1006D 15-18 15-18 15-18 15-18 15-18
16662 Big Gulch at Wallisville Rd 1006F 15-18 15-18 15-18 15-18 15-18
16663 Spring Gully at Barnesworth D 1006H 15-18 15-18 15-18 15-18 15-18
16666 Trib Halls Bayou at Talton St 10061 15-18 15-18 15-18 15-18 15-18
16665 Trib Halls Bayou at Langley R 1006J 15-18 15-18 15-18 15-18 15-18
11138 Brays Bayou at Almeda Rd 1007B 15-18 15-18 15-18 15-18 15-18
11132 Sims Bayou at Telephone (SH35) 1007 15-18 15-18 15-18 15-18 15-18
16652 Willow Waterhole at Mcdermed 1007E 15-18 15-18 15-18 15-18 15-18
16653 Kuhlman Gully at Brock St 1007G 15-18 15-18 15-18 15-18 15-18
16659 Pine Gully at Old Galveston R 1007H 15-18 15-18 15-18 15-18 15-18
16658 Plum Creek at Old Galveston R 10071 15-18 15-18 15-18 15-18 15-18
16650 Country Club Bayou at Wayside 1007K 15-18 15-18 15-18 15-18 15-18
16657 Trib of Hunting Bayou at Ralston 1007M 15-18 15-18 15-18 15-18 15-18
16655 Trib of Hunting Bayou at Ralston 1007N 15-18 15-18 15-18 15-18 15-18
16649 Trib of Buffalo Bayou/Clinton Dr. 10070 15-18 15-18 15-18 15-18 15-18
15848 Brays Bayou at SH 6 1007P 15-18 15-18 15-18 15-18 15-18
11128 Hunting Bayou at IH 10 1007R 15-18 15-18 15-18 15-18 15-18
11371° Greens Bayou at 159 NW Corner access 1016 15-18 15-18 15-18 15-18 15-18
TBD - 2° Unnamed trib of Halls Bayou at Mouth 1016B 15-18 15-18 15-18 15-18 15-18
11124 Unnamed trib of Greens Bayou 1016C 15-18 15-18 15-18 15-18 15-18
16676 Unnamed trib of Greens Bayou 1016D 15-18 15-18 15-18 15-18 15-18

a Field parameters include temperature, DO, pH, conductivity, and flow severity
b TBD- to be defined following submittal of Station Location request form (SLOC). A SLOC request will be submitted once GPS readings are completed during
reconnaissance activities.
¢ Site selected in place of 15438 due to accessibility difficulty with 15438.
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CHAPTER 4

QUALITY ASSURANCE PROJECT PLAN DEVELOPMENT

The goal of this task was to develop a Quality Assurance Project Plan (QAPP) for
additional data collection that meets the needs for the TMDL. The QAPP is a document
that describes the tasks, management, structure, and policies that will be implemented in
the monitoring program for this project. The QAPP ensures that the data collected under
this work order will be reliable, scientifically valid, and legally defensible.

During the reporting period, the first draft of the QAPP was prepared based on the
proposed sampling activities outlined in the previous chapter. Revision 0 of the QAPP
was submitted to the TCEQ on March 7, 2006. Comments were received and the QAPP
was revised on April 11 and April 18, 2006. The QAPP was subsequently approved on

April 20, 2006. The final QAPP is included in Appendix A.
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CHAPTER 5
LOAD DURATION CURVE ANALYSIS FOR SELECT STATIONS IN THE

HOUSTON METRO AREA

The historical data presented in Chapter 2 were analyzed in context of load
duration curves for select stations in the Metro area. TMDLs often have considerable
variability (Bonta and Cleland, 2003; Freedman et al. 2004) associated with in stream and
watershed processes that directly or indirectly impact pollutant loading. TMDLs typically
use a variety of analytical tools for assessment of appropriate load allocations. The
methods available vary in approach and complexity in dealing with the problem or the
watershed processes. Load duration curves are being viewed as an emerging tool for
pathogen loading analysis. Many states have adopted the load duration curve
methodology for determining TMDL allocations.

In general, duration curves represent the percentage of time that a defined
parameter is exceeded. This variable may be flow, in which case the duration curve will
be called a flow duration curve. Flow duration curves have been used since the late 1800s
to establish the duration of flows for a watershed (Bonta and Cleland, 2003). The flow
duration curves represent a cumulative frequency graph of flow irrespective of the order
of occurrence (Leopold, 1994). Load duration curves establish different flow conditions
and for each flow condition, a load is calculated assuming that it is predominant over that
entire flow period. The duration curves are based on an average concentration or a load
rate. The advantage of the load duration curve is that it characterizes different flow

regimes rather than considering a single flow value (Stiles, 2001). This enables a visual
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interpretation and understanding of the magnitude and number of times a water quality

parameter is exceeded.

5.1 LOAD DURATION CURVE ANALYSIS FOR SELECT STATIONS

Segment 1007

Load duration curves were established for select stations within this segment. The
first step involved selection of a USGS gage located sufficiently close to the station for
which duration curves would be constructed. Fig. 5.1 shows the USGS gages in the
Metro Area along with the water quality stations selected for load duration analysis.

A flow duration curve for gage 8074810 was constructed and is shown in Fig. 5.2.
Accordingly, five flow regimes were established for this gage. The median flow for this
gage for the entire flow period is 76 cfs. Based on the flow data available at this gage, a
load duration curve is constructed to observe the effect of different flow regimes on
indicator concentrations. For the load duration analyses, all the existing historical data

from the TCEQ (http://www.tceq.state.tx.us/compliance/monitoring/crp/

data/samplequery.html) website were used.
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Fig. 5.2 Flow Duration Curve for

USGS Gage 8074810

Flow data from USGS gage 8074810 were used for constructing load duration

curves for stations 11138, 11139, 15851, 11140, 15849, and 15852 located within

segment 1007B. These stations were selected based on their proximity to the flow gage.

The flow conditions at each of the stations are tabulated in Table 5.1.

Table 5.1 Flow Conditions and Indicators for Select Stations in Segment 1007

Station Flow Conditions Indicator/Target Used
11138 High Flows to Moist E.coli./394 MPN/100mL
11139 High Flows to Moist E.coli./394 MPN/100mL
11140 Range from High to Low Flows Fecal coliform/400 MPN/100mL
15851 Range from High to Low Flows E.coli./394 MPN/100mL
15852 Range from High to Low Flows E.coli./394 MPN/100mL
15849 Range from High to Low Flows E.coli./394 MPN/100mL
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Fig. 5.3 depicts the load duration curve for station 11138. The results indicate
that sampling took place mostly under high and moist flow conditions and there is no
sampling information available for the other flows. The presence of the high flow
condition does not preclude the possibility of other flow conditions since it is possible
that data at low conditions are not available. For station 11138, the water quality standard
for E.coli is exceeded at all times during high flow and most of the time during moist
conditions. During periods of high flow, non point sources are identified as potential
contributors of fecal bacteria to the receiving water bodies since run off events or

thunderstorms result in increased delivery of pollutants (Cleland, 2003).
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Fig. 5.3 Load Duration Curve for E.coli for Station 11138 (Segment 1007B)

82



Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

For station 11139, flow data from USGS gage 8075000 were used for evaluating

the load duration curve (Fig. 5.4). For station 11139, the water quality is exceeded during

high flows to moist conditions indicating that non point sources dominate this flow

period. A load duration curve plotted for fecal coliform data (Fig. 5.4) reveals that

bacteria loads exceed the contact recreation standard not only during high flow and moist

conditions but also during mid range and low flows. The graph shows that there are not

enough data to characterize the nature of sources resulting in the bacteria loading.

However, the graph does indicate that different sources may be contributing over a wide

variety of flows.
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Fig. 5.4 Load Duration for Fecal coliform for Station 11139 (Segment 1007B)
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The load duration curve for station 11140 is constructed for fecal coliform (Fig.

5.5). The location of this station overlaps with USGS gage 8074810 and thus this station

reasonably represents the flow conditions at the particular location in the stream. The

graph indicates that for most of the period during the year, the water quality is exceeded.

The fecal coliform standards is exceeded throughout the entire flow regime suggesting

that rainfall and run off events along with other sources represent potential sources for

bacteria loading to the stream (Cleland 2003).
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Fig.5.5 Load Duration Curve for Fecal coliform for Station 11140 (Segment 1007B)

For station 15851, there are not much data available for E.coli to sufficiently

establish a correlation between hydrologic conditions and indicator concentrations (Fig.

5.6). The available data show that generally, bacteria loads are exceeded for all flows

and that various sources may be contributing to the exceedances
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Fig. 5.6 Load Duration Curve for E.coli for Station 15851 (Segment 1007B)

Similarly for stations 15852 and 15849, the observed loads exceed the target loads
for the entire flow period (Fig. 5.7 and Fig. 5.8) with the inherent limitation of a small
data set. For both the stations 15852 and 15849, the graph suggests that different sources

prevail over a variety of flow conditions

85



Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4
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Fig. 5.7 Load Duration Curve for E.coli for Station 15852 (Segment 1007B)
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Fig. 5.8 Load Duration Curve for E.coli for Station 15849 (Segment 1007B)
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Segment 1007D

For this segment, the load duration analysis was performed only for station 11132
(Fig. 5.9) since adequate flow data were not available for other stations (11133 and
15877) within this segment. At 11132 station, fecal bacteria loads were consistently high
from April though December under mid range to low flow conditions. Fecal coliform
data were not available for high flows to mid range flows. The existing data indicate that

point sources may be potential contributors of fecal bacteria.
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Fig. 5.9 Load Duration Curve for Fecal coliform for Station 11132 (Segment 1007D)
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Fig. 5.10 Load Duration Curve for E.coli for Station 16652 (Segment 1007E)

For segment 1007E, a load duration curve for E.coli was constructed only for
station 16652 (Fig. 5.10). Due to the absence of a USGS gage in this segment, flow was
evaluated using gage 8075000. The graph suggests that the observed loads are out of
compliance generally for the entire period with the exception of a few days during the
months of January, April, June, August, September, and November. Available data are
for high and moist flow conditions only. Although little can be said about point sources
under lower flow conditions, the available data indicate that non-point sources may be

contributing to the bacteria loads.
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Segment 1007N
For segment 1007N, USGS gage 8075400 was used for flow calculations.
Exceedances were observed for the entire flow period as shown in Figure. 5.11 indicating

both point and non point sources of bacteria.
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Fig. 5.11 Load Duration Curve for E.coli for Station 16655 (Segment 1007N)

Segment 1007M and 1007R

For segment 1007M and 1007R, stations 16657 and 15869 were analyzed
respectively. The existence of high flow and low flow conditions at both stations (Fig.
5.12 & Fig. 5.13) suggest that both point and non point inputs are potential sources of
fecal bacteria. However, for station 16657, the non-exceedances observed during the dry
conditions and low flow periods indicated that point sources may not be contributing to

the in — stream bacteria load.
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Fig. 5.12 Load Duration Curve for E.coli for Station 16657 (Segment 1007R)
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Fig. 5.13 Load Duration Curve for E.coli for Station 15869 (Segment 1007R)
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Segment 1016

For this segment, stations 11371, 11124, and 11369 were selected for analysis
using fecal coliform data. The observed loads violate the target loads generally for the
entire period for which the analysis is conducted. The data in Figures 5.14, 5.15, & 5.16
show that the fecal bacteria concentrations were available mostly for high flows to mid —

range flows. Thus, non point sources are responsible for the observed loads.
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Fig. 5.14 Load Duration Curve for Fecal coliform for Station 11371 (Segment 1016)
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Fig. 5.15 Load Duration Curve for Fecal coliform for Station 11124 (Segment 1016)
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Fig. 5.16 Load Duration Curve for E.coli for Station 11369 (Segment 1016)
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Segment 1006

For this particular segment, only station 11126 was selected for constructing the
load duration curve (Fig. 5.17). Generally, the target bacteria load is exceeded at all flow
conditions when data are available. Information is not available for dry conditions and

low flows.
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Fig. 5.17 Load Duration Curve for Fecal coliform for Station 11126 (Segment 1006)

93



Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

CHAPTER 6

PRELIMINARY SAMPLING RESULTS

A total of three intensive surveys were conducted during the period from May 06
through July 06 to collect flow and E.coli at 21 locations. This chapter reports the
sampling results but does not include flow calculations/measurements for any of the

intensive surveys since calculations are ongoing at this time.

6.1 INTENSIVE SURVEY # 1

The first intensive survey was a dry weather event; however a rainfall event prior
to the sampling may have resulted in the elevated concentrations observed at the
sampling locations. The rainfall event occurred on May 14, 06. The magnitude and
distribution of the rainfall over a period of one day at each of the rain gage stations was
statistically analyzed to estimate rainfall over the entire area (Fig. 6.1). The accumulation
of rainfall on subsequent days was approximately zero. As can be seen in Fig. 6.1, most
of the rain was experienced by parts of the Eastern Houston, Greens Bayou, and the Halls
Bayou watersheds where amounts ranged from trace to 1.1 inches. Bacteria stations in
these watersheds exhibited high FE.coli concentrations as compared to the sampling
locations in Brays and Sims Bayou where the rainfall intensity ranged mostly from 0 to
0.55 inch/day with a few exceptions. Graphical plots show the temporal nature of the
indicator concentrations (Fig. 6.2, 6.3, 6.4 and 6.5) at the sampled stations. A decline in
E.coli concentrations over a period of 4 days following the rain event can be seen based

on the data in the plots.
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Table 6.1 Rainfall Magnitude on May 14, 06 during Intensive Survey #1

GAGE NAME Gage ID Rainfall Magnitude (Inch)

C106 Berry Bayou @ Nevada 310 0.51
C106 Berry Bayou @ Forest 320 0.16
C100 Sims Bayou @ Telepho 340 0.35
C100 Sims Bayou @ Martin 360 0.00
C100 Sims Bayou @ SH-288 370 0.00
C100 Sims Bayou @ Hiram-C 380 0.00
D109 Harris Gulley @ S. M 400 0.31
D100 Brays Bayou @ Lawnda 410 0.43
D100 Brays Bayou @ South 420 0.04
D100 Brays Bayou @ Stella 430 0.00
D100 Willow Watering Hole 435 0.00
D100 Brays Bayou @ Rice 440 0.00
D100 Brays Bayou @ Gessne 460 0.00
D100 Brays Bayou @ Beltwa 465 0.00
D100 Brays Bayou @ Belle 470 0.00
D100 Brays Bayou @ Bellai 475 0.00
D118 Keegans Bayou @ Roar 480 0.00
D100 Brays Bayou @ SH 6 485 0.00
D118 Keegans Bayou @ Keeg 490 0.00
H100 Hunting Bayou @ IH-1 820 0.43
H100 Hunting Bayou @ Loop 830 0.87
H100 Hunting Bayou @ Lock 840 1.14
Reliant Park 1020 0.20
P100 Greens Bayou @ Mt. H 1600 0.98
P100 Greens Bayou @ Norma 1610 0.55
P100 Greens Bayou @ Ley R 1620 0.83
P130 Garners Bayou @ Belt 1630 0.87
P100 Greens Bayou @ US-59 1640 0.39
P100 Greens Bayou @ Beltw 1645 0.43
P130 Garners @ Rankin Rd 1650 0.39
P100 Greens Bayou @ Knobc 1660 0.55
P100 Greens Bayou @ Bamme 1665 0.04
P100 Greens Bayou @ Cutte 1670 0.04
P118 Halls Bayou @ Tidwel 1675 0.63
P118 Halls Bayou @ Jensen 1680 0.83
P100 Greens Bayou @ Tidwe 1685 0.83
P118 Halls Bayou @ Airlin 1690 0.98
SH 288 @ MacGregor 3010 0.43
IH 45 S HOV @ DwT Terminu 3020 0.67
Galveston Rd @ Allendale 3030 0.24
IH 10 @ Normandy 3060 0.43
SH 288 @ Loop 610 3070 0.04
IH 45 W Road HOV Entrance 3520 1.10
Metro Rail @ Fannin 3990 0.12
Brazos River @ SH 36 4310
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Fig.6.2 E.coli Concentration Trends During Intensive Survey # 1
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Fig.6.3 E.coli Concentration Trends During Intensive Survey # 1
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Fig.6.4 E.coli Concentration Trends During Intensive Survey # 1
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especially at stations 16676, 16663, 16657, 16662, 11371 and TBD # 1 where
concentrations decrease to below the single sample exceedance criteria for E.coli in
approximately 5 days following the rainfall event.

The E.coli concentrations at most of the sampling locations exhibited a decreasing
trend in bacteria concentrations except stations 16652, 11132, 16655, 11138, and 16650
where the variation in concentrations appeared to be independent of the time period
sampled. At stations 16653 and 16659, the concentrations decline from greater than a log
value of 100,000 MPN/100mL on day 0 to below the single sample exceedance limit on
day 4. However, at station 16658, the concentration of E.coli on day 0 was greater than
242,000 MPN/100mL and decreased to 5,310 MPN/100mL on day 4. Thus, the effects of
rainfall on bacteria concentrations are evident and these effects may be observed for at
least 3 to 5 days following the rainfall event. The observations for E.coli and TSS

measured at each of stations are summarized in Table 6.1.

6.1.1 Field Measurements: Intensive Survey# 1

A YSI 6920 multiparameter probe (YSI, Inc., Yellow Springs, Ohio) was used for
measurement of field parameters, such as temperature, specific conductance, pH,
dissolved oxygen and turbidity. The instrument was calibrated prior to use each day to
ensure accurate and valid measurements. Table 6.2 depicts the YSI readings measured

each day of the Intensive Survey # 1.
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Table 6.2 E.coli and TSS Results from Intensive Survey # 1

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
5/15/2006 9:10 649 63.2
5/16/2006 9:10 368 83.2
5/17/2006 15848 12:30 157 37.2
5/18/2006 12:15 106 34.8
5/18/2006 17:45 323 32
5/19/2006 8:55 491 50.4
5/15/2006 9:55 986 9.6
5/16/2006 10:00 2795 8
5/17/2006 L6652 11:50 777 4.8
5/17/2006 18:45 578 <4.0
5/18/2006 13:00 676 6
5/19/2006 9:55 1636 <4.0
5/15/2006 10:45 576 26.8
5/16/2006 10:40 380 42.8
5/17/2006 11:12 491 15.2
5/17/2006 16655 17:35 83 12.4
5/18/2006 14:10 71 16.4
5/19/2006 10:20 278 13.6
5/15/2006 13:10 809 72
5/16/2006 11:15 650 57.6
5/17/2006 1132 9:25 488 69.2
5/17/2006 16:55 366 57.6
5/18/2006 15:00 466 64.8
5/18/2006 18:55 441 68
5/15/2006 14:04 92080 7.6
5/16/2006 12:05 1106 <4.0
5/17/2006 10:35 947 4
5/17/2006 16659 16:15 613 <4.0
5/18/2006 8:35 650 <40
5/19/2006 13:30 411 <4.0
5/15/2006 14:35 >241960 85.6
5/16/2006 12:25 >241960 8.8
5/16/2006 L6658 17:00 30745 6.8
5/17/2006 15:50 13115 <4.0
5/18/2006 9:20 6665 7.6
5/19/2006 13:55 5310 45.6
5/15/2006 15:30 47475 24
5/16/2006 14:15 1028.5 26.8
5/16/2006 1138 17:55 1096 26
5/17/2006 15:05 2004 26.8
5/18/2006 15:45 703.55 19.6
5/19/2006 11:05 4310 26
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Table 6.2 E.coli and TSS Results from Intensive Survey # 1 — Cont’d

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
5/15/2006 16:16 141360 6.8
5/16/2006 15:00 7685 <4.0
5/16/2006 16653 17:25 5465 <4.0
5/17/2006 14:35 599.55 <4.0
5/18/2006 16:20 548.65 <4.0
5/19/2006 12:35 435.85 <4.0
5/15/2006 16:59 241960 13.2
5/16/2006 15:40 8190 13.2
5/16/2006 16650 18:45 4695 10.8
5/17/2006 14:10 2274 11.2
5/18/2006 10:10 5675 <4.0
5/19/2006 14:25 10960 14.8
5/15/2006 17:50 >241960 21.6
5/16/2006 15:40 26845 4.8
5/17/2006 L6649 8:15 13450 <4.0
5/18/2006 11:05 2502.5 4
5/19/2006 8:05 4955 <4.0
5/19/2006 15:10 3880 <4.0
5/15/2006 8:55 13905 8.8
5/16/2006 8:45 1519 4.4
5/17/2006 124 14:40 1497 30.4
5/18/2006 8:50 1523 <4.0
5/18/2006 17:44 1876.5 44
5/19/2006 14:45 1194.5 <4.0
5/15/2006 9:55 12640 7.6
5/16/2006 9:29 4413 <4.0
5/17/2006 15:15 1316 5.6
5/18/2006 16676 9:31 196 <4.0
5/18/2006 18:14 154.95 <4.0
5/19/2006 15:20 117.55 <4.0
5/15/2006 10:35 24385 72
5/16/2006 10:00 20435 23.6
5/17/2006 1371 13:30 554 57.6
5/18/2006 10:10 398.05 25.6
5/19/2006 15:40 94.7 18
5/19/2006 8:12 185.5 24.4
5/15/2006 11:40 42895 11.6
5/16/2006 10:28 1235 <4.0
5/17/2006 16665 15:45 1440 <4.0
5/18/2006 10:47 669.5 <4.0
5/19/2006 9:13 822.5 4
5/19/2006 16:16 1009 4.4
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Table 6.2 E.coli and TSS Results from Intensive Survey # 1 — Cont’d

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
5/15/2006 13:25 89840 29.2
5/16/2006 11:58 1646 7.6
5/16/2006 18:01 811 9.6
5/17/2006 TBD#1 11:05 1045 123
5/18/2006 12:10 112.25 8
5/19/2006 10:26 88.2 6
5/15/2006 12:15 46390 12.8
5/16/2006 11:02 701.5 <4.0
5/16/2006 17:01 457.5 <4.0
5/17/2006 TBD#2 12:50 474.75 4
5/18/2006 11:23 140 4.4
5/19/2006 9:43 143.9 <4.0
5/15/2006 12:45 98350 44.4
5/16/2006 11:28 1536.5 8.8
5/16/2006 16666 17:46 4724 <4.0
5/17/2006 11:27 1034.5 4
5/18/2006 11:45 1193.5 44
5/19/2006 10:05 384.35 4.4
5/15/2006 15:25 10430 13.2
5/16/2006 13:50 406.95 4.8
5/17/2006 16663 10:05 151.2 52
5/17/2006 16:48 427.55 6
5/18/2006 16:32 97.35 <4.0
5/19/2006 11:11 96.35 4
5/15/2006 16:25 7580 12.8
5/16/2006 14:20 520.55 6.8
5/17/2006 9:40 269 9.6
5/17/2006 16662 17:22 621 38.4
5/18/2006 15:34 50.8 12.8
5/19/2006 12:00 79.8 <4.0
5/15/2006 17:35 1655.5 13.2
5/16/2006 15:15 112.35 10
5/17/2006 16657 8:35 169.45 22.4
5/17/2006 18:20 48.15 11.2
5/18/2006 13:10 27.95 8.8
5/19/2006 12:31 15.65 10
5/15/2006 17:05 70.85 16
5/16/2006 14:48 4.15 7.6
5/17/2006 11128 9:05 2.05 <4.0
5/17/2006 17:59 52 7.6
5/18/2006 14:35 3.05 7.2
5/19/2006 13:11 8.5 7.2
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Table 6.3 Field parameters recorded during Intensive Survey# 1

TEMP CONDUCTIVITY SALINITY DO TURBIDITY
DATE  SITEID TIME (uS/em) (opt) DO% oy PH (NTU)
5/15/2006 9:10  23.40 891 0.44 533 4.53 7.56 41.8
5/16/2006 9:10  22.46 720 0.35 575 4.98 7.65 55.5
S/17/2006 | sgye 12:30  25.87 835 0.41 61.0 4.92 8.06 36.5
5/18/2006 12:15 2627 779 0.38 68.7 5.55 7.29 26.0
5/18/2006 17:45 3240 732 0.35 102.4 7.42 7.85 37.1
5/19/2006 8:55  25.05 858 0.42 42.1 3.45 7.44 544
5/15/2006 9:55  23.82 931 0.46 1380 1278 8.61 0.5
5/16/2006 10:00  22.90 752 0.37 150.7 1290  8.18 23
S/17/2006 oo 11:50  29.82 775 0.37 168.1  12.65 8.74 2.6
5/17/2006 18:45 2573 752 0.37 70.9 580  9.05 23
5/18/2006 13:00  35.02 638 0.3 2044 1420  9.08 9.1
5/19/2006 9:55  26.10 827 0.4 110.9 8.95 8.32 15.1
5/15/2006 10:45 2326 852 0.42 52.7 4.49 7.53 27.6
5/16/2006 10:40  22.14 800 0.39 523 460 793 20.9
S/17/2006 (e 11:12 21.64 981 0.48 35.2 3.09 7.49 23.4
5/17/2006 1735 26.46 969 0.47 86.7 696  1.83 16.5
5/18/2006 14:10  24.08 847 0.41 432 3.57 7.56 14.1
5/19/2006 1020 25.33 955 0.47 31.6 2.59 7.56 20.3
5/15/2006 13:10  25.49 893 0.44 100.8 8.21 8.04 58.2
5/16/2006 11:15  25.04 859 0.42 114.1 7.61 6.04 56.6
S/17/2006 |13, 9:25  23.66 991 0.49 55.4 4.62 7.78 55.6
5/17/2006 16:55 2843 984 0.48 99.1 7.77 8.06 86.8
5/18/2006 15:00  28.99 881 0.43 100.2 780  7.95 78.8
5/18/2006 18:55  29.41 863 0.42 105.7 8.06 8.03 62.7
5/15/2006 14:04  23.83 294 0.14 21.4 1.79 7.59 10.3
5/16/2006 12:05 2258 350 0.17 327 2.84 8.36 2.1
S/17/2006 | ccco 10:35  21.01 503 0.24 20.9 1.85 7.40 7.1
5/17/2006 16:15 2485 518 0.25 62.4 5.19 7.67 26.1
5/18/2006 8:35  21.52 477 0.32 23.1 2.02 7.80 5.2
5/19/2006 1330 25.73 553 0.27 50.1 4.08 7.63 5.1
5/15/2006 14:35 2432 227 0.11 23.2 1.94  7.66 17.3
5/16/2006 1225 21.39 374 0.18 13.6 112 7.97 53
5/16/2006 | oo 17:00  22.86 270 0.13 20.4 176 7.86 10.0
5/17/2006 15:50  21.85 402 0.19 16.8 1.55 7.72 5.6
5/18/2006 9:20 2251 404 0.19 26.1 2.07 7.68 3.7
5/19/2006 13:55 2475 490 0.24 12.9 1.06 736 26.2
5/15/2006 1530 29.19 786 0.38 1857 1425 897 17.0
5/16/2006 14:15  27.93 744 0.36 197.1 1508  8.71 19.3
5/16/2006_ 11130 17:55 2834 740 0.36 2052 1584  8.72 23.0
5/17/2006 15:05  29.88 856 0.42 1544 1172 8.90 31.9
5/18/2006 1545 31.73 760 0.37 13.7 13.64 898 15.9
5/19/2006 11:05 2846 815 0.41 1284  10.18 8.6l 19.4
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Table 6.3 Field parameters recorded during Intensive Survey # 1 — Contd

TEMP CONDUCTIVITY SALINITY DO TURBIDITY
DATE ~ SITEID TIME . (uS/em) o) DO% o pH (NTU)
5/15/2006 16:16 2521 276 0.13 386  3.05 7.64 7.6
5/16/2006 15:00 449  3.67 8.15 1.2
5/16/2006 | ooy _17:25  24.54 284 0.14 458 3.99 7.76 3.6
5/17/2006 1435  23.93 456 0.22 374 3.16 7.45 2.6
5/18/2006 1620 25.18 465 0.22 443 3.64 7.76 2.0
5/19/2006 1235 2494 529 0.25 450  3.62 7.59 2.0
5/15/2006 16:59  27.07 226 0.11 812 645 7.98 13.9
5/16/2006 15:40  25.78 246 0.12 934 759 8.06 11.2
5/16/2006 | o _18:45 2567 254 0.12 963 7.2 8.31 13.9
5/17/2006 14:10  26.49 411 0.2 73.0  5.84 7.65 15.9
5/18/2006 10:10  22.82 473 0.23 48.6  4.08 7.38 4.6
5/19/2006 1425 29.62 585 0.28 713 543 7.1 26.2
5/15/2006 17:50  22.06 123 0.06 649  5.46 8.35 58.1
5/16/2006 15:40
5/17/2006 (<10 815  21.90 228 0.11 503 431 8.65 2.6
5/18/2006 11:05  24.06 329 0.16 306 256 7.30 3.8
5/19/2006 8:05 2225 595 0.29 265 230 8.02 23
5/19/2006 15:10  27.94 389 0.18 17.7 1.39 7.17 2.0
5/15/2006 8:55  20.74 244 0.12 48.7 437 7.57 10.5
5/16/2006 845  19.17 580 0.28 60.6  5.42 7.52
S/17/2006 11154 _14:40 2336 337 0.16 356 3.05 7.50 3.4
5/18/2006 8:50  21.46 319 0.15 562 4.94 8.19 5.6
5/18/2006 17:44  25.01 353 0.17 720 585 8.02 34
5/19/2006 14:45  26.49 456 0.22 8.0 633 7.75 2.8
5/15/2006 9:55  22.09 188 0.09 13.9 1.23 7.73 12.3
5/16/2006 929 26.83 656 0.32 574 458 9.48
S/17/2006 | o0 _15:15 2236 565 0.27 292 246 7.90 0.1
5/18/2006 9:31  20.94 535 0.26 38.1 3.29 7.87 2.0
5/18/2006 18:14 2451 550 0.27 927  17.56 1.4
5/19/2006 1520  25.38 650 031 864  7.06 7.51 0.3
5/15/2006 10:35  22.52 309 0.15 67.1 5.80 7.73 47.1
5/16/2006 10:00  22.98 505 0.24 746 639 7.59
S/17/2006 1134 _13:30  25.69 631 0.3 384  3.14 7.78 31.0
5/18/2006 10:10  24.42 611 0.3 90.6 7.5 8.01 25.9
5/19/2006 15:40  30.19 792 0.38 151.0 1125 8.4 24.0
5/19/2006 812 26.13 785 0.38 769  6.17 7.83 21.8
5/15/2006 11:40  21.92 321 0.15 473 4.14 8.01 15.1
5/16/2006 1028 21.73 554 0.27 2296 2015  7.67
S/17/2006 | oo 1545 2593 678 0.33 328 2.63 8.17 3.7
5/18/2006 10:47  20.58 499 0.24 537 471 7.90 3.2
5/19/2006 9:13  22.63 595 0.29 380 3.29 7.81 23
5/19/2006 16:16  26.05 755 0.37 76.0  5.99 8.05 2.5
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Table 6.3 Field parameters recorded during Intensive Survey # 1 — Contd

TEMP CONDUCTIVITY SALINITY DO TURBIDITY
DATE  SITEID TIME (uS/em®) o) DO% o pH (NTU)

5/15/2006 13:25  24.16 322 0.15 80.4 6.81 8.56 26.1
5/16/2006 11:58 2263 137 0.06 3209 2771 8.04

5/16/2006  ypp g 1801 25.52 491 0.24 86.4 7.03 7.73
5/17/2006 11:05 24.12 543 0.26 59.1 4.96 7.66 11.7
5/18/2006 12:10 2650 523 0.24 1085  8.70 8.01 10.6
5/19/2006 10:26  26.45 666 0.32 87.9 6.99 7.90 73

5/15/2006 12:15  22.86 262 0.12 715 6.15 8.24 16.3
5/16/2006 11:02 3275 223 0.1 205.1 1479 778
5/16/2006  ppo .y, _17:01 2170 378 0.18 164.1 1435 7.6
5/17/2006 12:50 23.67 377 0.18 56.7 4.80 8.23 4.7

5/18/2006 1123 24.00 379 0.16 1270 1060  8.18 5.0
5/19/2006 9:43  22.89 414 0.2 84.8 7.20 8.10 44
5/15/2006 12:45  22.86 603 0.29 3.0 1.02 8.38 61.6
5/16/2006 1128 19.71 829 0.41 1794 1547 738
5/16/2006 | oo _17:46 2098 922 0.46 76.8 6.87 7.16
5/17/2006 1127 1945 1010 0.5 27.4 2.53 7.66 10.4
5/18/2006 11:45  20.10 1005 0.5 81.5 7.29 7.67 6.2

5/19/2006 10:05  22.58 1368 0.68 72 6.12 7.60 29.1
5/15/2006 1525 2385 710 0.35 98.5 8.27 7.92 13.3
5/16/2006 13:50 23.56 710 0.35 187.6 1542  7.69
S/17/2006 | oo _10:05 2225 719 0.35 55.5 4.78 7.79 6.3

5/17/2006 16:48  25.17 545 0.26 26.4 2.17 8.02 43

5/18/2006 1632 2381 471 0.235 93.5 7.85 8.24 9.0
5/19/2006 11:11 2344 510 0.25 96.5 8.28 7.95 3.0
5/15/2006 16:25  25.08 307 0.15 90.1 7.40 8.59 42
5/16/2006 1420 22.09 57 0.03 1902 1660  7.65
S/17/2006 <o 9:40 21.95 500 0.24 80.8 7.06 745 31.7
5/17/2006 1722 29.03 537 0.26 43.0 3.30 8.10 12.3
5/18/2006 15:34 416 0.2 1975 1594 833 6.7
5/19/2006 12:00  29.60 601 0.29 188.1 1498  7.84 3.1

5/15/2006 17:35  26.63 307 0.15 1077  8.61 8.56 13.1
5/16/2006 15:15  22.09 57 0.03 1902 1660  7.65
S/17/2006 | ccco 8:35 22.04 495 0.24 70.3 6.12 747 14.7
5/17/2006 1820 29.14 529 0.25 31.0 2.38 8.11 13.1
5/18/2006 13:10  28.50 521 0.25 1209 927 7.94 0.6
5/19/2006 1231 29.12 670 0.32 1039  7.92 7.92 23.1
5/15/2006 17:05  25.93 437 0.21 93.0 7.54 8.08 16.8
5/16/2006 14:48  22.09 57 0.03 1902 1660  7.65

S/L7/2006 | 15e 9:05 22.73 587 0.28 81.3 7.04 7.57 2.8
5/17/2006 17:59  26.98 595 0.29 28.5 227 7.85 43

5/18/2006 1435 2653 495 0.24 1273 1004  7.86 52
5/19/2006 13:11 2684 585 0.28 1154 9.10 7.87 4.7
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6.2 INTENSIVE SURVEY # 2

The sampling event was considered a wet weather event since the majority of the
Houston Metro area experienced accumulations ranging from 0.4 to 1.8 inches beginning
the first day of sampling. The rainfall totals over a 24 hr period for rain gages within the
Houston Metro area are summarized in Table 6.3. It can be observed that most of the rain
gages within the watershed exhibited precipitation greater than 1 inch on the second day
and increasing to greater than 2 inches on the third day. Each of the twenty one locations
was sampled 6 times during the event for E.coli and flow. The E.coli concentrations and

total suspended solids (TSS) measured at each station are summarized in Table 6.4.

6.2.1 Field Measurements: Intensive Survey# 2

A YSI 6920 multiparameter probe (YSI, Inc., Yellow Springs, Ohio) was used for
measurement of field parameters, such as temperature, specific conductance, pH,
dissolved oxygen and turbidity. The instrument was calibrated prior to use each day to
ensure accurate and valid measurements. Table 6.5 depicts the YSI readings measured

each day of the second intensive survey.
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Table 6.4 Rainfall Totals over a 24 period during Intensive Survey # 2

Rainfall Totals for a 24 hr period (inch)

GAGE NAME Rain Gage ID =, ¢/16/06 06/17/06 06/18/06 06/19/06 06/20/06 06/21/06
C106 Berry Bayou (@ Nevada 310 0.04 1.22 2.56 9.84 0.35 0.00
C106 Berry Bayou @ Forest 320 0.04 1.06 2.64 7.99 0.28 0.00
C100 Sims Bayou @ Telepho 340 0.00 0.71 1.06 10.67 0.39 0.00
C100 Sims Bayou @ Martin 360 0.12 1.38 1.65 6.93 0.20 0.00
C100 Sims Bayou @ SH-288 370 0.12 2.44 1.10 3.86 0.39 0.00
C100 Sims Bayou @ Hiram-C 380 0.08 1.97 0.98 1.81 0.35 0.00
D109 Harris Gulley @ S. M 400 0.04 2.09 0.63 3.03 0.16 0.00
D100 Brays Bayou @ Lawnda 410 0.00 1.18 1.50 7.52 0.16 0.00
D100 Brays Bayou @ South 420 0.12 0.98 0.51 2.44 0.04 0.04
D100 Brays Bayou @ Stella 430 0.04 1.02 0.12 2.32 0.31 0.04
D100 Willow Watering Hole 435 0.08 0.71 0.20 0.63 0.47 0.00
D100 Brays Bayou @ Rice 440 0.08 0.51 0.08 0.04 0.16 0.00
D100 Brays Bayou @ Gessne 460 0.00 0.31 0.24 0.51 0.91 0.00
D100 Brays Bayou (@ Beltwa 465 0.00 0.98 0.28 0.71 1.06 0.00
D100 Brays Bayou @ Belle 470 0.00 1.10 0.75 0.83 1.02 0.00
D100 Brays Bayou @ Bellai 475 0.00 0.87 0.39 0.67 0.79 0.00
D118 Keegans Bayou @ Roar 480 0.00 0.67 0.43 0.28 0.79 0.00
D100 Brays Bayou @ SH 6 485 0.00 1.38 0.51 0.91 1.18 0.00
D118 Keegans Bayou @ Keeg 490 0.00 1.30 0.43 0.28 0.67 0.00
H100 Hunting Bayou @ IH-1 820 0.00 0.87 1.89 6.02 0.59 0.00
H100 Hunting Bayou @ Loop 830 0.00 0.91 1.50 3.62 0.39 0.00
H100 Hunting Bayou @ Lock 840 0.00 2.28 1.34 5.08 0.31 0.00
Reliant Park 1020 0.08 1.14 0.39 2.99 0.31 0.00
P100 Greens Bayou @ Mt. H 1600 0.00 2.32 2.52 6.10 0.59 0.04
P100 Greens Bayou @ Norma 1610 0.00 1.06 1.73 6.89 0.79 0.04
P100 Greens Bayou @ Ley R 1620 0.00 1.85 2.13 6.93 0.51 0.00
P130 Garners Bayou @ Belt 1630 0.00 1.50 1.93 4.06 0.16 0.00
P100 Greens Bayou @ US-59 1640 0.00 1.14 0.59 3.74 0.47 0.00
P100 Greens Bayou @ Beltw 1645 0.00 1.50 0.75 7.68 0.28 0.00
P130 Garners @ Rankin Rd 1650 0.00 0.75 1.06 2.17 0.20 0.00
P100 Greens Bayou @ Knobc 1660 0.00 0.83 0.71 2.44 0.12 0.00
P100 Greens Bayou @ Bamme 1665 0.16 1.22 0.75 4.41 0.51 0.00
P100 Greens Bayou @ Cutte 1670 0.28 1.42 1.14 4.17 0.28 0.00
P118 Halls Bayou @ Tidwel 1675 0.00 1.73 1.73 4.88 0.43 0.00
P118 Halls Bayou @ Jensen 1680 0.00 1.02 0.24 2.28 0.08 0.00
P100 Greens Bayou @ Tidwe 1685 0.00 2.13 2.01 8.03 0.51 0.00
P118 Halls Bayou @ Airlin 1690 0.00 1.93 0.63 4.09 0.12 0.08
SH 288 @ MacGregor 3010 0.12 2.56 0.83 4.06 0.24 0.00
IH 45 SHOV @ DwT Terminu 3020 0.20 2.64 1.57 4.37 0.12 0.00
Galveston Rd @ Allendale 3030 0.04 1.14 2.68 12.95 0.28 0.00
IH 10 @ Normandy 3060 0.00 0.91 2.09 7.05 0.91 0.00
SH 288 @ Loop 610 3070 0.04 2.60 0.63 5.24 0.24 0.00
IH 45 W Road HOV Entrance 3520 0.00 1.22 0.79 3.31 0.12 0.00
Metro Rail @ Fannin 3990 0.08 1.38 0.51 3.43 0.35 0.00
Brazos River @ SH 36 4310 1.06 0.00 0.04 2.72 1.42 0.00
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Table 6.5 E.coli and TSS Results from Intensive Survey # 2

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
6/17/2006 17:38 50430 177
6/18/2006 12:55 19745 44.8
6/20/2006 15848 1:45 15440 35.2
6/21/2006 9:50 1087 4
6/21/2006 15:15 531 18
6/22/2006 8:35 690 <4.0
6/17/2006 18:35 56515 9.2
6/18/2006 14:20 2445 7.2
6/20/2006 16652 2:55 19090 25.2
6/21/2006 10:30 407 26.4
6/21/2006 15:50 116160 52
6/22/2006 9:25 7933 19.2
6/17/2006 19:05 12210 133
6/18/2006 14:55 7495 37.6
6/20/2006 16655 15:35 - 43.2
6/21/2006 10:56 24196 27.6
6/21/2006 16:20 36605 26.8
6/22/2006 9:45 62210 64.8
6/18/2006 11:55 34785 111
6/20/2006 16:05 6875 117
6/21/2006 11132 9:15 4805 9.6
6/21/2006 11:25 1967.5 19.6
6/21/2006 18:57 4106 20.8
6/22/2006 10:25 6405 <4.0
6/18/2006 11:15 53235 30.8
6/20/2006 16:40 17850 12.4
6/20/2006 16659 19:03 12750 23.6
6/21/2006 11:49 991 6.8
6/21/2006 17:15 1043 8
6/22/2006 10:50 1052 <4.0
6/18/2006 10:40 64150 36.4
6/20/2006 16:55 198630 30.8
6/20/2006 16658 19:19 132685 30
6/21/2006 12:00 6100 10.8
6/21/2006 17:30 3352 <4.0
6/22/2006 11:00 5635 5.6
6/17/2006 19:35 70685 474
6/18/2006 15:20 21945 108
6/20/2006 11138 18:30 18205 15.2
6/21/2006 13:40 2319 28
6/21/2006 19:20 4182 16.8
6/22/2006 13:05 10990 56.4
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Table 6.5 E.coli and TSS Results from Intensive Survey # 2 — Cont’d

DATE SITE ID TIME E.coli (MPN/100mL) TSS (mg/L)
6/17/2006 20:10 48925 53.6
6/18/2006 16:05 50730 26
6/20/2006 16653 17:55 25490 40.8
6/21/2006 13:15 54200 <4.0
6/21/2006 18:50 36305 <4.0
6/22/2006 12:25 43585 <4.0
6/18/2006 9:30 69160 54
6/20/2006 17:25 10735 12
6/20/2006 16650 19:35 42270 10
6/21/2006 12:20 6350 14.4
6/21/2006 17:50 73975 <4.0
6/22/2006 11:25 11990 8.4
6/18/2006 9:56 61710 42
6/20/2006 13:20 18370 19.2
6/21/2006 16649 8:25 7905 35.2
6/21/2006 12:52 8835 23.6
6/21/2006 18:15 5160 52
6/22/2006 12:10 5981.5 6.4
6/18/2006 10:00 9840 70.8
6/18/2006 15:30 10010 10
6/21/2006 11124 8:30 2355.5 7.6
6/21/2006 15:25 1818.5 6
6/22/2006 13:00 936 96.4
6/22/2006 16:02 1012.5 4.8
6/18/2006 10:30 7640 14.8
6/18/2006 16:00 4242 5.6
6/21/2006 16676 9:40 960 <4.0
6/21/2006 16:08 5435 <4.0
6/22/2006 12:13 4618 <4.0
6/22/2006 15:40 1564.5 7.6
6/17/2006 20:20 21440 114
6/18/2006 16:20 10740 100
6/21/2006 1371 9:00 695.5 48
6/21/2006 15:50 401.5 344
6/22/2006 12:37 409 32.8
6/22/2006 15:15 410.6 10.8
6/17/2006 19:45 74855 18.4
6/18/2006 16:45 11670 6
6/20/2006 16665 17:00 6025 8.4
6/21/2006 10:15 956.5 <4.0
6/21/2006 16:45 1967.5 <4.0
6/22/2006 11:45 1689.5 <4.0
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Table 6.5 E.coli and TSS Results from Intensive Survey # 2— Cont’d

DATE SITE ID TIME E.coli (MPN/100mL) TSS (mg/L)
6/17/2006 17:55 94500 392
6/18/2006 18:05 37635 114
6/20/2006 17:45 42270 61.6
6/21/2006 TBD#1 12:20 7070 112
6/21/2006 18:00 2734 64.4
6/22/2006 10:37 743.5 43.2
6/17/2006 19:15 176970 257
6/18/2006 17:15 12165 153
6/20/2006 18:19 8310 12.8
6/21/2006 TBD#2 10:55 647.5 284
6/21/2006 17:08 807.5 6.4
6/22/2006 11:20 375.5 8
6/17/2006 18:40 6.95 20
6/18/2006 17:40 92340 35.6
6/20/2006 16666 17:20 4612 14.4
6/21/2006 11:30 386 206
6/21/2006 17:35 1232.5 18
6/22/2006 11:00 1974 16.4
6/18/2006 11:45 25065 118
6/18/2006 18:45 11245 38
6/20/2006 16663 16:30 1238 60.8
6/21/2006 12:50 565.15 43.2
6/21/2006 18:40 293 40.8
6/22/2006 10:00 377.7 24.8
6/18/2006 12:30 17005 72.4
6/18/2006 19:25 8665 90
6/20/2006 16662 16:05 5970.5 40.8
6/21/2006 13:15 505 14.8
6/21/2006 19:03 1456 28.8
6/22/2006 9:15 601.5 14.8
6/18/2006 13:30 33650 37.2
6/20/2006 14:40 5549.5 14.8
6/21/2006 16657 14:45 1213 9.2
6/22/2006 8:25 1235 18.4
6/22/2006 13:40 1248 4
6/22/2006 16:45 1107 21.2
6/18/2006 13:05 30050 72.4
6/20/2006 14:55 5420 42.8
6/21/2006 11128 14:25 575 31.6
6/21/2006 19:35 1000 18
6/22/2006 8:52 493.5 17.2
6/22/2006 14:49 441.3 18.8
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Table 6.6 Field parameters recorded during Intensive Survey # 2

TEMP CONDUCTIVITY SALINITY TURBIDITY

DATE  SITEID " (uS/em) (ont) DO% DO mg/L pH (NTU)
6/17/2006 26.65 310 0.15 17.4 1.40 7.08 166.0
6/18/2006 28.56 846 0.41 66.9 5.15 7.43 24.6
6/2012006 <010 27.41 354 0.17 69.1 5.48 6.33 21.8
6/21/2006 27.60 558 0.27 37.6 3.08 7.45 18.0
6/21/2006 32.96 1025 0.50 30.9 2.26 7.66 17.9
6/22/2006 27.53 752 0.36 435 3.43 7.44 213
6/17/2006 28.62 339 0.16 58.3 451 7.85 13.6
6/18/2006 32.13 816 0.39 182.2 13.16 9.25 11.3
6/202006 | (oo 27.15 256 0.12 105.4 8.38 7.15 18.1
6/21/2006 30.46 341 0.16 150.3 11.28 9.23 7.1
6/21/2006 36.07 620 0.33 91.1 6.24 9.31 19.9
6/22/2006 27.99 396 0.19 91.9 7.21 8.21 7.7
6/17/2006 25.49 293 0.14 31.9 2.64 7.81 168.0
6/18/2006 28.05 672 0.33 66.1 5.15 8.27 41.8
6/202006 |« 27.35 438 0.21 59.5 4.70 7.01 333
6/21/2006 27.20 503 0.24 38.5 3.05 8.03 20.4
6/21/2006 31.47 910 0.44 273 2.08 8.13 20.1
6/22/2006 27.54 552 0.26 25.8 2.03 7.78 23.4
6/18/2006 24.99 649 031 85.9 7.09 7.68 103.1
6/20/2006 27.63 456 0.22 82.0 6.54 7.25 89.6
6/21/2006 |13, 26.92 503 0.24 79.2 6.36 7.58 89.9
6/21/2006 27.82 512 0.24 63.4 4.98 7.83 90.5
6/21/2006 16.50 720 0.36 38.4 2.91 7.89 74.0
6/22/2006 27.00 468 0.22 42.6 3.27 7.87 58.2
6/18/2006 24.41 605 0.29 78.5 6.56 7.45 31.7
6/20/2006 25.70 502 0.24 56.2 4.60 7.19 5.2
6/202006 | (<o 25.31 520 0.25 54.7 4.45 7.40 7.9
6/21/2006 26.38 579 0.28 24.0 1.93 7.52 7.7
6/21/2006 28.09 533 0.26 15.1 1.01 7.43 6.5
6/22/2006 27.39 391 0.19 29.8 231 7.57 9.4
6/18/2006 24.11 557 0.27 90.1 7.54 7.34 32.2
6/20/2006 26.07 406 0.19 51.9 4.19 7.41 30.9
6/202006 | cco 26.36 425 0.20 543 439 7.59 25.5
6/21/2006 26.78 498 0.24 373 2.98 7.65 4.8
6/21/2006 29.17 546 0.31 21.8 1.83 7.57 4.9
6/22/2006 26.56 609 0.29 23.6 1.89 7.50 3.1
6/17/2006 26.64 349 0.17 412 3.35 7.73 330.0
6/18/2006 28.16 590 0.28 95.3 7.44 7.99 58.7
6/202006 |30 27.51 371 0.18 105.9 8.36 7.86 37.4
6/21/2006 31.63 645 031 75.2 5.55 8.36 17.9
6/21/2006 31.26 650 031 93.1 6.88 8.48 20.5
6/22/2006 31.20 687 0.33 89.8 6.65 8.40 22.8
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Table 6.6 Field parameters recorded during Intensive Survey # 2 — Contd

TEMP CONDUCTIVITY SALINITY DO TURBIDITY
DATE  SITEID (uS/em) (on) DO% mg/L pH (NTU)
6/17/2006 25.48 259 0.12 43.9 3.61 7.78 73.8
6/18/2006 26.40 430 0.23 86.6 6.97 7.83 29.1
6/202006 | e 26.08 463 0.22 90.5 732 7.58 33.7
6/21/2006 27.31 532 0.26 46.4 3.69 7.68 12.1
6/21/2006 28.06 596 0.29 44.6 3.50 7.63 75
6/22/2006 27.83 532 0.25 58.6 4.60 7.52 33
6/18/2006 24.41 440 0.21 90.6 7.55 6.53 32.8
6/20/2006 26.20 413 0.20 98.9 7.96 7.50 5.4
6/202006 | oo _ 26.28 439 0.21 105.0 8.54 7.61 4.1
6/21/2006 27.42 526 0.25 63.8 5.04 7.68 8.4
6/21/2006 30.55 591 0.28 50.6 3.78 7.64 9.0
6/22/2006 26.96 545 0.26 37.6 2.99 7.52 5.8
6/18/2006 24.22 524 0.25 97.7 8.14 6.88 25.9
6/20/2006 25.06 246 0.12 62.8 5.18 6.83 10.9
6/21/2006 |\ _ 21.99 331 0.18 477 3.94 7.44 47
6/21/2006 2527 464 0.22 36.6 2.95 7.76 5.1
6/21/2006 25.21 580 0.28 27.7 227 7.59 44
6/22/2006 25.14 394 0.19 37.2 3.06 734 3.0
6/18/2006 24.88 210 0.10 59.6 4.92 7.54 49.0
6/18/2006 27.33 251 0.12 36.9 3.03 7.45 11.3
6/21/2006 |15, _ 2562 292 0.17 55.1 451 7.45 7.9
6/21/2006 28.73 312 0.14 64.3 4.98 7.48 4.9
6/22/2006 28.75 326 0.15 64.8 5.01 7.52 5.6
6/22/2006 29.38 316 0.15 61.8 4.72 7.57 4.6
6/18/2006 25.09 162 0.08 64.2 5.30 7.33 14.9
6/18/2006 27.91 194 0.09 26.1 2.04 7.36 10.8
6/21/2006 | o _ 26.40 232 0.11 36.1 2.88 7.36 5.6
6/21/2006 29.08 241 0.11 45.2 3.46 731 4.6
6/22/2006 28.41 301 0.14 33.5 2.60 7.41 3.0
6/22/2006 28.78 323 0.15 39.1 2.99 7.53 3.0
6/17/2006 25.29 215 0.10 70.7 5.80 7.63 145.7
6/18/2006 26.98 190 0.09 29.8 2.29 7.62 81.4
6/21/2006 | 1o 25.68 228 0.11 67.1 537 7.65 45.6
6/21/2006 29.57 251 0.12 74.8 5.69 7.64 53.4
6/22/2006 29.51 350 0.16 72.1 5.48 7.65 52.3
6/22/2006 30.47 354 0.17 74.2 5.56 7.75 47.9
6/17/2006 25.33 158 0.7 53.2 437 747 22.8
6/18/2006 28.01 197 0.09 16.4 1.28 7.45 10.8
6/202006 | o 2727 415 0.20 43.9 3.47 7.32 55
6/21/2006 25.82 498 0.24 40.9 332 743 42
6/21/2006 29.06 523 0.25 44.9 3.45 7.49 23
6/22/2006 27.70 556 0.27 37.7 2.97 7.53 1.4
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Table 6.6 Field parameters recorded during Intensive Survey # 2 — Contd

TEMP CONDUCTIVITY SALINITY DO TURBIDITY

DATE  SITEID (uS/em) (on) DO% mg/L pH (NTU)
6/17/2006 24.78 226 0.11 75.8 6.29 7.72 290.0
6/18/2006 27.81 271 0.13 74.9 5.80 7.49 84.4
6/202006  ppo .y _ 26.09 226 0.11 57.8 4.66 737 121.3
6/21/2006 27.32 325 0.15 78.3 6.19 7.59 95.7
6/21/2006 29.57 347 0.16 74.7 5.68 7.71 71.3

6/22/2006 28.37 398 0.19 722 5.50 7.63 46.0
6/17/2006 25.01 166 0.08 62.0 5.13 7.72 203.7
6/18/2006 28.58 241 0.11 12.1 0.99 7.62 144.0
6/202006  ppo o _ 26.82 234 0.11 50.8 4.05 7.16 10.3

6/21/2006 26.67 568 0.27 64.0 432 7.36 11.3

6/21/2006 28.71 638 031 59.1 4.55 7.40 89.0
6/22/2006 29.22 878 0.43 61.4 4.69 7.45 8.6

6/17/2006 23.73 134 0.06 86.3 7.30 7.93 45.5

6/18/2006 27.47 259 0.12 81.2 23.70 7.57 46.5

6/202006 | oo 25.13 174 0.08 40.0 3.24 7.26 21.6
6/21/2006 26.57 868 0.32 70.4 5.72 7.45 193.6
6/21/2006 27.96 828 0.40 58.4 457 743 14.6
6/22/2006 26.40 1232 0.61 415 3.30 7.42 93

6/18/2006 24.23 184 0.09 70.1 5.89 7.47 123.8
6/18/2006 27.62 296 0.14 66.6 6.07 7.68 28.8
6/202006 | oo 26.16 305 0.14 74.2 6.00 733 61.6
6/21/2006 26.49 453 0.22 78.6 6.31 7.50 65.7
6/21/2006 27.94 455 0.22 78.5 6.15 7.53 70.6
6/22/2006 27.54 508 0.24 79.7 5.8 7.69 88.9
6/18/2006 24.49 162 0.08 73.1 6.00 7.13 61.7
6/18/2006 28.01 216 0.10 515 4.05 7.58 89.9
6/202006 | cor _ 27.02 140 0.06 73.7 5.87 7.48 37.8
6/21/2006 27.55 188 0.09 60.3 4.71 7.35 23.3

6/21/2006 30.57 197 0.09 54.6 4.08 737 72.5

6/22/2006 27.63 250 0.12 48.1 3.77 737 44.6
6/18/2006 25.51 153 0.07 70.2 5.78 7.78 31.0
6/20/2006 26.02 172 0.08 6.4 5.19 6.95 13.6
6/21/2006 | e _ 29.73 281 0.13 62.2 4.72 7.48 94

6/22/2006 27.74 325 0.15 46.3 3.54 7.58 34.5

6/22/2006 30.27 327 0.15 59.1 4.45 7.70 40.9
6/22/2006 30.90 338 0.16 58.3 433 7.63 34.2
6/18/2006 24.88 175 0.08 80.1 6.60 7.88 947.8
6/20/2006 26.13 257 0.12 70.2 5.67 7.22 58.4
6/21/2006 |1 50 _ 28.82 439 0.21 71.4 5.50 7.49 19.2
6/21/2006 29.50 434 0.21 69.4 5.28 751 14.1

6/22/2006 27.79 554 0.27 69.9 5.48 7.61 14.0
6/22/2006 29.52 561 0.27 75.8 5.77 7.69 11.6
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6.3 INTENSIVE SURVEY # 3

The third intensive event was a low flow event due to at least three days of
antecedent dry weather conditions. Each of the 21 locations within the Metro area was
sampled 6 times for E.coli and flow. The E.coli concentrations and total suspended solids
(TSS) measured at each station are summarized in Table 6.6 . Table 6.7 lists the YSI

readings measured each day of the third intensive survey.

6.4 QUALITY ASSURANCE \QUALITY CONTROL (QA/QC)

The QA/QC report is presented in Appendix B.
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Table 6.7 E.coli and TSS Results from Intensive Survey # 3

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
7/17/2006 10:35 515 29.6
7/18/2006 10:00 20140 432
7/19/2006 15848 12:15 5515 23.6
7/20/2006 9:25 898 24
7/20/2006 14:50 715 26.8
7/21/2006 721 32.4
7/17/2006 11:25 3551 <4.0
7/18/2006 10:45 177 <4.0
7/19/2006 16652 13:10 29 <4.0
7/20/2006 10:00 328 <4.0
7/20/2006 15:30 9 <4.0
7/21/2006 221 <4.0
7/17/2006 11:50 42690 10.4
7/18/2006 11:11 9234 12
7/19/2006 16655 1405 817 26
7/20/2006 10:15 551 42.8
7/20/2006 16:00 849 35.2
7/21/2006 10:45 548 41.6
7/17/2006 14:40 462 86.8
7/19/2006 10:30 7235 134
7/19/2006 1139 14:40 4030 153
7/20/2006 11:00 1017 82
7/20/2006 16:20 984 89
7/21/2006 11:10 845 81.2
7/17/2006 15:15 770 <4.0
7/19/2006 10:00 155310 11.6
7/19/2006 16659 15:15 17125 8
7/20/2006 11:25 4133 6.4
7/20/2006 16:45 2618 13.2
7/21/2006 11:35 796 <4.0
7/17/2006 17:45 1424 4.4
7/19/2006 9:45 >241901 18.4
7/19/2006 16658 15:30 >241901 23.6
7/20/2006 11:40 >241901 18.4
7/20/2006 16:55 185965 23.6
7/21/2006 11:50 220295 20
7/17/2006 12:10 607.5 18
7/19/2006 11:35 18605 272
7/19/2006 11138 16:50 1507.5 16.4
7/20/2006 13:00 1728.5 21.2
7/20/2006 18:05 732.5 19.2
7/21/2006 12:55 568 19.2
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Table 6.7 E.coli and TSS Results from Intensive Survey # 3 — Cont’d

DATE SITE ID TIME E.coli (MPN/100mL) TSS (mg/L)
7/17/2006 12:35 667 <4.0
7/19/2006 11:00 121335.35 8.8
7/19/2006 16653 17:10 19830 <4.0
7/20/2006 13:25 4762 <4.0
7/20/2006 18:35 3365 <4.0
7/21/2006 13:25 2206.5 <4.0
7/17/2006 18:25 12015 17.2
7/19/2006 9:10 >241900.6 4
7/19/2006 16650 15:50 41660 4
7/20/2006 12:00 20640 4
7/20/2006 17:25 38925 34.4
7/21/2006 12:10 11450 <4.0
7/18/2006 9:15 26180 4.8
7/19/2006 8:45 24860 6.8
7/19/2006 16649 16:15 23725 5.6
7/20/2006 12:31 31785 7.2
7/20/2006 17:45 38730 23.2
7/21/2006 12:30 72840 17.2
7/17/2006 11:05 424.2 <4.0
7/17/2006 17:25 986 <4.0
7/19/2006 11124 11:20 1697.5 <4.0
7/19/2006 16:40 640.5 <4.0
7/20/2006 12:45 1149.5 4.4
7/20/2006 18:15 571 <4.0
7/17/2006 11:25 16355 <4.0
7/17/2006 17:50 3188.5 <4.0
7/19/2006 16676 12:10 3095.5 <4.0
7/19/2006 18:10 1010.5 <4.0
7/20/2006 13:08 2254.5 <4.0
7/20/2006 18:35 1377.5 <4.0
7/17/2006 11:45 2224 22
7/17/2006 18:10 36.45 12.4
7/19/2006 11371 11:55 1328.5 14.8
7/19/2006 18:40 452.25 12.8
7/20/2006 13:24 265.9 21.6
7/21/2006 9:45 452.25 4.4
7/17/2006 12:37 1063 <4.0
7/17/2006 18:30 259.55 <4.0
7/19/2006 16665 12:50 216.5 4
7/20/2006 9:20 524 <4.0
7/20/2006 13:50 525 4.4
7/21/2006 10:05 300.5 9.4
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Table 6.7 E.coli and TSS Results from Intensive Survey # 3 — Cont’d

DATE SITE ID TIME E.coli (MPN/100mL)  TSS (mg/L)
7/18/2006 9:45 94.65 17.6
7/19/2006 14:03 7.35 8
7/20/2006 TBD # 1 10:30 71.6 <4.0
7/20/2006 15:40 63.55 8.8
7/21/2006 11:35 30.1 6.4
7/17/2006 13:04 28 4
7/17/2006 18:50 368.05 4.4
7/19/2006 13:10 54.25 10
7/20/2006 TBD#2 9:55 70.5 <4.0
7/20/2006 14:10 30.7 <4.0
7/21/2006 10:45 62.6 4
7/17/2006 14:25 559.5 153
7/18/2006 9:30 518.05 10
7/19/2006 16666 13:30 658 246
7/20/2006 10:10 473 10.4
7/20/2006 15:25 565.15 9.2
7/21/2006 11:08 210.5 162
7/17/2006 15:14 61.25 <4.0
7/18/2006 10:35 398 10.8
7/19/2006 16663 15:30 77.9 10.4
7/20/2006 11:00 82.55 13.6
7/20/2006 16:10 53.9 10
7/21/2006 12:15 71.5 11.2
7/17/2006 15:51 569.5 6.8
7/19/2006 9:45 1496 6
7/19/2006 L6662 16:00 517.5 6.4
7/20/2006 11:38 230.25 <4.0
7/20/2006 16:40 169.25 11.6
7/21/2006 12:40 88.95 <4.0
7/17/2006 16:40 74.6 16
7/19/2006 10:55 5850 10.8
7/19/2006 16657 17:00 3989.5 8.8
7/20/2006 12:15 2618 12.8
7/20/2006 17:40 943 12.4
7/21/2006 13:40 376.35 16
7/17/2006 16:15 27.2 16.8
7/19/2006 10:35 763 16.4
7/19/2006 11128 16:35 435.2 15.2
7/20/2006 12:00 59.45 12
7/20/2006 17:20 50.85 12.4
7/21/2006 13:10 39.15 17.6
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Table 6.8 Field parameters recorded during Intensive Survey # 3

TEMP CONDUCTIVITY SALINITY . TURBIDITY
DATE  SITEID . (uS/em) (on) DO% DO mg/L pH (NTU)
7/17/2006 29.83 930 0.45 70.3 531 7.57 21.3
7/18/2006 36.98 796 0.38 64.5 428 7.66 26.7
7/192006 |sgue 30.93 607 0.29 64.0 475 7.71 18.1
7/20/2006 38.72 455 0.21 50.2 3.29 7.44 16.2
7/20/2006 51.73 368 0.17 107.4 5.74 7.59 28.6
7/21/2006 28.8 753 0.36 54.6 424 7.49 22.1
7/17/2006 33.35 725 0.35 234.0 16.74 8.44 0.1
7/18/2006 38.16 587 0.27 296.0 16.74 9.12 1.5
77192006 | csr 50.53 251 0.11 223.6 12.22 9.82 22.8
7/20/2006 36.73 219 0.10 204.2 13.36 8.99 2.2
7/20/2006 50.16 184 0.08 233.4 12.62 10.20 1.7
7/21/2006 29.12 401 0.19 208.2 15.95 8.72 0.2
7/17/2006 31.67 1197 0.59 105.3 7.70 8.15 16.7
7/18/2006 37.96 1085 0.52 71.9 4.77 8.15 14.9
7/192006 | css 44.86 573 0.27 109.9 6.53 8.15 36.0
7/20/2006 4153 390 0.18 55.7 3.47 7.96 19.2
7/20/2006 50.50 367 0.16 126.7 7.10 8.38 322
7/21/2006 32.47 643 0.39 66.2 591 7.76 19.1
7/17/2006 34.63 1060 0.51 139.2 9.70 8.32 64.6
7/19/2006 41.98 478 0.22 72.7 4.50 7.53 117.0
77192006 1113, 41.75 380 0.18 69.1 426 8.32 133.1
7/20/2006 46.53 223 0.10 61.9 3.58 8.04 73.2
7/20/2006 50.83 227 0.10 79.6 4.10 7.99 73.9
7/21/2006 30.06 530 0.25 61.1 4.60 8.10 81.2
7/17/2006 37.03 537 0.25 131.2 8.93 8.30 1.8
7/19/2006 38.70 341 0.16 13.7 0.89 732 12.3
7/192006 | csq 48.90 338 0.15 30.1 1.65 7.86 7.7
7/20/2006 45.72 213 0.10 26.0 1.52 7.71 35
7/20/2006 46.30 257 0.12 89.0 5.45 7.83 7.9
7/21/2006 29.00 480 0.23 44.7 3.44 7.80 0.3
7/17/2006 31.23 662 0.32 0.8 0.03 7.39 12.2
7/19/2006 42.47 245 0.11 523 3.22 7.38 28.4
/192006 | cso 40.41 279 0.13 14.1 0.84 8.60 23.2
7/20/2006 49.80 153 0.07 5.6 -0.32 7.58 18.9
7/20/2006 48.90 152 0.07 0.6 -0.04 7.58 34.9
7/21/2006 28.06 355 0.18 35 031 8.02 12.3
7/17/2006 36.60 837 0.40 229.5 15.53 8.44 0.1
7/19/2006 30.72 557 0.27 186.4 13.90 8.56 223
7/192006 |30 4691 519 0.24 165.7 9.54 8.91 16.6
7/20/2006 51.61 337 0.15 177.4 951 8.54 16.3
7/20/2006 35.36 445 0.21 2273 16.03 9.04 14.8
7/21/2006 30.72 654 0.35 202.5 13.96 8.76 17.2
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Table 6.8 Field parameters recorded during Intensive Survey # 3 — Contd

TEMP CONDUCTIVITY SALINITY TURBIDITY
DATE  SITEID 0 (uS/em’) (opt) DO% DO mg/L pH (NTU)
7/17/2006 33.99 546 0.26 68.1 4.79 8.19 0.3
7/19/2006 28.74 281 0.13 553 428 7.55 7.6
7192006 | con 4910 234 0.11 78.3 4.40 7.46 1.8
7/20/2006 47.27 170 0.08 36.1 2.09 7.38 0.9
7/20/2006 29.78 241 0.11 36.4 281 7.41 0.8
7/21/2006 29.44 417 0.20 552 420 7.40 1.8
7/17/2006 36.92 792 0.38 143.5 9.67 7.90 13.4
7/19/2006 41.68 223 0.10 25.1 1.61 7.42 4.0
7192006 | (o _ 5174 225 0.10 54.1 2.88 8.21 25
7/20/2006 4825 165 0.07 378 2.12 741 0.5
7/20/2006 46.97 169 0.08 64.2 3.65 759 28.0
7/21/2006 30.30 307 0.14 312 235 8.00 1.7
7/18/2006 35.14 824 0.40 21.3 1.47 8.34 46
7/19/2006 39.18 614 0.29 26.5 1.74 7.53 7.7
7192006 | (o 4556 548 0.28 33.0 2.08 8.04 7.9
7/20/2006 4525 333 0.15 24.8 143 7.24 7.1
7/20/2006 44.89 240 0.11 37.7 2.25 7.46 24.0
7/21/2006 32.03 467 0.22 30.3 2.10 7.98 12.2
7/17/2006 29.54 629 0.30 733 557 7.74 13
7/17/2006 30.41 642 031 942 7.03 8.09 1.9
7192006 |15, _ 2865 498 0.24 474 3.66 7.60 54
7/19/2006 29.82 531 0.25 13.2 1.00 781 18
7/20/2006 29.16 437 0.21 82.7 6.31 7.87 2.7
7/20/2006 29.22 420 0.20 73.9 5.65 7.86 7.3
7/17/2006 28.38 705 0.34 45.1 3.25 7.90 0.3
7/17/2006 29.66 756 0.36 61.2 463 7.88 2.6
7192006 | (o 2769 825 0.40 5.4 0.45 7.62 0.6
7/19/2006 29.20 817 0.40 9.3 0.72 7.62 0.6
7/20/2006 28.16 491 0.23 61.7 471 7.79 1.8
7/20/2006 2951 616 0.30 577 430 773 1.6
7/17/2006 31.66 776 0.37 103.9 761 8.34 17.0
7/17/2006 35.18 765 0.37 165.5 11.50 8.58 14.6
7/19/2006 11371 31.07 655 031 418 3.10 791 13.0
7/19/2006 33.38 655 0.31 22.0 1.58 8.45 13.1
7/20/2006 32.58 569 0.27 108.4 7.87 8.21 20.8
7/21/2006 30.55 822 0.40 78.4 5.86 8.04 24.2
7/17/2006 29.25 739 0.36 67.0 5.07 7.91 24
7/17/2006 30.68 743 0.36 74.6 557 7.94 24
7/192006 | (oo 2846 801 0.39 24.1 1.88 775 1.5
7/20/2006 27.16 626 0.30 432 3.44 7.72 3.2
7/20/2006 28.67 547 0.26 68.0 522 7.86 2.6
7/21/2006 2723 0.12 50.2 3.97 7.88 59
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Table 6.8 Field parameters recorded during Intensive Survey # 3 — Contd

TEMP CONDUCTIVITY SALINITY DO TURBIDITY
DATE  SITEID 0 (uS/em’) (opt) DO% o pH (NTU)
7/18/2006 31.09 789 0.38 83.4 6.18 8.22 6.8
7/19/2006 33.01 784 0.38 43.1 3.10 8.27 74
7/20/2006 TBD#1  29.97 632 0.30 86.1 6.41 8.06 6.5
7/20/2006 32.86 612 0.29 120.1 8.67 8.33 25.7
7/21/2006 30.75 665 0.32 118.1 8.72 8.14 8.0
7/17/2006 31.73 1122 0.55 145.7 10.67 8.44 10.3
7/17/2006 30.15 803 0.39 84.9 6.25 8.14 3.9
7192006 o, _ 31.64 1505 0.75 27.9 2.64 8.04 3.1
7/20/2006 29.44 1121 0.55 63.3 4.77 7.97 42
7/20/2006 31.86 1129 0.55 132.1 9.67 8.25 3.5
7/21/2006 29.81 1555 0.78 82.5 6.24 7.82 1.0
7/17/2006 28.71 2073 1.05 61.6 4.77 7.78 48
7/18/2006 27.24 2224 1.13 56.5 439 7.90 9.3
7192006 | (oo 28.90 2068 1.05 21.2 1.55 7.78 9.8
7/20/2006 26.26 1297 0.64 65.0 5.24 7.79 12.3
7/20/2006 29.01 1442 0.72 99.0 7.52 7.92 8.4
7/21/2006 19.23 1002 0.49 58.1 4.65 7.78 44
7/17/2006 29.90 906 0.44 99.3 7.48 8.17 2.8
7/18/2006 29.42 1269 0.63 79.6 6.03 8.17 20.1
7192006 | (oo 30.16 1289 0.64 347 2.61 8.01 15.1
7/20/2006 28.64 1033 0.51 82.3 6.29 8.07 15.0
7/20/2006 30.04 1018 0.50 88.9 6.68 8.08 14.4
7/21/2006 28.84 1085 0.53 953 7.50 7.99 10.7
7/17/2006 36.97 610 0.29 482.2 32.31 8.37 45.7
7/19/2006 29.05 584 0.28 63.1 5.11 7.49 3.6
7192006 | (oo 3490 579 0.27 435 3.01 7.82 5.1
7/20/2006 31.65 475 0.22 135.6 9.98 7.96 9.3
7/20/2006 34.22 477 0.22 207.1 14.55 8.34 12.3
7/21/2006 32.77 791 0.09 204.7 14.73 7.93 22
7/17/2006 35.35 451 0.21 251.7 17.50 8.36 15.1
7/19/2006 29.34 408 0.19 69.6 5.29 7.70 10.0
7192006 | on 3279 418 0.20 29.2 2.10 7.84 75
7/20/2006 30.23 353 0.17 73.0 5.11 7.93 14.2
7/20/2006 32.25 361 0.17 99.6 7.24 7.95 11.0
7/21/2006 32.73 587 0.28 50.9 3.73 8.00 11.2
7/17/2006 32.74 565 0.27 325.1 23.49 66.50 9.2
7/19/2006 29.57 604 0.29 85.8 6.50 7.72 8.5
7192006 ||, _ 32.04 621 0.30 35.8 2.61 7.96 95
7/20/2006 29.92 438 0.23 87.8 6.62 7.93 8.8
7/20/2006 32.01 496 0.24 115.2 8.40 8.14 10.6
7/21/2006 31.04 708 0.34 135.3 10.28 7.89 10.1

122



Bacteria in Houston Metro TMDL Project — Work Order #582-6-70860-04/07 — Quarterly Report No. 4

CHAPTER 7

SUMMARY AND FUTURE ACTIVITIES

7.1 SUMMARY

Results from the sampling conducted at 21 locations in the Houston Metro
area during May 06 through July 06 were presented. In addition, the report presented the
historical data as well as temporal and spatial analysis of trends. Finally, the report
prepared load duration curves using historical data. The historical data analysis indicated
that no temporal or spatial trends could be discerned and that sources of bacteria in the

Metro area are likely to be diverse in nature and of point and non point origin.

7.2 PLANNED ACTIVITIES FOR THE FUTURE

The next quarter will focus on analyzing the data from the Metro intensive

surveys 1 through 3 and developing a strategy for calculating the TMDL.
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APPENDIX A

QUALITY ASSURANCE PROJECT PLAN

(Electronic)
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APPENDIX B

QUALITY ASSURANCE/QUALITY CONTROL

(Electronic)
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