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INTRODUCTION 

A number of segments in the Clear Creek (CC) watershed, south of Houston, Texas,  
have been listed for E. coli and Enterococci exceedances.  The University of Houston, 
Department of Civil & Environmental Engineering (UH) in collaboration with Parsons 
were contracted by the Texas Commission on Environmental Quality (TCEQ) to conduct 
a project that will assist in the completion of a Total Maximum Daily Load (TMDL) and 
allocation analysis for the Creek. 

As part of the TMDL project, the University of Houston and Parsons will collect 
additional field data on concentrations of fecal pathogens in the segments of concern to 
assess sources and current contamination levels and trends. The monitoring will have 
four main components: (i) monitoring of E. coli and Enterococci in the project segments, 
(ii) an assessment of dry-weather discharge locations, (iii) an assessment of contributions 
from sediment; and (iv) flow measurements at various locations within the project 
segments.  

This document is the Monitoring Plan for the sampling activities for the Fecal 
Pathogen Clear Creek TMDL Project.  

DESCRIPTION OF THE BACTERIA TMDL PROJECT 

The Texas Commission on Environmental Quality (TCEQ) is responsible for 
administering provisions of the constitution and laws of the State of Texas to promote 
judicious use of and the protection of the quality of waters in the State.  A major aspect 
of this responsibility is the continuous monitoring and assessment of water quality to 
evaluate compliance with state water quality standards which are established within 
Texas Water Code, §307.1-307.10.  Texas Surface Water Quality Standards 30 TAC 
307.4(d) specify that surface waters will not be toxic to aquatic life.  Pursuant to the 
federal Clean Water Act §303(d), states must establish total maximum daily loads 
(TMDLs) for pollutants contributing to violations of water quality standards.  The target 
water bodies, segments 1101 (Clear Creek Tidal), 1101B (Chigger Creek), 1102 (Clear 
Creek Above Tidal), 1102A (Cowarts Creek), 1102B (Mary’s Creek/North Fork Mary’s 
Creek), and 2425C (Robinson Bayou) are located within the Clear Creek Watershed; 
these segments are on Texas’Clean Water Act §303(d) List for frequency and magnitude 
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of exceedances of fecal coliform and E. coli-based water quality criteria for contact 
recreation. 

The objectives of the Clear Creek TMDL project include: (i) an assessment of the E. 
coli and fecal pathogen levels and trends in the Clear Creek watershed based on historical 
data, (ii) an assessment of major sources and fate and transport of E. coli and fecal 
contamination in the target water bodies based on historical and current data,  (iii) 
development of a sampling plan and quality assurance project plan to collect current data, 
(iv) an assessment of the methods that may be used to determine the components of the 
TMDL equation, and (v) participation in the stakeholder project. 

OBJECTIVES AND SCOPE OF THE MONITORING PLAN 

The listed Clear Creek 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 a number of the segments exhibit exceedances of the pathogen standards 
relatively frequently. 

The main reason for monitoring in this TMDL project is to understand and document 
the sources of these elevated bacteria levels so that development of appropriate control 
measures can be accomplished. The monitoring program includes four major 
components:  

• Monitoring of E. coli  and Enterococci in the project segments,  

• Searches for dry-weather discharges in both sewered and unsewered areas, 

• Sediment sampling, and 

• Flow measurements within the creek and its tributaries. 

1. EC and Enterococci Monitoring 

The TCEQ has adopted the use of E. coli (EC) and Enterococci concentrations as 
pathogen indicators for current and proposed Texas water quality standards.  Clear Creek 
and its tributaries have been designated for contact recreation use and must meet the 
standards that have been set for this use.  While historical data exist for the tidal 
segments of Clear Creek, less data are available for much of the non-tidal segments and 
many of the tributaries. Thus, in this TMDL, samples will be collected to determine 
concentrations of E. coli and Enterococci in Clear Creek and its tributaries during dry-
weather conditions.  As specified by the TCEQ, the fresh water segments, 1101B 
(Chigger Creek), 1102 (Clear Creek Above Tidal), 1102A (Cowarts Creek), and 1102B 
(Mary’s Creek/North Fork Mary’s Creek), will be sampled for E. coli; the marine 
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segments, 1101 (Clear Creek Tidal) and 2425C (Robinson Bayou), will be sampled for 
Enterococci.  The sampling locations have been identified in Figure 1 and listed in more 
detail in Table 1.  In addition to EC and Enterococci, the samples will be tested for 
standard water quality parameters as shown in Table 1. Table 2 lists the methods that will 
be used for the various analyses. 

Rationale for Sample Station Selection 

Sampling locations were selected based on the number of exceedances of the 
pathogen indicator standard (historical data from TRACS database), adequate spatial 
coverage to include different land uses, number of outfalls discharging in drainage area, 
and proximity to the mouth of tributaries. Table 3 includes the number of exceedances of 
the EC and Enterococci standards for each of the locations selected for sampling in this 
plan as well as the reason for selection 

 

2. Assessment of Dry Weather Discharges 

In dry weather, essentially most of the flow in Clear Creek is theoretically from point 
source discharges. The Galveston County Health District completed a study in 2001 to 
“identify and eliminate illicit connections in the Clear Creek Watershed” (Wright 2001). 
The 2001 study from Galveston County will be used as the starting point for this 
component of the monitoring plan. All data, maps, findings, and reports from the 2001 
study will be obtained and updated on the basis of field reconnaissance and survey. In 
addition, all other counties encompassing the Clear Creek segments in this TMDL will be 
contacted for stream geometry data, models, and information on outfalls and drainage 
infrastructure. Finally, and during the field reconnaissance activities for this component, 
dry-weather discharges from outfalls will be noted and recorded, and the magnitude of 
the flow will be determined. 
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Table 2 – Analytical Methods for Water and Sediment Samples 

 
PARAMETER 

 
UNITS 

 
METHOD 

TYPE 

 
METHOD 

 
METHOD 

DESCRIPTION 

 
STORET 

PH pH units  EPA 150. l and 
TCEQ SOP 

 00400 

DO mg/L  EPA 360. l and 
TCEQ SOP 

 00300 

Conductivity mS/cm  EPA 120. l and 
TCEQ SOP 

 00094 

Temperature o Celcius  EPA 170. l and 
TCEQ SOP 

 00010 

Flow cfs  Project SOP    00061 
 
Flow Severity 
 

 
1-no flow, 

2-low,    
3-normal,  
4-flood,  
5-high, 
6-dry 

 
TCEQ SOP 

 
TCEQ SOP1 

 
 

 
01351 

      
TSS mg/L gravimetric EPA 160.2  00530 
TOC mg/L oxidation EPA 415.2  00680 
Ammonia-N mg/L colorimetric EPA 350.1  00610 
o-Phosphorous mg/L colorimetric EPA 365.3  00671 
Turbidity NTU nephelometric EPA 180.1  82079 
TOC mg/L oxidation EPA 415.2  00680 
E. coli in water MPN/100 

mL 
Primary direct SM 9223B IDEXX Colilert 31699 

Enterococci in 
water 

MPN/100 
mL 

Primary direct ASTM D6053 
IDEXX  
Enterolet 

31701 

E. coli in 
sediment 

MPN/100 g Primary direct SM 9223B and 
Project SOP IDEXX Colilert 

NA 

Enterococci in 
sediment 

MPN/100 g Primary direct ASTM D6053 
IDEXX  
Enterolet 

NA 

 

1 TCEQ. 2003 Surface Water Quality Monitoring Procedures 
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3. Sediment Sampling 

For this component, sediments at up to 20 locations within the Creek and its 
tributaries will be sampled to be analyzed for EC or Enterococci and physical parameters 
(moisture content, total solids, volatile solids, TOC, and grain size). As much as possible, 
sediment samples will be collected at the same locations where water sampling will be 
conducted, however sediment locations may change once reconnaissance has been 
conducted.   In addition, up to 10 sediment samples will be collected along a cross 
section and analyzed separately to assess potential differences between the banks and the 
main channel. Finally, TSS data for the watershed will be gathered to investigate possible 
correlations with flow and EC/Enterococci levels. 

4. Flow Measurements 

A review of the historical data indicated that there are no flow measuring gages in 
the watershed. Thus, during water sample collection for EC and Enterococci flow 
measurements will be made at up to 20 stations. Flow measurements will be performed to 
allow development of a model to assist the TMDL process.  Flow will be measured at the 
sampling locations listed on Table 1, or as close to the sample location as possible taking 
into account team access and safety.    

Flow severity will be recorded for each sample location during each sampling event. 
as detailed in Chapter 3 of TCEQ Surface Water Quality Monitoring Procedures, Volume 
1: Physical and Chemical Monitoring Methods for Water, Sediment and Tissue. Texas 
Commission on Environmental Quality, Document No. RG-415 (December 2003).See  
Table 2.   
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Flow measurement will be performed as described in Chapter 3 of TCEQ Surface 
Water Quality Monitoring Procedures, Volume 1: Physical and Chemical Monitoring 
Methods for Water, Sediment and Tissue. Texas Commission on Environmental Quality, 
Document No. RG-415 (December 2003) with modification as detailed in this section.  
Flow measurement will be collected with either a Marsh McBirney electronic meter (with 
bridge board and weight or wading rod) or an acoustic doppler profiler on a line towed 
boat configuration (RiverCat®).  In the event of flow or velocity regimes which may 
endanger field team safety, flow measurement procedures will be modified.  During 
dangerous conditions, surface water velocity will be measured at the water surface at the 
thalweg or mid channel using a float and stopwatch to measure time of travel over a 
specified distance.  This data will be used to make order of magnitude flow estimates for 
modeling purposes only (not for submittal to TRACS).  Cross section depths will be 
measured as indicated in TCEQ SWQM Chapter 3 to calculate flow.  When flow 
measurement is performed with a Marsh McBirney unit, three equal width flow cross 
sections will be measured.  Flow from outfall structures will be measured by 
documenting the length of time to fill a graduated beaker. 

 

PROJECT SCHEDULE 

The sampling schedule is provided on Figure 2. 
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