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1.0 INTRODUCTION 

1.1 PURPOSE 

On May 17, 2007, the Houston Galveston Area Council ("H-GAC") retained PBS&J to provide 
environmental consulting services to assist with H-GAC's pilot study of contact recreation use 
attainability analysis ("UAA") methods ("the pilot study").  On May 17, 2007, H-GAC authorized PBS&J 
to initiate field and office coordination for the pilot study.  Field preparation and reconnaissance took 
place on May 24 and 28 and June 4, 2007.  The habitat assessment was conducted from July 9 through 13, 
2007.  Wet and dry weather sampling took place over nine weeks on June 13, 22, and 28, and on July 11, 
24, and 31, 2007.  The draft report was delivered to H-GAC on July 27, 2007.  This document serves as 
the final report, which describes the study area, the methods used, the results obtained, and the study 
recommendations.  The pilot study is part of a larger project being conducted by H-GAC to determine 
what is needed to launch a state-wide plan for conducting UAA's. 

1.2 BACKGROUND AND GOALS 

The Texas Commission on Environmental Quality ("TCEQ") is responsible for establishing surface water 
quality standards for all waters in the state, under the authority of Section 303(c) of the Clean Water Act 
and Section 26.023 of the Texas Water Code.  Texas Surface Water Quality Standards are found in 
Title 30, Chapter 307, of the Texas Administrative Code ("TAC").  The standards establish explicit water 
quality goals throughout the state.  The standards are to maintain the quality of water in the state of Texas 
consistent with public health and enjoyment, protection of aquatic life, and the operation of existing 
industries and economic development of the state. 

Each standard consists of a designated use, a criterion to protect that use, and an anti-degradation policy.  
For example, to maintain the contact recreation use in fresh water, 30 TAC §307.7(b)(1)(A)(i) states that 
"the geometric mean of Escherichia coli (E. coli) should not exceed 126 per 100 milliliters ["mL"]."  In 
addition, single samples of E. coli should not exceed 394 per 100 mL. 

Federal regulations allow designated uses to be altered or adjusted if they are found not to be appropriate 
(existing and attainable) using a process called a UAA.  See Part 131.10(g) of Title 40 of the Code of 
Federal Regulations (40 CFR 131.10(g)).  The regulations set forth six criteria for removing a designated 
use if a UAA can demonstrate that attainment is impossible because: 

 1. Naturally occurring pollutant concentrations prevent the attainment of the use. 

 2. Natural, ephemeral, intermittent, or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge of 
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sufficient volume of effluent discharges without violating state water conservation 
requirements to enable uses to be met. 

 3. Human-caused conditions or sources of pollution prevent the attainment of the use and 
cannot be remedied or would cause more environmental damage to correct than to leave in 
place. 

 4. Dams, diversions, or other types of hydrologic modifications preclude the attainment of the 
use, and it is not feasible to restore the waterbody to its original condition or to operate such 
modification in a way that would result in the attainment of the use. 

 5. Physical conditions related to the natural features of the waterbody, such as the lack of a 
proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, 
preclude attainment of aquatic life protection uses. 

 6. Controls more stringent than those required by Sections 301(b) and 306 of the Act would 
result in substantial and widespread economic and social impact. 

When conducting a UAA, generally defined by Environmental Protection Agency ("EPA") as a structured 
scientific assessment of the factors affecting the attainment of uses specified in Section 101(a)(2) of the 
Clean Water Act (the so called "fishable/swimmable" uses), one of the six factors must be adequately 
demonstrated.  Demonstration of the UAA factors generally requires some field sampling and observation 
of the water body of interest.  This study was conducted to assist H-GAC and TCEQ with development of 
protocols to conduct recreational UAA's in the future.  This report provides the results of a study 
conducted to: 

• Evaluate methods for watershed reconnaissance for regional or statewide use. 

• Evaluate the appropriateness of various methods of characterizing bacteria concentrations in a 
rural freshwater stream system under various hydrologic influences. 

• Evaluate the appropriateness of documenting physical stream conditions for recreational use 
using habitat assessment techniques. 

• Evaluate the appropriateness of documenting current recreational uses via interviews and 
questionnaires. 

1.3 ORGANIZATION OF DOCUMENT 

This document is organized into six sections as follows: 

• Section 1 – Introduction:  Section 1.0 provides the background, purpose of the project, and 
study area details. 

• Section 2 – Study Area:  Section 2.0 provides information about the study area and describes the 
location of the three sampling locations used in the pilot study. 
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• Section 3 – Methods:  Section 3.0 describes the methods applied for the watershed 
reconnaissance, habitat assessment, wet and dry weather sampling, and recreational suitability in 
developing a draft UAA protocol. 

• Section 4 – Results:  Section 4.0 discusses the findings of the watershed reconnaissance, habitat 
assessment, analytical results for wet and dry weather sampling, and the recreational suitability 
draft UAA protocol. 

• Section 5 – Conclusions:  Section 5.0 discusses recommendations for further consideration with 
respect to the methods used during the watershed reconnaissance, bacterial density and water 
quality measurements, habitat assessment, and contact recreation interviews. 

• Section 6 – References:  Section 6.0 provides a comprehensive list of references cited in this 
report. 
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2.0 STUDY AREA 

Mill Creek is formed by two branches, the "East Fork," also known as East Fork Mill Creek, and the West 
Fork in Washington County, Texas.  The two branches unite to form Mill Creek in central Austin County, 
Texas (at 29°56' N, 96°19' W).  The main stream flows southeast for 14 miles to its mouth on the Brazos 
River, on the Austin-Waller county line 2 miles north of Stephen F. Austin State Park (at 29°50' N, 
96°07' W) (University of Texas, 2007).  The main stem serves a drainage area of 376 square miles 
(United States Geological Survey ["USGS"] Station 08111700 Mill Creek near Bellville, Texas) and 
travels through level to moderately sloping terrain surfaced with clay that supports grasslands and post 
oak forest (University of Texas, 2007).  For a more detailed description of the study area see Section 4.1, 
Watershed Reconnaissance. 

2.1 SAMPLE SITES 

Three sites, one each on the East and West Forks and one on the main stem of Mill Creek, within Austin 
County, were selected for the pilot study as follows: 

• UAA1 (West Fork):  West Fork of Mill Creek at the Intersection of Industry Road and Bluehole 
Road, 2.1 miles downstream of Farm-to-Market Road ("FM") 109. 

• UAA2 (Main Stem):  Mill Creek at FM 2429, 3.2 miles upstream of State Highway ("SH") 36 
and 3.3 miles downstream of Mill Creek Road, and 3.6 miles south of the City of Bellville. 

• UAA4 (East Fork):  East Fork of Mill Creek at Mikeska Road, 3.6 miles north of the intersection 
of SH 159 and SH 2502. 

The selected sites within the study area are illustrated in Figure 2-1 below.  One alternate site was 
selected on the main stem of Mill Creek (UAA3), but was not used because UAA2 had a higher 
likelihood of observing contact recreation activities. 
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3.0 METHODS 

Prior to commencement of field surveys for the pilot study, TCEQ issued Quality Assurance Project Plan 
("QAPP") to H-GAC and PBS&J.  The QAPP is dated  May 7, 2007, approximately 37 days before the 
scheduled start of field work.  Below is a detailed description of the field work conducted under the 
QAPP.  Any significant deviations from the approved QAPP are noted in this report. 

3.1 WATERSHED RECONNAISSANCE 

PBS&J staff conducted a field reconnaissance of the Mill Creek watershed.  The purpose of the watershed 
reconnaissance survey was to identify: 

• Three sample locations for wet and dry weather sampling and habitat assessment 

• Potential sources of bacteria 

• Areas of obvious human recreational use 

• Impediments to contact recreation 

Staff used a combination of field surveys and desktop analysis to gather information about the Mill Creek 
watershed and input these data into a Geographical Information System ("GIS") format to create a 
watershed reconnaissance map.  The majority of the field reconnaissance was conducted on foot and by 
vehicle; however, kayaks were used for a small portion of the creek just upstream of the Main Stem site 
(UAA2).  Data used for the desktop analysis was provided by H-GAC and included true color aerial 
photography from 2005, Digital Elevation Models ("DEM"), Land Use/Land Cover ("LULC") data from 
2005, and various ESRI ArcGIS shapefiles such as flowlines, outfalls, cemeteries, airports, county roads, 
and city boundaries. 

The field reconnaissance surveys were documented using a digital camera and global positioning system 
("GPS") device.  During reconnaissance, the following items were noted for inclusion on the watershed 
map: 

• Point source discharges 

• Land use (significant animal populations) 

• Illegal dumping areas 

• Habitat types (public lands or parks near the water body) 
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• Signs of human use 

• Nearby developed areas 

The project team selected three sampling locations and one alternate within the Mill Creek Watershed that 
were most suitable for conducting the pilot study.  Special consideration was given to finding sites that 
have the highest probability of being utilized for contact recreation.  The recommended sites were 
provided to H-GAC electronically with a location description for review using the TCEQ site location 
("SLOC") form. 

The watershed reconnaissance maps were created by converting GPS data into a GIS format.  Each data 
point, corresponding identification, and data classification fields were added to generate an inventory of 
attributes.  All ESRI ArcView shapefiles were projected to Texas State Plane, NAD83, South-Central 
Zone with units in feet, including corresponding Federal Geographic Data Committee ("FGDC") 
metadata generated for each file.  FGDC metadata are used to describe each dataset's accuracy, coordinate 
information, field names and descriptions, and all other description categories pertinent to the data.  The 
FDGC format was standardized by the federal government and is widely accepted in all GIS data 
management circles. 

3.2 HABITAT ASSESSMENT 

3.2.1 Habitat Characterization 

A habitat assessment was completed for each site, paying special attention to the surrounding riparian 
zone using methods and equipment as outlined in the November 2006 Surface Water Quality Monitoring 
("SWQM") Procedures, Volume 2:  Methods for Collecting and Analyzing Biological Assemblage and 
Habitat Data (TCEQ, 2006).  Stream habitat parameters collected in the field (Part I of SWQM 
Procedures), along with other resources, were used to formulate the reach habitat descriptors (Part II of 
SWQM Procedures) listed below and described in the following paragraphs. 

• Streambed slope • Average stream bank erosion potential 

• Drainage area • Average stream bank angle 

• Average stream width and depth • Ecoregion 

• Instantaneous stream flow • Average tree canopy coverage 

• Maximum pool width and depth • Aesthetics 

• Number and definition of stream bends • Stream Order 

• Habitat type (geomorphic unit) and number 
of riffles 

• Average width of natural riparian vegetation 
and percentage of each vegetation type 
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• Dominant substrate type and percent gravel 
or larger 

• Land development impact 

• Instream cover • Channel flow status 
 

A Habitat Quality Index ("HQI") was calculated and a new parameter termed the Swimming Suitability 
Index ("SSI"), was developed based on the results from the field survey.  During assessment activities, 
stream flow was measured concurrently with depth measurements using a Flow Tracker Acoustic Doppler 
Velocimeter ("ADV") and photos were taken at each transect from mid-channel facing upstream and 
downstream, and facing the left bank and the right bank.  The resulting HQI (Part III of the SWQM 
Procedures) and SSI are addressed in Section 4.2 of this report. 

3.2.1.1 Riparian Zone 

The riparian zone assessment included the following measurements/assessments: 

• Width of the natural vegetation buffer 

• Types of riparian vegetation and percent coverage 

• Percent tree canopy cover 

• Aesthetic quality/land development impact 

For each of the three reaches, the width of the natural vegetation buffer on the left and right banks of each 
transect was visually estimated (high bank height and steepness precluded physical measurement) then 
the minimum buffer widths for each transect within the reach were averaged. 

In the riparian zone along the left and right banks within each reach, the types of riparian vegetation (i.e., 
trees, shrubs, grasses, cultivated fields, other) and percent coverage of each type were recorded.  
Subsequently, the percent of each vegetation type for both banks was averaged. 

Percent tree canopy cover along each transect was measured using a convex densiometer, then all transect 
percentages were averaged.  Four measurements were taken along each transect; two from mid-channel 
facing the left, then the right banks; and one each from the water's edge along and facing the left bank and 
along and facing the right bank. 

Aesthetics were described using the SWQM Procedures, using the following categories, which are 
dependent on land development impacts:  (1) Wilderness, (2) Natural Area, (3) Common Setting, and 
(4) Offensive. 
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3.2.2 Stream Physical Characteristics 

Stream physical characteristic measurements included: 

• Habitat type (geomorphic unit) 

• Instream cover 

• Channel flow 

• Substrate characteristics 

• Stream depth and width 

• Aquatic vegetation 

• Bank slope and erosion potential 

The habitat type within each transect was identified as riffle, run, glide, or pool.  Also, the number of 
riffles in each reach was recorded.  Along each transect, instream physical structures such as logs, tree 
stumps, and gravel or larger-size substrate that provides shelter for fish and benthic macroinvertebrates 
were recorded if at a water depth suitable for use by aquatic organisms.  Percentage stream cover was 
visually estimated and each cover type was recorded. 

3.2.2.1 Stream Morphology 

Channel flow status was determined based on the amount (percentage) of available channel substrate, 
from bank to bank, covered by water.  The number of stream bends and stream bend types (i.e., well 
defined, moderately defined, poorly defined) within each reach were recorded. 

3.2.2.2 Substrate 

The dominant substrate type was determined along each transect based on particle size, and percent gravel 
or larger (>2 millimeters, 0.08 inch) was recorded. 

3.2.2.3 Aquatic Vegetation 

Any aquatic vegetation observed during the assessment was noted. 

3.2.2.4 Stream Depth 

Along each transect, average stream width from water's edge to water's edge was measured.  Also, the 
width and depth of the largest pool encountered in each reach were measured. 
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3.2.2.5 Stream Width 

Along each transect, average stream depth from water surface to channel bottom was measured. 

3.2.2.6 Bank Slope 

The angle of the left and right banks of each transect was measured in degrees with a clinometer.  Special 
measuring guidelines were used, per the SWQM Procedures, for low flow conditions, vertical banks, 
undercut banks, and irregularly-shaped banks.  Concurrently, the percentage of stream bank showing 
evidence of or potential for erosion was visually estimated for each bank up to the first terrace, then 
averaged for percent erosion potential across the reach. 

3.3 WET AND DRY WEATHER SAMPLING 

Wet and dry weather field sampling for the pilot study was conducted in accordance with the most recent 
version of the TCEQ SWQM manual and the Water Quality Assessment ("WQA") Programs approved 
QAPP specified for the pilot study.  When deviations from the protocols above occurred, it is stated as 
such in the below detailed sections. 

The intent of this pilot study was to evaluate various sampling methods.  Ideally, sampling efforts should 
occur during the index period between March 15 to October 15 so that dry weather samples are taken 
during base flow conditions.  This timeframe reflects the greatest potential for contact recreation to be 
occurring.  In order to obtain the most representative analytical results possible, sampling occurred during 
the critical period, which in Texas is defined as July 1 through September 30.  It is during this period that 
base flow conditions are expected to occur.  According to Contact Recreation Use Attainability Analyses:  
Draft Protocols for Collection of Field Data ("Draft Protocols") (H-GAC, 2007), base flow is that portion 
of a stream's flow contributed by sources of water other than precipitation runoff.  It should be noted, 
however, that collecting samples outside of the index period allows for sampling during low flow 
conditions during other times of the year.  By sampling only in the index period, it is possible that base 
flow conditions may not occur.  This project focused on six sampling events that occurred during June 
through August 2007. 

As described in the Draft Protocols (H-GAC, 2007) and the Mill Creek Source Identification Study Scope 

of Work, wet weather sampling should occur when the site experienced a 10-day antecedent dry period 
("ADP") where no measurable rainfall occurred, followed by a storm that resulted in a minimum of 1 inch 
of rainfall.  Sampling should begin as close to the beginning of the runoff as possible.  Safety constraints 
required that wet weather sampling occur only during daylight hours on weekdays and weekends.  
Rainfall data were noted on a daily basis during the pilot study and more frequently when storm events 
were forecasted.  From this dataset, rainfall data were recorded for 10 days preceding any sampling event.  
Discharge, gauge height, and precipitation from the USGS station (#0811179) were also recorded daily 
throughout the study period.  Based on weather conditions during the study period, a third sampling 
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category was necessary to describe sample events that occurred after some rain events but that did not 
meet the qualification of wet weather sampling.  "Post-rainfall" sampling was conducted on days 
following a significant rainfall event but after the creek was allowed to return to somewhat normal flow 
conditions.  Somewhat normal flow conditions were defined to be present at the three sample sites 
24 hours after the rain event and when the stream depth at the USGS station downstream of all sample 
sites was less than 5 feet. 

3.3.1 Physical, Hydrological Chemical, and Microbial Characteristics 

Data was collected at each of the three sites for physical, hydrological, chemical, and microbial 
characterization.  A summary of the collection techniques used to collect bacteria samples for each 
sample event are summarized in Table 3-1 below.  Basic water quality parameters of dissolved oxygen 
("DO"), water temperature, specific conductivity, and pH were collected using either a Yellow Springs 
Instruments, Inc. ("YSI") Model 600 XLM or Model 6920 V2.  A secchi disk was used to measure water 
clarity in the field.  The secchi disk was lowered until it could not be seen, then raised so the black and 
white fields were barely visible.  This depth was noted on the field data sheet.  If water clarity was such 
that the secchi disk reached to the streambed and could still be seen, water clarity was recorded as greater 
than the water depth.  Stream flow was measured by the transect method at each site using a Sontek 
Doppler Velocimeter or a Marsh McBirney flow meter.  Velocity readings were taken at either 11 or 20 
evenly-spaced intervals during the first three sample events as there was some disagreement between 
TCEQ's SWQM protocol and the UAA Draft Protocol.  It was then decided that 11 measurements were 
adequate for streams less than 20 feet across for this study, and therefore 11 measurements were taken at 
sites UAA1 and UAA4 for Sample Events 4, 5, and 6.  Instantaneous water velocity readings were 
collected at the time and location corresponding to each bacteria grab sample as well. 

Table 3-1 
Bacteria Sample Methodology for Mill Creek UAA Sample Locations 

Sample Event No. 
E. coli 

Sampling Method:  Description 

1 Time Series:  5-minute intervals for one hour 

2 Cross Section:  5 equally-spaced samples perpendicular to the flow 

3 Longitudinal:  5 equally-spaced samples  

4 Vertical:  surface, middle, and bottom 

5 Time Series:  5-minute intervals for one hour 

6 Vertical:  surface, middle, and bottom 
 
 
Water samples were collected for laboratory analysis of: 
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• Total Suspended Solids ("TSS") 

• Volatile Suspended Solids ("VSS") 

• Total Phosphorus ("TP") 

• Total Nitrogen ("TN") 

• Total Kjeldahl Nitrogen ("TKN") 

• Ammonia-Nitrogen ("NH4-N") 

• Nitrates-Nitrites 

• E. coli 

 

 
One duplicate was collected for every 10 samples collected.  Bacteria grab samples were collected in a 
different manner for four of the six sample events as noted in Table 3-1 above. 

During Event 1 and Event 5, E. coli grab samples were collected according to a time series in which 
samples were collected every 5 minutes for a total of 60 minutes.  During Events 1 and 5, samples were 
taken from 1 foot below the water's surface.  During this period, quality control samples were collected.  
Sample duplicates were collected from each site.  One duplicate was collected for every 10 bacteria 
samples collected. 

For Event 2, bacteria samples were collected perpendicular to stream flow at evenly-spaced intervals 
along the width of the stream just below the surface of the water.  Five samples were collected 
simultaneously from the left bank, 25 percent, mid-stream, 75 percent, and right bank locations across the 
stream width.  This was completed at the West Fork and East Fork sites by affixing the sample bottles to a 
piece of metal with holes drilled into it.  Holes were to allow water to easily pass through the device 
without bending and to accommodate placing samples at the location across the stream described above at 
sites with varying stream widths (Figure 3-1).  The stream width at Main Stem site (UAA2) was too wide 
to use this device, so field team members entered the stream at the locations described above and 
manually collected samples from 1 foot below the water's surface.  During this period, quality control 
samples were collected.  Sample duplicates were collected from each site. 
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Figure 3-1 
Picture Describing Sampling Techniques Used on the 
East Fork (UAA4) and West Fork (UAA1) Sites During 
Cross-Section Method for Collecting E. coli Samples 

 
 
 
During Event 3, bacteria samples were collected longitudinally along the total reach of the stream that 
was assessed for each site.  Samples were taken from 1 foot depth at evenly-spaced intervals.  Sample 
locations were spaced 40 meters (131.2 feet) for the East Fork and West Fork, and 250 meters (820 feet) 
for the Main Stem site.  E. coli samples were collected manually from the downstream to upstream by 
placing field team members at each location on the bank creek.  Once the sample downstream was 
collected, the sampler radioed to the next sampler to collect the next E. coli sample.  At the Main Stem 
site (UAA2), kayaks were used because the stream was too deep to wade (Figure 3-2).  All other 
parameters were collected at the downstream location of the reach.  During this period, quality control 
samples were collected.  Sample duplicates were collected from each site. 
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Figure 3-2 
Picture Describing Sampling Techniques Used on 

the Main Stem Site (UAA2) During Longitudinal 
Method for Collecting E. coli Samples 

 
 
For Event 4 and Event 6, bacteria samples were collected vertically throughout the water column at the 
centroid of the flow.  Sample depths were approximately 1 foot from the bottom, mid-depth, and 1 foot 
below the surface.  During this period, quality control samples were collected.  One sample duplicate was 
collected during this sample event. 

3.3.2 Statistical Analysis 

3.3.2.1 Methodology Analysis 

Boxplots were created to determine if the first grab sample for E. coli was different from subsequent 
samples collected at that sample site for that sample event.  The one-sample t-test was performed using 
the null hypothesis �=0.05.  This test was done to determine if statistical differences existed between the 
first grab sample and geometric mean of samples collected at a single site during one event (Figure 3-3). 

The main purpose of the bacteria analysis was to determine whether a single grab sample is sufficient to 
capture bacteria concentrations in Mill Creek.  Several additional comparisons between E. coli 
concentrations and various stream characteristics (flow, velocity, stream depth, and sample depth) were 
explored to determine if the limited dataset gathered during the pilot study showed evidence of a 
relationship or trends.  The purpose of the results was to test different methods for collecting bacterial 
data and to show examples of the type of analysis needed when conducting a contact recreation UAA.  
The results from the additional comparisons and an explanation of the results are not presented in the 
results section.  These data are located in the Appendix. 
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SPSS 14.0 (Statistical Package for Social Sciences, Chicago, IL) and Excel (Microsoft, Redmond, WA) 
were used to compute statistical analyses for the dataset.  Descriptive statistics, including number of 
samples ("N"), median, mean, standard error, standard deviation, coefficient of variation ("CV"), 
minimum, and maximum were computed for all continuous variables.  Geometric mean was computed 
instead of arithmetic mean for all E. coli data. 

 

 
 

Figure 3-3 
Boxplot Diagram 

 
 
 
3.4 RECREATIONAL SUITABILITY 

In order to determine the stream's suitability for swimming, PBS&J staff surveyed stream reaches, 
conducted interviews of stream users, and located areas of potential full-body contact recreation.  Areas 
identified with the potential to physically support primary contact recreation activities (e.g., tubing, 
swimming) were revisited.  During field visits, the field teams documented any uses observed and any 
indications of human use by noting evidence on field data sheets and taking digital photographs.  PBS&J 
staff also conducted a sanitary survey of the area to determine potential sources of bacterial 
contamination. 
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PBS&J staff carried interview forms (Data Sheet D) with them during the field reconnaissance survey, the 
habitat assessment, and during each sampling event for wet and dry weather sampling to interview the 
public about contact recreation uses.  This was to maximize the number of interview forms filled out 
during the course of the pilot study.  To further supplement the contact recreation data collection, PBS&J 
staff met with local officials and townspeople/landowners in the towns of Bellville, Bleiblerville, and 
Industry who were knowledgeable about the current and historic uses of the Mill Creek watershed.  
During these meetings, PBS&J staff left several survey forms with each interviewee to pass out to friends 
and family who use Mill Creek for primary contact recreation purposes.  These interviews were 
documented on Data Sheet D - Recreational Use Interview, which is included in the Draft Protocols 
(H-GAC, 2007) and are summarized in the results section. 
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4.0 RESULTS 

4.1 WATERSHED RECONNAISSANCE 

The watershed reconnaissance was conducted over three days, including May 24 and 28 and June 4, 2007.  
PBS&J staff conducted the reconnaissance survey on foot, by vehicle, and using a kayak.  The below 
sections detail the findings from the watershed reconnaissance survey.  Site locations, access points, areas 
of human use, and potential sources of bacteria were recorded during the watershed reconnaissance and 
are presented on the Watershed Map located in Appendix A.  Representative photographs taken during 
the field survey are located in Appendix B. 

Three site locations selected for the pilot study are located on the East and West Forks and one on the 
Main Stem of Mill Creek, within Austin County: 

• UAA1 (West Fork):  West Fork of Mill Creek at the Intersection of Industry Road and Bluehole 
Road, 2.1 miles downstream of FM 109 

• UAA2 (Main Stem):  Mill Creek at FM 2429, 3.2 miles upstream of SH 36 and 3.3 miles 
downstream of Mill Creek Road, and 3.6 miles south of the city of Bellville 

• UAA4 (East Fork):  East Fork of Mill Creek at Mikeska Road, 3.6 miles north of the intersection 
of SH 159 and SH 2502 

4.1.1 Wastewater Discharges 

The Mill Creek watershed contains two wastewater treatment plant ("WWTP") outfalls that discharge into 
various branches of the creek and two commercial outfalls.  Two dischargers are municipal permitees and 
the third is Bellville Tube Co., LP.  The City of Bellville WWTP, TCEQ Permit No. 10385-02, is located 
approximately 1 mile south-southwest of the intersection of SH 36 and SH 159 with FM 1456.  The 
treatment plant serves approximately 4,000 people and discharges 0.045-0.047 million gallons per day 
("mgd") or 0.07-0.073 cubic feet per second ("cfs") into Boggy Creek.  Boggy Creek enters the main 
branch of Mill Creek east of SH 36 approximately 3 miles downstream of UAA2.  The City of Industry is 
a municipal permitee that discharges into West Fork Mill Creek.  The WWTP, TCEQ Permit 
No. 13897-001, serves about 200 people and discharges at a rate of 10,000 gallons per day ("gpd").  The 
discharge point is 2.1 miles west and upstream of UAA1.  Two other outfalls are indicated on the TCEQ 
2006 data that belong to Bellville Tube Co., LP.  This outfall is located north of the intersection of Miller 
Road at SH 36.  The Permit No. is 03716-000.  All discharge locations are noted on the watershed 
reconnaissance map in Appendix A. 
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Neighborhoods that have developed in Bellville occur around small tributaries of Mill Creek.  Today, the 
majority of the storm sewers in Bellville drain into those tributaries. 

4.1.2 Land Use 

The land use in the Mill Creek watershed is comprised mainly of rice fields, farmlands, and ranches, 
though urban land use can be found within the city of Bellville (Table 4-1).  Cattle and horse-rearing 
activities are located in several locations within the watershed.  Areas with agricultural uses are noted on 
the watershed reconnaissance map located in Appendix A. Cemeteries are also included on the 
reconnaissance maps.  Fifty-four cemeteries are spread throughout the watershed and are mapped as 
potential pollutant point sources due to the possibility for embalming fluids to leach into the soil and/or 
groundwater. 

Table 4-1 
Acreages of Land Use Land Cover (LULC) 

in the Mill Creek Watershed (LULC data, 2005) 

Land Use Land Cover Categories Acres 

High Intensity Developed 94 

Medium Intensity Developed 452 

Low Intensity Developed 1,355 

Open Spaces Developed 1,270 

Cultivated Land 4,098 

Pasture/Hay 140,354 

Grassland 14,086 

Deciduous Forest 35,005 

Evergreen Forest 11,007 

Mixed Forest 4,584 

Scrub/Shrub 23,519 

Palustrine Forest Wetland 17,322 

Palustrine Scrub/Shrub Wetland 64 

Palustrine Emergent Wetland 650 

Unconsolidated Shore 194 

Bare Land 278 

Water 1,138 
 
 
 
4.1.3 Illegal Dumping 

No illegal dumping was found during the watershed reconnaissance survey. 
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4.1.4 Habitat Types 

Mill creek follows a meandering path through interspersed pasture land, blackland prairie, coastal prairie, 
and hardwood forest floodplain (LULC data, 2005) and provides habitat for a diverse fish community, 
including spotted gars, minnows, common carp, river carpsuckers, channel catfish, and several sunfish 
species (Moring, et al, 1998).  The surrounding area is known as the Katy Prairie and is one of the 
country's premier wintering waterfowl regions despite virtually all of the grassland having been converted 
to rice fields.  The rice fields act as artificial wetlands that attract migrant shorebirds, such as the 
American golden-plover, Hudsonian godwit, pectoral sandpiper, and the buff-breasted sandpiper.  The 
bottomland forest that surrounds much of the creek provides habitat for numerous woodland birds, such 
as wrens, sparrows, vireos, warblers, and eastern bluebirds.  The most ecologically significant segment of 
Mill Creek is from the confluence with the Brazos River upstream to the point of convergence of the West 
and East Forks of Mill Creek (TPWD, 1999). 

4.1.5 Signs of Human Use (Pre-History and Today) 

4.1.5.1 Pre-History 

Archeological evidence available suggests that human habitation in the area began as early as 7400 B.C. 
during the Paleo-Indian Period.  The county lies in what appears to have been during late pre-history a 
zone of cultural transition between inland and coastal aboriginal peoples.  During the early historic era, 
the principal inhabitants were the Tonkawas, a nomadic, flint-working, hunting and gathering people, 
living in widely-scattered bands, who traveled hundreds of miles in pursuit of buffalo and practiced little 
if any agriculture (University of Texas, 2007).  Today Mill Creek is known for its unique artifacts left by 
pre-historic inhabitants.  Amateur archeologists in Texas are known to search the Mill Creek streambed 
for arrowheads, stone tools, and pottery. 

4.1.5.2 Human Use Today 

There are numerous road crossings in the Mill Creek watershed that allow for easy accessibility by the 
public.  Most road crossings with the creek in the upper reaches of the watershed are bordered by private 
property and contain barbed-wire fencing across the downstream side of the creek from the bridge.  
Barbed-wire fencing was also encountered along and across reaches at sampling sites.  There are also 
large sand bars located on private property in the lower portions of the watershed that allow for easy 
access to the creek for some property owners.  All access points to the creek are noted on the watershed 
reconnaissance map in Appendix A. 

4.1.6 Nearby Developed Areas 

The city of Bellville, with a population of 3,794 people (U.S. Census Bureau, 2000) is located at the 
intersection of SH 36 and SH 159 and is 3.6 miles north of site UAA2.  Other notable communities within 
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the surrounding area of Mill Creek are the cities of Industry and Bleiblerville.  Industry, with a population 
of 304 people (U.S. Census Bureau, 2000) is located at the intersection of SH 159 and FM 109.  Industry 
is 2.7 miles southwest of site UAA1.  Bleiblerville, a community of approximately 100 people 
(University of Texas, 2007) is located at the intersection of SH 159 and FM 2502, 9 miles west of the city 
of Bellville.  Bleiblerville is located 3.6 miles south of UAA4 and 4.7 miles east of UAA1.  All major 
towns in the watershed are labeled on the watershed reconnaissance map in Appendix A. 

4.2 HABITAT ASSESSMENT 

The HQI (Part III of the SWQM Procedures) values are based upon the values obtained in Part II of the 
SWQM Procedures and upon field notes.  The results of each parameter measured are summarized in 
Table 4-2.  The criteria used in ranking each of the HQI parameters are outlined in the following section. 

As defined in the project QAPP, the HQI provides a quantitative measure of a water body's physical 
conditions suitability for aquatic life—the higher the score, the better the fishing.  This parameter is 
therefore an appropriate metric for determining if a particular water body is suitable or attractive for 
recreational fishing.  It is not, however, suitable for evaluating boating uses or swimming uses.  PBS&J 
altered the building blocks and scoring methods used to determine the HQI in an effort to derive a new 
metric we called the SSI.  Since the SSI was not in use prior to this study, we were restricted to using HQI 
input measurements. 

The SSI scores are based on all but two parameters from the HQI.  The two parameters that do not apply 
to swimming are Channel Sinuosity and Riparian Buffer Vegetation (width).  The SSI ranking for the two 
parameters, Available Instream Cover and Number of Riffles, is inverse to that used to develop the HQI 
scores.  The remaining parameters (i.e., Bottom Substrate Stability, Dimensions of Largest Pool, Channel 
Flow Status, and Aesthetics of Reach) are equivalent to the HQI scoring methods.  The SSI calculation 
also includes velocity, depth, and turbidity, which are important factors in evaluating swimming 
suitability.  Detailed explanation of the criteria used in ranking each of the SSI parameters is included in 
the following section.  The SSI scores are summarized in Table 4-3.  Site maps showing the locations of 
each transect are located in Appendix D and representative photos taken at each transect are located in 
Appendix E.  Datasheets completed during the habitat assessment are located in Appendix F. 

4.2.1.1 Riparian Zone 

HQI 

Riparian buffer vegetation is important in maintaining stream health through shading, dispersing runoff, 
and preventing erosion.  The amount of riparian buffer vegetation was ranked as extensive (3), wide (2), 
moderate (1), or narrow (0), based upon the width of the natural buffer. 
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Aesthetics were ranked as wilderness (3), natural area (2), common setting (1), or offensive (0), based 
upon the natural beauty, the amount of trees and vegetation, and the amount of development (including 
water clarity and aesthetic effects resulting from development). 

SSI 

Riparian buffer vegetation width was not used in ranking the riparian zone for swimming, as it does not 
affect swimmers.  However, the number of large trees or the number of large overhanging limbs may be a 
parameter to consider in future studies since trees may provide shade for swimmers and/or overhanging 
limbs for recreational use such as rope swinging. 

Aesthetics were ranked in the same manner for the swimming HQI as for the SWQM Procedures HQI, 
since aesthetics contribute to the recreational user's experience. 

4.2.2 Stream Physical Characteristics 

HQI 

Available in-stream cover is important for fish and benthic organisms.  This parameter was ranked as 
abundant (4), common (3), rare (2), or absent (1), based on the percentage of substrate that provides stable 
habitat. 

In determining habitat type, only those riffles that extended to greater than 50 percent of the channel 
width and were at least as long as the channel width were counted.  However, the total number of riffles 
within each reach was tallied regardless of size.  Ranking consisted of abundant (�5 riffles), common 
(2-4 riffles), rare (1 riffle), or absent (no riffles). 

SSI 

Riffles, which are typically shallow, are important in considering streams for recreational use, such as 
canoe or kayak activities.  In-stream cover in the form of downed trees, woody debris, or thick vegetation 
can be a hindrance to swimming activities.  Therefore, scoring was inverse to that of the aquatic organism 
HQI with parameter rankings as follows:  (4) absent, (3) rare, (2) common, or (1) abundant. 

Riffles can also be a hindrance to swimming when caused by submerged debris and thus were scored 
inversely to that of the aquatic organism HQI rankings.  However, riffles have also been considered 
desirable under certain conditions and can enhance swimming activities when those conditions prevail. 
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4.2.2.1 Stream Morphology 

HQI 

In-stream flow affects the amount of potential habitat available to aquatic organisms such as fish; the 
greater the channel flow, the higher the available habitat, increasing chance of successful fishing.  
Channel flow was ranked as high (3), moderate (2), low (1), or no flow (0) based on percentage of the 
channel and/or channel substrate covered by water. 

A high degree of sinuosity provides more diverse habitat, protects streams from excessive erosion and 
flooding, and provides shelter for aquatic organisms.  Channel sinuosity was ranked as high (3), moderate 
(2), low (1), or none (0) based upon the number and type of bends. 

SSI 

In-stream flow affects the area available for swimming.  If flows are too low, then a stream may not be 
suitable for swimming; if flows are too high the same might be true.  Moderate flows are most desirable 
for swimming.  Channel sinuosity, however, does not affect swimmers.  This particular watershed is small 
and had low to moderate flows even during rainy conditions.  Only an extreme flooding event would 
negatively impact swimming; therefore, the numbers assigned to each rank for the swimming HQI are the 
same as those in the SWQM Procedures, but are based on channel flow only. 

4.2.2.2 Substrate 

HQI 

A somewhat firm foundation is important for swimming activities.  Also, substrates containing gravel 
may provide additional cover for aquatic organisms.  Bottom substrate stability was ranked as stable (4), 
moderately stable (3), moderately unstable (2), or unstable (1) based on percent gravel or larger substrate 
and dominant substrate type. 

SSI 

Since stability is important for safe swimming, the same ranking system was used as for the above HQI. 

4.2.2.3 Aquatic Vegetation 

Aquatic vegetation can provide cover for aquatic organisms.  Aquatic vegetation can also hinder 
swimming activities.  The presence or absence of aquatic vegetation was noted during the assessment.  No 
aquatic vegetation was present in any of the reaches assessed. 
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4.2.2.4 Stream Depth 

HQI 

Pools provide potential cover for fish.  Pool dimensions were ranked as large (4), moderate (3), small (2), 
or absent (1) based upon percentage of the channel width covered and upon maximum depth. 

SSI 

Pools also may provide space for swimming, which may result in full head immersion.  Therefore, the 
same ranking system as that above was used for stream depth. 

4.2.2.5 Stream Width 

Stream width can affect stream shading, temperature, and flow.  The stream width at the access point for 
each reach was 3.9, 5.2, and 28.4 meters the east, west, and main stem sites, respectively.  Stream width 
was not used in formulating the HQI or the SSI. 

4.2.2.6 Bank Slope 

HQI 

Bank stability affects stream use by wildlife and shelter for aquatic organisms.  Stability is based upon 
erosion potential, which is dependent upon soil type, bank slope, and flow rates.  Bank stability was 
ranked as stable (4), moderately stable (3), moderately unstable (2), or unstable (0) based on percentage 
evidence of erosion and upon average bank angles. 

SSI 

Bank stability is an important safety concern for stream users and is also important in estimating future 
impacts to the stream from recreational use.  The same ranking system as above was used for this 
parameter. 

4.2.3 Summary of Habitat Assessment 

4.2.3.1 West Fork (UAA1) 

The West Fork of Mill Creek (UAA1) yielded an HQI of 20 (high) and an SSI of 16 (high).  Although the 
HQI is high, this tributary of Mill Creek may be suitable for recreation only during periods without 
drought.  The reach was assessed during a year of exceptional rainfall and probably contained more water 
(an average of 0.35 meter [1.14 feet] with individual transect depths ranging from 0.15 to 0.76 meter [0.5 
to 2.5 feet]) than during normal rainfall years.  Currently, the creek may be suitable for catching 
minnows, which were seen in the portion near the bridge only; for wading; or for wildlife viewing 
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(several species of birds were noted during the assessment).  No signs of recreational use were noted 
during the assessment.  The reach contained only one pool (1.1 meters [3.6 feet] deep and 1.9 meters 
[6.2 feet] wide), near the bridge, so presumably only a small section of the reach would support fishing or 
swimming activities.  However, wading and wildlife observation would be possible. 

4.2.3.2 East Fork (UAA4) 

The East Fork of Mill Creek (UAA4) yielded an HQI of 21 (high) and an SSI of 14 (high) (Tables 4-2 and 
4-3).  This tributary of Mill Creek was considerably colder than the West Fork and the main channel, 
indicating it is spring-fed and may remain at a relatively stable level year-round.  Average depth of this 
reach was 0.37 meter (1.21 feet) and it contained a few shallow pools, most of which were less than 
1 meter deep and covered less than 50 percent of the average stream width (5.8 meters, or 19.0 feet).  The 
largest pool was at the first bend, just west of the bridge; it was 1.1 meters (3.6 feet) deep and 2.0 meters 
(6.6 feet) wide. 

Due to the spring-fed nature of this reach, the presence of a trot line near the largest pool, and the 
discovery of two turtles during the assessment, it was determined that this reach probably contains fish of 
suitable size for fishing.  Shallowness precludes swimming, but wading and wildlife observation would 
be possible. 

4.2.3.3 Main Stem (UAA2) 

Mill Creek (UAA2) yielded an HQI of 12 (limited) and an SSI of 18 (Tables 4-2 and 4-3).  According to 
landowners along the creek, this portion of Mill Creek has been dredged and possibly channelized.  All 
parameters of the HQI were scored at 2 or lower, while the SSI parameter scores were variable.  Although 
the sludgy layer topping the sand substrate and the presence of fishing devices/debris (e.g., trot lines, 
fishing line) near the bridge may make this reach unsafe for swimming activities, the depth and moderate 
flows at this site provide good conditions for swimming.  Although this reach contains an average of 
0 percent cover for aquatic organisms, some under-cut banks do exist that could serve as cover for fish 
and thus be good for fishing.  This reach is also suitable for swimming, tubing, canoeing, and kayaking 
due to previous channel dredging (average depth over the reach is 1.1 meters [3.6 feet]).  Although the 
average vegetative buffer is less than 5.0 meters (16.5 feet), the bank height of approximately 6.1 meters 
(20.0 feet) (which was not officially measured for this assessment) prevents viewing of the surrounding 
pastureland, giving in-stream users a view of only the native vegetation buffer along the banks and 
therefore the impression of a natural setting. 

4.2.3.4 Watershed 

Mill Creek provides sufficient habitat for recreation from a watershed perspective.  In spite of steep 
banks, some tributaries to the creek are probably suitable for fishing, wading, and/or wildlife viewing.  
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The main channel of Mill Creek is sufficiently deep and open for swimming, canoeing and kayaking, and 
possibly fishing, assuming there is enough cover for fish. 
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Table 4-2 
Habitat Quality Index Scoring Components, 

Mill Creek Habitat Assessment, Austin County, Texas 
 UAA1 UAA4 UAA2 

Habitat Parameter Scoring Category Score Scoring Category Score Scoring Category Score 
Available In-stream Cover 
(1=absent, 2=rare, 3=common, 4=abundant) Common 3 Common 3 Absent 1 

Bottom Substrate Stability 
(1=unstable, 2=moderately unstable, 3=moderately stable, 
4=stable) 

Moderately 
unstable 2 Moderately 

unstable 2 Unstable 1 

Number of Riffles (1=absent, 2=rare, 3=common, 4=abundant Common 3 Abundant 4 Absent 1 
Dimensions of Largest Pool 
(1=absent, 2=small, 3=moderate, 4=large) Large 4 Moderate 3 Small 2 

Channel Flow Status (0=no flow, 1=low, 2=moderate, 3=high) Moderate 2 Moderate 2 Moderate 2 
Bank Stability 
(0=unstable, 1=moderately unstable, 2=moderately stable, 
3=stable) 

Moderately 
unstable 1 Moderately 

unstable 1 Moderately stable 2 

Channel Sinuosity (0=none, 1=low, 2=moderate, 3=high) Moderate 2 High 3 None 0 
Riparian Buffer Vegetation 
(0=narrow, 1=moderate, 2=wide, 3=extensive) Moderate 1 Moderate 1 Moderate 1 

Aesthetics of Reach 
(0=offensive, 1=common, 2=natural, 3=wilderness) Natural area 2 Natural area 2 Natural area 2 

Habitat Quality Index/Total Score1 High 20 High 21 Limited 12 
1 Habitat Quality Index is as follows: 
 26-31 = Exceptional 
 20-25 = High 
 14-19 = Intermediate 
 �13 = Limited 
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Table 4-3 
Swimming Suitability Index, 

Mill Creek Habitat Assessment, Austin County, Texas 
 UAA1 UAA4 UAA2 

Habitat Parameter Scoring Category Score Scoring Category Score Scoring 
Category Score 

Available In-stream Cover 
(1=abundant, 2=common, 3=rare, 4=absent) Common 2 Common 2 Absent 4 

Bottom Substrate Stability 
(1=unstable, 2=moderately unstable, 3=moderately stable, 4=stable) 

Moderately 
unstable 2 Moderately 

unstable 2 Unstable 1 

Number of Riffles (1=abundant, 2=common, 3=rare, 4=absent) Common 2 Abundant 1 Absent 4 

Dimensions of Largest Pool (1=absent, 2=small, 3=moderate, 
4=large) Large4 4 Moderate 3 Small 2 

Channel Flow Status (0=no flow, 1=low, 2=moderate, 3=high) Moderate 2 Moderate 2 Moderate 2 

Bank Stability 
(0=unstable, 1=moderately unstable, 2=moderately stable, 3=stable) 

Moderately 
unstable 1 Moderately 

unstable 1 Moderately stable 2 

Channel Sinuosity (N/A)2 
(0=none, 1=low, 2=moderate, 3=high) N/A - N/A - N/A - 

Riparian Buffer Vegetation (N/A)3 
(0=narrow, 1=moderate, 2=wide, 3=extensive) N/A - N/A - N/A - 

Aesthetics of Reach (0=offensive, 1=common, 2=natural, 
3=wilderness) Natural area 3 Natural area 3 Natural area 3 

Swim Habitat Quality Index/Total Score1 High 16 High 14 High 18 
1 Swim Habitat Quality Index is as follows: 
 20-25 = Exceptional 
 14-19 = High 
 8-13 = Intermediate 
 �7 = Limited 
2 Channel sinuosity has no bearing on stream use for swimming. 
3 Width of the riparian buffer vegetation has little effect on swimmers.  However, the number of large trees or the number of large overhanging limbs may be a parameter to consider 
in future studies since trees may provide shade for swimmers and/or overhanging limbs for recreational use such as rope swinging. 
4 This pool was within 30 feet of the bridge; pools were not typical over the remainder of the reach. 
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4.3 DRY AND WET WEATHER SAMPLING 

4.3.1 Sample Dates 

A total of six sample events were conducted in 2007 for the pilot study.  Event 1 was conducted on 
June 13 and 14.  The West Fork and East Fork sites were revisited on June 14 in order to collect flow 
readings that could not be taken on June 13.  Event 2 was conducted on June 22.  Sample Event 3 
occurred on June 28 and 29.  Sample Event 4 occurred on July 11 and Events 5 and 6 took place on 
July 24 and July 30, 2007, respectively.  Mrs. Jean Wright of the H-GAC accompanied PBS&J staff on 
June 28 and again on July 24 for Events 3 and 5 in order to conduct field audits. 

4.3.2 Field Conditions 

Weather conditions during the study period were wetter than normal.  Rainfall ranged from 0.35 to 
1.93 inches.  No sample event occurred during rain events, but all sampling events are considered post-
rainfall sampling.  Flow conditions at all sample sites were above normal for the entire study period and 
base flow conditions were not observed.  The single highest rainfall event (1.93 inches) occurred two days 
before Event 2.  For the month of June, a total of 8.14 inches of rainfall occurred.  Rainfall occurring 
before Events 1, 3, and 4 was 0.87, 0.35, and 0.54 inch, respectively.  These events occurred on June 3 
and 26, and July 5. 

4.3.3 Physical, Chemical, Hydrological, and Microbial Characteristics 

4.3.3.1 Water Quality, Physical, and Hydrological Results 

Data were collected at each of the three sample locations for physical, chemical, hydrological, and 
microbial characterization (Appendix H).  Parameters were averaged for all the six sample events.  The 
results of this characterization are summarized in Table 4-4. 

Table 4-4 
Stream Characteristics 

Mean* Water Quality Values for Mill Creek UAA Sites 1, 2, and 4 

Sample 
Site 

Flow 
(cfs) 

Drainage 
Area 

(acres) 
Temp 
(°C) 

DO 
(mg/L) 

Sp. 
Cond. 

(mS/cm) pH 

Secchi 
Depth 

(meters) 

Stream 
Deptha 

(meters) 
West 15.93 53, 058 27.17 6.16 0.43 7.75 0.36 0.2–0.76 
Main 95.48 76,150 27.41 6.19 0.46 7.82 0.41 0.4–0.95 
East 36.11 169,926 27.22 5.55 0.46 7.72 0.38 0.48–2 

* N = 6 for all parameters except specific conductivity and DO where N=5. 
a = Range 
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Except for stream depth and flow, all other properties collected show little spatial and temporal 
variability.  Sampling at each site occurred within a two-hour window of time across all sample events; 
therefore, variations resulting from time of collection should be negligible. 

The average water temperature ranged from 27.17 to 27.22
o
C, which is normal for local streams for this 

time of year.  Dissolved oxygen ranged from 5.55 to 6.19 milligrams/liter ("mg/L"), which is well within 
the standards to support quality wildlife.  The mean specific conductivity ranged from 0.43 to 
0.46 milliSiemens per centimeter ("mS/cm"), which is somewhat indicative of a freshwater stream for this 
area.  It is possible that mixing of waters supplied from the many springs within the drainage basin and 
recent rainfall has diluted the stream water and lowered the conductivity levels.  Specific conductivity 
ranged from 0.43 to 0.46 mS/cm, having a CV of 0.46, 0.44, and 0.48 for sites West Fork, Main Stem, 
and East Fork, respectively.  Mean pH values ranged from 7.72 to 7.82, which were slightly lower than 
expected from a creek in this region; however, considerable rainfall had occurred during the study period 
and may have resulted in reducing pH values from what normally would be 8.0 to 8.3.  Overall, pH 
remained relatively stable both spatially and temporally with a CV <0.02 between sample events and 
sample sites.  Secchi disk readings ranged from 0.36 to 0.41 meter (1.2 to 1.35 feet), indicating a slightly 
turbid system.  This is most likely a result of sediment resuspension caused by recent rainfall events and 
the muddy and sandy nature of the sediment in this area.  These rainfall events contributed to differences 
in stream morphology as well.  Differences in the stream depth and in the rate of flow varied both 
temporally and spatially.  Stream depth varied somewhat between sample events due to several factors, 
including changes in bottom substrate caused by high flows.  During sampling, the field team noticed that 
rainfall events cause sandbars to change in location and size throughout the study period.  The mean flow 
for each sample location was 15.93, 95.48, and 36.11 cfs with CV's of 1.2, 0.62, and 1.47, respectively, 
for the West Fork, Main Stem, and East Fork of Mill Creek.  The reason for such high variation in flow 
between sample location and sample event was due to watershed drainage size and rainfall amounts. 

At the West Fork of Mill Creek, pH was in a range from 7.58 to 7.89, which is slightly lower than would 
be expected for the hard-water streams that are found in this area.  The slight dip in pH from Sample 
Event 1 to Sample Event 2 could be a result of recent rainfall in the amount of 1.93 inches that occurred 
just two days prior to Sample Event 2 (Figure 4-1).  It is also likely that the increased rainfall experienced 
in the recent weeks leading up to the Mill Creek UAA study have diluted the stream, thus causing an 
overall reduction in pH from what would be expected during this time of year.  A similar pattern can be 
seen with regard to DO, which ranged from 5.94 to 6.35 mg/L.  The highest readings occurred during the 
first sample event and then dropped off with increasing temperature and rate of flow.  The CV for DO is 
0.41 for site UAA-1 (West Fork), indicating very little temporal variability between sample events.  
Specific conductivity ranged from 0.32 to 0.52 mS/cm during the study period.  Again, these values may 
be depressed due to dilution effects.  The increasing trend over time was expected with the increase in 
summer air temperatures and solar heating.  The flow at the West Fork of Mill Creek varied from sample 
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event to sample event, having a CV of 1.2.  This variation represents the greater than normal rainfall this 
summer.  Stream flow ranged from 0.04 to 48.95 cfs with an average flow of 15.93 cfs. 

 
Figure 4-1 

Water Quality Parameters Collected During Four Sample Events During 
June and July at Site UAA-1 (West Fork) on Mill Creek, Austin County 

 
 
At the main fork of Mill Creek, pH was in a range from 7.74 to 7.88.  Again, this is lower than would be 
expected for streams in this area.  A similar pattern can be seen with regard to DO, which ranged from 
5.55 to 6.19 mg/L.  The highest readings occurred during the first sample event and then dropped off with 
increasing temperature and rate of flow.  The CV for DO is 0.41, indicating moderate temporal variability 
between sample events.  Specific conductivity ranged from 0.32 to 0.53 mS/cm during the study period.  
Again, these values may be depressed due to dilution effects.  Water temperature ranged from 26.12 to 
29.54ºC during the study period.  The increasing trend over time was expected with the increase in 
summer air temperatures and solar heating.  The flow at the Main Stem of Mill Creek varied from sample 
event to sample event, having a CV of 0.62.  This variation represents the greater than normal rainfall this 
summer.  Stream flow ranged from 22.30 to 164.70 cfs, with an average flow of 95.48 cfs. 
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Figure 4-2 

Water Quality Parameters Collected During Four Sample Events During 
June and July at Site UAA-2 (Main Stem) on Mill Creek, Austin County 

 
 
At the East Fork of Mill Creek, pH was in a range from 7.61 to 7.84.  This pattern follows that of the 
other sample sites and can be seen with regard to DO, which ranged from 5.29 to 5.87 mg/L.  The CV for 
DO is 0.40, indicating moderate temporal variability between sample events.  Specific conductivity 
ranged from 0.32 to 0.73 mS/cm during the study period.  Again, these values may be depressed due to 
dilution effects.  Water temperature ranged from 26.48 to 28.26ºC during the study period.  The 
increasing trend over time was expected with the increase in summer air temperatures and solar heating.  
The flow at the East Fork of Mill Creek also experienced temporal variation from sample event to sample 
event, having a CV of 1.47.  This variation is again attributed to higher than normal rainfall this summer.  
Stream flow ranged from 2.12 to 143.19 cfs, with an average flow of 36.11 cfs. 
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Figure 4-3 

Water Quality Parameters Collected During Four Sample Events During 
June and July at Site UAA-4 (East Fork) on Mill Creek, Austin County 

 
 
4.3.3.2 Nutrient and Solids Results 

TP, TKN, Nitrate-Nitrite, and TN were collected for sample events 4, 5, and 6.  Summary statistics for 
nutrients are located in Appendix I.  Mean concentration of samples for TP and TKN collected from the 
West Fork site are 0.38 and 6 mg/L, respectively.  NH4-N, low level, ranged from 0.02 to 0.14 mg/L.  
TSS and VSS ranged from 10.40 to 29.30 and 4.00 to 13.30 mg/L, respectively, for this sample location. 
Nitrate- Nitrite measured from the West Fork ranged from 0.18 to 0.21 mg/L.  TKN and Nitrate- Nitrite 
used to calculate TN which ranged from 4.88 – 7.91 mg/L.  

At the Main Stem of Mill Creek, TP and TKN are 0.4 and 6.83 mg/L, respectively.  NH4-N was 0.02 to 
0.08 mg/L.  TSS and VSS ranged from 17.70 to 108.00 and 6.00 to 20.00, respectively. Nitrate- Nitrite 
measured from the Main Stem ranged from 0.15 to 0.20 mg/L.  TKN and Nitrate- Nitrite used to calculate 
TN which ranged from 4.15 – 9.40 mg/L. 

At the East Fork of Mill Creek, TP and TKN are 0.36 and 6.17 mg/L, respectively.  NH4-N ranged from 
0.02 to 0.07 mg/L.  TSS and VSS ranged from 13.00 to 96.00 and 4.60 to 24.00, respectively.  Nitrate- 
Nitrite measured from the East Fork ranged from 0.17 to 0.22 mg/L.  TKN and Nitrate- Nitrite used to 
calculate TN which ranged from 5.39 to 8.29 mg/L. 
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4.3.3.3 Bacteria Results 

The purpose of the results detailed below was to test different methods for collecting bacterial data and to 
determine if taking one grab sample is a sufficient sampling technique.  The different types of sampling 
methodologies were evaluated in order to determine the most efficient way to maximize data collection.  
The following section details the results of comparing a single grab sample to subsequent samples 
collected during a single sampling event.  Summary statistics for E. coli during each sampling event are 
also addressed (Appendix I).  Additional analysis comparing E. coli and various stream characteristics is 
presented in Appendix J. 

4.3.4 Evaluation of Bacterial Sampling Methods 

Four methods of characterizing bacterial densities were evaluated during this project.  Each method 
required multiple samples to be collected, handled, and analyzed.  To evaluate the methods, PBS&J 
statistically compared the first grab sample obtained at each site using each method against the geometric 
mean of the remaining samples obtained for each method using a one-sample t-test.  This was conducted 
to determine if the multiple sampling approaches produced statistically different results than the single 
grab sample.  Below are three graphs (Figures 4-4 through 4-6) illustrating the first grab sample, and an 
adjacent boxplot representing the distribution of the remaining samples collected during the event 
excluding the grab sample.  Based on the p-values from the t-tests, the data suggest that methods of 
sampling or sampling event do not result in statistically different data.  The only statistical difference 
detected occurred at the East Fork during the time series sampling event. 
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Figure 4-4 
Boxplots Comparing the First Grab Sample vs. Entire Sample Set 

for E. coli Concentration Collected from Six Sampling Events 
at Site UAA-1 (West Fork) During June and July 2007 
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Figure 4-5 
Boxplots Comparing the First Grab Sample vs. Entire Sample Set 

for E. coli Concentration Collected from Six Sampling Events 
at Site UAA-2 (Main Stem) During June and July 2007 

 
 
 



 

461409.00 / 07H033 4-20  
 

 
 
 

Figure 4-6 
Boxplots Comparing the First Grab Sample vs. Entire Sample Set 

for E. coli Concentration Collected from Six Sampling Events  
at Site UAA-4 (East Fork) During June and July 2007 

 

Time Series (Event 1) 

Table 4-5 depicts the descriptive statistics for the times series sampling event conducted on June 13.  
E. coli concentrations for the three sample locations vary somewhat within one sampling event per site.  
The East Fork site had a CV of 0.73, suggesting there was a difference in E. coli concentrations over a 
one-hour period.  The descriptive statistics from the West Fork and Main Stem sites differ from the East 
Fork site in that the CV's are very low, 0.23 and 0.34, respectively.  E. coli concentrations did vary 
between sites, with the West Fork site showing the highest concentrations and the Main Stem showing the 
lowest.  These trends do not remain consistent throughout every sampling event. 
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Table 4-5 
Descriptive Statistics for the Time Series Sampling Method at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 12 12 12 
Mean (MPN/100mL) 360 158 92 
Minimum (MPN/100mL) 211 74 31 
Maximum(MPN/100mL) 520 228 134 
Standard Deviation (MPN/100mL) 83 42 32 
Standard Error (MPN/100mL) 24 12 9 
Coefficient of Variation 0.23 0.26 0.34 
Geometric Mean (MPN/100mL) 350 152 86 

 
 
Cross-Section (Event 2) 

Table 4-6 depicts the descriptive statistics for the cross-section sampling event conducted on June 22.  
E. coli concentrations for the three sample locations vary little at each site during each sampling event.  
CV's ranged from 0.16 to 0.24, suggesting one grab sample may be sufficient for determining bacteria at a 
given location.  E. coli did vary between sites, with the West Fork site showing the lowest concentrations 
and the Main Stem showing the highest.  These trends do not remain consistent throughout every 
sampling event. 

Table 4-6 
Descriptive Statistics for the Cross-Section Sampling Method at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 5 5 5 
Mean (MPN/100mL) 299 993 747 
Minimum (MPN/100mL) 231 794 408 
Maximum(MPN/100mL) 359 1374 708 
Standard Deviation (MPN/100mL) 49 236 132 
Standard Error (MPN/100mL) 22 105 59 
Coefficient of Variation 0.16 0.24 0.18 
Geometric Mean (MPN/100mL)  296 972 490 

 

Although descriptive statistics are computed for all sites, the conditions at the Main Stem site did not 
allow for depth and flow measurements to be collected across the entire stream.  Descriptive statistics are 
presented in Appendix I.  For this reason, the Main Stem site was not included in scatter plots for velocity 
or depth comparisons and no scatter plot for flow was created. 

Longitudinal (Event 3) 

Table 4-7 depicts the descriptive statistics for the longitudinal section sampling event conducted on 
June 28 and 29.  E. coli concentrations for the three sample locations vary little within one sampling event 
per site.  CV ranged from 0.13 to 0.56, suggesting one grab sample may be sufficient for determining 
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bacteria at a give location.  E. coli did vary between sites, with the West Fork site showing the lowest 
concentrations and the Main Stem showing the highest.  These trends do not remain consistent throughout 
every sampling event. 

Table 4-7 
Descriptive Statistics for the Longitudinal Section Sampling Method 

at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 4 5 5 
Mean (MPN/100mL) 335 457 2940 
Minimum (MPN/100mL) 253 109 2359 
Maximum(MPN/100mL) 410 738 3448 
Standard Deviation (MPN/100mL) 64.25 259 392 
Standard Error (MPN/100mL) 32 116 176 
Coefficient of Variation 0.19 0.57 0.13 
Geometric Mean (MPN/100mL)  330 377 2918 

 

 

Vertical (Event 4) 

Table 4-8 depicts the descriptive statistics for the longitudinal section sampling event conducted on 
July 11.  E. coli concentrations for the three sample locations vary little within one sampling event per 
site.  CV ranged from 0.23 to 0.41, suggesting one grab sample may be sufficient for determining bacteria 
at a given location.  E. coli did vary between sites, with the West Fork site showing the lowest 
concentrations and the Main Stem showing the highest.  These trends do not remain consistent throughout 
every sampling event. 

Table 4-8 
Descriptive Statistics for the Vertical Sampling Method at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 3 3 3 
Mean (MPN/100mL) 148 160 165 
Minimum (MPN/100mL) 97 109 122 
Maximum(MPN/100mL) 216 199 187 
Standard Deviation (MPN/100mL) 61 46 38 
Standard Error (MPN/100mL) 35 27 22 
Coefficient of Variation 0.41 0.29 0.23 
Geometric Mean (MPN/100mL)  140 155 162 

 

 

Time Series(Event 5) 

Table 4-9 depicts the descriptive statistics for the times series sampling event conducted on June 13.  
E. coli concentrations for the three sample locations vary somewhat within one sampling event per site.  
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The East Fork site had a CV of 0.73, suggesting there was a difference in E. coli concentrations over a 
one-hour period.  The descriptive statistics from the West Fork and Main Stem sites differ from the East 
Fork site in that the CV's are very low, 0.23 and 0.34, respectively.  E. coli concentrations did vary 
between sites, with the West Fork site showing the highest concentrations and the Main Stem showing the 
lowest.  These trends do not remain consistent throughout every sampling event. 

Table 4-9 
Descriptive Statistics for the Time Series Sampling Method at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 12 12 12 
Mean (MPN/100mL) 213 221 299 
Minimum (MPN/100mL) 148 95 185 
Maximum(MPN/100mL) 259 336 464 
Standard Deviation (MPN/100mL) 34 75 81 
Standard Error (MPN/100mL) 10 22 23 
Coefficient of Variation 0.16 0.34 0.27 
Geometric Mean (MPN/100mL) 210 207 290 

 

 

Vertical (Event 6) 

Table 4-10 depicts the descriptive statistics for the longitudinal section sampling event conducted on 
July 11.  E. coli concentrations for the three sample locations vary little within one sampling event per 
site.  CV ranged from 0.23 to 0.41, suggesting one grab sample may be sufficient for determining bacteria 
at a given location.  E. coli did vary between sites, with the West Fork site showing the lowest 
concentrations and the Main Stem showing the highest.  These trends do not remain consistent throughout 
every sampling event. 

Table 4-10 
Descriptive Statistics for the Vertical Sampling Method at Three Sampling Locations 

Statistic West Fork 
(UAA1) 

East Fork 
(UAA4) 

Main Stem 
(UAA2) 

Number of Samples 3 3 3 
Mean (MPN/100mL) 2876 3348 358 
Minimum (MPN/100mL) 2105 1585 259 
Maximum(MPN/100mL) 3448 4352 450 
Standard Deviation (MPN/100mL) 693 1531 96 
Standard Error (MPN/100mL) 400 884 55 
Coefficient of Variation 0.24 0.46 0.27 
Geometric Mean (MPN/100mL)  2816 3048 349 
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4.4 RECREATIONAL SUITABILITY 

4.4.1 Summary of Interviews of Stream Users 

During the field reconnaissance survey, field team members interviewed the WWTP operator at the City 
of Bellville and City of Industry WWTP.  In addition to this, they also interviewed a sheriff in Bellville 
and property owner next to the Mill Creek.  Two additional interviews were conducted during the wet and 
dry weather monitoring and habitat assessment when field team members spoke to two sets of people that 
arrived at the Main Stem site (UAA2) during sampling.  Complete interview forms were not filled out as 
these observers were eager to move on to business elsewhere; however, team members were able to get 
some information from users about their contact recreation activities on Mill Creek.  One set of users 
arrived at the stream to determine if "fish were running" and were interested in placing trot lines in the 
creek.  The other person was interested in the field activities occurring.  Contact information for these 
individuals was not obtained but the team members received other data regarding uses.  This data were 
entered on an interview form (Appendix K). 

Additionally, scheduled interviews and opportunistic interviews were held with local officials, business 
owners, and owners of land fronting Mill Creek in all major towns within the watershed.  These 
interviews are summarized below. 

4.4.2 Bellville, Texas 

On July 16, PBS&J staff attended a meeting with Judge Carolyn Bilski.  The judge invited realtor Frank 
Monk and land owner Gordon Goebel to discuss their knowledge of Mill Creek.  Mr. Monk owns the 
property upstream of the Main Stem site, and Mr. Goebel owns the property downstream of site UAA2.  
The judge informed us of the proactive manner in which the city has kept the creeks and steams clean by 
hiring an environmental officer to prevent illegal dumping.  Mr. Goebel and Mr. Monk informed us that 
many people other than land owners enter the creek at the Main Stem site.  Mr. Monk says the creek 
attracts people from all around because it is well-known for containing arrowheads.  The creek is used for 
the most part by land owners and their friends for kayaking and fishing. 

A meeting was also held with Mr. Arlie Kendrick, Belleville's wastewater superintendent, on July 16, 
2007.  He stated that the treated wastewater from the plant feeds into Boggy Creek, which enters Mill 
Creek downstream of SH 36.  The plant services 4,000+ people with TCEQ Permit No. 10385-002. 

During a conversation with the proprietor of a barbecue restaurant north of the Main Stem site, he 
suggested to PBS&J staff that the creek area on Mr. Monk's property "looks really good for a little park 
area." 
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4.4.3 Bleiblerville, Texas 

PBS&J employees interviewed Matt Macat and a friend in a local store on FM 2502 in Bleiblerville.  
Mr. Macat, who lives in Bellville, told them that prior to the last two or three years, he and a friend, 
Mr. Charles Peschel, used to go fishing two to three times a year at a place on Mill Creek called Blue 
Hole.  They used a jonboat to enter the creek and used hook-and-line or trot lines to catch fish.  His friend 
stated that over 50 years ago the creek was the place to go for swimming, fishing, and other recreational 
activities.  Mr. Macat said that his friend Mr. Peschel owns the land next to the Blue Hole.  Mr. Macat 
also stated that Mr. David Jackson, Mr. Byran Balkey, Mr. Mike Aldridge, and Mr. Balchek own creek-
front property in the area. 

4.4.4 Industry, Texas 

In the town of Industry, PBS&J employees were directed to speak with a local lumber yard/hardware 
store owner, Mr. Everett F. Schmidt.  Mr. Schmidt owns property fronting the west fork of Mill Creek.  
On July 16, 2007, Mr. Schmidt stated that over the past two to three years the creek has dried up, so he 
stopped using it.  The 10 to 15 years prior to that, he would fish a couple of times a year, particularly on 
Good Friday.  He has also observed other people using the creek for fishing and picnicking. 

4.4.5 Summary of Contact Recreation Uses 

A total of 14 individuals were interviewed during the study period.  The primary locations for contact 
recreation to occur on Mill Creek appear to be downstream of the West Fork site and the stream reach 
between Mill Creek Road and FM 2429, just upstream of the Main Stem site.  The current primary 
contact recreation uses include fishing, swimming, tubing, and arrowhead hunting.  In the past, swimming 
and fishing occurred at a higher frequency and was more widespread throughout the watershed, but 
increased sediment loads have contributed to creating a shallower creek so that contact recreation 
activities only occur in the isolated areas stated above.
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 SUMMARY OF FIELD ACTIVITIES 

During this pilot study, PBS&J was tasked by H-GAC to conduct a watershed reconnaissance to help 
identify pollution sources and recreational activities in the watershed, to characterize bacteria 
concentrations using four different sampling methods, to assess the habitat of the study reaches to help 
assess each reach's suitability for contact recreation, and to document existing uses via interviews.  The 
intent of the data collection effort was to assess whether these methods were appropriate for regional or 
state-wide use to conduct recreational UAA's in the future.  The following discussion provides an 
assessment of whether the approaches used in this pilot study are appropriate to implement going forward 
on a regional and state-wide basis. 

5.2 WATERSHED RECONNAISSANCE METHODS 

Watershed reconnaissance methods, both field visits and data recording methods, were appropriate and 
helpful in identifying both pollution sources and recreational activities in the watershed.  For example, 
during reconnaissance work, field staff noted that most of the creek flowed through privately-owned land 
and that fencing followed property boundaries crossing the creek in multiple locations.  This would, of 
course, limit boating opportunities.  While paper datasheets are adequate for recording information, if 
UAA's are conducted on many water bodies throughout the state, data collection and management would 
be greatly facilitated if electronic field data collection tools could be employed.  Tablet computer 
technology has advanced so that screen visibility is not a concern, even in direct sunlight.  Field 
computers also are available that are more rugged and waterproof than ever before for field use. 

5.3 BACTERIAL DENSITY AND WATER QUALITY MEASUREMENT 
METHODS 

Four methods of characterizing bacterial densities were evaluated during this project.  Each method 
required multiple samples to be collected, handled, and analyzed.  To evaluate the methods, PBS&J 
statistically compared the first grab sample obtained at each site using each method against the geometric 
mean of the group of samples obtained using each method to determine if the multiple sample approach 
produced a statistically different result than the single grab sample.  There was no statistical difference 
between the first grab sample and the subsequent samples pooled.  Therefore, it appears that collecting a 
single grab sample is suitable to characterize the bacteria levels for the Mill Creek watershed.  A single 
grab sample is also the most cost-effective approach to attain bacteria results since the other methods 
required three to five people per site and requires an extended time to collect bacteria samples.  It should 
be noted that the low sample size and small number of sample sites may not allow these findings to be 
directly extrapolated to other, more complex, watersheds. 
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During the pilot study, detailed depth and velocity information (flow) was obtained to uncover any 
correlations among these variables and bacterial densities.  Because no significant correlations were 
observed and because multiple velocity-depth measurements at the same site take a significant amount of 
additional time, it is recommended that only one set of velocity-depth measurements be required at each 
bacteria sampling site.  The collection of general water quality measurements and, importantly, depth and 
velocity, should definitely be included in any future UAA protocols.  Velocity and depth measurements 
directly relate to the suitability of recreational activities at the time of sampling.  For example, high 
velocities or low depths might preclude a swimming recreation use. 

5.4 HABITAT ASSESSMENT METHODS 

Habitat assessment procedures were used during the pilot to help assess whether the water body in 
question was suitable for contact recreational uses.  As defined in the project QAPP, the HQI provides a 
quantitative measure of a water body's physical condition suitability for aquatic life—the higher the score, 
the better the fishing.  This parameter is therefore an appropriate metric for determining if a particular 
water body is suitable or attractive for recreational fishing.  It is not, however, suitable for evaluating 
boating uses or swimming uses. 

PBS&J altered the building blocks and scoring methods used to determine the HQI in an effort to derive a 
new metric we called the SSI.  This approach was explained in Sections 3.2 and 4.2.  Since the SSI was 
not in use prior to this study, we were restricted to using HQI input measurements.  In the future, a more 
refined SSI could be developed that would consider all factors and field observations needed to evaluate 
swimming suitability.  These factors could include:  depth, velocity, temperature, access, vegetation 
conditions, odor, aesthetics, turbidity, bank and bed conditions, physical hazards, and other factors.  A 
new SSI form could be developed (hard copy or electronic) to help guide the collection and management 
of the field data necessary to calculate the SSI. 

5.5 METHODS TO DOCUMENT RECREATIONAL USES 

During the pilot study, questionnaires were used to guide and document face-to-face interviews with 
recreational users or were provided to subjects to fill out by themselves.  Subjects were found when they 
approached field staff or by scheduling interviews with known land owners.  Face-to-face interviews were 
generally successful; however, a low response rate was seen among subjects receiving the questionnaires 
for self-completion. 

A more robust method of documenting recreational uses has been employed in the Santa Ana River 
Watershed in San Bernardino, Riverside, and Orange Counties in California (Moore, 2007).  In this 
watershed, stakeholders deployed Internet-enabled video surveillance cameras that took a still photograph 
every 15 minutes during daylight hours for one year.  This generated 63,332 pictures of one water body 
during a year long study.  The frequency allowed stakeholders to assess not only the type of recreational 
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use, but the duration and frequency of the uses.  This method of use documentation should be strongly 
considered for certain Texas water bodies, if stakeholder interest is high and adequate funding is 
available. 

There appear to be two goals for documenting recreational uses in the context of a UAA or a surface 
water quality criteria adjustment study.  First, water quality managers may wish to enroll as many 
recreational users as possible for epidemiological or risk assessment work.  Alternatively, managers may 
wish to rigorously characterize the existing use of a water body under study.  While the data collection for 
each method may be the same, the site selection methods may differ significantly. 

In the first case, when researchers are trying to maximize observations, a biased sampling approach is 
appropriate.  This would mean that subjects should be recruited and interviewed or monitored at sites 
most suitable for recreational uses.  In the second case, when researchers are trying to objectively 
determine what existing uses are present, a randomized site selection process should be employed.  This 
will allow for any variation in the water body to be addressed in the study design.  For example, if an 
urban stream had concrete bed and banks for 90 percent of its length, and natural conditions with a park 
for 10 percent of its length, it might be inappropriate to extrapolate conditions and uses occurring at the 
park for the entire length. 

5.6 AMENDMENTS TO DRAFT DATA COLLECTION PROTOCOL 

The Contact Recreation UAA Protocol, when finalized, will provide guidance to interested investigators 
during the performance of UAA studies for waters of the state.  The Draft Protocol served as the guidance 
document for PBS&J during the performance of all project-related activities.  Methods, procedures, and 
datasheets provided in the Draft Protocol were utilized during various stages of the pilot study.  The four 
field data sheets provided as part of the Draft Protocol included: 

Data Sheet A – Water Body Information 

Data Sheet B – Site Characterization 

Datasheet C – Water Quality Data and Depth Measurements 

Data Sheet D – Recreational Use Interview 

Overall, the draft protocol was generally found to be exhaustive regarding the guidance it provided for 
activities performed during the pilot study.  References made to the TCEQ SWQM were found to be 
accurate and to the point.  Presented below are recommended changes and adjustments to various 
components of the draft protocol. 
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Data Sheet A allows the project team to provide stream segment information, define the reach or sub-
segment to be studied, and record WWTP information.  PBS&J recommends that the SLOC's be used 
instead of this data sheet since the two documents duplicate each other in terms of the data collected.  
However, if this data sheet is maintained, a footnote or similar statement should be provided indicating 
that the data sheet should be utilized only at the beginning of field data collection activities for all stream 
segments or sites until such time as changes to segments or sites are made. 

Data Sheet B is used to record site location data, including WWTP information, field team members, and 
weather conditions.  Additional information provided on this data sheet include GPS location data, Users 
Observed, Surrounding Conditions, Indications of Human Use, Photos, Stream Morphology, Aquatic 
Vegetation, and Water Characteristics.  PBS&J recommends the following: 

• Data Sheet Layout:  The stream segment information, weather conditions, location description, 
and field personnel information should be rearranged in a user-friendly manner. 

• Additional Data:  Wind Intensity, Recent Significant Rainfall, and Quantity of Rainfall should be 
added under weather conditions.  "None" should be added as a check-box option under Uses 
Observed and Indications of Human Use.  The check-boxes for Surrounding Conditions should be 
redesigned to allow for the selection of "I" or "P" for each option.  The preferred method for 
collecting substrate data should be provided on the data sheet.  Finally, Water Clarity (in the 
absence of secci measurements) and Debris in Water should be provided as options under Water 
Characteristics. 

• Site Location GPS Data:  Non-GPS methods should be provided as options for recording site 
location data at the access points if GPS data for sub-segments are collected under Data Sheet A. 

Data Sheet C facilitates the recording of stream width and length at the access point, field measured 
parameters, parameters collected for laboratory analysis, bacterial data collection method, and stream 
depth.  PBS&J recommends the following: 

• Stream Width, Length, and Depth:  These parameters should be lumped together on the Data 
Sheet.  The stream length assessed per field visit should be determined not only on whether the 
stream is wadeable or not, but also on the holding times for laboratory-collected samples.  The 
stream depth tables should be modified to allow flow velocities to be recorded on the data sheet 
alongside depths. 

• Field Parameters:  The required units of measurement for all field-measured parameters should be 
provided on the data sheet.  Data entry fields Sample Time, Sample Depth, and Data Logger 
should be added under field parameters. 
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• Parameters Collected for Lab Analysis:  Additional data entry fields should be provided to record 
additional parameters not provided on the data sheet. 

• Bacterial Data Collection:  The collection method for bacteria should be standardized based on 
the recommendations from this report 

The pilot study also examined the time constraints encountered during field activities.  Based on the field 
activities performed during the study at individual sites, PBS&J determined that the amount of time spent 
at each site was dependent on the following: 

• Number of field team members 

• Field conditions (stream accessibility, flow severity, and stream depth) 

• Data collection equipment and logistics 

• Method of bacteria collection (several time dependent methods were employed) 

• Number of stream depth measurement cross-sections and the length of stream assessed 

The maximum and minimum number of hours spent at any one site was 2.5 and 1, respectively.  It is 
worthy to note that time management played a key role during the performance of UAA activities on the 
multiple stream segments or sites. 
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Appendix A 
 

Watershed Reconnaissance 
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Appendix B 
 

Representative Photographs from the 
Watershed Reconnaissance 

 



Mill Creek Site Reconnaissance Photos  
Austin County, Texas 

Page 1 of 4 

 
     Watershed reconnaissance:  Mill Creek at the FM 2429 bridge. 
 

 
Source of waste water discharge:  Town of Industry waste water treatment plant. 



Mill Creek Site Reconnaissance Photos  
Austin County, Texas 

Page 2 of 4 

 
     Dry weather conditions:  West Fork of Mill Creek, upstream of the bridge on Industry Road 

at Blue Hole Road. 
 

 
Wet weather conditions:  Same site as above. 



Mill Creek Site Reconnaissance Photos  
Austin County, Texas 

Page 3 of 4 

 
Possible source of bacteria:  Outfall structure for the City of Bellville; located on Boggy 
Creek, a tributary to Mill Creek. 

 
     Impediment to contact recreation:  Fencing across east fork of Mill Creek on Bleiblerville 

Road. 



Mill Creek Site Reconnaissance Photos  
Austin County, Texas 

Page 4 of 4 

 
     Evidence of human recreational use:  Picnic area next to drainage ditch in town of Bellville. 

 

 
     Land use:  Rangeland located near East Fork Mill Creek. 
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SLOC Forms 
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Appendix D 
 

Site Map with Transect Locations 
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Appendix E 
 

Representative Photographs 
from the Habitat Assessment 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 1 of 15 

 
     UAA1 (West Fork):  Transect 1, Facing upstream. 
 

 
UAA1 (West Fork):  Transect 1, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 2 of 15 

 
     UAA1 (West Fork):  Transect 2, Facing upstream. 
 

 
     UAA1 (West Fork):  Transect 2, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 3 of 15 

 
     UAA1 (West Fork):  Transect 3, Facing upstream. 
 

 
UAA1 (West Fork):  Transect 3, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 4 of 15 

 
UAA1 (West Fork): Transect 4, facing upstream. 
 

 
     UAA1 (West Fork):  Transect 4, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 5 of 15 

 
     UAA1 (West Fork):  Transect 5, Facing upstream. 
 

 
UAA1 (West Fork):  Transect 5, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 6 of 15 

 
UAA2 (Mill Creek):  Transect 1, facing upstream. 
 

 
     UAA2 (Mill Creek):  Transect 1, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 7 of 15 

 
     UAA2 (Mill Creek):  Transect 2, Facing upstream. 
 

 
UAA2 (Mill Creek):  Transect 2, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 8 of 15 

 
UAA2 (Mill Creek):  Transect 3, facing upstream. 
 

 
     UAA1 (West Fork):  Transect 3, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 9 of 15 

 
UAA2 (Mill Creek):  Transect 4, Facing upstream. 

 

 
UAA2 (Mill Creek):  Transect 4, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 10 of 15 

 
UAA2 (Mill Creek):  Transect 5, facing upstream. 
 

 
     UAA2 (Mill Creek):  Transect 5, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 11 of 15 

 
     UAA4 (East Fork):  Transect 1, facing upstream. 
 

 
UAA4 (East Fork):  Transect 1, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 12 of 15 

 
UAA4 (East Fork):  Transect 2, facing upstream. 
 

 
     UAA4 (East Fork):  Transect 2, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 13 of 15 

 
UAA4 (East Fork):  Transect 3, facing upstream. 
 

 
     UAA4 (East Fork):  Transect 3, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 14 of 15 

 
UAA4 (East Fork):  Transect 4, facing upstream. 
 

 
     UAA4 (East Fork):  Transect 4, facing downstream. 



Mill Creek Habitat Assessment and Physical Stream Characteristics Study  
Austin County, Texas 

Page 15 of 15 

 
UAA4 (East Fork):  Transect 5, facing upstream. 
 

 
     UAA4 (East Fork):  Transect 5, facing downstream. 
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Habitat Assessment Forms 
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Appendix G 
 

Water Quality Sampling Forms 
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Appendix H 
 

PBS&J Field Data Sheets 
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Appendix I 
 

Summary Statistics 
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Appendix J 
 

Additional Bacteria Analysis 
and Results 
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Appendix K 
 

Contact Recreation interview Forms 
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