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Evaluation of Municipal Stormwater-Monitoring Network,
Dallas-Fort Worth, Texas, 1992–2000

By Timothy H. Raines, Susan C. Gándara, and David S. Brown

Abstract

About 450 stormwater samples were collected from the municipal stormwater-monitoring network, Dallas-

Fort Worth area, during Feburary 1992–June 2000. Two-hundred ten samples were collected from a 30-site

network of predominantly single-land-use sites during 1992–1994, and each sample was analyzed for 188

properties and constituents. Two-hundred thirty-eight samples were collected from a 22-site network during

1997–2000, and each sample was analyzed for 23 properties and constituents.

The current 22-site network was evaluated on the basis of land use, water quality, hyraulic, and rainfall

characteristics. Land-use data for 1990 and 1995 was aggregated into seven categories. The seven cities in the

area typically are about 35-percent residential, 10-percent commercial, 5-percent industrial, 5-percent highway,

35-percent undeveloped, and 10-percent water and other. The 22-site network consists of 4 residential, 4

commercial, 4 industrial, 3 highway, 1 undeveloped, and 6 mixed land-use sites. Statistically significant

differences in concentrations of diazinon and oil and grease between 1992–94 samples and 1997–2000 samples

were most common amoun constituents. Four sites have hydraulic problems affecting the accuracy and

representativeness of sample collection. Because of the annual distribution of storms, more frequent sampling

during February–September than during March–August is reasonable.

Three network alternatives were developed on the basis of the current network evaluation. All three

alternatives propose collecting three samples per year at each current or reactivated site (two samples from

September–February and one sample during March–August) and six samples per year at each new site (three

samples from September–February and three sample during March–August). The first alternative consists of

discontinuing two sites and adding one new site. The second alternative consists of discontinuing four sites and

adding one new site. The third alternative consists of discontinuing 7 sites, reactivating 1 site, and adding 3 sites.
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INTRODUCTION

During 1992–94, the U.S. Geological Survey (USGS), in cooperation with the North Central Texas Council

of Governments (NCTCOG), collected samples to characterize stormwater runoff from predominantly single-

land-use sites for the seven cities and two Texas Department of Transportation (TxDOT) Districts in the Dallas-

Fort Worth (DFW) area. These data were used by the cities and TxDOT in the application process for National

Pollutant Discharge Elimination System (NPDES) stormwater permits. Cities with populations of 100,000 or

greater and TxDOT districts with population centers of 100,000 or greater are required to obtain permits from the

U.S. Environmental Protection Agency (EPA) to discharge stormwater into the Nation’s waters (U.S.

Environmental Protection Agency, 1990). The following cities and districts in the DFW area met the population

criteria: Arlington, Dallas, Fort Worth, Garland, Irving, Mesquite, Plano, TxDOT Dallas District, and TxDOT

Fort Worth District.

The stormwater discharge permits issued to the seven cities and two TxDOT districts in 1997 required

additional sampling for a 5-year period. In 1997, the USGS began a study in cooperation with the NCTCOG to

collect stormwater samples and characterize stormwater runoff for the seven cities and two TxDOT districts for

the period 1997–2001. In 2000, the USGS began a study in cooperation with the NCTCOG to evaluate the

existing stormwater-monitoring network and propose possible changes to the network design and sampling

schedule.
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Purpose and Scope

This report presents the evaluation of the existing stormwater-monitoring network and proposes

alternatives for future data collection. The analysis was limited to 105 samples collected at 15 sites during

1992–94 and 238 samples collected at 22 sites (15 original sites and 7 new sites) during February 1997–

September 2000. Selected statistical tests were used in the analysis. The land uses for the sites and for the cities

were compared.

Description of the Study Area

The DFW area is located in north-central Texas (fig. 1) and lies within Collin, Dallas, Denton, and Tarrant

Counties. Of the seven cities, three (Arlington, Dallas, and Fort Worth) have populations greater than 250,000

(North Central Texas Council of Goverments, 1993). The DFW area is in the upper Trinity River Basin with

three major tributaries of the Trinity River draining the 1,700-square-mile area—West Fork Trinity River, Elm

Fork Trinity River, and East Fork Trinity River. Mean annual precipitation in the study area varies from about 31

inches in Tarrant County to 36 inches in Dallas County, with the months of April and May typically the wettest

and the months of July and August the driest (Ramos, 1999).

Monitoring Network

Thirty monitoring sites were established during 1992–93 in small (160 acres or less) drainage basins, each

categorized by a single predominant land use (11 residential, 9 industrial, 6 commercial, and 4 highway). Five

sites each were located in the cities of Dallas and Fort Worth, four in Arlington, three each in Garland, Irving,

Mesquite, and Plano, and two sites each in TxDOT Dallas and TxDOT Fort Worth. Fifteen of the original 30

monitoring sites (1–15, table 1) were reactivated for the 1997-2000 sampling period, including 4 residential, 4

industrial, 4 commercial, and 3 highway. Three sites each are located in Dallas and Fort Worth, two sites each in

Arlington and TxDOT Dallas, and one site each in Garland, Irving, Mesquite, Plano, and TxDOT Fort Worth.

The remaining 15 original sites were discontinued for the 1997–2001 sampling period (16–30, table 1). Seven
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new sites (31–37, table 1) were established during 1997–98. One site is located in each of the seven cities; no

new TxDOT sites were established. Six of the new sites are located in drainage basins with mixed land use, and

one site is located in an undeveloped drainage basin. Three of the six sites with mixed land use are located at

outfalls with drainage areas less than 500 acres, and the remaining three sites are located instream with drainage

areas of at least 2,500 acres (table 1). Most of the monitoring sites are located at storm-sewer outfalls or in

concrete-lined open channels. Two sites are located at natural channels.

Sample Collection and Analysis

Two conditions are required for sample collection: (1) Antecedent dry-weather conditions (no more than

0.1 inch of precipitation in a 24-hour period) during the 72 hours before the storm event to allow for accu-

mulation of possible contaminants, and (2) the total storm precipitation should range from 0.2 to 1.5 inches

(Baldys and others, 1998).

During 1992–94, seven samples were collected at each of the 30 sites and analyzed for 188 selected

properties and constituents (Baldys and others, 1997). During the 1997–2001 sampling period, the 13 samples

scheduled for the 15 reactivated sites and the 24 samples scheduled for the 7 new sites will be analyzed for a

reduced list of 23 properties and constituents. The sampling schedule is divided into two 6-month periods

(September–February and March–August), during which a predetermined number of samples are to be collected.

For the reactivated sites, five samples were scheduled in the first year (two samples in the first 6-month period

and three samples in the next period) and two samples per year (one in each 6-month period) for the following 4

years. For the new sites, six samples per year (three in each 6-month period) are scheduled for the last 4 years of

the 5-year period. Table 1 lists the number of samples scheduled for the 1997–2001 period and the number of

samples actually collected during February 1997–August 2000. Some samples were not collected as scheduled

because of extended periods of little or no precipitation, backwater conditions, or equipment failure.

Two types of samples are collected for analysis of water-quality properties and constituents. Grab samples

are collected manually, and composite samples are collected by an automatic sampler. The samples are analyzed
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for selected properties and constituents in accordance with guidelines set by EPA (U.S. Environmental Protection

Agency, 1992). Figure 2 shows an example of the accumulated precipitation, the discharge, and the times of the

grab and composite aliquot samples for a storm sampled on May 15, 1997, at site 08056390 Bastille Street

Outfall at La Reunion Parkway, Dallas.

A grab sample typically is collected during the first 2 hours of a storm to catch the first flush of the basin—

the initial stormwater runoff that often contains accumulations of possible contaminants. Grab samples are

analyzed for fecal coliform bacteria, fecal streptococcus bacteria, oil and grease, phenols (TxDOT Dallas only),

and field properties. The field properties—specific conductance, pH, and water temperature—are measured at the

time of sample collection.

A composite sample is a combination of discharge-weighted sample aliquots collected throughout a storm

by the automatic sampler programmed to collect discrete samples after a site-specific, specified volume of flow

has passed the site. Composite samples are analyzed for biochemical oxygen demand, chemical oxygen demand,

suspended solids, dissolved solids, ammonia plus organic nitrogen, nitrite plus nitrate nitrogen, total phosphorus,

dissolved phosphorus, arsenic, cadmium, chromium, copper, lead, nickel (TxDOT Dallas only), zinc, and

diazinon.
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EVALUATION OF MONITORING NETWORK

The current (2001) 22-site network was analyzed on the basis of available land-use data, measured water-

quality data, hydraulic site characteristics, and rainfall characteristics.

Land-Use Characteristics

Land-use data from 1990 and 1995 (figs. 3, 4), the drainage basins for 19 of the 22 sites, and the

jurisdictional boundaries of the seven cities in the DFW area were provided by the NCTCOG. The land-use data

were aggregated into the following major categories: residential, commercial, industrial, highway, undeveloped,

water, and other. The land-use subcategories of single family, multi-family, mobile home parks, and group

quarters were classified as residential. The land-use subcategories of office, retail, institution, and hotel and

motel were classified as commercial. The land-use subcategories of transportation, roadway, and airport were

classified as highway. The land-use subcategories of utilities, parks and recreation, flood control, under

construction, and parking were classified as other. The land-use categories of industrial, undeveloped, and water

consisted only of those single land uses. The land use summarized by category for the 22 active sites and seven

cities are listed in table 2.

Of the 16 predominantly single-land-use sites (excludes mixed), the site land-use characterization matches

the land use in at least 70 percent of the upstream basin area for all except Pylon Street Outfall (Fort Worth)

(table 2). The majority of the drainage basin for Pylon Street Outfall, classified as an industrial outfall, is
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undeveloped. The majority of the drainage basin for the Mountain Creek Outfall site (TxDOT) consists of

highway median draining a large hillside.  Although the Beck Branch (Plano) undeveloped site drains a basin

predominantly zoned as industrial, the only existing development includes the roads and associated drainage and

one building constucted since the site was established. The Sycamore Creek (Fort Worth) and Rush Creek

(Arlington) mixed-land-use sites primarily are a mix of residential and undeveloped land. The smaller mixed-

land-use sites Mills Branch (Garland) and Knights Branch (Dallas) are about 50-percent residential, and the

Cottonwood Branch site (Irving) is about 50-percent industrial. Drainage-basin data for the North Mesquite

Creek site were not available from NCTCOG.

Land use associated with the 15 predominately single-land-use sites did not change substantially from 1990

to 1995. For the large mixed-land-use sites, the amount of undeveloped land decreased slightly and the amount of

residential, commercial, and industrial land use increased slightly between 1990 and 1995. There was a decrease

in residential land and an increase in undeveloped land associated with the Eastern Hill High School Outfall (Fort

Worth) for unknown reasons. The Beck Branch Outfall site reflects a decrease in industrial land use and an

increase in highway land use between 1990 and 1995, which reflects the construction of new roads in the

drainage basin.

The current (2001) 22-site network drains only about 6.6 percent of the area of the seven cities. Without the

Sycamore Creek, Rush Creek, and North Mesquite Creek (Mesquite) sites, the remaining 19 sites would represent

about 0.3 percent of the area of the seven cities. The cities typically are about 35-percent residential, 10-percent

commercial, 5-percent industrial, 5- percent highway, 35-percent undeveloped, and 10-percent water and other.
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Water-Quality Characteristics

Of the 238 samples that were collected during February 1997–August 2000, 107 samples were analyzed at

the USGS National Water Quality Laboratory (NWQL) in Denver, Colo., and the remaining samples were

analyzed at the Armstrong Laboratory in Arlington, Tex. The Armstrong Laboratory currently (2001) is involved

in the process of being certified as a USGS-approved laboratory.

Summary statistics were computed for 23 properties and constituents included in the 1997–2000 sampling.

Statistical tests were applied to a subset of the properties and constituents to test for differences between sites

within the same land-use group. Twenty-four samples were not used in the analysis because the composite

samples were not deemed representative of the entire storm event.

Selection of Constituents

Of the 23 properties and constituents analyzed during 1997–2000, 10 were selected for the additional

analysis. Two constituents from grab samples were analyzed (fecal coliform and oil and grease), and eight

constituents from composite samples were analyzed (nitrite plus nitrate, biochemical oxygen demand, chemical

oxygen demand, suspended solids, dissolved solids, copper, lead, and diazinon). The samples were selected on

the basis of being representative of major groups, NWQL approval of that constituent at the Armstrong

Laboratory, and the number of concentrations measured above the detection levels.

Summary Statistics

Logarithmic plotting distribution estimation techniques (Helsel and Cohn, 1988) were used to compute

statistics for constituent concentrations less than the laboratory minimum reporting level (MRL). The logarithmic

plotting distribution estimation technique also can be used for constituents with multiple MRLs (Helsel and

Cohn, 1988) such as diazinon. The use of the robust probability-plot method has been shown to perform well for

estimating summary statistics and reducing errors that would be introduced using other methods (Helsel and

Hirsch, 1992).
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Simple boxplots (figs. 5–14) are used to display the period-of-record data for each site for the 10

constituents selected for this analysis because they provide a concise graphical summary of the distributions of

the data. Boxplots show center of the data (median), variation of spread (interquartile range), skewness (quartile

skew), and presence or absence of unusual values. A simple boxplot is constructed by ranking data from smallest

to largest, and a box is drawn from the 25th to the 75th percentile. The box length is from the 25th percentile to

the 75th percentile. The box length equals the interquartile range. A line is drawn through the box at the median.

“Whiskers” are then drawn from the quartiles to the maximum and minimum data values.

Summary statistics for each of the 15 original sites were computed for all of the analyzed constituents for

the 1992–94 period and the 1997–2000 period and for the seven new sites for the 1997–2000 period as shown in

table 3. Summary statistics also were computed for each of the 10 major constituents discussed in this report for

each land use for the two sampling periods of the project as shown in table 4. Apparent differences by land use

for each of the 10 major constituents are discussed below.

The median concentrations of nitrite plus nitrate for the six land-use categories for data from both periods

ranged from 0.42 to 0.73 milligrams per liter (mg/L). The median concentration for the highway land-use sites

increased from 0.6 mg/L for the 1992–94 period to 0.73 mg/L for the 1997–2000 period. The median

concentration for the new mixed land-use sites was 0.6 mg/L and for the undeveloped land-use site was 0.65

mg/L for the 1997–2000 period.

The median concentrations of biochemical oxygen demand for the six land-use categories for data from

both periods ranged from 6.3 to 8.3 mg\L. The median concentration for the commercial land-use sites increased

from 4.95 mg/L for the 1992–94 period to 7.30 mg/L for the 1997–2000 period. The median concentration for the

new mixed land-use sites was 8.3 mg/L and for the undeveloped land-use site was 4.2 mg/L for the 1997–2000

period.

The median concentrations of chemical oxygen demand for the six land-use categories for data from both

periods ranged from 5.0 to 69.5 mg/L. The median concentration for the 1997–2000 period was less than that of

the 1992–94 period for the four land-use groups. The median concentration for the residential land-use sites
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decreased from 69.5 to 59.5 mg/L. The median concentration for the commercial land-use sites decreased from

47.0 to 38.0 mg/L. The median concentration for the industrial land-use sites decreased from 61.0 to 32.8 mg/L.

The median concentration for the highway land-use sites decreased from 59.0 to 44 mg/L. The median

concentration for the new mixed land-use sites was 36.7 mg/L and for the undeveloped land-use site was 5.0

mg/L for the 1997–2000 period.

The median concentrations of suspended solids for the six land-use categories for data from both periods

ranged from 28.0 to 278.0 mg/L. The median concentration for the commercial land-use sites increased from 28.0

mg/L for the 1992–94 period to 42.0 mg/L for the 1997–2000 period. The median concentration for the highway

land-use sites increased from 88 mg/L for the 1992–94 period to 134 mg/L for the 1997–2000 period. The median

concentration for the new mixed land-use sites was 278.0 mg/L and for the undeveloped land-use site was 200.5

mg/L for the 1997–2000 period.

The median concentrations of dissolved solids for the six land-use categories for data from both periods

ranged from 50.0 to 209.5 mg/L. The median concentration for the residential land-use sites increased from 60.0

mg/L for the 1993–94 period to 76.0 mg/L for the 1997–2000 period. The median concentration for the new

mixed land-use sites was 148.0 mg/L and for the undeveloped land-use site was 118.5 mg/L for the 1997–2000

period.

The median concentrations of fecal coliform for the six land-use categories for data from both periods

ranged from 9,350 to 46,000 mg/L. The median concentration for the commercial land-use sites increased from

9,350 mg/L for the 1992–94 period to 21,500 mg/L for the 1997–2000 period, and the median concentration for

the industrial land-use sites increased from 10,000 mg/L for the 1992–94 period to 24,000 mg/L for the 1997–

2000 period. The median concentration for the new mixed land-use sites was 46,000 mg/L and for the

undeveloped land-use site was 42,000 mg/L for the 1997–2000 period.

The median concentrations of copper for the six land-use categories for data from both periods ranged from

6.0 to 17.0 µg/L. The median concentration for the residential land-use sites increased from 7.0 µg/L for the

1992–94 period to 10.0 µg/L for the 1997–2000 period. For the same periods, the median concentration for the
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commercial land-use sites increased from 6.0 µg/L to 9.0 µg/L, and the median concentration for the highway

land-use sites decreased from 13.0 µg/L to 10.8 µg/L. The median concentration for the new mixed land-use sites

was 17.0 µg/L and for the undeveloped land-use site was 7.50 µg/L for the 1997–2000 period.

The median concentrations of lead for the six land-use categories for data from both periods ranged from

6.2 to 32.0 µg/L. The median concentration for the industrial land-use sites decreased from 32.0 µg/L for the

1992–94 period to 15.2 µg/L for the 1997–2000 period. The median concentration for the new mixed land-use

sites was 23.4 µg/L and for the undeveloped land-use site was 6.2 µg/L for the 1997–2000 period.

The median concentrations of diazinon for the six land-use categories for data from both periods ranged

from 0.01 to 0.40 µg/L.  The median concentration for the residential land-use sites decreased from 0.40 µg/L for

the 1992–94 period to 0.18 µg/L for the 1997–2000 period. For the same periods, the median concentration for

the commercial land-use sites decreased from 0.10 µg/L to 0.02 µg/L, and the median concentration for the

industrial land-use sites decreased from 0.04 µg/L to 0.01 µg/L. The median concentration for the new mixed

land-use sites was 0.052 µg/L for the 1997–2000 period; and there were no detections of diazinon for the

undeveloped land-use site.

The median concentration of oil and grease for the six land-use categories for data from both periods

ranged from 0.2 µg/L to 11.0 µg/L. The median concentration increased for the 1997–2000 period for the four

land-use categories with data from both periods. The median concentration for the residential land-use sites

increased from 1.0 to 4.0 µg/L. The median concentration for the commercial land-use sites increased from 2.0 to

5.0 µg/L. The median concentration for the industrial land-use sites increased from 0.5 to 3.0 µg/L. The median

concentration for the highway land-use sites increased from 0.2 to 3.0 µg/L. The median concentration for the

new mixed land-use sites was 3.0 µg/L and for the undeveloped land-use site was 11.0 µg/L for the 1997–2000

period.
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Statistical Tests

A Mann-Whitney test (Helsel and Hirsch, 1992) was used to compare the data collected during 1992–94

with the data collected during 1997–2000 at the 15 reactivated sites for a selected property or constituent. The

test is a rank-based procedure to determine if the medians for two groups of data are significantly different. A

rank-based test is a more robust measure than a parametric test when data are not normally distributed; water-

quality data typically are not normally distributed. The null hypothesis is that the medians are the same; the

alternative hypothesis is that the medians are different. The null hypothesis is rejected in favor of the alternative

hypothesis if the p-value from the test is less than or equal to a predetermined level of significance (alpha level).

This test thus indicates whether there were significant temporal changes in the water quality at the 15 sites.

Results of the Mann-Whitney tests (alpha = 0.05) are presented in table 5. Commercial land-use sites

consistently indicate that concentrations of diazinon and oil and grease are significantly different between the

two sampling periods. Highway sites consistently indicate that concentrations of oil and grease are significantly

different between the two periods. Industrial sites consistently indicate that concentrations of chemical oxygen

demand and oil and grease are significantly different, and the residential sites consistently indicate that

concentrations of suspended solids are significantly different between the two periods.

Results of the Mann-Whitney tests further indicate that oil and grease concentrations generally are higher

for all land uses; the reason is unknown. Nitrite plus nitrate, biochemcial oxygen demand, dissolved solids, and

lead concentrations generally remained unchanged during the two periods for all land uses.  Chemical oxygen

demand, suspended solids, fecal coliform, copper, diazinon, and oil and grease concentrations showed mixed

changes among land uses.

A Kruskal-Wallis test (Helsel and Hirsch, 1992) was used to compare data collected between sites within

the same land-use group. The test is a rank-based procedure, similar to the Mann-Whitney test, to determine

whether the medians for three or more groups of data are significantly different. The null hypothesis is that the

medians are the same; the alternative hypothesis is that the median of at least one group is different. The null

hypothesis is rejected in favor of the alternative hypothesis if the p-value from the test is less than or equal to the
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alpha level. The Kruskal-Wallis test was used to determine whether there is a significant difference between sites

within a land-use group for 10 selected properties and constituents.

Results of the Kruskal-Wallis tests (alpha=0.05) for 10 selected properties and constituents for six land-use

groups (table 6) indicate a significant difference at alpha=0.05 between the four residential sites for nitrite plus

nitrate, suspended solids, dissolved solids, lead, diazinon, and oil and grease. There is a significant difference

between the four commercial sites for chemical oxygen demand, copper, and lead. There is a significant

difference between the four industrial sites for nitrite plus nitrate, biochemical oxygen demand, chemical oxygen

demand, suspended solids, dissloved solids, copper, and lead. There is a significant difference between the three

highway sites for chemical oxygen demand, dissolved solids, fecal coliform, copper, and lead. There is a

significant difference between the six mixed sites for nitrite plus nitrate, chemical oxygen demand, suspended

solids, dissloved solids, and lead.

A Kruskal-Wallis test also was used to determine if there is a significant difference between land-use

groups for the 10 selected properties and constituents (table 7). There is a significant difference between the six

land use groups at alpha=0.05 for all 10 properties and constituents.

Hydraulic Characteristics

Hydraulic characteristics for the current (2000) 22-site network were reviewed. Sites that have

backwater, confined space, high velocity, or sediment build-up were identified. Sites that have these adverse

hydraulic conditions are candidates for removal from the existing network. These hydraulic conditions affect the

ability to collect representative flow-weighted samples. Sites with such conditions typically must have rainfall

events that are small (0.20–0.50 inch) in order to collect representative flow-weighted samples. Because only

small rainfall events can be sampled, the probability of collecting representative stormwater samples is reduced.

Backwater conditions occur at sites Bachman Branch Outfall, Dry Branch Outfall, Tributary to Duck Creek
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Outfall, and White Rock Creek Outfall; confined space and high velocity conditions exist at site White Rock

Creek Outfall; and sediment build-up occurs at Bachman Branch Outfall and Dry Branch Outfall sites.

The larger instream sites (Sycamore Creek, Rush Creek, and North Mesquite Creek) have different

hydraulic characteristics that the smaller single-land-use sites. Typically, hydrograph duration is measured in

days for instream sites and in hours for single-land-use sites. Real-time flow-weighted compositing is difficult

because predicting the volume of runoff for a given storm event is difficult. The predicted runoff volume is used

to determine when the sampler will take a sample. Hence, a more appropriate method of sample collection might

be to use a timed sampling routine. The samples would be collected on a timed schedule and then individual

samples would be flow-weighted after-the-fact. Flow-weighted compositing of the sample would occur after the

event in the laboratory.

Rainfall Characteristics

Rainfall characteristics determine when collection of stormwater samples can occur. No rainfall means

no stormwater sample. The characteristics of storms for which stormwater samples were collected during the

1992–94 and 1007–2000 are listed in table 8. The distribution of sample collection, by month, is shown below:

Number of stormwater samples collected, by month, 1992–94 and 1997–2000 data combined

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Number of samples collected 38 47 66 70 41 26 9 9 27 37 33 54

The fewest and most widely scattered storms during the two sampling periods occurred in June, July, and August.

The fewest samples (nine each) were collected in July and August due to dry weather; and the most samples (66

and 70, respectively) were collected in March and April due to wet weather.

Scheduling more frequent stormwater sampling during September–February than during March–August

is reasonable. Typically, rainfall in March–August is less frequent and less uniformily distributed than in

September–February. If storm sampling is missed for some reason, another opportunity to collect a sample is
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more likely occur in the September–February period. Hence, the potential risk for not collecting samples would

be minimized if proportionally more samples were scheduled for collection during September–February than

March–August.

ALTERNATIVE NETWORK DESIGNS

Possible alternative network designs were developed to guide future data-collection to adequately

characterize municipal stormwater runoff in the Dallas-Fort Worth area. Site selection for the development of

network alternatives was based on the following five factors: land-use characteristics, water-quality

characteristics, hydraulic characteristics, rainfall characteristics, and site location within city boundaries. The

current (2000) network consists of 22 sites characterixed by upstream basin land use. Two samples per year (one

per 6-month period) are scheduled at the 15 reactivated sites, and six samples per year (three per 6- month

period) are scheduled at the seven new sites. No further reduction in the number of properties and constituents to

be analyzed is proposed.

The first network alternative is summarized in table 9. This alternative consists of discontinuing the two

Dallas TxDOT sites and replacing them with one new highway site and collecting three samples per year at each

of the 20 current sites in the network and six samples per year at the proposed new site. At each of the current

sites, two samples per year would be collected during September–February, and one sample per year would be

collected during March–August. A two-to-one ratio for sample collection in September–February and March–

August reflects the typical temporal distribution of the number of storms occuring during the two 6-month

periods. At the new site, three samples per year would be collected during September–February, and three

samples per year would be collected during March–August to be consistent with schedule for the seven sites

established in 1997. The Bachman Branch Outfall site is not representative of highway use in the TxDOT Dallas

District because it has had a history of a raw-sewage leak, which is reflected in the bacteria data. Also has had

backwater and sediment deposition from the downstream catch basin that limits the magnitude of stormwater

runoff (less than 0.5 inches) in places where the site can be accurately gaged and sampled.  The Mountain Creek
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Outfall site also is not representative of highway use in the TxDOT Dallas District because of the large

percentage of the drainage area is highway median that drains a hill. Runoff from the hill, which is high in

dissolved solids and associated major ions (table 3) does not reflect highway use.

The second network alternative is summarized in table 10. This network is the same as the first alternative

network but is further reduced by two sites: the industrial site Dry Branch Outfall and the commercial site White

Rock Creek Outfall. Data collection for both these sites are complicated by hydraulic problems. The removal of

these sites from the network is suported by the fact that the percentages of industrial and commercial land are

small relative to the percentages of residential and undeveloped land. The remaining single-land-use sites are

adequate to characterize the event mean concentrations from industrialand commercial land.

The third network alternative is summarized in table 11. This network is the same as the second alternative

network except for the discontinuation of three more sites, the reactivation of one site, and establishment of two

additional site. The number and type of sites of this network more closely reflect the average distribution of land

use in the seven cities. This network alternative consists of 5 residential, 2 commercial, 2 industrial, 2 highway, 6

mixed, and 2 undeveloped land use sites. Discontinuing the Pylon Street Outfall, Tributary to Duck Creek

Outfall, and South Mesquite Creek Outfall at I-635 sites is proposed because those sites are less representative of

their respective land-use categories than the other sites. The Tributary to Duck Creek Outfall site also is subject

to backwater. The city of Garland site would be replaced with a discontinued, predominantly residential site from

the 1992–94 sampling period (Sleepy Hollow Street Outfall). A new site, predominantly industrial, would be

established in the city of Fort Worth and a new site, predominantly undeveloped, would be established in the city

of Mesquite.

SUMMARY

About 450 stormwater samples were collected in the municipal stormwater network from Feburary 1992–

August 2000. The network comprises monitoring stations in the cities of Dallas, Fort Worth, Arlington, Garland,
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Irving, Plano, and Mequite, and the TxDOT Dallas and Fort Worth districts. Two-hundred ten samples were

collected from a 30-site network of predominantly single-land-use sites during 1992–94. Each sample was

analyzed for 188 properties and constituents. Two-hundred thirty eight samples were collected from a 22-site

network during 1997–2000. Each sample was analyzed for 23 properties and constituents.

The 22-site network was evaluated on the basis of land-use, water-quality, hydraulic, and rainfall

characteristics. The NCTCOG 1990 and 1995 land-use data were aggregated into seven categories. The cities

typically are about 35-percent residential, 10-percent commercial, 5-percent industrial, 5-percent highway, 35-

percent undeveloped, and 10-percent water and other. The 22-site network consists of 4 residential, 4

commercial, 4 industrial, 3 highway, 1 undeveloped, and 6 mixed land-use sites. Statistically significant

differences in constituent concentrations between 1992–94 samples and 1997–2000 samples among all land uses

were most common for diazinon and oil and grease. Four sites have backwater, one site has confined space and

high-velocity-velocity conditions, and two sites have sediment build-up—all conditions that affect the accuracy

and representativeness of sample collection. On the basis of the annual distribution of stormwater samples

collected, storms during February–September are more frequent and more uniformily distributed than during

March–August. Thus, scheduling more frequent sampling during February–September than during March–

August is reasonable.

Three network alternatives were developed on the basis of the current (2000) network evaluation. All three

alternatives propose collecting three samples per year at each current or reactivated site (two samples from

September–February and one sample during March–August) and six samples per year at each new site (three

samples from September–February and three sample during March–August). The first alternative consists of

discontinuing two highway sites and adding one new highway site. The second alternative consists of

discontinuing four sites (one industrial, one commercial, and two highway sites) and adding one new highway

site. The third alternative consists of discontinuing seven sites (2 commercial, 3 industrial, and 2 highway sites),

reactivating one residential site, and adding three sites (one highway, one industrial, and one undeveloped).
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Figure 3. Land use in the study area, 1990.
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Figure 5.  Boxplots of nitrite plus nitrate concentrations by land-use category. 
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Figure 6.  Boxplots of biochemical oxygen demand concentrations by land-use category. 



EXPLANATION

Number of
samples

Maximum
data value

75th percentile

30

Median (50th 
percentile
25th percentile

Minimum
data value

C
O

N
C

E
N

T
R

A
T

IO
N

, I
N

 M
IL

LI
G

R
A

M
S

 P
E

R
 L

IT
E

R
RESIDENTIAL SITES

1,400.0

1,050.0

700.0

350.0

0.0

08049320

08049590

08048700

08057441

17 17 17 16
COMMERCIAL SITES

160.0

120.0

80.0

40.0

0.0

08057135

08061525

08061910

08049220

15 17 16 17

NDUSTRIAL SITES

260.0

195.0

130.0

65.0

0.0

08048505

08048545

08056390

08061635

18 18 16 18
HIGHWAY SITES

150.0

112.5

75.0

37.5

0.0

08048920

08049860

08055690

17 16 10

MIXED SITES

180.0

135.0

90.0

45.0

0.0

STATION NUMBER
08048542

08049240

08055550

08061545

10 13 4 13
UNDEVELOPED SITES

86.0

64.5

43.0

21.5

0.0

08061515

119 10

08061850

08056450

 
 
Figure 7.  Boxplots of chemical oxygen demand concentrations by land-use category. 
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Figure 8.  Boxplots of suspended solids concentrations by land-use category. 
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Figure 9.  Boxplots of dissolved solids concentrations by land-use category. 
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Figure 10.  Boxplots of fecal coliform concentrations by land-use category. 
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Figure 11.  Boxplots of copper concentrations by land-use category. 
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Figure 12.  Boxplots of lead concentrations by land-use category. 
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Figure 13.  Boxplots of diazinon concentrations by land-use category. 
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Figure 14.  Boxplots of oil and grease concentrations by land-use category. 



Table 1.  NPDES municipal stormwater sites in the Dallas-Fort Worth area, Texas, and summary of sampling, February 1997–August 
2000  
[Sites 1–15 established 1992–93; sites 16–30 established 1992–93 and discontinued; sites 31–37 established 1997–98. USGS, U.S. Geological Survey; TxDOT, Texas Department of 
Transportation]  

No. of samples 
Site 
no. 

(fig. 1) 

USGS 
station 

no. 
Station name 

City or 
TxDOT district 

Predomi- 
nant land 

use 

Drainage 
area  

(acres) 
 Collected 

1992–94 
Scheduled 
1997–2001 

Collected 
Feb. 1997– 
Aug. 2000 

Reactivated sites 

1 08048505 Pylon Street Outfall at Meacham Rd. Fort Worth Industrial 151  7 13 11 

2 08048545 Dry Branch Outfall at 33d St. Fort Worth Industrial 73.7  7 13 11 

3 08048700 Eastern Hills High School Outfall at Weiler Dr. Fort Worth Residential 151  7 13 10 

4 08048920 Deer Creek Outfall at I–35W TxDOT Fort Worth Highway 63.1  7 13 12 

5 08049220 The Parks Mall Outfall at I–20W Arlington Commercial 38.8  7 13 11 

6 08049320 River Legacy Park Outfall at Green Oaks Blvd. Arlington Residential 160  7 13 10 

7 08049590 Bear Creek Outfall at Shady Grove Rd. Irving Residential 65.3  7 13 11 

8 08049860 Mountain Creek Outfall at I–20 TxDOT Dallas Highway 115  7 13 11 

9 08055690 Bachman Branch Outfall at I–635 TxDOT Dallas Highway 12  7 13 3 

10 08056390 Bastille Street Outfall at La Reunion Pkwy. Dallas Industrial 49.5  7 13 10 

11 08057135 White Rock Creek Outfall at Preston Rd. Dallas Commercial 59.1  7 13 10 

12 08057441 Newton Creek Outfall at Tioga St. Dallas Residential 38.9  7 13 10 

13 08061525 Spring Creek Outfall at Park Blvd. Plano Commercial 22.7  7 13 13 

14 08061635 Tributary to Duck Creek Outfall at Hightower Rd. Garland Industrial 33.9  7 13 12 

15 

 

08061910 South Mesquite Creek Outfall at I–635 Mesquite Commercial 45.9  7 13 10 

Discontinued sites 

16 08047100 Clear Fork Trinity River Outfall at Oak Hill Cr. Fort Worth Residential 61.7  7 -- -- 

17 08048510 West Fork Trinity River Outfall at Highway 121 Fort Worth Commercial 136  7 -- -- 

18 08049360 Tributary to West Fork Trinity River Outfall at Baird’s Farm Rd. Arlington Residential 77.0  7 -- -- 

19 08049470 Tributary to Johnson Creek Outfall at I–30 East Arlington Industrial 85.5  7 -- -- 

20 08049950 Fish Creek Outfall at I–20 TxDOT Fort Worth Highway 40.9  7 -- -- 

21 08055570 Hereford Rd. Outfall at Walnut Hill Ln. Irving Industrial 43.4  7 -- -- 

22 08055590 Joe’s Creek Outfall at Denton Dr. Dallas Industrial 9.0  7 -- -- 

23 08056100 Tributary to Elm Fork Trinity River Outfall at Cascade St. Irving Industrial 43.9  7 -- -- 

24 08057310 Ash Creek Outfall at Whittier St. Dallas Residential 71.3  7 -- -- 

25 08061510 Rowlett Creek Outfall at Willow Creek Park Plano Residential 51.4  7 -- -- 

26 08061530 Spring Creek Outfall at Avenue F Plano Industrial 49.0  7 -- -- 

27 08061660 Sleepy Hollow St. Outfall at Northwest Highway Garland Residential 67.3  7 -- -- 

28 08061690 I–635 Outfall at Centerville Rd. Garland Commercial 36.2  7 -- -- 

29 08061915 South Mesquite Creek Outfall at South Parkway Mesquite Residential 45.4  7 -- -- 

30 

 

08061940 South Mesquite Creek Outfall at Bruton Rd. Mesquite Residential 46.2  7 -- -- 

New sites 

31 08048542 Sycamore Creek at Scott Ave. Fort Worth Mixed 21,760  -- 24 15 

32 08049240 Rush Creek at Woodland Park Blvd. Arlington Mixed 17,024  -- 24 13 

33 08055550 Cottonwood Branch Tributary Outfall at Sky Cir. Irving Mixed 127.7  -- 24 10 

34 08056450 Knights Branch Tributary at Cedar Springs Rd. Dallas Mixed 486.4  -- 24 13 

35 08061515 Beck Branch Outfall at Wyngate Blvd. Plano Undeveloped 70.4  -- 24 12 

36 08061545 Mills Branch Tributary at N. Fifth St. Garland Mixed 268.8  -- 24 17 

37 08061850 North Mesquite Creek at Beltline Rd. Mesquite Mixed 2,500  -- 24 10 
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1 

Table 3.  Summary statistics by site and constituent, municipal stormwater-monitoring network, 
Dallas-Fort Worth area, Texas, 1992–94 and 1997–2000 
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Table 9.  Municipal stormwater sites for Network Alternative 1, Dallas-Fort Worth, Texas, municipal stormwater networks
[USGS, U.S. Geological Survey; TxDOT, Texas Department of Transportation]

No. of samplesUSGS
station

no.
Station name City or

TxDOT district

Site
land-use

character-
ization

Drainage
area

(acres)
Scheduled
Sept.-Feb.

Scheduled
Mar.–Aug.

Scheduled
5-year

Current sites

08048505 Pylon Street Outfall at Meacham Rd. Fort Worth Industrial 151 2 1 15

08048542 Sycamore Creek at Scott Ave. Fort Worth Mixed 21,760  2 1 15

08048545 Dry Branch Outfall at 33d St. Fort Worth Industrial 73.7 2 1 15

08048700 Eastern Hills High School Outfall at Weiler Dr. Fort Worth Residential 151 2 1 15

08048920 Deer Creek Outfall at I–35W TxDOT Fort Worth Highway 63.1 2 1 15

08049220 The Parks Mall Outfall at I–20W Arlington Commercial 38.8 2 1 15

08049240 Rush Creek at Woodland Park Blvd. Arlington Mixed 17,024   2 1 15

08049320 River Legacy Park Outfall at Green Oaks Blvd. Arlington Residential 160 2 1 15

08049590 Bear Creek Outfall at Shady Grove Rd. Irving Residential 65.3 2 1 15

08055550 Cottonwood Branch Tributary Outfall at Sky Cir. Irving Mixed 127.7 2 1 15

08056390 Bastille Street Outfall at La Reunion Pkwy. Dallas Industrial 49.5 2 1 15

08056450 Knights Branch Tributary at Cedar Springs Rd. Dallas Mixed 486.4 2 1 15

08057135 White Rock Creek Outfall at Preston Rd. Dallas Commercial 59.1 2 1 15

08057441 Newton Creek Outfall at Tioga St. Dallas Residential 38.9 2 1 15

08061515 Beck Branch Outfall at Wyngate Blvd. Plano Undeveloped 70.4 2 1 15

08061525 Spring Creek Outfall at Park Blvd. Plano Commercial 22.7 2 1 15

08061545 Mills Branch Tributary at N. Fifth St. Garland Mixed 268.8 2 1 15

08061635 Tributary to Duck Creek Outfall at Hightower Rd. Garland Industrial 33.9 2 1 15

08061850 North Mesquite Creek at Beltline Rd. Mesquite Mixed 2,500 2 1 15

08061910 South Mesquite Creek Outfall at I–635 Mesquite Commercial 45.9 2 1 15

New site

 -- -- TxDOT Dallas Highway -- 3 3 30



Table 10.  Municipal stormwater sites for Network Alternative 2, Dallas-Fort Worth, Texas, municipal stormwater networks
[USGS, U.S. Geological Survey; TxDOT, Texas Department of Transportation]

No. of samplesUSGS
station

no.
Station name City or

TxDOT district
Predomi-
nant land

use

Drainage
area

(acres)
Scheduled
Sep-Feb

Scheduled
Mar–Aug

Scheduled
5-year

Current sites

08048505 Pylon Street Outfall at Meacham Rd. Fort Worth Industrial 151 2 1 15

08048542 Sycamore Creek at Scott Ave. Fort Worth Mixed 21,760  2 1 15

08048700 Eastern Hills High School Outfall at Weiler Dr. Fort Worth Residential 151 2 1 15

08048920 Deer Creek Outfall at I–35W TxDOT Fort Worth Highway 63.1 2 1 15

08049220 The Parks Mall Outfall at I–20W Arlington Commercial 38.8 2 1 15

08049240 Rush Creek at Woodland Park Blvd. Arlington Mixed 17,024   2 1 15

08049320 River Legacy Park Outfall at Green Oaks Blvd. Arlington Residential 160 2 1 15

08049590 Bear Creek Outfall at Shady Grove Rd. Irving Residential 65.3 2 1 15

08055550 Cottonwood Branch Tributary Outfall at Sky Cir. Irving Mixed 127.7 2 1 15

08056390 Bastille Street Outfall at La Reunion Pkwy. Dallas Industrial 49.5 2 1 15

08056450 Knights Branch Tributary at Cedar Springs Rd. Dallas Mixed 486.4 2 1 15

08057441 Newton Creek Outfall at Tioga St. Dallas Residential 38.9 2 1 15

08061515 Beck Branch Outfall at Wyngate Blvd. Plano Undeveloped 70.4 2 1 15

08061525 Spring Creek Outfall at Park Blvd. Plano Commercial 22.7 2 1 15

08061545 Mills Branch Tributary at N. Fifth St. Garland Mixed 268.8 2 1 15

08061635 Tributary to Duck Creek Outfall at Hightower Rd. Garland Industrial 33.9 2 1 15

08061850 North Mesquite Creek at Beltline Rd. Mesquite Mixed 2,500 2 1 15

08061910 South Mesquite Creek Outfall at I–635 Mesquite Commercial 45.9 2 1 15

New site

 -- -- TxDOT Dallas Highway -- 3 3 30



Table 11.  Municipal stormwater sites for Network Alternative 3, Dallas-Fort Worth, Texas, municipal stormwater networks
[USGS, U.S. Geological Survey; TxDOT, Texas Department of Transportation]

No. of samplesUSGS
station

no.
Station name City or

TxDOT district
Predomi-
nant land

use

Drainage
area

(acres)
Scheduled
Sep-Feb

Scheduled
Mar–Aug

Scheduled
5-year

Current sites

08048542 Sycamore Creek at Scott Ave. Fort Worth Mixed 21,760  2 1 15

08048700 Eastern Hills High School Outfall at Weiler Dr. Fort Worth Residential 151 2 1 15

08048920 Deer Creek Outfall at I–35W TxDOT Fort Worth Highway 63.1 2 1 15

08049220 The Parks Mall Outfall at I–20W Arlington Commercial 38.8 2 1 15

08049240 Rush Creek at Woodland Park Blvd. Arlington Mixed 17,024   2 1 15

08049320 River Legacy Park Outfall at Green Oaks Blvd. Arlington Residential 160 2 1 15

08049590 Bear Creek Outfall at Shady Grove Rd. Irving Residential 65.3 2 1 15

08055550 Cottonwood Branch Tributary Outfall at Sky Cir. Irving Mixed 127.7 2 1 15

08056390 Bastille Street Outfall at La Reunion Pkwy. Dallas Industrial 49.5 2 1 15

08056450 Knights Branch Tributary at Cedar Springs Rd. Dallas Mixed 486.4 2 1 15

08057441 Newton Creek Outfall at Tioga St. Dallas Residential 38.9 2 1 15

08061515 Beck Branch Outfall at Wyngate Blvd. Plano Undeveloped 70.4 2 1 15

08061525 Spring Creek Outfall at Park Blvd. Plano Commercial 22.7 2 1 15

08061545 Mills Branch Tributary at N. Fifth St. Garland Mixed 268.8 2 1 15

08061850 North Mesquite Creek at Beltline Rd. Mesquite Mixed 2,500 2 1 15

Discontinued site

08061660 Sleepy Hollow St. Outfall at Northwest Highway Garland Residential 67.3 2 1 15

New sites

-- -- Fort Worth Industrial -- 3 3 30

-- -- Mesquite Undeveloped -- 3 3 30

 -- -- TxDOT Dallas Highway -- 3 3 30
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