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Occurrence and Distribution of Fecal Indicator Bacteria,
and Physical and Chemical Indicators of Water Quality

in Streams Receiving Discharge From Dallas/Fort Worth
International Airport and Vicinity, North-Central Texas, 2008

By Glenn R. Harwell and Craig A. Mobley

Abstract

This report, done by the U.S. Geological Survey in coop-
eration with Dallas/Fort Worth International (DFW) Airport in
2008, describes the occurrence and distribution of fecal indica-
tor bacteria (fecal coliform and Escherichia [E.] coli), and the
physical and chemical indicators of water quality (relative to
Texas Surface Water Quality Standards), in streams receiv-
ing discharge from DFW Airport and vicinity. At sampling
sites in the lower West Fork Trinity River watershed during
low-flow conditions, geometric mean E. coli counts for five
of the eight West Fork Trinity River watershed sampling sites
exceeded the Texas Commission on Environmental Quality
E. coli criterion, thus not fully supporting contact recreation.
Two of the five sites with geometric means that exceeded the
contact recreation criterion are airport discharge sites, which
here means that the major fraction of discharge at those sites is
from DFW Airport. At sampling sites in the Elm Fork Trin-
ity River watershed during low-flow conditions, geometric
mean E. coli counts exceeded the geometric mean contact
recreation criterion for seven (four airport, three non-airport)
of 13 sampling sites. Under low-flow conditions in the lower
West Fork Trinity River watershed, E. coli counts for airport
discharge sites were significantly different from (lower than)
E. coli counts for non-airport sites. Under low-flow conditions
in the Elm Fork Trinity River watershed, there was no sig-
nificant difference between E. coli counts for airport sites and
non-airport sites. During stormflow conditions, fecal indicator
bacteria counts at the most downstream (integrator) sites in
each watershed were considerably higher than counts at those
two sites during low-flow conditions. When stormflow sample
counts are included with low-flow sample counts to compute a
geometric mean for each site, classification changes from fully
supporting to not fully supporting contact recreation on the
basis of the geometric mean contact recreation criterion. All
water temperature measurements at sampling sites in the lower
West Fork Trinity River watershed were less than the maxi-
mum criterion for water temperature for the lower West Fork
Trinity segment. Of the measurements at sampling sites in the

Elm Fork Trinity River watershed, 95 percent were less than
the maximum criterion for water temperature for the Elm Fork
Trinity River segment. All dissolved oxygen concentrations
were greater than the minimum criterion for stream segments
classified as exceptional aquatic life use. Nearly all pH mea-
surements were within the pH criterion range for the classified
segments in both watersheds, except for those at one airport
site. For sampling sites in the lower West Fork Trinity River
watershed, all annual average dissolved solids concentrations
were less than the maximum criterion for the lower West Fork
Trinity segment. For sampling sites in the Elm Fork Trinity
River, nine of the 13 sites (six airport, three non-airport) had
annual averages that exceeded the maximum criterion for that
segment. For ammonia, 23 samples from 12 different sites had
concentrations that exceeded the screening level for ammonia.
Of these 12 sites, only one non-airport site had more than the
required number of exceedances to indicate a screening level
concern. Stormflow total suspended solids concentrations
were significantly higher than low-flow concentrations at the
two integrator sites. For sampling sites in the lower West Fork
Trinity River watershed, all annual average chloride concen-
trations were less than the maximum annual average chloride
concentration criterion for that segment. For the 13 sampling
sites in the Elm Fork Trinity River watershed, one non-airport
site had an annual average concentration that exceeded the
maximum annual average chloride concentration criterion for
that segment.

Introduction

As required by the Federal Clean Water Act, the State of
Texas must establish water-quality standards that describe how
surface-water bodies are used and monitor the status of those
water bodies relative to the standards. Texas Administrative
Code, Title 30, Chapter 307, defines the Texas Surface Water
Quality Standards (Texas Commission on Environmental
Quality, 2008a). The designated uses for streams receiving
discharge from Dallas/Fort Worth International (DFW) Airport
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in north-central Texas are aquatic life, contact recreation, and
fish consumption. Aquatic life standards are designed to
protect plant and animal species that live in or around water.
Contact recreation standards are designed to ensure that water
is safe for swimming and other activities involving direct
human contact with water. Fish consumption standards are
designed to protect people from eating contaminated fish and
shellfish.

The Texas Commission on Environmental Quality
(TCEQ) assesses water quality for these designated uses.
When data indicate that a water body is not supporting a
designated use, the water body is placed on the State 303(d)
list (Texas Commission on Environmental Quality, 2008b),
and the Total Maximum Daily Load (TMDL) program (Texas
Commission on Environmental Quality, 2009a) works to
improve water quality in the impaired water body. There are
386 water bodies on the 2008 State 303(d) list with a total of
543 impairments for all uses (Texas Commission on Envi-
ronmental Quality, 2008c); 274 of those impairments are for
nonsupport of the contact recreation use because of elevated
bacteria in water.

The Texas Surface Water Quality Standards adopted in
2000 use Escherichia (E.) coli, a subgroup of fecal coliform
bacteria, as the indicator bacteria to determine whether a
freshwater body is impaired and does not meet the standard
for contact recreation use (Texas Commission on Environ-
mental Quality, 2008a). Fecal coliform bacteria, a subgroup
of the total coliform group, are present in the intestinal tracts
and feces of warm-blooded animals (Texas Commission on
Environmental Quality, 2008a). The total coliform group is a
large collection of different kinds of bacteria that exist in the
environment (Washington State Department of Health, 2008).
Total coliform, fecal coliform, and E. coli are all indicators of
water quality. Fecal coliform and E. coli are the fecal indicator
bacteria of this report.

Segments of the Trinity River receive flow from DFW
tributaries (fig. 1) and are on the 2008 State 303(d) list
because of fecal indicator bacteria. The listed segments are the
lower West Fork Trinity River (Segment 0841) and the Elm
Fork Trinity River below Lewisville Lake (Segment 0822)
(Texas Commission on Environmental Quality, 2008b). In
addition to flow from DFW tributaries, these segments receive
municipal and industrial wastewater discharge and storm
discharge from agricultural, industrial, and urban areas. In
2008, the U.S. Geological Survey (USGS), in cooperation with
DFW, did a study to address the occurrence and distribution of
fecal indicator bacteria, and the physical and chemical indica-
tors of water quality (relative to Texas Surface Water Quality
Standards), in streams receiving discharge from DFW Airport
and vicinity.

Purpose and Scope

The purpose of this report is to describe the occurrence
and distribution of fecal indicator bacteria (fecal coliform
and E. coli), and the physical and chemical indicators of

water quality (relative to Texas Surface Water Quality Stan-
dards), in streams receiving discharge from DFW Airport

and vicinity. The findings are intended to help DFW Airport
management better understand the extent to which airport
discharge is responsible for the 303(d) listing for bacteria

of two segments of the Trinity River downstream from the
airport. Occurrence and distribution are described for low-flow
conditions on the basis of analysis of samples collected at 21
sites (eight in the lower West Fork Trinity River watershed
and 13 in the Elm Fork Trinity River watershed) in the
tributaries on DFW Airport property and in streams receiv-
ing discharge at points upstream and downstream from DFW
Airport property (which thus includes discharge from sources
other than DFW Airport); and for stormflow conditions at
two sites on streams receiving discharge at points downstream
from DFW Airport property. Samples for low-flow conditions
were collected almost monthly (10 times) from each of the

21 sites (flow permitting) during February—December 2008,
thus representing all seasons. Samples for stormflow condi-
tions were collected from the two downstream sites during
three storms in March, April, and August 2008, respectively.
Eight samples were collected at each downstream site dur-
ing the three storms. In addition to fecal indicator bacteria,
samples were analyzed for total coliform. Total coliform
results are tabulated but not described because total coliform
is not primarily an indicator of fecal matter; values for total
coliform frequently exceeded upper reporting levels and thus
are qualified as greater-than values. Physical and chemical
water-quality data (water temperature, dissolved oxygen [DO],
pH, specific conductance, ammonia nitrogen (ammonia),
total suspended solids [TSS], and chloride) obtained from the
low-flow and stormflow samples are compared with water-
quality criteria supporting the uses for the 303(d)-classified
segments on the lower West Fork Trinity River and the Elm
Fork Trinity River (Texas Commission on Environmental
Quality, 2008b).

Description of Dallas/Fort Worth International
Airport and Vicinity and Sampling Sites

The DFW Airport comprises a 77.2-square-kilometer
(km?) area in north-central Texas that straddles the boundary
between Tarrant and Dallas Counties (fig. 1). With respect to
daily aircraft operations, DFW Airport is the third busiest air-
port in the world and the seventh busiest with respect to total
number of passengers served (Dallas/Fort Worth International
Airport, 2008).

Eight of the 21 sampling sites are on the west and south
sides of DFW Airport on streams that ultimately flow into
the lower West Fork Trinity River and thus are in the West
Fork Trinity River watershed (fig. 1; table 1). These eight
sites are in the Big Bear Creek watershed of the West Fork
Trinity River watershed. Four of the eight sites are listed as
“DFW Airport discharge sites” in table 1. Hereinafter, airport
discharge sites, or airport sites, are those at which the major
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Table 1.
vicinity, north-central Texas, 2008.

Descriptive information for sampling sites on streams receiving discharge from Dallas/Fort Worth International Airport and

[USGS, U.S. Geological Survey; DFW, Dallas/Fort Worth International; latitude/longitude, datum is NAD 27 unless otherwise specified]

Field . DFW Latitude Longitude
identifier I!SGS.S.'te USGS site name _Alrport (decimal (decimal

(fig. 1) identifier dlsc!iarge degrees) degrees)

site
Lower West Fork Trinity River watershed
BBC121 0804955100 Big Bear Creek at State Highway 121, Euless, Tex. No 32.90178 097.09972
TRIBMD 0804955150  Unnamed Bear Creek tributary at Mustang Dr., Grapevine, Tex. No 3291777 097.08453
TRIBEG 0804955175  Unnamed Bear Creek tributary at Euless Grapevine Rd., Grapevine, Tex. Yes 32.90492 097.09232
OF25 08049555 DFW Airport Outfall 25 at Glade Rd., Euless, Tex. Yes 32.88095 097.06650
OF19 08049556 Unnamed tributary to Big Bear Creek (Outfall 19), Euless, Tex. Yes 132.87194  1097.05667
LBC360 08049558 Little Bear Creek at State Highway 360, Euless, Tex. No 32.86045 097.06357
TL 0804956750  Trigg Lake Outfall tributary upstream of Bear Creek, Euless, Tex. Yes 32.84353 097.04180
BBC183 08049569 Big Bear Creek at State Highway 183, Euless, Tex. No 132.83556  '097.03583
Elm Fork Trinity River watershed
CCTTR 08055100 Cottonwood Creek at Texan Trail Rd., Grapevine, Tex. No 32.92762 097.06008
CCBR 08055120 Cottonwood Creek at Bethel Rd., Grapevine, Tex. Yes 32.95549 097.03497
CCDTR 08055140 Cottonwood Creek at Denton Tap Rd., Grapevine, Tex. No 32.97820 096.99302
GCNAD 08055510 Grapevine Creek at North Airfield Dr., Grapevine, Tex. Yes 32.92555 097.03337
GCRR 08055512 Grapevine Creek at railroad bridge, Irving, Tex. Yes 32.93782 097.02153
GCDTR 08055514 Grapevine Creek at Denton Tap Rd., Irving, Tex. No 32.95554 096.99293
HCCER 08055520 Hackberry Creek upstream of Cabell and Esters Rd., Irving, Tex. Yes 32.90795 097.00945
HCMSC 08055524 Hackberry Creek upstream of Mud Springs Creek, Irving, Tex. Yes 32.90151 096.99439
MSC 08055526 Mud Springs Creek upstream of Hackberry Creek, Irving, Tex. Yes 32.90126 096.99459
SHCBLR 08055530 South Hackberry Creek at Belt Line Rd., Irving, Tex. Yes 32.88523 096.99124
SHCHPR 08055534 South Hackberry Creek at High Point Rd., Irving, Tex. No 32.89050 096.96965
HCLR 08055538 Hackberry Creek at Love Rd., Irving, Tex. No 32.88874 096.95426
EFT348 08055560 Elm Fork Trinity River at Spur 348, Irving, Tex. No 132.87333  '096.93056
! Datum is NAD 83.

fraction of discharge is from DFW Airport. Upstream from
the most downstream (integrator) sampling site on Big Bear
Creek (BBC183), Big Bear Creek watershed is 199 km?, pre-
dominantly urban (table 2), and extends westward from DFW
Airport. The watersheds of the four airport discharge sites that
contribute flow at BBC183 (TRIBEG, OF25, OF19, and TL)
account for 11 percent of the contributing area to BBC183,
and these watersheds are greater than 50-percent urban. A
major contributor to flow at BBC183 is Little Bear Creek.
The watershed of sampling site LBC360 on Little Bear Creek
accounts for 31 percent of the contributing area to BBC183,
and this watershed is 75-percent urban. Sampling site BBC121
is the most upstream site on Big Bear Creek and likely is not
affected by airport discharge. Its watershed accounts for 45
percent of the contributing area to BBC183 and is 62-percent
urban. BBC121 was selected because it provides an indication
of conditions in Big Bear Creek before airport influence.
Thirteen of the 21 sites are on the east and north sides of
DFW Airport; 12 of those sites are on streams that flow into

the Elm Fork Trinity River and thus are in the Elm Fork Trin-
ity River watershed (fig. 1; table 1). Seven of the 13 sites are
listed as “DFW Airport discharge sites” in table 1. As for the
lower West Fork Trinity River sites, airport discharge sites, or
airport sites, are those at which the major fraction of discharge
is from DFW Airport. The most downstream (integrator) of
the 13 sampling sites (EFT348) is on Elm Fork Trinity River.
Contributing area to EFT348 is 6,570 km? and includes Lake
Grapevine and Lake Lewisville (a 94-km? reservoir about 15
kilometers northeast of Lake Grapevine [not shown in fig. 1]).
The contributing areas to Lake Grapevine and Lake Lewis-
ville are 1,800 and 4,300 km?, respectively. Flow at EFT348
depends on dam releases from these two lakes and the remain-
ing 470 km? that is downstream from the two lakes. The 12
sampling sites are on smaller creeks, including Cottonwood
Creek (CCTTR, CCBR, CCDTR), Grapevine Creek (GCNAD,
GCRR, GCDTR), Hackberry Creek (HCCER, HCMSC,
HCLR), Mud Springs Creek (MSC), and South Fork Hack-
berry Creek (SHCBLR, SHCHPR); these creeks ultimately



Table 2. Size and land use of watershed areas upstream from
sampling sites on streams receiving discharge from Dallas/Fort
Worth International Airport and vicinity, north-central Texas, 2008.

Land-use category
(percentage of watershed area)

Field ~ Ared Sum of
identifier (SUUare agri-
(fig. 1) kilo- Urban cugure Water Vet Barren
meters) ! land  land
range,
and forest
Lower West Fork Trinity River watershed
BBC121 90.1 61.6 38.1 0.28 0 0
TRIBMD 1.27 96.5 3.54 0 0 0
TRIBEG 4.14 52.0 47.9 13 0 0
OF25 2.82 89.0 11.0 0 0 0
OF19 2.70 87.1 12.9 0 0 0
LBC360 61.5 75.4 24.2 18 .08 .16
TL 119 67.1 31.2 1.6 10 0
BBC183 199 66.1 334 .30 .10 .10
Elm Fork Trinity River watershed

CCTTR 326 779 22.2 0 0 0
CCBR 9.29 482 51.1 25 520
CCDTR 16.8  57.7 41.9 .14 29 0
GCNAD 6.26 81.2 18.8 0 0
GCRR 922 672 32.7 0 0 12
GCDTR 220 73.6 26.3 0 .05 .06
HCCER 240 85.8 14.2 0 0 0
HCMSC 435 702 29.8 0 0 0
MSC 8.16 67.0 32.9 12 0 0
SHCBLR 292 522 47.8 0 0 0
SHCHPR 7.01 58.0 42.0 0 0 0
HCLR 347 724 27.5 .07 05 0
EFT348 6,570 14.5 80.3 4.6 .50 .10

Methods 5

flow into the Elm Fork Trinity River. The contributing area
upstream from the most downstream sampling sites on Cot-
tonwood Creek (CCDTR), Grapevine Creek (GCDTR), and
Hackberry Creek (HCLR) is about 74 km?. Of all the sam-
pling-site watersheds contributing to flow at EFT348, only the
watershed upstream from CCBR on Cottonwood Creek is less
than 50-percent urban (48 percent). DFW Airport discharge
sites that contribute to flow at EFT348 are CCBR, GCNAD,
GCRR, HCCER, HCMSC, MSC, and SHCBLR.
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Methods

Data were collected in accordance with the USGS
“National Field Manual for the Collection of Water Qual-
ity Data” (U.S. Geological Survey, variously dated) and the
TCEQ “Surface Water Quality Monitoring Procedures, Vol-
ume 1—Physical and Chemical Monitoring Methods” (Texas
Commission on Environmental Quality, 2009b).

Sample Collection

Samples for low-flow conditions were collected almost
monthly (10 times) from each of the 21 sites (flow permitting)
during February—December 2008 (appendix 1.1). Samples for
stormflow conditions were collected at the most downstream
(integrator) sites in the West Fork Trinity River water-
shed (BBC183) and the Elm Fork Trinity River watershed
(EFT348) during three storms in March, April, and August
2008 (table 3). Eight samples were collected at each down-
stream site during the three storms (appendix 1.2). Sampled
storms were different with respect to the total amounts of

Table 3. Summary information for storms during which samples were collected at integrator sites BBC183 and EFT348 on streams
receiving discharge from Dallas/Fort Worth International Airport and vicinity, north-central Texas, 2008.

[Dry days prior to storm is number of days with less than 2.54 millimeters of precipitation prior to sampled storm; DFW, Dallas/Fort Worth International;

>, greater than; NA, not available]

Total preci_pitation, Dry days prior Peak stage M_aximum discharge
Storm DF_W_ Airport o storm (meters above datum) (cubic meters per second)
(millimeters) BBC183' EFT3482 BBC183 EFT348
March 2008 67.8 >4.04 7.32 NA 200
April 2008 6.35 2.52 5.55 NA 114
August 2008 47.3 3.65 4.15 NA 40.0

! Datum is 146.3 meters above NGVD 29.
2 Datum is 121.9 meters above NAVD 88.
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precipitation and the period over which the storm occurred.
The March 2008 storm had the most precipitation (67.8 mil-
limeters [mm]) and occurred over a period of about 1 day. The
April 2008 storm had the least amount of precipitation (6.35
mm) and occurred over a 4-hour period. The August 2008
storm had 47.3 mm of precipitation. During this storm, 23.9
mm of precipitation fell over a 7-hour period on August 15;
after 2 days without appreciable precipitation, 15.0 mm fell on
August 18 over a 12-hour period; and the remaining 8.38 mm
of precipitation fell over the next 2 days.

All samples (low-flow and stormflow) were collected for
analysis of total coliform, fecal coliform, E. coli, ammonia,
TSS, and chloride. Instantaneous water-quality measurements
were made at the time of sample collection for water tempera-
ture, DO, pH, and specific conductance using multiparameter
water-quality monitors. Monitors were calibrated and operated
according to USGS protocols (U.S. Geological Survey, vari-
ously dated). Post calibration also was done to comply with
requirements of the TCEQ “Surface Water Quality Monitoring
Procedures” (Texas Commission on Environmental Quality,
2009b). Salinity was estimated from specific conductance
measurements (Wagner and others, 20006).

During low-flow sample collection, streamflow was
estimated either as the product of surface-water velocity and
cross-sectional flow area or using professional judgment.
Estimates based on judgment were reported as less than a
specified amount. The goal of estimating streamflow was to
document that sampling was done during low-flow condi-
tions and was indicative of periods following 72 hours without
substantial precipitation. Site EFT348 is a USGS real-time
streamflow-gaging station (08055560, Elm Fork Trinity River
at Spur 348, Irving, Tex.) with an established stage-discharge
relation (rating). At this site, stage was measured during
sample collection for both low-flow and stormflow conditions,
and streamflow was obtained from the rating.

Ancillary data collected at the time of all sampling
included weather conditions, odor, bank vegetation, presence
or absence of visible algae, upstream construction activities,
water depth at sampling site, and sampling site description.
Also, a photograph was taken of the sampling conditions.

All samples were collected as discrete grab samples at
the estimated centroid of flow whenever possible. For water
depths greater than 0.46 meter (m) (1.50 feet), samples were
collected at 0.30 m (1.00 foot) below the water surface. For
water depths less than 0.46 m, samples were collected at
one-third of the water depth measured from the water surface.
Samples were collected at or just below the water surface if
the water depth was so shallow that bottom sediment would be
disturbed if the sample were collected at one-third of the water
depth. Every effort was made to not collect the sample from
the surface, although some shallow sampling depths prevented
collection below the water surface.

Fecal indicator bacteria samples were collected using
sterile single-use Whirlpak® bags. The bags were not field-
rinsed with native water. The bags were filled by submerging
below the water surface with the top facing upstream and tilted

slightly upward. The perforated top parts of the bags were
removed before they were submerged, but the bags were

held closed until they were at the depth of sample collection to
prevent collection of surface water. When the stream veloc-
ity was low and water would not flow easily into the bags,
they were held open at the proper depth and moved slowly
upstream until full. Immediately after the bags were filled,
some water was squeezed out to leave airspace to aid in mix-
ing the water before decanting into separate sterile bottles for
fecal coliform and E. coli analyses. The bags were shaken
periodically while decanting into separate sterile bottles to
keep the water well-mixed. Two sterile fecal coliform bottles
(supplied by the analyzing laboratory) and one or two sterile
IDEXX®-supplied bottles (depending on the number of dilu-
tions to run) were filled to the 100-milliliter (mL) line imme-
diately after collection in the sterile bags. All sample bottles
for fecal coliform and E. coli analyses were pretreated with
sodium thiosulfate in the event that residual chlorine was pres-
ent. Bottles were put in coolers and placed on ice immediately
after collection.

Ammonia, TSS, and chloride sample water was collected
in two unused, 500-mL, clear polyethylene bottles supplied by
the analyzing laboratory. One 500-mL bottle was collected for
TSS and chloride analysis. Water for ammonia analysis was
collected in a separate bottle. The bottles were dipped to the
proper depth and filled but left with a small airspace. Sam-
pling during low-flow conditions made the use of isokinetic
samplers impractical. At most of the sampling sites during
low-flow conditions, the depth of water was less than or equal
to the unsampled zone of an isokinetic sampler. Water for
ammonia analysis was preserved with 2.0 mL of concentrated
sulfuric acid. After adding the acid, the bottle was inverted to
mix the acid. All bottles were placed on ice immediately after
collection.

The bottles were not field-rinsed with native water (as
required by the USGS “National Field Manual for the Collec-
tion of Water Quality Data”) before sample collection because
they were identified as clean bottles by the analyzing labora-
tory, and because the TCEQ “Surface Water Quality Monitor-
ing Procedures” require that bottles not be rinsed with native
water. To account for both requirements, bottle lot numbers
were recorded for all samples, and blank samples (deionized
reagent-grade water from the USGS National Water Qual-
ity Laboratory [NWQL]) were put in the laboratory-supplied
sample bottles and analyzed for ammonia, TSS, and chloride
at the beginning of the study. Blank samples were handled in
the same manner as environmental samples.

Sample bottles were labeled with field identifier, collec-
tion date and time, type of analysis requested, name of person
collecting the sample, and preservation method. Samples for
total coliform and E. coli were transported to the USGS Texas
Water Science Center in Fort Worth for analysis by USGS
staff. Samples for fecal coliform, ammonia, TSS, and chloride
analyses were given to a courier for transport to the analyzing
laboratory. Chain-of-custody forms were used to document the
transport of samples.



Analytical Methods

Xenco Laboratories, Dallas, analyzed samples for ammo-
nia, TSS, and chloride. Xenco also analyzed samples for fecal
coliform, except for one suite of low-flow samples (December
2008) that was analyzed by Armstrong Forensic Laboratory,
Inc., Arlington, Tex.

Total coliform and E. coli analyses were done by USGS
staff using the IDEXX Colilert-24® method with the Quanti-
Tray/2000 (Eaton and others, 2005; IDEXX Laboratories,
2009). This method is a 24-hour test that detects and quanti-
fies total coliform and E. coli bacteria in water. After 24 hours
of incubation at 35.0 (£0.5) degrees Celsius (°C), the sample
should turn yellow if coliform bacteria are present. The sample
also should fluoresce when exposed to ultraviolet light with
a wavelength ranging from 365 to 366 nanometers if E. coli
are present. Results (estimated values) are reported as most-
probable number per 100 mL (MPN/100 mL). The range
in reporting level for the method depends on sample dilu-
tions. For an undiluted sample, the lowest reporting level is
1.0 MPN/100 mL, and the highest reporting level is 2,400
MPN/100 mL. Dilutions (1:10 and 1:100) were run to quantify
results greater than 2,400 MPN/100 mL.

Fecal coliform analyses were done by the contract
laboratories using the membrane filtration method with a
0.45-micrometer filter (Eaton and others, 2005). For this
method, a 100-mL volume of sample water is passed through
the filter. The fecal coliform bacteria present in the water
remain on the filter. The filter is then placed in a petri dish
containing the appropriate growth medium (M-FC) and incu-
bated for 24 hours at 44.5 (+0.2) °C. During incubation the
bacteria on the filter grow into separate colonies, which are
then directly counted and reported as the number of colony-
forming units per 100 mL (cfu/100 mL). Dilutions were run
to try to achieve an ideal colony-counting range, as the range
in reporting level for the method depends on sample dilutions.
For an undiluted sample, the lowest reporting level is 1.00
cfu/100 mL, and the highest reporting level depends on the
countability of the individual colonies after incubation; when
it is not possible to count the colonies, results are reported as
too numerous to count (TNTC).

The reporting units of most-probable number (for the
IDEXX method in this report) are estimates, and the report-
ing units of colony-forming units (for the membrane filtration
method in this report) are direct counts of cells on a plate. On
the basis of the respective methods, total coliform and E. coli
are reported here in terms of most-probable number, and fecal
coliform are reported in terms of colony-forming units. Also,
as noted in the section, “Occurrence and Distribution of Fecal
Indicator Bacteria in Receiving Streams,” the TCEQ E. coli
criterion for classifying a stream segment as not fully support-
ing contact recreation is in colony-forming units. The units
of most-probable number for the IDEXX method and colony-
forming units are considered comparable.

Ammonia analyses were done using U.S. Environmen-
tal Protection Agency (1993) methods 350.1 and 350.3 with
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a lowest reporting level of 0.100 milligram per liter (mg/L).
Total ammonia concentrations are reported as equivalent
amounts of elemental nitrogen. TSS analyses were done
using method SM2540D (Eaton and others, 2005) with lowest
reporting levels of 4.00 and 5.00 mg/L. Chloride analyses
were done using U.S. Environmental Protection Agency
method 325.3 (National Environmental Methods Index, 2008)
with a lowest reporting level of 5.00 mg/L.

Quality Assurance

Quality assurance was provided by blanks (laboratory
and field), laboratory duplicates, split replicates, and field
duplicates (E. coli samples collected from the same site using
the same method). Blanks were analyzed to identify con-
tamination, if any, during sample collection, transport, and
analysis. Laboratory duplicate analyses for E. coli samples
were done to test the reproducibility of analytical results for
the IDEXX Colilert-24® method for E. coli. Split replicate
analyses for ammonia, TSS, and chloride samples were done
to assess the variability in results associated with sample
preservation, handling, shipping, and analysis. Results of
quality-assurance analyses of laboratory duplicates and split
replicates are in appendixes 2.1 and 2.2, respectively. Field
duplicate E. coli samples were analyzed for low-flow samples
only to assess environmental variability in E. coli counts.
Results of quality-assurance analyses of field duplicates are in
appendix 1.1.

For fecal coliform bacteria blanks, IDEXX®-supplied
sterile water was pipetted (with individually packaged sterile
pipettes used to make dilutions) into a Whirlpack® bag. The
water was transferred from the bag to the laboratory-supplied
fecal coliform bacteria bottles used during environmental sam-
ple collection. The bottles were transported as environmental
samples and analyzed for fecal coliform bacteria. Analytical
results for fecal coliform bacteria blank samples were less than
laboratory reporting levels.

Each new lot number of IDEXX®-supplied sterile water
and IDEXX®-supplied sample bottles were tested for steril-
ity. The sterile water was poured into a sample bottle and the
sample was analyzed as an environmental sample. Analytical
results for sterile water blank samples were less than reporting
levels.

For other blank samples, deionized reagent-grade water
from the NWQL was poured into a 1-liter (L) polyethylene
bottle from the NWQL. This water was used to fill two of
the 500-mL sample bottles supplied by the analyzing labora-
tory. Bottles were preserved and transported as environmental
samples and analyzed for ammonia, TSS, and chloride. All
analytical results for these samples were less than laboratory
reporting levels.

Laboratory duplicate samples of E. coli samples were
created by removing (using individually packaged sterile
pipettes) a volume of water from a bottle of IDEXX®-
supplied sterile water and replacing it with the same volume of
environmental sample. This was done in duplicate to compare
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two results of the same dilution factor, typically 1:10 and
1:100, indicating 10 and 1.0 mL, respectively, of environ-
mental sample water. Thirty-five laboratory duplicates were
run on 31 samples (appendix 2.1), 12.7 percent of the 244
samples collected. Duplicate dilutions were analyzed for some
samples, for example two 1:10-mL dilutions and two 1:100-
mL dilutions. Laboratory duplicate results indicate that when
the total number of cells that were yellow and fluoresced was
within the recommended range of 30 to 80 (Texas Commission
on Environmental Quality, 2009, p. 4-8), the average percent-
age difference between duplicate pairs for E. coli was 16.2.

Split replicates were collected by filling a 1-L polyeth-
ylene sample bottle from the NWQL in the field with stream
water and decanting 500 mL into two sample bottles for
ammonia analyses. The process was repeated to make repli-
cates for TSS and chloride analyses. Split replicates were run
on 24 samples (appendix 2.2), 9.8 percent of the 244 samples
collected. For the split replicate samples, the average relative
percentage difference is 10.6 for ammonia, 18.6 for TSS, and
10.3 for chloride.

Field duplicates were run on 11 samples for E. coli dur-
ing low-flow conditions (appendix table 1.1), or 5.6 percent
of the 196 low-flow samples collected. Average percentage
difference between duplicate pairs was 27.3.

Reagent checks, positive control checks, and compari-
son count checks also were done. Reagent checks were done
to test for E. coli contamination of the reagents. All sterility
checks on sterile water and reagents were negative for pres-
ence of E. coli. Positive control checks were done to check the
productivity of the reagent. Each new lot of reagent was tested
for productivity with Quanti-cult® quality control test kits
(U.S. Geological Survey, variously dated). All positive control
checks yielded expected results for productivity of reagent.
Comparison count checks were done on 36 different samples.
Replicate counts between analysts averaged 7.8 percent.

Of the 244 samples analyzed for fecal coliform, 15 (6.1
percent) had holding times that exceeded 8 hours and 50
(20.5 percent) had holding times between 6 and 8 hours. The
longest holding time for fecal coliform analysis was 9 hours
5 minutes. Of the 244 samples analyzed for E. coli, none had
holding times that exceeded 8 hours, and five (2.0 percent)
had holding times between 6 and 8 hours. USGS recom-
mended holding times for total coliform, fecal coliform, and
E. coli bacteria are 6 hours for nonpotable water collected
for compliance purposes and 24 hours for noncompliance
purposes (Myers and others, 2007). TCEQ recommends that
bacteriological samples be analyzed within 8 hours of sample
collection. The holding time for E. coli may be extended to 48
hours when samples are analyzed using the IDEXX Colilert
Quanti-Tray/2000 (Texas Commission on Environmental
Quality, 2008a).

Statistical Tests

Nonparametric methods were used to test for differences
between groups (datasets) of analytical results for selected

sampling sites. Comparisons between sites were made

using the Mann-Whitney (Wilcoxon rank-sum) test. The
Mann-Whitney test indicates whether one group tends to
produce larger observations than a second group (Helsel and
Hirsch, 1992). No assumptions are made about the distribu-
tions of the data in either group, and the two groups do not
need to have the same distribution. For this report, differences
between groups are considered significant at the .05 level
(p-value less than or equal to .05).

Occurrence and Distribution of Fecal
Indicator Bacteria in Receiving
Streams

Results of analyses for fecal indicator bacteria (fecal coli-
form and E. coli) are listed in appendixes 1.1 and 1.2. All fecal
coliform and E. coli data are included in the data analyses and
graphical data presentation. E. coli counts are compared with
contact recreation criteria. Water bodies are classified as fully
supporting contact recreation if geometric mean E. coli counts
are less than or equal to 126 cfu/100 mL (or MPN/100 mL)
and 25 percent or less of the samples exceed the single-sample
criterion of 394 cfu/100 mL (or MPN/100 mL). They are
classified as not fully supporting contact recreation if either
the geometric mean exceeds 126 cfu/100 mL or more than 25
percent of the samples exceed 394 cfu/100 mL (Texas Com-
mission on Environmental Quality, 2008a).

Fecal Coliform and Escherichia Coli Counts
During Low-Flow Conditions

Variability of fecal coliform and E. coli counts at all sam-
pling sites during low-flow conditions is shown by boxplots
(figs. 2-5). Boxplots for sites in the lower West Fork Trinity
River watershed are shown in figures 2 and 3, and boxplots
for sites in the Elm Fork Trinity River watershed are shown in
figures 4 and 5.

West Fork Trinity River Watershed

At sampling sites in the lower West Fork Trinity River
watershed during low-flow conditions, fecal coliform counts
ranged from 4.00 to 8,500 cfu/100 mL (fig. 2), and E. coli
counts ranged from 1.0 to 4,900 MPN/100 mL (fig. 3). Fecal
coliform counts were reported by the laboratory as TNTC for
five of the 70 West Fork Trinity River watershed low-flow
samples; one for non-airport site BBC121 and two each
for non-airport site TRIBMD and airport site OF25. Geo-
metric mean E. coli counts' for five of the eight West Fork

'IDEXX analytical results (most-probable number) are reported to two sig-
nificant figures. However, because the TCEQ criterion for contact recreation
use based on E. coli counts (126 cfu/100 mL [or MPN/100 mL]) contains
three significant figures (and geometric mean is a computed value), geometric
mean E. coli counts are reported here to three significant figures.
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Figure 2. Boxplots showing variability of fecal coliform counts by site during low-flow conditions in streams in the lower West Fork
Trinity River watershed that receive discharge from the Dallas/Fort Worth International (DFW) Airport and vicinity, north-central Texas,

2008.

Trinity River watershed sampling sites (BBC121 [non-airport],
TRIBMD [non-airport], TRIBEG [airport], OF25 [airport],
and LBC360 [non-airport]) were greater than 126 MPN/100
mL (fig. 6), thus not fully supporting contact recreation on the
basis of the TCEQ criterion.

Maximum fecal indicator bacteria counts were measured

at non-airport sitt TRIBMD, on the northwest side of DFW
Airport property (fig. 1). It is the smallest sampled watershed
at 1.3 km? and classified as 96.5-percent urban. The contribut-
ing area is mostly covered by office buildings and parking lots.
The geometric mean E. coli count at TRIBMD (809 MPN/100
mL) exceeded the geometric mean criterion for support of
contact recreation (fig. 6). Samples collected downstream from

TRIBMD (after flow crosses DFW Airport property) at airport
site TRIBEG had lower fecal indicator bacteria concentrations,
but the geometric mean E. coli count (174 MPN/100 mL)

still exceeded geometric mean criterion for support of contact
recreation. Airport site OF25 represents a small watershed on
DFW Airport property. The geometric mean E. coli count for
OF25 was 209 MPN/100 mL, also greater than the geomet-
ric mean criterion for support of contact recreation. Sanitary
sewer lines adjacent to the OF25 outfall creek and kennels for
DFW Airport police dogs are in the watershed upstream from
OF25. The sewer lines and kennels are potential sources of
bacteria, but additional data from upstream of those potential
sources would be needed for confirmation. Geometric mean
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Figure 3. Boxplots showing variability of Escherichia coli counts by site during low-flow conditions in streams in the lower West Fork
Trinity River watershed that receive discharge from the Dallas/Fort Worth International (DFW) Airport and vicinity, north-central Texas,

2008.

E. coli counts for airport sites OF19 and TL were less than the
geometric mean criterion for support of contact recreation; and
geometric mean E. coli counts for integrator site BBC183, the
most downstream of the West Fork Trinity River watershed
sites, also were less than the contact recreation criterion during
low-flow conditions.

Non-airport sampling sites BBC121 and LBC360 repre-
sent relatively large urban watersheds (table 2) and no con-
tributing area from DFW Airport property. Geometric mean
E. coli counts for these two sites exceeded the criterion for
support of contact recreation (fig. 6). Low-flow E. coli counts
for these two sites were not significantly different from each
other but were significantly different from counts at integrator
site BBC183 on the basis of the Mann-Whitney test.

Elm Fork Trinity River Watershed

At sampling sites in the Elm Fork Trinity River water-
shed during low-flow conditions, fecal coliform counts ranged
from 1.00 to 2,160 cfu/100 mL (fig. 4), and E. coli counts
ranged from less than 1.0 to 2,000 MPN/100 mL (fig. 5). Fecal
coliform counts were reported by the laboratory as TNTC
for three of 126 Elm Fork Trinity River watershed low-flow
samples; one each for non-airport site CCDTR, airport site
GCNAD, and integrator site EFT348. Of the 13 sampling
sites in the Elm Fork Trinity River watershed, geometric
mean E. coli counts exceeded the geometric mean contact
recreation criterion of 126 cfu/100 mL (or MPN/100 mL) for
seven sites—non-airport CCTTR, airport CCBR, non-airport
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Figure 4. Boxplots showing variability of fecal coliform counts by site during low-flow conditions in streams in the EIm Fork Trinity
River watershed that receive discharge from the Dallas/Fort Worth International (DFW) Airport and vicinity, north-central Texas,

2008.

CCDTR, airport GCNAD, airport GCRR, non-airport
GCDTR, and airport SHCBLR (fig. 6). These seven sites
include all of the sampling sites on Cottonwood Creek and
Grapevine Creek and one site on South Hackberry Creek.
Fecal indicator bacteria counts at the three sampling sites
on Cottonwood Creek (non-airport CCTTR, airport CCBR,
and non-airport CCDTR) generally increase from upstream to
downstream (figs. 4, 5). There were no statistically significant
differences between counts at these three sites, despite the fact
that the geometric mean E. coli count at the most downstream
sampling site on Cottonwood Creek (non-airport CCDTR)
was 1.6 to 1.8 times greater than geometric mean counts at the
upstream sampling sites. However, small sample sizes (8—10

per site) likely reduced the power of the Mann-Whitney test to
indicate differences. In general, small sample sizes reduce the
power of a statistical test to indicate a difference, if one exists
(Park, 2004).

Fecal indicator bacteria counts at the three sampling sites
on Grapevine Creek (airport GCNAD, airport GCRR, and non-
airport GCDTR) decrease from the two upstream sites to the
most downstream site (figs. 4, 5). There were no statistically
significant differences between counts at these sites, despite
the fact that the geometric mean E. coli count at the most
downstream sampling site on Grapevine Creek (non-airport
GCDTR) was 1.6 to 1.7 times less than geometric mean counts
at the upstream sampling sites; but again, small sample sizes
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Figure 5. Boxplots showing variability of Escherichia coli counts by site during low-flow conditions in streams in the Elm Fork Trinity
River watershed that receive discharge from the Dallas/Fort Worth International (DFW) Airport and vicinity, north-central Texas, 2008.

likely reduced the power of the Mann-Whitney test to indicate
differences.

The differences in geometric mean E. coli counts between
the upstream and downstream sites on Cottonwood Creek and
Grapevine Creek results are relatively large; but the statistical
tests indicate no significant differences in the counts, although
the test results here are questionable because of small sample
sizes. If sample sizes had been larger than 8-10 per site, 30-50
for example, the statistical tests would have been more defini-
tive. In general, statistical tests using adequate sample sizes
offer a more defensible basis for comparison of bacteria counts
between sites than geometric mean values.

All sampling sites on Hackberry Creek, Mud Springs
Creek, and South Fork Hackberry Creek (except airport site
SHCBLR) and integrator site EFT348 on Elm Fork Trinity
River had geometric mean E. coli counts less than the geomet-
ric mean contact recreation criterion (fig. 6). SHCBLR drains
a small watershed (2.9 km?) with about 52 percent of its area
classified as urban and the remainder classified as agriculture,
range, or forest (table 2). Airport site SHCBLR site is down-
stream from a forested area and park that provide habitat for
small animals. E. coli counts at SHCBLR were significantly
higher than those at the downstream sampling site on South
Hackberry Creek (non-airport sitt SHCHPR).
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Figure 6. Geometric mean Escherichia coli counts during low-flow conditions at all sampling sites that receive discharge from the
Dallas/Fort Worth International Airport and vicinity, north-central Texas, 2008.
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sampling sites in streams that receive discharge from the Dallas/Fort Worth International (DFW) Airport and vicinity, north-central

Texas, 2008.

Comparison of Escherichia Coli Counts for
Airport and Non-Airport Discharge Sites

E. coli counts under low-flow conditions for airport
discharge sites in the lower West Fork Trinity River and Elm
Fork Trinity River watersheds were compared with counts for
non-airport discharge sites (fig. 7). E. coli counts for airport
sites in the lower West Fork Trinity River watershed were
significantly different from (lower than) E. coli counts for non-
airport sites in the lower West Fork Trinity River watershed.
There was no significant difference between E. coli counts for

airport sites in the Elm Fork Trinity River watershed and E.
coli counts for non-airport sites in the Elm Fork Trinity River
watershed.

Fecal Coliform and Escherichia Coli Counts
During Stormflow Conditions

Fecal indicator bacteria counts at downstream integra-
tor sites BBC183 (fig. 8) and EFT348 (fig. 9) during storm-
flow conditions ranged from 20 to 39,800 cfu/100 mL for
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Figure 8. Variability of fecal coliform and Escherichia coli counts during stormflow conditions in 2008 at integrator site BBC183, the
most downstream of sampling sites in the lower West Fork Trinity River watershed that receive discharge from the Dallas/Fort Worth

International Airport and vicinity, north-central Texas.

fecal coliform and 25 to 43,000 MPN/100 mL for E. coli.
Maximum counts for both fecal coliform and E. coli
were from samples collected at BBC183. For BBC183,
median fecal coliform counts and E. coli counts were 4,800
cfu/100 mL and 4,250 MPN/100 mL, respectively. In con-
trast, during low-flow conditions median fecal coliform and
E. coli counts were 58 cfu/100 mL and 57 MPN/100 mL,
respectively. For EFT348, median fecal coliform and E. coli
counts were 350 cfu/100 mL and 225 MPN/100 mL, respec-
tively. During low-flow conditions, median fecal coliform and
E. coli counts were 115 cfu/100 mL and 59 MPN/100 mL,
respectively.

Counts of fecal indicator bacteria in stormflow samples
can strongly influence descriptive statistics used to character-

ize counts in surface water. Geometric mean E. coli counts

at integrator sites BBC183 and EFT348 during low-flow
conditions were 38 and 53 MPN/100 mL, respectively (fig. 6).
Geometric mean E. coli counts at these two sites were 645
and 203 MPN/100 mL, respectively, when stormflow samples
were included, which changes the stream-segment classifi-
cation from fully supporting to not fully supporting contact
recreation.

The high counts of fecal indicator bacteria in stormflow
samples at BBC183 and EFT348 are typical of counts at
other urban sites in the Dallas/Fort Worth area. Stormflow
samples analyzed for fecal coliform bacteria from small
watersheds (less than 1.0 km?) during February 1992—June
1993 had median counts of 20,000 cfu/100 mL in residential
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Figure 9. Variability of fecal coliform and Escherichia coli counts during stormflow conditions in 2008 at integrator site EFT348,
the most downstream of sampling sites in the EIm Fork Trinity River watershed that receive discharge from the Dallas/Fort Worth

International Airport and vicinity, north-central Texas.

watersheds, 6,900 cfu/100 mL in commercial watersheds, and
9,700 cfu/100 mL in industrial watersheds (Baldys and others,
1998, table 3). Maximum fecal coliform bacteria counts in
these watersheds were 600,000, 810,000, and 290,000 cfu/100
mL, respectively. At sites monitoring flow from two relatively
large watersheds, 08048542 Sycamore Creek at Scott Avenue,
Fort Worth, Tex. (88 km?) and 08049240 Rush Creek at Wood-
land Park Boulevard, Arlington, Tex. (69 km?), stormflow
samples were collected during December 1997-May 2000
and analyzed for fecal coliform bacteria. Median counts were
17,000 and 13,000 cfu/100 mL, respectively, and maximums
were as high as 150,000 cfu/100 mL (U.S. Geological Survey,
2008).

Physical and Chemical Indicators of
Water Quality

The physical and chemical water-quality indicators,
water temperature, DO, pH, specific conductance, ammonia,
TSS, and chloride, for the classified segments on the lower
West Fork Trinity River (0841) and the Elm Fork Trinity
River (0822) were compared with numerical criteria for site-
specific uses (if applicable) in the “2000 Texas Surface Water
Quality Standards” (Texas Commission on Environmental
Quality, 2008a). The stream segments sampled for this report
(except segment 0822 that contains EFT348) are not segments
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Figure 10. Variability of water temperature by site in streams receiving discharge from the Dallas/Fort Worth International Airport and
vicinity, north-central Texas, 2008.

classified by the TCEQ, but they discharge to either segment temperature measured at all sampling sites (fig. 10). The
0841 or 0822. Physical and chemical water-quality data are in ~ highest water temperature was at airport site MSC, which
appendixes 1.1 and 1.2. likely is because of channel conditions at this site. MSC
has a relatively wide, exposed concrete trapezoidal channel.
The tops of the right and left banks are covered with grasses

Water Temperature that provide little or no shade. Some of the distributions
are influenced by a lack of samples during summer. For exam-
Water temperature at all sites ranged from 4.8 °C in ple, at airport sites OF25, TL, and SHCBLR samples were
December to 37.2 °C in July. The distributions and the wide not collected during some summer months because there

interquartile ranges reflect the seasonal variability of water was no flow at these sites at the time of sample collection.
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Thus their distributions do not include the high temperatures
that likely would have been measured had the streams been
flowing.

Maximum water temperature criteria for the lower
West Fork Trinity and the Elm Fork Trinity River segments
are 35.0 and 32.2 °C, respectively (Texas Commission on
Environmental Quality, 2008a, p. 59-60). All water tempera-
ture measurements at sampling sites in the lower West Fork
Trinity River watershed were less than the maximum criterion.
Of the water temperature measurements at sampling sites
in the EIm Fork Trinity River watershed, 95 percent were
less than the maximum criterion. Seven measurements were
greater than 32.2 °C, and more than one-half of those were at
airport site MSC during June—September 2008.

Dissolved Oxygen

DO concentrations ranged from 4.4 mg/L at non-airport
site TRIBMD to 17.4 mg/L at non-airport site CCTTR
(fig. 11). TRIBMD is on the northwest side of DFW Airport
property, although the contributing area for this site does not
include airport property (fig. 1). The TRIBMD watershed is
the smallest sampled at 1.3 km?. he watershed is 96.5-percent
urban and comprises mostly office buildings and parking
lots.

Although non-airport site CCTTR had the highest
measured DO concentration at 17.4 mg/L, the boxplot (fig. 11)
shows this value as an outlier. DO concentrations at airport
site MSC frequently were higher than at other sites. Channel
conditions at CCTTR and MSC likely are responsible for these
elevated DO concentrations. The concrete trapezoidal chan-
nel at MSC usually was covered with a thin layer of algae.
Samples were collected during daylight when photosynthesis
was taking place and DO concentrations were elevated.

DO criteria for classified freshwater stream segments are
given in terms of minimum averages over a 24-hour period
and absolute minimums. For this report, point measurements
were made at the time of sample collection, thus comparisons
with minimum 24-hour average criteria are not relevant. All
DO concentrations at all sampling sites during low-flow and
stormflow conditions were greater than the minimum criterion
of 4.0 mg/L for stream segments classified as exceptional
aquatic life use (Texas Commission on Environmental Quality,
2008d, p. 3-5).

pH

Measurements of pH ranged from a low of 6.1 at inte-
grator site BBC183 to a high of 10.1 at airport site MSC
(fig. 12). Elevated pH at MSC is consistent with elevated tem-
perature and DO. During photosynthesis, algae use sunlight
to consume inorganic carbon (carbon dioxide, carbonate, and
bicarbonate) from solution and increase the pH of the water
(Snoeyink and Jenkins, 1980). MSC was characterized by the

presence of algae, elevated temperatures, oxygen production
during photosynthesis, and elevated pH.

The pH criterion listed in the “2000 Texas Surface Water
Quality Standards” for the classified segments in the lower
West Fork Trinity River and the Elm Fork Trinity River is the
range 6.5-9.0 (Texas Commission on Environmental Qual-
ity, 2008a, p. 59-60). One pH measurement, at integrator
site BBC183 during stormflow conditions, was less than the
minimum of the criterion range. Most pH measurements at air-
port site MSC were greater than the maximum of the criterion
range. All other pH measurements were within the criterion
range. Ecological consequences can occur as a result of low
pH (Baker and others, 1996): When pH is between 6.0 and
6.5, loss of sensitive benthic invertebrates can occur. Between
5.5 and 6.0, acid-sensitive fish can die or reproduce at reduced
rates. When surface-water pH is greater than 6.5, there are no
adverse effects due to acidity.

Specific Conductance and Dissolved Solids

Specific conductance measurements ranged from 251
microsiemens per centimeter (uS/cm) at integrator site
BBC183 to 2,020 uS/cm at non-airport site CCTTR (fig. 13).
Empirical data have demonstrated a strong linear relation
between specific conductance and dissolved solids concentra-
tion, with coefficients mostly between 0.55 and 0.75 (Hem,
1985, p. 67). If dissolved solids concentration is not available,
TCEQ currently (2009) uses a coefficient of 0.65 to estimate
dissolved solids concentrations (in milligrams per liter) from
specific conductance (in microsiemens per centimeter) (Texas
Commission on Environmental Quality, 2008d, p. 3-33).

Boxplots of dissolved solids concentrations thus com-
puted are shown in figure 14. The dissolved solids criteria
for classified stream segments are given in terms of annual
averages and are 850 mg/L for the lower West Fork Trinity
River segment and 500 mg/L for the Elm Fork Trinity
River segment (Texas Commission on Environmental
Quality, 2008a, p. 59-60). For sampling sites in the lower
West Fork Trinity River watershed, all annual averages
were less than 850 mg/L. For the 13 sampling sites in the
Elm Fork Trinity River watershed, nine sites (six airport,
three non-airport) had annual averages that exceeded 500
mg/L; airport sitt GCNAD, non-airport site SHCHPR, non-
airport site HCLR, and integrator site EFT348 had annual
averages less than 500 mg/L. Specific conductance, and there-
fore dissolved solids concentration, typically is higher during
low-flow conditions, which was more the case for BBC183
than for EFT348. Dissolved solids concentrations during
low-flow conditions were significantly higher than concentra-
tions during stormflow conditions on the basis of the Mann-
Whitney test. For EFT348 there was no significant difference
between low-flow and stormflow dissolved solids concentra-
tions. Discharge at EFT348 depends on dam releases from
two lakes. Dilution of stormflows through the lakes and lake
releases likely account for no significant difference between
the two groups.
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Figure 11. Variability of dissolved oxygen concentration by site in streams receiving discharge from the Dallas/Fort Worth International
Airport and vicinity, north-central Texas, 2008.

Ammonia are those that can be expected in the absence of substantial
human influence and are usually less than 0.1 mg/L (Muel-
Ammonia is a common surface-water constituent. ler and others, 1995). Ammonia concentrations in untreated
Sources of ammonia in surface water include industrial and sewage might exceed 30 mg/L and might approach 5 mg/L
municipal wastewater discharges, agricultural runoff of downstream from wastewater discharges in small streams
fertilizers, confined animal feeding operations, leaking sep- (Maidment, 1993, p. 11.48-11.49). Ammonia toxicity depends
tic systems, raw sewage spills, urban runoff of fertilizers and on pH and water temperature. Its toxicity increases as pH

cleaners, and accidental spills (Texas Commission on Environ-  and water temperature increase. In alkaline water at high
mental Quality, 2005). Background ammonia concentrations temperatures, chronic-exposure criteria can be exceeded by
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Figure 12. Variability of pH by site in streams receiving discharge from the Dallas/Fort Worth International Airport and vicinity, north-

central Texas, 2008.

total ammonia concentrations less than 0.1 mg/L (Mueller
and others, 1995). The screening level for ammonia in
freshwater streams to support the general uses for unclassified

water bodies is 0.33 mg/L

(Texas Commission on Environ-

mental Quality, 2008d, table 3—10). A water-quality concern is

identified if this screening

level is exceeded more than

20 percent of the time using the binomial method, based
on the number of exceedances for a given sample size

(Texas Commission on Environmental Quality, 2008d,
p. 3-33).

Ammonia concentrations ranged from less than 0.100
to 0.809 mg/L (fig. 15). For the boxplots in figure 15, all
nondetections were set equal to values less than the laboratory
reporting level so that detected values are represented correctly
by the boxplot and no information is lost (Helsel, 2005).
The proportion of the censored data is represented by the
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Figure 13. Variability of specific conductance by site in streams
and vicinity, north-central Texas, 2008.

amount of data below the reference line. For example, the
median line for airport sitt HCCER is not visible in the box;
therefore, between 50 and 75 percent of the ammonia con-
centrations were less than 0.100 mg/L. Ammonia concen-
trations for one storm each at integrator sites BBC183 and
EFT348 were all less than the laboratory reporting level of
1.00 mg/L (appendix 1.2); those data were not included in the
boxplots.

Of 216 low-flow and stormflow samples, 23 samples
from 12 different sites had concentrations that exceeded

receiving discharge from the Dallas/Fort Worth International Airport

the screening level for ammonia of 0.33 mg/L. Of these 12
sites, only one (non-airport sitt TRIBMD) had more than the
required number of exceedances to indicate a screening level
concern. Nine of the 12 sites had only one sample that was
greater than 0.33 mg/L.

For the integrator sites BBC183 and EFT348 at
which stormflow samples were collected in addition to
low-flow samples, variability of stormflow concentrations
appears substantially greater than variability of low-flow
concentrations (fig. 15); but Mann-Whitney tests indicated no
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Figure 14. Variabhility of dissolved solids concentration (computed from specific conductance) by site in streams receiving discharge
from the Dallas/Fort Worth International Airport and vicinity, north-central Texas, 2008.

construction runoff (Texas Commission on Environmental
Quality, 2005). TSS concentrations ranged from less than
4.00 to 851 mg/L (fig. 16). There were two laboratory
reporting levels for analysis of TSS samples for this report,
4.00 and 5.00 mg/L; the higher of the two is shown on the

significant difference between low-flow and stormflow con-
centrations for either site.

Total Suspended Solids

Possible sources of elevated TSS concentrations include
sewage bypasses, agricultural runoff, urban runoff, and

boxplots of figure 16, which is the reason some values are
below the reporting-level line.
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Figure 15. Variability of ammonia nitrogen concentration by site in streams receiving discharge from the Dallas/Fort Worth

International Airport and vicinity, north-central Texas, 2008.

All samples collected during low-flow conditions had
TSS concentrations less than 86 mg/L, and 75 percent were
less than or equal to 13 mg/L. At the scale of the graph in
figure 16 (necessitated by a few anomalously large stormflow
concentrations at integrator site BBC183), the low-flow
distributions are not visible, but the main point of the box-
plots in figure 16 is to show that TSS concentrations during
low-flow conditions were lower than during stormflow condi-
tions and typical of TSS concentrations in streams and rivers

nationwide, which commonly range from 10 to 110 mg/L
(Maidment, 1993, p. 11.13). Mann-Whitney tests indicated
that stormflow TSS concentrations were significantly higher
than low-flow concentrations at both BBC183 and EFT348.

Chloride

Chloride concentrations ranged from less than 5.00 to
154 mg/L (fig. 17). Chloride criteria for classified stream
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suspended solids concentration by site in streams receiving discharge from the Dallas/Fort Worth

International Airport and vicinity, north-central Texas, 2008.

segments are given in terms of annual averages. Maximum Similar to specific conductance and dissolved solids
annual average chloride concentration criteria for the lower concentrations, higher chloride concentrations are common
West Fork Trinity and the Elm Fork Trinity River segments during low-flow conditions. Chloride concentrations during
are 175 and 80 mg/L, respectively (Texas Commission on low-flow conditions at BBC183 were significantly higher than
Environmental Quality, 2008a, p. 59-60). For sampling sites concentrations during stormflow conditions. At EFT348, there
in the lower West Fork Trinity River watershed, all annual was no significant difference between low-flow and stormflow

averages were below 175 mg/L. For sampling sites in the Elm  chloride concentrations.
Fork Trinity River watershed, one of the 13 (non-airport site
CCDTR) had an annual average concentration that exceeded

80 mg/L.
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Figure 17. Variability of chloride concentration by site in streams receiving discharge from the Dallas/Fort Worth International Airport

and vicinity, north-central Texas, 2008.

Summary

This report, done by the U.S. Geological Survey in
cooperation with Dallas/Fort Worth International (DFW)
Airport in 2008, describes the occurrence and distribution of
fecal indicator bacteria (fecal coliform and Escherichia [E.]
coli), and the physical and chemical indicators of water quality
(relative to Texas Surface Water Quality Standards), in streams

receiving discharge from DFW Airport and vicinity. The find-
ings are intended to help DFW Airport management better
understand the extent to which airport discharge is responsible
for the State 303(d) listing for bacteria of two segments of the
Trinity River downstream from the airport. Occurrence and
distribution are described for low-flow conditions on the basis
of analysis of samples collected at 21 sites, eight in the lower
West Fork Trinity River watershed and 13 in the Elm Fork
Trinity River watershed. Four of the eight lower West Fork
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Trinity River watershed sites and seven of the 13 Elm Fork
Trinity River watershed sites are airport discharge sites, or
airport sites, which for this report means the major fraction of
discharge at those sites is from DFW Airport. For stormflow
conditions, occurrence and distribution are described on the
basis of analysis of samples collected at the two most down-
stream (integrator) sites in each watershed, each downstream
from DFW Airport property.

Samples for low-flow conditions were collected almost
monthly from each of the 21 sites (flow permitting) during
February—December 2008. Samples for stormflow condi-
tions were collected from the two integrator sites during three
storms in March, April, and August 2008, respectively. Eight
samples were collected at each downstream site during the
three storms. Physical and chemical water-quality data (water
temperature, dissolved oxygen, pH, specific conductance,
ammonia nitrogen, total suspended solids [TSS], and chlo-
ride) obtained from the low-flow and stormflow samples are
compared with water-quality criteria supporting the uses for
the 303(d)-classified segments on the lower West Fork Trinity
River and the Elm Fork Trinity River.

At sampling sites in the lower West Fork Trinity River
watershed during low-flow conditions, geometric mean E. coli
counts for five of the eight West Fork Trinity River water-
shed sampling sites exceeded the TCEQ E. coli criterion (126
cfu/100 mL [or MPN/100 mL]), thus not fully supporting con-
tact recreation. Two of the five sites with geometric means that
exceeded the contact recreation criterion are airport discharge
sites. Maximum fecal indicator bacteria counts were measured
for non-airport site TRIBMD on the northwest side of DFW
Airport property, the contributing area for which does not
include DFW Airport property. Samples collected downstream
(after flowing across DFW Airport property) from TRIBMD
had lower fecal indicator bacteria counts, but geometric mean
E. coli counts still exceeded the geometric mean contact recre-
ation criterion. One airport site (OF25) on the western side of
the airport with geometric mean E. coli counts that exceeded
the geometric mean contact recreation criterion has sanitary
sewer lines adjacent to the creek and kennels for DFW Airport
police dogs. Geometric mean E. coli counts at three sites in
the lower West Fork Trinity River watershed were less than the
geometric mean contact recreation criterion during low-flow
conditions. Two of the three are airport sites, and one is the
most downstream (integrator) site.

At sampling sites in the Elm Fork Trinity River watershed
during low-flow conditions, geometric mean E. coli counts
exceeded the geometric mean contact recreation criterion for
seven of the 13 sampling sites; of the seven, four were airport
sites and three were non-airport sites. The seven exceedance
sites include all sites on Cottonwood Creek (three) and Grape-
vine Creek (three) and one site on South Hackberry Creek.

Fecal indicator bacteria counts at the three sampling
sites on Cottonwood Creek (non-airport, airport, non-airport
in downstream order) generally increase from upstream
to downstream; and fecal indicator bacteria counts at the
three sampling sites on Grapevine Creek (two airport, one

non-airport in downstream order) decrease from the two
upstream sites to the most downstream site. For each creek,
there were no statistically significant differences between
counts at the three sites, despite the fact that the geometric
mean E. coli count at the most downstream sampling site on
each creek was substantially different from geometric mean
counts at the upstream sampling sites. Small sample sizes
(8-10 per site) likely reduced the power of the statistical test
applied (Mann-Whitney) to indicate differences. In general,
statistical tests using adequate sample sizes offer a more
defensible basis for comparison of bacteria counts between
sites than geometric mean values.

E. coli counts under low-flow conditions for airport
discharge sites in the lower West Fork Trinity River and Elm
Fork Trinity River watersheds were compared with counts for
non-airport discharge sites. E. coli counts for airport sites in
the lower West Fork Trinity River watershed were significantly
different from (lower than) E. coli counts for non-airport sites
in the lower West Fork Trinity River watershed. There was no
significant difference between E. coli counts for airport sites
in the Elm Fork Trinity River watershed and E. coli counts for
non-airport sites in the Elm Fork Trinity River watershed.

During stormflow conditions, fecal indicator bacteria
counts at the two downstream integrator sites (BBC183 and
EFT348) were considerably higher than counts at those sites
during low-flow conditions. When stormflow sample counts
are included with low-flow sample counts to compute a geo-
metric mean for each site, classification changes from fully
supporting to not fully supporting contact recreation on the
basis of the geometric mean contact recreation criterion.

All water temperature measurements at sampling sites in
the lower West Fork Trinity River watershed were less than
the maximum criterion for water temperature for the lower
West Fork Trinity segment (35 °C). Of the measurements at
sampling sites in the EIm Fork Trinity River watershed, 95
percent were less than the maximum criterion for water tem-
perature for the Elm Fork Trinity River segment (32.2 °C). All
measured DO concentrations were greater than the minimum
criterion of 4.0 mg/L for stream segments classified as excep-
tional aquatic life use. One pH measurement, at integrator
site BBC183 during stormflow conditions, was less than the
minimum of the pH criterion range for the classified segments
in both watersheds (6.5-9.0). Most pH measurements at air-
port site MSC were greater than the maximum of the criterion
range; all other pH measurements were within the range. For
sampling sites in the lower West Fork Trinity River watershed,
all annual average dissolved solids concentrations were less
than the maximum criterion for the lower West Fork Trin-
ity segment (850 mg/L). For sampling sites in the Elm Fork
Trinity River, nine of the 13 (six airport, three non-airport) had
annual average dissolved solids concentrations that exceeded
the maximum criterion for the Elm Fork Trinity segment (500
mg/L). For ammonia, 23 samples from 12 different sites had
concentrations that exceeded the screening level for ammo-
nia (0.33 mg/L). Of these 12 sites, only one (non-airport site
TRIBMD) had more than the required number of exceedances



to indicate a screening level concern. Nine of the 12 sites had
only one sample that exceeded the screening level. Mann-
Whitney tests indicated that stormflow TSS concentrations
were significantly higher than low-flow concentrations at the
two integrator sites (BBC183 and EFT348) where both low-
flow and stormflow samples were collected. For sampling sites
in the lower West Fork Trinity River watershed, all annual
average chloride concentrations were less than the maximum
annual average chloride concentration criterion for the lower
West Fork Trinity segment (175 mg/L). For sampling sites in
the Elm Fork Trinity River watershed, one of the 13 (non-
airport sitt CCDTR) had an annual average concentration that
exceeded the maximum annual average chloride concentration
criterion for the Elm Fork Trinity segment (80 mg/L).
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Appendix 1—Fecal Indicator Bacteria and Water-Quality Data
Collected at Sampling Sites on Streams Receiving Discharge

from Dallas/Fort Worth International Airport and Vicinity, North-
Central Texas, 2008




Blank Page




= VN €d ¢e¢e” OLT'T 9L S6 06l 8Ty 056 YOl 0gs OLNL 00¥C< 0¢¥1 800¢/LIv ¢2d0
VN > (434 €76 'L €6 ot SRS 0°¢€C 0T 0S1 <Ll 00¥c< 0¢:01 800¢/0C/T €2d0
.m VN S'1d 09¢” 081°1 69 (4 0Tl oSy 006 001> 06¢ 0S1d 00¥C< 6¢:01 800¢/¢/T1 DHAIYL
S VN > 6LL 019°1 69 1'9 ¢9C SoL 00°L 608’ 091 081 00¥c< S0-Cl1 800¢/T/9 DHAIYL
m. VN cd LSE ELL 9L 86 1'1¢C (089 % 00°¢> 001> 06¢C 91Cd 00¥C< €0:C1 800¢/1/¢ DHANML
VN vd 1ce 669 8L 601 0'€C 0’1y 00°L 9l 0cl 0'6L 00¥C< 8C¥1 800¢C/L/Y DHAIYL
VN €d 67T 01S 8 9Tl ¥l 0'ee 006> 001> 001 0'89 009°1 S¥:01 800¢/0¢T/T DHAIYL
VN 1> 455 189 6'L 88 6Cl Sle Syl LSV 06¢ 09¢ 00T°C S 11 800¢//T dN4dIAL
VN > 60s° 080°T 8L 0L 9°¢l VN VN VN 00T VN 000°ss TO:TT 800¢/8T/TT  dAINAIIL
VN > 60S" 080°T 8L 0L 9'¢l SI8 00'¥ 8¢ 006°T VN 000°6€ 00:1T 800¢/81/11  ANAIYL
VN > LTV 716 L L el S¥9 00°%> 1299 ovL 009°C 09 S:01 800¢/6C¢/01  AINAIYL
VN > 88¢ 9€8 08 9 9'CC 0°¢s 00°¢ eer 00¥'T 009°cd 000°€L G0:11 800¢/cT/6  AINAIYL
VN > ors ovI°l L'L 8¢ 144 69 00°v> 001> 002°¢ 00T 000°02C1 6¢'6 8007/S/8  ANAIYL
VN > <09’ 0LT'T 6'L vy £ve L8 0Tl 6SY 006 00S°8 000°6L SI:01 800¢/L/L  AINAIYL
VN [C 0LS” 00C°T L'L 6'S 1'v¢ 1L 00°L YLT 00T% 000°¢ 000°T€E SO:€l 800C/2/9  ANAIYL
VN [ ces” 0€T°T 8L 89 861 8°0L 0S9 1214 00¥°Z< OLNL 00¥C< ¢GC1 800T/1/S  dANAIIL
VN > 1249 LyL 9L €L I'81 S 006> 169 0011 OLNL 00¥c< 0C:LT 800T/L/y  AINAIYL
VN £> Sy’ 068 L'L 69 6Cl 0'1¢ 0'8Y Ty 01 00'8 009°T 0€:11 800¢/0c/Cc  ANAIYL
VN cld YLT €09 8L 86 SL 0'9¢ 00°S 001> 00T 0914 00¥c< 6601 800¢//T1 1c1o4dd
VN eld 14 6LS L'L ¥'6 el 0Cs 006 90T 0cl VN 00¥C< S€:01 800C/81/11 121049
VN 84 oL 76S 'L 09 0Cl 0'Cs 009 £ee’ L 008 00L‘T €201 800¢/6¢T/01 1c1o4dd
VN ord 99T L8S 9'L 8¢ L'1T 0'¢9 001 S9N 0o¢l 0014 00¥c< 0€:01 800¢/CC/6 1c1o4dd
VN [ So¢” 899 8L 9 1'8¢C 689 081 001> 09¢ 00¢d 00¥C< 01:6 800¢/S/8 121049
VN S'1d oce” L69 9L 8 VLT 089 0°LI ol 99 0014 00v°8 St:6 800C/L/L 12104949
VN S1d 90¢” 699 8L 09 6'9C 19 001 ocr 0ce 144! 00091 0€:C1 8002/T/9 1c1o4dd
VN Sid 96¢° S8 8L 6'L Lol SPvL 081 01T 00€°T 00z'1d 00¥T< ST 800¢/1/S 1210494d
VN 0cd €8¢ 9C8 8L ol g6l 0'€8 oyl 6¢l” ovl 0°08 00¥C< S1:61 800¢C/LIY 12104949
VN 0cd €60 09¢ 9L 6’6 901 §9C 0Tl 0LT°0 0LE OLNL 00¥c< S0:11 800¢/0¢/T 1c1o4dd
paysJa1em 1Ay AluLL Y104 IS8\ J8moT]
wa/gd B B w
) (S/y) (nsd) ! uum_wuv (suun N_a_.w\ngo Mw”_.u (1/6uw) — (1/6w) =M__\woh~“= (w (W 00L/mo) SFA\.__,_A_E, aw pue (1B
abejg abieyosiq Anunes  -anpuod piepuess) poajos  -esodwa) opuold - (sSL) g, ‘elu 0oL/ zn_._>= (SUHOHIOD ,SuI0}1]0D ajep ajdweg 1aypuspl
oyoadg O sig ey 'POL OUPISSH .. J09F  jeosy e101 playy

[1oA9] Suniodar A101eI0qR] UBY) SSI[ “> ‘O[qR[IBAR JOU ‘YN ‘PABWINSI
‘g $IUN0d 0] SnoJdwnu 003 ‘QINL ‘Uey) 1JeaI3 ‘< 99 9J (puodas 1ad 1997 o1qnd ‘s/y tsitun Arures [eonoeld ‘nsd :snis[o)) $92139p Gg I IAJOWNURD 1d SUSWIAISOIOTW ‘WI/SH {SNIS[a) I ‘), tSp1jos papuad
-sns [210] ‘ST, “1a11] Jod sweaSiiu /3w feryoueydsy d s 00| Iod sirun Suruio-Auojod “ur 00 1/ngo sIIwu o] 1od equinu sjqeqoid-jsow “Tu 00 1/NdIA ored1idnp proyy seyestput 1uoj pjog]

'SUOIIPUOI Mojy-mo| Burinp palaajjoo sajdwes Joj elep Aljenb-1a1em pue eualoeq Jojeaipul [eda4 'L xipuaddy




VN g oI (434 8L ¥'6 V'L 0°ST 00v> 001> 09 0cd 000°C §C-6 800¢/T/CT 1L

VN > €er 1LE 08 9'8 601 0Ll 00'8 (435 [43 VN 00¥C< 0C:6 800C/81/11 1L
VN 4 14Y4 8LY 8L 0'¢ ¥'SC 091 006> o1 ovl 0'89 00¥c< S¥:01 800¢/T/9 “IL
VN cd 00¢” LS9 9L SL 06l 091 009 11 €< 0'vvd 00¥C< €201 800¢/1/S 1L
VN d (414 619 L'L '8 81 SLI 006 S 0cl SOl 00¥C< 8¢C-¢1 800¢C/LIY 1L
VN > [4Y4 SIS 9L S6 €01 S6l 006> ecr 0s 0'8¥% 00¥°C S¥:6 800C/0C/C 1L
VN L4 S9T 8¢ L'L S0l V'L 0'Cs 00'¥ 001> 0S1 0014 00¥c< 06:6 800¢//C1 09¢04d1
VN LA 6¢€¢” LEL 9L S6 S1l 0'LL 00 ey 00T VN 00¥C< S¥:6 800C/81/11 09¢091
- VN SH 96¢" €S8 €L (Al €TI VN VN VN 8¢ VN 009‘T 9%:6 8007/6C/01 09041
m VN ¢d 96¢" €68 €L [t el 0'0L (g% elT [4S 0y 00S°1 S¥:6 800C/6C/01 09¢D04d1
%. VN 8d 1348 8¢¢ 6'L 9'6 ¥'CC 0°LS 00'%> 981" 06¢ 009 00¥c< 0S:6 800¢C/TC/6 090491
= VN jKC | LIg 769 9L 9 v'LT VN VN VN (i48 VN 0089 $T:8 800T/S/8 09041
_.m, VN 4 L1¢ 69 9L 9 VLT LS 00°¥> 001> 0¢l veTd 000°T1 0¢-8 800¢/S/8 09¢D04d1
m VN 1> LOE" 1L9 L'L 'L £9¢ (SR 00°S sor- (194 092d 00¥c< 668 800T/LIL 090491
< VN ord (455 189 6L €6 9'9C 9 006> 498 00¢ 144! 00¥C< OI-TT 8002/C/9 09¢D091
m VN ord LOV CL8 8L 1ol 0T S6L 0Ce 86¢C ovl Sv1d 00¥c< 0S-01 800¢/1/S 09¢D04d1
...M VN LTd 697" 000°1 0’8 9Tl [y 66 00°S 1T L9 0'88 00¥c< 8G:¢1 800¢C/LIY 090491
m VN 8d 10¢ 659 9L 901 0Tl ¢9¢ 009 0T ove 81¢C 00¥< 00-0T 800¢/0C/C 09¢D091
=
M VN > Ley S€6 8L 901 €9 091 0l 001> LE ovid 00¥C< 00:6 800¢/T/Cl 6140
e VN > L99" 06€°T 8L 10l S0 8'1¢ 00°S 001> (04 VN 00¥°C< 068 800¢/81/11 6140
m VN 1> 1295 09¢°1 0L €1l 71l gee 00°¥> 891” 49 00y 00¥c< 016 800C/6C/01 6140
m VN 4 801 LL8 L'L 6'L 9'1¢ 0°¢¢ 00> 001> 86 0°0¢ 00¥C< S1:6 800¢C/CT/6 6140
ﬁ VN > 687" 0v0°1 V'L S9 8T SR 4 00'8 001> YL 0'9¢4d 00¥C< St:L 800T/S/8 6140
.W. VN 1> 919 0S¢l 9L 1'9 0'LT 0'0¢ 00'8 901" 8¢ ocld 001°8 S1:8 800T/LIL 6140
m VN 4 199 08€°T 6L '8 9'9¢ S§'LT 00°6> err 81 00'8 000°C 0¢:01 8002/T/9 6140
m VN €d S9¢” 061°1 8L €6 £0¢ 0'1¢C 006> 001> 61 0'9¢d 00¥°C< LS:6 800T/1/S 6140
m VN €d S99 OLT‘T 6'L Sel 0'1¢C 06l 006> 001> 81 0'CC 00¥c< 00-¢T 800¢/Llv 6140
M VN > 68¢” 0€T’T 08 LAt I'TIL 0'LT 00°6> LET 86 0'0cd 00¥'1 S1:6 8002/0T/C 6140
s
.m VN d ere ¥89 L'L (S0} 19 00°¢> 00> 001> 0cl orrd 00¥°C G101 800¢/T/T 842 (0)
m VN > Y4 OTT°T L'L 00l 101 oSy 00°6 89¢" S VN 0c6 S0:01 800¢/81/11 §2d0
m VN d 09¢” 08I1°1 L'L 'L S 74 oLy 006> eor” 098 91 000°81 Set1l 800¢/T/9 €240
m VN v 919°0 06C°1 'L 9L L'81 8 Sy 00°S 1€1°0 00T°1 DLNL 00¥c< S 11 800¢/1/S §2d0
m — — um::_ﬁow|vm;w§m>> Jany Ay v_“.ﬁ_w_mu__m_wi 180T -
m M) (s/a) (nsd) aoue) (suun Luabixo oh: (1/6uw) — (1/6w) uafoniu (w (1w 00L/mo) 00L/NdIN) awn pue (1B
L abejg abieyosiq Apunes  -anpuos piepuels) penjos  -eradway °PHOI (SSL) ‘e1U 0oL/ zn_._>= SUHOHIOd - Cuopon ajep ajdweg 13ljjuap!
oyoadg M sig soey MWL onPIsad L 023 jeosy e10) ployy

‘panuUNUO)—SsUoRIPUOd Moj-mo| Burinp pa1aajjoo sajdwes oy elep Aljenb-1aiem pue eusloeq Jolesipul [eas4 ‘|| xipuaddy

32




33

- VN > 68C €9 L'L c8d 0 0cc 009 001> 096 009°1 000°T1 06:-€1 800¢/T/Cl d400
.M VN > 1423 LyL 9L 69 €7l 0sc 00> 0T 19 VN 001°1 01:€1 800C/81/11 qg20
m VN > 1233 L9L L'L 8L 6'CI 88C 00> Ir 0€¢ 961 00+'9 S0-€1 8002/6C/01 dd00
= VN > e 1SL 6L I'L LTt 0'se 00> 001> 09 0crd 0029 LI-TT 800¢/CT/6 d400
< VN > 6Ly 020°T €L 8L 18¢ 94 091 e8Il 00¢€ (414 000°9¥ 01 800¢/L/L qg20
VN > 68¢” 0€T1 €L 0! 6'8C g6t 006 Yor 00€°1 CLS 00+°T< 00:-€1 800¢/T/9 d400
VN cd 0LS 00Tl 8L 6 90T 43 06¥ LT 01¢ 001 00t C< 61:-€1 800C/1/S dd00
VN > 14 066 L'L €01 8'1¢ 0se  00°¢ 001> 9 0°LS 00v°T< 90:S1 800¢C/LIY 4900
VN cd €ve SyL V'L [t 0¢l 0'Ic 009 I 96 0°0¢ 00+°T< 0€-€1 800¢/0¢/C dd00
VN > YLL 009°T '8 6'1Td L0l 0cs 00> 001> (31 09¢ 00€°€ SI+¥1 800¢/C/C1 dLLOO
VN > 141 0L8‘T 08 |44 L€l VN VN VN ol VN 00T‘T 0:v1 800C/81/11 ALLOD
VN > 141} 0L8°T 08 et Lel 009  00v> 1298 (0183 VN 001y 00:¥1 800C/81/T1 YLLOD
VN > 8IL 06%°T 6L 0TI 44! 069 007 9r 061 8I¢C 000°S GE€-CT 800¢/6¢/01 YLLOO
VN > 918 089°1 6L 001 0'LT 09 00> 001> 019 00¢ 000°81 8C-¢1 800C/TT/6 4LLOD
VN > S08’ 099°1 08 [an! VI 0'6S 001 001> 098 00L 000°L1 Ly:01 800C/L/IL YLLOD
VN > °66° 020°C 08 06 SIe 089 008 091 08¢ 911 001°T< 0¢-€T 800¢/T/9 ALLOO
VN 8d 6LL 019°1 08 6 gee §0s 0ce oer 0S1 08¢ 001°T< ¥i:C1 800C/1/S YLLOD
VN > 141 0L8°T '8 70l e 099 006> ver 00¢ 61 00¥°C< 0591 800T/LIY YLLOD
VN > YoL 08S°T €8 YLl 691 ¢Sy 009 Lyl (44 099 00v°T< 00:C1 800¢T/0T/T JLLOD

paysJaiem Janly Anui o4 w3

1L°S 114 SI¢ 889 YL 0TI T'L 08¢ 00t 001> I8 00cd 00¥c< 0€:8 800¢/T/TT €310d9d
90°¢ 8d LT 96S 9L 96 LTl (\ha% 0l YeT 0S VN 00¥¢< 0T:8 800C/81/11 €810d4d
0SS el 99T LSS 99 €8 LTl ocy 00> €0T I'e 00°L 0SS S¥:8 800T/6C/01 £€810d9d
VN 14 €T L6V 8L YL €T 0'9% 091 LT €l 001 00¥c< 0%:8 800T/TT/6 £€810d9d
VN 4 €T 18S 89 09 76T S84 00°S 001> 61 0864 00¥¢< 0T1:L 800¢/S/8 €810d4d
10749 % 09¢” 08L YL 'S 08¢ SGL 0¢CI I 61 0'8¢d 00t°C< S¥:L 800T/L/L £€810dd
08¢ S1d 96T 619 6L L9 L9T 0'LS 0TI SIT” ocl 0'ovd 00tC< S+:6 800T/C/9 £€8104dd
979 SId 66¢° 868 08 98 961 SS9 00°S 001> IL 0'8¢d 00¥¢< 0€:6 800C/1/S €810d4d
LO9 SYH 00t" 098 08 01 681 0'8L 006 oL’ 9 0°L9 00t°C< ST-TI 800C/LIv £€810d9d
779 ocd €LT0 109 LL 01 86 009 00'8 9920 01¢ 00vd 00tc< 0%:8 800¢T/0¢T/T £€8104dd
panunuo)—paysJalem Janly Alull] 3404 1SN JamoT
(way/gr) (VW) (2) (1/6u) (u .
M) (s/a) (nsd) aoaue) (saun Luabixo ain) (1/6w) (1/6w) uafoniu (qu (1w 0o1/nj2) 00L/NdIN) awi pue (1 By)
piepuess) apuojyd  (ssl) ' 00L/NdIN)  suuojijod Jaynuapi
afieyg afiieyosig Auuijes -onpuod panjos  -esadwa) se ‘elu \Swioj1j09 ajep ajdweg
Hd |lejop  anpisay 1023 |ed94 piey
aipoadg -s1q 1a)epy -owwy |elol

‘panuUNRUO)—SUORIPUGD Moj-mo| Burinp palaaj|oo sajdwes Joy elep Aujenb-1aiem pue eusloeq Jolesipul [eas4 ‘|'L xipuaddy




VN ¢d ¢ 199 8L cord €9 06l 091 001> 006°1 091°C 000°0T OT-1T 800¢C/T/Cl dIOD

VN > SIy 068 6'L €01 ¢l 0Ly 00y Lyl 0r¢ VN 001°8 0¢+1 800¢/81/11 HAIDD
VN > 0es” 0zTI°T 8L L6 6°¢l 0'8¢ 00> 1er (%Y 00¢ 00071 0€:€1 800¢/62/01 "IOD
VN > 9¢Y” £€6 0’8 €6 | 514 VN VN VN ove VN 000°ST LO¥T 8002T/CT/6 AADD
VN > 9y £€6 08 €6 1'sc Sov 0Tl 6T ove 00S 009°8 S0¥1 800¢/TT/6 HdIDD
VN cd (415 Y8 SL L9 ¥'LT SIS 00 001> 06¢C 009 000°61 01:01 800T/S/8 HIOD
VN cHd SOy 1.8 L'L '8 7'6C SLy 0TI SN 0SL 00€°T 000°TT 81:CI 800T/L/L HIOD
VN cHd €T 86V '8 L'8 L'ce ¢'8¢C 009 (448 ocl 911 00¥C< TC:S1.8002/T/9 HdIOD
VN [C ore 6€L 8 I'6 £9¢C ¢'1ec 0°s¢ S48 09¢ 48! 00¥C< 90:S1 800¢/1/S HIOD
- VN Hd L1¢ 69 '8 '8 9'LT ¢'8¢C 0s°S €0C Orl1 0'€L 00¥C< e:C1 800¢/LIv HIOD
m VN 9H 6t 9IL '8 9’11 VLI Y4 00'8 901" 0S 0ced 00¥c< S0:€1 800¢/0¢/T HdIOD
%,
m VN 4 LyT LYS 9L '8 09 07l 0Cl 001> ocy 09 000°91 SG: 11 800¢/C/T1 dAVNDD
< VN 1> Y0¥ 898 9'L 0’8 S0 00T 0°Sl 661" 0011 VN 00€°S S 11 800C/81/11 dAVNDD
m VN > L6l (4% 'L €9 801 059 0TI 1443 08¢ 00S 006°C SI:1T 800¢/6C/01 dAVNOD
< VN > SET” 91¢ 9L 99 97T VN VN VN 069 VN 000P1 0%-T1 8002/2T/6 AVNOD
m VN > 8¢ 91¢ 9L 99 9'CC ¢ 00'¥> oer 099 00819 000°LT LETT 800C/TT/6 dAVNDD
...M VN > 09T VLS SL 0L L'8C 0s’L 0'¢T 001> (0129 008 00071 S1:01 800¢/S/8 dAVNDD
m VN ¢> 80¢" €L9 V'L 'S 9'9C 001 0°¢l LOT” 19 019 000°L 0S-01 800¢/L/L dAVNOD
m VN 1> S6S° 0ST1 V'L ¢ g6c S6l 0Tl 001> 061 001 00091 ov:¢1 8002/T/9 dAVNDD
M VN cH oo 098 SL T8 [y S'1ec 00'8 €sT 0SS 08¢ 00¥C< 0€:€1 800¢/1/S dAVNDD
e VN (4| 60v" 6L8 L'L 601 (4 74 VN VN VN 091 9¢1 00¥°T< 9%:S1 800C/L/Y AVNDD
m VN d 607 6L8 L'L 601 Tre 081 00T eor” OLIT OLNL 00¥c< S¥:S1 800¢C/LIY dAVNODD
m VN cd 8274 Y16 L'L L'T1 eyl 06l 00°¢> SIr 1€ 0LI 00¥C< 0¢:C1 800¢/0T/T dAVNDD
-
= VN ¢H 89" 0Tr'l 6L 0014 6’8 101 0¢l 001> 096 0821 0067 ¢eiel 800¢/T/Tl ALADD
m VN cd ceL 0TS°T 08 6 LTl 611  00°S 001> 0S¢ VN 0c6 S1-€1 800C/81/11 JLADO
m VN d ceL 0¢S°1 L'L S6 0¢l 8¢l 00¥> el 0oL 096 00€°S 0¥:01 800¢/6C/01 dLADO
.m VN cd 90" CL8 8L V'L 9'CC SIT 009> 001> 0LT 0014 009°L 06:01 800¢/CC/6 JLADD
M VN [ LY8 OvL'T SL '¢ 0°LT Sl 007> 001> 09¢ 8LI 000°S 8¢'6 800¢/S/8 JLADO
S VN €d 98’ 00L°T 9L 09 [4Y4 el 0S8 YOl (18 9Cd 00S°S €1:6 800C/L/L JLADO
.m VN gcd 8IL 0671 6'L €L 0v¢C 801 o¢l el (1119) 000°T 000°T€ S1:CI 8002/T/9 JLADOD
m VN 94 6SL° 0LS'T 6L S8 76l ST 0°¢C 6Cl 00T°T 00€°T 00¥C< Lyl 800T/1/S JLADO
m VN ¢d 8L 029°1 6'L L6 881 S9! 006> 96T 00%°1 OLNL 00¥c< SOv1 800¢C/LIY JLADO
m VN vd LOL O OLY'1 8L €01 Il 0l 00°S 001> €L 0’86 00¥c< 00:%1 800¢/0C/T JLADD
: s R T i
m M) (s/a) (nsd) aoue) (suun Luabixo oh: (1/6uw) — (1/6w) uafoniu (w (1w 00L/mo) 00L/NdIN) awn pue (1B
L abejg abieyosiq  Apunes  -anpuod piepuels) ponjos  -eradway °PHOI (SSL) ‘elU 0oL/ zn_._>= SUHOHIOd - Cuopon ajep ajdweg 13ljjuap!
oyoadg M sig amey MWL oMPISad L 023 jeosy e10) ployy

‘panuUNUO)—SsUoRIPUOd Moj-mo| Burinp pa1aajjoo sajdwes oy elep Aljenb-1aiem pue eusloeq Jolesipul [eas4 ‘|| xipuaddy

34




3 VN S'1d 919’ 062°1 001 €Tl 99T §6C 006> LIT 91 0°¢l 00€°T 8¢:81 800¢C/L/Y OSIN
VN ¢H (444 970) 0’6 L'ST 1'oc Y 0Cl 148 86 00'8 00¥c< S¥:61 800¢/0¢T/T OSIN
.M VN > 96¢” €68 6L 0crd 8V 06l 00 ¥> 001> 06¢ 0614 00¥c< 00:01 800¢/c/Cl OSINOH
m VN > 4% ovI°l 6L 901 L6 0'1¢ 00> 001> 96 VN 00¥T< 0€:01 800¢/81/11 OSINDH
s VN Hd 96T 819 8 7’9 8'C¢e 0'¢ee 098 126 Ol 0'89 00¥C< 0v:91 8002/C/9 OSINOH
< VN 8H 1484 888 0'8 €8 LT S6l 0cs o Ol 01 00¥c< 0¢:91 800¢/1/S DSINOH
VN > 6LY 020°T 08 98 [4Y4 06l 00°¢ 6L1 14 oy 00¥C< €81 800¢/LIY DSINOH
VN cd Sy 56 6L S0l 191 §0¢ 009 001> (44 ovl 00¥°C 6¢:61 800¢/0¢/C OSINOH
VN > 6¢ 618 6L €01d €L STl 0CI 001> 0cC 064 00¥C< S¥:01 800¢//C1 JHODH
VN > 6Ly 020°1 6'L 7’6 [adl 0'€C 00°v> 001> 09 VN 00T OL:1T 800¢/81/11 JHODH
VN > 454 976 8L '8 91 0'Ce 00°L LOT” OLI1 891 00¥c< 6G:€1 800¢/6T/01 JdODH
VN > S6¢ 068 6L 08 8°9¢ 0¢l 00°v> 001> ove 0S1 000°€T Sl 800C/TT/6 JHODH
VN > 1419 060°T 6'L 6’6 6'1¢ Sh 74 00°v> el 0l 001 001°L ¥yCl 800C/L/L JHODH
VN cd 1419 060°1 8L 6'S %3 SR 006> Lyl 000°C 006°1 00¥c< 96:G1 8002/T/9 JdODH
VN (4c| oS’ 0L0‘T 6'L '8 6'¢€T VN VN VN 011 0'89 00¥°T< PI:LT 800C/1/S JATOOH
VN Hd 70S 0L0°T 6'L 1'8 6'¢C S91 006> 498 16 0L 00¥C< CI:LT 800T/1/S JHODH
VN cHd 60S" 080°1 8L L8 Tee S 006> 001> L6 001 000°C 0S:LT 800¢/Llv JdODH
VN 4 697" 000°T 8L €01 8¢l Syl 00°¢> 001> €9 00t 00¥'1 00:S1 800¢/0¢/T UIDDH
VN ¢H 86¢ LS8 9L V114 96 (0N0i% 00> 001> 0ce 0S1 00€°T 00:€1 800¢/T/C1 JLADD
VN ¢d 91¢” 689 9L ran! el 0Cs 00 v> LIT Orl1 VN 00€°¢ 6G-C1 800¢/81/11 dLdOD
VN 1%C | 454 996 L 811 0°€r VN VN VN 01¢ VN 00+'1 LT:0T 8002/62/01 ALAOD
VN ¢ 454 996 SL 811 0¢l 0'9¢ 00> LOT o1y 08¢ 006°¢ S1:01 800¢/6C/01 ALADD
VN (4| 691" 666 'L 101 6'CC VN VN VN ve VN 006°S TT:01 8002/CT/6 JALAID
VN d 697 666 SL 1’0l 6'CC (0849 009 001> 6 Y014 000°L 0¢:01 800¢/CC/6 JdLdOD
VN cd 8LE SI8 0L L9 1'LT Svy 00> 001> 89 rid 000°0T S1:6 800C/S/8 JLADD
VN cd L6€E 6¢8 L €L SNy ¢Sy 00°S 1 0S¢ YLIA 001°8 C1:6 800C/L/L JLdAOD
VN (41 vLY 0101 LL 001 6°'LT VN VN VN (¢4 VN 000°TT 6€-T1 800¢/C/9 JALAOD
VN d YLV 0101 LL 001 6'LT §6S 006> or 00¢ 081 00¥C< 8¢ 1T 800¢2/2/9 JLADD
VN vd 4 0S0°T 9L 801 9'1¢C [ 3Y 006> ore 0LE LSE 00L°6 1121 800¢/1/¢ JLdAOD
VN ¢d 687 0v0°1 L'L 601 £'eT 0’6y 006> 8CI” 06¢ 0'1¢C 00¥c< eyl 800¢C/LIY dLdOD
VN v LOV'0 GLS 9L 0Cl 91 091 006> 0110 €9 0'9¢ 000°C ¢l 800¢/0¢T/T JLADD
panuIU0)—paysIa1em JaAlY AluLL 3104 W]3
wa/gd B B w
M) (s/a) (nsd) ! uo_\_wu. (suun N_A_.“.\ngo Mw”_w (1/6uw) (1/6uw) =M__%o=_'= (w (1w 00L/mo) co_.a\.__,_n_g awn pue (1B
abejg abieyosiq Apunes  -anpuos piepuess) ponjos  -esodwa) apuola - (sSL) g, ‘elu 0oL/ zn_._>= |SUHOHIO ,SULI0}1]09 ajep ajdwesg 1aypuapl
oyoadg M sig ey 'POL oMPISS . 409F |eoay e101 ploy

‘panuUNUO)—SsUoRIPUOd Moj-mo| Burinp pa1aajjoo sajdwes oy elep Aljenb-1aiem pue eusloeq Jolesipul [eas4 ‘|| xipuaddy




VN d 1449 1829 8L 8'8 1'e1 09T 0cC VLT 9L 0vS 00+'C 0T:6 8002/6C/01 ATOH

VN ¢H S74 (34 '8 'L 9'vC 0'ee ovl Ll 49 0014 00¥c< 81:6 800C/CT/6 A TOH
VN €14 06T LEY VL 8¢ £0¢ gee 0¥l 001> 'y 0094 00¥C< LS:L 800T/S/8 ATOH
VN > Ler (414 8L 9°¢ 8°¢C 06l oyl S48 01¢ 09L 00¥C< Y101 8002/C/9 A TOH
VN |G €81 cly L'L L'L 9'0C S0l 0'1L L8 €L 0014 00¥c< 8%:01 800¢/1/S A TOH
VN 4 681" 9Ty '8 I'6 661 0’6 00¢ o1 0Ll 01 00¥C< 01:€1 800T/L/Y ATOH
VN 94 6¢l” 81¢ 9L 1'6 LOT ¢8I 0cs 661" 091 0€C 00¥C< OT:LT 800¢/0C/C A TOH
- VN > 9T ¥0S 08 9014 88 o€l o€l 001> 8% 0gd 00¥°C St:8 800¢/¢/C1  ddHOHS
m VN ¢> €81 cly L'L 99 el 07cl 0'9% (i1 069 VN 00¥c< 006 800C/81/1T  UdHDHS
%, VN ¢> 91T (414 6'L 9'8 (Y S8l 00°L 1T 94 0'0L 009°1 00:6 800C/6C¢/01  IdHDHS
= VN > €S 6S¢S 9L 69 LYC SIe 00°v> 9¢T 139 00cd 00¥C< 66:8800¢/ct/6  UdHOHS
_.m, VN > 10¢ 659 'L €L 80¢ gee 00°S 001> 66 00cd 000°C 81:L800¢/S/8  ddHOHS
m VN cd 76T 779 0L €9 1'6C S0¢ 0Tl 891° €e 0crd 00¥c< 6G:L 800C/L/IL  ddHOHS
< VN > LET 9CS '8 1'8 0'8¢C SLI 0CI 6L1 0S1 0cLd 00¥C< 6 800C/2/9  AdHOHS
m VN > LET LTS '8 6 8°0¢ 8¢l 0°¢l 1445 8¢ L'1cd 00¥c< ¥¢:01 800¢/1/S  ddHOHS
...M VN ¢> Sve 6L '8 6’6 681 SIc 0°Sl 1T 1874 691 00%°C S¥:C1 800¢/L/y  ddHDHS
m VN H 1743 90L L S8 891 sol 0°¢C 96T 9¢ 0'6C 009°C 0¢¥1 800¢/ST/C  ddHOHS
=
= VN T> 106 058°T LL LT S 0€L  00P> 001> 08 0vsH 00t°2< TT8800T/T/Cl WTADHS
a VN > 189" 0E'1 9L 6L 66 L9 01 €T oLl VN 00FT<  SE88007/81/I1  WIEADHS
m VN > S99 OLT‘T 'L Y 901 (VR 474 006 6Cl” 01¢ 00 00¥c< 6¢:8 800¢/62/01  VTdOHS
m VN > Ly 00%°T 9L 98 961 0'L8 0l oSl 081 0scd 00¥C< 0t:6 800¢/1/S  ATAOHS
ﬁ VN > €68’ 0€8°1 9L '8 681 SY4Y 081 o6l 081 0'68 00¥C< ¢CTl 800¢/Ly  WTdOHS
.W. VN cd 1295 09¢°1 6'L 0Cl (Y 00T 00'8 L9V 09 0°0¢ 00¥c< 0291 800¢/0C/c  ITdDHS
[1-}
-
m VN > 90¥" €L8 9'8 I'LTd I'e 0'8¢C 00°v> 001> 96 0LTd 00¥c< S1:01 800¢//C1 OSIN
.m VN £> 68¢° 8¢8 8'8 €LI 91 gee 00> oLl 8 VN 00¥°C 0r-01 800¢/81/11 JOSIN
M VN vid VN VN VN VN VN VN VN VN VN VN VN 0€¥1 8002/62/01 OSIN
S VN > 919’ 06¢°1 66 gel 0'¢ee 0'8¢C 00'8 LST” 0’1 001 086 00:ST 800¢/CC/6 OSIN
.m VN cHd 69’ (]2 7’6 94! 9'9¢ SLy 00 001> 01> 00'c> 00¥c< LTI 800T/S/8 OSIN
m VN cH L3¢ €8 L6 811 TLE 00y 009 8y 01> 00C> i 0¢-€1 800¢/L/L OSIN
m VN cHd LL90 01¥°1 001 811 9°¢¢ Sye 006> Al 01> 00°¥> (183 0691 8002/T/9 OSIN
m VN d 12y 001 1ot 811 0'1¢ 0'€C 006> LLT” 0’1 00'c> 0LE 0%:91 800¢/1/S OSIN
= panunuon—paysiaiem Jaaly Auuu 3104 w3
= wo/gi Buw Buw w
m M) (s/a) (nsd) ! uo_\_wu. (suun N_A_.“.\ngo Mw”_w (1/6uw) (1/6uw) :M__%E:': (w (1w 00L/mo) co_.a\.__,_n_g awn pue (1B
L abejg abieyosiq Apunes  -anpuos _:c_:.__ﬁﬁ penjos  -eradway °PHOI (SSL) ‘e1U 0oL/ zn_._>= SUHOHIOd - Cuopon ajep ajdweg 13ljjuap!
oyoodg M sig soey MWL onPIsad L 023 jeosy e10) play

‘panuUNUO)—SsUoRIPUOd Moj-mo| Burinp pa1aajjoo sajdwes oy elep Aljenb-1aiem pue eusloeq Jolesipul [eas4 ‘|| xipuaddy

36




37

Appendix 1.1

*90UBIONPUOD OYY19ads woiy pajenae) ¢
*(77/3w 8°0+<) 10od 1o (/3w §°( 01 G'(O+) IeJ Sk PAJRI JT pAJRWNSH .

'SInoy g uey) I91ea13 dwmn SuIpoy J1 parewnsy

0Tl SY4 L8T" oy 8L 9'6d 601 0'1¢C 0'CC 001> 001 ocrd 00¥c< 0€°6 800¢C/T/C1 SYeldd
6€' 11 gee Ci14% 1423 6L SL (41 0°LT 0¢e 01¢ ove VN 00¥C< 00:01 800¢/81/11 8YELdd
6L 11 9¢1 (418 o1y 6'L 88 Ll §6C 0'€C 181 0LT 009 00T S¥:6 800C/6C/01 SYeLdd
L6'TI (434 L8T" (444 9'8 00l Y4 0'0¥ 0'6C 001> L1 00cd 00¥c< 6 800T/TT/6 SYEldd
6811 L6l ser 133 9L 701 €1¢ (74 0'LT 001> €L 0crd 00¥C< LT*8 800T/S/8 8YELAd
€811 <L 8LT” [30% SL 0L ¢'8¢C §9¢ 0°LT 6Ll I oord 00¥°C< 8¢€:8 800T/L/L SYeLdd
60°Cl 98¢ a8l 11y 08 L'8 LT 0'SC 0ve 861" 0s 0'8¥% 00¥c< 00-1T 8002/C/9 SYELdd
LTLI Stir'e 6S1" 9¢ 08 6 761 081 ocy LST 89 001d 00¥C< 0C:11 800¢/1/S 8YELAd
00°L1 6LT'E 091 S9¢ 08 96 991 ol 0°LE 0sT 1474 OLNL 00¥C< €1 800¢C/LY SYeldd
0L’ 11 €Cl 9LT"0 66¢ 9L 7’6 801 SLL 0°LE 061°0 ovl 0S¢ 00¥c< S¢:L1 800¢/0¢/T SYEldd

VN €d o091 £9¢ 8 SIrd 9'8 001 0¢l 91T 68 0014 000°€1 01:6 800¢/C/C1 A TOH

VN ¢H yIr ¥9¢ '8 ¥'6 9¢l 001 0'1¢ 181" 091 VN 00¥T< €€:6 800¢/81/11 ATOH

panunuon—paysiaiem Jaaly Auuu 3104 w3
wa/gd B B w

) (S/4) (nsd) ! uu“_wu. (suun N_a_.ﬂ_u\ngo Mw”_.« (1/6uw) — (1/6w) __M__mo‘:_v__ (w (W 00L/mo) co_.A\.“,_._s_, aw pue (1B

abejg abieyosiq Apunes  -anpuos piepuess) ponjos  -esodwa) apuola - (sSL) g, ‘elu 0oL/ zn_._>= |SUHOHIO ,SULI0}1]09 ajep ajdwesg 1aypuapl
oyoadg O sig ey 'POL OUPISSH .. J09F  jeosy e101 ploy

‘panuUNUO)—SsUoRIPUOd Moj-mo| Burinp pa1aajjoo sajdwes oy elep Aljenb-1aiem pue eusloeq Jolesipul [eas4 ‘|| xipuaddy




€5°¢C 8169 €Tl G8¢C L'L 88 Lel ! OLI 001> 00v'sH 0SS°8d 000001 00:TT 800T/61/¢ 8PELAH

€9°1C  €S8°¢ Lyl LEE 08 96 Syl 0°¢I e 001> 00L°T 0S¥°1 000°CS Yevl 800C/81/€  8peldd
T6'0T  8S¥'S  0SI eve 6L 6 8yl gel 89¢C 00'1> 009°1 0TIl 000°L8 0r-€1 800C/81/€  8peldd
891 08¢ TSI Lye 6L L6 yl 91 0°¢L 00'1> 0¢cd 0°06d 001‘vd GS-01 800¢/81/¢  8vEldd
Se91  I88T LST 86¢ 8L L0l el A 0LE 00'1> LE 0'LT 000°C 0¢:61 800T/L1/E  8peldd

paysialem Janly Auu yJo4 wig

LT9 VN Iel” (5% €L 0,4 £9¢ gee 0'LT 001> 0LT 00T 00071 9¢:€1 800¢/02/8 €8104dd

S VN 681" 4% L 694 9°¢C Sye 0°LT 001> 0l 001 000°CT SG:11 800¢/02/8 €8104d4d
m 8¢9 VN 981" ocy 89 994 1'6¢ Sye 0'6C 001> 0ce 004 000°LT 0€:01 8002/0T/8 ¢81D4dd
N 789 VN 181 80¥ €L SL L'ST 0'¢¢ 0’19 001> 00€°C 00LT 00086 8¢€:¢€1 800¢/61/8 ¢810dd
m 869 VN 081" 90¥ 0L V'L 1'¢¢ Sve 001 0or> 006°¢ 001y 000°0%1 0€' 11 800T/61/8 ¢81D4dd
2 LSL VN 981" 61Y 99 VL £'6C g0g 00T 6Cl’ 00LT 0STC 000°0€T LO:€T 8002/81/8 ¢€810494d
.M, 91l VN 801" 16¢C 0L cod 9vC 8'¢€C 168 scr 000°ct 008°6€ 000°0¥T<  ¥¥'TI 8007/ST/8 €8109dd
W SY'IT VN 8el” LIE 19 €94 (a4 0'9¢C €8 Lyl 00081 00c'61d 000°0%¢< £:01 800¢/S1/8 €8104d4d
<<
m 699 VN 9z’ 0IL 0’8 984 Y91 ¢'L9 0'ce Sle 00€°T ovI‘l 000°T9 SI:01 800¢T/S/¥  €81D09dd
s or'L VN 8T €09 08 96 ol gey ocy LET 0069 0069 000°0¥T< SG:91 800T/v/y  €81D04d4d
m or'L VN LT 109 08 96 76l Sy oSy 69T 0069 00T'8 000°0%C 0€:S1 800T/v/¥  €81D94d
£ SI'L VN 19 9LS 6'L 66 681 0Ty oey 6€C 00S°9d 0069 000°0¥¢<d  00:¥1 800¢/v/v €8109dd
M 8CT'L VN LT 0€9 6'L '8 9Ll 14 0°LS 0S¢ 005°9 00v°'Ld 000°00T €01 800¢/¥/v  €8104d4d
=) 0g'L VN LT L6S 6'L 6’8 SLI Y4 0'9¢ SIy 009°L 006°6d 000°002 C¢1:01 800¢/v/y  €81D094d
m, 96°L VN G8T ¢e9 L'L 06 8Ll gov 901 (94% 009°L 000°Ld 000°02T 11:8 800¢/v/¥ €£81D09d4d
m 629 VN gee 8¢CL £'8 701 80T 0'8¢ 0'Ce 18%° 8 DLNL 00¥C< €81 800¢/e/y  €81D94d
(]
m. €e'L VN 0T 139 % SL ol gel §6C 0L 00 1> 00¥°1 006°T 000%¥ 9111 8002/0T/¢ ¢81D9d4d
m 'L VN 86l” 14744 SL ol ¢l §0¢ 0vS 001> 001 0S€T 000°8S 8C:6 800¢/0T/c €81D4d
m 08°0I VN vl L8C 'L 001 el gol cel 001> 009'% 001°9 000°02T 9t:€1 800¢/61/€ €8104dd
5 ILTT VN L1T° LT L'L 66 L'cl LT 9T¢C 001> 009% 00t°9 00091 00:C1 800T/61/c €8109d
k] ¢6'Cl VN Ir 65T 9L L6 €l $91 96¢C 001> 002°S 00299 000°0€T 00:01 800¢/61/€ €8104dd
m YZel VN eel” 90¢ 8L 06 €91 00T 9Ty 00° 1> 006'% 008 000°C6 ¢S 11 800¢/81/¢ €81D09d
S 00°L VN LSE VLL 8L ¥'8 L'LT SS9 (94! 00° 1> 00v‘'1d 00¢'1d 000°S1d ¥6:6 800¢/81/¢ £€8104d4d
m LT9 VN 1Zr0 206 '8 €1l 981 ¢9L 006 001> 14 00T 00%°C 0TI 800T/L1/¢ €81D04d4d
m paysialem Ianly >H_C_._._. 3404 1SapN 180T -
T w0 g WOSH ey b (B () (WOOUM) (WODUNAN) e oy
= Yo asuejonpuod piepues) uabhxo apuojys (SS1) usBomuse ) /SULIOH[0D  ,SWIOj|0D
ki abeis -si1g sunes ayaadg Hd  panjossig -elodway [eJo]  anpisay ‘Bluowwy 1093 |eoay leloL olep ojdwes  -uapy
S . H 0 saem s plaly
m [3unoo 03 snoxswnu 0031 ‘HINL ‘uey)
o 1018013 ‘< {PARWINSO “F O[qR[IBAR JOU ‘YN {[oAd] Suntodor £10e10qe] UBY) SSI] > $109) Yy pu0dds 1ad 109§ o1qnd “s/y ‘spun Apurfes [eonoeid ‘nsd (snis[a)) $99130p ¢z 1 IjPwnuad 1od suswarsoo ‘wo/gr

{SNIS[Q)) $9AITP ), SPI[Os papuadsns [810) ‘SST, 1o Jod swrerSiyru “J/Suwr eryorrayosy g SINIIU 0] Iod syrun Sururoy-Auofod “ur 0O 1/nJo ‘sINIIU 0] Iod requinu d[qeqoid-jsowr ‘“Tur 00 1/NJIN]

"SUOIIPUOD MOjwiols Bulinp palda||0o sajdwes Joj elep Aljenb-1alem pue elLsloeq Joledipul [eda4 Z'L Xipuaddy

38




39

Appendix 1.2

"90UBIONPUOD d119ads WOl pAeINdLe)) ¢
*(77/3w °0+<) 100d 10 (J/Swr §°() 01 G'(O+) ITeJ SB PRI JT PAJRWNSH .

'SINOY 9 UEY) 197818 dwm) SuIpoy J1 parewnsy

Isct SIS 681 9Ty L L'SH 0°LT $9C 0¢s 001> 091 00T 000°GT S0-¥T 800C/0C/8 8veldd
9¢C1 SZm 6Ct TL y'¢H L9t gee 06¥ 001> 00¢ 00T 000°€T GETI 800T/0T/8  8YElAH
19°C1 9LS  g6T” ey 0L sH 9°9¢ 943 0SS 001> 0cc 0S¢ 000°91 ST:TT 800C/0T/8 SYEldd
el Iy LLT 10t L [SY 69¢C 9T 0S¢ 001> (VA 008 000°0T 0CT+1 800T/61/8  8YEIAH
(4! oSy 6LT” ¥0v 89 ¥'S 8'9C S 0°6¢ 001> 00¢ 00¢€ 000°81 GSTI 800T/61/8  SvElAH
6v'Cl €0S 6Ll SOy L9 IS L'9T $'9C 0°6¢ 001> 0S¢ 00¢ 000°61 SP:01 800C/61/8  SvEldHd
IS€T  vEI'T  ILU 88¢ €L 094 €8¢ 0°SC (1724 ocr 9¢ 00T 000°C1 1€:€T 800T/ST/8  8¥Eldd
0Tel €66 OLT 98¢ 'L 94 1'8¢C 09T 08¢ ser 4 €LT 006°6 LTTT 800T/ST1/8  8YE€IAH
€8°LT  poL'E 99T 9LE 08 L84 6°SI S0c oLy 80¢” 0cL 09 000°ST ¢G0T 800T/S/v  8YELAH
L8LT 6I8C 991 LLE 08 I'ed 8°CI 0'1¢C (1724 S6C 0€8 09L 000°1T 0€:6 800C/S/v  8veldd
€I'8T  0L6°C  LLT 107 08 101 91 (S5 088 Lee 08¢ 0v6 000°61 01:9T 800C/v/v  8YELAH
90'8T TE6'E VLD £6¢ 08 101 €91 0¥C 0'¢€9 Lye 08Sd 09L 000°97d €1 800C/¥/y  SYEldd
€8°LT  PoL'E  v9I° €LE 18 L8 091 §0c 0cs Lee 061 00T 00071 LOTT 800¢/¥/y  SvEldd
OL'LT 0SL'€ ¢€9I’ 0LE 18 86 6°SI 06l oLy 6LE o€l ()74 009°S 9T 11 800T/v/v  8YELAH
€S°LT 909 091 9¢ '8 76 091 00T oSy 10¢ €6 orrd 001°9 €C°6 800C/v/Y  8¥ELdd
Or'LT  OveE'e 191" L9€ 08 96 91 00C (X4 009 9 DINL 00¥C< LO'61 800C/¢/y  SvEldd
0791 16LT LVI 9¢¢ €L 8'8 8¢l Sl 0'8L 001> 006'% 009 000°L8 €1:CI 800T/0T/¢  SYEldd
€691 9¢T’c  wvI° (133 YL L8 L'ET 0¢l 09 001> 009% 00€°S 000°LL 81:01 800C/0T/€ 8YE€IAHd
LE'ET 8789 €Tl 8¢ S'L 06 L€l 0clI 9t 001> 001°S 00S°L 000°0€1 LS'T1 800¢C/61/€  8YEIAH
panunuo)—paysJialem Janly Anull] yJo4 w3

) uw_\%, (nsd) _(woist) - (suun - (7/6u) w__w (1/Bw) — (yBu) (/B o gy (T OOUMR) (W OOUNAIND o, e :_h”:

abexg 4o Auijes aouejonpuod piepuejs) uabixo —esadwia) apuojys  (ssl1) _“cmc.z_: se 11023 ,SULI0}1]09 \Swioj1j09 alep ojdueg _quept

-sig aiyoadg Hd paajossiq I |elol  anpisay ‘eluounuy |eaaq |eloL prew

"PaNUIUO)—SUOIIPUOD MOjWIols Bulinp pa1oa|0o sajdwes Joj elep Ajjenb-1aiem pue el1oeq 1ojeolpul [eoa{ z'L xipuaddy




Blank Page




Appendix 2—Quality Assurance Data for Samples Collected at
Sites on Streams Receiving Discharge from Dallas/Fort Worth
International Airport and Vicinity, North-Central Texas, 2008
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Appendix 2.1 43

Appendix 2.1. Total coliform and Escherichia colilaboratory duplicates.

[MPN/100 mL, most-probable number per 100 milliliters; E., Escherichia; >, greater than; <, less than]

Field Samole dat Total coliforms’ E. coli’ E. colilaboratory duplicat
identifior e (MPN/100 mb) (MPN/100 mb) (porcentage diflerence?)
(fig. 1) Duplicate 1 Duplicate 2 Duplicate1  Duplicate 2 P g
Lower West Fork Trinity River watershed
BBCI121  7/7/08 9:45 9,200 11,000 120 98
TRIBMD  5/1/08 12:55 >2,400 >2,400 >2,400 >2,400
TRIBMD 11/18/08 11:01 >24,000 >24,000 2,100 2,200 4.7
TRIBMD 12/2/08 11:25 2,200 7,300 280 270
OF25 4/7/08 14:20 >2,400 >2,400 520 550 5.6
OF25 5/1/08 11:25 >2,400 >2,400 1,200 1,100
OF19 7/7/08 8:15 10,000 14,000 52 63
LBC360  8/5/08 8:20 20,000 17,000 135 109
LBC360  8/5/08 8:24 8,200 6,100 75 63
LBC360  10/29/08 9:45 1,200 1,700 41 52
BBC183  3/18/08 11:52 >24,000 >24,000 4,600 5,200 12.2
BBC183  4/4/08 8:11 >48,000 >48,000 9,800 6,300 43.5
BBC183  8/15/08 12:44 >24,000 >24,000 >24,000 >24,000
BBC183  8/15/08 12:44 >240,000 >240,000 49,000 37,000 27.9

Elm Fork Trinity River watershed

CCTTR  11/18/08 14:00 4,400 3,700 350 250

CCDTR  7/7/08 9:43 12,000 2,000 290 110

GCNAD  9/22/08 11:37 14,000 20,000 730 580 229
GCNAD  9/22/08 11:40 20,000 24,000 710 650 8.8
GCNAD  9/22/08 11:40 7,700 11,000 690 720 43
GCRR 4/7/08 15:34 >2,400 >2,400 81 130 46.4
GCRR 9/22/08 14:05 12,000 8,700 410 330

GCRR 9/22/08 14:07 17,000 20,000 290 340

GCRR 9/22/08 14:07 17,000 14,000 300 390

GCDTR  5/1/08 12:11 >9,700 9,700 430 420 24
GCDTR  9/22/08 10:20 6,100 7,700 97 31

GCDTR  9/22/08 10:22 6,500 6,900 41 31

GCDTR  10/29/08 10:15 3,900 400 290 230

HCCER  12/2/08 10:45 >2,400 >2,400 24 16

SHCHPR  2/25/08 14:20 2,600 2,600 34 43

SHCHPR 5/1/08 10:24 >2,400 >2,400 40 37

HCLR 12/2/08 9:10 7,300 11,200 31 160

EFT348  3/18/08 13:40 >24,000 >24,000 1,600 1,600 0
EFT348  4/4/08 9:23 5,000 8,700 62 150

EFT348  8/15/08 13:31 16,000 16,000 31 30

EFT348  8/15/08 13:31 15,000 10,000 100 <100

Average percentage difference 16.2

! Normal font indicates counts with number of cells that were yellow and fluoresced within recommended 30 to 80 range (Texas Commission on Environmen-
tal Quality, 2009, p. 4-8); bold font indicates counts not within recommended 30 to 80 range.

2 Percentage difference listed for counts within recommended 30 to 80 range (Texas Commission on Environmental Quality, 2009, p. 4-8).
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