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Note: The 1996 State of Texas Water Quality Inventory [Clean Water Act §305(b) Report] and the 1998 State of Texas Water Quality Inventory are the primary
sources of data used to compile the 1998 List if Impaired and Threatened Water Bodies (Clean Water Act §303(d) List). Copies of the 1996 and 1998 Water
Quality Inventories may be requested by contacting Louanne Jones, Water Quality Division, Texas Natural Resource Conservation Commission, MC150,
P.O. Box 13087, Austin, Texas 78711-3087, call (512) 239-2310, or e-mail lojones@tnrcc.state.tx.us

Legend for codes used in columns (3, 4, and 5):
Overall Priority (3) : Where there are multiple parameters, the highest priority will be shown in this column.

Impaired waters: H = high; M = medium; L = low; U = a total maximum daily load (TMDL) analysis is underway or scheduled for
development. Where TMDLs underway do not address all listed parameters, the overall priority will show the highest priority single
parameter not addressed by the TMDL, but will also show a “U” to indicate that one or more constituents of concern are being addressed
through a TMDL.
Threatened waters: T-h = threatened-high; T-m, threatened-medium.

Basin Group (4): Letter code (A - E) indicates which group of river basins the segment is associated with in the TNRCC basin planning cycle. 
Group A - Canadian River, Red River, Sulphur River, Cypress Creek, Sabine River, Sabine Pass, Neches River
Group B - Trinity River
Group C - San Jacinto River, Neches-Trinity Coastal, Trinity-San Jacinto Coastal, San Jacinto-Brazos Coastal, Bays and Estuaries
Group D - Brazos River, Brazos-Colorado Coastal, Lavaca River, Colorado River, Bays and Estuaries
Group E - Guadalupe River, San Antonio River, Rio Grande, Nueces River, San Antonio-Nueces Coastal, Colorado-Lavaca Coastal, Lavaca-Guadalupe

Coastal, Nueces-Rio Grande Coastal, Bays and Estuaries, Gulf of Mexico
Source (5 and 6): A checkmark indicates whether the source of the impairment is point or nonpoint. This includes unknown and/or potential point or nonpoint

sources. An asterisk indicates the source is tidal mixing of salt water.
Segment Summary (7): The priority level for each pollutant parameter is shown in parentheses, as in the overall priority column (H=High, M= Medium, etc.).

Following the priority level will be the designation “NS” for water bodies that are not supporting their uses as designated in the Texas Surface
Water Quality Standards, or the designation “PS” for water bodies that are partially supporting their designated uses. For water bodies listed
for nonattainment or partial attainment of numeric or narrative criteria, the designation “CN” or “CP” will follow the priority ranking.  
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0103 Canadian River Above L A � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Lake Meredith

0205 Red River Below Pease L A � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
River area near Burkburnett (L/NS).

0207 Lower Prairie Dog Town L A � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
Fork Red River upstream portion of the segment (L/NS).

0211 Little Wichita River M A � Dissolved oxygen levels are sometimes lower than the standard established to assure optimum habitat
conditions for aquatic life (M/NS).
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0221 Middle Fork Pease River L A � Average chloride, sulfate, and total dissolved solids levels in water exceed segment criteria to protect
aquatic life, water supply, and other water quality uses (L/CN).

0228 Mackenzie Reservoir L A � The average level of total dissolved solids in water exceeds the criterion to protect aquatic life, water
supply, and other water quality uses (L/CN).

0229 Upper Prairie Dog Town L A � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
Fork Red River habitat conditions for aquatic life in the upper part of the segment (L/NS). Average levels of sulfate exceed

the criterion to protect aquatic life, water supply, and other water quality uses (L/CN). A draft waste load
evaluation for dissolved oxygen has been completed.

0302 Wright Patman Lake M A � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life near the dam and in the upper end of the reservoir around State Highway
8 (M/NS). 

0303 Sulphur/South Sulphur M A � � In the lower portion of the segment, dissolved oxygen concentrations are occasionally lower than the
River standard established to assure optimum habitat conditions for aquatic life (L/PS), and dissolved aluminum

concentrations in water are occasionally higher than the criterion established to protect aquatic life (M/PS). 
In the upper portion of the segment, dissolved cadmium concentrations in water are sometimes higher than
the aquatic life criterion (M/NS).

0303-A Big Creek Lake T-m A � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-m). 

0401 Caddo Lake M A � � A restricted consumption advisory for the general population, children, and women of child bearing age was
issued by the Texas Department of Health in November of 1995 for Caddo Lake due to elevated levels of
mercury in fish tissue (M/NS). Largemouth bass and the freshwater drum are the affected species. There are
periodic exceedances of the criterion for pH established to protect aquatic life and other water quality uses
(L/CN). Water temperature values occasionally exceed the criterion to protect aquatic life and other water
quality uses (L/CN). High temperatures are believed to be due to natural conditions, since there are no
permitted discharges to the lake. In the middle portion of the lake, dissolved zinc concentrations in water
sometimes exceed the criterion established to protect aquatic life (M/NS). In the upper end of the lake, a
water sample collected in 1986 indicated that dissolved mercury has occasionally exceeded the criterion
established to protect aquatic life (L/PS). 

0402 Big Cypress Creek Below M A � A restricted consumption advisory for the general population, children, and women of child bearing age was
Lake O’ the Pines issued by the Texas Department of Health in November of 1995 for Caddo Lake due to elevated levels of

mercury in fish tissue (M/NS).  Largemouth bass and the freshwater drum are the affected species. 
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0403 Lake O’ the Pines U A � � Concentrations  of dissolved zinc in water occasionally exceed the criterion established to protect aquatic
life in approximately ½ of the reservoir extending upstream from the dam (U/PS). A TMDL project is
scheduled to begin in FY 1998.

0404 Big Cypress Creek Below H/U A � � A restricted consumption advisory for the general population and a no consumption advisory for children
Lake Bob Sandlin younger than seven and women of childbearing age were issued by the Texas Department of Health in May

1992 for Welsh Reservoir in Titus County. The advisory was issued due to elevated levels of selenium in
fish tissue. All fish species tested have shown elevated selenium levels (H/NS). A July 1996 Texas Parks
and Wildlife Department survey attributed absence of mussels and clams from Big Cypress Creek to effects
of discharge associated with the chicken-packing industry. Historical data from the Clean Rivers Program
suggest that depressed dissolved oxygen levels are not unusual, although data processed for this listing did
not reveal such problems. Low dissolved oxygen levels, possibly related to wastewater discharges, may be
an intermittent but chronic problem in local waters and are of concern to regional interests (U/PS). A
TMDL project is scheduled to begin in FY 1998.

0406 Black Bayou L A � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life (L/NS).

0409 Little Cypress Bayou M A � � Concentrations of dissolved cadmium and lead in water sometimes exceed the criteria established to protect
(Creek) aquatic life in the lower 25 miles of the segment (M/NS). 

0503 Sabine River Below M A � � In the lower 25 miles of the segment, bacteria levels sometimes exceed the criterion established to assure
Toledo Bend Reservoir the safety of contact recreation (L/NS). In the lower 25 miles of the segment, concentrations of dissolved

lead in water sometimes exceed the criterion established to protect aquatic life (M/NS).

0504 Toledo Bend Reservoir M A � � Due to mercury in fish tissue, the Texas Department of Health issued restricted consumption advisories in
November 1995 for the general population, children, and women of child bearing age (M/NS). 

0505 Sabine River Above M A � � A restricted consumption advisory for the general population and a no consumption advisory for children
Toledo Bend Reservoir younger than seven and women of child-bearing age were issued by the Texas Department of Health in May

1992 for Martin Creek Reservoir in Rusk County and for Brandy Branch Reservoir in Harrison County. The
advisory was issued due to elevated levels of selenium in fish tissue which have been detected in all species
tested (M/NS).  In the lower 25 miles of the segment, concentrations of dissolved lead in water sometimes
exceed the criterion established to protect aquatic life (M/NS).

0507 Lake Tawakoni T-m A � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-m). 
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0508 Adams Bayou Tidal L A � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life (L/NS), and bacterial levels sometimes exceed the criterion established to
assure the safety of contact recreation (L/NS).

0513 Big Cow Creek M A � � Concentrations of dissolved aluminum in water occasionally exceed the criterion established to protect
aquatic life in the lower 25 miles of the segment (M/PS).

0603 B.A. Steinhagen M A � Due to mercury in fish tissue, the Texas Department of Health issued restricted consumption advisories in
Reservoir November 1995 for the general population, children, and women of child bearing age (M/NS).

0606 Neches River Above M A � Zinc levels in water exceed the chronic criterion established to protect aquatic life use (M/NS). Dissolved
Lake Palestine oxygen concentrations were occasionally below the standard established to assure optimum habitat quality

for aquatic life (L/PS). Dissolved oxygen levels in the segment are typically depressed during low flow
periods in the summer months and are partially attributable to sluggish flow conditions. Implementation of
advanced wastewater treatment at the City of Tyler's facilities has contributed to improved water quality
conditions in the segment. Total dissolved solids criterion to protect aquatic life, water supply, and other
water quality uses are not supported (M/CN).

0610 Sam Rayburn Reservoir M A � � Due to mercury in fish tissue, the Texas Department of Health issued restricted consumption advisories in
November 1995 for the general population, children, and women of child bearing age (M/NS). A project to
address mercury is underway. In the upper portion of the reservoir, dissolved oxygen concentrations are
sometimes lower than the standard established to assure optimum habitat conditions for aquatic life (M/NS),
and bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation
(M/NS).

0701 Taylor Bayou Above L C � � Dissolved oxygen concentrations are occasionally lower than the standard established to assure optimum
Tidal habitat conditions for aquatic life in the lower 25 miles of the segment (L/PS).

0702-A Alligator Bayou L C � � The water body does not support the designated intermediate aquatic life use as a result of significant effects
in ambient toxicity tests (L/NS). The water body does not meet the segment criterion for sulfates to protect
aquatic life, water supply, and other water quality uses (L/CN). Alligator Bayou is effectively isolated from
tidal influence by a hurricane barrier. Criteria for segment 0701, Taylor Bayou Above Tidal, were used as
screening criteria for this water body. 

0704 Hillebrandt Bayou L C � � Dissolved oxygen concentrations are occasionally lower than the standard established to assure optimum
habitat conditions for aquatic life (L/PS). Measured pH values exceed the segment criterion to protect
aquatic life and other water quality uses (L/CN).

0802 Trinity River Below Lake L B � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
Livingston lower 25 miles of the segment (L/NS).
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0803 Lake Livingston M B � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life (M/NS). Measured pH values in water are sometimes higher than the
segment criterion to protect aquatic life and other water quality uses (L/CN).

0804 Trinity River Above Lake M B � � Mean dissolved cadmium and lead concentrations in water exceed the criteria established to protect aquatic
Livingston life from chronic exposure, through a 25-mile portion centering on State Highway 7 (M/NS). Bacteria levels

sometimes exceed the criterion established to assure the safety of contact recreation in the upper 25 miles of
the segment (L/NS).

0805 Upper Trinity River M B � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
The fish consumption use is not supported through the upper 19 miles, based on an aquatic life closure
issued by the Texas Department of Health in 1990 due to elevated levels of chlordane in fish tissue (M/NS).

0806 West Fork Trinity River M B � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation through
Below Lake Worth a 17-mile portion extending from 5 miles upstream to 12 miles downstream of Beach Street (L/NS). The

fish consumption use is not supported through the lower 22 miles, based on an aquatic life closure issued by
the Texas Department of Health in 1990 due to elevated levels of chlordane in fish tissue (M/NS).

0806-A Fosdic Lake M B � The fish consumption use is not supported through the entire reservoir, based on an aquatic life closure
issued by the Texas Department of Health in 1995 due to elevated levels of chlordane, dieldrin, DDE, and
PCBs in fish tissue (M/NS). Dieldrin has not been banned for use, as have the other contaminants found in
fish tissue for this water body. Although the levels of dieldrin alone are not enough to result in an advisory,
dieldrin levels in fish tissue contribute to the overall health risk for consumers (M/NS). This water body was
listed in 1996 in the description of segment 0806. 

0806-B Echo Lake M B � The fish consumption use is not supported through the entire reservoir, based on an aquatic life closure
issued by the Texas Department of Health in 1995 due to elevated levels of PCBs in fish tissue (M/NS).
This water body was listed in 1996 in the description of segment 0806. 

0810 West Fork Trinity River L B � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation through
Below Bridgeport the lower 25 miles (L/NS).
Reservoir

0812 West Fork Trinity River M B � � Through the lower 25 miles, dissolved oxygen concentrations are sometimes lower than the standard
Above Bridgeport established to ensure optimum habitat conditions for aquatic life (M/NS). In the same portion, average
Reservoir chloride and total dissolved solids concentrations exceed segment criteria to protect aquatic life, water

supply, and other water quality uses (L/CN).

0814 Chambers Creek L B � � In the portion of the segment upstream of the confluence with Cummins Creek, dissolved oxygen
concentrations are occasionally lower than the standard established to ensure optimum habitat conditions for
aquatic life (L/PS).
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0815 Bardwell Reservoir T-h B � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-h). 

0816 Lake Waxahachie T-m B � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-m). 

0819 East Fork Trinity River L B � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation through
the lower 14 miles (L/NS).

0821 Lake Lavon T-m B � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-m). 

0822 Elm Fork Trinity River M B � � Through the upper 15 miles, dissolved oxygen concentrations are occasionally lower than the standard
Below Lewisville Lake established to assure optimum habitat conditions for aquatic life (M/PS).  The average lead concentration in

water exceeds the human health criterion for freshwater fish (M/NS). This criterion was established to
protect consumers from bioaccumulation of toxicants in fish tissue. Risk of exposure to lead from fish
consumption has not been assessed. The mean dissolved lead concentration in water exceeds the criterion
established to protect aquatic life from chronic exposure (M/NS).

0824 Elm Fork Trinity River M B � In the lower 8 miles of the segment, mean dissolved cadmium and lead concentrations exceed the criteria
Above Ray Roberts Lake established to protect aquatic life from chronic exposure (M/NS).

0829 Clear Fork Trinity River M B � The fish consumption use is not supported through the lower mile, based on an aquatic life closure issued by
Below Benbrook Lake the Texas Department of Health in 1990 due to elevated levels of chlordane in fish tissue (M/NS).

0829-A Lake Como M B � The fish consumption use is not supported through the entire reservoir, based on an aquatic life closure
issued by the Texas Department of Health in 1995 due to elevated levels of chlordane, dieldrin, DDE, and
PCBs in fish tissue (M/NS). Although the levels of dieldrin alone are not enough to result in an advisory,
dieldrin levels in fish tissue contribute to the overall health risk for consumers (M/NS). This water body was
listed in 1996 in the description of segment 0829. 

0831 Clear Fork Trinity River M B � � In the lower 3.3 miles of the segment, the mean dissolved lead concentration in water exceeds the criterion
Below Lake Weatherford established to protect aquatic life from chronic exposure (M/NS). Dissolved oxygen concentrations are

occasionally lower than the standard established to assure optimum habitat conditions for aquatic life in the
upper 15.7 miles of the segment (L/PS).

0833 Clear Fork Trinity River L B � Dissolved oxygen concentrations are occasionally lower than the standard established to assure optimum
Above Lake Weatherford habitat conditions for aquatic life (L/PS).
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0836 Richland-Chambers T-m B � All water quality measurements currently support use as a public water supply; however, atrazine
Reservoir concentrations in finished drinking water indicate contamination of source water and represent a threat to

future use (T-m). 

0838 Joe Pool Lake T-h B � Average sulfate and total dissolved solids concentrations exceed segment criteria to protect aquatic life,
water supply, and other water quality uses throughout the reservoir (L/CN). All water quality measurements
currently support use as a public water supply; however, atrazine concentrations in finished drinking water
indicate contamination of source water and represent a threat to future use (T-h). 

0841 Lower West Fork Trinity M B � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation through
River the lower 21 miles of the segment (L/NS). The fish consumption use is not supported through the entire

segment, based on an aquatic life closure issued by the Texas Department of Health in 1990 due to elevated
levels of chlordane in fish tissue (M/NS). Toxicity in ambient water and sediment occasionally exceeds the
levels established to provide optimum habitat conditions for aquatic life (L/PS).  

0841-A Mountain Creek Lake M B � The fish consumption use is not supported through the entire reservoir, based on an aquatic life closure
issued by the Texas Department of Health in 1996 due to elevated levels of PCBs in fish tissue (M/NS).
This water body was listed in 1996 in the description of segment 0841. 

0901 Cedar Bayou Tidal M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
lower 19 miles of the segment (M/NS).

0902 Cedar Bayou Above M C � � Dissolved oxygen concentrations are occasionally lower than the standard established to assure optimum
Tidal habitat conditions for aquatic life (M/PS).  A recent draft waste load evaluation addressed dissolved oxygen.

Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
The criterion for total dissolved solids to protect aquatic life, water supply, and other water quality uses is
not met in the segment (L/CN). 

1001 San Jacinto River Tidal M C � � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of
exposure to mercury from fish consumption has not been assessed. Bacteria levels sometimes exceed the
criterion established to assure the safety of  contact recreation (L/NS). 

1002 Lake Houston M C � The average mercury concentration in water exceeded the human health criterion for freshwater fish
(M/NS). This criterion was established to protect consumers from bioaccumulation of toxicants in fish
tissue. Risk of exposure to mercury from fish consumption has not been assessed.
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1005 Houston Ship M/ C � � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
Channel/San Jacinto U This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of
River Tidal exposure to mercury from fish consumption has not been assessed. A restricted-consumption advisory for

the general population and a no-consumption advisory for children and women of childbearing age were
issued by the Texas Department of Health due to elevated levels of dioxin in blue crabs and catfish (M/NS).
A TMDL for nickel [listed in the 1996 303(d) list] is in preparation for this water body.

1006 Houston Ship Channel M/ C � � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
Tidal U This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of

exposure to mercury from fish consumption has not been assessed. A restricted-consumption advisory for
the general population and a no-consumption advisory for children and women of childbearing age were
issued by the Texas Department of Health due to elevated levels of dioxin in blue crabs and catfish (M/NS).
A TMDL for nickel [listed in the 1996 303(d) list] is in preparation for this water body.

1006-A Patrick Bayou H C � � Dissolved copper concentrations in water sometimes exceed the chronic criterion to protect aquatic life 
(H/NS). Ambient water toxicity sometimes exceeds the screening levels established to provide optimum
habitat conditions for aquatic life (H/CN). Water temperature values sometimes exceed the criterion to
protect aquatic life and other water quality uses (M/CN). Sediment toxicity sometimes exceeds the
screening levels established to provide optimum habitat for aquatic life (H/CN). This is substantiated by a
degraded benthic macroinvertebrate community structure observed in the segment. In addition, some metals
and organics in sediment were elevated in comparison with screening levels for estuarine sediments.  These
screening levels are designed to evaluate concerns related to narrative standards for the protection of water
quality. A voluntary source identification survey is currently being carried out by four dischargers to Patrick
Bayou. 

1007 Houston Ship M/ C � � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
Channel/Buffalo Bayou U This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of
Tidal exposure to mercury from fish consumption has not been assessed. A restricted-consumption advisory for

the general population and a no-consumption advisory for children and women of childbearing age were
issued by the Texas Department of Health due to elevated levels of dioxin in blue crabs and catfish (M/NS).
A TMDL for nickel [listed in the 1996 303(d) list] is in preparation for this water body.

1007-A Vince Bayou M C � � Ambient sediment toxicity occasionally exceeds the levels established to provide optimum habitat
conditions for aquatic life (M/CP). Bacteria levels sometimes exceed the criterion established to assure the
safety of contact recreation (M/NS).  
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1008 Spring Creek M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).
In the portion upstream from the Kuykendahl Road bridge, dissolved oxygen concentrations are sometimes
lower than the standard established to assure optimum habitat conditions for aquatic life (M/NS).

1009 Cypress Creek M/ C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
U Average total dissolved solids values exceeded the segment criterion to protect aquatic life, water supply,

and other water quality uses (M/CN). A TMDL for dissolved oxygen is in preparation for this water body. 

1012 Lake Conroe T-m C � The average mercury concentration in water exceeded the human health criterion for freshwater fish (T-
m/NS). This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue.
However, samples of fish do not indicate that this mercury is accumulating in fish tissue. A Texas
Department of Health analysis of fish tissue data concluded that there is no additional health risk from the
consumption of fish. Mercury does not exceed primary or secondary drinking water standards.

1013 Buffalo Bayou Tidal M C � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of
exposure to mercury from fish consumption has not been assessed. Bacteria levels sometimes exceed the
criterion established to assure the safety of contact recreation (L/NS).  Mean copper concentration in water
exceeded the criterion established to protect aquatic life from chronic exposure (M/NS).

1014 Buffalo Bayou Above L C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Tidal

1016 Greens Bayou Above M/ C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS). 
Tidal U Mean lead concentration in water exceeded the criterion established to protect aquatic life from chronic

exposure (M/NS). A TMDL for dissolved oxygen is in preparation for this water body (U). 

1017 Whiteoak Bayou Above M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS). 
Tidal Mean lead in water concentration exceeded the criterion established to protect aquatic life from chronic

exposure (M/NS). 

1101 Clear Creek Tidal M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).
A no-consumption advisory was issued by the Texas Department of Health in 1993 for Clear Creek (L/NS).
The advisory applies to an 8.3 mile portion upstream of SH 3 in Clear Creek Tidal, and warns against
consumption of any fish and blue crabs taken from the affected area. Test results reveal dichloroethane,
trichloroethane, carbon disulfide, and chlordane in fish and crab tissues. Management strategies are in place
for industrial contaminants.



�����������	�
��������������������������������������
������������

S
egm

ent N
um

b
er

S
egm

ent N
am

e

O
verall P

rio
rity

B
a

sin G
ro

up

N
o

np
o

int S
o

urce

P
o

int S
o

urce

S
egm

ent
 S

um
m

a
ry

������� 	
 ��� 	� �� �	

1102 Clear Creek Above Tidal L C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
lower 25 miles of the segment (L/NS). A no-consumption advisory was issued for the general population by
the Texas Department of Health in November 1993 for Clear Creek (L/NS). The advisory applies to all of
Clear Creek Above Tidal, and warns against consumption of any fish or blue crabs taken from the affected
area. Test results reveal dichloroethane, trichloroethane, carbon disulfide, and chlordane in fish and crab
tissues. Management strategies are in place for industrial contaminants.

1103 Dickinson Bayou Tidal M/ C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).
U Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat

conditions for aquatic life, from IH-45 southeast of Dickinson downstream to one-half mile upstream of SH
6 (U/PS).  A TMDL for dissolved oxygen is in preparation for this water body.

1104 Dickinson Bayou Above L/ C � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Tidal U A TMDL for dissolved oxygen is in preparation in conjunction with the TMDL for Segment 1103.

1108 Chocolate Bayou Above L C � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Tidal

1109 Oyster Creek Tidal M C � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).

1110 Oyster Creek Above M C � In the lower 25 miles of the segment, southwest of the City of Angleton in Brazoria County, bacteria levels
Tidal sometimes exceed the criterion established to assure the safety of contact recreation (M/NS), and dissolved

oxygen concentrations are sometimes lower than the standard established to assure optimum habitat
conditions for aquatic life (M/NS).

1111 Old Brazos River M C � � The average mercury concentration in water exceeded the human health criterion for saltwater fish (M/NS).
Channel Tidal This criterion was established to protect consumers from bioaccumulation of toxicants in fish tissue. Risk of

exposure to mercury from fish consumption has not been assessed.

1113 Armand Bayou Tidal M/ C � � Dissolved oxygen concentrations are sometimes below the standard established to assure optimum habitat
U conditions for aquatic life, in the upper two miles of the segment (U/NS). These low dissolved oxygen

levels may be due to natural conditions associated with poor flushing capability and high sediment oxygen
demand. Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation
(M/NS). A TMDL to address low dissolved oxygen levels is in preparation for this water body. 

1113-A Armand Bayou L/ C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS),
Above Tidal U and dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum

habitat conditions for aquatic life (U/NS) in a three-mile, perennial, freshwater portion of Armand Bayou
upstream of tidal. This water body (not part of segment 1113) was not evaluated in 1996. A TMDL to
address low dissolved oxygen levels in Armand Bayou is under development and will include Armand
Bayou Above Tidal.
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1202 Brazos River Below L D � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Navasota River

1213 Little River L D � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation from the
City of Cameron downstream to the end of the segment (L/NS).

1218 Nolan Creek/South Nolan M D � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).
Creek

1221 Leon River Below M D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
Proctor Lake middle and lower portion downstream of the South Leon River (M/NS).

1226 North Bosque River L/ D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS). 
U Nitrite plus nitrate nitrogen, and ortho- and total phosphorus greater than the screening levels occur in the

upper portion of the segment in the area of Highway 6 and the city of Iredale (U). Excessive nutrient levels
are occurring in the lower portion near the city of Clifton. The excessive nutrient levels are entering the
river from tributary watersheds and are contributing to excessive plankton growth (U). The Texas Institute
for Applied Environmental Research (TIAER) has monitored agricultural nonpoint source runoff since
1991. TIAER, the Brazos River Authority, and the TNRCC are participating in intensive monitoring
surveys to determine nonpoint source loading. A TMDL is in preparation for this water body. Local studies
will support control programs in the near future.

1233 Hubbard Creek Reservoir L D � Average sulfate levels greater than the reservoir criterion to protect aquatic life, water supply, and other
water quality uses occur in the Big Sandy Creek arm of the reservoir (L/CN). 

1240 White River Lake L D � Average total dissolved solid levels exceed the segment criterion to protect aquatic life, water supply, and
other water quality uses (L/CN). 

1242 Brazos River Below M D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
Whitney Lake portion of the segment from the City of Marlin to the FM 979 crossing east of Cameron (M/NS).

1242-A Marlin City Lake System T-h D � All water quality measurements currently support use as a public water supply; however, atrazine
concentrations in finished drinking water indicate contamination of source water and represent a threat to
future use (T-h). The lake system includes Old Marlin City Lake and New Marlin Reservoir.  
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1245 Upper Oyster Creek M D � � Dissolved oxygen concentrations are sometimes below the standard established to assure optimum habitat
conditions for aquatic life in the area from the Texas Department of Corrections Jester Unit downstream to
the confluence of Stafford Run (M/NS). Dissolved oxygen levels have been historically depressed in the
segment due to a complex series of diversion dams, oxygen demanding wastes, high sediment oxygen
demand, low re-aeration rates, and nearly stagnant velocities. A draft waste load evaluation, based on
intensive survey data, indicates that the dissolved oxygen criterion supportive of the intermediate use should
be attainable at the recommended effluent limits (advanced treatment with nitrification).

1254 Aquilla Lake H D � Atrazine concentrations in finished drinking water violate the Maximum Contaminant Level for primary
drinking water standards (H/NS). Origin of the contamination is source water and represents a failure of the
water body to support the public water supply use. Alachlor concentrations in finished drinking water
indicate contamination of source water and represent a threat to future use (T-m). 

1255 Upper North Bosque L/ D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
River U headwater of the river upstream of the City of Stephenville (L/NS).  Dissolved oxygen concentrations are

occasionally below the standard established to assure optimum habitat conditions for aquatic life (U/PS).
Average chloride, sulfate, and total dissolved solids levels exceed segment criteria to protect aquatic life,
water supply, and other water quality uses (L/CN). Nitrogen and phosphorus levels are elevated and
contribute to excessive phytoplankton and attached algal growths (U).  A TMDL is in preparation for this
water body. A wasteload evaluation conducted on the segment requires advanced waste treatment for the
attainment of stream standards. Local studies will support control programs in the near future. The Texas
Institute for Applied Environmental Research (TIAER) has monitored agricultural nonpoint source runoff in
the segment since 1991. TIAER, the Brazos River Authority, and the TNRCC are conducting intensive
monitoring surveys in the Lake Waco watershed to determine nonpoint source loading.

1301 San Bernard River Tidal M D � Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat
conditions for aquatic life (M/PS), and bacteria levels sometimes exceed the criterion established to assure
the safety of contact recreation (L/NS). 

1304 Caney Creek Tidal M D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).

1403 Lake Austin L D � Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat
conditions for aquatic life, in the first few miles below Lake Travis (L/PS).  This segment receives low-
oxygen bottom water from Lake Travis during the summer months.
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1411 E.V. Spence Reservoir U D � Average levels of sulfate and total dissolved solids exceed segment criteria to protect aquatic life, water
supply, and other water quality uses (U/CN). Excessive dissolved solids, especially chloride, are attributed
to brine seepage from abandoned and improperly capped or cased oil wells located along the Colorado
River (Segment 1412) and tributaries immediately downstream from Lake J.B. Thomas. There is a concern
for the public water supply use for this segment because the mean sulfate, chloride, and total dissolved
solids concentrations exceed the secondary drinking water standard in finished water. Public water supply
systems have experienced increased costs for demineralization due to high dissolved solids. A TMDL is
scheduled for FY 1998. 

1414 Pedernales River M D � � Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat
conditions for aquatic life, downstream of the confluence with Barons Creek below Fredricksburg, during
summertime low flow conditions (L/PS). A waste load evaluation has addressed dissolved oxygen. Bacteria
levels sometimes exceed the criterion established to assure the safety of contact recreation, in the lower part
of the segment (M/NS).

1421 Concho River L D � Dissolved oxygen variations and elevated levels of chlorophyll a above the screening levels occur during
the summer months in the City of San Angelo river impoundments. In the North Concho Fork below Lake
O.C. Fisher in San Angelo, dissolved oxygen concentrations are occasionally below the standard established
to assure optimum habitat conditions for aquatic life (L/PS), and bacteria levels sometimes exceed the
criterion established to assure the safety of contact recreation (L/NS). A waste load evaluation has
addressed dissolved oxygen. 

1427 Onion Creek L D � � The average level of total dissolved solids exceeds the segment criterion to protect aquatic life, water
supply, and other water quality uses (L/CN). Very stringent effluent limits are in place.

1428 Colorado River Below M D � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation below
Town Lake Austin (M/NS).

1429 Town Lake M D � Fish and sediments collected from Town Lake have elevated levels of chlordane (M/NS). The Texas
Department of Health has issued a restricted consumption advisory for the general population. Bacteria
levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS). Nonpoint
source pollution demonstration projects have been implemented by the City of Austin.

1430 Barton Creek M D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (M/NS).

1602 Lavaca River Above L D � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Tidal The Texas Railroad Commission has identified oil field wastes as a problem in the segment (Summary

Report: Regional Assessments of Water Quality Pursuant to the Texas Clean Rivers Act, Senate Bill 818,
TNRCC 1992). 
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1906 Lower Leon Creek M E � � Dissolved cadmium concentrations in water sometimes exceed the criterion established to protect aquatic
life (M/NS). Bacteria levels sometimes exceed the criterion established to assure the safety of contact
recreation in the upper 21 miles (L/NS). 

1910 Salado Creek U E � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life in a 2-mile portion from 1 mile downstream of Rigsby Avenue to
Southcross Boulevard, and in a 5-mile portion from NE Loop 410 to Pershing Road (U/NS).  In the lower
half of the segment, bacteria levels sometimes exceed the criterion established to assure the safety of contact
recreation (U/NS). A TMDL is scheduled for FY 1998. Dissolved oxygen has been addressed by a waste
load evaluation. 

1911 Upper San Antonio River L E � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in a 12-
mile portion from 1 mile upstream of South Alamo Street to 2 miles upstream of Blue Wing Road (L/NS).

2002 Mission River Above L E � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Tidal

2004 Aransas River Above L E � � The average level of total dissolved solids is elevated above the criterion to protect aquatic life, water
Tidal supply, and other water quality uses in the lower part of the segment (L/CN).

2106 Nueces/Lower Frio River L E � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).

2107 Atascosa River L E � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat quality for aquatic life (L/NS). Field observations suggest that low dissolved oxygen concentrations
are not associated with discharges, but occur as pools stagnate during intermittent flow conditions.

2116 Choke Canyon Reservoir M E � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation in the
upper portion of the reservoir (M/NS).

2117 Frio River Above Choke L E � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Canyon Res

2201 Arroyo Colorado Tidal U E � � Dissolved oxygen concentrations are sometimes lower than the standard established to assure optimum
habitat conditions for aquatic life (U/NS). Comments received from the Texas Parks and Wildlife
Department suggest that depressed dissolved oxygen impairs aquatic life in the upper 16 miles of the
segment, and point out that the segment provides important habitat for many economically, ecologically,
and recreationally valuable species. A TMDL is underway.
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2202 Arroyo Colorado Above U E � � The Texas Department of Health issued a restricted consumption advisory for the general population in
Tidal September 1980 due to elevated levels of chlordane, toxaphene, and DDE in fish tissue (U/NS). The

advisory, which applies to the entire segment, recommends that consumption be limited to one meal per
month for any type of fish.  Bacteria levels sometimes exceed the criterion established to assure the safety of
contact recreation (U/NS). A TMDL is in preparation for this water body. The Texas Department of Health
issued an aquatic life closure for Donna Reservoir, an unclassified, 333-acre lake which stores water
pumped from the Rio Grande, in February 1994, due to elevated levels of PCBs in fish tissue (U/NS). The
closure applies to the entire reservoir and the canal system that connects it to the Rio Grande. 

2302 Rio Grande Below Falcon L E � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS). 
Reservoir All other uses and water quality standards are supported.

2304 Rio Grande Below L E � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Amistad Reservoir

2307 Rio Grande Below L E � � Average chloride, sulfate, and total dissolved solids concentrations exceed the segment criteria to protect
Riverside Diversion aquatic life, water supply, and other water quality uses (L/CN). River flow in the segment is reduced due to

irrigation withdrawals in the El Paso area and evaporation throughout the segment.

2310 Lower Pecos River M E � Average chloride, sulfate, and total dissolved solids levels exceed the segment criteria to protect aquatic
life, water supply, and other water quality uses (M/CN). Natural contributions of salts from the soil, as well
as saline groundwater seeps and springs, contribute to these elevated levels.

2421 Upper Galveston Bay M C � � The fish consumption use was not supported in the 22 square miles (mi ) from Red Bluff Point to Five Mile2

Cut Marker to Houston Point, north to Morgan's Point. A restricted-consumption advisory for the general
population and a no-consumption advisory for children and women of childbearing age were issued by the
Texas Department of Health due to elevated levels of dioxin in blue crabs and catfish (M/NS). Based on
Texas Department of Health shellfish maps, 55% of the bay (59.5 mi  of the outer perimeter) does not      2

support and 19% of the bay (20.6 mi  of the area adjacent to the nonsupporting area) partially supports the2

oyster water use (L/NS/PS). The remaining 26% (40.6 mi ) fully supports the oyster water use. Partially2

supporting areas are conditionally approved for the growing and harvesting of shellfish. Nonsupporting
areas are restricted or prohibited for the growing and harvesting of shellfish for direct marketing due to
potential water quality concerns.
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2422 Trinity Bay M C � The average mercury concentration in water exceeded the human health criterion for saltwater fish in eight
square miles north of Exxon C-1 platform (M/NS). This criterion was established to protect consumers from
bioaccumulation of toxicants in fish tissue. Risk of exposure to mercury from fish consumption has not been
assessed. Based on Texas Department of Health shellfish maps, 69.3% of the bay (90.2 mi  of the outer2

perimeter) does not support and 13.8% of the bay (17.9 mi  of the area adjacent to the nonsupporting area)2

partially supports the oyster water use (L/NS/PS). The remaining 16.9% (22 mi ) fully supports the oyster2

water use. Partially supporting areas are conditionally approved for the growing and harvesting of shellfish.
Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for direct
marketing due to potential water quality concerns.

2423 East Bay M C � The average mercury concentration in water exceeded the human health criterion for saltwater fish in eight
square miles between Marsh and Elm Grove Points (M/NS). This criterion was established to protect
consumers from bioaccumulation of toxicants in fish tissue. Risk of exposure to mercury from fish
consumption has not been assessed. Based on Texas Department of Health shellfish maps, 22.1% of the bay
(11.5 mi  at the east end of the bay near East Bay Bayou and Intracoastal Waterway) does not support2

(L/NS) and 77.9% of the bay (the remaining 40.6 mi ) fully supports the oyster water use. Nonsupporting2

areas are restricted or prohibited for the growing and harvesting of shellfish for direct marketing due to
potential microbial contamination.

2424 West Bay M C � The average mercury concentration in water exceeded the human health criterion for saltwater fish in eight
square miles near Carancahua Reef (M/NS). This criterion was established to protect consumers from
bioaccumulation of toxicants in fish. Risk of exposure to mercury from fish consumption has not been
assessed. Due to elevated mercury (chronic) and copper (chronic) in water, the high aquatic life use was not
supported in eight square miles of the bay near Carancahua Reef (M/NS). Based on Texas Department of
Health shellfish maps, 35.2% of the bay (24.4 mi  at the east end near the Galveston and Texas City) does2

not support (L/NS) and 64.8% of the bay (the remaining 44.9 mi ) fully supports the oyster water use.2

Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for direct
marketing due to potential microbial contamination.

2425 Clear Lake L C � ��������	 ��� ������������ �� ����� ��� �������		� ������ ���� ��� ��� ��������� 	���	 ��������� ���

��� ��������  � !�������  �"����� 	� � ����#�� ��� $�����	 %������� ���� �	��� ����� &���	 ���  

�'(( �)!��� ����������� � ���  �)�	���� ��� ���  ��������	 ��� !����* ��� �+  �		 �  ��� �� �''��

,�� � ��� ��	�����	� ���� ��	 �	� �  ��������	 ��� �� ��������* �)����� ������������ ���� )������ ���

��� ��!��� !������� ��� �-!����� � ���	��� ��� ��)�* ��� ������� ���� �	����� ���)����� ����

���	���� �� ��� .�	  /�-�� ��� &����!��+� 0���
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2426 Tabbs Bay M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
The fish consumption use is not supported through the entire segment, based on a fish consumption advisory
issued by the Texas Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue
(M/NS).

2427 San Jacinto Bay M C � The fish consumption use is not supported through the entire segment, based on a fish consumption advisory
issued by the Texas Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue
(M/NS). 

2428 Black Duck Bay M C � The fish consumption use is not supported through the entire segment, based on a fish consumption advisory
issued by the Texas Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue
(M/NS). 

2429 Scott Bay M C � � Bacteria levels sometimes exceed the criterion established to assure the safety of contact recreation (L/NS).
Municipal wastewater discharges are a probable contributor to this condition. The fish consumption use is
not supported through the entire segment, based on a fish consumption advisory issued by the Texas
Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue (M/NS).

2430 Burnett Bay M C � The fish consumption use is not supported through the entire segment, based on a fish consumption advisory
issued by the Texas Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue
(M/NS).

2432 Chocolate Bay L C � � Based on Texas Department of Health shellfish maps, the entire bay does not support the oyster water use
(L/NS). Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for
direct marketing due to potential microbial contamination.

2436 Barbours Cut M C � The fish consumption use is not supported through the entire segment, based on a fish consumption advisory
issued by the Texas Department of Health in 1990 due to elevated levels of dioxin in fish and crab tissue
(M/NS).

2437 Texas City Ship Channel L C � Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat
conditions for aquatic life (L/PS).
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2439 Lower Galveston Bay M C � � The average mercury concentration exceeded the human health criterion for saltwater fish in 16 square
miles near Redfish Island and the Galveston Channel-FLR 2 (M/NS). This criterion was established to
protect consumers from bioaccumulation of toxicants in fish tissue. Risk of exposure to mercury from fish
consumption has not been assessed. The mean dissolved copper concentration in water exceeds the criterion
established to protect aquatic life from chronic exposure (M/NS). Based on Texas Department of Health
shellfish maps, 43.5% of the bay (60.7 mi  of the outer perimeter, Galveston and Texas City) does not2

support and 9.9% of the bay (13.8 mi  of the area adjacent to the nonsupporting area) partially supports the2

oyster water use (L/NS/PS). The remaining 46.6% (65 mi ) fully supports the oyster water use.2

Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for direct
marketing due to potential microbial contamination. Partially supporting areas are conditionally approved
for the growing and harvesting of shellfish.

2441 East Matagorda Bay L D � � Based on Texas Department of Health shellfish maps, 2.6%of the bay (1.5 mi  near the Caney Creek2

confluence with the bay, Intracoastal Waterway, marsh and fishing cabins) does not support and 2.9% of the
bay (1.7 mi near the Live Oak Bayou confluence) partially supports the oyster water use (L/NS/PS). The2 

remaining 94.5% (55.8 mi ) fully supports the oyster water use. Nonsupporting areas are restricted or2

prohibited for the growing and harvesting of shellfish for direct marketing due to potential microbial
contamination. Partially supporting areas are conditionally approved for the growing and harvesting of
shellfish. 

2442 Cedar Lakes L D � Based on Texas Department of Health shellfish maps, the entire area does not support the oyster water use
(L/NS). Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for
direct marketing due to potential microbial contamination.

2451 Matagorda L E � Based on Texas Department of Health shellfish maps, 8.3% of the bay (21.7 mi  at the west end) does not
Bay/Powderhorn Lake

2

support and 1.7% of the bay (4.4 mi of Powderhorn Lake) partially supports the oyster water use2 

(L/NS/PS).  The remaining 90% (235.5 mi ) fully supports the oyster water use. Nonsupporting areas are2

restricted or prohibited for the growing and harvesting of shellfish for direct marketing due to potential
microbial contamination. Partially supporting areas are conditionally approved for the growing and
harvesting of shellfish.

2452 Tres Palacios Bay L E � � Based on Texas Department of Health shellfish maps, 49% of the bay (7.2 mi  of the upper half) does not2

support and 51% of the bay (7.5 mi  of the lower half) partially supports the oyster water use (L/NS/PS). 2

Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for direct
marketing due to potential microbial contamination. Partially supporting areas are conditionally approved
for the growing and harvesting of shellfish. Probable cause for nonsupport is Tres Palacios Creek.
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2453 Lavaca Bay/Chocolate M E � � The Texas Department of Health has issued an aquatic life closure for 2.5 square miles of the segment due
Bay to elevated mercury levels in finfish and crab tissue. Mercury contamination is residual from historical

sources (M/NS). Based on Texas Department of Health shellfish maps, 34.1% of the bay (18.7 mi  the2

north-northwest end of the bay near the Lavaca River confluence and the area around Port Lavaca,
including Chocolate Bay) does not support and 37.7% of the bay (20.7 mi  of the area adjacent to the2

nonsupporting area on the west side of the bay) partially supports the oyster water use (L/NS/PS). The
remaining 28.2% (15.4 mi ) fully supports the oyster water use. Nonsupporting areas are restricted or2

prohibited for the growing and harvesting of shellfish for direct marketing due to potential microbial
contamination. Partially supporting areas are conditionally approved for the growing and harvesting of
shellfish. 

2454 Cox Bay M E � � The Texas Department of Health has issued an aquatic life closure for 1.7 square miles of the segment due
to elevated mercury levels in fish and crab tissue (M/NS). Based on Texas Department of Health shellfish
maps, 16.2% of the bay (0.5 mi  at the north end of the bay and Cox Creek) does not support the oyster2

water use (L/NS).  The remaining 83.8% (2.4 mi ) of the bay fully supports the oyster water use.2

Nonsupporting areas are restricted or prohibited for the growing and harvesting of shellfish for direct
marketing due to potential microbial contamination.

2456 Carancahua Bay L E � � Based on Texas Department of Health shellfish maps, 48.4% of the bay (9.2 mi  at the north end of the bay2

and Carancahua Creek) does not support the oyster water use (L/NS). The remaining 51.6% (9.8 mi ) of the2

bay fully supports the oyster water use. Nonsupporting areas are restricted or prohibited for the growing and
harvesting of shellfish for direct marketing due to potential microbial contamination.

2462 San Antonio Bay/Hynes L E � � Based on Texas Department of Health shellfish maps, 8.5% of the bay (10.2 mi  at the north end of the bay
Bay/Guadalupe Bay near the San Antonio and Guadalupe River confluences and the area adjacent to Seadrift) does not support

2

and 50.9% (60.8 mi  of the area south of the nonsupporting area, including Hynes Bay up to the Intracoastal2

Waterway) of the bay partially supports the oyster water use (L/NS/PS). The remaining 40.6% (48.5 mi ) of2

the bay fully supports the oyster water use. Nonsupporting areas are restricted or prohibited for the growing
and harvesting of shellfish for direct marketing due to potential microbial contamination. Partially
supporting areas are conditionally approved for the growing and harvesting of shellfish. 

2471 Aransas Bay L E � � Based on Texas Department of Health shellfish maps, 7.8% of the bay (6.8 mi along the northern edge of2 

the bay and Rockport) does not support the oyster water use (L/NS). The remaining 92.2% (81.0 mi ) of the2

bay fully supports the oyster water use. Nonsupporting areas are restricted or prohibited for the growing and
harvesting of shellfish for direct marketing due to potential microbial contamination. 
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2472 Copano Bay L E � � Based on Texas Department of Health shellfish maps, 20.6% of the bay (13.4 mi near the Intracoastal2 

Waterway, shoreline and Aransas/Mission Rivers) does not support the oyster water use (L/NS). The
remaining 79.4% (51.8 mi ) of the bay fully supports the oyster water use. Nonsupporting areas are2

restricted or prohibited for the growing and harvesting of shellfish for direct marketing due to potential
microbial contamination. 

2473 St. Charles Bay L E � Based on Texas Department of Health shellfish maps, 51.5% of the bay (6.7 mi  of the northern half,      2

tributary and marsh drain) does not support the oyster water use (L/NS).  The remaining 48.5% (6.4 mi ) of2

the bay fully supports the oyster water use. Nonsupporting areas are restricted or prohibited for the growing
and harvesting of shellfish for direct marketing due to potential microbial contamination. 

2481 Corpus Christi Bay L E � � Based on Texas Department of Health shellfish maps, 13.0% of the bay (16.0 mi  near Corpus Christi) does2

not support the oyster water use (L/NS).  The remaining 87.0% (107.1 mi ) of the bay fully supports the2

oyster water use. Nonsupporting areas are restricted or prohibited for the growing and harvesting of
shellfish for direct marketing due to potential microbial contamination.

2482 Nueces Bay M E � � Based on Texas Department of Health shellfish maps, 100% of the bay (28.9 mi ) does not support the2

oyster water use (M/NS). Nonsupporting areas are restricted or prohibited for the growing and harvesting of
shellfish for direct marketing due to zinc in oyster tissue.

2484 Corpus Christi Inner L E � � Dissolved oxygen concentrations are occasionally below the standard established to assure optimum habitat
Harbor conditions for aquatic life in the Avery and Viola Turning Basins (L/PS). 

2485 Oso Bay L E � � Dissolved oxygen concentrations are occasionally lower than the standard established to assure optimum
habitat conditions for aquatic life in the lower portion of the bay  (L/PS). Based on Texas Department of
Health shellfish maps, 100% of the bay (7.2 mi ) does not support the oyster water use (L/NS).2

Nonsupporting areas are restricted for the growing and harvesting of shellfish for direct marketing, or
prohibited due to potential microbial contamination. Studies and analyses are underway or pending.

2491 Laguna Madre L E � � Based on Texas Department of Health shellfish maps, 5.2% of the bay (18.1 mi  near the Arroyo Colorado)2

does not support the oyster water use (L/NS), and 38.8% (134.8 mi ) of the bay fully supports the oyster2

water use. The remaining 56% (194.6 mi ) of Laguna Madre, from Port Mansfield to Corpus Christi, has not2

been assessed. Nonsupporting areas are restricted for the growing and harvesting of shellfish for direct
marketing, or prohibited due to potential microbial contamination. 

2501 Gulf of Mexico L E � The fish consumption use is partially supported in the entire segment (3,879 mi ) (L/PS). A restricted-2

consumption advisory for the general population was issued by the Texas Department of Health in June
1997 due to elevated levels of mercury in king mackerel.
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  1997   1998*   1999   2000*   2001   2002*   2003   2004*   2005   2006*   2007   2008*   2009   2010*

Colorado-Lavaca Coastal,
Lavaca-Guadalupe Coastal,
Guadalupe River, San
Antonio River, San Antonio-
Nueces Coastal, Nueces
River,  Nueces-Rio Grande
Coastal, Rio Grande

3 Segments - 3 yrs.
1910, 2201, 2202

7 Segments - 5 yrs.

16 Segments - 4 yrs.

4 Segments - International Water Bodies - 6 yrs.

Canadian River, Red River,
Sulphur River, Cypress
Creek, Sabine River, Neches
River

2 Segments - 4 yrs.
403,404

14 Segments - 5 yrs.

8 Segments - 3 yrs. 

1 Segment - Interstate Waters - 6 yrs.

Trinity River 18 segments - 4 years

6 Segments - 5 yrs.

Neches-Trinity Coastal,
Trinity-San Jacinto Coastal,
San Jacinto River, San
Jacinto-Brazos Coastal

7 Segments - 3 yrs.
1005, 1006, 1006-A, 1007,

1007-A, 1113,  1113-A

21 Segments - 4 yrs.

15 Segments - 5 yrs. 

Brazos River, Brazos-
Colorado Coastal, Colorado
River, Lavaca River

5 Segments - 3 yrs.
1226, 1255, 1411

10 Segments - 5 yrs. 

10 Segments - 5 yrs.

* Start of Biennium       Implementation begins
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�	����������. While designated uses and severity
of pollution were the basis for structuring the criteria, it should be noted that the prioritization
methodology was not an attempt to determine the economic or aesthetic value of a water body or the
value of its designated use. The priority ranking criteria are meant to include elements of risk
assessment (that is, place higher priority on more severe water quality problems) and allow for
programmatic needs (that is, distinguish between situations that are known to require immediate
TMDL development and those where more information is required to verify that impairments exist).
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< Cypress Creek, Segment 1009. A draft of this TMDL for dissolved oxygen was sent
to EPA for technical review and was approved. The TNRCC is planning to conduct
a public hearing for this TMDL within the next six months in conjunction with a
public hearing for another TMDL in the Houston Ship Channel (described below).
The TNRCC is using the Cypress Creek TMDL model in review of new wastewater
permits. 

< Houston Ship Channel System (HSC), multiple segments. Two drafts of a TMDL for
dissolved nickel have been submitted. The EPA approved the first draft, but it was
unacceptable to area stakeholders. The EPA did not approve the second draft, but
with minor, resolvable objections. A third draft is being prepared and should be
submitted for EPA review after receipt of stakeholder comment and TNRCC
management review. After EPA approval, a public hearing will be conducted in
conjunction with the hearing on the Cypress Creek TMDL. 

< Houston Ship Channel System, multiple segments (same as those for nickel). TMDLs
for six other dissolved metals (zinc, copper, lead, arsenic, mercury, and silver) were
submitted in three separate reports for EPA review, and were approved. However, the
TMDLs were opposed by stakeholders, and have been delayed. The process currently
underway to resolve issues related to the nickel TMDLs will be used to reach
agreement on the TMDLs for these other metals. However, recent sampling and
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assessment for the 1998 303(d) List suggest that the problems from these metals  may
not actually exist, and significant revision or elimination of some of these TMDLs
may be needed. 
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< Armand Bayou, Segment 1113. Development of a TMDL for dissolved oxygen is in
the initial stages. TNRCC staff have developed a water quality model of the bayou
system, and are developing a geographic information system model of the watershed
using techniques similar to those used in the nearby Dickinson Bayou watershed.
Additional field studies have been performed to gather hydraulic characterization
data for Armand Bayou and tributaries. Stakeholder meetings have been held in the
watershed to introduce project plans and begin involving local interests in planning
further developments. A watershed study may be financed by the General Land
Office to better assess water and biological community quality in the watershed, and
to determine the appropriate standards for undesignated tributaries or tidal fringes.

< Arroyo Colorado, Segments 2201 and 2202. Chemical, hydrologic, and spatial data
is being acquired and compiled for the water quality modeling effort associated with
this project. Analysis of existing data is currently underway. Coordination of
stakeholder and public participation for the project is also progressing, and a
functional participation mechanism is expected to be in place by the beginning of the
summer (1998). The first  meetings of the Stakeholder Committee and the Science
and Technical Advisory Committee are scheduled for June, 1998.

< Big Cypress Creek and Lake O’ the Pines, Segments 0404 and 0403. TNRCC, in
partnership with the CRP, is currently performing a study of poultry operations to
determine any impact to water quality. This study is being conducted under a
mandate of the Texas Legislature. Three river basins are involved in the study,
including the Big Cypress, the Angelina River, and the Guadalupe–Blanco. The
results of that study may support or become part of a subsequent TMDL specifically
for the Big Cypress Creek (segment 0404) and Lake O’ the Pines (segment 0403)
watersheds. The Clean Rivers Program is developing a monitoring plan to collect
data on other water quality issues (such as dissolved oxygen and metals) that will be
used in the TMDL planned for these watersheds.

< Dickinson Bayou, Segments 1103 and 1104.  TNRCC is developing a method for
using geographic information system software in conjunction with water quality
models for performing TMDLs, using the Dickinson Bayou watershed as the test
case. After the method is developed adequately and usable, recent data on watershed
land use is available, a TMDL for dissolved oxygen will be developed for Dickinson
Bayou.

< E.V. Spence Reservoir, Segment 1412. The Colorado River Municipal Water District
and the TNRCC are currently collaborating to produce a work plan for this project.
The work plan will include detailed descriptions of all individual project efforts,
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including data collection, water quality modeling, quality assurance, and stakeholder
and public participation. A funding agreement for the project is expected to be in
place by early summer (1998). Compilation and analysis of existing water quality
data  and (other data) is currently underway.

< Greens Bayou Above Tidal, Segment 1016.  A TMDL for dissolved oxygen is being
developed. A model to analyze point source impacts has been calibrated, and
preliminary estimates of nonpoint source loads have been developed with a simple
spreadsheet model. Representatives for the City of Houston have proposed
performing a study in the watershed to characterize nonpoint source loading and
effects, and TNRCC is awaiting specifics on the proposed study.  

< North Bosque River, Segments 1226 and 1255. Various state, federal, and regional
agencies have been studying nutrient loading issues, especially as related to intensive
dairy operations, for several years. The Texas Institute for Applied Environmental
Research (TIAER) at Tarleton State University has collected data and developed a
model of the upper part of the North Bosque River watershed. TIAER and other
agencies are working to extend the model into the lower watershed, where land use
patterns are different, with the hope of including Lake Waco in the modeled
watershed. The Texas Institute for Applied Environmental Research and the Brazos
River Authority continue to collect water quality data in the watershed to support
development of the TMDL.  TIAER is also conducting a project in the Upper North
Bosque watershed to evaluate loading from waste application fields and the effect of
implementation of best management practices to reduce impact from runoff from
these areas. TIAER and the Brazos River Authority are in the final stages of
completing a report on water quality in the watershed, efforts to develop and apply
water quality models to evaluate the water quality in the river, and the potential
impact on the water quality in Lake Waco. TNRCC has monitored the studies and
developments in the Bosque River watershed, and is providing guidance to the
participants, with the intent that the analyses and plans that ultimately result will
become a TMDL. 

< Salado Creek, Segment 1910. The San Antonio River Authority and the TNRCC are
currently collaborating to produce a work plan for this project. The work plan will
include detailed descriptions of all individual project efforts, including data
collection, water quality modeling, quality assurance, and stakeholder and public
participation. A funding agreement for the project is expected to be in place by early
summer (1998). Compilation and analysis of existing water quality data  and model
evaluation is currently underway. TNRCC staff met with representatives from the
San Antonio River Authority on March 26, 1998 to discuss the components of the
TMDL. Under the current Clean Rivers Program contract (FY98-99) the San Antonio
River Authority will conduct several activities which will contribute to the
development of the TMDL for this segment.  This effort will include additional data
collection to evaluate the presence and levels of diazinon, which has been found in
historical samples collected in this segment.  Other issues related to fecal coliform
bacteria and dissolved oxygen levels will also be evaluated. 
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Appendix 1. The Statewide Watershed Management Schedule
River Basins & Hydrologic
Units FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005

Group A:
Canadian River, Red River,
Sulphur River, Cypress Creek,
Sabine River, Neches River

Scoping

Data Collection Baseline Monitoring Data Collection Baseline Mon.

Assessment & Targeting Assessment & Targeting

Strategy Development Strategy Dev.

Implementation

Group B:
Trinity River

Scoping Scoping

Data Collection Baseline Monitoring Data Collection

Assessment & Targeting Assess & Target

Strategy Development

Implementation

Group C: 
Neches–Trinity Coastal,
Trinity–San Jacinto Coastal,
San Jacinto River, San
Jacinto–Brazos Coastal

Scoping Scoping

Baseline Mon. Data Collection Baseline Monitoring Data Collection

Assessment & Targeting

Strategy Development

Implementation

Group D:
Brazos River,
Brazos–Colorado Coastal,
Colorado River, Lavaca River

Scoping Scoping

Baseline Monitoring Data Collection Baseline Monitoring Data Collection

Assessment & Targeting

Strategy Development

Implementation

Group E:
Colorado–Lavaca Coastal,
Lavaca–Guadalupe Coastal,
Guadalupe River, San Antonio
River, San Antonio–Nueces
Coastal, Nueces River,
Nueces–Rio Grande Coastal,
Rio Grande

Scoping

Data Baseline Monitoring Data Collection Baseline Monitoring

Assess. & Targeting Assessment & Targeting

Strategy Development Strategy Development

Implementation Implementation

March 1998
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June 26, 1998

Type of Category To determine
data/information

For waterbodies in
which basins?

1. Water quality data
(numeric values)

A. Instream water quality data collected under a TNRCC-approved 1) Partial or nonsupport of a designated use Basin groups B & C
Quality Assurance Project Plan (QAPP).  Under the existing system, determined by computer scan.
these data are routinely submitted to TNRCC by  Clean Rivers 2) Segment ranking (H,M,L)**
Program basin planning agencies, USGS, or TNRCC’s monitoring 3) Monitoring plans
program, & then entered into TNRCC’s database.

B. Instream fecal coliform bacteria data  collected under a TNRCC- 1) Partial or nonsupport of  designated use All basins
approved QAPP (as in A) & used to develop 1996 305(b) inventory & based on re-evaluation of 1996 305(b)
1996 303(d) list.  More recent fecal coliform data from basins B & C summary data using new EPA guidelines
will be used in Category A. 2) Segment ranking (H,M,L)**

3) Monitoring plans

C. Instream water quality data other than Category A or B (above). Value 1)  Support results of computer scan (in A) Basin groups B & C
& accuracy confirmed by TNRCC. to verify partial or nonsupport of a

designated use
2) Segment ranking (H,M,L)**
3) Monitoring plans

2. Information  (may
be based on numeric
values but is summary
or evaluative in
nature)

D. Evaluative (modeling) analyses, water quality studies, anecdotal 1) Segment ranking (H,M,L,T)** Basin groups B & C
information.  Value & accuracy confirmed by TNRCC. 2) Monitoring plans

E. Aquatic life closure or consumption advisory & closing of shellfish 1) Partial or nonsupport of a designated use All basins
waters (both from Texas Department of Health). 2) Segment ranking (H,M,L)**

3) Monitoring plans

F. Information from TNRCC Water Utilities on levels of chemicals 1) Nonsupport of a PWS use Basin groups B & C
(exceedances of drinking water standards and detections below the 2) Segment ranking (H,M,L,T)**
standards) in treated water. 3) Monitoring plans

** H=High, M=Medium, L=Low, T=Threatened. The public input process will help develop the criteria to determine these rankings.
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DO=Dissolved oxygen     Se=Selenium   Hg=Mercury     TSWQS=Texas Surface Water Quality Standards     PCBs=polychlorinated biphenyls    TDS=Total dissolved solids 
TDH=Tx. Dept. of Health     MCL=Maximum Contaminant Level
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Priority Rank Ranking  Criteria

 Texas Surface Water Quality Standards Impairments and . . . . . . Additional Conditions That Must Be Met

HIGH
 
Utility and
feasibility of
TMDL
development
high

Any one of the following: For all impairments classified as HIGH:  Nonsupport also represents potentially
correctable and/or serious problem and one of the following:
� sufficient data exist to justify and/or support TMDL development
� immediate programmatic needs or planning cycle coordination require action
� legislative initiatives or court orders/decisions must be met.

1. Designated use not supported

A. Aquatic Life use not supported due to exceedance of numeric criteria
(DO, toxic substances) or ambient toxicity

B. Public Water Supply use not supported due to exceedances in source (b) Drinking water MCL violation is a result of surface water contamination
water of human health criteria, or violation in treated water of primary from human activities.
MCL and (b)

C. Contact Recreation use not supported and (c) (c) Water body is heavily used for contact recreation and illnesses caused by
waterborne pathogens have been confirmed.

D. TDH Aquatic Life Closure for non-legacy pollutants (e.g., Se, dioxin)

E. Oyster Waters harvesting not supported, based on permanent closure by
TDH due to monitored indicators of pathogens or toxic substances

2. TSWQS criteria exceeded

F. Numeric criteria exceeded for human health (for bioaccumulation in (f) Fish tissue data indicate human health risk from consumption of fish.
fish) and (f)

G. Numeric criteria for TDS, chloride, etc,. . . (Not applicable)

 H. Narrative criteria (e.g., excessive plant growth) are not met and (h) (h) Problem also represents significant public concern (e.g. nutrient levels &
effects are excessive & local entities have taken actions to address them).

3. Designated uses supported and TSWQS criteria met (“threatened”)

I. No MCL violation, but exceedances of 50% of MCL and (i) (i) Levels result of human activities to surface water.  (See Note 2A)

J. Numeric criteria exceeded for human health, etc . . . (Not applicable)

K. Available data & information evaluated by TNRCC suggests that uses or (k) Threatened water body also represents a significant public concern (e.g.,
criteria may not continue to be maintained in following 4 years and (k) local entities or groups have taken significant action to address issue).
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DO=Dissolved oxygen     Se=Selenium   Hg=Mercury     TSWQS=Texas Surface Water Quality Standards     PCBs=polychlorinated biphenyls    TDS=Total dissolved solids 
TDH=Tx. Dept. of Health     MCL=Maximum Contaminant Level

Priority Rank Ranking  Criteria

 Texas Surface Water Quality Standards Impairments and . . . . . . Additional Conditions That Must Be Met

MEDIUM

Need more data
to verify extent
and/or severity
of impairment

Any one of the following: For all impairments classified as MEDIUM:  Partial or nonsupport also
represents potentially correctable and/or serious problem, where additional data
collection is necessary to verify the extent and/or severity of impairment.

1. Designated use not supported or partially supported

A. Aquatic Life use not supported or partially supported due to exceedances (a) Additional data required to verify extent and/or causes of nonsupport of use. 
of numeric criteria (DO, toxic substances) or ambient toxicity and (a)

B. Public Water Supply use not supported, etc. . . . (Not applicable)

C. Contact Recreation use not supported and (c) (c) Water body is heavily used for contact recreation and there is considerable
local support for addressing problem.

D. TDH Aquatic Life Closure or Consumption Advisory for legacy pollutant
(e.g., chlordane) or non-legacy pollutant as a secondary contaminant; or
Consumption Advisory for non-legacy pollutants. 

E. Oyster Waters harvesting not supported based on permanent closure by
TDH and (e)

(e) Sources of contamination and exclusion represents significant public concern
(i.e., concern about exclusion from harvesting).

2. TSWQS criteria exceeded

F. Numeric criteria exceeded for human health (for bioaccumulation in (f) Fish tissue data not available or insufficient for determining human health
fish) and (f) risk from fish consumption.

G. Numeric criteria for TDS, chloride, sulfate, temperature, pH or
enterococcus bacteria exceeded 

H. Narrative criteria (e.g., excessive plant growth) not met and (h) (h) Problem represents a potential but not verified public concern.

3. Designated uses supported and TSWQS criteria met (“threatened”)

I. No MCL violation, but exceedances of 50% of MCL and (i) (i) Levels result of human activities to surface water. (See Note 2A)

J. Numeric criteria exceeded for human health (for bioaccumulation in (j) Fish tissue data indicates no human health risk from consumption of fish.
fish, but (j)

K. Available data & information evaluated by TNRCC suggests that uses or (k) Threat to water body requires verification.
criteria may not continue to be maintained in following 4 years and (k)



DO=Dissolved oxygen     Se=Selenium   Hg=Mercury     TSWQS=Texas Surface Water Quality Standards     PCBs=polychlorinated biphenyls    TDS=Total dissolved solids 
TDH=Tx. Dept. of Health     MCL=Maximum Contaminant Level
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Priority Rank Ranking  Criteria

 Texas Surface Water Quality Standards Impairments and . . . . . . Additional Conditions That Must Be Met

LOW

Utility or
feasibility of
TMDL
development is
low

Any one of the following: For all impairments classified as LOW: Partial or nonsupport also represents 
� potentially correctable problem and:  

TMDLs require international or interstate collaboration
� problem occasional or intermittent and one of the following:

i) problem not correctable (natural causes, physical factors) 
ii) problem has minor consequences and/or would not severely limit uses

(e.g., minimal temperature exceedances in unshaded prairie streams)

1. Designated use not supported or partially supported

A. Aquatic life not supported or partially supported due to exceedances of
numeric criteria (DO, toxic substances) or ambient toxicity

B. Public Water Supply use not supported , etc. . . (Not applicable)

C. Contact Recreation use not supported due to exceedance of fecal coliform
bacteria criteria 

D. TDH Fish Consumption Advisory              

E. Oyster Waters harvesting partially supported, based on temporary closure (e) Closure due to preemptive response to weather conditions (runoff) or red tide
by TDH and (e) and exclusion does not represent significant public concern

2. TSWQS criteria exceeded

F. Numeric criteria exceeded for human health, etc . . . (Not applicable)

G. Numeric criteria for TDS, chloride, sulfate, temperature, pH or (g) Criteria exceeded but with no significant public impact
enterococcus bacteria exceeded and (g)

H. Narrative criteria not met and (h) (h) No known public concern 

3. Designated uses supported and TSWQS criteria met (“threatened”)

I. No MCL violation, but exceedances of 50% of MCL and (i) (i) Levels result of natural conditions in surface water. (See Note 2A)

J. Numeric criteria exceeded for human health, etc. . . (Not applicable)

K.Available data & information, etc . . . (Not applicable)
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NOTES:

1. Water bodies with a significant & immediate threat to human health or ecosystem integrity will be considered critical and addressed immediately,
through programs and procedures (other than the TMDL process) to remove the immediate threat or exposure. These critical conditions do not lend
themselves to the cyclical nature of the 303(d) listing process and the often time-consuming development of the TMDL.  However, once the immediate
threat is addressed, and if conditions persist that could result in a future occurrence of the critical problem, the water body could then be a candidate for
the High category (or Medium, Low, or Threatened if appropriate) in the next listing cycle.  For example, (1) Violation of a drinking water MCL in the
treated drinking water would be addressed immediately (e.g., boil water notice); if the exceedance is identified as a source water contaminant, then the
water body could be a candidate for listing.  (2) Illnesses contracted through contact recreation; the immediate exposure would be addressed through
closure of the water body to swimming; if conditions persist or reoccur, the water body would also be a candidate for listing.  (3) Major fish kills caused
by a spill or illegal discharge; the spill or discharge would be addressed immediately; if the water body remains contaminated, then it could also be a
candidate for listing.

2. For the 1998 303(d) List, the data and information to determine if a water body falls into the threatened category (#3 under HIGH, MEDIUM or LOW)
will come from three sources:

A. Data provided by TNRCC’s Water Utilities Division for organic chemicals that are above 50% of the maximum contaminant level (MCL) for
primary drinking water standards (and may also exceed the MCL, but do not cause an MCL violation).  These chemicals must also represent
contamination of a surface water source that are the result of human activities.  Only data on organic chemicals is used at this time for two
reasons: the data on inorganic chemicals in finished drinking water are not readily available for analysis, and exceedances of inorganic chemicals
tend to be associated with groundwater sources, rather than surface waters.  To distinguish between source waters that are a high priority for
TMDL development (Threatened-high) and those that are a medium priority (Threatened-medium), the following criteria were used:

Threatened-high: Systems with 9 or fewer samples, 3 or more samples of organic chemicals exceed 50% of  MCL; systems with > 9 samples,
>25% of samples of organic chemicals exceed 50% of MCL.
Threatened-medium: Systems with 9 or fewer samples, 2 samples of organic chemicals exceed 50% of  MCL; systems with > 9 samples, 11-
25% of samples of organic chemicals exceed 50% of MCL.

B. Data from TNRCC’s Surface Water Quality database were screened against numeric criteria for human health (for bioaccumulation in fish). 
Exceedances of these criteria, coupled with a TDH human health risk analysis for fish consumption based on fish data from the same water body
for the same constituent of concern which indicates NO additional risk would lead to ranking of the water body as Threatened-medium. 

C. Verifiable information provided by stakeholders and other agencies that establishes an impairment of water quality standards would occur in the
next 4 years.  Such information consists of evaluative (modeling) analyses or water quality studies, whose value and accuracy have been
confirmed by TNRCC.

3. “Legacy pollutants” are those pollutants that have been banned by EPA or those pollutants emanating from a known legacy source.

4. “TMDLs underway” refers to TMDLs or other water quality management initiatives currently in process that address the pollutant of concern.
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Note: It is possible that these water bodies may be included on the 1998 List for other parameters. 
Water bodies which are on the 1998 list for other parameters are denoted with an asterisk (�). Water bodies de-listed from
the 1996 List are denoted with a star (�).
This list identifies water quality parameters for water bodies that were considered for inclusion in the 1998 List, but were
excluded for the reasons shown below. Where the decision not to list is based on lack of sufficient data, additional monitoring
will be conducted in conjunction with the next data collection phase of the basin management cycle for that water body to
verify attainment of uses. 

Legend for coded column (3):
Basin Group: Letter code (A - E) indicates which group of river basins the segment is associated with in the TNRCC

basin management cycle. 
Group A - Canadian River, Red River, Sulphur River, Cypress Creek, Sabine River, Sabine Pass, Neches River
Group B - Trinity River
Group C - San Jacinto River, Neches-Trinity Coastal, Trinity-San Jacinto Coastal, San Jacinto-Brazos Coastal, Bays

and Estuaries
Group D - Brazos River, Brazos-Colorado Coastal, Lavaca River, Colorado River, Bays and Estuaries
Group E - Guadalupe River, San Antonio River, Rio Grande, Nueces River, San Antonio-Nueces Coastal, Colorado-

Lavaca Coastal, Lavaca-Guadalupe Coastal, Nueces-Rio Grande Coastal, Bays and Estuaries, Gulf of
Mexico
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0102 Lake Meredith A    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
concentrations exceed the secondary drinking water standards in finished water. Exceedance of
these criteria at the levels detected do not pose a risk to public health or safety. 

0203 Lake Texoma A    Elevated levels of dissolved solids in source water have been observed. However, water systems
are meeting the secondary drinking water standards through demineralization treatment and levels
of dissolved solids in source water are not high enough to exceed surface water quality standards.  

0205 Red River A    This water body was included in the 1996 CWA 303(d) list for exceedance of the chronic
� below Pease criterion for average cadmium in water. Because a question arose about the accuracy of the

River cadmium listing, the cadmium criteria were recalculated using hardness data collected from the
water body. This raised the site-specific cadmium criterion and the aquatic life use is supported.

0222 Salt Fork Red A    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 
   Water temperatures are also occasionally elevated; however, the temperature variation is seasonal
and does not contribute to use impairment. 

0304 Days Creek A    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

0403 Lake O’ the A    Only one out of 4 samples showed concentrations of copper in water above the acute criterion
� Pines established to ensure the safety of aquatic life. This is not enough samples to accurately characterize

water quality conditions for use impairment.



���������	�
�����
��	����������
���������
�
�������������
���

��
�����������������	��
�	�����
	�
�
��	�
�����
� ���������

S
egm

ent N
um

b
er

S
egm

ent N
am

e

B
a

sin G
ro

up

R
e

a
so

n w
a

te
r

b
o

d
y/ co

nstitue
nt

w
a

s no
t listed

������� 	
 ��� � �� ��

0409 Little Cypress A    One sample (out of 10 total samples) for free ionic silver exceeded the acute criterion established
� Creek to ensure the safety of aquatic life. This percentage of silver samples is below the amount that

would constitute use impairment. 

0503 Sabine River A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� below Toledo listing. A small number of samples (4) indicate a concern for dissolved lead in water in the upper 25

Bend miles. However, this is not enough samples to accurately characterize water quality conditions for
Reservoir use impairment. (Only 4 samples for dissolved lead; 1 detects; mean exceeds the chronic criterion.) 

   In the upper 25 miles of the segment, concentrations of dissolved cadmium in water appeared to
exceed the criterion established to protect aquatic life. However, more recent data was submitted
during the public comment period, and the average cadmium level, computed using this new data,
was below the criterion for use impairment. 

0505 Sabine River A    This water body was included on the 1996 303(d) List for occasional depressed dissolved oxygen
� Above Toledo concentrations in a portion of the water body. Because a question arose about the accuracy of the

Bend dissolved oxygen listing, additional data was reviewed. Only 6.2% of dissolved oxygen readings
Reservoir were less than the segment criterion and the lowest value was only 0.1 mg/L below the criterion.

EPA guidance suggests that partial impairment may exist if 10% or more of the dissolved oxygen
readings are less than the criterion. 
   In the lower 25 miles of the segment, concentrations of dissolved cadmium in water appeared to
exceed the criteria established to protect aquatic life. However, more recent data was submitted
during the public comment period, and the average cadmium level, computed using this new data,
was below the criterion for use impairment. 

0513 Big Cow A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Creek listing. Only 4 samples were available for fecal coliform; 2 exceed criterion. This is not enough

samples to accurately characterize water quality conditions for use impairment. 

0601 Neches River A    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Tidal recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

0602 Neches River A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� below B.A. listing. Only 4 samples were available for cadmium and for lead at one monitoring station, and only

Steinhagen 2 samples were available at a second station. This is not enough samples to accurately characterize
Lake water quality conditions for use impairment. 

0604 Neches River A    The 1996 List indicated a concern for cadmium in water in an area near Rockland. However,
� below Lake correction of a error discovered in the database indicates no acute or chronic exceedances in 10

Palestine samples. Therefore, cadmium does not cause nonsupport of the aquatic life use.

0606 Neches River A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� above Lake listing. Only 7 samples were available for sulfate. This is not enough samples to accurately

Palestine characterize water quality conditions for use impairment. 

0607 Pine Island A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Bayou listing. Only 6 samples for dissolved oxygen and fecal coliform were available. This is not enough

samples to accurately characterize water quality conditions for use impairment. A use attainability
analysis by the TNRCC has been scheduled for this segment to evaluate applicability of the high
aquatic life use and the causes of depressed dissolved oxygen. 
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0610 Sam Rayburn A    One sample (out of 3 total samples) indicated a concern for dissolved lead in water in the lower
� Reservoir 25 miles. However, this is not enough samples to accurately characterize water quality conditions

for use impairment. 

0610-A Paper Mill A    There is a concern for ambient toxicity. However, further assessment is necessary to determine
Creek use impairment, thus listing is not supported. Ambient toxicity data and other information will be

considered in a comprehensive assessment targeted for this water body in the next two years as
defined by the statewide watershed management schedule to determine if subsequent listing is
necessary. 

0611 Angelina A    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� River above listing. Only 7 samples for dissolved oxygen and 4 for aluminum were available. This is not enough

Sam Rayburn samples to accurately characterize water quality conditions. The TNRCC has updated the wasteload
Reservoir evaluation for the segment and advanced waste treatment was recommended at major dischargers in

order to maintain the dissolved oxygen criteria.

0701-A Privately- C    Elevated levels of dissolved solids in source water have been observed. However, water systems
owned are meeting the secondary drinking water standards through demineralization treatment and levels
reservoir in of dissolved solids in source water are not high enough to exceed surface water quality standards.  
Taylor Bayou
watershed

0702-A Alligator C    There are some concerns for chlorophyll a and ammonia in water and for chromium, copper, lead,
� Bayou mercury, selenium, and zinc in sediments in the segment. However, available information is

insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric
criteria in the Surface Water Quality Standards for these parameters have not been developed. 

0704 Hillebrandt C    There is some concern for ammonia in water in the segment. However, available information is
� Bayou insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric

criteria in the Surface Water Quality Standards for this parameter have not been developed. 

0801 Trinity River B    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Tidal recreation in the lower 7 miles, there is no demonstrated correlation between these levels and a

threat to human health. Consequently, EPA eliminated the category of partial support for the contact
recreation use and no longer requires listing of these water bodies. 

0803 Lake B    There is a concern for orthophosphorus in water in 18.6% of the segment. However, available
� Livingston information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

0804 Trinity River B    There is some concern for nitrite + nitrate in water in 25 miles of the segment. However, available
� Above Lake information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Livingston Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 
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0805 Upper Trinity B    There is some concern for nitrite + nitrate in water in 90 miles of the segment. However, available
� River information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

0806 West Fork B    There is some concern for chlorophyll a in water in 17 miles of the segment. However, available
� Trinity River information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Below Lake Numeric criteria in the Surface Water Quality Standards for these parameters have not been
Worth developed. 

0821 Lavon Lake B    There is some concern for nitrite + nitrate in water in 23.9% of the segment. However, available
� information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

0822 Elm Fork B    Initial screening indicated that dissolved zinc concentrations exceed the acute aquatic life
� Trinity below criterion. However, correction of a problem discovered in the database revealed the actual

Lewisville percentage of zinc concentrations exceeding the acute criterion was less than 10%. Therefore,
Lake listing for zinc is unwarranted.

0824 Elm Fork B    There are some concerns for nitrite + nitrate and orthophosphorus in water in 8 miles of the
� Trinity River segment. However, available information is insufficient to determine if a designated use is impaired;

Above Lake thus listing is not supported. Numeric criteria in the Surface Water Quality Standards for these
Ray Roberts parameters have not been developed. 

0828 Lake B    Initial screening indicated that temperature exceeds the segment criterion in the middle portion of
Arlington the reservoir due to thermal effects of power plant effluent. However, further examination of station

locations indicates that some samples were collected in the discharge canal and mixing zone where
water quality standards do not apply.

0838 Joe Pool Lake B    There are some concerns for cadmium and chromium in sediment in 40% of the segment, and for
� nickel in sediment in 80% of the segment. However, available information is insufficient to

determine if a designated use is impaired; thus listing is not supported. Numeric criteria in the
Surface Water Quality Standards for these parameters have not been developed. 

0841 Lower West B    There are some concerns for nitrite + nitrate, total phosphorus, and chlorophyll a in water in 21
� Fork Trinity miles of the segment. However, available information is insufficient to determine if a designated use

River is impaired; thus listing is not supported. Numeric criteria in the Surface Water Quality Standards
for these parameters have not been developed. 

1001 San Jacinto C    There are some concerns for manganese and mercury in sediment in the segment. However,
� River Tidal available information is insufficient to determine if a designated use is impaired; thus listing is not

supported. Numeric criteria in the Surface Water Quality Standards for these parameters have not
been developed. 
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1003 East Fork San C    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Jacinto River recreation in the lower 20 miles of the segment, there is no demonstrated correlation between these

levels and a threat to human health. Consequently, EPA eliminated the category of partial support
for the contact recreation use and no longer requires listing of these water bodies.

1004 West Fork C    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� San Jacinto recreation, there is no demonstrated correlation between these levels and a threat to human health.

River Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

1005 Houston Ship C    There is some concern for nickel in sediment in the segment. However, available information is
� Channel/San insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric

Jacinto River criteria in the Surface Water Quality Standards for these parameters have not been developed. 
Tidal

1006 Houston Ship C    There are some concerns for arsenic, manganese, mercury, and nickel in sediment in the segment.
� Channel Tidal However, available information is insufficient to determine if a designated use is impaired; thus

listing is not supported. Numeric criteria in the Surface Water Quality Standards for these
parameters have not been developed. 

1006-A Patrick Bayou C    Though data from the Houston Ship Channel Toxicity Study Project Report (July 1995) indicate a
� concern for dioxin, supporting data are insufficient to support a listing for dioxin. 

1007 Houston Ship C    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Channel/Buffa listing. While the 1996 List showed copper in water exceeded the chronic criterion, some of the

lo Bayou data were not collected using clean methods. The criterion was recalculated using more recent data,
Tidal and copper did not exceed the criterion.

   There are concerns for nitrite + nitrate in water; arsenic, zinc, flouranthene, bis-2 ethylhexyl
phthalate, and benzo-b-flouranthene in sediment; however, no aquatic life impairments are
observed. There are also concerns for chlordane and dieldrin in fish tissue in the segment; however,
no human health impacts are observed, nor are any implied by Texas Department of Health
consumption advisories. Available information is insufficient to determine if a designated use is
impaired; thus listing is not supported. Numeric criteria in the Surface Water Quality Standards for
these parameters have not been developed. 

1009 Cypress Creek C    There are some concerns for nitrite + nitrate, orthophosphorus, and total phosphorus in water in
� the segment. However, available information is insufficient to determine if a designated use is

impaired; thus listing is not supported. Numeric criteria in the Surface Water Quality Standards for
these parameters have not been developed. 

1010 Caney Creek C    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 



���������	�
�����
��	����������
���������
�
�������������
���

��
�����������������	��
�	�����
	�
�
��	�
�����
� ���������

S
egm

ent N
um

b
er

S
egm

ent N
am

e

B
a

sin G
ro

up

R
e

a
so

n w
a

te
r

b
o

d
y/ co

nstitue
nt

w
a

s no
t listed

������� 	
 ��� � �� ��

1012 Lake Conroe C    There is some concern for chlorophyll a in water in the segment. However, available information
� is insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric

criteria in the Surface Water Quality Standards for these parameters have not been developed. 

1013 Buffalo Bayou C    There is some concern for nitrite + nitrate in water in the segment. However, available
� Tidal information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

1014 Buffalo Bayou C    There is some concern for nitrite + nitrate in water in the segment. However, available
� Above Tidal information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

1016 Greens Bayou C    There is some concern for nitrite + nitrate, orthophosphorus, and total phosphorus in water in the
� Above Tidal segment. However, available information is insufficient to determine if a designated use is impaired;

thus listing is not supported. Numeric criteria in the Surface Water Quality Standards for these
parameters have not been developed. 

1017 White Oak C    There is some concern for nitrite + nitrate in water in the segment. However, available
� Bayou Above information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Tidal Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

1102 Clear Creek C    There is some concern for nitrite + nitrate and orthophosphorus in water in 25 miles of the
� Above Tidal segment. However, available information is insufficient to determine if a designated use is impaired;

thus listing is not supported. Numeric criteria in the Surface Water Quality Standards for these
parameters have not been developed. 
   Initial screening indicated that in the lower 25 miles, one in six water samples of 1,1,2-
trichloroethane exceeded the acute criterion for aquatic life use. However, subsequent review of
data revealed an error in screening for organic substances in water. This error caused the segment to
be improperly listed for exceedance of the 1,1,2-trichloroethane acute criterion. 

1105 Bastrop C    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Bayou Tidal listing. Bacteria levels appeared sometimes to exceed the criterion established to assure the safety of

contact recreation. Assessment of new data lowered the exceedance to less that 25% of samples,
which is less than the level constituting nonsupport of the contact recreation use.

1107 Chocolate C    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Bayou Tidal recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

1113 Armand C    There is some concern for chlorophyll a in water in the segment. However, available information
� Bayou Tidal is insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric

criteria in the Surface Water Quality Standards for these parameters have not been developed. 
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1201 Brazos River D    The 1996 List was re-evaluated for fish consumption advisories. This segment was listed in 1996
� Tidal for a restricted consumption advisory for the general population and a no consumption advisory for

children and women of child bearing age, which were issued by the Texas Department of Health
September 1990 due to elevated dioxin levels in fish tissue. The affected reach is south of FM 521
to the mouth of the Brazos River in Brazoria County. However, the TDH fish consumption advisory
due to organics was rescinded in 1997. 
   While bacteria levels occasionally exceed the criterion established to assure the safety of contact
recreation in the lower-most seven miles of the segment, there is no demonstrated correlation
between these levels and a threat to human health. Consequently, EPA eliminated the category of
partial support for the contact recreation use and no longer requires listing of these water bodies.

1205 Lake D    Elevated levels of dissolved solids in source water have been observed. However, water systems
Granbury are meeting the secondary drinking water standards through demineralization treatment and levels

of dissolved solids in source water are not high enough to exceed surface water quality standards.  

1207 Possum D    Elevated levels of dissolved solids in source water have been observed. However, water systems
Kingdom are meeting the secondary drinking water standards through demineralization treatment and levels
Lake of dissolved solids in source water are not high enough to exceed surface water quality standards.  

1208 Brazos River D    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� above Possum listing. Only 6 samples for fecal coliform were available. This is not enough samples to accurately

Kingdom characterize water quality conditions for use impairment. 
Lake

1209-A Bryan D    There is a concern for ambient toxicity. However, further assessment is necessary to determine
Municipal use impairment, thus listing is not supported. Ambient toxicity data and other information will be
Lake considered in a comprehensive assessment targeted for this water body in the next two years as

defined by the statewide watershed management schedule to determine if subsequent listing is
necessary. 

1210 Lake Mexia D    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� listing. Only 4 measurements were available for dissolved oxygen. This is not enough samples to

accurately characterize water quality conditions for use impairment. 

1224-A Lake Olden D    Elevated levels of dissolved solids in source water have been observed. However, water systems
are meeting the secondary drinking water standards through demineralization treatment and levels
of dissolved solids in source water are not high enough to exceed surface water quality standards.  

1235 Lake D    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
Stamford concentrations exceed the secondary drinking water standards in finished water. Exceedance of

these criteria at the levels detected do not pose a risk to public health or safety. 

1237 Lake D    Initial data screening showed that the mean sulfate concentration exceed the secondary drinking
Sweetwater water standards in finished water. Exceedance of these criteria at the levels detected do not pose a

risk to public health or safety. 

1239 White River D    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� listing. Only 4 samples were available for average chloride, sulfate, and total dissolved solids. This

is not enough samples to accurately characterize water quality conditions for use impairment.  
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1241 Double D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Mountain recreation, there is no demonstrated correlation between these levels and a threat to human health.

Fork Brazos Consequently, EPA eliminated the category of partial support for the contact recreation use and no
River longer requires listing of these water bodies. 

1242 Brazos River D    Elevated levels of dissolved solids in source water have been observed. However, water systems
� Below are meeting the secondary drinking water standards through demineralization treatment and levels

Whitney Lake of dissolved solids in source water are not high enough to exceed surface water quality standards.  

1401 Colorado D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River Tidal recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

1402 Colorado D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
River below recreation, there is no demonstrated correlation between these levels and a threat to human health.
La Grange Consequently, EPA eliminated the category of partial support for the contact recreation use and no

longer requires listing of these water bodies. 

1412 Colorado D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River below recreation in the lower 25 miles, there is no demonstrated correlation between these levels and a

Lake JB threat to human health. Consequently, EPA eliminated the category of partial support for the contact
Thomas recreation use and no longer requires listing of these water bodies. 

   Elevated salinity levels, although not in excess of numeric standards, contribute to water use
problems in E.V. Spence Reservoir downstream. This elevated salinity can be considered in the
TMDL scheduled for E.V. Spence Reservoir. 

1412-A Moss Lake D    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
concentrations exceed the secondary drinking water standards in finished water. However,
exceedance of these criteria at the levels detected do not pose a risk to public health or safety. 

1412-B Lake D    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
Colorado City concentrations exceed the secondary drinking water standards in finished water. However,

exceedance of these criteria at the levels detected do not pose a risk to public health or safety. 

1413 Lake J.B. D    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
Thomas concentrations exceed the secondary drinking water standards in finished water. However,

exceedance of these criteria at the levels detected do not pose a risk to public health or safety. 

1415 Llano River D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� recreation in the lower part of the segment below Llano, there is no demonstrated correlation

between these levels and a threat to human health. Consequently, EPA eliminated the category of
partial support for the contact recreation use and no longer requires listing of these water bodies. 

1421 Concho River D    Initial data screening showed that the mean sulfate, chloride, and total dissolved solids
� concentrations exceed the secondary drinking water standards in finished water. However,

exceedance of these criteria at the levels detected do not pose a risk to public health or safety.       
There is a concern for ambient toxicity. However, further assessment is necessary to determine use
impairment, thus listing is not supported. Ambient toxicity data and other information will be
considered in a comprehensive assessment targeted for this water body in the next two years as
defined by the statewide watershed management schedule to determine if subsequent listing is
necessary. 
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1426-A Oak Creek D    Initial data screening showed that the sulfate concentration exceeds the secondary drinking water
Reservoir standards in finished water. However, exceedance of these criteria at the levels detected do not pose

a risk to public health or safety. 

1426-B Mountain D    Initial data screening showed that the mean sulfate and chloride concentrations exceed the
Creek secondary drinking water standards in finished water. However, exceedance of these criteria at the
Reservoir levels detected do not pose a risk to public health or safety. 

1429 Town Lake D    There is a concern for ambient toxicity. However, further assessment is necessary to determine
� use impairment, thus listing is not supported. Ambient toxicity data and other information will be

considered in a comprehensive assessment targeted for this water body in the next two years as
defined by the statewide watershed management schedule to determine if subsequent listing is
necessary. 

1434 Colorado D    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River above recreation, there is no demonstrated correlation between these levels and a threat to human health.

La Grange Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

1501 Tres Palacios E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Creek Tidal listing. Insufficient samples (<9) were available for fecal coliform bacteria and dissolved oxygen.

This is not enough samples to accurately characterize water quality conditions for use impairment. 

1502 Tres Palacios E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Creek above listing. Insufficient samples (<9) were available for fecal coliform bacteria and dissolved oxygen.

Tidal This is not enough samples to accurately characterize water quality conditions for use impairment. 

1803 Guadalupe E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River below recreation in a five-mile portion of the segment, there is no demonstrated correlation between these

San Marcos levels and a threat to human health. Consequently, EPA eliminated the category of partial support
for the contact recreation use and no longer requires listing of these water bodies.

1805 Canyon Lake E    Initial screening indicated that the mean sulfate concentration exceeds the secondary drinking
water standards in finished water. However, further examination of the data indicates that drinking
water samples were taken from a distribution system that mixed lake water with high TDS
groundwater. Sulfate concentrations in the lake are low. 

1808 Lower San E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� Marcos River recreation in a 50-mile portion of the segment, there is no demonstrated correlation between these

levels and a threat to human health. Consequently, EPA eliminated the category of partial support
for the contact recreation use and no longer requires listing of these water bodies.

1814 Upper San E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact,
� Marcos River there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

1903 Medina River E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Below Medina listing. While the 1996 List showed that diazinon concentrations sometimes exceed the criterion

Diversion established to protect aquatic life in the lower 5.5 miles. Subsequent review of data revealed an
Lake error in screening for organic substances in water. This error caused the segment to be improperly

listed for exceedance of the diazinon criterion.
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1910 Salado Creek E    While the 1996 List showed that diazinon concentrations sometimes exceed the criterion
� established to protect aquatic life in the lower 35 miles, subsequent review of data (the 1996 List

was reassessed to determine if all listed constituents had enough samples to support listing) revealed
an error in screening for organic substances in water. This error caused the segment to be
improperly listed for exceedance of the diazinon criterion. 

1911 Upper San R    While the 1996 List showed that diazinon concentrations sometimes exceed the criterion
� Antonio River established to protect aquatic life in a 25-mile portion beginning at the Medina River confluence,

subsequent review of data (the 1996 List was reassessed to determine if all listed constituents had
enough samples to support listing) revealed an error in screening for organic substances in water.
This error caused the segment to be improperly listed for exceedance of the diazinon criterion. 

1912 Medio Creek E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

2004 Aransas River E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� above Tidal listing. There are only 8 samples for fecal coliform. This is not enough samples to accurately

characterize water quality conditions for use impairment. 

2102 Nueces River E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� below Lake recreation, there is no demonstrated correlation between these levels and a threat to human health.

Corpus Christi Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

2104 Nueces River E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� above Frio recreation, there is no demonstrated correlation between these levels and a threat to human health.

River Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

2201 Arroyo E    There is a concern for ambient toxicity. However, further assessment is necessary to determine
� Colorado use impairment, thus listing is not supported. Ambient toxicity data and other information will be

Tidal considered in a comprehensive assessment targeted for this water body in the next two years as
defined by the statewide watershed management schedule to determine if subsequent listing is
necessary.  

2202 Arroyo E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Colorado listing. While the 1996 List showed that concentrations of nitrobenzene, isophorone, and bis(2-

Above Tidal ethylhexyl) phthalate in water occasionally exceed the criteria established to protect aquatic life in
the lower 4 miles, subsequent review of data revealed an error in screening for organic substances in
water. This error caused the segment to be improperly listed for exceedance of the nitrobenzene,
isophorone, and bis(2-ethylhexyl) phthalate criteria.

2301 Lower Pecos E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� River recreation, there is no demonstrated correlation between these levels and a threat to human health.

Consequently, EPA eliminated the category of partial support for the contact recreation use and no
longer requires listing of these water bodies. 

2302 Rio Grande E    Initial data screening showed that the mean sulfate and total dissolved solids concentrations
� Below Falcon exceed the secondary drinking water standards in finished water. Exceedance of these criteria at the

Reservoir levels detected do not pose a risk to public health or safety. 
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2304 Rio Grande E    There is a concern for ambient toxicity. However, further assessment is necessary to determine
� Below use impairment, thus listing is not supported. Ambient toxicity data and other information will be

Amistad considered in a comprehensive assessment targeted for this water body in the next two years as
Reservoir defined by the statewide watershed management schedule to determine if subsequent listing is

necessary. 

2307 Rio Grande E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� below recreation in the upper third of the segment, there is no demonstrated correlation between these

Riverside levels and a threat to human health. Consequently, EPA eliminated the category of partial support
Diversion for the contact recreation use and no longer requires listing of these water bodies. 

2308 Rio Grande E    There is a concern for ambient toxicity. However, further assessment is necessary to determine
Below use impairment, thus listing is not supported.Ambient toxicity data and other information will be
International considered in a comprehensive assessment targeted for this water body in the next two years as
Dam defined by the statewide watershed management schedule to determine if subsequent listing is

necessary. 

2314 Rio Grande E    While bacteria levels occasionally exceed the criterion established to assure the safety of contact
� above recreation, there is no demonstrated correlation between these levels and a threat to human health.

International Consequently, EPA eliminated the category of partial support for the contact recreation use and no
Dam longer requires listing of these water bodies. 

   There is a concern for ambient toxicity. However, further assessment is necessary to determine
use impairment, thus listing is not supported. Ambient toxicity data and other information will be
considered in a comprehensive assessment targeted for this water body in the next two years as
defined by the statewide watershed management schedule to determine if subsequent listing is
necessary. 

2411 Sabine Pass A    While the TDH classifies Sabine Pass as a prohibited area that does not support the oyster waters
use, this is an administrative listing based on TDH’s inability to regulate shell fishing in the waters
shared with Louisiana. There is no sanitary survey for this water body. Therefore, nonsupport of the
oyster waters use is not due to poor water quality conditions. Available data indicate that other uses
and criteria for this water body are attained.

2412 Sabine Lake A    While the TDH classifies Sabine Lake as a prohibited area that does not support the oyster waters
� use, this is an administrative listing based on TDH’s inability to regulate shell fishing in the waters

shared with Louisiana. There is no sanitary survey for this water body. Therefore, nonsupport of the
oyster waters use is not due to poor water quality conditions. There is a concern for manganese in
sediment in 11.6% of the segment. 

2421 Upper C    There is some concern for nitrite + nitrate in water in the segment. However, available
� Galveston Bay information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 

2422 Trinity Bay C    There is some concern for nitrite + nitrate in water in 75% of the segment. However, available
� information is insufficient to determine if a designated use is impaired; thus listing is not supported.

Numeric criteria in the Surface Water Quality Standards for these parameters have not been
developed. 
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2425 Clear Lake C    There are concerns for nitrite + nitrate, chlorophyll a, orthophosphorus, and total phosphorus in
� water in the segment, because those parameters exceeded the 85th percentile screening levels.

However, no other evidence of actual use impairment due to nutrient concentrations is available.
The current data is interpreted as indicating that Clear Lake continues to serve as a highly
productive estuary, not that it is impaired by its trophic state.
   Examination of fecal coliform data for preparation of the 1998 305(b) Inventory and 303(d) List
found that fewer than 25% of the samples exceeded the screening criterion for contact recreation.
EPA criteria for listing contact recreation use impairments changed and no longer require listing of
segments that partially support contact recreation due to elevated fecal coliform bacteria levels,
because there is no demonstrated correlation between these levels and a threat to human health.
Thus, Clear Lake is no longer listed for contact recreation impairment. New data on localized
nonsupport of the contact recreation use described on the 1996 303(d) List found that the bacteria
criterion is not exceeded, and the use is supported.
   Dissolved oxygen data indicate that concentrations are sometimes lower than the standard
established to assure optimum habitat conditions for aquatic life in or near marinas. Low dissolved
oxygen concentrations are most likely to occur in marinas and dead-end canals that were not
designed in accordance with minimum criteria delineated in EPA guidance for marina design. The
existing effects of marinas on dissolved oxygen are very localized and have not resulted in
impairment of aquatic life outside marinas. Existing programs for regulating marina development
are adequate to minimize such impacts, and TMDL development is not warranted unless a
significant impairment outside the scope of existing programs becomes apparent. Targeted
monitoring will be conducted in this water body to better assess dissolved oxygen effects on aquatic
life use.

2426 Tabbs Bay C    There are some concerns for nitrite + nitrate, ammonia, orthophosphorus, and total phosphorus in
� water in the segment. However, available information is insufficient to determine if a designated use

is impaired; thus listing is not supported. Numeric criteria in the Surface Water Quality Standards
for these parameters have not been developed. 

2427 San Jacinto C    There are some concerns for nitrite + nitrate, ammonia, orthophosphorus, and total phosphorus in
� Bay water in the segment. However, available information is insufficient to determine if a designated use

is impaired; thus listing is not supported. Numeric criteria in the Surface Water Quality Standards
for these parameters have not been developed. 

2429 Scott Bay C    There are some concerns for nitrite + nitrate, chlorophyll a, orthophosphorus, and total
� phosphorus in water in the segment. However, available information is insufficient to determine if a

designated use is impaired; thus listing is not supported. Numeric criteria in the Surface Water
Quality Standards for these parameters have not been developed. 

2430 Burnett Bay C    There are some concerns for nitrite + nitrate, chlorophyll a, orthophosphorus, and total
� phosphorus in water in the segment. However, available information is insufficient to determine if a

designated use is impaired; thus listing is not supported. Numeric criteria in the Surface Water
Quality Standards for these parameters have not been developed. 
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2433 Bastrop E    The 1996 List showed that bacteria levels occasionally exceed the criterion established to assure
� Bay/Oyster the safety of oyster/shellfish harvesting. However, based on more recent Texas Department of

Lake Health shellfish maps, the entire bay is open for harvesting and thus fully supports the oyster water
use. 

2435 Drum Bay E    The 1996 List showed that bacteria levels occasionally exceed the criterion established to assure
� the safety of oyster/shellfish harvesting. However, based on more recent Texas Department of

Health shellfish maps, the entire bay is open for harvesting and thus fully supports the oyster water
use. 

2437 Texas City C    There is some concern for ammonia in water in the segment. However, available information is
� Ship Channel insufficient to determine if a designated use is impaired; thus listing is not supported. Numeric

criteria in the Surface Water Quality Standards for these parameters have not been developed. 

2455 Keller Bay E    Based on TDH shellfish maps, 13.4% of the bay (1.0 mi  near the Keller Creek confluence) does
� not support the oyster water use. The remaining 86.6% (6.5 mi ) of the bay fully supports the oyster

2

2

water use. Nonsupporting areas are restricted for the growing and harvesting of shellfish or
prohibited due to potential microbial contamination. However, closed areas fall within the 1,000
foot buffer zone [TSWQS 307.7 (B)(I) and (ii)]. Shellfish standards do not apply in the buffer zone.

2461 Espiritu Santo E    Based on TDH shellfish maps, 1.0% of the bay (0.6 mi near Port O'Connor and Intracoastal
Bay Waterway) does not support the oyster water use. The remaining 99.0% (60.2 mi ) of the bay fully

2 

2

supports the oyster water use. Nonsupporting areas are restricted for the growing and harvesting of
shellfish or prohibited due to microbial contamination. However, closed areas fall within the 1,000
foot buffer zone [TSWQS 307.7 (B)(I) and (ii)]. Shellfish standards do not apply in the buffer zone.

2463 Mesquite Bay E    Based on TDH shellfish maps, 5.0% of the bay (0.6 mi near the Intracoastal Waterway) does not2 

support the oyster water use. The remaining 95.0% (12.0 mi ) of the bay fully supports the oyster2

water use. Nonsupporting areas are restricted for the growing and harvesting of shellfish or
prohibited due to potential microbial contamination. However, closed areas fall within the 1,000
foot buffer zone [TSWQS 307.7 (B)(I) and (ii)]. Shellfish standards do not apply in the buffer zone.

2483 Redfish Bay E    Based on TDH shellfish maps, 100% of the bay (28.8 mi ) is classified as a prohibited area and2

does not support the oyster waters use. The prohibited classification is due to lack of a current
sanitary survey by the TDH. Therefore, nonsupport of the oyster waters use is not due to poor water
quality conditions.

2484 Corpus Christi E    The 1996 List was reassessed to determine if all listed constituents had enough samples to support
� Inner Harbor listing. The 1996 List indicated that the aquatic life use was not supported because the mean

dissolved copper concentration in water exceeds the chronic criterion. However, dissolved copper
in water was elevated (12�/L) in only one of six samples. This one sample was obtained near the
bottom and clean methods were not utilized in its collection. The mean concentration of the
remaining five samples is less than the criterion. 
   While EPA comments expressed concern for zinc in sediment, TNRCC supporting data are
insufficient to support listing of zinc. 
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Water Bodies Removed from the List          
4/21/98

A total of 39 segments were removed. 

Twenty-six segments were removed (de-listed) from the list because because of changes in the
screening methodology to determine contact recreation use or shellfish use due to elevated fecal
coliform bacteria levels, or because new data for fecal coliform data lowered the criteria exceedance
below the level of nonsupport of the contact recreation use. One of the 27 segments (#1201) was also
removed from the list because TDH fish consumption advisory due to organics was lifted. 

Segments removed: 
222, Salt Fork Red River 1434, Colorado River above La Grange
304, Days Creek 1803, Guadalupe River Below San Marcos
601, Neches River Tidal 1808, Lower San Marcos River
801, Trinity River Tidal 1814, Upper San Marcos River
1003, East Fork San Jacinto River 1912, Medio Creek 
1004, West Fork San Jacinto River 2102, Nueces River below Lake Corpus         
1010, Caney Creek    Christi
1107, Chocolate Bayou Tidal 2104, Nueces River above Frio River
1201, Brazos River Tidal 2301, Lower Pecos River
1241, Double Mountain Fork Brazos River 2314, Rio Grande above International Dam
1401, Colorado River Tidal 2425, Clear Lake
1402, Colorado River below La Grange 2433, Bastrop Bay/Oyster Lake
1412, Colorado River Below Lake J.B. 2435, Drum Bay

Thomas
1415, Llano River

Thirteen additional segments were deleted because of additional qualitative assessments of data
sets, programmatic considerations, and/or other information received through public comments. 

Segments removed: 
0602, Neches River below B.A. Steinhagen Lake, insufficient samples of cadmium
0604, Neches River below Lake Palestine, further data analysis indicates no chronic 
exceedances
0607, Pine Island Bayou, insufficient samples for fecal coliform bacteria and dissolved oxygen
0611, Angelina River above Sam Rayburn Reservoir, insufficient data for dissolved oxygen 

and aluminum  
1105, Bastrop Bayou Tidal, new data shows contact recreation use supported
1208, Brazos River above Possum Kingdom Lake, insufficient samples for fecal coliform 

bacteria
1210, Lake Mexia, insufficient samples for dissolved oxygen
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1239, White River, insufficient samples for average chloride, sulfate, and total dissolved solids
1501, Tres Palacios Creek Tidal, insufficient samples for fecal coliform bacteria and dissolved 

oxygen
1502, Tres Palacios Creek above Tidal, insufficient samples for fecal coliform bacteria and 

dissolved oxygen 
1903, Medina River below Medina Diversion Lake, subsequent review of data shows data 

screening error
2412, Sabine Lake, administrative TDH closing—no water quality data
2455, Keller Bay, lies within 1000-foot buffer zone of coastal waters where shellfish 

standards do not apply
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�	 ��	�
� ������ ����� ��������� �������� ��������� �! ������ ����� �"� ��� ��#�� �$ %���� �! ��� �� %���� &��&���������� �! ��������� &��%��% �� #����

�' ��	(�
� ���� )��%%�� ����&����� *�$�( ��� �$�$+ !�� &��%��% ��� �,&����� ��� &������� ����������� �� �����&� �-����& ��!�. /�#����� %��� ��&��� ����

		 ���
�
� 0���%�� 1��%�&�� 1�. ����. #�� ���%����� ����� ��� �����& &�%%��� ������� ��� ��� ����� � &��%��% ������

	
 �����
� 0���%�� 1��%�&�� 1�. &�%����� ���� ���� ��# ����� #�� ����# ��� &�������� !�� ��� �%����%���. �� %����

������� ���� %������%���� ��� ��� �23�11 �����#�� ���� �� -������� ��� %�������� ���� ���� ��� �� ��� ��������.

#����� �������&���� �������� ��� �.

�$�( ��� �$�$ #��� ��%���� !��% ��� (�(*�+ 4��� ��� ����� �� ��� 1��������� 4���

!�� &��%��% �� #����. 2����!���� �� %���� �$�( ��� �$�$ ��%��� �� ��� ���� �� �

%����% �������� !�� ����.

�� ��	(�
� ����� 1��%�&�� 1�. ������� ��� ��� ����%��� �&������ ��� ������� ���!� �! ��� (�(*�+ 4��� &���� ����%��� &����%������ �� � ������ !��

�� ��	(�
� 5,�1��% ������ �� &���� ���������� �� ���������� �! ��� �-����& ��!� ���. /�#����� &����&����6����� �! ����%��� &��&����������

)����&7 8���� *	�����+. �� �������� #��� ����� �� �&������ ������ ��� ��� �&���� ��%���& &�������. "� ��� !����

����� ����%��� &����%������ #��� ���� �� ���������� ����!�&����� �! ��� ���������� �!

��������� &������� ��� �� ����%��� ��,�&���.

������� ��� ���� ���������� %����� �2�� ������ �! ���������� %����� ��� �� ���&� �� ����%��� #�� &��� �� �� 9��%� %�����

��� �� ���&� �� ����%��� !�� )����&7 ��� �� ���&� �� ����%��� �,&��� ��� ��������� �&������ ������9.

8���� *	�����+.

�:��� ��� ;�������� ����&� �<������ �! ��� ;�������� ����&� "�����!�&����� ����� #�� ����� �� ��� (�(*�+ 4���

"�����!�&����� ����� %��������. �� %��� ��%%��� !�� )����&7 8����.
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�$ ����$�
� 0���%�� 1��%�&�� 1�. �1��&��� �� ����� ��� �! �2�� 23�11 ������!��� � ���� �! #���� ������ ����� �� �&������ ������ !�� ����������

�&������ ������ !�� (�(*�+ ������ �� ��,�&� �� !��� ������ ��� ����%����� ��� �%����� ��,�&���. 2���� #���� ������ #���

��� �����&� �! ��%���& ���������. &��������� �������� &��������� !�� (�(*�+ ������ . :���� 23�11 � ���� ���� !������

����� �! #���� ������ �� �!��� ��&������ �� �!!�&������ -�����!� �! � ��������� ��������

�� ��� ���� %��� ���  �����&� ���� ������ ��� ���� �! ���������� ���� �� ���%�����

����� ��� (�(*�+ ������ ���&��� #��&� ����� ����� �� ��������� ��� !�&� ���� ���

���������� �! &��&��� ��� &���������� �� �%����%��� �! � ���� ����� ���� ���� ��

��!!�&���� &���� !�� ������ ��� #���� ����. ���������� ���� #�� !�� &������

#���������� ���%����� !�� &������������ ��� �!��� ���������� ����������� ��� 23�11

&��&����� ���� ������ #�� #��������. 2��� �� �� �%������� ��# ���&����� �� ��� 	

�

������ ���&��� #��&� #�� ��� &����&��� �� ��� 	

� ������ ���&���. 23�11 ��

��-����� �� �������� ��%���& ��� ��������� #���� -������ ���������. 2�� �&������ 

������ ���� ��� �� �� #�� �� �� &�������� �� ��!���� #���� -������ ���������. 2��

23�11 #��� #��7 &������ #��� ���7�������� ����� � ��� 1���� ������ )�� ��% ��

�%����� ��� %������ ���� �� ������ #����� !�� ��������� ��������� �� �����-����

������������ �! ��� (�(*�+ ����.

	 ���'�
� 2�,�� 1����� !�� )���&� �=��!� ���� !����� �� ������!� ����&�� �>���� ���� ��� ������!� �! ����&� �! &����%������� �� ����� ����&�� �������� ����&� ��

������� �! &����%�������. ����. <��� �������� ��!��%����� �� ����&�� �! &����%������� �� ��� &�����������

���������. ����&�� #��� �� ������!��� ����� ��� �������%��� �! ��� 2<=4.

�2�,�� =�����%��� �! /����� �23�11 ���&��� �� ��� ��� 2=/ �����% *#��&� ����� !��� &����%����� ���� ���

*2=/+ !��� ������ ���� #�� ���� �� �-����& ��!� &������� �� ��%�� ������ ���7 ��������+ �� ��� %��� &����������

��� ������ ���&���� ��� ��� 23�11 �&�����!�&���� ����� %�������� � !�� �����%���� �%����%��� �! ��� #���� ����

!��� ������ ���� #��&� ����&���� ������� �� !��� &����%�����. 23�11 ���� ��� ����� 2=/ ���� �� ���!�� !��

���������� ����������. =��� !��% ��� �&������ � ��� �� ��� ���-���� !�� �����6�� ��%�� ������ ���7�. =��� !��% ���

2=/ >��� 2����� ��%���� 8��������� ����� #��� �� &��������� �� ������ !�� ��� 	


 (�(*�+ ���� #��&� !�&���� ��

��� ��% ��� ���&��� ������� ��&� �� ������ �� ��� #������ ���! �! ��� ������ ��&����� ��� ��� ?�����.

��� 8��������� ��� ?����� 2�,�&

�������&�� ����� #��� ���

&���������.

�1����� � �������� @&��������A ���� �<��� #���� ������ ������� ��	
�� �� ��� !���� (�(*�+ ���� �&������ !��� ���� � &��� ���

�! #���� ������ ���� #������ !������ ���� ��-����� @%��� ���� �� ����!� ��� �,���� ��� �� �������� �! ��� �%����%���A *���

����� !�� ��&������ �� � ���� <0="B<����7�� #���� ������+. "� ��������� ��� @1���������A ���� ������ �� ������!�

����������� ����. � ��&��� ���� �! #���� ������ !�� ��� ���� %�������� .

�2�,�� :��&� ���� ������ �� ���� �;��� ������ 2�,�� :��&� ���� #�� ��������� *�.�.� �� ��� 23�11 ���� ����+ !�� 8����

�� ��������� ��� (�(*�+ ����. ?����� 8 ��� 1 �� ��� ��%� �! ��� ������� ���� �&������ . ;�������� %�������� ����

#��� �� &��������� �� ������� ��!��%����� �� ��� �����%������� �! ������� ��

���������� �! ���� ����� ����. "� #��� ���� �� ���� �� �����%��� �������� ���7�� ���

����&� !����� %�������� �!!����.
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�( ��	(�
� 4��� ���� 1������ � �1��&��� �� ����� ������������ �! � �2�� %�������� � ��� &������� !�� ��� ������ ��� �������� ��&������ #�� ��&����� ��

������ 1��� #������ %�������� � !�� %�7�� ��� ���%����� �! !���� (�(*�+ ���� �� 0)�. 2���� %�������� ��� ��������� �� ���

������ ��&������. 23�11 #�� ���� ����C��###.���&&.�����.�,.���#�����-������������#%���%��.��%�.

2�� 23�11 &�������� ��� (�(*�+ ���� ��� ��� %�������� � �� �� ����%�&� ��� ���

� ��&� ����&������ !����� ��!���%���� �� ��� ���&��� �� �� �!!��� �� �%����� �����&

�����&������� ��� ��� �&�����!�& ����� !�� ������ ��&������.

���  ��� ������� �&&�����&� �! ���� �2� ����� ���� ��� �&�����!�& !��������� !�� (�(*�+ ������ ��&������� ��� ���� ���

��� ��� ��&������ �! #���� ������ �� ��!��%����� ���� ��� ����� �� &������ &���������� ��&����� ��%� ��%�������� *����

��� (�(*�+ ���� #���� ���� ��� ��� &����&��� #����� ��� ���� $ �����+�  �� �����& !�&�� *!��% ����� ��� ���� !��

��!�������D �� ��� &������� �! � ������%���+ ��� ���� -������ *���� %��� �� &����&��� ����� � 23�11���������

@&�������� ����A ���� ��-����� E������ �������&� )��F�&� )���+. 23�11 ��&���� �� ��� �����& �� ���%�� ��������

���������� ���� &����&���� �� ����!� ���� ���� !���� ������� ����� &��������� ���&� ����� ���� %�� �� ���� �� ����!� �������

�%����%���D �! ���������� ���� ��� �� ���������� �! ���� ����� ����� �����%��� �������� ���7�� �! #���� ������� ���

��� &����&���� ���� ��� #���� ���� �� ��� �� !����� %�������� . <��� #���� ������ ������� ��	
�� �� ��� !���� (�(*�+ ����

����%���&���� ������. 23�11 ���!��� �&������ !��� ���� � &��� ��� ���� ��-����� @%��� ���� �� ����!� ��� �,���� ��� ��

�����& �����&������� �� ���� ���� �������� �! ��� �%����%���A *��� <0="B<����7�� #���� ������+. "� ��������� ���

���� %����� E��E1 &�������. @1���������A ���� ������ �� ������!� � ��&��� ���� �! #���� ������ !�� ��� ����

%�������� .

�2�� ���� ���� �� �������� ��� ���� � 2�� �������� ���7�� �� ��� (�(*�+ ���� #�� ���� ��� ����� ��� ������ ���&��� ��� ��

��� &����!� ��# �&���� �&������� ��� ���%��� &������������ �� ��� �&������� ���&���. 23�11 �� #��7�� #���

!�� ��������� 2<=4� #��� �� ���7�������� �� ������� ��&������ &������������� *�. .� ���,�%��� �! #����������

�����%����. &�%%�� �� ������� ����������� ��&�� ����������� ���� ������������� ���

������������������������ #�����+ ���� #��� ������ �� � %��� �������� �&������.

��� %���� ���������� ������!��� �� �3�# ���&������ ��������� �� 0)� ��� 23�11 ��%���� ��� &��� ��� !�� �������

��������� ��������� &����&� ������� !�� &����&� ��&�������.

��&������� ��� ��� ��� ������ �� ���

	

� ����.

�1��&��� !�� ����������� ���#��� � =���������� ������ ���%����� !��% &��� �� �� ������%��� %�������� ��� ���#���

��� ��� (�$*�+ ��������� ��� ��� 	

� ��� 	

� ��� ��!!����&�� �� ���� ���� ���� *��� %��� ��&��� $ ����� �� ��&�

���� (�(*�+ ����. &���+. "� ��������� #���� ��� (�$*�+ ������ �� ��� !���� ���� �� ��� (�(*�+ ������ 

���&���� ��� �#� ��� &���������� ��� ��� ������&�� ��&���� ��� (�$*�+ ���������

��&����� #���� -������ &��&���� ���� %�� ��� &��������� �&���� �%����%����.
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� ��	(�
� 1��� �! 1���� /��� �������� ��%���� �! �� %���� ������ �23�11 � ���� ���� 8���#��� ���������� 4�7� :�,���&���� 4���� 4�7�� ��&������

�$ ��	(�
� 1��� �! =����� !�� ����6���D 8���#��� ��������� 1��%���� ���������� ��� )��� 4�7� ��� 4�7� 2�#�7��� &�������� %��� #���� -������

�
 ��	��
� 1��� �! ?���� )������ *��	$+D 4�7� :�,���&��� *��	�+D ��������� !�� ����7�� #���� ������. /�#����� !������� ����7�� #���� ���� !��% #����

	� �����
� 1��� �! <��������� 4���� 4�7� *���	+D ��&������ ��������� ���� ����� ��7�� ��%�������� ������ �! ����6��� ���� ��������� � ����� ���������

	' �(���
� 3������� 1��� )����&���� 1��%���� ��������� *��(�+D ��� !�� ��������� ��������� �� ��� ���� !�����. 4����� ����� #���� ������ �� @����������A

�( ������
� 3���� 2�,�� <���&���� )��� 4�7� *��(�+D 4�7� 2�#�7���

�$ ����$�
� 0���%�� 1��%�&�� 1�.

( ����(�
� 2������ ����� ���������

(� �	����
� 0��� /����� 1�����

:���� =�����&� *�$�'+.

<���!�&������

����&������

����&���� ���� � 2<=4 %�� �� ��&������ �� ������
 ��������� ���������. �� �������� ��

� 1��� �! >������ �� �������� *1>�+ 	(�.�*F+ ��-���� ���� ������ ���� #���� ������ @ ...

#���� �� �� 7��#� ���� #���� -������ ���� ��� %��� �����&���� #���� -������ ����������

������ �� ��� �,��&��� �� %��� �����&���� #���� -������ ���������.A 2����!���� �����

#���� ������ ��%��� �� ��� ���� �� ����������.

�23�11 � ���� ���� 1��� �! =����� :���� B�������� ���� �� ��� ������� ������ 4�7�

2�#�7��� �� @����������A ��� �� �,&�����&�� �! $�G �! ��� <�,�%�% 1����%�����

4���� *<14+ !�� ����6���. /�#���� ���� !��% !������� ����7�� #���� !��% �������

#���� �����% ���� ���#�� !��% 4�7� 2�#�7��� �������� ������ . 2����!���� 4�7�

2�#�7��� ��%���� �� ��� ����� #��� ��� ���7�� 2����������%����%.

�2#� �! ��� !��� ��%���� ���� �� ������ �� ��� @����������A ������ !�� ��� )��� 4�7�

�&������ �,&����� ��� <14 !�� ����6��� ��� &�� ��� �� &��������� @�,���%��� ��#A

������. "� !�&�� ���� ��� ���������� ��%��� �� ����� ������ #���� ������ �� � ��������� �!

��� <14 ��� ������ �� � &�����!�&����� �! ����������.

�=��� ���� #��� ��� �! $�G <14� �� ��&��&������� �! ��� �,&�����&� �! $�G �! ��� <14� ����� �� ��� ������ ����� ��

!�� ����6���.  ��� ��� ��%� ������� �� ��� ��� ���� %�����.

��� ��� ���� ��� �! ����7�� #���� �B�� �! ����7�� #���� ��������� �� !������� ����7�� #���� �������� � %�������� � ��

��������� !�� @����������A ������ �����%��� ��� ������ �� ���!�&� #���� ��������� �,&�����&��� ��� ��� �,&�����&� �! ���

����%��� �� ��������� ��# ���������. �������� �����!D ��� %�������� � ���� ��� ��������� ��# ��������� !�� ���!�&� #����.

�=��� ���� #��� ��� �! $�G <14�

!�� ����6���.

�B��� �,&�����&�� �! $�G �! ��� <14 #�� ����� �� ���� ���!�������� F�� %��� �! ���

:���� B�������� ��&���&�� ���!! �� 23�11H� :���� B�������� =�������. /�#����� ����� 

��� ������ ���&���� ��� #���� ���� *�-����� 4�7�+ ������ �� ���������� ���� ����

%�������� � #�� ��&�����!��� �� ���������� ����� �� ��� ���������� ��%���� ����

��������� ��� ��� �! $�G �! ��� <14 �� � �����&���� ����&����. 2��� ���������� ��%����

��7�� �� ����� >������� 	

�� ������ ��� ������ ������ ����� � ���� ��� <14� #��&�

�� � ��������� �! ����7�� #���� ���������. 2�� #���� ���� #�� ���� ��&�����!��� ��

�%������. >�� ��� )��� 4�7�� ���� ��� ���������� ��%��� �� ������ �! ����6��� �������

%������� #���� ������ �� � ��������� �! ��� <14 �� � &�����!�&����� �! ����������.

2����!���� ��� )��� 4�7� ��%���� �� ��� ����� #��� ��� ���7�� 2������������ �.
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*&��������� *&���.� *&���.+ *&���.+ *&���.+

1��� �! 1���� /��� �?������ &�%%���� �� ��� ������ �! �23�11 #��� 352 �� �����&���� �� ��� #��7 �� ���F�&��� ��� ������ #��� �� ���� 

1��� �! =����� ����7�� #���� ������ �� %����. ����� �!!���� �� � 2<=4 �-�������� #������� ��������. <�������� ����� ��� ��#�

1��� �! ?���� )������ �� ��� ���F�&�� ���� %�� �� ��������� ��� ������!��� �%����%��� �� ��� �,�%�� � #����

1��� �! <��������� ���� !��% ������ .

3������� 1��� )����&����

3���� 2�,�� <���&����

:���� =�����&�

0���%�� 1��%�&�� 1�.

2������ ����� ���������

0��� /����� 1�����

<���!�&������

����&������

�2�� ��  ������ �� ��� ����� ��7�� �� � �������� ���� �� ��� ��������� ���&� 2�,�� ��� ���

������� ��� ����&� �! � ��IJ�� ���� *��� ���&����� @1�������� 4���A ���&����� �� ���

!������ �����+. 2����!���� ����� #���� ������ ��%��� �� ��� ���� �� ����������.

�������&����� �� #����#���� ���%��� �� � ������ �! ������ #��� ���� ����� �� ��� ������

����������.

�)������� %�������������� �� ���  ������ �����& ����� ��� %����� �! ��� ���%

@����������A ���� ��� �,�%�� � #���� ���� !��% ���� ������.

�23�11 � ���� ���� ��� �! ��� �%���&������ �! ������ � #���� ���� �� ���� &������

%������� %�� �� ��-����� �� %���%�6� ��� ������ ���������D ���� �� ��� ������ �! ���

�� �������� ��� ��� ������� �! ��� ����.

�=��� ��� #��� ���� �! ��&������ �>�� ��� #���� ������ ������ �� �������% 	 *����7�� #���� ��� ����+� ��� 23�11 ���

����7�� #���� ���������. ��������� �������� ���� �,&�����&�� �! ��&������ ��������� �� ���� !������� ��� ��#

#����. /�#����� ����� �� ���7������� ����� �� #��� �� 23�11H� ������� ����

�,&�����&� �! ����� ����7�� #���� &������� �� ��� ������ ����&��� �� ��� ���� � ���7 ��

�����& ������ �� ��!���� ���� �������� #�� #������#�.

�� ��	(�
� 2������ ����� ��������� �4�7� 4���� ���� *���(+ ������ ��� �2�� ���� �������� ������ �! �� %��� ���( !�� =5 ��� �/. 2����!���� �� ��%���� ��

( ����(�
� 2������ ����� ��������� �� ������ !�� �/ ��� ��������� ��� (�(*�+ 4���. 2�� �������� !�� =5 #�� ��#���� !��% �� � �� %����% ��� �/ #��

�,� �� *=5+D �! �� ��%���� �� ���  ���� � ��# ��������.

����� ��� �������� ������ �� ����&��

�� @��#A.

�5������ �������� !�� 4�7� �2�� ������� �������� !�� 4�7� 4���� ���� #�� ��#���� !��% �� � �� %����%.

4���� ���� ������ �� ��#.

�1���� >��7 ����# :������!��� �2�� ���� �������� ������ �! �� %��� ��	( !�� =5. 2����!���� �� ��%���� �� ��� (�(*�+

*��(	+ ������ ��� �� ������ !�� =5. 4���.
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( ����(�
� 2������ ����� ��������� � 1��&���� ����� �������% 	. �:���� ������ �� �������% 	 *����7�� #���� ��� ����+ ��� �������% � *���������

(	 ����(�
� 0�����/����� K &�������+ #��� ��� ������ ������ ���������� ��������� ���� �� ��!��%����� F����!���

�
 ����(�
� /������ 4� ���� K ���� �,&�����&�� �! ��&������ ��������� �� ���� !������� ��� ��# #����. /�#�����

(� �	����
� 0��� /����� 1����� #���� &������� �� ��� ������ ����&��� �� ��� ���� � ���7 �� �����& ������ �� ��!���� ����

����&����� ��&������. >�� #���� ������ ������ �� �������% 	� ��� 23�11 ��� ��������� ��������

)�#�� ����� �� ���7������� ������ �� #��� �� 23�11 ������� ���� �,&�����&� �! ����� ����7�� 

<���!�&������ �������� #�� #������#�.

����&������

�=��� ��� #��� ��� �! �&������ �23�11 ������������ ��� #���� ������ �� �������% � �� �����%��� �! �,&�����&�� �!

������ !�� (�(*�+ ������ !�� �&������ ������ !�� ��������� &������� �������� �� ��� �%����%��� �! � ���� ����� ���. "�

��������� &������� ����������. �������� �� ��� �����# �! ��%���& ����� &�%%���� ��������� ��������� &������� #���

1��&���� ����� �������% �. &���������.

*���+D B���� 2������ *���$+D 4�#��

�=��� ��� #��� ������ �! �������� �3������� &��&���� ���� ���� %���� �� ��� 1��������� 4��� ������ ����&����� #���

&��&����. ���&�!�& �� %���� ����� ���������� �! ��������� &�������.

2������ ����� ����� 4�7� 4���� ����

:��� >��7 2������ *��	+.

�=��� ��� #��� ������ � ����� �� �����%��� &��&���� ���� ���� %���� �� ��� 1��������� 4��� ������ ����&����� #���

����%��� %���� ��� �� ���& ���������� �! ��������� &�������.

&�%����� &��&����.

�� ��	(�
� 2������ ����� ��������� �3)� �%������ #����� ������ ��� �� �B���� &������ !������ �� �������� ���  �����&� !�� ��&���� (�(*�+� ����� &��&����

	� ��	��
� "������������ )���� ������ �� (�(*�+ 4���. ��� ��� &��������� F����!�&����� !�� ��� ������ �%������ �� ���������� #�����. 0)�

	' �(���
� 3������� 1��� )����&���� ��� ��#��� ����������� ���� ������� �! ��� 1���� :���� �&� ��&���� �������� ����&�

( ����(�
� 2������ ����� ��������� �2�� %��� �� %���� �� ��� (�(*�+ �%������ #�����. 23�11 �� �,��&��� �� &�%��� #��� ���� ��������������.

������ �� �%���%��� �� 2<=4

���&��� �� �� � -������ �!!�&����

#�� � '�G �! 2������ ����� 8����.

�� ��	(�
� 2������ ����� ��������� �5�F�&� �� ������ �! ��� )��� 4�7� �2�� ���� �������� ������ �! ��� )��� 4�7� !�� 2=� ��� ���!���. 2����!���� �� ��%����

	� �����
� 1��� �! <��������� *��(�+ !�� ����� ��������� ������ �� (�(*�+ 4��� !�� 2=� ��� ���!���.

*2=�+ ��� ���!���.

���� )��� 4�7� ������ ��� �� ������ �0������� ����%��� &��&���������� #��� ����� �� �&������ ������ ��� ��� �&���� &�������.

!�� %����� �� ����%���. 2����!���� %����� �� ����%��� &��&���� #��� ��%���� !��% ��� (�(*�+ 4��� ��� �����

�� ��� 1��������� 4���.

�)������� !�� ��� )��� ������ �� �2�� �������� !�� ��� )��� 4�7� �� 2������������ � ���&� ������ �! ����6��� L <14 ����

��#. ���� %�������.
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	( �����
� ��� ��&���� ����� �=��� ��� #��� ������ �! ������ �2�� ������ �! ��� ������ �� %��� �� ��� ������� ���� !�� ��# =5 #�� �� ����� �� �������

	� �����
� /������ ?�������� ���� *=5+ �� ����� 1���7 *	���+. !���� (�(*�+ 4���.

��������� �� %��� !�� ��# ��������� �,� �� ����. 2�� ���� �������� ������ ��� ����� ������� �! ��� �� %���. 2��� #�� &����&��� ��

1���&��

�������� ��� ��%���� �! 9����� �2�� #����� #�� �%����� �� 9"� ��� ������� �������% !��% ��� M��7������ ����

���!9 ��� �� � �� �� �����&�� #��� � ���� �...9.

%��� ���&�!�& ��&�����.

	$ �����
� 1��� �! >��� :���� � "� ��� 2������ ����� 8���� !�&�� �=��� ���� �� ��� (�( *�+ ������ ���&��� #�� &��������� ��������. E����������� ����

&���!��% ��� ��,�&� ������ ��� �� �� �,&����� !��% ��� ������%��� ���&���. =��� ���� �! ��� 2������ ����� 8���� #��

������ #���� ���� �� ��&��&������ �� &��������� ����� ��� ��������� ��� ������ �.

�! -����������� -������ ��� ������

�� ��� �� � �� � �������� %�������� �2�,�� ��� ��� ������� ��� ����&� �! � �������� ���� *��� ���&����� @1�������� 4���A

����. ���&����� �� ��� !������ �����+. 2����!���� #���� ��� ���� �������� ������ � ����� #����

������ ��%��� �� ��� (�( *�+ 4���.

	� �(��(�
� 1��� �! ����%�� ��������� ��� ��������� �! ����� �0������� ������ �! ��������� ������ �� ����&� #���� ���� ���� ��������. /�#����� #����

�	 ����(�
� 1��� �! =������ ��������� ������ *2=�+ �� 4�7� �����%� ��� %����� ��� ��&������ ����7�� #���� ��������� ����� � ��%�������6�����

� ������
� ?������ 2�,�%� B������ 2�,�%� *���(+. �����%��� ��� ������ �! ��������� ������ �� ����&� #���� ��� ��� �� � ���� � �� �,&���

��������� ���!�&� #���� -������ ���������. 2����!���� 2=� #�� ��%���� !��% (�(*�+ 4��� ���

����� �� ��� 1��������� 4���.

�� ����(�
� ���� 8����� 1���7 �1�%������� �! 
�� 
� (�(*�+ �0)� ���%������ ��� &��� ��� �! ������� ������� !�� ��� &����&� ��&������� ��� ��&����

����&������ 4���. ����� �� �� ��%��������� &���������� ���#��� ����� ������ ��� � ������ �� ��%�� �������

��� �� ��� �� ��-����� ������ �! ����� #���� ������.

�1��&����� ����� &����&� �2��� �� %��� �� �� 8���� ?���� =D &����-������� � !��� ������%��� #�� ��� ���� !��

��&������� ���������� �� 8����� 	

� (�(*�+ 4���.

1���7�5���� 1���7.

�( ���	��
� 2�,�� )��7� ��� :�����!� �?������ 1�%%����D ��  ��� ���� �2�� 2�� ���� #�� �����#��. ���&� �� ��������� �&������ ������ ��� #�����

=�����%��� �� ������ ����� ��������� ������ �&&����� !�� 2��� �� �&���� #�� ��7�� ����� ���� ������ &�&��. 2�� 23�11 #���

*2��+ ����. #��7 &������ #��� ���7�������� ����� � ��� 1�) �� �%����� ��� %������ ���� ��

������ #����� !�� ��������� ��������� �� �����-���� ������������ �! ��� (�(*�+ ����.

� ������
� ?������ 2�,�%� B������ �3��� �� ����!� ���� <��� *		���+ �;���!��� ��&����� �! <��� 4�7� �� /�#��� 1����� ��� ��� �� 1��7� 1�����.

��������� 4�7� �� �� /�#��� 1����� ���

1��7� 1�����.
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�� �����
� ��� <��&�� ����� �1��&����� ��� <��&�� ����� #�� �0)� ���%������ ��� &��� ��� �! ������� ������� !�� ��� &����&� ��&������� ��� ��&����

>��������� ��� �� (�(*�+ 4��� !�� &����&� ����� �� �� ��%��������� &���������� ���#��� ����� ������ ��� � ������ �� ��%�� �������

��&�������. ��� �� ��� �� ��-����� ������ �! ����� #���� ������. 2����!���� ��� ��� <��&�� �����

#�� %���� �� 1��������� 4���. 2��� �� %��� �� �� 8���� ?���� 0D &����-������� � !���

������%��� #�� ��� ���� !�� ��� 	

� (�(*�+ 4���. � !��� ������%��� #��� �� &�%������

�� >��&�� N��� 	


.

�' �����
� 1��� �! /������ )����& �?������ &�%%���� �� ������ �! �2�� ����� � ���� &��&���������� �,&����� ��� &�����& &������� !�� ��� �����&���� �!

�
 ����(�
� /������ 4� ���� K !�� ���� ��� %��&���. "! ���� �����&���� �! ��%�� ������. 2�� ���� �������� ��� ������ �! ������ /������ ����

(	 ����(�
� 0�����/����� ��� %����% ��������. ������ ��%��� �� ��� (�(*�+ 4��� !�� %��&��� ��� ���� #��� %����% ��������.

(� �	����
� 0��� /����� 1����� �<��&��� ������ ��� �� ������

:��7� =�����%��� ��� ��&���� ����� 8���� �� %���� �-����& ��!�. 2�� ����� � %��&��� &��&��������� �,&����� ��� &�����& &������� !�� ���

)�#�� ��%��� �� ���� #���� ��7� � ��# �� ������ ��7� ��� ��� �� %���� !�� ���� ������ %��&���. 2����!���� ����� #����

����&�����

<���!�&������ #������ ��������� ������ ����.

����&������

�=��� ��� #��� ������ �! �� %����

����� �� ��%�� ������ &������� !��

%��&���.

�� ����(�
� ��� ����� ��������� �������� ��������� �! &��%��% �� �2��� #���� ���� #�� ��&����� �� ��� 	

� 1���� :���� �&� (�(*�+ 4��� !��

��� ��� ����� *���$+. �,&�����&� �! ��� &�����& &�������� !�� ����� � &��%��% �� #����. 8�&���� �

-������� ����� ����� ��� �&&���&� �! ��� &��%��% ������ � ��� &��%��% &������� #���

��&��&������ ���� �������� ���� &����&��� !��% ��� #���� ����. 2��� ������ ��� �����

���&�!�& &��%��% &�������� ��� ��� �-����& ��!� ��� �� ���������. 2����!���� �� %���

���$ #�� ��%���� !��% ��� (�(*�+ 4��� !�� &��%��% ��� ����� �� ��� 1���������

4���.

�
 ����(�
� /������ 4� ���� K �?������ &�%%���� �� %�������� �. � ��%� �! ����� ��  ������� !�� �%������ ���� ��� ������%��� ��� ������ ���&��� ���

(� ����(�
� 2�,�� 1��%�&�� 1���&�� ����� � ��� 1���� ������ )�� ��%. ��%� ��� ���� #�� %��� �� ����� ����� �� 	

�

( ������
� ?������ /������ ��� 23�11 ����� �� &������� �� �%����� ��� ������%��� ��� ������ ���&�����. 2��

(� �	�(��
� ���� )��%%�� ����&����� ��# �� �� �� �� �%���%�����.

��	(�
� ���� )��%%�� ����&�����

)�#�� ���� ���&����� ���� ���������� �� ��� 23�11 ��� #��� ����� ���7��������� ���%�����

)���������� 23�11 ���� �����&������ �� � �������� #��7  ���� �� �����# ��� (�( *�+ ���&��� ���

��� �� ���� ��� �! ����7�� #���� �B�� �! ����7�� #���� ��������� �� !������� ����7�� #���� �������� � %�������� �

��������� !�� @����������A ������ �� �����%��� ��� ������ �� ���!�&� #���� ��������� �,&�����&��� ��� ��� �,&�����&� �!

����%��� �� ��������� ��# ��������� ��� �������� �����!D ��� %�������� � ���� ��� ��������� ��# ��������� !�� ���!�&�

5���� ��  ������� ���� ��� ���� ��&��������� ��&����C

#����.
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*&��������+ *&���.+ *&���.+ *&���.+ *&���.+

/������ 4� ���� K �2�� &�����!�&����� �! @����������A �23�11 � ���� ���� � ��������&���� ����� ����� �������� �� �� �����������

)�#�� #���� ������ ��-����� �,������� ����� %�������� � !�� ������!��� @����������A #���� ������ ��� �� #��7�� ��#����

2�,�� 1��%�&�� 1���&�� ��������. ����������� ��&� � %�������� � !�� !����� ������ �. /�#����� �,&��� !��

?������ /������ &����������� ����%����� !�� ��%� #���� ������� ��� ���� ��-����%���� ���&���� ��&�

)���������� �������� �� %��� &���� *���&��&���� ��� %����� ��� �� ���&�+. 2����!���� 23�11 ���

���� )��%%�� ����&����� ������� &���������� ��!������� ����������� %�������� ��� ����� �� ��������� ���� ���

���� )��%%�� ����&����� ���� ���!�������� F�� %���.

�:���� ������ ������ ��� �� ������ �0)�  �����&� ��-����� ������ !�� �,&�����&�� �! ��� ��������� ���� #���

!�� �����������&&����� �������&�� �,&�����&� %�� �� &����� �� �����������&&����� �������&��. 23�11 �� ����������� 

#��� �� &���&� !��  ����� �!! ��� ��� ������ ��� !�� ��%���� ��� ����� �! �%������ #���� ������ !��% ��� ����� #������

����. �� � &����������� 2<=4 �� �� ����� ������ �.

�5������ �,������ ��� ���� ���� �23�11 ��� #��7�� #��� 0)���� ��� � �� ������� � (�(*�+ 4��� ����� �� ���������

����� ��� ��-����� �� 0)� *�. .� ���� ��� ��!��%������ ���� � ����� ��� �����&���� %�������� �� ��&��������� 

����%��� &��&���������� �! %����� �� %����� !�� �����& ����� ��� &��������� #��� 0)�  �����&�. /�#����� 0)� �!!�&���

�� ���&� +.  ������&� ���� ��� &���� ��� ������� ��-����� �� ������� ��� (�(*�+ 4���D ��%� ������

#��� #��7�� ��� F������ �� 23�11 �� ���� �����. "� ��� &��� �! �,&�����&�� �!

����%��� �&������ &�������� 0)� ����� �� ��&���� �� ������ � ��� 23�11 ������ ����

�! ��� #���� ���� ��� &����������� ��,�&��� �� ������&� �%����%���.

�3�� ����� ����&� �� ��-���� 2<=4� �23�11 �� ��-����� �� ��� ��� ��������� #���� -������ ���� �!��� F�� �� �� �� ��

�� &������ �� %���� ���� ��&���� �&&����� ��� �������������� �! ��� #���� ����.

���� ��� %��� ����������� %��������

���� ������.

�23�11 ������ ��� ����� ��� �"� %��� ������&�� ��� (�(*�+ ������ %�������� � &�%����� ��%���&�� &������� ��

���������� %������ ��� !���� �� ��� �������% &��������� �� ���&�!��� �� ��� 2�:E�. "� %��� &����� ��#����� ��!!�&����

2�,�� ���!�&� :���� E������ %�������� ���� !�� �,�&� &�%�������� �� ��%���&�� &������� &����� �� ����������

��������� *2�:E�+. ��������. 1�%�����&� #��� ��� 2�:E� �� ����%���� !��% ��������% %�������� ����

���� @�&������ ������A��� %���%�% ��-����%���� !�� ��%��� !��-���&� ���

 �� �����& ������������. �&������ ������ ��� �������� �� ������� ��� ����

&�%�������� #��� ��%���&�� &������� ���� &�� �� ���������� �������� #��� ���������

%�������� ������&��.

(( ����(�
� 1��� �! >��� :���� �:����� ���� �� #���� ����&�� �=��� ��� ��� ������� ������ �! ���� #���� ����. ��%���� !��% ���!� ���� *	��(�
�+.

!��% /� � �� <����% �������� ��

1���� >��7 2������ ����� *���
+.
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($ �	�(��
� 1������� ����� <���&���� ��������� ������ �! 0.;. ����&� �0.;. ����&� ��������� �� ������ �� @BA !�� 2<=4 ����� �������%���.

B������ =�����&� ��������� *			+ �� � %����%

��������.

��������� ������ �! ��� 1������� �0������� �������� ������� ������ � ��� �� �,&��� �! ��%���& ���������� &��������� ��

����� ����# 4�7� �.8. 2��%�� #���� ��� ������%� �� 0.;. ����&� ��������� ��#������%. 2��� �������� �������� &��

*		�+ �� � %����% ��������. �� &��������� �� ��� 2<=4 �&������� !�� 0.;. ����&� ���������. 2����!����

�� %��� 		� #�� ��%���� !��% ��� (�(*�+ 4��� ��� ����� �� ��� 1��������� 4���.

�=� ��� ���� <��� 4�7� *		���+ D �"������ ���� �&������ ���#�� ���� ��� %��� ���!���� &�������� ��� ����� ���������

#���� !��% ����&� �%����� <��� ������ &��&���������� �,&��� ��� ��&������ ����7�� #���� ��������� �� !�������

4�7�. #����. /�#����� �,&�����&� �! ����� &������� �� ��� ������ ����&��� �� ��� ���� � ���7

�� �����& ������ �� ��!���. 2����!���� �� %��� 		��� #�� ��%���� !��% ��� (�(*�+

4��� ��� ����� �� ��� 1��������� 4���.

�=� ��� ���� 4�7� �.8. 2��%�� �"������ ���� �&������ ���#�� ���� ��� %��� ���!���� &�������� ��� ����� ���������

*		(+ �� ��� 1��&�� ����� *	�	+. ������ &��&���������� �,&��� ��� ��&������ ����7�� #���� ��������� �� !������� #����

�� �� %���� 		( ��� 	�	. /�#����� �,&�����&� �! ����� &������� �� ��� ������

����&��� �� ��� ���� � ���7 �� �����& ������ �� ��!���. 2����!���� �� %���� 		( ���

	�	 #��� ��%���� !��% ��� (�(*�+ 4��� ��� ����� �� ��� 1��������� 4���.

(' �	����
� 2�,�� B�������� �=��� ��� ������� ������ �! 4�7� ����������� ��!��%����� �������� ����� ��� &�%%��� ������ ����&���� ���� ���

����� ��� *����+ !�� ��%��������. ��%�������� ���� #�� &����&��� #����� ��� %�,�� 6��� �! � ��#�� ����� 2����!����

�� %��� ���� #�� ��%���� !��% ��� (�(*�+ 4��� ��� ����� �� ��� 1��������� 4���.

(
 �	��'�
� ?�������� � 8���&� ����� �:���� 1����� 4�7� *	��$+ �!! ��� �� %�,���� �!  �����#���� ��� ���!�&� #����� ���� !�� ����7�� #���� ������� #��

��������� ���� !�� �������� ���!���. &���� �� ��� &���� !�� �������� ���!���. 2����!���� ���� �� %��� #�� ��%���� !��%

��� (�(*�+ 4��� ��� ����� �� 1��������� 4���.

� �	��(�
� 8��6�� ����� ��������� �1�%%���� �� �� %���� ������ �� �2�� 8��6�� ����� 8���� #��� �� ��������� #��� 8���� ?����� = ��� 0. 3� �&����

��� 8��6�� ����� 8���� � ��  ����� ��-�����. ���������� ��!��%����� �������� #��� �� &��������� �� ��� 	


 ������ ��

���������� ��!��%�����. ��� (�(*�+ 4���.

	 �	�	��
� ��� ��&���� ����� �<��� &�%%��� #�� ��� ��# ���� &����&� ��&������� ������������ #���� ������ #��� ���������  ���� � ��# ��������

����&������ ��������  ���� �� &����&� ��&������� ������ ��� ���&�%� �! � �����#��� !�&�� &���!��% ����� #��&� �� �����#��. 2��

���������� ������� �! �� � !�� ��� 23�11 � ���� #��� ���� ��&�%%�������� ��� ��!���� ��� �������� ���� �%���

��� ��&���� ����� 2���� *	��	+. %�������� � !�� &����&� ��&�������. 2��� &��� � ����#�� #���� ������ #��&� ���

&����������� ��&�� &����&� ��&������� ��� �� �� &��������� %����% ��������.

� 	��		�
' 23�11 �� ��� 	� 5!!�&� ���  ��� ��� (�(*�+ ������ �! �2�� 	

� (�( *�+ 4��� #�� ���������� �� �����%��� �! ��� ������ &����������� ��� ���� �

� 8���%��� �� ����� ����� ����# )���� <��� ��%���� �� ������� ������ . 5��� ' ��%���� !�� ��������� �,� �� ���  !�� ���%���%

1���7 1��!����&� *��		+ !�� #��� ���������. 2��� �� ��� ���� � ��%���� �� �&&������� &����&����6� #���� -������

��������� &�������. &��������� !�� ��� �%����%���. 2�� 23�11 ��� ������� ��� #�������� ���������� !�� ���

�� %��� ��� �����&�� #���� �����%��� #�� ��&�%%����� �� %�F�� ���&��� ��� �� �����

�� %������� ��� ��������� �,� �� &�������.
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( �
�
� B� 0������%����� � :��� 1���� 4�7� *��$+ ������ !�� � =�������� �,� �� ���� ����&��� ���� &��&���������� ��� ��%���%�� ��#�� ���� ���

)����&���� � ��&� *0)�+ ��# ��������� �,� ��D ��������� �������� ����������� �� ������ ����%�% ������� &��������� !�� �-����& ��!� �� �� ����

�� ��� � �,� �� *=5+ ���� ���#� ���� ��� %������. 4�# =5 &��&���������� ��� %��� ��7��� �� �&&�� �� %������ ��� �������� &�����

�������� �� ��� ��#��� %�� ���� #��� ��� ���� ��� �� �&&�����&� #��� %���%�% &������� ���������� �� 0)�  �����&�

!�� %����� ���� �. 2�� �,����� �!!�&�� �! %������ �� ��������� �,� �� ��� ���� ��&���6��

��� ���� ��� �������� �� �%����%��� �! �-����& ��!� ������� %������. 0,����� ��� ��%�

!�� �� ������ !����� %����� �������%��� ��� ���-���� �� %���%�6� ��&� �%��&��� ���

2<=4 �������%��� �� ��� #�������� ������ � �� ��!�&��� �%����%��� ������� ��� �&���

�! �,����� ��� ��%� ��&�%�� ��������. 2����!���� ��� ������ �! 1���� 4�7� !�� ��#

��������� �,� �� �� ��� #�������� �� ���� ��%�. 2�� ���� %�������� #��� �� &����&���

�� ���� #���� ���� �� ������ ������ ��������� �,� �� �!!�&�� �� �-����& ��!� ���.

� 1���� 4�7� *��$+ ������ �� ������ � 2�������� ��� &��&���������� �� #���� #��� �&&��������� �� ��� ���� ��� 0)� �&������ 

!�� �������� ������ �! ������������ �� ����� *	.� � �4+ ��� ��� �������� !�� �����&���� �! �-����& ��!� *�.� � �4 !�� %�����

#����. �&���� �.�( � �4 !�� %����� &�����&+. 2�� >������ 5� ������ ����!����� )���� 1������

� 1���� 4�7� ������ �� ������ !��

�������� ������ �! &����� ��

����%���.

�&� �! 	
�� �%����� ������&����� �� ��� !��%������� ��� ��� �! ��������� ��� ������ ���

���7 !��� �!!�&� �� 	

�. =�� �� ��� ���������� ����� ���!���!� �! ��������� ��� �� ���#�����

�%����� &��&���������� ���� %����� ��� ���� ������ ���������� ��� �,��&��� �� ��&����

���� ��%�� ��� ������� ���� ������� ��&�%����� ��&� ��&����� �� ��� ?��! �! <�,�&� ���

1�������7� 8��. /�#����� �!��� �� ��!�&��� ���&������ #��� 0)� �� ��� � �!��� ���

&���� �! ��� �����& &�%%��� ������� 1���� 4�7� #�� ����� �� ��� 	

� 4��� !�� ����

��������. 0)�H� �������� �� ���� ������ � �!!���� ��� �� ��� ���� �� ����&� ��� �!!�&�� �!

������������� ����� �� ����!!�&���� ������&� �� ���# ���� ����� �!!���� ���� ��%������� ���

�%��&� �� �-����& ��!�� ��� �����!���� ����� �����&���� ������� ��� �� ��������� ��� #����

���� %��� �� ������.

�
� ��������� ��!��%����� �� ����!!�&���� �� �����%��� �! � ��� �%����%��� �,���� �&&����� 

�� ��� &����&�� ������%���  ���������. ��������� ���� !�� ��� &������ ������%��� ��� ���

���# &����� �� ����%��� �� � &��&���.

� )����&7 8���� *	�����+ ������ �� � :���� ��%�������� #�� ����� �� ��� 4��� �� ��� %����� ��� &��������. =�������� &�����

������ !�� #���� ��%��������� #���� &��&���������� �� #���� #��&� ��%���%�� �,&��� ��� &�����& &�������� �� �����&� �-����&

��� ����%��� ��,�&���� &������ ��!� �� ���� �� ��� (�(*�+ 4���. :���� ��� ����%��� ��,�&��� ��� ������ �� ��� &���� �! ���

%��&���� ��,�&��������6��� ��������� &������� ����������D ��� &����������� �! &��&��� ��� ��������� ��!��%����� !��

*/18+� ����&���������� ��������� ��� #���� ��� ����%��� ��,�&���. 2�� ��  ����� &����������� #��� �� ��&����� �� ���

*)18�+� ������&���� ���%���& ������� ����� �� �����%��� ��� &���� �! #���� ��� ����%��� ��,�&���. 4����� ��&� �!

�����&������ *)�/�+ ��� ���,���. ����� &����������� #���� ��%�� ��� !�&�� �! ��� ������� �����. 2�� ���%������ ���&��� �� 

�� )����&7 8���� ��� ������� &����&��� � ��������� ����&� #���� �����.
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B�0)� �� ��� � � /������ ���� 1������ *	��'+ � ������� %����� ��� �� ���&� �� ����%��� #��� !���� �� �� � &��&���. /�#����� ��

������ �� ������ !�� &����� �� �-����& ��!� �%����%���� ��� ��������. ��������� ��!��%����� �� ����!!�&���� �� �����%���

����%���. �! � ��� �%����%��� �,���� �&&����� �� ��� &������ ������%���  ���������. ��������� ����

!�� ��� &������ ������%��� ��� ��� ���# &����� �� ����%��� �� � &��&���.

� 0)�H� �� ����� �%����� 2�,�&��� � ;��&� 8���� *	��'��+ ��� 4�#�� :��� >��7 2������ ����� *��	+ ��� ���� �� ���

<�������� )�� ��% ���� ��� ��� (�(*�+ 4��� !�� ��,�&��� �� �%����� #���� ������ ����%���.

������ �� �� ���� �� ��� ������ 

���&��� !�� ;��&� 8���� *	��'��+

��� 4�#�� :��� >��7 2������ �����

�� ?���� )������ *��	+.

� �� %���� ��� �� 8���� ?����� 8 � 2�� �� %���� %�������� �� ��� 0)�H� &�%%���� ���� !��� #����� 8���� ?����� �� =

��� 1 ������ �� ������ #��� ��� 0 #��� �� &��������� �� �����-���� ������� �� ��� (�(*�+ 4��� �� &��F��&���� #��� ���

��������� ���� �������� ������ . �����#��� ����� %��� �%��� &�&��.




