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a change includes significant erosion or 
deposition, the segment is considered to 
be unstable. Note that stability is based 
on net erosion or deposition within a 
river segment, and the natural process 
of transverse channel migration does not 
indicate an unstable river.

Because geomorphic definitions of 
stability depend on bed material and 
sediment loading rate, not all changes in 
river characteristics are signs of system 
instability or disturbance. For example, 
a decrease in the sediment transport 
ability of anabranching rivers (which 
have multiple, active channels and low 
migration rates) is considered natural 
and not a sign of instability (Nanson and 
Knighton, 1996). In addition, a portion of 
a river system may be unstable as part of 
its natural behavior. For example, sand-
bedded rivers have a bed that is moving 
most of the time. In parts of Texas domi-
nated by flash floods, various portions of 
a river system can be naturally unstable 
(Baker, 1977; Beard, 1975).  

8.3.1 
Geomorphic Thresholds
A geomorphic threshold is an ener-
gy or mass-transfer level that, when 
surpassed, causes the river system to 
seek out a new state of equilibrium. If 
a geomorphic threshold is not exceed-
ed, minor disturbances in discharge 
or sediment regime will cause only 
minor, short-term disturbances to a 
river’s geomorphic behavior. But when 
a geomorphic threshold is surpassed, 
even minor disturbances to hydrologic 
or sediment regimes can cause signifi-
cant changes in river characteristics. 
After crossing a threshold, the system 
will remain unstable until adjustments 
are made and a new and different stable 
state is established. During an unstable 
period, river behavior can change dra-
matically from predisturbance condi-
tions. For example, water diversion to 
the Milk River of Montana caused the 
meander migration rate to increase to 
0.85 meters (2.8 feet) per year, and the 

channel width increased by 5.5 meters 
or 18 feet (Bradley and Smith, 1984). 
A channel avulsion (a major change in 
channel direction, location, or form) is a 
common response when a geomorphic 
threshold has been passed and the river 
system has become unstable.

8.3.2 
Assessment of Current 
Channel Conditions
A geomorphic assessment can be used 
to identify current or potential prob-
lems within a river system. The analysis 
is based on measurements of physical 
features of the river system, including 
planform characteristics, cross-section-
al and longitudinal features, and bank 
and bed materials.

Planform measurements

Planform characteristics of the river 
should be measured using aerial photo-
graphs. A comparison of measurements 
taken from historical and current aerial 
photos can be used to analyze changes 
in the river. These are examples of char-
acteristics that can be measured and 
compared:

•	 Meander belt width—the distance 
between lines drawn tangential to 
the extreme limits of fully developed 
meanders

•	 Sinuosity—the stream length divided 
by the valley length

•	 Meander wavelength—the down 
valley distance between two cor-
responding points of successive 
meanders of the same phase

Cross-sectional measurements

Cross-sectional data are collected in the 
field. This data should include at least 
the following points from both sides of 
the channel: floodplain elevation, top 
and toe of bank, bankfull width and 
depth, lower limit of vegetation, and 
water surface. These and other cross-
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section parameters are recorded from 
the viewpoint of looking downstream, 
with the right and left bank defined by 
this orientation. These are examples of 
measurements made from cross-sec-
tional data:

•	 Base flow width—the average flow 
width during base flow conditions. 
Base flow is the normal level of the 
flow when the river is not responding 
to a storm

•	 Base flow depth—the mean depth 
during base flow conditions 

•	 Base flow wetted perimeter—the 
wetted perimeter as measured during 
base flow conditions

•	 Bank height—the distance from the 
top of the bank to the bottom of the 
bank

•	 Bank slope angle—the angle of the 
bank made between the lines drawn 
from the top of the bank to the bottom 
and one across the channel bed

•	 Rooting depth—the depth from the 
top of the bank to subsurface level 
where roots stop their domination. 
There can be two measurements for 
this depth, one for grass or under-
story vegetation and one for tree root 
masses

Longitudinal feature measurements

Since the elevation of the channel bed 
varies both laterally and longitudinal-
ly, channel slope measurements must 
be taken carefully. Because the depth 
of pools varies along the channel, the 
most accurate way to measure slope 
is to locate survey points at the top of 
riffles or ripples and obtain the distance 
between them. Locations on adjacent 
riffles are not suitable. Instead, riffles 
that are separated by at least one addi-
tional riffle should be measured. Gen-
erally, the crests of at least three riffles 
are measured. If a relatively straight 
line is found when the three points are 
plotted, the slope of the line is consid-

ered a good estimate of channel slope. 
If a straight line is not obtained, addi-
tional riffle locations in the upstream or 
downstream direction are measured.

A longitudinal thalweg profile of a 
river is an important measurement and 
is helpful for both hydraulic studies and 
the identification of bed forms (Madej, 
1999). Topographic maps do not produce 
good quality profiles since they show the 
water surface and not the bed character-
istics. Therefore, channel profiles must 
be developed from survey points col-
lected from the thalweg at various loca-
tions along the length of the river.

There are different methods for 
evaluating channel bed form depending 
on the riverbed material. Bed form con-
figurations for sand-bedded streams are 
defined by the forms created in the bed. 
These include ripples, dunes, an tidunes, 
and flat beds. These features are formed 
by different shear stresses acting on the 
cohesionless bed. Ripples form where 
shear stress is low and the bed mate-
rial is fine. Dunes form at intermediate 
stresses and have a geometry related to 
the depth of water flow. Antidunes are 
low amplitude waves that are in phase 
with the surface water waves. Although 
these bed forms are common in sand-
bedded rivers, the mechanisms that 
cause their formation in streams are 
poorly understood.

Bed form configurations in gravel-
bedded rivers are defined by across-
channel features, such as pools and rif-
fles. At base flow levels, pools generally 
have a slower velocity with deeper water 
depth, and riffles have shallower depth 
and faster velocity. Scour pools are found 
around logs and other woody debris or 
large boulders. When one of these objects 
is moved or repositioned, the configura-
tion of the associated scour pool will also 
change. Examples of bed form measure-
ments that can be taken for a gravel bed 
stream include the following:

•	 Riffle length—the distance between 
the top and bottom of the riffle
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•	 Riffle gradient—the change in 
elevation of the channel bed from the 
top to the bottom of the riffle divided 
by the riffle length

•	 Inter-pool length—the longitudinal 
distance between the deepest points 
of successive pools, measured along 
the centerline of the channel

•	 Inter-pool gradient—the change in 
elevation of the channel bed between 
deepest points of successive pools 
divided by the length of the inter-
pool distance

Bed and bank material analysis

The materials making up the bed and 
banks of a stream are an important part 
of the channel system. They influence 
the morphological form of the channel, 
erosion and deposition rates, hydrau-
lics, and other stream functions. Due 
to the complex interactions of erosion, 
deposition, and transport, there will be 
a heterogeneous mix of materials in any 
river. However, the mean particle size 
is generally thought to be the control-
ling influence on physical processes. 
Boulder-bedded streams contain bed 
material with diameters greater than 
256 millimeters (10.1 inches). Cobble-
bedded streams contain bed material 
with mean diameters between 64 to 256 
millimeters (2.5 to 10.1 inches). Gravel-
bedded streams have material between 
2 to 64 millimeters (0.08 to 2.5 inches) 
in mean diameter, and sand-bedded 
streams contain bed material composed 
of sediment with diameters less than 2 
millimeters (0.08 inch). A sieve analysis, 
as described by Bunte and Abt (2001), 
is completed in order to determine the 
size of bed material.

Gravel- and cobble-bedded streams 
differ from sand- and boulder-bedded 
streams by more than just bed material 
size. They also have different stream 
morphology and occur in different 
topographic and geological locations. 
Sand-bedded streams have low gradients 

and occur in valleys or on broad plains, 
and gravel- and cobble-bedded streams 
have steeper gradients and are found in 
environments with more relief. In Texas, 
sand-bedded streams occur in the marine 
deposited sediments of the Coastal Plains 
or in areas with granite uplifts. Gravel- 
and cobble-bedded streams occur in and 
around the Edwards Plateau and similar 
locations where larger sediment material 
is produced.

8.4  
sedimenT budgeTs
When rocks are weathered, they pro-
duce sediment particles that are moved 
to the stream channel by runoff. Once 
in the channel, this sediment is trans-
ported to the ocean through a long-
term cycle of local erosional and deposi-
tional actions that reduce the size of the 
original hill slope-produced particles as 
they move downstream. Sediment par-
ticles can be deposited along the way 
in alluvial channel-margin deposits, on 
the floodplain, or in the channel itself. 
These deposited materials can be re-
entrained by the river from the channel, 
banks, or floodplain.

A sediment budget is an evaluation 
of sediment particle movement and can 
be conducted from two viewpoints: what 
is moving (transport process) or where 
the sediment is located in the watershed 
(sediment deposition). Both viewpoints 
are valuable when analyzing the health of 
an aquatic system. The transport-process 
viewpoint focuses on how particles are 
moved between locations. The method 
of transport can be as suspended load 
(fine-grained particles that travel in the 
water column) or as bed load (coarse-
grained material that travels along the 
channel bed). The sediment-deposition 
viewpoint is not only interested in what 
is moving, but also what is temporarily 
being stored and where. 

A sediment budget explains the input, 
transport, storage, and export of sedi-
ment for a particular system. The sys-
tem could be as large as the Mississippi 
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River system or as small as an individual 
landform, such as a hill slope. The sedi-
ment budget characterizes the landform 
being studied by describing the expected 
changes or evaluating measured impacts 
on the site (such as rates of erosion or 
deposition). System activity is explained 
and the effects of different events (such 
as flow events) on the landform are 
described. The final outcome is a pre-
diction of future system responses or a 
comparison of the responses of similar 
landforms under different conditions. 
There are several methods for conduct-
ing sediment budget studies related to 
river systems. Examples include mod-
els, analogy, inference, and data from 
historical records or monitoring. Sedi-
ment budget studies also vary based on 
the processes being investigated, sizes of 
material of interest, temporal and spa-
tial scales, and available resources and 
data. For a more complete description 
of sediment budget studies, see Reid and 
Dunne (1996). Sediment budget studies 
for the Texas Instream Flow Program will 
be tailored to the issues of interest in a 
particular sub-basin.

An incipient motion study of bed 
sediment mobility may be included with 
a sediment budget analysis. Results of 
such studies could be used to determine 
flows required to provide preferred sedi-
ment characteristics in the channel or 
minimize bank erosion. Incipient motion 
studies require an understanding of sedi-
ment sizes present plus the transport 
energy available to move the material. 
Calculating incipient motion can be a 
very complex problem and there are sev-
eral methods from which to choose. For 
studies in the Texas Instream Flow Pro-
gram, the choice to conduct an incipi-
ent-motion study and the selection of 
methodology will be decided on a reach-
by-reach basis. 

8.5  
Classifying a river
Physical processes explain most of the 
changes in channel structure, aquatic 

habitat composition, riparian vegeta-
tion, and other characteristics of a river 
as it flows from its headwaters to the 
ocean. As a result, geomorphic clas-
sification of river segments, reaches, 
and small portions of the channel is an 
important component of a river study. 
Results can be used for documenting 
and analyzing physical river processes 
and selecting reaches for instream habi-
tat and water quality studies. 

There are many types of river clas-
sification schemes. Simple schemes can 
vary from a simple description of the 
planform to classification based on data 
from a cross section. More complex clas-
sification systems evaluate geomorphic 
processes at many different scales, such 
as physiographic province, watershed, 
valley, channel reach, or morphological 
unit (see Rosgen, 1996).  The National 
Research Council (2005) suggested that 
a geomorphic classification scheme for 
water allocation studies should  

•	 be	hierarchical	in	its	structure;
•	 be	physically	based;
•	 include	the	floodplain;	
•	 relate	 channel	 to	 physiographic	 and	

hydrologic setting; and 
•	 contain	channel	morphology,	such	as	 

planform, slope, and bed morphology.

River system classification is evolving 
from simple reach analysis to large geo-
morphic database analysis with the use 
of GIS. Geomorphic river classification 
schemes have been reviewed by Thorne 
(1997) and Montgomery and Buffing-
ton (1998). Kondolf and others (2003) 
reviewed 21 classification schemes and 
mentioned several newer schemes that 
they did not evaluate, including Raven 
and others (1998) and Brierley and Fryirs 
(2000). As comprehensive as their review 
was, there are even more schemes avail-
able, including Rowntree and Wadeson 
(1998) and Parrott and others (1989).

Although there are many river classi-
fication schemes to choose from, very few 
include all of the features recommended 
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by the National Research Council (2005). 
For example, the first recommended fea-
ture for a scheme is a hierarchical nature. 
To set up that structure, large map units 
of the classification scheme must inter-
lock with constraints of the small-scale 
map units. Of the schemes reviewed by 
Kondolf and others (2003), only two, 
Bethemont and others (1996) and Fris-
sell and others (1986), have a completely 
hierarchical nature. Lotspeich (1980) is 
nearly hierarchical, but does not work on 
the scale at which fishery data would be 
collected. Bethemont and others (1996) 
fail to evaluate physical features of the 
substrate, sediment load, and morpho-
dynamic adjustments. Frissell and others 
(1986) meet the first and second criteria 
of the National Research Council, but 
their classification system was developed 
for small, mountain streams. 

Brierley and Fryirs (2005) have devel-
oped a framework for conducting geo-
morphic analysis of river systems that has 
the potential to incorporate all five of the 
features recommended by the National 
Research Council. An assessment algo-
rithm, called River StylesTM, based on 
this framework is currently being used 
for environmental studies in Australia. 

8.5.1 
River Styles Framework 
The River Styles framework is a scaled 
hierarchy in both time and space that 
organizes map units and information 
about a river system into a structured 
database. The framework was created 
in Australia and is used in that nation’s 
river health program. The scheme clas-
sifies the parts of a river system by land-
scape characteristics, river behavior, and 
potential changes. The latter includes 
predicting expected future changes, 
such as those due to human influence 
or climate-driven effects. 

The River Styles methodology works 
with the natural diversity of river forms 
and creates classes by an organized, 
open-ended, and generic procedure. 
The main spatial map categories are the 

watershed, landscape unit, river style, 
geomorphic unit, and hydraulic unit. 
These categories have different spatial 
scales and are related hierarchically (Fig-
ure 8-1). The geomorphic variables relat-
ed to a mapping unit are related to the 
evolutionary time during which changes 
in geomorphic conditions within that 
unit occurred. 

Landscape characteristics

In an evaluation of landscape charac-
teristics, River Styles divides these char-
acteristics into control and response 
variables. The control variables include 
geology, soils, land use, hydrology, and 
valley characteristics. Response vari-
ables are environmental features of the 
river channel generally collected from 
field sites. 

Geology and climate are high-lev-
el controls on the character of a river 
system. With the aid of a GIS system, 
these features can be overlaid at a state-
wide coverage scale. When the two are 
merged, a new map is created showing 
the different geologic and climatic areas. 
By overlaying a map of river systems, the 
map units that the river touches or cross-
es can be observed. Each of these areas 
can be delineated as a different zone of 
the river.   

The United States Soil Conserva-
tion Service (1982) provides a map of 20 
land resource areas within Texas, which 
may be further subdivided into smaller 
Common Resource Areas (NRCS, 2006). 
These areas are characterized by group-
ing soils, climate, water resources, and 
land uses. Though these areas are gen-
erally characterized as one continuous 
unit usually comprising several thousand 
acres, they can be segmented further. 
This map can be used to create zones 
in the river system as the river flows 
through or along the boundary of each 
land resource area.

Variability in hydrology and water-
shed characteristics can also be used 
to differentiate river segments. As an 
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example, a plot can be made of river mile 
versus watershed area. When a nonlinear 
jump occurs on this plot, the river-mile 
location should be viewed as the bound-
ary of two different units.

Flashiness (a river’s tendency to carry 
a high percentage of its flows in short 
duration, large-magnitude events that 
occur infrequently) is an important fea-
ture of Texas rivers. The Flash Flood 
Magnitude Index developed by Beard 
(1975) varies across the state from 0.14 
for the North Sulphur River near Cooper 
to 0.9 for the West Nueces River near 

Brackettville. The physical features of 
rivers with a low index value are pre-
dominantly influenced by relatively 
low-magnitude, frequently occurring 
floods. The influence of less frequent, 
large-magnitude floods dominates when 
the index values are high (Baker, 1977). 
The Flash Flood Magnitude Index and 
other statistics related to flow patterns 
should be calculated to provide a way of 
comparing Texas rivers. 

Changes in valley characteristics, 
such as valley shape and width and chan-
nel location in the valley, can be used to 

Watershed
Watershed area determined by 
drainage divide. Determines the 

boundary conditions within 
which rivers operate.     

Landscape Unit
Topographic unit determined on 
the basis of local relief, valley 

slope, and morphology. Defines 
the valley setting. 

River Style
Length of channel, which has a 
characteristic assemblage of 

geomorphic units. Identified on 
the basis of planform, channel 

geometry, and textural controls.   

Geomorphic Unit
Instream and floodplain landforms 

(pools, bars, levees, and 
backwaters) that reflect distinct 

form-process associations. 
Assemblages are used to interpret 

river character and behavior.    

Hydraulic Unit
Uniform patches of flow and 
substrate material within a 

geomorphic unit. Determines 
the availability of habitat. 

Various biophysical parameters 
are measured to ascertain the 

structure of each hydraulic unit.   

Figure 8-1. Hierarchical relationship of River Styles mapping categories (from Brierley and Fryirs, 2005).
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graphs or other sources. The Agencies 
are exploring the potential of using his-
torical measurement data at U.S. Geo-
logical Survey gage locations to make 
some generalizations about channel 
aggradation/degradation rates. These 
types of evaluations could improve the 
understanding of historic river processes 
at specific locations.

When historical geomorphic data 
are not available, change analysis will be 
limited to observation of trends in the 
geomorphic processes measured under 
current conditions. This can be accom-
plished by sediment budget analysis and 
initiating a monitoring program that col-
lects geomorphic process data. With this 

information, the Texas Instream Flow 
Program can use the following principles 
to guide interpretation of the system’s 
response:

•	 Evaluate	 the	 river’s	 variability	 and	
capacity for change in its valley 
setting

•	 Identify	 the	 balance	 between	 ero-
sional and depositional processes

•	 Interpret	 the	balance	between	 input	
variables and resisting forces as time 
proceeds

•	 Identify	 threshold	 conditions	 that	
lead to change

•	 Estimate	 how	 the	 river	 system	 may	
change with proposed flow regimes
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out the state, identifies beneficial uses 
for surface water bodies, adopts water 
quality standards designed to support 
the identified uses, and manages water 
quality through regulating point source 
discharges and funding remedies for non-
point source pollution. The Commission 
prepares the State of Texas Water Quality 
Inventory and submits the report to the 
U.S. Environmental Protection Agency 
biennially in even-numbered years as 
required by section 305(b) of the Clean 
Water Act. The most recent submission 
was prepared in 2004 (TCEQ, 2004a). 
Additionally, the Commission develops 
a list of impaired stream segments (seg-
ments where one or more of the identi-
fied uses is not supported) as required 
under section 303(d) of the Clean Water 
Act.

Summaries of applicable programs 
are presented below; detailed descrip-
tions are located at the Web sites listed 
with each program. 

9.2  
waTer QualiTy Programs 
in Texas
The Clean Water Act framework, imple-
mented by the Texas Commission on 
Environmental Quality, has five major 
components, laid out in the following 
sequence:

•	 Establish	 the	 uses	 of	 the	 water	 that	
will be protected

•	 Determine	 the	 criteria	 necessary	 to	
protect those uses

•	 Base	 decisions	 on	 meeting	 those	
criteria

•	 Conduct	 ambient	 monitoring	 to	
ensure criteria are met and uses are 
maintained 

•	 Require	 corrective	 action	when	 it	 is	
determined that uses are impaired

9.2.1 
Water Quality Standards 
and Assessment
In order to protect the physical, chemi-
cal, and biological integrity of rivers 

and streams, relevant parameters must 
be defined and measured, the types and 
sources of pollution must be identified, 
and plans to protect or restore water 
quality must be implemented. Texas 
uses a varying cycle of activities to man-
age water quality based on statutorily 
determined time frames. These steps 
are included in the cycle:

•	 Establishing	or	revising	water	quality	
standards

•	 Determining	appropriate	aquatic	life	
use designations

•	 Collecting	 data	 at	 routine,	 fixed	
stations or at special project sites

•	 Assessing	 water	 quality	 and	 iden-
tifying those waters that do not meet 
established criteria or where one or 
more uses (such as recreational and 
public water supply) are not met

•	 Implementing	 pollution	 control	
measures and monitoring the results

9.2.2  
Surface Water Quality Standards
The Texas Surface Water Quality Stan-
dards (30 Texas Administrative Code 
§307.7) fulfill these state and federal 
requirements:

•	 Establish	uses
•	 Set	criteria	to	maintain	the	established	

uses
•	 Establish	an	anti-degradation	policy

The rules establish numerical and 
narrative goals for water quality through-
out the state and provide a basis on which 
Texas Commission on Environmental 
Quality programs can establish reason-
able methods to implement and attain 
the state’s water quality goals.

Water quality standards have been 
developed for all surface waters in the 
state. The Commission has developed 
segment-specific uses and water qual-
ity criteria for 225 classified water qual-
ity segments representing 14,238 miles 
(22,909 kilometers) of perennial streams 
(TCEQ, 2004b). Aquatic life use desig-
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Table 9-1. Attributes of aquatic life use categories.

Aquatic
life use

Habitat
characteristics

Species
assemblage

Sensitive 
species Diversity

Species 
richness

Trophic 
structure

Exceptional Outstanding 
natural 
variability

Exceptional or 
unusual

Abundant Exception-
ally high

Exception-
ally high

Balanced

High Highly diverse Usual association 
of regionally 
expected species

Present High High Balanced 
to slightly 
imbalanced

Intermediate Moderately 
diverse

Some expected 
species

Very low  
abundance

Moderate Moderate Moderately 
imbalanced

Limited Uniform Most regionally 
expected species 
absent

Absent Low Low Severely 
imbalanced

Source: 30 Texas Administrative Code §307.7(b)(3)(A)(i)

nations have been determined for an 
additional 319 unclassified stream seg-
ments totaling over 6,000 stream miles 
or 9,654 kilometers (Table 9-1). Water 
quality standards have been adopted for 
all streams that have been identified as 
priority segments in the Programmatic 
Work Plan (TIFP, 2002).

Although established aquatic life use 
designations seem to be a logical place 
from which to start assessing aspects of 
a sound ecological environment in Tex-
as rivers and streams, there are limita-
tions to their applicability to the Texas 
Instream Flow Program. First, the origi-
nal designations for classified segments 
were based on dissolved oxygen crite-
ria. Aquatic life use designations were 
added later under the general assumption 
that 5.0 milligrams per liter of dissolved 
oxygen equaled a “high aquatic life use” 
(6.0=exceptional, 4.0=intermediate). 
Consequently, designations in classified 
segments may not be biologically based 
in some instances. Second, the Index 
of Biotic Integrity now relied upon for 
assessing aquatic life uses was developed 
for small-to-moderately sized streams 
and has not been tested extensively in 
larger rivers, such as those selected as 
priority instream flow segments. The 
Index (separately determined for both 
invertebrates and fish) was also designed 

to be a multistressor indicator of aquatic 
ecosystem health and not necessarily 
designed to be strictly flow sensitive. It 
is not clear if values from the Index of 
Biotic Integrity would change under a 
different set of flow conditions. Finally, 
some elements of a sound ecological 
environment are not represented by 
aquatic life use designations. For exam-
ple, the health of riparian zones may not 
be fully captured by these designations. 
The state is committed to protecting des-
ignated aquatic life uses and developing 
instream flow recommendations that will 
reflect consistency with these designated 
uses. The Texas Commission on Envi-
ronmental Quality continues to evaluate 
the effectiveness of all assessment tools, 
including the sensitivity of the Index to 
flow variation and is considering how all 
stressors, including flow, affect biological 
integrity. For the purpose of simplicity, 
it may benefit the Texas Instream Flow 
Program to heed the recommendation 
of the National Research Council (2005) 
and adopt ecological indicators that are 
linked directly to flow variability.

The Texas Surface Water Quality 
Standards are available on the Texas 
Commission on Environmental Quality 
Web site: www.tceq.state.tx.us/nav/eq/
eq_swqs.html

http://www.tceq.state.tx.us/nav/eq/eq_swqs.html
http://www.tceq.state.tx.us/nav/eq/eq_swqs.html
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9.2.3  
Surface Water Quality Monitoring
The Surface Water Quality Monitoring 
Program has been evaluating biological, 
chemical, and physical characteristics 
of Texas’ surface waters since 1967. This 
program establishes the water quality 
sampling procedures of the Texas Com-
mission on Environmental Quality and 
maintains the ambient water quality 
database collected by the Commission’s 
various partners. A large number of fixed 
sampling sites are maintained statewide, 
and special studies and intensive sur-
veys are performed to identify causes 
and sources of pollutants and quantify 
point and nonpoint source loads. This 
program also performs assessments of 
aquatic life use in unclassified streams 
and of receiving water in response to 
discharge permitting action. It also 
performs use attainability analyses to 
ensure that water quality standards and 
criteria are appropriate for a water body.  
Available guidance allows any qualified 
practitioner to also perform aquatic life 
use assessments, receiving water assess-
ments, and use attainability analyses.

The Texas Clean Rivers Program is 
a collaboration of the Texas Commis-
sion on Environmental Quality, 15 water 
resource agencies (corresponding to 
the 15 major river basins), and a myriad 
of other cooperators. The cooperat-
ing agencies collect water quality data 
throughout their respective basins under 
this program, which allows watershed 
issues to be addressed at a local level, 
with coordination at the state level to 
assure consistency and quality of water 
quality data.

For details on the Surface Water 
Quality Monitoring program see: www.
tceq.state.tx.us/compliance/monitoring/ 
water/quality/data/wqm/mtr/swqm.html

Details of the Texas Clean Rivers Pro-
gram are available at this Web site: www.
tceq.state.tx.us/compliance/monitoring/
crp/index.html

9.2.4  
Texas Water Quality Inventory
The state carries out a regular program 
of monitoring and assessing Texas sur-
face waters to compare conditions to 
established standards and to determine 
which water bodies are meeting the 
standards for their identified uses, and 
which are not. The Texas Commission 
on Environmental Quality works in col-
laboration with state, federal, regional, 
and local stakeholders to collect and 
assess this data. The Clean Rivers Pro-
gram is the primary agent of this moni-
toring program. Assessment results 
are published periodically in the Texas 
Water Quality Inventory and 303(d) 
List, as required by Sections 305(b) and 
303(d) of the federal Clean Water Act. 

The Texas Water Quality Inventory 
and 303(d) List include detailed descrip-
tions of the status of surface waters of the 
state. These reports document public 
health concerns, fitness for use by aquat-
ic species and other wildlife, and specific 
pollutants and their possible sources. 
The Texas Water Quality Water Inven-
tory and 303(d) List are available on the 
Texas Commission for Environmental 
Quality Web site: www.tceq.state.tx.us/
compliance/monitoring/water/quality/
data/wqm/305_303.html

9.2.5  
Texas Pollutant Discharge 
Elimination System
The State of Texas assumed the author-
ity to administer the National Pollutant 
Discharge Elimination System program 
in Texas on September 14, 1998. The 
program is a federal regulatory pro-
gram to control discharges of pollutants 
to surface waters of the United States. 
The Texas Pollutant Discharge Elimina-
tion System program now has federal 
regulatory authority over discharges of 
pollutants to Texas surface water, with 
the exception of discharges associated 
with oil, gas, and geothermal explora-
tion and development activities, which 

http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/mtr/swqm.html
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/mtr/swqm.html
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/mtr/swqm.html
http://www.tceq.state.tx.us/compliance/monitoring/crp/index.html
http://www.tceq.state.tx.us/compliance/monitoring/crp/index.html
http://www.tceq.state.tx.us/compliance/monitoring/crp/index.html
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/d
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/d
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/d
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are regulated by the Texas Railroad 
Commission. 

Under the program, the Texas Com-
mission on Environmental Quality 
implements the Texas Surface Water 
Quality Standards when issuing per-
mits for wastewater or other autho-
rized discharges into the surface waters 
of the state. Water quality models are 
commonly applied to determine permit 
limits for dissolved oxygen needed to 
protect existing aquatic life uses. Since 
municipal wastewater is the predomi-
nant type of wastewater discharge into 
rivers and streams, much effort has been 
expended on modeling dissolved oxygen. 
The type of model used depends on the 
1) type of water body, 2) availability of 
site-specific information, 3) location of 
the discharge point, and 4) availability of 
previously developed models. Calibrated 
models are used when available.

For wastewater discharge permits, 
one critical dilution flow is defined as 
the instream flow necessary to meet 
established human health and aquatic 
life criteria. Acute and chronic aquat-
ic life criteria have been adopted that 
account for both frequency and dura-
tion of exposure to stressors. The critical 
dilutions are the 7Q2 flows for chronic 
aquatic life criteria, and one quarter of 
the 7Q2 flows for acute aquatic life cri-
teria. A functional aquatic environment 
with its requisite flows provides assimi-
lative capacity, and the Commission’s 
water right permitting program recog-
nizes the important linkage between 
water quality and quantity. As a result, 
the Commission coordinates its recom-
mendations for special conditions for 
water right permits with the appropri-
ate water quality programs. Although 
the critical dilution flow is functionally 
used for modeling parameters such as 
dissolved oxygen during low flow, high 
temperature periods (worst-case sce-
nario), those flows are not necessarily 
suitable for supporting a sound ecologi-
cal environment on a long-term basis.

For details on the Texas Pollutant 

Discharge Elimination System procedures 
see: www.tceq.state.tx.us/permitting/ 
water_quality/wq_assessment/standards/ 
WQ_standards_implementing.html

9.2.6 
Total Maximum Daily Loads
The Total Maximum Daily Load pro-
gram works to improve and restore 
water quality in impaired or threatened 
water bodies in Texas. To restore qual-
ity, it is first necessary to determine the 
sources and causes of the pollution. The 
goal of a Total Maximum Daily Load 
project is to

•	 determine	 the	maximum	 amount	 of	
pollutant that a water body can receive 
and still both attain and maintain its 
water quality standards; and

•	 allocate	this	allowable	amount	(load)	
to point and nonpoint sources in the 
watershed.

Total maximum daily loads must be 
submitted to the Environmental Protec-
tion Agency for review and approval. A 
total maximum daily load is normally 
prepared for each pollutant in every 
impaired water body. Based on the envi-
ronmental target, the state develops an 
implementation plan to mitigate human-
caused sources of pollution within the 
watershed and restore full use to the 
water body. An implementation plan 
outlines the steps necessary to reduce 
pollutant loads through regulatory and 
voluntary activities. The program is 
authorized by and created to fulfill the 
requirements of Section 303(d) of the 
Clean Water Act and its implementing 
regulations. Detailed information on the 
program is available on the Texas Com-
mission on Environmental Quality Web 
site: www.tceq.state.tx.us/implementation/
water/tmdl/index.html

http://www.tceq.state.tx.us/permitting/water_quality/wq_assessment/standards/WQ_standards_implementing.html
http://www.tceq.state.tx.us/permitting/water_quality/wq_assessment/standards/WQ_standards_implementing.html
http://www.tceq.state.tx.us/permitting/water_quality/wq_assessment/standards/WQ_standards_implementing.html
http://www.tceq.state.tx.us/implementation/water/tmdl/index.html
http://www.tceq.state.tx.us/implementation/water/tmdl/index.html
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9.3  
waTer QualiTy for 
insTream flow sTudies
Texas has invested considerable resourc-
es in developing water quality models, 
especially in the Total Maximum Daily 
Load and Texas Pollutant Discharge 
Elimination System programs. The 
application of water quality modeling 
approaches used for total maximum 
daily load development and permitting 
decisions to instream flow studies will 
provide consistency among programs; 
this is particularly important for regu-
latory programs like the Pollutant Dis-
charge Elimination System and water 
rights permitting and for developing 
and protecting water quality standards.  
To ensure that results and recommen-
dations related to water quality are 
integrated with the state’s water quality 
standards and regulatory framework, 
water quality studies identified in the 
Texas Instream Flow Program’s study 
design process will be closely coordi-
nated with the Commission’s existing 
water quality programs.

The selection of a specific water 
quality modeling approach depends on 
a number of factors, including but not 
limited to 1) the temporal and spatial 
scale needed, 2) the geomorphic and 
hydraulic characteristics of the water 
body, and 3) the constituents of con-
cern. Since the instream flow program 
will emphasize rivers and streams, the 
modeling approaches that have been 
applied to lotic segments are particularly 
appropriate. 

For example, temperature regimes 
play an important role in many Texas 
rivers and streams. Spring-fed streams 
with stable hydrographs and tempera-
ture regimes (such as the San Marcos and 
Devils rivers) support unique ecosystems 
with relatively stenothermal faunal and 
floral components. Water temperature at 
the spring source is usually constant (or 
nearly so) year round, and the volume of 
flow influences the downstream extent of 
thermally suitable habitat during all sea-

sons. Several of the species are endemic 
and are listed as federally endangered. 
In response to these factors, Saunders 
and others (2001) selected SNTEMP, a 
steady-state model that predicts mean 
and maximum daily water temperature 
in relation to stream distance (Bartholow, 
1989), to evaluate the effects of flow on 
temperature regimes in the San Marcos 
River. In a similar manner, the choice 
of water quality modeling approach for 
the Texas Instream Flow studies will be 
made based on the circumstances of each 
study.

The spatial resolution needed for 
a model depends largely on the type 
of water body to be evaluated and its 
hydraulic characteristics. Water quality 
attributes of rivers and streams change 
longitudinally as various constitu-
ents are input, assimilated, deposited 
into the sediments, and re-suspended. 
Streams usually exhibit vertical and lat-
eral homogeneity because of turbulent 
transport of chemical constituents. Con-
sequently, a longitudinally segmented, 
one-dimensional water quality model 
such as QUAL-TX (described by Ward 
and Benaman, 1999a), a modification 
of the U.S. Environmental Protection 
Agency’s QUAL-2E, is considered suffi-
cient for modeling dissolved oxygen and 
temperature in most stream segments. 
In the absence of site-specific informa-
tion, QUAL-TX is the model most com-
monly applied by the state’s water quality 
program. It includes regionally specific 
hydraulic relations and a “Texas” equa-
tion for stream reaeration developed 
from site-specific field measurements 
(Ward and Benaman, 1999b). QUAL-TX 
also excludes a number of subroutines 
found in QUAL2E that are of limited util-
ity in Texas, such as ice cover.  QUAL-TX 
is suitable for the purpose of modeling 
the effects of pollutant loadings on dis-
solved oxygen.

Rivers and streams exhibit seasonally 
predictable variations in water quality 
throughout most of Texas. The warm-
est temperatures (late summer) typically 



100                     Texas Water Development Board Report 369

coincide with the lowest flows of the 
year, causing water quality conditions 
that may be stressful to aquatic organ-
isms. Since this appears to be a well-
defined period critical to maintaining 
the health of aquatic communities, the 
Texas Commission on Environmental 
Quality has focused water quality mod-
eling, especially for dissolved oxygen, 
on these critical conditions, using the 
QUAL-TX model. Because QUAL-TX 
is a steady-state model, it is not as use-
ful for predicting water quality under a 
variety of other flow conditions (such as 
high flow pulses and overbank flows). 
An ideal model would simulate water 
chemistry and temperature under a full 
range of flow conditions to assess the 
effects of alternative management strat-
egies; account for sediment and non-
point source loadings from watershed 
activities; incorporate point-source dis-
charges, instream chemical transforma-
tion processes and sediment transport; 

and capture local-scale variation in flow 
and water quality conditions based on 
instream habitats (NRC, 2005). Unfortu-
nately, no single model is currently avail-
able to accomplish all these feats. Part of 
the strategy for integrating instream flow 
study elements will require new ways of 
thinking about how to model water qual-
ity parameters in conjunction with the 
four flow components. The Texas Com-
mission on Environmental Quality will 
address alternate water quality models 
or emerging technologies such as hydro-
logic information systems (NRC, 2005) 
as budget and time permits. 

All of these program components 
must be re-evaluated on a cycle vary-
ing from two to five years. Water quality 
studies identified as instream flow study 
tasks will be closely coordinated with the 
Commission’s existing water quality pro-
grams. This will minimize redundancy 
of efforts and ensure consistency among 
programs. 
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10   Integration

As described in Chapter 4, stake-
holder involvement will be sought 

in each step of the instream flow study 
process, including integration of data to 
generate flow recommendations.  When 
field studies are completed, the Agen-
cies will conduct workshops to present 
and explain the results to the sub-basin 
workgroups. During those workshops, 
the Agencies will garner stakeholder 
input on the methods used to integrate 
data and generate the instream flow 
recommendations.

As discussed in Chapter 6, descrip-
tions of flow recommendations will 
include four components of the hydro-
logic regime: subsistence flows, base 
flows, high flow pulses, and overbank 
flows (Table 10-1). As the studies for the 
Texas Instream Flow Program evolve, 
definitions and objectives for these flow 
components may need to be modified, 
and additional flow components may be 
required to support a sound ecological 
environment for a specific river sub-
basin. Results of technical studies in 
hydrology and hydraulics, biology, geo-
morphology, and water quality will be 

integrated to make recommendations for 
these flow components. Important con-
nectivity linkages within the river eco-
system will also be considered, as well as 
interannual and intra-annual hydrologic 
variation.

10.1 
subsisTenCe flows
The primary objective of subsistence 
flow recommendations will be to main-
tain water quality criteria. Secondary 
objectives for a specific sub-basin may 
include providing life cycle cues based 
on naturally occurring periods of low 
flow or providing habitat that ensures a 
population is able to recolonize the riv-
er system once normal, base flow rates 
return.

Developing recommendations for 
subsistence flows requires integrating 
technical studies from various disciplines 
(Figure 10-1). Biological studies will iden-
tify key considerations related to these 
reduced flow rates. Examples include 
identifying location and characteristics 
of refuge habitats for species during low 
flow events and describing the effect of 

Table 10-1. Definitions and objectives for instream flow components.

Subsistence flows 
Definition: Infrequent, seasonal periods of low flow
Objectives: Maintain water quality criteria

Base flows
Definition: Normal flow conditions between storm events
Objectives:  Ensure adequate habitat conditions, including variability, to support the 

natural biological community

High flow pulses
Definition: Short-duration, in-channel, high flow events following storm events
Objectives: Maintain important physical habitat features
 Provide longitudinal connectivity along the river channel

Overbank flows
Definition: Infrequent, high flow events that exceed the normal channel
Objectives: Maintain riparian areas
 Provide lateral connectivity between the river channel and active floodplain
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Figure 10-1. Development of subsistence flow recommendations from results of multidisciplinary activities.
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such events on important species or com-
munities. Based on these considerations, 
water quality constituents of concern will 
be identified. Examples include stream 
temperatures and dissolved oxygen 
concentrations determined to be detri-
mental for certain species or chemical 
constituents whose elevated concentra-
tions are identified as concerns by the 
Agencies and stakeholders. Appropri-
ate water quality modeling studies will 
be conducted to assist in determining 
the relationship between low flows and 
constituents of concern (see Chapter 9). 
Example studies include application of 
QUAL-TX or other computer models. 
Hydrologic studies will assist by calculat-
ing low flow statistics characterizing the 
natural occurrence and severity of low 
flow events. Statistics of interest include 
7Q2 flow, which is used in regulating 
water quality standards. Subsistence 
flow recommendations will be drafted 
in order to reduce unnatural variation in 
constituents of concern. After checking 
the impact on other biological consider-
ations, subsistence flow recommenda-
tions will be finalized.

10.2 
base flows
The primary objective of base flow 
recommendations will be to ensure 
adequate habitat conditions, including 
variability, to support the natural bio-
logical community of the specific river 
sub-basin. These habitat conditions are 
expected to vary from day to day, season 
to season, and year to year. This vari-
ability is essential in order to balance the 
distinct habitat requirements of various 
species, guilds, and assemblages.

Developing recommendations for 
base flows requires integrating technical 
studies from various disciplines (Figure 
10-2). Biological studies will identify key 
species and habitat issues related to a 
specific sub-basin. Geomorphic studies 
will assess channel bed forms and banks, 
and hydrologic studies will calculate base 
flow statistics for the sub-basin. Results 

of these studies will assist biologists in 
determining sites and flow conditions 
for biological data collection. Based on 
these data collection efforts, biologists 
will determine habitat criteria for target 
species or guilds. For each intensive habi-
tat study site, a hydraulic model will be 
used to evaluate hydraulic characteristics 
over the range of flows of interest. A GIS-
based physical habitat model will be used 
to assess habitat versus flow relationships, 
including diversity (described in Section 
10.2.1). Base flow recommendations will 
include ranges of flow appropriate for 
wet, average, and dry hydrologic condi-
tions as defined by studies of the specific 
river sub-basin. Recommendations will 
be finalized after assessing biological 
considerations related to water quality 
for these flow ranges. 

10.2.1 
Physical Habitat Model
A GIS-based physical habitat model 
is used to predict habitat conditions 
within a habitat study site for a range 
of simulated flow conditions. Hydraulic 
models provide the simulated flow con-
ditions; geographic coverages provide 
information about substrate and cover. 
From these data, GIS forms a spatially 
explicit habitat model that can be used 
to query spatial information. For each 
simulated flow, the spatial availability 
of suitable habitat can then be queried 
using habitat suitability criteria for 
habitat guilds and target species. For 
each guild and target species, a micro-
habitat-discharge relationship is devel-
oped to provide information on how 
microhabitat suitability changes with 
respect to streamflow. Similarly, using 
mesohabitat criteria, the habitat model 
can be queried to develop spatial maps 
of mesohabitat and mesohabitat-dis-
charge relationships at each simulated 
flow. Spatial maps of mesohabitat can 
be further analyzed using landscape 
analysis software (such as Fragstats) to 
describe habitat heterogeneity in terms 
of diversity, patch size, location of edg-
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Figure 10-2. Development of base flow recommendations from results of multidisciplinary activities.
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es and transition zones (ecotones), and 
other landscape metrics.

Habitat time series will be produced 
using hydrologic time series and micro-
habitat-discharge relationships and, 
separately, relationships between habitat 
heterogeneity and discharge. By compar-
ing hydrologic time series derived from 
naturalized and alternative flow regimes, 
implications of changes in flow regimes 
can be assessed. For example, the per-
cent reduction in habitat area between 
flow regimes can be calculated to help 
identify time periods of greater or lesser 
impact. Coupled with data on critical 
time periods of life history events (such 
as spring spawning of fishes), habitat 
time series can help identify when par-
ticular inter- or intra-annual flow levels 
are necessary. 

Habitat duration curves can be 
derived from time series as well. From 
these curves, mean values and exceed-
ance probabilities of different habitat 
conditions (such as 85th percentile habi-
tat values and minimum and maximum 
diversity) can be calculated. Coupled 
with habitat thresholds (Capra and oth-
ers, 1995; Bovee and others, 1998; Saun-
ders and others, 2001), duration curves 
can be used to assess how often and 
for how long periods of flow result in 
habitat conditions below, above, or at a 
threshold. Overall, many combinations 
of spatial and temporal analyses are pos-
sible and can be used to identify base 
flow conditions that minimize impacts 
on or maximize value of microhabitat 
conditions, key habitats, and habitat 
heterogeneity. 

10.3 
HigH flow Pulses
The primary objectives of high flow 
pulse recommendations will be to main-
tain important physical habitat features 
and longitudinal connectivity along the 
river channel. Many physical features of 
a river or stream that provide impor-
tant habitat during base flow conditions 
cannot be maintained without suitable 

high flow pulses. High flow pulses also 
provide longitudinal connectivity along 
the river corridor for many species. Sec-
ondary objectives for high flow pulses 
may include improving recruitment for 
specific species or other basin-specific 
objectives.

Developing recommendations for 
high flow pulses requires integrating 
technical studies from several disci-
plines (Figure 10-3). Geomorphic stud-
ies will assess active channel processes 
that shape the physical features of the 
riverine system. Those studies will also 
develop sediment budgets to describe 
the transport and storage of various siz-
es of sediment within the river system.  
Finally, geomorphic studies will assess 
the channel-adjusting flow behavior of 
the river within the sub-basin. Biological 
studies will identify biological consider-
ations related to high flow pulses, includ-
ing water quality. If necessary, additional 
studies to consider water quality issues 
will be completed. Hydrologic stud-
ies will calculate high flow statistics to 
describe the historical and current mag-
nitude, frequency, timing, and shape of 
high flow pulses. Final recommendations 
for high flow pulses will balance current 
sediment supplies and flow regimes to 
achieve desired results.

10.4 
overbank flows
The primary objectives of overbank 
flow recommendations will be to main-
tain riparian areas and provide lateral 
connectivity between the river channel 
and active floodplain. Requirements for 
maintaining riparian areas will be spe-
cific to each river sub-basin but may 
include transporting sediments and 
nutrients to riparian areas, recharging 
floodplain aquifers, and providing suit-
able conditions for seedlings. Require-
ments for lateral connectivity will also 
vary according to basin-specific fac-
tors, such as the presence of fish or 
other biota using floodplain habitat 
during and after flood events. Second-
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Figure 10-3. Development of high flow pulse recommendations from results of multidisciplinary activities.
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ary objectives for overbank flows may 
include moving organic debris to the 
main channel, providing life cycle cues 
for various species, and maintaining 
the balance of species in aquatic and 
riparian communities.

Developing recommendations for 
overbank flows requires integrating 
technical studies from various disciplines 
(Figure 10-4). Geomorphic studies will 
assess the active floodplain and chan-
nel processes. Hydrologic studies will 
calculate flood frequency statistics, and 
hydraulic studies will model the extent 
of inundation associated with flood 
events. This information will assist in 
assessing overbank flow behavior, which 
will be used to develop recommenda-
tions for overbank flows. Initial recom-
mendations will be based on providing 
flows that inundate the active floodplain 
and provide sufficient flow and stream 
power for active floodplain processes. 
After conducting riparian studies, biolo-
gists will determine riparian require-
ments, such as timing and duration of 
events, which will be used to modify 
initial recommendations. Studies will 
identify biological considerations relat-
ed to overbank flows, as well as water 
quality considerations. Examples of 
biological considerations include flood 
recession rates to minimize stranding of 
fish in floodplain areas or the amount of 
habitat available for biota using flood-
plains. Final recommendations for 
overbank flows will address all of these 
considerations.

10.5 
oTHer ConsideraTions
Before final instream flow recommen-
dations are made, the Texas Instream 
Flow Program will consider other fac-
tors for a specific river sub-basin that 
may not have been addressed by tech-
nical studies. For example, these fac-
tors include compatibility with other 
state and federal programs related to 
surface water resources (such as fresh-
water inflow requirements to bays and 

estuaries). The Agencies will ensure 
compatibility with the statutory respon-
sibilities of river authorities and other 
regional water resource management 
agencies by including these entities as 
stakeholders during the completion of 
sub-basin studies. 

Because the Agencies are directly 
involved in many of these programs, 
they are in a unique position to ensure 
that the Texas Instream Flow Program is 
compatible with other state and federal 
water resource programs. State fresh-
water inflow requirements for bays and 
estuaries are developed based on data 
collection and analytical studies jointly 
completed by the Texas Water Develop-
ment Board and Texas Parks and Wild-
life Department. The Texas Commission 
on Environmental Quality administers 
the state Total Maximum Daily Load 
Program required by the federal Clean 
Water Act. In the Texas Clean Rivers 
Program, the Commission collaborates 
with 14 partner agencies to conduct 
water quality monitoring, assessment, 
and public outreach activities. The Tex-
as Water Development Board facilitates 
water supply planning efforts mandated 
by Texas state law. The Texas Parks and 
Wildlife Department regulates fish and 
wildlife resources. Through these and 
other programs and activities, the Agen-
cies have working relationships with 
many state and federal agencies, allowing 
communication and cooperation regard-
ing program compatibility.

10.6 
sTudy rePorT
The Agencies will prepare a final study 
report for each specific river sub-basin. 
The report will include instream flow 
recommendations for flow components 
such as subsistence flows, base flows, 
high flow pulses, and overbank flows. 
It will also describe the significance of 
each flow component for the specific 
river sub-basin and fully document study 
methods and analysis techniques. 

Each study report will include 
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Figure 10-4. Development of overbank flow recommendations from results of multidisciplinary activities.
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descriptions of the scientific realities 
related to instream flow recommenda-
tions for the specific river sub-basin (see 
Section 2.2.2). In addition, the report 
will identify factors, including flow alter-
ation, that are inhibiting the achieve-
ment of a sound ecological environment 
within the specific river sub-basin. The 
report will also document uncertainty 
in study results and conclusions, as well 
as opportunities to adapt, refine, and 
improve flow recommendations through 
additional data collection, monitoring, 
or analysis. Alternative flow regimes and 
their consequences will be described.

The draft study report will be writ-
ten after meeting with the sub-basin 
workgroups and obtaining their input 
related to integrating data and generating 
instream flow recommendations. The 
draft study report will then be submitted 
to scientific peer review, as described in 
Chapter 4. After completing any neces-
sary changes identified by peer review, 
the report will be presented to stakehold-
ers for further comment before being 
finalized. The final report will include 
feedback received from stakeholders 
and peers, along with responses from 
the Agencies.
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flow regimes (with monthly or seasonal 
targets) can be developed for dry, aver-
age, and wet hydrologic conditions. As 
a result, specific flow or management 
objectives and corresponding recom-
mendations can be derived for each of 
these conditions. For example, during 
dry conditions objectives might include, 
but would not be limited to, water quality 
conditions needed for key or indicator 
species to survive. During wet condi-
tions, objectives may include, but will 
not be limited to, riparian and channel 
maintenance. Desired habitat conditions 
or indicators could be developed for each 
hydrologic condition. 

Implementing flow recommendations 
will be a pivotal step in the instream flow 
program, and a necessary component of 
implementation will be striking a balance 
between human needs and ecosystem 
requirements for fresh water. This bal-
ance may be more easily struck in regions 
of the state where freshwater resources 
are plentiful due to climatic or other con-
ditions. Implementation challenges will 
arise from the disparate legal treatment 
of surface and groundwaters that are 
hydrologically connected and from ever-
changing land uses that directly affect 
watershed dynamics. Different sets of 
issues will be confronted in systems with 
rivers impounded by large storage reser-
voirs, river basins with unallocated water, 
and fully appropriated river basins.

A legitimate concern is that by the 
time the instream flow recommenda-
tions are available for a particular sub-
basin, human water demands may out-
pace supplies. Senate Bill 3 addresses this 
concern by mandating that basin and 
bay expert science teams recommend 
environmental flow regimes based on the 
best science available. This will provide 
a measure of protection to areas where 
studies have not yet been completed. 
Once flow recommendations have been 
made, other provisions of Senate Bill 3 
ensure they will be reviewed, monitored, 
and refined in the future when the Texas 

Instream Flow Program or other scien-
tific studies are completed. As part of 
their duties under Senate Bill 3, basin and 
bay area stakeholder committees will be 
required to develop strategies to meet 
instream flow recommendations.

Results of the Texas Instream Flow 
Program will be in a form that can be 
readily integrated into the Senate Bill 
3 process. Study results will be docu-
mented in a report (see Chapter 10) that 
will provide a basis for implementation. 
Information in the report will include a 
revised conceptual model of the aquatic 
ecosystem in a specific sub-basin. The 
report will detail the ecological signifi-
cance of flow recommendations, dis-
cuss the uncertainties associated with 
analyses, anticipate needs for adap-
tive management, and describe some 
of the non-flow-related factors affect-
ing ecosystem health. The report may 
also describe options for adjusting river 
operations to meet study goals or top-
ics for additional study should resources 
become available in the future. To form 
management strategies for implement-
ing instream flow recommendations as 
part of environmental flows for basin 
and bay systems, stakeholder committees 
established by Senate Bill 3 may adapt 
study results from the Instream Flow 
Program. 

The Texas Instream Flow Program 
has identified six priority river basins in 
which to initiate studies and implement 
recommendations (TIFP, 2002). These 
priority basins represent a small subset 
of the total number of rivers and streams 
in the state. Ultimately, the program 
will need to be expanded to encompass 
these other rivers and streams. Expan-
sion should be based on a priority-set-
ting system and may involve additional 
studies. 

In addition, the Agencies anticipate 
that classification tools will be devel-
oped to aid in applying instream flow 
standards to the state’s myriad rivers and 
streams. It would be a nearly impossible 
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task to individually study all of the state’s 
191,000 river miles (307,385 kilometers). 
By determining hydrologically, ecologi-
cally, and geomorphologically similar 
aquatic ecosystem units, the Agencies 
could establish and apply streamlined 
methods for developing instream flow 
recommendations. This type of approach 
is being successfully used in New Jersey 
and is under development in other states 
(Henriksen and others, 2006).

11.2 
moniToring 
A monitoring program is required in 
order to evaluate the effectiveness of 
implemented flow regimes in meeting 
resource management objectives. Sen-
ate Bill 3 tasks basin and bay stakeholder 
committees with developing work plans 
that include monitoring. Results of the 
Texas Instream Flow Program will assist 
in developing these monitoring plans 
for the instream portion of specific sub-
basins. Monitoring will be considered 
during the design phase of the pro-
gram’s studies when goals, objectives, 
and indicators are developed for a sub-
basin. A successful monitoring program 
will need clear goals and objectives that 
provide the basis for scientific investiga-
tion, appropriate allocation of resources 
for data collection and interpretation, 
quality assurance procedures and peer 
review, flexibility that allows modifi-
cations when warranted by changes 
in conditions or new information, and 
access to “user-friendly” monitoring 
information by interested parties. 

Networks for monitoring aspects 
of the state’s rivers and streams already 
exist (such as the U.S. Geological Sur-
vey streamflow gages, Texas Clean Riv-
ers Program, and university studies), and 
these data sources should be integrated 
into an instream flow monitoring pro-
gram. Additional monitoring should be 
designed to complement existing sources 
and ensure adequate coverage of the four 
study components (hydrology, biology, 

geomorphology, and water quality) con-
sistent with implementation goals.

A comprehensive monitoring pro-
gram should be based on a suite of eco-
logical indicators adapted to

•	 describe	 the	 biological,	 chemical,	
physical, and hydrologic char-
acteristics of the reach prior to the 
initiation of field studies (establish 
current conditions);  

•	 address	 the	 goals	 and	 objectives	 of	
the study recommendations; 

•	 address	changing	water	management	
strategies with sufficient flexibility; 

•	 evaluate	 the	 long-term	 effectiveness	
of permit conditions or operational 
plans in meeting the stated objectives; 
and

•	 provide	 a	 sound	 technical	 basis	 for	
recommending adjustments to oper - 
ational plans in the event that objec-
tives are not being achieved. 

11.3 
adaPTive managemenT
The final step of the instream flow 
program is targeted at addressing the 
uncertainty of management outcomes 
that arise from the complexity of the 
natural environment. Adaptive manage-
ment, that is an experimental or “scien-
tific” approach to managing resources, 
is a concept that is gaining acceptance 
by the resource conservation and man-
agement community (Salafsky and oth-
ers, 2001). The basic premise of adap-
tive management is the realization 
that even the best-informed decisions 
sometimes fail to achieve a desired end 
result because of faulty assumptions 
or changing circumstances, including 
new concerns, altered watershed land 
use or cover, or new policy initiatives. 
Through systematic testing of manage-
ment assumptions, recommended strat-
egies can be modified to ensure that 
goals are achieved. The Texas Instream 
Flow Program will not be successful if 
instream flow recommendations are 
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implemented but there is no further 
analysis of whether goals were attained. 
It is highly likely that much will be 
learned in the early years of implemen-
tation of instream flow recommenda-
tions. It should be expected that various 
aspects of the program, from instream 

flow study design to integration of mul-
tidisciplinary information to the estab-
lishment of monitoring programs, will 
be modified as new techniques and 
ideas are formulated and experience 
and knowledge are gained. 
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left banks are named facing downstream 
(in the direction of flow).

bank stability: occurs when the chan-
nel bank configuration does not change 
significantly over time. Examples of bank 
instability include channel widening 
or narrowing and large changes in the 
meander migration rate.

base flows: the component of an instream 
flow regime that represents normal flow 
conditions (including variability) between 
precipitation events. Base flows provide a 
range of suitable habitat conditions that 
support the natural biological commu-
nity of a specific river sub-basin.

bathymetric: related to the measurement 
of water depth within a water body.

bed forms: three-dimensional configura-
tions of bed material, which are formed 
in streambeds by the action of flowing 
water.

bed load: sediment that is transported by 
a stream on or very close to the bed.

bed stability: occurs when the aver-
age elevation of the streambed does not 
change significantly over time. Aggrada-
tion and degradation are the two forms 
of bed instability.

benthic: pertaining to the bottom of a 
body of water, on or within the bottom 
substrate material. 

biodiversity: the variety of plant, animal, 
and microorganism species present in 
the ecosystem and the community struc-
tures they form.

biogeochemical cycling: the flow of 
chemical substances to and from the 
major environmental reservoirs: Atmo-
sphere, Hydrosphere, Lithosphere, and 
Biosphere. 

biota: the plant (flora) and animal life 
(fauna) of a region or ecosystem.

boundary conditions: definition or 
statement of conditions or phenomena 
at the boundaries of a model; water lev-
els, flows, and concentrations that are 

specified at the boundaries of the area 
being modeled.

calibration: to check, adjust, or deter-
mine by comparison that a computer 
model will produce results that meet or 
exceed some defined criteria within a 
specified degree of confidence.

canopy: the overhanging cover formed 
by branches and foliage. 

channel: a natural or artificial water-
course that continuously or intermit-
tently contains water, with definite bed 
and banks that confine all but overbank-
ing streamflows.

Chezy’s equation: an empirical equa-
tion used to estimate the average hydrau-
lic conditions of flow within a channel 
cross section. Alternative to Manning’s 
equation.

Chezy’s roughness: a coefficient in Che-
zy’s equation that accounts for energy 
loss due to the friction between the chan-
nel and the water. 

Clean Rivers Program: see Texas Clean 
Rivers Program

Clean Water Act: see federal Clean 
Water Act

connectivity: refers to the movement and 
exchange of water, nutrients, sediments, 
organic matter, and organisms within the 
riverine ecosystem. Connectivity occurs 
laterally (between the stream and its 
floodplain), longitudinally (along the 
stream), vertically (between the stream 
and groundwater), and temporally.

control variables: large-scale environ-
mental factors that control patterns 
found in local geomorphic features. 
Examples include geology, soils, land use, 
hydrology, planform channel features, 
and valley characteristics.

cover (instream cover): overhanging or 
instream structure, such as tree roots, 
undercut streambanks, boulders, or 
aquatic vegetation that offer protection 
for aquatic organisms. 
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current velocity: the velocity of water 
flow in a stream, measured in units of 
length per time such as feet per sec-
ond (ft/s or fps) or meters per second 
(m/s).

cutoff: where the stream cuts through 
the neck of a meander bend.

detritus: decaying organic matter (pre-
dominantly leaves and other matter from 
vegetation).

Digital Elevation Model: a representa-
tion of a topographic surface arranged 
in a data file as a set of regularly spaced 
x, y, z coordinates where z represents 
elevation. 

Digital Orthographic Quarter Quad-
rangle: a digital aerial photography data 
set that has been processed to correspond 
to U.S. Geological Survey 1:12,000-scale 
quarter-quadrangle topographic maps. 

Discharge (Q): the volume of water pass-
ing a point per unit time. 

ecoregion: a geographic area over which 
the macroclimate is sufficiently uniform 
to permit development of similar ecosys-
tems on sites with similar geophysical 
properties. Ecoregions contain multiple 
landscapes with different spatial patterns 
of ecosystems.

ecosystem: an assemblage of living 
organisms interacting with physical and 
chemical features as an environmental 
unit.

ecotone: a transition zone between 
two distinctly different ecosystems or 
communities.

eddy viscosity: a model parameter that 
reproduces the effects of turbulent mix-
ing in fluid flow.

electrofishing: a biological collection 
method that uses electric current to 
facilitate capturing fishes.

embeddedness: a measure of the degree 
that gravel and larger substrates are 
surrounded by fine particles (silt and 
sand).

endemism: the characteristic of being 
confined to or indigenous in, a certain 
area or region.

federal Clean Water Act: more formally 
referred to as the Federal Water Pollution 
Control Act, the Clean Water Act con-
stitutes the basic federal water pollution 
control statute for the United States. 

finite difference: a method of solving the 
governing equations of a numerical mod-
el by dividing the spatial domain into a 
mesh of nodes. Solution of the governing 
equations is approximated from values 
at the node locations.

finite element: a method of solving the 
governing equations of a numerical mod-
el by dividing the spatial domain into 
elements in each of which the solution of 
the governing equations is approximated 
by a continuous function.

finite volume: a method of solving the 
governing equations of a numerical mod-
el by dividing the spatial domain into a 
mesh of nodes and corresponding vol-
umes around each node. Solution of the 
governing equations is obtained from 
approximations of the fluxes across the 
boundaries of adjacent volumes.

flashiness: a measure of a river or stream’s 
tendency to carry a high percentage of its 
flow volume in large, infrequent events 
rather than more moderate flows that 
occur frequently.

flood: a flow that exceeds the normal 
channel capacity and goes over the banks 
of a stream or river.

flood frequency: how often, on average, 
a discharge of a given magnitude occurs 
at a particular location on a stream. Usu-
ally expressed as the probability that the 
discharge will exceed some size in a sin-
gle year (the 1-in-100 year flood has a 1 
percent probability of being equaled or 
exceeded in any one year).

floodplain: a relatively flat area adja-
cent to a stream that is periodically 
inundated. 
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flow duration curve: a measure of the 
range and variability of a stream’s flow. 
The flow duration curve represents the 
percent of time during which specified 
flow rates are exceeded at a given loca-
tion. This is usually presented as a graph 
of flow rate (discharge) versus percent of 
time that flows are greater than, or equal 
to, that flow.

flow-sensitive habitats: habitats that 
show hydraulic response to relatively 
small changes in streamflow; responses 
may be reflected in changes in depth, 
velocity patterns, wetted width and/
or habitat area; may be substantially 
affected by reductions in stream flows. 
Examples include shallow-water, edge, 
and riffle habitat.

food web: a model structure used to 
represent the links between organisms 
within an environment, based upon the 
order in which various organisms con-
sume one another.

freshwater inflow requirements: fresh-
water flows required to maintain the 
natural salinity, nutrient, and sediment 
delivery in a bay or estuary that supports 
their unique biological communities and 
ensures a healthy ecosystem.

Froude number: ratio of the inertial to 
gravitational forces within a fluid. Froude 
numbers greater than 1 correspond to 
super-critical flow, less than 1 to sub-
critical flow.

guild: a group of species or organ-
isms that use the same environmental 
resources (habitat, food source, etc.) or 
life history strategy (e.g., reproduction) 
in the same way.

habitat: the native environment or 
specific surroundings where a plant or 
animal naturally grows or lives. Habitat 
includes physical factors such as temper-
ature, moisture, and light together with 
biological factors such as the presence 
of food or predator organisms. 

hardwood bottomland: hardwood for-
ested lowlands adjacent to some rivers, 

especially valuable for wildlife breeding, 
nesting, and habitat.

high flow pulses: the component of an 
instream flow regime that represents 
short-duration, in-channel, high flow 
events following storm events. They 
maintain important physical habitat 
features and longitudinal connectivity 
along the river channel.

hydraulic control: a feature in a stream 
(such as a constriction or weir) that 
controls the upstream water surface 
elevation.

hydraulic model: a computer model of a 
segment of river used to evaluate hydrau-
lic conditions.

hydraulic roughness: an estimate of 
the resistance to flow due to energy loss 
caused by friction between the channel 
and the water. Chezy’s and Manning’s 
roughness are two different ways to 
express this parameter.

hydrograph: graph showing the variation 
of water elevation, velocity, streamflow, 
or other property of water at a particular 
location with respect to time.

hydrologic model: a computer model of 
a watershed used to evaluate how pre-
cipitation contributes to flow in streams 
(rainfall/runoff analysis).

hyporheic zone: the zone under a river 
or stream comprising substrate whose 
interstices are filled with water.

impaired water body: a water body that 
cannot reasonably be expected to attain 
or maintain applicable water quality 
standards, and at least one beneficial use 
shows some degree of degradation.

imperiled species: declining, rare, or 
uncommon species; species federally 
listed as threatened or endangered, or 
candidates for such; and species with 
limited distributions. 

Index of Biotic Integrity: a multi-metric 
measure of biological condition devel-
oped from collection data for fish or 
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other organisms. It consists of metrics in 
three broad categories:  species composi-
tion, trophic composition, and organism 
abundance and condition.

instream flow recommendation: the 
instream flow conditions (i.e., the mag-
nitude and timing of flow events) neces-
sary to maintain an ecologically sound 
environment in rivers and streams as 
developed by applying the best avail-
able methods. Recommendations are in 
the form of an instream flow regime that 
includes subsistence flows, base flows, 
high flow pulses, and overbank flows.

interstitial spaces: gaps between the 
particles that make up the streambed.

key habitats: flow-sensitive habitats 
as well as habitats that support key 
species.

key species: species that are targeted 
for instream flow assessment or more 
generally taxa of interest; may include 
lotic-adapted species, imperiled species, 
sport fishes, or other species related to 
study objectives.

lotic: relating to moving water such as 
streams and rivers. 

lotic-adapted species: species for 
which all or part of their life history is 
dependent on flowing water. Examples 
of lotic-adapted species are riffle-dwell-
ing fishes such as darters, blue sucker, 
riverine mussels, aquatic invertebrates, 
and others.

macroinvertebrate: an animal without a 
backbone, large enough to be seen with-
out magnification and unable to pass 
through 0.595 mm mesh.

macrophyte: macroscopic plants in the 
aquatic environment. The most common 
macrophytes are the rooted vascular 
plants that are usually arranged in zones 
in aquatic ecosystems and restricted in 
their area by the extent of illumination 
through the water and sediment deposi-
tion along the shoreline.

Manning’s equation: an empirical equa-
tion used to estimate the average hydrau-
lic conditions of flow within a channel 
cross section.

Manning’s roughness: a coefficient in 
Manning’s equation that accounts for 
energy loss due to the friction between 
the channel and the water. Many hydrau-
lic models use this coefficient to estimate 
resistance to flow.

mean column velocity: the average 
velocity of fluid flow measured in a col-
umn extending from the surface of the 
water to the bed of the channel. Often 
referred to simply as “velocity” or “cur-
rent velocity.”  In contrast, point velocity 
is measured at a single point in the water 
column.

median particle size (D50): value for 
which half the particles in a sample 
have a greater diameter and half a lesser 
diameter.

mesohabitat: basic structural elements 
of a river or stream such as pools, back-
waters, runs/glides, and riffles.

microhabitat: zones of similar physi-
cal characteristics within a mesohabitat 
unit, differentiated by aspects such as 
substrate type, water velocity, and water 
depth.

modified Wentworth scale: a specific 
scale used to classify substrate particles 
by their diameter. Categories in this scale 
include boulder, cobble, pebble, gravel, 
sand, silt, and clay.

National Elevation Dataset: a Digital 
Elevation Map developed and main-
tained by the U.S. Geological Survey that 
provides the best available elevation data 
for the conterminous area of the United 
States.

naturalized conditions: an estimate of 
natural conditions obtained by attempt-
ing to remove effects of human activities 
from a set of measured conditions.

Navier-Stokes equations: a set of equa-
tions that describe the physics govern-
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ing the motion of a fluid. In addition to 
applications in hydraulic studies of rivers 
and streams, these equations are used 
to model weather, ocean currents, and 
aerodynamics.

nutrient cycle: the cyclic conversions 
of nutrients from one form to another 
within biological communities. A simple 
example is the production and release 
of molecular oxygen from water during 
photosynthesis by plants and the subse-
quent reduction of atmospheric oxygen 
to water by the respiratory metabolism 
of other biota. 

overbank flows: the component of an 
instream flow regime that represents 
infrequent, high flow events that exceed 
the normal channel. These flows main-
tain riparian areas and provide lateral 
connectivity between the river channel 
and active floodplain. They may also pro-
vide life-cycle cues for various species.

Peclet number: the relationship between 
properties of the mesh, fluid velocity, and 
eddy viscosity for a hydraulic computer 
model.

physiographic province: an area with 
similar characteristics based on geology, 
soil type, and topography.

point velocity: the velocity of fluid flow 
measured at a single point within a vol-
ume of flowing water.

rating curve: a graph showing the rela-
tionship between water surface elevation 
and discharge of a stream or river at a 
given location. Also called a stage-dis-
charge curve.

reach: in general, a length of stream with 
relatively homogenous characteristics. In 
terms of the Texas Instream Flow Pro-
gram, a subdivision of a segment that 
exhibits relatively homogeneous channel 
and floodplain conditions (hydrologic/
hydraulic, biological, geomorphic, and 
water quality).

recruitment: survival of young plants 
and animals from birth to a life stage less 
vulnerable to environmental change.

resilience (ecosystem): the ability of an 
ecosystem to maintain or restore bio-
diversity, biotic integrity, and ecologi-
cal structure and processes following 
disturbance. 

response variables: environmental fea-
tures of the river channel on a local or 
site-specific scale. Examples include 
channel shape, cross-sectional dimen-
sions, substrate, bank shape, floodplain 
characteristics, vegetation, and channel 
patterns. 

return flow: the portion of a diverted 
flow that is not consumptively used and 
returns to its original source or another 
body of water.

riparian area: a zone of transition 
between aquatic and terrestrial ecosys-
tems that exhibits, through the zone’s 
existing or potential soil-vegetation com-
plex, the influence of surface or subsur-
face water. 

River Styles (RS): a framework for con-
ducting geomorphic analysis of river 
systems.

river (or riverine) ecosystem: the biotic 
and abiotic components within the main 
channel and adjoining floodplain and 
riparian area of a river segment, their 
structural relationships, and the pro-
cesses that maintain them.

routing parameters: coefficients that, 
along with mathematical routing equa-
tions, can be used to estimate the attenu-
ation and lag (time delay) associated with 
the movement of flow through a length 
of stream channel.

runoff: rainwater or snowmelt that is 
transported to streams by overland flow, 
drains, or ground water. 

scour: the erosive action of running water 
in streams, which excavates and carries 
away material from the bed and banks. 
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Or, pertaining to a place on a streambed 
swept (scoured) by running water. 

Section 404: the section of the federal 
Clean Water Act delineating restrictions 
on the dredging and filling of wetlands 
and disruption of beds and banks of 
streams.

sediment trapping efficiency (E): the 
ratio of sediment retained within the 
reservoir to the sediment inflow to the 
reservoir.

segment: a water body or portion of a 
water body that is individually defined 
and classified in the Texas Surface 
Water Quality Standards. A segment is 
intended to have relatively homogeneous 
chemical, physical, and hydrological 
characteristics. 

seven-day two-year low flow (7Q2): the 
lowest average streamflow for seven con-
secutive days with a recurrence interval 
of two years, as statistically determined 
from historical data. Some water quality 
standards do not apply at streamflows 
that are less than the 7Q2 flow.

shear stress: the frictional force per unit 
area exerted on the streambed by flowing 
water. An important factor in the move-
ment of bed material and description of 
habitat for some organisms.

sinuosity: a measure of meander “inten-
sity.” The ratio of the length of a stream 
measured along its thalweg to the length 
of the valley through which the stream 
flows.

sound ecological environment: a func-
tioning ecosystem characterized by 
intact, natural processes, resilience, and a 
balanced, integrated, and adaptive com-
munity of organisms comparable to that 
of the natural habitat of a region. 

species richness: the number of species 
in an assemblage or sample. 

stage: see water surface elevation.

stream power: a measure of energy avail-
able to move sediment, or any other par-

ticle in a stream channel. It is affected by 
discharge and slope.

sub-basin: in general, a portion of a river 
basin. In relation to the Texas Instream 
Flow Program, the full geographic 
scope of priority studies within major 
river basins, including the main channel, 
floodplain, tributaries, and contributing 
watershed area of all study segments.

sub-critical flow: flow characterized by 
low velocity and a Froude number less 
than 1.

subsistence flows: the component of 
an instream flow regime that represents 
infrequent, naturally occurring low flow 
events that occur for a seasonal period 
of time. They maintain water quality 
criteria and provide sufficient habitat to 
ensure organism populations capable of 
recolonizing the river system once nor-
mal, base flows return. 

super-critical flow: flow characterized 
by high velocity and a Froude number 
greater than 1.

sustainability: the long-term capacity of 
an ecosystem to maintain ecological pro-
cesses and functions, biological diversity, 
and productivity.

taxa: groups of organisms or eco-
systems categorized by common 
characteristics.

Texas Clean Rivers Program: a program 
administered by the Texas Commission 
on Environmental Quality which con-
ducts water quality monitoring, assess-
ment, and public outreach activities in 
the state. Local river authorities are pri-
mary partners in this program.

thalweg: a line following the deepest part 
of the bed of a channel.

time series: a set of data collected 
sequentially, usually at fixed intervals 
of time. For example, a hydrologic time 
series may provide average daily flow val-
ues at a particular location for a number 
of years of observation. A habitat time 
series could provide an estimate of cor-
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responding average daily habitat condi-
tions for the same time period.

Total Dissolved Solids: a water quality 
parameter that measures the solids (usu-
ally mineral salts) dissolved in water.

Total Maximum Daily Load: the maxi-
mum quantity of a particular water pol-
lutant that can be discharged into a body 
of water without violating a water quality 
standard. 

transport capacity: the capacity of a riv-
er to carry sediment in suspension or to 
move sediment along the riverbed.

trophic structure: the feeding relation-
ships among species within a food web/
chain or a single ecosystem.

validation: comparison of computer 
model results with a set of data that were 
not used for calibration.

water availability model: a numerical 
surface water flow model used to deter-
mine the availability of surface water for 
water right permitting in the state.

watershed: the area enclosed by a topo-
graphic divide, which drains to a specific 
location on a stream or river. 

water surface elevation (or stage): the 
elevation of a water surface above or 
below an established reference level, 
such as sea level.

water quality: the chemical, physical, 
biological, radiological, and thermal con-
dition of water.

water quality criteria: a specific level or 
range of levels of water quality expected 
to render a body of water suitable for 

its designated use. Criteria are set for 
individual pollutants based on different 
water uses, such as public water supply, 
aquatic habitat, industrial supply, or 
recreation.

water quality standards: state-adopt-
ed and U.S. Environmental Protection 
Agency-approved ambient standards for 
water bodies. Standards include the use 
of the water body and the water quality 
criteria that must be met to protect the 
designated use or uses.

water table: the surface below which soil 
is saturated with water. Its depth below 
the ground surface is influenced by 
rainfall and human development (wells, 
drainage ditches, loss of wetlands, etc.). 
Typically, the depth below the surface to 
the upper layer of groundwater.

wetland: An area (including a swamp, 
marsh, bog, prairie pothole, or similar 
area) having a predominance of hydric 
soils that are inundated or saturated by 
surface or groundwater at a frequency 
and duration sufficient to support and 
that under normal circumstances sup-
ports the growth and regeneration of 
hydrophytic vegetation. The term “hydric 
soil” means soil that, in its undrained 
condition, is saturated, flooded, or pond-
ed long enough during a growing season 
to develop an anaerobic condition that 
supports the growth and regeneration of 
hydrophytic vegetation. (“Hydrophytic 
vegetation” is a plant growing in water 
or a substrate, which is at least periodi-
cally deficient in oxygen during a grow-
ing season as a result of excessive water 
content.) 
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