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Methods for Assessing Channel Conditions Related
to Scour-Critical Conditions at

Bridges in Tennessee

By Bradley A. Bryan, Andrew Simon, George S. Outlaw, and Randy Thomas

Abstract

The ability to assess quickly the poten-
tial for scour at a bridge site, to evaluate
those bridges with the greatest potential for
significant amounts of scour, and to then
identify scour-critical structures is important
for public protection and bridge maintenance
planning. A bridge scour assessment infor-
mation form was developed for collecting
data describing the site; the hydraulic, geo-
morphic, and vegetation characteristics of the
channel and bridge site.

Information from site assessments of
3,964 bridges in Tennessee was used to
develop indexes of potential and observed
scour. A data base and geographic
information system were established for
rapid assessment of potential scour
characteristics over broad geographic areas,
such as counties, regions, or drainage basins.

Channel instability characteristics differ
from region to region. In West Tennessee
counties, channel instability has progressed
from valley bottoms into the uplands through
headward degradation. In the middle and
east counties of Tennessee, channel widening
is a dominant process, but widespread degra-
dation has been prevented by stream beds
being lined with erosion-resistant bedrock,
boulder, cobble, and gravel, and by the

absence of channelization. Neither quan-
tifiable headcutting nor degradation in bed-
rock channels was noted at any site in the
State. However, potential for lateral scour is
prevalent in Middle and East Tennessee.

INTRODUCTION

Channel erosion near bridges consists of
such processes as degradation, contraction scour,
and local scour. These three processes are the
result of adjustment of a river to changing land
use, past channel modifications, or to localized
disturbances, such as piers or abutments. The
phenomenon of scour is a major engineering
consideration in the design and maintenance of
bridges. The term "scour critical” is used to
describe a bridge at which abutment and pier
foundations are, or have the potential to be,
unstable because of erosion of the channel bed or
banks (Federal Highway Administration, 1988a).
Given the large number of bridges over water in
the State, the ability to assess quickly the
potential for scour at a given site is important.

Degradation is an adjustment of the bed
elevation due to changes in hydrology, hydrau-
lics, or sediment movement and, as defined here,
is not caused by the bridge or roadway. Degra-
dation of the stream bed can be induced by
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changes either upstream or downstream of the
bridge. Lane’s relation (Lane, 1955),

QS « Qds (1)

is the water discharge,

is the channel gradient,

is the bed-material discharge, and
is the median grain size of bed
material,

where Q

o.own
g &

describes this interaction. Changes on either side
of the proportionality will affect the stability of
the channel.

Contraction scour is the general lowering of
the bed across the channel section at the structure
due to flow acceleration through a constriction.
Although contraction scour is generally consid-
ered a short term or cyclic phenomenon, it can
be a long lasting problem under special circum-
stances. Contraction of flow from the flood
plain at newly constructed bridges has the poten-
tial to induce both bed lowering and bank failure.

Local scour is the erosion that occurs
around piers or abutments and is induced by flow
acceleration and perturbation. Total scour depth
at the site is the sum of degradation, contraction
scour, and local scour.

The primary purpose of a State or regional
scour assessment is the identification of sites with
potential severe scour problems that would
require further study. A ranking approach
allows for the rapid assessment of a large num-
ber of bridges. A more detailed surveying, sam-
pling, and modeling can then be undertaken at
those sites that rank high in regard to potential
scour. Modeled scour depths and geophysical
and structural analyses at sites that rank high can
then be used to evaluate potential foundation
instability and to identify those bridges that are
scour critical.

In 1988, the U.S. Geological Survey
(USGS), in cooperation with the Tennessee
Department of Transportation (TDOT) and the
U.S. Department of Transportation, Federal
Highway Administration (FHWA), initiated a
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5-year project to describe and assess channel
characteristics related to bridge scour at sites
throughout Tennessee.

Purpose and Scope

This report describes methods developed and
used to genperate appraisals of the scour potential
of channels at bridges throughout Tennessee.
Using these methods, assessments of bridge-site
conditions related to high potential for critical
scour also are described.

Study Approach

The project was conducted in three phases
from 1988-93. Phase 1 included sites throughout
the State (TDOT regions 1, 2, 3, and 4) (fig. 1).
To increase the density of spatial coverage,
phase 2 included additional sites in TDOT region
4 that were not evaluated in phase 1. Phase 3
focused in urban areas and selected counties in
regions 1, 2, and 3 with gravelbed channels.

Phase 1 of the project provided an overview
of potential scour statewide. The number of sites
selected in each county was based on bridge
length and a restriction that the bridge be located
on a State or Federal route. The limiting struc-
ture length, determined by TDOT, was based on
upstream drainage area and the ability of the
stream to sustain an open channel. This structure
length corresponded with a 3-span bridge at least
50 feet long (B.R. Burke, Tennessee Department
of Transportation, written commun., 1989). The
restriction that bridges be on State or Federal
routes further limited the selection to 2,852 sites
for phase 1 (table 1). These sites provided ade-
quate coverage of State and Federal routes, but
resulted in limited spatial coverage because sites
tended to be located closely together.

Phase 2 of the project was initiated in
TDOT region 4 (fig. 1) to provide increased site
density for determining the extent of scour
related to stream network and channel stability as
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Table 1. Summary of Tennessee Bridge Scour Data System by Tennessee Department of Transportation
region, 1988-93

[--, No data]

Tennessee Department of Transportation region 1
County Number of Number of County Density of
(Tennessee bridges bridges in area, in spatial
Department of inspected the Bridge square coverage, in
Transportation by study phase Scour Data miles square milee
county oode) 1 2 3 System per bridge
Anderson (1) 32 - 13 45 338 7.51
Blount (5) 20 - 7 27 579 21.44
Campbell (7) 17 - - 17 447 26.29
Carter (10) 29 - - 29 355 12.24
Claiborne (13) 12 -- - 12 446 37.17
Cocke (15) 25 -- - 25 434 17.36
Grainger (29) 14 -- -- 14 310 22.14
Greene (30) 28 - - 28 617 22.04
Hamblen (32) 9 “= - 9 174 19.33
Hancock (34) 6 -- -- 6 230 38.33
Hawkins (37) 34 - - 34 494 14.53
Jefferson (45) 18 -- - 18 318 17.67
Johnson (46) 17 - - 17 299 17.59
Knox (47) 47 -- 32 79 511 6.47
Loudon (53) 13 - -- 13 240 18.46
Monroe (62) 20 -- -- 20 662 33.10
Morgan (65) 18 - - 18 539 29.94
Roane (73) 23 -- - 23 354 15.39
Scott (76) 11 - - 11 549 4991
Sevier (78) 53 - -- 53 603 11.38
Sullivan (82) 64 - - 64 425 6.64
Unicoi (86) 19 - - 19 185 9.74
Union (87) 6 - - 6 212 35.33
Washington (90) A9 = = A9 327 17.21
Region total 554 - 52 606 9,648 15.92
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Table 1. Summary of Tennessee Bridge Scour Data System by Tennessee Department of Transportation
region, 1988-93--Continued

Tennessee Department of Transportation region 2

County Number of Number of County Density of
{Tennessee bridges bridges in area, in sp atial
Department of inspected the Bridge square coverage, in
Transportation by study phase Scour Data miles square miles
county code) 1 2 3 System per bridge
Bledsoe (4) 9 -- 13 22 404 18.36
Bradley (6) 22 -- - 22 338 15.36
Cannon (8) 18 -- 6 24 271 11.29
Clay (14) 9 -- - 9 235 26.11
Coffee (16) 39 - - 39 435 11.15
Cumberland (18) 34 -- - 34 679 19.97
Dekalb (21) 17 -- 8 25 276 11.04
Fentress (25) 9 - -- 9 498 55.33
Franklin (26) 21 - -- 21 560 26.67
Grundy (31) 17 -- - 17 358 21.06
Hamilton (33) 57 -- 12 69 576 8.35
Jackson (44) 24 - 12 36 327 9.08
McMinn (54) 23 - -- 23 435 18.91
Marion (58) 37 - 6 43 507 11.79
Meigs (61) 8 -- - 8 206 25.75
Overton (67) 15 - - 15 439 29.27
Pickett (69) 5 - - 5 157 31.40
Polk (70) 19 - -- 19 436 22.95
Putnam (71) 14 - 9 23 406 17.65
Rhea (72) 20 - 4 24 323 13.46
Sequatchie (77) 9 -- 8 17 273 16.06
Van Buren (88) 5 -- -- 5 255 51.00
Warren (89) 28 -- -- 28 442 15.79
White (93) 1 = = i _383 5471
Region total 466 -- 78 544 9,219 16.95
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Table 1. Summary of Tennessee Bridge Scour Data System by Tennessee Department of Transportation
region, 1988-93--Continued

Tennessee Department of Transportation region 3

County Number of Number of County Density of
{Tenneseee bridges bridges in area, in spatial
Department of inspected the Bridge square coverage, in
Transportation by study phase Scour Data miles square miles
county code} 1 2 3 System per bridge
Bedford (2) 43 - - 43 482 11.21
Cheatham (11) 23 - 13 36 301 8.36
Davidson (19) 73 -- 12 85 532 6.26
Dickson (22) 25 - 19 44 485 11.02
Giles (28) 40 - 30 70 619 8.84
Hickman (41) 43 -- 22 65 613 9.43
Houston (42) 14 -- 12 26 207 7.96
Humphreys (43) 31 - 18 49 555 11.33
Lawrence (50) 19 - 14 33 634 19.21
Lewis (5§1) 11 - 16 27 285 10.56
Lincoln (52) 37 - 15 52 580 11.15
Macon (56) 9 - 23 32 304 9.50
Marshall (59) 42 - - 42 37 8.98
Maury (60) 47 -~ -- 47 614 13.06
Montgomery (63) 28 - 20 48 543 11.31
Moore (64) 8 - - 8 124 15.50
Perry (68) 15 - 23 38 419 11.03
Robertson (74) 23 - - 23 476 20.70
Rutherford (75) 59 -- 18 71 630 8.18
Smith (80) 49 - - 49 325 6.63
Stewart (81) 23 - 8 31 484 15.61
Sumner (83) 46 - 15 61 538 8.82
Trousdale (85) 9 -- - 9 113 12.56
Wayne (91) 18 - 26 44 741 16.84
Williamson (94) 40 - 22 62 593 9.56
Wilson (95) 55 = - __S55 568 10.33
Region total 830 - 326 1,156 12,142 10.50
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Table 1. Summary of Tennessee Bridge Scour Data System by Tennessee Department of Transportation
region, 1988-33--Continued

Tennessee Department of Transportation region 4

County neme Number of Number of County Density of
(Tennessee bridges bridges in aree, in spatial
Department of inspected the Bridge square coverage, in
Transportation by study phase Scour Data miles square milee
county code) 1 2 3 System per bridge
Benton (3) 21 13 - 34 392 11.53
Carroll (9) 66 133 - 99 596 6.02
Chester (12) 29 15 - 44 285 6.48
Crockett (17) 23 26 - 49 269 5.49
Decatur (20) 16 16 - 32 337 10.53
Dyer (23) 51 33 - 84 529 6.30
Fayette (24) 61 57 - 118 704 5.97
Gibson (27) 65 52 -- 117 607 5.19
Hardeman (35) 56 54 -- 110 956 8.69
Hardin (36) 34 29 - 63 587 9.32
Haywood (38) 74 25 -- 99 519 5.24
Henderson (39) 44 16 -- 60 515 8.58
Henry (40) 34 25 - 59 600 10.17
Lake (48) 11 5 - 16 167 10.44
Lauderdale (49) 53 19 -- 72 477 6.62
McNairy (55) 48 22 - 70 569 8.13
Madison (57) 70 49 - 119 560 4,71
Obion (66) 62 43 - 105 556 5.30
Shelby (79) 82 63 - 145 755 5.21
Tipton (84) 34 33 - 67 459 6.85
Weakley (92) __68 28 = 96 576 6.00
Region total 1,002 656 - 1,658 11,015 6.64
Grand

total 2,852 656 456 3,964 42,024 10.60
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described by Simon (1989) and Simon and Hupp
(1986; 1987). The 656 sites chosen for phase 2
(table 1) included sites on and off State and
Federal routes.

Phase 3 focused on channels in rapidly
urbanizing areas of Tennessee, and on parts of
Middle and East Tennessee with gravel-bed
streams {TDOT regions 1, 2, and 3, tabie 1).
Increased site density in urban areas and areas
with gravel-bed streams allowed more precise
evaluation of geographically and physiogra-
phically specific channel conditions related to
scour potential.

Channels in urban areas may be destabilized
by an altered hydrologic regime. Urbanization
changes the physical conditions that control
hydrographs, generally increasing the number
and size of flood peaks. This change in flow
characteristics, or regime, provides increased
erosion potential resulting in increasing channel
dimensions. As Booth (1990) summarized,
urbanization can have a drastic affect on area
hydrology by altering runoff process and flow
paths and can result in channel enlargement
through degradation and widening.

Documentation of changing land use and
agricultural practices in other regions of the
country have shown that gravel-bed streams are
susceptible to widening, increased debris export,
channel shallowing, or channel migration. For
example, in the driftless area of Wisconsin, agri-
cultural practices increased erosion rates suffi-
ciently to exceed the sediment transport capacity
of many streams, resulting in channel filling and
accelerated sedimentation on flood plains
(Trimble, 1981; Trimble and Lund, 1982). Soil
conservation measures subsequently reduced ero-
sion rates substantially (Lund, 1976). Trimble
(1974) discussed similar conditions, but inferred
that the decline in upland erosion and flood-plain
accretion was due to abandonment of agriculture
in upland areas, rather than to improved agricul-
tural practices. After sediment export from
uplands was controlled, either by soil conserva-
tion or agricultural abandonment, the infilled
channels began to clear (Trimble, 1981). A sim-
ilar pattern has been observed in Giles County,

8 Methode for Aesessing Channel Conditions Related
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Tennessee, located in TDOT region 3 (S.W.
Trimble, Department of Geography, University
of California, oral commun., 1991).

Physical Setting

Bed-material type and supply are closely
related to geology, physiography, and topo-
graphy. The geology in Tennessee ranges from
Quaternary sediments in the western part of the
State to Precambrian rocks along the eastern bor-
der (Miller, 1974). The State has eight major
physiographic regions (fig. 2) that reflect the
diverse and complex geology of the area.

TDOT region 1 includes parts of the Cum-
berland Plateau, the Valley and Ridge, and most
of the Unaka Mountains in East Tennessee. The
Valley and Ridge in Tennessee generally consists
of broad valleys with steep valley walls. Like
the limestones in the Central Basin, most of the
limestone, dolomite, and shale underlying the
Valley and Ridge produces little chert or coarse-
grained bed material.

Streams originating on the Cumberland Pla-
teau have sources of bed material in sandstone,
conglomerate, and shale of Pennsylvanian age.
In this area, many streams, both large and small,
flow on bedrock, but transport large quantities of
sand, gravel, and cobble-sized bed material.
These materials have been deposited as alluvial
fans at the base of the eastern escarpment of the
Cumberland Plateau and in the Sequatchie Valley
(fig. 2). The major coal-producing area of Ten-
nessee is in the northern part of the Cumberland
Plateau. Surface mining in this area has gener-
ated widespread sources of gravel and cobble bed
material.

Streams draining from the Unaka Mountains
(fig. 2) have steep gradients and an abundant
source of gravel derived from weathering of
quartzite of Early Cambrian age. Because of the
steepness and ruggedness of the terrain, small
alluvial fans are common. These fans are of
local importance and concern because they con-
stitute dynamic sources of bed material, and
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any interruption of the downstream movement of
the material they contain can result in both
upstream and downstream changes in channel
morphology.

TDOT region 2 (fig. 2) includes part of the
Eastern Highiand Rim, much of the Cumberiand
Plateau, the southeastern third of the Valley and
Ridge, Sequatchie Valley, and the southwestern
corner of the Unaka Mountains in the eastern
part of Middle Tennessee (fig. 2). Streams
draining this area transport large quantities of
gravel and cobbles.

TDOT region 3 includes part of the Western
Highland Rim and most of the Central Basin in
the western part of Middle Tennessee (fig. 2).
Much of the Western Highland Rim is underiain
by the Warsaw, St. Louis, and Ste. Genevieve
Limestones of Mississppian age that have
weathered to clay and chert gravel (Miller,
1974). Along the western side of the Western
Highland Rim, the overlying Tuscaloosa Forma-
tion of Cretaceous age also supplies gravel to
streams draining counties bordering the Tennes-
see River (Wade, 1917) (fig. 3). Along the
escarpment between the Highiand Rim and the
Central Basin, weathering of the Mississippian
Fort Payne Formation has resulted in gravel sup-
plies made up of shale, chert, and limestone.
The Central Basin is underlain by Ordovician
limestones that weather mainly to clay (Gallo-
way, 1919), resulting in little chert gravel or
coarse bed material.

TDOT region 4 covers primarily the Coastal
Plain region in West Tennessee (fig. 2). Bottom-
lands in this region are composed of alluvium
derived from loess. This material is highly erod-
ible, and channeis in this region degrade and
widen, particularly after channelization (Robbins
and Simon, 1983).

In the eastern part of TDOT region 4
(fig. 2), streams drain areas underlain by the
Claiborne and Wilcox Formations of Tertiary age
and the Cretaceous McNairy Sand (Miller and
others, 1966). These geologic units are sources
of sand and gravel for bed material. Recovery
from channel degradation is more likely for
streams that have headwaters in these units
because underlying sand and gravel may be

10 Methode for Assessing Chennel Conditions Related
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exposed and transported, probably arresting
downstream degradation, but not channel widen-
ing. Degrading channels in this region that begin
and end in loess or loess-derived alluvium lack
coarse bed material and will probably undergo
long-term degradation and channel widening.

METHODS OF CHANNEL AND BRIDGE
SITE SCOUR ASSESSMENT

The foliowing sections describe the methods
used to conduct site inspections of channels near
bridges and itemizes various applications of these
data to scour assessment. Initially, site investi-
gators collected the data on bridge scour assess-
ment information forms designed specificaily for
this project. Data collected described the bridge
site and the hydraulic, geomorphic, and vegeta-
tion characteristics of the channel, and the bridge
structure.

Quality Assurance and Quality Control
Procedures

Quality assurance and quality control ensure
that where qualitative information forms the basis
of decision, that information is generated by
using the same decision process, thus resulting in
uniform data. Where judgment is warranted, it
is used in a consistent manner. Purvis (1991)
summarized the origin of quality data when he
wrote,

"The diligence and perserverance necessary

to be a good bridge inspector is not present

in every individual. Inspection involves

looking at hundreds of details before find-

ing a serious problem. Close-up inspection

of all critical details is necessary. The

work is physically demanding and access is

difficult. Bridge inspectors often work at

remote locations without senior supervision,

and the accuracy of their work cannot be

measured directly. How can the unit mana-

ger determine if an inspector is maintaining

the proper level of intensity***",



































































































Sites north of the Loosahatchie River main
channel (fig. 21), where silt/clay bed material
predominates (fig. 20), have been principally
categorized as stages 3 and 4, with some stage 1,
5, and 6 sites (fig. 14). The large number of
stage 3 and 4 sites corresponds with previous
experience in channelized West Tennessee
streams. When degradation is initiated in chan-
nels on deep loess, such as at sites north of the
Loosahathcie River main channel, the ramifica-
tions will be far reaching and long lasting.

Sites south of the Loosahatchie River main
channel (fig. 21), where sand bed material pre-
dominates (fig. 20), show a mix of ongoing
degradation and widening (stage of evolution 3
and 4, fig. 14), and aggradation and recovery
(stage of evolution 5 and 6, fig. 14). Again, this
pattern is affected strongly by the availability of
coarse bed material that is necessary for bed-
level recovery.

This type of limited analysis provides basic
information for scour evaluation and remediation
plans. The northern and southern parts of a
basin may require different types and intensities
of scour remediation.

Regional Conditions

Based on data from phases 1, 2, and 3,
channel stability characteristics differ among the
four TDOT regions. The majority of sites in
TDOT regions 1 and 2 have stable channels
(stage of evolution 1 and 6, fig. 22). Region 3
has a high percentage of sites characterized as
widening (stage 5; fig. 22) and the majority of
sites in region 4 have unstable channels (stages
3, 4, and 5, fig. 22). Channel instability may be
related to predominant bed material in the speci-
fic regions (fig. 23). In region 4, channel insta-
bility also is strongly related to past channel
modifications (Robbins and Simon, 1983; Simon
and Hupp, 1986).

While a high proportion of channels in each
region is fluvially eroding (fig. 24), only region

4 has a high percentage of banks failing through
mass wasting. Again, this channel instability is
related to the unstable nature of channels in
region 4 (fig. 22) and to the bed and bank
material types (fig. 23 and 25).

Mass wasting of banks and fluvial erosion
are present in all TDOT regions. Mass wasting
of banks is prevalent in TDOT region 4
(fig. 24), but is rare in TDOT regions 1, 2, and
3 due to the lack of channel degradation and
resultant excessive bank heights and bank angles.
Fluvial erosion, however, is prevalent in regions
1, 2, and 3. The hypothesized causes of these
conditions are altered hydrology in urban areas
and agricultural practices. Because bed material
is more resistant in TDOT regions 1, 2, and 3,
excess energy during high flows can be expended
through bank and abutment erosion. For
example, flooding in South Carolina caused by
tropical storms Klaus and Marco in 1990 caused
80 bridge failures. Of these bridge failures, 79
were due to abutment failure brought on by
fluvial erosion (N.M. Hurley, Jr., U.S. Geolog-
ical Survey, written commun., 1992).

Channel widening in regions 1, 2, and 3
was analyzed through a subsample of urbanizing
counties, counties with gravel-removal permits,
and counties in locales known for gravel or cob-
ble bed-material transport (table 9). Urban
counties with large populations, such as David-
son, Williamson, Knox, Hamilton, and Shelby,
have high numbers of channel widening sites
(tables 9, 10, and 11). Shelby County has the
highest number of widening sites, but it also is
located in region 4, which is known for channel
instability. The other counties in the urban
analysis in regions 1, 2, and 3 show a mix in
regard to channel widening and bed-material type
(table 9).

Soils and geology may play as large a part
in urban hydrologic response as does urban
development (Wibben, 1976). In the Nashville
(Davidson County) area, for instance, Wibben
(1976) found no difference between floodflow
characteristics from small urban and rural basins,
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Figure 22, Percentage of bridge-scour sites in Tennessee Department of Transportation regions 1, 2, 3, and

4, by stage of channel evolution.
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and he attributed this finding to the shallow soils
and frequent rock outcropping. However, Rob-
bins (1984) reported significant differences in
hydrologic response between small urban and
rural basins in East Tennessee.

In counties selected for analysis between bed
material and channel widening, a relation
between widening and occurrence of gravel-
removal permits appears to exist (table 9). Both
gravel and bedrock bed material are related to
widening, when banks are composed of erodible
material. While channel widening may not cause
pier or abutment instability, the widening does
have an effect on supply of large woody debris
through bank erosion (Diehl and Bryan, 1993).
Even though channel widening caused by bank
erosion may introduce large amounts of woody
debris into the channel, the channel shape, width,
and depth must be such as to allow downstream
movement of debris before the debris will have
the opportunity to interact with piers in the flow
path, and thereby create the opportunity for
scour.

Analysis of channel widening for the entire
BSDS shows that 51 percent of all channels near
bridge sites are widening (table 10). The highest
percentage of channel widening was recorded in
region 4. The extent of channel widening in
region 3 is high and of concern, but the rate at
which channel widening occurs in region 3
appears to be much less than in region 4. Flood-
flow deflected by large woody debris that is
generated by channel widening increases the pos-
sibility for pier or abutment scour in regions 1,
2, or 3.

Widening differs between urban and gravel-
supplying counties. An analysis of sites studied
in phase 3 of the investigation shows that channel
widening in urban counties is widespread and
occurs in all bed-material categories (tables 9 and
10). In gravel-supplying counties (tables 9 and
10), sites with gravel, bedrock, and alluvium bed
materials are more likely to be widening.

Gravel infilling of channels causes flow to
adjust conveyance where banks are erodible.
This infilling has become a problem in Hum-
phreys County and other counties of that area
(Louis Bordinave, Tennessee Department of
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Environment and Conservation, oral commun.,
1991). When channel conveyance has adjusted
to the gravel infilling adequately, the banks
should regain a stable appearance, unless acted
upon by other channel-forming processes. The
duration of this adjustment is unknown.
Regression analysis was used to investigate
relations between land-use characteristics
(table 11) and potential-scour indexes of the
counties studied in phase 3. No single land-use
characteristic, group of characteristics, or
changes in characteristics over time resulted in a
relation accounting for more than 25 percent of
the total variation. However, when placed in
geographic context (fig. 26), channel instability
expressed through channel widening is high-
lighted throughout region 4 and along the south-
ern and western boundaries of region 3. Channel
widening in other regions appears to be geolog-
ically or possibly demographically controlled.

SUMMARY AND CONCLUSIONS

The ability to quickly assess the potential for
scour at a given bridge, to evaluate those bridges
with the greatest potential for significant amounts
of scour, and then to identify scour-critical struc-
tures is important for public protection and
bridge maintenance planning. A bridge site
assessment form was developed by the U.S. Geo-
logical Survey (USGS) and the Tennessee
Department of Transportation (TDOT) for col-
lecting data that describe the bridge site and the
hydraulic, geomorphic, and vegetation character-
istics of the channel. Site assessments of
channels at 3,964 bridges were used to describe
both potential for scour and actual scour
problems statewide. A data base was created
with capability for mapping using a geographic
information system. Mapping is used to assess
rapidly potential-scour characteristics over broad
geographic areas, such as counties, regions, or
drainage basins. The current data base contains
inspections done between 1988 and 1993.
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Table 10. Categorization of sites with channel widening by Tennessee Department of Transportation region

and for sites from phase 3 counties

Number of widening sites for complete data base

Tennssee Bed material type
Depertment of Total Number Percent
Trsnsportation Silt/ Cobbls/ number widening of tots!
region Sand cley Grsvel boulder Bedrock Alluvium sites sites sites
1 1 33 28 58 100 17 606 237 39
2 6 11 69 33 4] 14 544 174 32
3 1 14 296 43 267 29 1,156 650 56
4 438 384 70 0 0 78 1,658 970 58
Number of widening sites for phsse 3 counties/possible sites per cetegory
Urban 35/44 36/68 87/132 40/74 80/192 64/126 637 342 52
Gravel 2/8 3/29 253/370 19/63 184/304 21/ 49 822 482 59
supplier.
Number of widening sites for phase 3 counties |excluding Shelby County)/possible sites per category
Urban 0/1 20/37 68/112 40/74 80/187 20/81 492 228 46
Gravel 2/8 3/29 253/370 19/63 184/304 21/49 822 482 59
supplier.

In West Tennessee counties, channel insta-
bility has extended from valley bottoms into the
uplands through headward degradation. The
potential for both vertical and lateral scour is
serious. In TDOT regions 1, 2, and 3, channel
widening is a dominant process, but widespread
degradation has been prevented by erosion-
resistant bedrock, boulder, cobble, and gravel
bed material, and by the absence of channeliza-
tion. However, potential for lateral scour is
prevalent in the eastern part of the State and
appears to be generating considerable quantities
of large woody debris.

Neither changes in population nor changes
in the land-use categories of cropland, pasture,
or timberland were statistically related to
potential-scour indexes. Geographic setting, and
possibly degree of urbanization as reflected by
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population, did appear to be connected to channel
widening.

This study established an assessment proce-
dure useful in delineating those bridge locations
undergoing scour or with a potential for scour.
Using the computed scour indexes along with
GIS plots of site characteristics, planners and
managers can develop a broad view of potential
problems and identify specific sites on which to
focus immediate attention. Timely identification
of actual or potential-scour problems can
improve the effectiveness and reduce the cost of
solutions. The present (1993) data base provides
only an overview of current conditions. Site data
collected by the State during biannual structure
inspections will provide a mechanism to update
the existing data base.
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GLOSSARY

Abutment. The end support or substructure for
girder-span bridges.

Accretion. Accumulation of material on a surface,
such as caused by sediment settling from a water
column onto a channel bank or flood plain.

Aggradation (bed). A progressive buildup or raising
of the channel bed due to sediment deposition.

Alluvium. Sediment deposited by a stream.
"Unknown alluvium” in the Bridge Scour Data
Base refers to the fact that the inspector was
unable to determine the specific bed inaterial at a
site.

Blowhole. An overwidened and deepened section of
the channel directly downstream of a bridge-
related contraction of the channel.

Channelization. Straightening or deepening of a
channel by engineering methods.

Channel gradient. Fall per unit length along the
center line of a channel.

Channel instability. Changes in channel dimension,
such as deepening, widening, or filling.

Channel morphology. The physical characteristics of
a channel cross section, a river reach, or the
drainage network of a given basin.

Confluence. The junction of two or more streams.

Contraction scour. Scour of the bed of a channel
due to the acceleration of flow caused by channel
constriction.

Crown closure. The overlapping of foliage of neigh-
boring woody plants.

Crown cover, The surface area of the site covered
by foliage of woody plants, such as trees and
bushes.

Degradation (bed). A progressive lowering of the
channel bed due to a change in the stream-
discharge and sediment-load characteristics.

Energy grade line. An inclined line representing the
total energy of a stream flowing from a higher
elevation to a lower elevation.

Escarpment. A steep slope or cliff formed by
erosion or faulting.

Fluvial erosion. Displacement of soil particles on the
land surface due to water action.

Geomorphology. The systematic description and
analysis of landscapes and the processes that
change them.

Geophysical techniques. Methods that apply physical
properties of the earth to geological problems.

Guide banks. A dike extending upstream, and in
some cases downstream, to direct flow through
the bridge opening.

Hectare. A unit of surface measure in the metric
system, equal to 10,000 square meters.

Highway log mile. The distance from the beginning
of a highway. As used in this report, highway log
mile is the distance from the beginning of the
highway moving in a northerly or westerly
direction.

Hydrology. The science concerned with the occur-
rence, distribution, and circulation of water.
Kilometer squared. A unit of area measure with a
total area representative of a square having sides

of 1 kilometer in length.

Local scour. Scour that is localized at a pier, abut-
ment, or other obstruction to flow.

Loess. Deposits of silt-size, previously wind-borne
material.

Loess derived alluvium. Alluvial deposits having
loess as a source.

Lower Cambrian quartzite. A hard, metamor-
phosed sandstone so firmly cemented that
breakage occurs through the grains rather than
between them and that occurs in stratigraphy of
Early Cambrian period between 500 and 600
million years before present.

Mass wasting. Failure of a slope due to exceedance
of material strength, resulting in movement of
masses of material rather than a particle-by-
particle detachment.

Meander. Windings or convolutions within a stream
reach.

Observed scour. Scour at a bridge describable with
data.

Ordovician limestones. Limestones laid down during
the Ordovician period 430 to 500 million years
before present.

Perturbation. Disorder caused by the interaction of
objects, such as flowing water and bridge pier.

Potential scour. Scour that may occur due to the
interaction of specified hydraulic and geomorphic
variables.

Physiographic map. A map showing the exterior
physical features of a specific geographic area.

Profile. The graphical description of the change in
elevation of a channel bed progressing from the
upstream to the downstream.

Quaternary sediments. Sediments deposited during
the Quaternary period, from about 1.6 million
years ago to the present.

Schematic cross section. A cross section having
annotation identifying specific components of
interest.

Scour. Erosion due to flowing water, usually
considered to be localized as opposed to general
bed degradation.
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Spatial coverage. The extent or concentration of Stratigraphy. Arrangement in layers of rocks as to

sites within an area of interest. position and order of sequence.
Stabilization. Elimination of or protecting against a Thalweg. A line extending down a channel that
destabilizing influence. follows the lowest elevation of the bed.
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