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Introduction

Rivers are subject to continuous morphological change.
In alluvial river systems, it is the rule rather than the
exception that banks will erode, sediments will be
deposited, and flood plains and side channels will
undergo modification with time (U.S. Department of
Transportation 1975). Changes in the meanders of
rivers occur naturally, but can be accelerated when a
channel is modified by engineering practices such as
dredging, clearing, snagging, or straightening. Lateral
erosion problems caused by river meander changes in
many areas of the nation result in loss of arable land
and endangerment of human life. Floods and droughts
have been shown to accelerate these meandering and
adjustment processes (Shen 1971). Streams meander
both naturally and as an adjustment process to
accommodate increased channel gradients caused by
channel modification.

Many investigators have studied channel meandering
and related changes in channel geometry. Linsley and
others (1982) determined the median leng1h of
meandering streams to be about 1.5 times the valley
length. Nanson and Hickin (1986) concluded the rate
of channel migration (M) for streams in western Canada
likely has the following relation:

Meandering alluvial streams can cause localized
channel-bank instability that can contribute to bridge
failure. For example, in 1989, the State Highway 35
crossing of the Pearl River near Carlhage was
endangered by the near failure of a pile bent. Although
the near-collapse of the bridge was caused by local
scour around the pile bent, the problem began when
the channel changed course near the crossing. In
another area of the State, channel widening on the
Homochitto River at State Highway 33 at Rosetta has
resulted in channel widths 2 to 3 times the channel
bank widths that existed in about 1906 and
necessitated replacement of the bridge in 1975. By
1974 the channel at a railroad crossing upstream of
State Highway 33 had moved about 600 It north of the
main truss to an approach bridge span (Wilson 1979).

Concern about the lateral movement of river banks and
the effects of bank erosion on bridges has emphasized
the need for techniques to estimate future channel
meandering. One possible approach to estimating
future channel meandering is to study the historical
patterns of channel migration by using remote sensing
techniques and a Geographic Information System
(GIS). The channel migration patterns, when used in
combination with shear-streng1h properties of the soil
and hydraUlic flow information, can be used to estimate
future rates and direction of lateral erosion.

M = f(w,W,D50,h,r)

They attributed about 70 percent of channel-bank
movement of streams observed in western Canada to
these few hydraulic and sedimentological variables.
Osman and Thorne (1988) studied the relations
between vertical and lateral erosion of channels and
bank material properties, bank geometry, type of bed
material, and flow characteristics.

where:
M
w

W
D50

h
r

is channel migration;
is stream power (product of discharge
and slope per unit area of the bed);
is channel width;
is median size of the sediment in the
base of the channel;
is bank height; and
is bend radius of curvature.

The U.S. Geological Survey (USGS), in cooperation
with the Mississippi State Highway Department
(MSHD), began an investigation in 1990 to develop
appropriate methods for estimating channel meandering
at selected sites on the Pearl River in Mississippi.
Specific objectives of the study at these sites are to:

(1) map and define past rates and direction of
meandering;

(2) measure planform change in channel
dimensions and patterns;

(3) digitally simulate the identified past channel
meandering; and

(4) relate patterns of change to available
hydraulic and hydrologic data and shear-
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Pearl River at State Highway 25 (Lakeland Drive) at
Jackson

The floodplain is heaVily wooded throughout the study
reach. Oxbow lake.s are common throughout the valley.
ThiS reach of the nver has meandered in the past and
continues to. actively meander, but the process is
slower at thiS site than at many other sites in the
State.The slower meander rate at this site may be due
In part to root systems of mature hardwoods in the
undisturbed floodplain that help stabilize banks and
thus limit lateral bank movement.

The Pearl River at the State Highway 25 site has
drainage area of 3,130 mi2. The length of the channel
from the site to the basin divide is about 168.0 mi, and
the average slope of the channel between points 10
and 85 percent of the length upstream of the site is
about 1.0 ftlmi. The crossing has been the site of a
crest stage gage in the past. At the Pearl River gage
at U.S. Highway 80 (about 5.6 mi downstream) the 50
and 100-year floods are 90,000 and 106,000 ft3/s,
respectively {Landers and Wilson 19911. Far:he
purposes of this paper, conditions at Highway 80 are
considered to be the same as those at State
Highway25. Unusually large floods occurred during
1979 and 1983 at these sites. These flood peak
discharges and approximate recurrence intervals are
listed below for the U.S. Highway 80 site (Wilson and
Landers 1991):

strength properties of the channel-bank
material.

The overall purpose was to develop methodology to
assess past channel movement and current bank
stability and correlate this information with recorded
floods that probably initiated and provided the driving
force behind much of the historical bank movement at
these sites. The methodology may be used in future
studies to estimate future bank erosion, but no attempt
is made in this paper to predict channel meandering at
the study sites. The focus of this paper is to document
historical changes in the channels and pattems of
change at the sites.

Description of the Study Area

For the purposes of this report, four sites were selected
along the Pearl River in central and southern
Mississippi as reaches of the river that had active
(1990) lateral movement of channel banks. The four
study sites are in the vicinity of the following highway
crossings of the Pearl River (fig. 1):

(1) State Highway 35 near Carthage;
(2) State Highway 25 (Lakeland Drive) at

Jackson;
(3) U.S. Highway 84 near Monticello; and
(4) U.S. Highway 98 near Columbia.

At each site, about a 10-mi reach of river, centered at
these crossings, was monitored in an effort to define
the meander processes occurring.

Year Elevation
(i sea level)

Discharge
(fills)

Recurrence
Interval

Pearl River at State Highway 35 near Carthage

The Pearl River at the State Highway 35 site has a
drainage area of 1,350 mi2. The length of the channel
from the site to the basin divide is about 97.5 mi, and
the average slope of the channel between points 10
and 85 percent of the length upstream of the site is
about1.4 ftlmi. The crossing has been the site of a
continuous discharge gage since 1962. The 50- and
100-year floods are 51,300 and 61,300 ft3ls,
respectively (Landers and Wilson 1991). Unusually
large floods occurred during 1979 and 1983 at this site.
These flood peak discharges and approximate
recurrence intervals are listed below (Wilson and
Landers 1991):

Pearl River at U.S. Highway 84 near Monticello

The Pearl River at the U.S. Highway 84 site has a
drainage area of 4,990 mi2. The length of the channel
from the site to the basin divide is about 273.0 mi, and
the average slope of the channel between points 10
and 85 percent of the length upstream of the site is

> 200-year
> 25-year

128,000
79,500·

Discharge affected to an unknown degree by
regulation or diversion

•

1979 2n.0
1983 273.3

The Pearl River in the vicinity of State Highway 25 has
undergone considerable modification: such as
excavation of cutoffs, floodplain clearing (including
removal of floodplain vegetation), straightening, and
artificial buildup of the floodplain. The Ross Barnett
Reservoir is located about 5 mi upstream of the State
Highway 25 crossing. Lateral bank erosion is occurring
at the bridge.

>500-year
>100-year

Recurrence
interval

102,000
69,500

Discharge
(fills)

Year Elevation
(i sea level)

1979 344.0
1983 342.3
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about 1.0 flImi. The crossing has been the site of a
continuous discharge gage since 1938. The 50- and
100-year floods are 85,800 and 97,100 ft3Is,
respectively (Landers and Wilson 1991). Unusually
large floods occurred during 1974 1979, 1980, and
1983 at this site. These flood peak discharges and
approximate recurrence intervals are listed below
(Wilson and Landers 1991):

Year Elevation Discharge Recurrence
(i sea level) (fills) interval

1974 190.9 78,200 > 25-year
1979 192.7 122,000 > 200-year
1980 188.7 79,800 > 25-year
1983 189.2 80,400 > 25-year

Channel meandering has been considerable both
upstream and downstream of the U.S. Highway 84
crossing of the Pearl River. Upstream of the crossing,
the river bends sharply to the east and skirts the
northem limit of the town of Monticello. A relatively
straight section of the river upstream of the bridge has
remained fairly stable, but bends in the river upstream
and downstream of the crossing have been subject to
bank erosion and channel migration. A gravel mine
was in operation on the downstream left bank (about
0.3 mi from the crossing) prior to the 1980's.

Pearl River at U.S. Highway 98 near Columbia

The Pearl River at the U.S. Highway 98 site has a
drainage area of 5,720 mi2. The length of the channel
from the site to the basin divide is about 326.0 mi, and
the average slope of the channel between points 10
and 85 percent of the length upstream of the site is
about 1.0 flImi. The crossing has been the site of a
continuous stage gage since before 1928. The 50- and
100-year floods are 86,000 and 97,100 ft3ls,
respectively (Landers and Wilson 1991). Unusually
large floods occurred during 1974 1979, 1980, and
1983 at this site. These flood peak discharges and
approximate recurrence intervals are listed below
(Wilson and Landers 1991):

Year Elevation Discharge Recurrence
(i sea level) (fills) interval

1974 142.8 93,900 > 25-year
1979 143.6 120,000 > 200-year
1980 142.0
1983 142.0

The river made a natural cutoff of a meander about 0.3
mi upstream of the U.S. Highway 98 crossing in 1948.
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In 1949, the river was artificially cut off in an effort to
divert flow away from an already eroding right bank just
upstream of the crossing. TImber pile spurs reinforced
with riprap and a small levee were constructed in the
early 1950's on the upstream right (west) bank. An
additional bridge and an elliptical guide bank at the
upstream right (west) abutment was constructed
upstream of the existing bridge in 1967. Between 1968
and 1975, the upstream right (west) bank seemed to
stabilize (Brice, Blodgett, and others 1978). After 1975,
however, flow from the cutoff began to divert toward the
left (east) bank which resulted in bank erosion. I-beam
flow deflectors were constructed on the upstream left
(east) bank in the 1980's, but some lateral erosion is
still occurring at the upstream left (east) bank.
Downstream of the crossing, channel migration has
caused some banks to laterally erode more than 1.

Approach

One of the major tools used to study patterns of
channel changes over time was a Geographical
Information Sr.;lem (GiS). GIS tecr.r.c:cg'f IlFCvided ;;.
means for storing, displaying, and referencing digital
data related to channel location. Some modification of
existing GIS software was necessary to facilitate the
detection of channel boundary changes with time.

Historical aerial photography was used in conjunction
with USGS 7.5-minute topographic quadrangle maps to
determine cartesian coordinates of tops of channel
banks, channel-bank widths and lengths, and land use
in the stream drainage basins, and to identify channel
changes over time for the selected study sites. scale
stable acetate-film positives of USGS 7.5-minute
quadrangle maps were the base maps on which all
channel boundaries identified from aerial photographs
were mapped. The USGS quadrangle maps also were
used in conjunction with the aerial photographs to help
delineate various land-use features.

Aerial photographs were manually referenced to USGS
quadlangle-maps using houses. roads, powerJine right
of-ways, railroads, section lines, and other political
boundaries and cultural features that were identifiable
both on the aerial photograph and the USGS
quadrangle map. Tops of channel banks were
transferred from the aerial photographs to scale-stable
acetate film punch registered to the acetate-film
positives of the USGS quadrangle maps using an Aus
Jena Sketchmaster (the use of trade or product names
in this report is for identification purposes only, and
does not constitute endorsement by the U.S. Geological
Survey). The sketchmaster allowed the photographs to
be mechanically registered to the stable base by
adjusting scale differences between the photographs



and base maps. Tops of banks were delineated on the
aerial photographs on the basis of topography and
botanical evidence. In study areas that encompass
more than one USGS quadrangle map, the edges of
these maps were matched during the map compilation
phase.

Error is inherent in all maps. The national mapping
accuracy standards of the USGS for 7.5-minute
topographic quadrangle maps allow for a maximum
horizontal error of 0.02 inch (40-ft of distance) at a map
scale of 1:24,000 for 90 percent of the points tested. At
this scale, the width of a line (0.3mm) drawn on the
map with a sharp pencil represents a distance of abou1
25 ft on the ground. Other errors encountered included
those related to the difficulties in defining the tops of
banks on the aerial photographs due to riparian
vegetation (tree crowns, shrubs, and grasses)
indigenous to the channel banks. Shadows cast by
riparian vegetation can make defining the true top of
bank difficult. Therefore, error is introduced in the
photointerpretation of this feature. Errors are also
introduced by the manual digitization of tops of channel
banks into the GIS. Error introduced by the width of
the pencil line, tree crowns defining top of channel bank
conditions, and shadows were presumed random and,
therefore, compensating.

Every effort was made to eliminate error during map
compilation. All mapping was done to a consistent
horizontal datum [North American Datum of 1927
(NAD27) or North American Datum of 1983 (NAD83)].
AO.3-mm line was used to draft features onto base
maps.

Results of errors in photographic referencing to base
maps are called displacement errors. Displacement
error was quantitatively evaluated by mapping and
digitizing a part of a given study area twice (fig. 2).
Maximum displacement error was about 60 ft. This
error was assumed to occur as much on one side of a
given top of bank as on the other, and therefore,
compensating.

After all photographic data were quantified and entered
into the GIS, historical channel meandering was studied
to determine pattems of change (for example,
movement of channel center lines or top of channel
bank lines with time). Lateral movement of top of
channel-bank lines were compared for each year of
photographic coverage. Movement and change in
eroding channel banks were documemed.

General and site-specific soils information and historical
and recent channel geometry were collected at all study
sites. MSHD soil and foundation reports, when

available, were used to obtain soils information along
reaches of study streams. Shear-strength properties
(such as cohesion and angles of intemal friction) of
channel banks on the eroding bends of channel
meanders were determined and entered into the GIS.

Cohesion and angle of internal friction values for bank
material were collected as needed using the Iowa
Borehole Shear Tester (BST). This unit is an in situ
soil shear-strength tester (Handy and Fox 1967). Data
obtained using the BST correlate well with standard
laboratory unconfined shear-strength tests (Thome and
others 1981; Wilson and Tumipseed 1989). Shear
strength properties of bank materials in combination
with hydraulic data were used to better correlate
existing channel-bank stability.

Numerous discharge measurements exist for all four
study sites. Discharge measurements are made from
the bridges at these sites during high flows using a
current meter attached to a sounding weight. During
discharge measurements, depth soundings are
measuroo across either the upstream or dCNl1stream
side of the bridge(s). These soundings provide cross
sectional data in the vicinity of a bridge. Cross sections
taken from discharge measurements at the bridges
within the four study areas indicate changes that have
occurred at these bridges during the period when
stream gages were operated at the sites (fig. 3).

Sinuosity (defined as a ratio of river length to valley
length) was determined for the dates of the aerial
photographs at all four sites. Valley length was
obtained at each site from acetate film positives of
USGS7.5-minute quadrangle maps. River length was
determined for each study reach using drafting dividers
and the photointerpreted acetate film overlay. Valley
lengths for the study reaches used in this study to
monitor change in sinuosity at the four sites are:

Pearl River at State Highway 35 - 10.5 mi
Pearl River at State Highway 25 - 14.1 mi
Pearl River at U.S. Highway 84 - 5.5 mi
Pearl River at U.S. Highway 98 - 6.7 mi.

Changes in sinuosity within these reaches are assumed
to be represemative of the activity of the meandering
regime in the vicinity of the four crossings.
Results

Monitoring lateral movement of channel banks at the
four sites involved analysis of:

(1) channel geometry;
(2) channel-bank stability for existing conditions;

and
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(3) channel meander maps over time.

Results of these analyses provide insight into predicting
rates and direction of lateral movement of channels at
selected sites in Mississippi and provide the foundation
for future channel meander research.

Channel-Geometry Analysis

Historical and recent cross sections from discharge
measurements made at bridges at all four study sites
(fig. 3) served as indicators of channel-bed and
channel-bank conditions through time. These cross
sections indicate the south bank of the State Highway
35 crossing of the Pearl River near Carthage has
migrated southward about 110ft since 1969 and about
100 ft since 1979. The thalweg (lowest point of flow)
has also migrated about 100 ft southward since 1979.
The west bank of the State Highway 25 crossing of the
Peart River at Jackson has migrated about 200 ft
westward since 1972, and about 160 ft westward since
1979. The thalweg of the Peart River at both State
Highways 25 and 35 crossings has moved away from
the main channel piers.

Although there was a 40-ft eastward movement of the
west bank of the Peart River at the U.S. Highway 84
crossing near Monticello (fig. 3) between 1938 and
1961, movement between 1979 and 1991 was minimal.
Broken concrete riprap and car bodies placed on the
west bank between 1973 and 1976 and a timber-pile
retard about 100 ft in length constructed
at the east bank in 1976 (Brice, Blodgett, and others

1978), probably helped stabilize the bank. The thalweg
of the channel seems to have remained stable since
1938, which is an indication of stability of the bank and
channel in the vicinity of the bridge. Aggradation on the
right (west) bank between 1961 and 1979 could be a
result of sand deposits from overbank flow.

About 100 ft of movement of the west bank (fig. 3) at
the U.S. Highway 98 crossing of the Peart River near
Columbia seems to have occurred between 1938 and
1961. Bank erosion countermeasures in the form of
timber-pile spurs and spur dikes placed on the
upstream west bank in the 1950's and 1960's probably
helped stabilize this bank (Brice, Blodgett, and others
1978). No significant movement of either bank is
indicated by cross sections taken from discharge
measurements at the bridge since 1961 (the last 30
years). Considerable scour of the channel bed (up to
10ft) is indicated at this crossing during flood events.
Some of this scour can be explained by the location of
bridge soundings (that is, scour usually occurs on the
upstream side of a constricted opening).

Channel-Bank Stability Analysis

Channel-bank stability was analyzed to obtain factors of
safety for potential bank failures. The factor of safety
is defined here as a ratio of the resisting force (shear
strength) of the bank to the driving force (weight) of the
bank material, as it applies to a critical failure surface.
When the resisting force is equal to the driving force
(factor of safety = 1.0) bank failure is imminent (Huang
1983). Generally, a factor of safety of at least 1.5 is
used for design. These analyses are computed for
banks without the effect of standing water, riprap
revetment, tree roots and (or) other forces that could
strengthen or weaken the bank. No attempt was made
to estimate boundary stress resu
lting from the flow of water.

Soil strength parameters and channel geometry were
entered into software developed by Wright (1986) to
obtain probable factors of safety and critical failure
surfaces at all four sites (fig. 4). Channel-stability
analyses were computed at the roadway crossings, as
well as for cross sections upstream and downstream at
cut banks which had active bank failure. For the
purposes of this report, results are presented only for
cross sections at the bridge crossings. Factors of
safety computed for the four sites ranged from 0.51 to
2.63.

Lateral movement of the channel banks at the State
Highway 35 crossing near Carthage has produced a
point bar on the north bank at the bridge. The
composition of this sand bar is mostly a cohesionless
sand with little compaction and a relatively low factor of
safety of 0.52 was obtained. Channel-stability analysis
of the south bank at this site indicated a factor of safety
of 2.28 (fig. 4). Migration of the meander just upstream
of the bridge is into the south bank.

Channel-bank stability analyses for the State Highway
25 crossing at Jackson indicated that this site had the
highest factors of safety of the four sites, 2.27 and 2.63
for the east and west banks, respectively (fig. 4). Both
banks contain a gray, very dense clay which provides
strength to the banks.

Factors of safety computed for the U.S. Highway 84
crossing were 1.39 and 1.19 for the east and west
bank, respectively (fig. 4). These relatively low factors
of safety were due in part to the large amount of sand
contained in the bank material.

Factors of safety of 1.51 and 1.15 were computed for
the east and west banks, respectively, at the U.S.
Highway 98 crossing. The banks upstream of this site
are composed mostly of sands and silts. Analysis of
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the bank stability for channel banks at the bridge
crossing at this site is based on assumptions that the
borehole tested about 950 It upstream on the east bank
represents conditions at the bridge.

Channel-Meander Analysis

Lateral movement of channel banks on the Peari River
was measured by analysis of historical black-and-white
aerial photography. This photography was compiled
onto acetate film punch registered and overlain on
scale-stable positives of USGS topographic quadrangle
maps with an Aus Jena Sketchmaster. These data
were then digitized and entered into a vector-based GIS
data base. Channel geometry (such as surveyed cross
sections and cross sections taken from discharge
measurements at study sites) and soil-strength
properties of channel banks were used to confirm
movement and quantify stability of channel banks within
select study-area reaches. The results quantify
movement of the tops of channel banks at all four sites
over about a 50-year period (fig. 5).

At the State Highway 35 crossing of the Pearl River
near Carthage, the vertex (point of maximum change in
flow direction) of the cut bank of a meander that was
about 550 It upstream of the bridge moved about 230
It downstream and about 80 It northwest and parallel to
the bridge between 1938 and 1986 (fig. 5). Between
1978 and 1986, the south bank from about 100 It
upstream of the crossing to 100 It downstream of the
crossing eroded about 100 It southward.

Movement of the channel banks at the State Highway
25 crossing at Jackson appeared to be more subtle (fig.
5). Significant straightening of the channel and
construction of the Ross Bamett Reservoir upstream
was completed in the 1960's. The bridge was
constructed in 1967. Between 1938 and 1986, the west
bank seems to have receded westward about 100 It.
Meander movement in the vicinity of this site was
minimal, relative to the other three study sites; however,
lateral bank erosion at the bridge has been significant

Lateral movement at the U.S. Highway 84 crossing
near Monticello also appears to have been minimal (fig.
5). An old gravel mining operation downstream of the
bridge seems to have had a local destabilizing effect.
However, data from the aerial photographs and the
cross sections taken at the bridge do not indicate
significant bank movement.

Although movement of the channel banks in the cross
sections taken at the U.S. Highway 98 crossing near
Columbia appears to be minimal, up to 260 It of
eastward movement of the upstream east bank
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occurred between 1940 and 1986 (fig. 5). This
movement prompted the construction of I-beam jetties
on the upstream east bank in the late 1980's.
Downstream of the U.S. Highway 98 crossing, the
channel (both banks) moved more than 900 It eastward
between 1940 and 1986. Movement of the channel
upstream and downstream of the bridge indicates the
unstable nature of the channel banks at this site.

Reaches of the Peari River where meander bends had
been cut through creating oxbow lakes, though not
shown in the paper, were mapped at all four study
sites. Most of the meander cutoffs seem to have
occurred during periods in which large floods occurred
(that is, between 1979 and 1983).

Changes in the sinuosity in two of the four study
reaches of the Peart River occurred due to natural and
anthropogenic influences. In the vicinity of the State
Highway 35 and U.S. Highway 84 crossings, no
significant change was detected in sinuosity (fig. 6). In
the vicinity of the State Highway 25 crossing, a
decrease in sinuosity from 1.50 in ~959 to 1.39 in 1972
is the result of cutoffs constructed on the Peart River
during the 1960's downstream of State Highway 25. In
the vicinity of the U.S. Highway 98 crossing, a decrease
in sinuosity from2.28 in 1979 to 1.93 in 1986 is a result
of natural cutoff of the river, probably subsequent to the
1983 fleeds. Average sinuosity generally increased in
a downstream direction. Although, because of
channelization of a reach downstream of the State
Highway 25 crossing, the sinuosity in the reach of the
river at State Highway 25 and that in the reach of the
river in the vicinity of State Highway 35 were similar.
Increased sinuosity in a downstream direction is a
result of the larger radius of curvature of the meanders.

Summary

The meandering of alluvial streams has caused
localized channel-bank instability that has endangered
bridge structures on the Peari River in Mississippi. The
lateral movement of the Peari River at four sites was
studied by mapping meanders at various times and
measuring channel geometry and soil strength
parameters at these sites. This has provided
information useful in determining past channel
conditions at the four sites. Much of the channel
migration and bank erosion at these sites happened
during or shorUy alter large floods in 1974, 1979, and
1983.

Historical aerial photographs provided a means of
mapping tops of channel banks. Channel-bank tops
were delineated on the aerial photographs and
transferred to scale-stable material overlain on acetate-



film positives of USGS 7.5-minute quadrangle maps.
Ahhough some error was introduced in delineating and
transferring bank lines in this manner, most errors
introduced in this process were small and were
assumed to be compensating.

A Geographic Information System provided a means of
storing, referencing, and displaying the tops of channel
banks through time at all four sites. This information
forms the foundation of a data base that could be
expanded to include other sites where channel-bank
movement is occurring.

Mapped tops of channel banks generally correlated well
with channel geometry determined from discharge
measurements made at the bridges. Bank-stability
analyses at the State Highway 35 and 25 crossings of
the Pearl River, near the cutbanks of meanders that are
actively moving in the vicinity of these bridges,
indicated factors of safety greater than 2.0. However,
factors of safety computed for channel banks in the
vicinity of U.S. Highways 54 and 98 crossings of the
Pearl River were relatively small (less than or equal to
1.5). No attempt was made in this study to consider
the effect of boundary stress from stream power on
lateral bank movement.

Significant lateral movement of channel banks was
detected at the State Highway 35 and State Highway
25 crossings from mapped tops of channel banks and
historical and recent channel geometry. Maps of tops
of channel banks at the State Highway 35 crossing
indicated about 100 It of movement of the south bank
at the bridge between 1978 and 1986 as did the
historical and recent channel geometry. Channel
meander mapping at the State Highway 25 crossing
indicated about 100 It of movement of the west bank at
the bridge between 1938 and 1986. Channel geometry
at this site indicated about 200 It of movement of the
west bank between 1972 and 1979.
No significant movement was indicated by channel
cross sections and channel meander mapping at the
U.S. Highways 84 and 98 crossings. Channel cross
sections at the U.S. Highway 98 crossing indicate
significant scour (up to 10 It) of the channel bed during
floods. Channel-bed scour at this site probably is
spatially and temporally limited. Also, some movement
of the west bank at the U.S. Highway 84 and 98
crossings is indicated between 1938 and 1961, but
these banks seem to have stabilized alter bank
reinforcement and timber spurs and spur dikes were
installed in the 1950's, 1960's, and 1970's.

Change in sinuosity was significant at two of the study
sites due to natural meander cutoffs and channelization.

Sinuosity generally increased in a downstream
direction.
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Figure 2.-Tops of channel banks and apparent channel shift
caused by errors introduced during mapping and digitizing
tops of channel banks for the Pearl River in the vicinity
of U.S. Highway 84 near Monticello.

110



9.4009.600

I

RIGHT (WEST) BANK

-- January 17,1972

----. -April 20.1979

-.. ------- MaV 01,1991

!'~')1: .I
! r-- .. ···· !

.. t--.i r/ ,:<
" I '

!\ i
: .....\.1

,', - .'
---"..:

--April 10.193B

------ December 27.1961

----- April 23.1979
.. -....-- 'Mav 10.1991

\\
(~:

----r----- .--'-~ ---~,----~---~-

State Highway 25 al Jackson

LEFT (EAST) BANK

270

260

280

250

240

110

300

290

130

140 •

230 '-- , _. __ ,_.- -- -----l

IO.BOO 10.600 10.400 10,200 10.000 9,BOO

U_S_ HlghwaV 9B near Columbia
150 r---' ,- ......- - ,.- ---r--~---'--'~'--

120

53.BOO53.60053.400

RIGIIT (NORHn BANK

53.20053,000

~;:v ~.K1J.f
if!' "':Y\\ . ... i:

\' / I, ,
l.lt 1" :

\}1,: I, j, ..I .,
I ...,.

52.800

-March 8.1938
-_.-- December 26.1961

- -.. - Aprl 23,1979

--- ..--- Mav 6,1991

52.600

LEFT (SOUHn BANK

Aprl 16.1969

April 14.1979

Stale Htghway 35 near Carlhage
I -.-----,-. ~ -.----~----

190

150

U.S. HlghwaV 84 naar Montlceno
200~" i ;. I

180

170 ,.

290

52.400

350

340

310

300

360

160

...J
W
> 330
W
...J
« 320

W
C/)

W
>o
m
«
I-
W
W
U.

Z

z
o
I
«
>w
...J
W

~

~

~

16.400

LEFT (EAST) BANK
. '---"---'

RIGHT (WEST) BANK

B.600B.400B.2007.BOO B,OOO

--",-- ..- .... ,-_._..._--~~100

7,60016.200 16.000

RIGHT (WEST) BANK--_. . -- _._----LEFT (EAST) BANK r/
140 L .. L ' •••_-- ~

16.BOO 16,600

HIGHWA Y STATIONING. IN FEET

Figure 3.--Cross sections from soundings made during historical and recent discharge measurements
at four crossings of the Pearl River.



350

Siale lIighway 35 near Carlhago
360 I ~....--_.... _,--------p •. p' p .-;,-----.••-----~----....."

,........u; SlflfAa 5

-i~;~1.~~; ¥.;; ~~~~i ~l~~lf~ S~l~; ~~al~ ~~-.:

iSla'o Highway 25 al Jackson
286 .-.-----.--... - .. -.--,..~- .-~ ,-----..- • -.------- ........

f ......<t. ~dOAClS

:'i~1~ ;.~ ~ ~ ~~a;jf ~~rc·::r~ '~l~ ~ ~:(:~ ~Hl:

216

iUS.IIIQhwBY 64 n••' Monllc••o
210,. • 0 • i • ,

rAl-lW SUAf'AC£S

.~~_lm !!~ft ~J.f~J( J:'P..Ift!'J[P "~I~.Q!_t.t{J.U:-_lt!L
_l~t~!!.~.. r.!ll'r.u~t1r ~l~!.t:l p O~.. l9.n ~ ~~f.I'~ t!~/._

9.4009,600

R!QII(WfSl) (W<I<

9,600

W.U(WISI) UAlIK

In.auo
_..._-_.. _- ..-._ .....~._-

IUl(EASI) OAtIK

r.... Ul« S1rtfA.C£S
rAAlJtI( fltOCK cs too flftCOit SAJI.tAlll) IAC,OfI Of Wtly - 1'9

:J.;!I-!~~.~~~¥!~ff~!~i ~!~~m~~~1~~ P.f ffil'?::"J~r'

U.S. lIighway 90 near Columbia__~_._~~_·r-_~·_ ....,......-.. --r"'- --.- -, ,

\40

'30

110

150

Iltlj(ASI)U...,1K

235 I_~_-~._-·~--_. - •..

IU,800 10,600 10.400 10,2011

120

160

266

266

..6

6J,10lJ

RlCtIl(WUT) DANI:

63.600

RlUlI(ltOlllll)

63.300

~~

63,100

)

62.90052,100

\'
\
\

\"

\ 1~'I(SOUll~ 1lAt1K...,

\
\,

'.'

l[ff(EAST) lIN«

200

'90

,60

'10

,BO

290

200
52,500

.00

340

330

320

"0

...J
W
>
W
...J

«
w
Cf)

w
>
0
III
«
I-

~ W
~ WN

LL

Z

Z
0
I-
«
>w
...J
W

'60

140 l ~~- --
16,800 18.600 18,400 16.200 16.000

100 I-~.--··_-~·· _.~-_.~.-. ~- ._.,~---~-_._--~~--
7.1UO 7,900 8,100 8,300 8,500

HIGHWAY STATIONING, IN FEET

Figure 4,--Cross sections showing probable critical failure surfaces for channel banks
at four highway crossings of the Pearl River,



o 1000 2000 FEET,
o 200 400 600 METERS

~~7JF
,//

/;~
;~\;::;("t

""",;;"y,<"o

, .'

iI' N
:-:-.....~.

\~:~~:>.~~
'i. ".

5000 6000 FEET \ \

1500 2000 METERS

//~.,iI/

N

3000 4000

'000

200.

SCO

FEBRUARY '1. 1940
APRI. 1. 1911
JANUARY 19. 1988

.':~

..~ !

~d'-""
...;,:-:;; ............."f(o...

.-:..~.' ............ /

SI.'I H;a,.,,,,,.~ ZS

--- JANUARY 15, 1938
NOVEMBER 5. 1979

-----. APAIl 15. 1986

P.all Alvei al Siall HIghway 25 11 JiCkSon

Purl River" U.S. Htghw.... 98 nlar CoUntlia

:~

\

FEBRUARY 26. 1940
DECEMBER 22. 1914
JAMJARY 19. 1986

--- FEBRUARY 28. 1938
••.•_••••. OCTOBER 4, 1918t ----- APRIL 15, 1986

N

6000 FEET
~

2000 METERS

~

.'\
1•

~
.. -_.,.
~

-

~~.>.-:~>'-"... .... .:\ . '- ... -~ ~:..., -Flow
:~··o.'.'>f, -

5000

"00

Figure 5.-Historical changes in tops of channel banks in the vicinity of four crossings
of the Pearl River.

1~ 2000 FEET

400 sbo METERS200

o 1000 2000 3000 4000

o 500 1000

••

___ Mon11ceilO

84 nur Montlc.llo} :."15 Hiohway !P'''~'''U t I
I {II.N ,0

.f/ I RIV~! __~~\t ;' p•• r _. \
'l~~

- - US. Hiahw.... 84

PU,I R,vlr il Slill Hlahwi

~

~

'"



~

~...

>
t:
C/)
:Jo
Z
C/)

4

3

2

1

• ._-. near U.S. Highway 98
X--------X near U.S. Highway 84
+- +near State Highway 25

A l> near State Highway 35

--._.-._.•-._~*=-::-~---~:::~.,--x__ -- -x --_)( --- - ".)(--------

........,.......;,\;.......... • 6 'fJ!; i. ,. '"

o
1930 1940 1950 1960 1970 1980 1990 2000

Figure 6.--Change in sinousity with time on four reaches
of the Pearl River.


