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Impact of River Channelization on Seismic Risk: Shelby
County, Tennessee

Roy Van Arsdale1; Brian Waldron2; Natasha Ramsey3; Shane Parrish4; and Rhonda Yates5

Abstract: The lower 35.4 km of the Wolf River, in the city of Memphis, Shelby County, Tennessee, was channelized in 1964 to
flooding. Detailed channel surveys conducted in 1959 and 1990 document river and floodplain changes 26 years after chann
Channelization resulted in a straighter, steeper, deeper, wider, and smoother channel, thus causing an increase in chann
cross-sectional area, and discharge capacity. Subsequent to channelization, Wolf River became shallower near its mouth, entre
in its upstream reach, and formed a nick point at the eastern end of the channelized reach that migrated 11.3 km upstream. Tri
the channelized segment of the Wolf River have also entrenched. In addition, the floodplain along the channelized reach u
dissection and denudation and the banks of the Wolf River were an average of 1 m lower in elevation than they were in 1959
Channelization and subsequent river changes have reduced flooding in the channelized portion of the river as intended. Howeve
consequences of these river changes include~1! costly bridge and pipeline repair,~2! river and wetlands habitat destruction,~3! probable
increased susceptibility for earthquake liquefaction and associated lateral spreading of the Wolf River floodplain, and~4! increased
earthquake risk due to building development on the Wolf River floodplain.

DOI: 10.1061/~ASCE!1527-6988~2003!4:1~2!

CE Database keywords: Channelization; Tennessee; Liquefaction; Rivers; Seismic hazard.
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Introduction

The Wolf River is a west-flowing tributary of the Mississip
River that flows through the city of Memphis and Shelby Coun
Tennessee~Fig. 1!. The river heads in northern Mississippi, flow
through southwestern Tennessee, and is 138.5 km long. In Sh
County, the Wolf River flows through a wide floodplain consi
ing of basal point bar sands overlain by clayey silt overba
deposits~Kingsbury and Parks 1993; Broughton et al. 2001!.

Wolf River and most other western Tennessee rivers were
ject to flooding~Hidinger and Morgan 1912! and have been chan
nelized~Simon 1989; Simon and Hupp 1992!. In 1959 the U.S.
Army Corps of Engineers conducted a detailed survey with m
sured river cross sections and sediment coring of the lower
river km ~37 valley km! of the Wolf River from the river’s mouth
at the Mississippi River to Gray’s Creek~Fig. 1! ~U.S. Army
Engineer District Memphis Corps of Engineers Wolf River a
Tributaries Channel Improvement Report 1959!. This project was

1Prof. of Geology, Dept. of Earth Sciences, Univ. of Memph
Memphis, TN 38152.

2Research Assistant Prof., Ground Water Institute, Dept. of C
Engineering, Univ. of Memphis, Memphis, TN 38152.

3Geology Student, Dept. of Earth Sciences, Univ. of Memp
Memphis, TN 38152.

4Geology Student, Dept. of Earth Sciences, Univ. of Memp
Memphis, TN 38152.

5Geology Student, Dept. of Earth Sciences, Univ. of Memp
Memphis, TN 38152.

Note. Discussion open until July 1, 2003. Separate discussions
be submitted for individual papers. To extend the closing date by
month, a written request must be filed with the ASCE Managing Ed
The manuscript for this paper was submitted for review and poss
publication on February 27, 2001; approved on January 3, 2002.
paper is part of theNatural Hazards Review, Vol. 4, No. 1, February 1,
2003. ©ASCE, ISSN 1527-6988/2003/1-2–11/$18.00.
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conducted prior to channelizing 35.4 km of the Wolf River in th
city of Memphis and Shelby County. In 1964 the channelizati
was completed, thereby straightening Wolf River by cutting
meander bends and shortening its lower 59.6 km to 35.4 km.
excavated channels were typically trapezoidal in cross sect
resulting in a deeper and wider channel with steeper banks
the original river. Removal of vegetation along the channel a
reduced channel roughness~Simon 1994!. A second detailed sur-
vey was conducted in 1990 by the Corps of Engineers from
mouth of Wolf River 57.4 valley km upstream to the Shelb
Fayette County line~Flood Insurance Study, Shelby County, Te
nessee, 1990!. Wolf River bottom profiles were also surveyed i
Collierville, upstream from the channelized river bed, betwe
the Houston Levee Road bridge and the Collierville–Arlingt
Road bridge in 1977, 1989, 1995, and 1997~1997 profile not
included in this paper! to monitor accelerated erosion and nic
point ~point of abrupt change or inflection in the longitudin
profile of a stream! retreat occurring in this river reach~U.S.
Army Corps of Engineers, Memphis District, Wolf River Mem
phis, Tennessee, Draft Feasibility Report and Draft Environm
tal Impact Statement, June, 2000!. The 1959 and 1990 survey
allow us to compare the Wolf River prior to channelization wi
its condition 26 years later from valley km 3.7 to 36.4 and ni
point retreat during the 1990s upstream from the channelizat

The Mississippi River valley~Obermeier 1988; Tuttle and
Schweig 1995!, and the Wolf River floodplain in particular~Van
Arsdale et al. 1998; Broughton et al. 2001!, experienced liquefac-
tion during the great New Madrid earthquakes of 1811–1812. T
three great 1811–1812 earthquakes had estimated moment
nitudes of 8.1, 7.8, and 8.0~Johnston 1996!. Based on paleoseis
mic studies, these great earthquakes have a recurrence interv
;450 years ~Kelson et al. 1996; Tuttle 1999!. Magnitude-
frequency relationships indicate that smaller-magnitude eve
should occur more frequently~Bath 1973!. Earthquake-induced
liquefaction may cause the ground to lose its bearing stren

t

s
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Fig. 1. Map of the 1964 Wolf River channel improvement and reach undergoing headward erosion@four damaged bridge sites are~A! Highway
51, ~B! Highway 70,~C! Interstate 40,~D! Houston Levee Road, and~E! the threatened Collierville-Arlington Road#
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ing
resulting in heavy objects~buildings, etc.! sinking into the
ground, low-density objects~pipes, etc.! floating to the surface,
and lateral spreading~Seed and Idriss 1982!. Severe earthquake
shaking caused liquefaction along the Wolf River floodplain
Memphis, Germantown, and as far east as Collierville~Figs. 1
and 2!, as revealed in sand dikes preserved in the banks of W
River ~Fig. 3! ~Broughton et al. 2001!. The sand dikes were
formed when saturated point bar sand along Wolf River was t
porarily liquefied and forcefully ejected to the surface through
overlying overbank silt layer.

The impact of channelization on rivers has been well do
mented~e.g., Ramser 1930; Daniels 1960; Ruhe 1970; Parker
Andres 1976; Wilson 1979; Bradford and Piest 1980; Wink
1982; Brookes 1985, 1988; Yodis and Kesel 1993; Knigh
1998!, and in particular channelization of western Tennessee
ers ~Robbins and Simon 1983; Simon 1989, 1992, 1994; Sim
and Hupp 1992!. The purpose of our research was to docum
channel geometry and floodplain changes that occurred betw
1959 and 1990 along Wolf River within the urban areas of the c
of Memphis and Shelby County. However, our particular inter
is to determine if these changes have had any impact on lique
tion susceptibility of the Wolf River floodplain.

Methods

Bank-full widths and bank-full thalweg depths are used in t
study~Fig. 4!. The widths for the 1959 Wolf River were measure
from the 1959 engineering plans and the 1990 widths were
 Nat. Hazards Rev., 
f

-

d

-

n

-

-

vided by the U.S. Army Corps of Engineers~Carl Sekt, written
communication, 2000!. Using channel bottom elevation and t
elevation of the lower of the two opposing banks, maxim
bank-full depths were measured directly from the 1959 sur
The 1990 low-bank depths were calculated from the deta
cross-section measurements made in 1990 by the Corps of E
neers. Width and depth measurement locations~stations! are not
illustrated in Fig. 1, because there are too many for the sca
the map. In the 1959 data, we measured 114 widths, 140 de
and calculated 112 cross-sectional areas. The 1990 data s
cluded 87 width, depth, and calculated cross-sectional area
surements. One hundred and ninety-nine stations were us
construct the 1959 river longitudinal profile, and 127 statio
were used in the 1990 profile.

Channel cross-sectional areas were calculated by multipl
the bank-full depth by the bank-full width at each station for
1959 and 1990 data sets. These cross-section values are ap
mations because they represent rectangular simplifications o
true cross sections~Fig. 4!. In fact, each calculated value is high
than the true value, because the rectangular shape is constr
from maximum widths and depths. The velocity and discha
~cross-sectional area times velocity! calculations are based on th
cross-section calculations and so are also too high. Nonethe
we believe each data set reveals down-valley trends, and a
parison of the 1959 and 1990 data sets illustrates how the
River has changed.

Bank-full river velocities for each station were estimated us
the Manning Equation:

V51.49/nR2/3S1/2 (1)
NATURAL HAZARDS REVIEW / FEBRUARY 2003 / 3
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Fig. 2. ~A! New Madrid seismic zone@crosses indicate microseismicity and the three circles are the estimated epicenters of the three
earthquakes of 1811–1812~Johnston and Schweig 1996!#; ~B! Shelby County in southwestern Tennessee (o5 liquefaction dikes exposed in river
cut banks; dashed lines show city boundaries!
in

f

t

whereV5average velocity;n5channel bed and bank roughness
coefficient;R5hydraulic radius~cross-sectional area divided by
the total cross-sectional length of the bed and banks!; and S
5river bed slope~Ritter 1986!. These average velocities were
subsequently used to estimate discharge. An value of 0.035
~winding natural streams and canals in poor condition! was used
for the 1959 calculations and an value of 0.025~rivers and earth
canals in fair condition! was used for the 1990 calculations~see
Table 6.1 in Ritter 1986!. An average river bed slope of 0.00029
4 / NATURAL HAZARDS REVIEW / FEBRUARY 2003
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was calculated for the 1959 data by determining the difference
elevation at river km 36 and at the Wolf River mouth, and divid-
ing that value by 36 km. Similarly, an average bed slope o
0.00049 was calculated for the 1990 river.

The water table elevation along the Wolf River is an importan
factor in the liquefaction susceptibility of the floodplain. Water
table elevation contours were constructed by Parks~1990! for the
fall of 1988, thus representing typical, low water levels. Using
Delaunay triangulation, a triangular irregular network, or TIN,
 2003, 4(1): 2-11 
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Fig. 3. ~Color! Sand dike in northern bank of Wolf River in Memphis, Tennessee; this dike was located~now eroded! at the second dike sit
upstream from the Mississippi River in Fig. 2~B!
b
d

e
a
s
s

am
was calculated from these contours. From this TIN, water ta
elevation was linearly interpolated along the Wolf River floo
plain in Shelby County.

Urbanization and, in particular, the construction of bridg
across the Wolf River influence local channel geometry. We m
no attempt to address the effects of bridge construction acros
Wolf River between 1959 and 1990; however, no cross-section
bridge sites were used in this study.
 Nat. Hazards Rev
le
-

s
ke
the
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Results

Channel Cross-Sections

In 1959 the Wolf River was generally less than 6 m deep~Fig. 5!.
In 1990 the river was generally less than 6 m deep downstre
from valley km 16, variable but with a mean value of 6 m deep
from valley km 16 to 24, and greater than 6 m deep upstream
NATURAL HAZARDS REVIEW / FEBRUARY 2003 / 5
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Fig. 4. Bank-full width and depth and calculated cross-sectional a
for 1959 and 1990 cross section at river km 17.2
d

s

a
e

ey

er
in-
n-

e
m

m
ed

the
from valley km 24. Downstream from valley km 6.4, the 1990
depths were less than in 1959; however, upstream from valley k
6.4 the 1990 river depths were generally greater than the 19
river depths.

In comparing the 1990 bank-full channel widths with the 195
channel widths, it is apparent that Wolf River increased its widt
upstream of valley km 8 after channelization~Fig. 6!.

The 1990 data reveal that the cross-sectional area of W
River did not change from 1959 in the lower 8 km of the rive
~Fig. 7!. However, the cross-sectional area of the channel, u
stream from valley km 8, increased.

As Fig. 8 illustrates, in 1959 the Wolf River’s velocity in-
creased slightly downstream, the 1990 velocity decreased dow
stream, and the river essentially doubled its velocity betwee
these two years.

Bank-full discharge generally increased downstream in 195
decreased downstream in 1990, and the river tripled its discha
between these two years~Fig. 9!.
ge
Fig. 5. Wolf River thalweg depths at bank-full stage
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Wolf River Longitudinal Profiles

Longitudinal profiles reveal the bed and bank elevation chang
that the Wolf River has undergone~Fig. 10!. The 1977, 1989, and
1995 profiles upstream from valley km 37 in Collierville are from
the U.S. Army Corps of Engineers’ June 2000 report, entitle
‘‘Wolf River, Memphis, Tennessee Draft Feasibility Report &
Draft Environmental Impact Statement.’’ These detailed profile
demonstrate the upstream migration of a nick point~nick area!
from the end of the 1964 channelization. Channelization created
smooth bottom profile that approximated the elevation of th
1959 profile. The 1990 survey revealed that upstream of vall
km 16, the river bed entrenched as much as 3 m below the chan-
nel excavation, whereas downstream from valley km 16, the riv
bed aggraded. It is also apparent that the bank elevation dim
ished between 1959 and 1990. Therefore, the Wolf River e
trenched and apparently denuded its banks.

Bank denudation is supported in Fig. 11. In the 1959 profil
@Fig. 11~a!#, the sand/silt contact was an average depth of 3
beneath the floodplain surface. However, in the 1990 profile@Fig.
11~b!#, the same contact was an average depth of only 2.1
beneath the floodplain surface. These observations are simplifi
and become more apparent using linear regression lines fit to

ea

Fig. 6. Wolf River widths at bank-full stage
., 
Fig. 7. Calculated Wolf River cross-sectional areas at bank-full sta
2003, 4(1): 2-11 
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profile data~Fig. 12!. Floodplain denudation along the channel
ized portion of the Wolf River is supported by the very irregula
1990 bank profile@Fig. 11~b!# and does not appear to be restricte
to the banks of the river. The digital elevation model of Fig. 1
illustrates a dissected floodplain surface along the channeliz
reach, but no floodplain dissection upstream from the channeli
tion.

Fig. 8. Calculated Wolf River velocities at bank-full stage
 Nat. Hazards Rev., 
d
-

To corroborate floodplain denudation, a difference grid w
created using spatial ground surface elevations from the 19
USGS 7.5 minute quadrangles and 1988 survey data provided
Glenn McDaniel, of the U.S. Army Corps of Engineers. The 196
elevations are represented as contours and the 1988 as indivi
points. To create the interpolated surfaces of each time period
TIN was created from the nodes and vertices of the 1965 conto
and from the 1988 points. Using these TINs, elevations were

Fig. 9. Calculated Wolf River discharge at bank-full stage
Fig. 10. ~Color! Wolf River bed and bank longitudinal profiles and channel bed longitudinal profile
NATURAL HAZARDS REVIEW / FEBRUARY 2003 / 7
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Fig. 11. Wolf River 1959 bed and bank longitudinal profiles an
contact between point-bar sand and overlying overbank silt:~A! for
1959; ~B! for 1990
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empirical relationships compare earthquake-induced cyclic str
ratio ~CSR! to a modified penetration resistance (N1)60 at sites of
liquefaction and no liquefaction. CSR~Seed and Idriss 1982! is
approximated as

CSR5th /so8'0.65•amax/g•so /so8•r d (2)

whereth5average cyclic shear stress that is approximately 65
of the maximum shear stress;amax5peak horizontal ground sur-
face acceleration expressed ing ~gravity!; so5total overburden
stress;so85effective overburden stress; andr d5depth reduction co-
efficient to account for flexibility of the soil column. For sites o
liquefaction/no liquefaction, CSR is graphed as the dependent v
able against (N1)60. (N1)60 is a modified standard penetration tes
~SPT! blow count value calculated as

~N1!605CN•N•ER/60 (3)

where CN5function of the effective overburden pressure;N
5field value of standard penetration resistance; and ER is
energy ratio of the SPT system used to measureN. Using lique-
faction data from past earthquakes, empirical relationships indic
that a lower bound for liquefaction resistance can be construc
Such relationships have been produced for varying earthquake m
nitudes by Seed and Idriss~1982!. These relationships are direc
and nonlinear; however, at lower values of CSR andN1 , the
relationship is nearly linear.

To determine if liquefaction could occur, (N1)60 can be calcu-
lated from geotechnical boring records using Eq.~3!. Seed et al.
compiled ER data for various hammer systems and configurati
if specific values are not available. For a given value of (N1)60,
the cyclic resistance ratio~CRR! can be read from the liquefac-
tion resistance relationship for a specific magnitude earthqua
Using Eq.~2!, an earthquake-induced CSR can be estimated
CSR exceeds CRR, then liquefaction is probable.

For a hypothetical earthquake of constant magnitude and
tance to a given site, the first term in Eq.~2! can be considered a
constant~C! such that

CSR5th /so8'C•so /so8•r d (4)

Fig. 12. Linear regression lines withr 2 values for the 1959~bold
solid! and 1990~dashed! bed and bank longitudinal profiles, the con
tact between the point-bar sand and overlying overbank silt~fine
solid!, and the 1988 water table profile~dotted!
terpolated for a uniform grid of 30 meter cells covering the W
River floodplain in eastern Shelby County. Both a linear an
breakline bivariate quintic interpolation scheme were used to
culate elevations at the uniform grid cell center. The interpola
grid from 1988 was subtracted from the 1965 grid; thus posit
values indicate where denuding has occurred. Preliminary res
of denuded areas using the quintic interpolation did not dif
much spatially when compared with the linear interpolation; ho
ever, an overall greater loss of overbank thickness occurred
the quintic interpolation. Thus, to remain conservative the lin
interpolation was used~Fig. 14!. Fig. 14 shows that denudatio
has occurred over most of the floodplain except for those a
where artificial fill was placed for roads and buildings and t
spoil pile area along the channelized river. It is also possi
however, that thinning of the overbank occurred in pad areas p
to construction filling. Field inspection revealed that denud
areas are not due to mining activity.

Effect of Reducing Overburden Thickness
on Liquefaction Potential

Floodplain overbank thickness appears to have influenced liq
faction susceptibility in Shelby County rivers. Broughton et
~2001! note that thick overbank sediments appear to have s
pressed liquefaction in the Loosahatchie River floodplain dur
1811–1812 liquefaction. An increase in liquefaction susceptibi
due to the reduction in overbank sediment thickness is sugge
by studying empirical liquefaction resistance relationships. Th
003, 4(1): 2-11 
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Fig. 13. Digital elevation model of the Wolf River floodplain in eastern Shelby County; features labeled include~1! stream dissection of the
floodplain,~2! termination of 1964 channelization, development on Wolf River floodplain, and area illustrated in Fig. 14
in
n
en
in
th
an
uc
if-
n-

r-

.
9.
urc

to

e-
s

su
lu-
te
d

m-
in-
ess
of
ca-

om-
p-
lby
ly
an-
ick
zed
e-
m-

the

s in

e-
run-

nd
Along the length of the Wolf River, the water table is with
the alluvial overbank~Fig. 12!, and this water table elevatio
represents low water levels since the measurements were tak
the fall ~Parks 1990!. Hence, seasonal fluctuations would result
a water table higher in the overbank deposit, especially during
wetter seasons of winter and spring. Thus, removal of overb
deposits by denuding of the bank above the water table red
both so and so8 by the same quantity. However, though the d
ference betweenso andso8 remain constant as denuding conti
ues, the ratio of (so /so8) increases. Therefore, CSR~for a given
earthquake magnitude and distance! tends to increase as the ove
bank thickness decreases. Also increasing in Eq.~4! is the depth
reduction coefficient,r d ;r d is indirectly proportional to depth
For depths up to 9.1 m~30 ft!, r d ranges between 1.0 and 0.
Reduction of the overbank reduces the depth to potential so
beds of sand, which in turn results in a higherr d . In addition, a
reduction in the effective overburden pressure is proportional
decrease in the penetration resistance,N. However,N1 remains
nearly the same becauseCN increases to compensate for the r
duction in penetration resistance. So whereas CSR increase
denuding of the banks, CRR does not change significantly, re
ing in a greater potential for liquefaction. To determine conc
sively whether bank denudation has increased liquefaction po
tial along the Wolf River would require quantitative fiel
analyses.
 Nat. Hazards Rev.,
in
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Discussion and Conclusions

Wolf River has undergone significant changes since 1959. A su
mary of the changes in Wolf River between 1959 and 1990
clude river straightening, doubled bed slope, reduced roughn
coefficient, increased depth, near doubling of width, doubling
cross-sectional area, doubled velocity, and tripled discharge
pacity. The river responded to these changes in hydraulic ge
etry by aggradation in its lower 16 km and entrenchment u
stream from valley km 16 to nearly the eastern edge of She
County. Additionally, a nick point has migrated approximate
11.3 km upstream from the eastern termination of the 1964 ch
nelization. The Corps’ June 2000 report acknowledges that n
point retreat has also occurred in the tributaries to the channeli
reach of Wolf River. Wolf River entrenchment has required pip
line repairs and bridge repairs on Highway 51, Interstate 40, Su
mer Avenue, Houston Levee Road, and it may undermine
Collierville–Arlington Road bridge in Collierville if the nick
point retreat continues~Fig. 1!. The U.S. Army Corps of Engi-
neers, in their June 2000 report, have proposed to install weir
Collierville to halt nick point retreat.

The substantial widening and entrenchment of Wolf River b
tween 1959 and 1990 may have been enhanced by increased
off due to basin urbanization, sand mining in the floodplain, a
NATURAL HAZARDS REVIEW / FEBRUARY 2003 / 9
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Fig. 14. Areas along Wolf River floodplain in Germantown that h
undergone denudation between 1965 and 1988 are shown in
gray @Most areas that have increased in elevation~light gray! are due
to artificial fill ~as indicated by roads! and immediately along th
Wolf River where spoil from the 1964 channelization was placed
roads are 2001 data so denuded areas that contain roads hav
filled since 1988; area of figure outlined in Fig. 13#
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along the entrenched reach of Wolf River due to drying of
floodplain. Entrenchment and the tripling of the river’s discha
capacity appear to be responsible for the floodplain’s dryi
Thus, it requires a bigger, less frequent flood to top the ri
banks and flow across the floodplain. Essentially, the entrenc
reach of Wolf River is bounded by a low terrace, which has
lowed building development. Although the roads and buildin
may not be subject to flooding, their location on unconsolida
floodplain material makes them more vulnerable to liquefact
during earthquakes~Youd and Perkins 1978; Seed and Idri
1982; Youd 1991!. The 1988 water table profile~Parks 1990!
indicates that even with channel incision, the basal sand so
beds that liquefied in a previous earthquake are still below
water table~Fig. 12!. However, assessing the degree of liquefa
tion vulnerability is difficult. The structures are built on a pad
sediment mined from the Wolf River floodplain. Liquefaction su
ceptibility of the floodplain sediment may be reduced becaus
the weight of the pad~Seed and Idriss 1967!. However, it must be
noted that liquefaction of fill sites on top of floodplains has be
documented in the 1923 Kwanto, Japan, 1931, Hawkes Bay, N
Zealand, 1960, Chile, 1964, Niigata, Japan, and 1968, Toka
Oki, Japan, earthquakes~Youd and Hoose 1977!.

Contributing to the liquefaction susceptibility uncertainty
the thinning of the silt overbank layer by erosion of the Wo
River floodplain surface~Fig. 14!. Additionally, incision by Wolf
River and its tributaries across the floodplain may make the flo
plain more susceptible to lateral spreading during liquefact
because of higher, less stable banks. Seismically induced la
spreading may also be enhanced by the excavation of borrow
and construction of pads on the floodplain. The original flat flo
plain now has more than 6 m of relief from the top of the pads to
the bottom of the water-filled borrow pits that may promote l
eral spreading.

In the 1960s, our society had different goals and objecti
than today. At that time the Environmental Protection Agency
not exist and we did not have programs for protecting wetlan
In the 1960s, we were looking at growth and prosperity and
many areas of the United States flooding was causing distre
homeowners and businesses. This study has brought man
these issues to the forefront. It is true Wolf River channelizat
has reduced flooding, but channelization has also damaged
tats, bridges, and pipelines and has allowed development o
floodplain. Roads, motels, and homes have been built on a fl
plain that has liquefied in the past. Thus, channelization has
mitted development on a floodplain that has a very high liquef
tion susceptibility ~Van Arsdale et al. 1998; Broughton et a
2001! and that might have become even more susceptible
consequence of the channelization and development. River c
nelization and subsequent floodplain development is certainly
unique to Wolf River and Shelby County, Tennessee~Simon
1994; Knighton 1998!. Within the United States between 193
and 1980 over 26,500 km of rivers had been channeli
~Brookes 1985!. This study has shown how important it is to tak
a holistic approach to multihazard decision making in the futu
In this case, flooding was controlled by channelization as plann
allowing for significant growth and development of homes a
businesses along Wolf River and its tributaries without flo
losses; however, the multihazard side-effect is that these s
homes and businesses were placed in an area subject to liqu
tion and lateral spreading, and channelization of Wolf River m
have increased this potential. We learn from our experiences.
clear that liquefaction has occurred in the past along the W
River floodplain and will occur in the future. Based on this stu

k

en
lowering of the Mississippi River flow, but we believe the wi
ening and entrenchment were caused primarily by the 1964 c
nelization because the dramatic changes to the Wolf River h
occurred in the channelized reach and immediately upstr
where the nick point has retreated. Furthermore, channeliza
doubled the velocity of the Wolf River flow that would cau
scouring of the channel bed. As the channel entrenched, it
posed a thicker section of noncohesive and easily eroded p
bar sand in the lower banks~Fig. 11!. We believe the unstabl
banks collapsed, causing the channel to widen~Thorne et al.
1981!, and that the high velocity river transported the sand
silt downstream where some of the sand apparently was depo
on the channel floor near the mouth of the Wolf River~Simon
1994!.

The purpose for the 1964 channelization of the Wolf River w
flood control~Simon and Hupp 1992!. This it has done. However
it is clear based on today’s environment that there have b
multihazard and cultural trade-offs in order to develop the W
River floodplain for housing and business use. For example
Corp’s June 2000 report documents wetlands habitat destru
003, 4(1): 2-11 
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it appears that floodplain alteration can have an impact on
liquefaction and lateral spreading potential in seismically act
areas and that more-detailed geotechnical studies should be
dertaken to quantify the effects of floodplain alteration.
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