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Abstract[ ] Existing theories and experimental results on mud bed consolidation, fluidization and erosion are
briefly reviewed. The importance of the history of bed shear strength profile which experiences periodic and
random consolidation and fluidization is qualitatively discussed by reanalyzing a field data set in Youngkwang
area of Korea. According to the results of existing laboratory experiments and the reanalyzing, the numerical
modelling of mud or pollutant transport without considering consolidation and fluidization may cause the time
lag between the hydrodynamic forcing and the increment of sediment and bed-originated pollutant
concentrations in water column. The time lag can derive serious error in the transport direction, consequently
in the budget of a heavy-concentrated bottom-originated substance, especially in macrotidal environments with

relatively high wave energy.
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1. INTRODUCTION

The behavior of fine-grained cohesive sediment plays
key roles in coastal environmental assessing the various
possible effects including depositions of harbours and
their approaching channels, erosions of tidal flats and
pollutant transport caused by many types of coastal dev-
elopments in muddy environments.

The major behavior of mud consists of horizontal

and vertical transport by advection and diffusion, settling,
deposition, consolidation, fluidization, resuspension and
erosion. These processes may be divided into three
groups according to water-sediment system. The first is
water column process including advection, diffusion and
settling. The second is the interfacial process including
deposition, resuspension and erosion. And the last is bed
process of consolidation and fluidization. Additional

point of view, settling, deposition and consolidation of
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the deposited muds are belong to sinking process, while
fluidization, resuspension and erosion to sourcing process.

Many interdisciplinary parameters of cohesive sedi-
ment effect on these processes. Berlamont et al. (1993)
presented 28 parameters characterizing mud and grouped
them in physicochemical properties of overflowing fluid,
physicochemical properties of the bed, characteristics of
bed structure, and water-bed exchange processes.

However, only a few empirical physical parameters
such as the settling velocity of mud floc, the critical
shear stresses for deposition and erosion, and the erosion
rate, have been incorporated in most numerical models
(O'Connor and Nicholson, 1988; Teisson and Fritsch,
1988; Tsuruya et al., 1990; Diserens et al., 1993), even
though Teisson et al. (1992) and Sheng et al. (1992)
tried to simulate flow-particle interaction by a two-phase
flow model and a Reynolds stress model. Addition to
these simplifications of mud processes, another restriction
is adoption of lumped parameters which do not account
for the basic natures. For example, the bed shear strength
is very important in estimating the erosion rate and is
effected by many parameters. However, most researchers
use a simple function relating bed shear strength with its
dry density (Migniot, 1968; Thom and Parsons, 1980;
Ockenden and Delo; 1988) or bulk density (Villaret and
Paulic, 1986), and assume the related coefficients account
for other parameters. And in this engineering point of
view, various instruments using acoustic probe, nuclear
radiation probe, vibration transducer probe, and pressure
transducer probe, have been developed for measuring
bulk density (van Rijn, 1993). In order to confirm this
assumption, the dry or bulk density plays always major
role in the determination of the magnitude of the shear
strength, but Parchure (1984) and Montague et al. (1993)
found that microbial community at the water-bed inter-
face considerably increases the critical erosion shear
stress of the bed.

Consolidation and fluidization of mud beds are also
the processes which have been scarcely incorporated in
the numerical models though its neglecting may cause
considerable errors. For example, a model without the

routine for the processes may cause the time lag bet-

ween hydrodynamic forcing and bed response in a mac-
rotidal estuary (Le Hir and Karlikow, 1992). The time
lag may also occur at non-estuarine muddy coasts regar-
dless their tidal range, and will be highlighted in macro-
tidal muddy environments with relatively high wave
energy. For example, when or if bottom-erodible waves
attack to a macrotidal open coast for a few hours
during flood and wave-driven fluidization routine is not
incorporated in the applying model, the amount of
transported sediment computed by the model during the
flood period will be always much higher than that
during subsequent ebb period because not only current-
driven bed shear stress but also wave-induced stress act
as applying forces for the bed erosion. However, if
most wave-induced shear stresses are exhausted and
dissipated in fluidizing the partially and fully con-
solidated mud beds, the amount of transported sedi-
ment during the subsequent ebb period with much less
total shear stress may be considerably higher than that
during the former flood period. This possible phase lag
between temporal variations of applying bed shear
stress and the amount of sediment transport should be
due to neglecting the fluidization by waves. Especially,
the difference between computed and real transport
directions of high-concentrated suspension can cause
serious problems.

However, there are few researchers to point out the
above possible errors caused by neglecting the flui-
dization of mud bed, especially through field studies.
This paper is concerned with qualitative discussion on
the importance of the history of mud bed shear strength
profile in the numerical modellings of muds and pollu-
tants trapsports, based on the related theories, experi-
mental results and a field data set in a part of south-

western coastal zone of Korea.

2. BASIC THEORIES AND EXPERIMENTAL
RESULTS ON MUD PROCESSES

Turbulence-mean instantaneous profile of sediment con-
centration is well illustrated in Fig. 1 (a) as well as cohe-
sive bed response to waves in Fig. 1 (b) (Mehta, 1989).



On the Importance of Consolidation and Fluidization 45

AvA
Mobile
Suspension
b of
’-
o
w
i g
\ FLUIDIZATION ~ SETTUNG  Mobde
U Fluid Mud
Stationary Mud
FORMATION Y  Cohesie
Bed
CONSOLIDATION

b —

DEPTH

Detorming Bed

Stationary Bed

Fig. 1. Idealized profiles of instantaneous vertical concentration and velocity (a) and schematic diagram of cohesive bed

response to waves (b) (after Mehta, 1989).

Deforming bed in Fig. 1 (b) represents elastic deforma-
tion and subsequent fluidization due to the penetration of
horizontal orbital force into the bed. Current theories and
experimental results on consolidation and fluidization

shown in Fig. 1 are briefly reviewed here.

2.1 Sedimentation and Consolidation Theories

The well known sedimentation theory which has
been used in various disciplines was derived from the
continuity equation of volume concentration (C,) under
the assumption that particle settling velocity (w,) is a

function of only its concentration (Kynch, 1952):
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Manipulating Eq. 1 of a simple kinematic wave equa-
tion yields the general solution of C, = f{z - ¢t) in which
¢[=dw,C,)/dC,] is the propagation speed, z and ¢ are
vertical coordinate and time, respectively. The solution
means that C, is constant along the characteristic line,
z=¢t + constant. The descending of the height (h) of
water-mud interface in initially uniform-concentrated
column with height of H, is shown in Fig. 2. Zone @
is the constant settling rate zone : characteristic lines are
parallel because they all correspond to the same initial
concentration. When the particles reach the bot  tom,
a layer of higher density is formed and grows linearly.

Below the comresponding characteristic line, hin- dered

settling continues. The density increases because of
upward flux of the pore water by hindered settling, and
thus the slope of characteristic line changes. At a certain
density a soil structure is formed, and the corresponding
characteristic line defines the bed surface, below which
zone (3) exists where consolidation takes place(Toorman
and Berlamont, 1993).

Gibson et al. (1967) formulated one dimensional non-
linear consolidation theory by applying material coor-
dinate system, and by assuming that the soil skeleton is
homogeneous, pore water and the sediment are incom-

pressible as follows:
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Equations for stress equilibrium, continuities of fluid
and sediment in the control volume, and extended
Darcy's law are implicated in Eq. 2 in which e, %, v, £
and o' are void ratio, unit weights of sediment and fluid,
permeability, and effective stress (= o-p), respec-
tively, o and p are total stress and pore water pressure.
Sedimentation and consolidation theories seem to
have their own merits in the phases before and after the

occurrence of consolidation, respectively. However, set-
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Fig. 2. Settling curve and characteristic lines (after Toor-
man and Berlamont, 1993).

tling, deposition and consolidation all belong to a series
processes of continuous sinking, and thus a governing
equation unifying the sinking processes had been required.

Two kinds of unifying theories were suggested. Toor-
man and Berlamont (1991, 1993) extended Kynch's theory
to take into account of consolidation by introducing

stress equilibrium and Darcy's law as follows:
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where Ap, (=p-p) is excess density, p[=nps+(1-n)
p] is total density of control volume, n is porosity, py
and p, are densities of fluid and sediment, respectively,
and w, =k A p;/ p;.

On the other hand, Alexis et al. (1992) extended
consolidation theory of Gibson et al. by considering
the compressibility of fluid and sediments and non-

Darcian flow as follows:
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where v, is the mean relative flow velocity depending
on the void ratio(e) and excess pore pressure gradient,
but not necessarily according to the Darcy's law. And
parameter 7 is unit weight of submerged solid particles.

Validities of these two unifying theories were confir-

med by comparisons of the results of numerical model-

lings with those laboratory experiments.

2.2 Erosion Rates of Mud Beds

It may be necessary to review the formulae for estim-
ating the erosion rate of mud bed in order to point out
the importance of the shear strength profile in numer-
ical modelling.

There are many kinds of formulae and this diversity
is ultimately because of the fact that theoretical app-
roach to erosion is actually impossible due to many
parameters implicated in a mud bed. Therefore, most
formulae have been derived from laboratory exper-
iments in the direction that the erosion rate can be

expressed by a functional form as
E=8T, — T, Vi, Vp, 5 Vi) 3

where £ is erosion rate, 7, is applying bed shear stress,
T, is shear strength of mud bed against erosion, and v,,
---,v; are parameters specifying erosion resistance
(Mehta et al., 1989).

Two kinds of mud beds have been used for flume
tests (Mehta et al., 1982, Parchure and Mehta, 1985).
The first is placed bed which is prepared either by
pouring a thick slurry of sediment and fluid or by remol-
ding previously formed beds. The second is deposited
bed which is formed by allowing suspended sediment to
deposit under low flow velocity or under quiescent
condition.

The empirical erosion formulae derived from placed
mud beds yield linearly increasing erosion with time
because the shear strength in the beds are relatively
uniform over the depth(Partheniades, 1962; Christensen,
1965; Kandiah, 1974; Arulanandan, 1975; Christensen
and Das; 1973; Raudkivi and Hutchison, 1974; Gularte,
1978; Lambermont and Lebon, 1977; Mehta, 1981; Delo,
1988). The representative formulae are of Kandiah:

G —T
Ts

®

£=0y

and of Delo:
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where o; and ¢, are empirical coefficients determined
from the experiments. Eq. 6 was adopted in the numer-
ical models of O'Connor and Nicholson (1988),
Teisson and Fritsch (1988) and Tsuruya et al. (1990),
while Diserens ef al. (1993) used Eq. 7.

Deposited beds, on the other hand, show stratifi-
cation in the bulk density and the shear strength, and
then the empirical formulae from the beds yield decr-
easing erosion rate with increasing bed depth (Krone,
1962; Yeh, 1979; Fukuda and Lick, 1980; Thorn and
Parsons, 1980; Mehta er al., 1982; Parchure, 1984).
The representatives showing exponentially decreasing

erosion rate with bed depth are of Mehta et al.:

T — (2
e=iexp oy ot ®
and of Parchure:
£=gexp[oy{7, — % ()} )]

where €, &, ¢ and «, are empirical coefficients, and z
is bed depth form water-bed interface, respectively.
Sheng et al. (1992) used the formula of Parchure in
their three dimensional sediment transport model. Kuij-
per et al. (1989) also adopted Parchure's formula to
interprete their results of annular flume experiments.
Hayter (1983) suggested a bed schematized model in
which Eq. 8 was applied for the erosion of partially
consolidated new deposits and Eq. 6 for the erosion of
consolidated bed. Additionally, Hayter incoporated con-
solidation algorithm based on the experimental results
of Thorn and Parsons (1980).

The formulae through deposited bed tests seem to be
more reasonable to estimate the erosion rates of natural
muds, in that most mud beds can be schematized into
stationary suspension, consolidating and consolidated
beds with increasing the depth (Mehta et al., 1982).

Eqs. 8 and 9, however, mean the steady state profile
of bed shear strength, which is caused by the purpose

of erosion test. That is, the flume tests were designed

to extract the critical shear stress for erosion, and then
the flows in most experiments were increased stepwise.
Consequently there were no periods for the beds to
deform due to the differences of applying bed shear
stresses. Considering this background of Egs. 8, 9 and
continuous natural flow condition, it may be more
reasonable to regard the shear strength of a mud bed as
a time dependent property

This time dependent property plays key role in con-
solidation and fluidization of mud beds, and existing
studies on wave effects on the deformation of the pro-

file are briefly reviewed in following section.

2.3 Wave-Driven Fluidization of Mud Beds

Mud bed response to wave forcing 1s quite different
from that to current forcing in that wave effect is con-
fined to a layer of relatively small height over the bed,
and that the fluidized mud is not easily entrained in
upper water column unless a shear-dependent current is
present. Using the deposited kaolinite bed prepared to
study current-driven erosion rate by Parchure (1984),
Mehta (1989) regarded the 8-day consolidated shear
strength profile as a settled pre-storm bed, and the 1-day
profile as a post-storm profile weakened by waves (Fig. 3).

A noticeable results of laboratory experiment and
numerical modelling on the mud bed response to wave
forcing was firstly obtained by Maa (1986). Wave-

induced vertical and horizontal orbital velocities, W
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Fig. 3. Kaolinite bed shear strength profiles obtained in
flume experiments (after Parchure, 1984).
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Fig. 4. Fluidization of Tampa Bay mud by waves in a
flume (after Ross, 1988).

and % penetrate into a fluid mud. Considerable atten-
uation of wave height up to 50% was associated with
relatively rapid fluidization.

Fig. 4 shows impressive fluidization obtained in a
flume experiment with a natural mud by Ross (1988).
The thickness of the fluid mud increased with wave
loading time.

The confinement of wave loading effect to near bed
was shown by Mehta and Maa (1986) in Fig. 5. Con-
centration profiles at 300 and 537 minutes after erosion
initiation were very similar especially near lutocline
because of the low vertical wave diffusion and low
velocity gradient in the upper portion of the water
column due to the absence of shearing current.

Using a layered Voigt model regarding mud as a
viscoelastic material, Maa and Mehta (1990) calculated
water-mud interfacial bed shear stresses which were, in
general, larger than that calculated by assuming the mud
to be rigid. The augmented shear stresses at the interface
are due to out-of-phase motion between water and mud.

According to the laboratory experiment of du Wit
and Kranenburg (1992), a layer of fluid mud was gen-
erated due to wave action. The threshold value of the
wave height at which fluidization occurred increased as
the consolidation period increased. Pore water pressure
measurements showed a transient decrease possibly cau-
sed by the break down of the aggregate structure, suc-
ceeded by gradual build up of an excess pore pressure so

as to compensate for the vanishing effective stress.

Jae-Youll Jin, Ki Dai Yum and Jin Soon Park

T ll||lﬂ[ LENR AR R BERL T

T Illlll
Wi
)

30 \
28 \
»
ab
—300 min A

20 \

537 min

T -

Upper Ltyev(«io‘mgl")‘

Near-Bag(z10tgt )

ELEVATION

- Intertace ~

ELEVATION ABOVE RIGID BOTTOM {cm)

16+ at 300 mln]
~ z'lnlerhu:e at 537 min ]
P BT WETTI NN 0 AT 81 N W AN AR UT| N
102 10* 10°

SEDIMENT CONCENTRATION {mg1”)
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rigid flume bottom (after Mehta and Maa, 1986).

3. A CASE FIELD STUDY

A field data set is used as a material to discuss the
importance of periodic bed processes due to tidal forc-
ing or non-periodic processes due to storm forcing. The
temporal variations of shear strength profile and fluid
mud thickness were not included in the data set. Never-
theless, a characteristic variation pattern of near bed
concentration which could not be explained without
introducing fluidization, was observed.

The study area (Fig. 6) is a low-macrotidal regime
(Hayes, 1979) with the mean tidal range of 3.8 m accor-
ding to the results at sites T1 and T2 (KEPCO, 1994).
Seasonal variation of incoming wave height is so large
that suspended sediment concentration become higher
in winter. According to wave measurement at site W
by KEPCO (1994), the occurrence frequency of the
significant wave heights (H,) beyond 0.8 m was 31.3%
in winter, while only 2% in summer.

Distribution of the bottom sediment in Fig. 7, alth-
ough did not cover the whole study area, showed that
the content of sand and mean diameter decrease with
increasing water depth (KEPCO, 1994).

Representative time variations of suspended sediment

concentration at 1m above the bottom in spring and
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summer seasons are shown in Fig. 8. The results at
sites [ and D were obtained by KORDI (1980), and
those at S1, 82 and S3 by KEPCO (1994) using a pum-
ping unit. The temporal variation at site S2 is very sim-
ilar to Fig. 9 representing a typical variations of currents
and sediment concentration in a tide-dominated environ-
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Fig. 6. Map showing the study area and field observation
points.
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ments.

Considerably higher winter concentrations obtained
by KORDI (1992) at site A are shown in Fig. 10 with
various hydraulic parameters. The concentration, water
level and current velocity were all measured at 1.6 m
above the bottom with a self-recording instrument, Aq-
uasensor of Chelsea Instrument Inc. of UK. The wave
heights were measured at site P about 3 km off in the
direction of NW from site A.

The most noticeable feature in Fig. 10 is the time lag
between the peaks of wave height and sediment con-
centration. That is, the concentration of only about 0.7
g/l was associated with the highest significant wave
height of 3m at P, while the peak concentration of
about 3 g/l with a significant wave height of only 1.5
m occurred 40 hours later. This time lag is too long to
be explained with only advection effect.

In order to investigate this time difference more quan-
titatively, the bed shear stresses driven by current and
wave were computed. The bed shear stress driven by

mean current can be expressed as

. =0.125p f. U2,

124 (10)

-2
=

where 7, is cument-driven bed shear stress, p is sea
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Fig. 8. Temporal variations of suspended sediment concen-
trations (solid lines) and current velocities (dotted
lines) at 1 m above the bottoms in spring tide
(after KORDYJ, 1980; KEPCO, 1994).

water density, f. is current-driven bed friction coefficient,
U is depth-averaged current velocity, & is total water
depth, respectively. And k, is roughness height (=30 z,)
and z, is reference level at which velocity is zero (van
Rijn, 1989).

Depth mean current velocity can be expressed as

2o
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Fig. 9. Typical sedimentary processes in tide-dominated
sedimentary environments (after van Rijn, 1989).

3.5 =y ~— T 3.3

3.0 . 30
@ I
25 —25 &
% 20 ~20 g
2 l,5E L5 ;‘c
1o oG
a5 05>

00 0.0

08
o
§
06 ]
= <
3 04 &
02F
22

SS (gN1)
(ui) pdap 1nem

18
Day in Dec., 1991

Fig. 10. Temporal variations of suspended sediment concen-
trations (soild lines) at 1.6 m above the bottom of
site A in winter season with significant wave height
(a), current velocity at the same height as SS (b),
and water level (c) (after KORDI, 1992).

where u. and x are shear velocity and von Karman
constant (=0.4), respectively (van Rijn, 1989). Current-
driven shear velocity is computed by the equation of

velocity distribution expressed as

u@z)= "k ln[%) (12)
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where z is the height from the bed, u(z) is current
velocity at z. As the value of u(z), measured velocity at
160 cm above the bed at A was used. Reference level,
z, varies according to bed type. Based on a hydrogra-
phic chart (No. 344) by Office of Hydrographic Affairs
and the results of Heathershaw (1981), the value of 0.01
cm was taken as z,.

And then, period-average of wave-driven bed shear

stress (T,,) is

Ty =0.25p fuli 2 (13)

~

where % is the maximum orbital velocity and f, is
wave-driven bed friction coefficient calculated by Jons-
son's (1966) formula:

N \-0.19
fw =exXp —6+5.2[Z—] ,

&

14
=03 for 4 /k; < 1.57

o max

where @ is the peak value of orbital excursion length.

By linear wave theory, @ and # are computed as

a-_H
2sinh (kh) (15)
i =wad

where H is wave height, ® is angular frequency (=2n/
T), T is wave period, k is wave number (=2r/L), and
L is wave length. An approximate solution of Hunt
(1979) can solve ki directly without iterative calcula-
tion of dispersion relationship.

Computed maximum wave-driven, current-driven and
total bed shear stresses are summarized in Table 1. The
maximum 7, was about 6 times higher than the maxi-
mum 7,, and the maximum 7, and total stress (%, + %)
occurred at same time. Therefore, in storm periods, this
area can be regarded as a wave dominated environment
in the aspect of sedimentary processes.

Temporal variations of computed bed shear stress and
SS concentration are shown in Fig. 11, and observed and
computed hydraulic parameters at the occurring time of
the concentration peaks are summarized in Table 2.

As shown in Fig. 10, from 13:00 on 17th December

in 1991 when H, was 0.2 m, wave grown up to 3.0 m

Table 1. Maximum shear stresses, their hydraulic parameters and SS at site A.

Max. Shear Stress (N/m’) Occurrence  Tidal h H, U 2 sS
Thw The Tow + The time phase (m) (m) (m/s) (m/s) @&h
5.38 19H 17D Flood 8.18 3.01 0.35 1.32 0.67
0.88 05H 18D LW 6.85 2.00 0.75 0.93 0.72

5.56 19H 17D  Flood 8.18 3.01 0.35 1.32 0.67

Table 2. Hydraulic parameters associated with observed SS peaks at site A.

Uieo U 0 Tow The SS
(misec) ) (@)

Peak Occurrence Tidal h H,
No. time phase (m)
1 18H 15D Flood 9.12 0.64
2 10H 16D HW 10.23 0.23
3 22H 16D HW 10.22 0.22
4 16H 17D Ebb 7.94 2.07
5 22H 17D Flood 9.73 2.59
6 04H 18D Ebb 7.42 1.99
7 13H 18D Flood 10.64 1.45
8 18H 18D Ebb 7.71 1.05
9 22H 18D Flood 9.59 0.99
10 06H 19D Ebb 6.73 0.69
11 11H 19D Flood 10.23 1.49
12 18H 19D Ebb 7.69 1.12
13 00H 20D Flood 10.37 1.35
14 05H 20D Ebb 7.62 1.11

0.22 0.23 0.17 0.24 0.08 0.74
0.04 0.04 0.02 0.02 0.00 0.40
0.06 0.07 0.02 0.01 0.01 0.27
0.54 0.57 0.86 271 0.50 0.78
0.04 0.05 0.96 315 0.00 0.81
0.70 0.74 0.87 2.77 0.84 0.74
0.16 0.18 0.51 1.18 0.05 1.66
0.37 0.39 0.40 0.82 0.23 1.01
0.20 0.21 0.32 0.60 0.07 1.91
0.43 0.45 0.31 0.58 0.32 1.93
0.24 0.26 0.53 1.28 0.10 3.02
0.58 0.61 0.42 0.89 0.58 1.90
0.27 0.29 0.47 1.06 0.12 1.13
0.62 0.66 0.41 0.88 0.67 1.81
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Fig. 11. Observed SS (bold line), computed 1, + 1. (fine
line) and 17, (dotted line).

of H; at 19:00 on the day. And it stepwise decreased to
about 0.6 m at 05:00 on 19th, then increased again to 1.
5m at 11:00 on the day. From the peak 4 to 11 as
shown in Figs. 10 and 11, the peak concentration
during half tidal cycle stepwise increased. The maxi-
mum bed shear stress of 5.56 N/m® and the maximum
concentration of about 3 g/l occurred at 19:00 on 17th
and at 11:00 on 19th, respectively, and the time lag
was 40 hours. This time lag may be interpreted into
two aspects. The first is the saturation period required
to increase sediment concentration of upper layer by
shearing tidal currents. The other possible process may
be bed fluidization due to wave forcing.

If we regard the 34 hours from 13:00 on 17th to 05:
00 on 19th as the first storm period, there are 6 peaks
of concentration (peak numbers 4~9). As shown in Fig.
11 and Table 5, the concentrations of the former peaks
4, 5 and 6 were much lower than the peaks 7, 8 and 9
even though their total shear stresses were about
doubled those at the latter three peaks. These time lags
between the peak bed shear stresses and the peak
concentrations seem to be caused by both effects due
to the bed fluidization and the saturation of the water
column with high-concentrated suspension. That is, the
higher shear stresses of the former peaks were most
exhausted in fluidizing the bed, by which weakened
high suspensions near the bed were not enoughly
advected and diffused vertically. The latter peaks 7, 8
and 9, however, represent that the water column was
relatively fully saturated with the fluidized mud
suspension. Additionally, the effect of horizontal
advection was also incorporated in the peaks 5 and 8.
That is, although current velocity of 5 cm/s at peak 5

was much weaker, the concentration was comparable to
those of peaks 4 and 6. On the other hand, the con-
centation of peak 8 was much lower than those of peaks
7 and 9, although the current velocity was about doubled.
These may be explained by tidal phase and the horizontal
distribution of bed type. The facts that the content of
mud increases southward as shown in Fig. 7 and flood
current flows northeastward (KEPCO, 1994) make it
possible to consider the concentration of flooding water
mass to be much higher than ebbing water mass.

The second storm period started at 05:00 on 19th,
during which time variation of the concentration refle-
cting the effect of fluidization happened earlier was
highlighted at peaks 10~14. These concentration peaks
have the nearly same phases as those of total shear
stress without time lags. These nearly simultaneous res-
ponses of the concentrations to total bed shear stresses
seem to be due to direct resuspension of the weekened
bed during earlier storm before recovering pre-storm
shear strength profile described with Fig. 3. Advection
effect was also associated with at peak 11 in com-
parison with peak 12.

According to what described above, the peaks 4, 5
and 6 may be regarded as fluidizing but unsaturation
period, the peaks 7, 8 and 9 as saturation period, and
the peaks 10, 11 and 12 as refluidizing period before
recovering pre-storm bed shear strength profile.

Therefore, bed processes including consolidation and
fluidization seem to be very important although it is
difficult to estimate them in a model. If the model in
which the bed is immediately eroded by applying bed
shear stress is applied to this case study, the amount of
eroded and transported sediment at peaks 4, 5, and 6
should much larger than those at other peaks. The
problem due to this time lag will become serious in
determining the transport direction. For example, even
though the maximum shear stress occurs at a flooding
time, the maximum concentration may occur at a
ebbing time. In this case study, in fact, peaks 4 and 6
occurred in ebb period, while peak 11 in flood period.
Thus, the model without bed process algorithms will
make a significant error in the point of sediment budget
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in this case area. This problem should become more
severe in a depth-averaged model which directly move
the eroded sediment into the water column. Pollutant
transport models without these bed processes may also
cause such problem because the behavior of the conta-
minants accumulated in mud beds are associated with

that of fine grained sediments.

4. CONCLUDING REMARKS

Theories and experimental results on mud bed pro-
cesses including consolidation and fluidization have
been briefly reviewed. A field data set in a part of south-
western coastal zone of Korea have been reanalyzed and
discussed in terms of the importance of understanding
the history of bed shear strength profile. According to the
reanalyzed results, a numerical model for mud or pollu-
tant transports can cause a severe errors in determining
the transport direction as well as the transport content
unless the algorithms for estimating the bed processes are
incorporated. And this problem will be highlighted in a
macrotidal environment with high wave energy.

Incorporating consolidation and fluidization into a mud
transport model requires many additional parameters for
the determinination of the history of the shear strength
profile. These parameters may be, of course, obtained
through laboratory tests using flow-deposited or placed
beds. However, even a flow-deposited bed can not repre-
sent bed conditions in the field including the strati-
fications of sediment composition and the comtent of
organic matters which effect the shear strength profile.

Thus, considering that the characteristics of the pro-
perties and the processes of mud beds are site specific, a
recommendable methods to grade up the validity of a
mud transport model may be incorporating the algorithms
for consolidation and fluidization, and calibrating its
results with the field data obtained with a integrated
monitoring system consisting of high frequency current
meter, SS probe, wave and tide gauge, altimeter, and
bulk density profiler.
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