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A numerical model for deposit inn of non-uniform cohesive sediment at a point was applied to laboratory
and field set t.ings. The rvsult- were compared with those from a uniform sediment model applied to the
same set.t ings. In t he non-uniform (dis.t rj hut ed ) model, das~'H:'~ of spdilllPnt (representing different floc
sizes) each had a corrospou ding set t ling velocit y and critical Sh(>,H stress for deposition. The models WE're
applied to laboratory' de posit ion tt'!'-h in an annular flume. Tests with steadv and slowly decelerating flow
WE're both modelled. The dist rihut ed sed irnent model was shown to twa much better model of deposition
in decelerating tim" in till' closed system of the annular llume. The model was shown to be sensitive to
the settling velocity of t.he class corresponding to Ow largest Ilocs, The importance of more accurate
methods of determining floc ..,i/,t' and settling velocity dist ributions was recognised. Both models were
also applied to tield measurements of deposition during a tide made in the Mersey Estuary. Both models
gav(' a reasonable fIt to th« data, but the distributed sediment model did not significantly improve the
uniform sediment model for Iield use. ExtE'rnal influences and advection of sediment from outside the
immediate area were shown to atfect the field measurements.
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where dm/dt = rate of change of mass on the bed
per unit area (kg m ~'), Til = applied bed shear
stress (N m :2), T d = critical shear stress for de­
position (N m 2), w... = settling velocity of floes
(m s I), C = concentration of suspended sediment
(kg m :1).

This equation uses the fact that there is a value
of the bed shear stress (Td) below which all sus­
pended cohesive sediment will eventually be de­
posited. This value of T d is typically in the range
0.05 N ill L to 0.1 N m ~. Given the same settling
velocity and concentration, the rate of deposition
depends on the actual bed shear stress, with max­
imum rate when the bed shear stress is zero, and
minimum (zero) when the bed shear stress is equal
to the critical shear stress for deposition. Equa­
tion 1 indicates that above this critical shear stress
no sediment will be deposited. This may be true
for a uniformly flocculated sediment, but such a
sediment is unrealistic in nature. However, for
engineering applications it is often necessary to
model cohesive sediment transport in quite com­
plex situations, and the errors due to using a uni­
form sediment may be quite small compared to

(1)TI, > Td

T ll < Td

The process of deposition of cohesive sediment
depends on a combination of different factors,
including the size, settling velocity and strength
of the settling units. These units may be single
particles or, more likely, aggregates or floes which
may be loosely or strongly bound together. The
floes have a settling velocity very much larger than
the settling velocity of the primary particles. The
degree of flocculation depends on many param­
eters, including the mineralogy, size, pH and ionic
strength of the particles and the chemical com­
position of the suspending water (VAN LEtlSSEN,

1988).
A simple representation of deposition was for-

mulated by KRONE (1962). It is expressed as:

dm ( T h )cit = 1 - ;: w,c

dm = 0
dt
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errors introduced as a result of other assumptions.
Nevertheless, improvements in the understand­
ing of the processes are constantly being sought.
A uniform sediment can be approximated by us­
ing representative values for the parameters in
Equation 1; the median settling velocity is often
taken as a representative value of w", as half of
the floes settle faster than this and half slower.
Equation 1 can be refined to model a non-uniform
sediment by relating the median settling velocity
to the concentration, as found to be applicable in
previous studies (DELO, 1988).

Several models have been formulated for a dis­
tributed sediment, with different sized particles
which have a range of strengths and settling ve­
locities (MEHTA and PAHTHENJADES, 1975; MEHTA

and LOTT, 1987; KHISHNAPPI':N, 1991). Most of the
models have been developed from laboratory tests
where sediment is contained in a closed system.
VERHEEK et al. (1991) proposed a model based on
floc strength, in which the input parameters are
based on laboratory deposition tests. It has been
shown that there can be significant differences
between the behaviour of cohesive sediment in
the field and in the laboratory, because of the
difficulty of reproducing the same physical, chem­
ical and biological environment. Algorithms for
numerical models, which have been based on the
results of controlled laboratory tests, still need to
be tested for field settings. Thus, for engineering
purposes, it is important to be able to make field
measurements which can then be used to calibrate
simple models for predicting cohesive sediment
transport.

Until recently, measurements of deposition have
been from tide to tide, or even less frequently.
However, recent measurements in the Mersey Es­
tuary (DISERENS et al., 1991) recorded deposition
during several tides with associated hydrodynam­
ics. This has enabled numerical models to be test­
ed for short-term deposition predictions.

The purpose of this study was to use the field
data recorded in the Mersey Estuary to test and
compare a deposition model for a non-uniform
cohesive sediment with a model for uniform sed­
iment. The models were first tested on laboratory
data.

MODELLING METHOD

A simple deposition model was written by the
author in which a time history of bed shear stress
and suspended sediment concentration was pre­
scribed during a tide. This was a simplification of

the Siltation at a Point (SAP) model of DELO and
OCKENIH:N (1989). Deposition onto the bed was
modelled according to Equation 1. When applied
to a closed system such as a laboratory flume, only
the initial concentration was prescribed and de­
position predicted by the model resulted in a
change in the concentration in suspension. When
using field data from the Mersey Estuary as input
to the model (with concentrations prescribed at
each time step), deposi tion was recorded as a mass
of material on the bed, which was converted into
a depth of material by assuming a density of 80
kg m '{ for newly deposited material. A settling
velocity of the material was calculated from avail­
able field data.

The model was then developed to allow for a
non-uniform sediment by dividing the sediment
into classes in a manner similar to that of MEHTA

and LOT'!' (1987). The model assumes that the
sediment is divided into N classes of floes, each
having a unique settling velocity, concentration
and critical shear stress for deposition. The total
sediment deposited on the bed, ~m, during a time
interval, ~t, is given by the sum of the individual
amounts deposited from each class:

~m ~ ±w,,</>C,C(tl(l - ~)~t (2)
1 T(h

where W"I = settling velocity for sediment class i,
<j>C 1 = proportion of total concentration compris­
ing sediment class i, Ctt.) = total concentration at
time t, Td, = critical shear stress for deposition of
sediment class i. Sediment class i deposits only if
Til S T<ll' Each class of sediment floes is assumed
to act independently of the others.

Additional field measurements are needed to
determine the actual frequency distributions of
concentration and settling velocity. The distri­
bution of floc size can be measured by using a
technique of image analysis. Several systems for
in situ observation of floes have been developed
recently. Floc size analysis can either be made
from a series of still photographs, as in the system
described by EISMA et al. (1990), or from video
images, as in the system described by DEAHNALEY

(1991). The analysis technique is similar in both
cases, involving identification of particles and cal­
culating their dimensions. Care is needed in in­
terpreting results and particularly when compar­
ing results from different systems, where different
threshold and noise levels may have been chosen.
These difficulties are described by E1SMA et al.
(1990).

Journal of Coastal Research, Vol. 9, No.4, Imla
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Figure 1. The HR Carousel.
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In this study, the video image analysis de­
scribed by DEARNALEY (1991) was used on sam­
ples collected from the Mersey Estuary; results
were used as input for the distributed sediment
model. The system involves suspending an open
ended tube (approximately 0.05 m in diameter)
in the water, aligned with the flow, to capture a
quantity of sediment. The tube is then removed
from the water, turned upright and the sediment
is filmed as it settles in the tube, particularly dur­
ing the period immediately following removal of
the tube (0-10 minutes). By analysing consecutive
images, settling particles can be identified and
measured for size and settling velocity. The sys­
tem is not truly "in situ", as it does not operate
underwater, but the method of capture of sedi­
ment is similar to that used with Owen tubes
(OWEN, 1976). The mouth of the tube is sufficient-

ly wide to allow floes to enter without significant
break-up: EISMA et ale (1990) reported that the
aperture of ~32 mm through which particles passed
on their in situ camera system was sufficient to
avoid break-up of the floes at velocities less than
1.2 m s I. Whilst enclosure within any column
will affect the turbulence of the Bow (VAN LEllSSEN,

1988), the effect will be least immediately after
removal of the column from the water.

MODELLING LABORATORY TESTS

Apparatus

Deposition tests were conducted in the labo­
ratory using the HR Carousel. The carousel flume
(Figure 1) is an annular flume, with an outer di­
ameter of 6 m, a channel width of 0.4 m and depth
of 0.35 m, and has a detachable roof 0.09 m thick.

.lournal of Coastal Research, Vo!. 9. No.4, I~~);~
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Several researchers (MEHTA and PAI-rJ'H "~NIA­

DES, 1975; VEl{HEEK et al., 1991) have carried out
deposition tests in annular flumes, in which the
shear stress was dropped in discrete steps from a
high value (which retained most of the sediment
in suspension) to a lower value, which allowed
some of the sediment to deposit. It was found that
the final concentration in suspension when the
system reached equilibrium depended on the shear
stress, and that, for a given shear stress, the ratio
of the final concentration, Cr, to the initial con­
centration, Co, was independent of the initial con­
centration. The ratio C,/Co , based on data from
the HR Carousel, is given in Figure 2. The re­
sulting curve shows that, for Eastham mud, for a
shear stress below about 0.05 N m ~ all sediment
eventually fell out of suspension. About 50(;;1 of
the sediment fell out of suspension below a shear
stress of approximately 0.08 N m ~,which is often
used as a representative value for modelling de­
position using Equation 1.

In order to provide a measure against which the

carousel tests were run: in the first set, the shear
stress was held at a high value for one hour to
mix the sediment into suspension, and then
dropped suddenly to a lower value and held con­
stant for several hours (step tests). In the second
set, the shear stress was again held at a high value
for an hour to mix the sediment into suspension,
and then slowly decreased to a lower value over
1,2 or 4 hours (slow deceleration tests). This lower
value was then held constant for a further hour.

The flume stands approximately 1.1 m off the
ground, supported by 12 brick pillars. The chan­
nel and the roof are constructed of fibre glass,
with a 0.12 m long perspex (plexiglas) section in
the channel for viewing. The roof fits into the
channel, and floats on the fluid. Fluid motion in
the carousel flume is induced and maintained by
the drag between the roof and the fluid surface
as the roof rotates.

The driving mechanism for the roof consists of
a DC torque motor with a drive arm attached to
the roof. The speed of the motor is controlled by
a micro computer to an accuracy of 0.1 ('Co, of the
maximum speed. This produces a mean water ve­
locity range in the flume from zero to approxi­
mately 0.7 m s 1, with a corresponding applied
shear stress range from zero to approximately 0.7
Nm 1.

The sampling system consists of two port holes,
one on each wall of the flume, 80 mm above the
floor. During tests, fluid is continuously extracted
from the carousel flume by a peristaltic pump and
passed through a constant temperature water hath
and a densimeter before being returned to the
carousel flume. Bottle samples of the fluid are
taken from time to time and analysed gravimet­
rically to maintain an accurate calibration.

The average shear stress exerted by the fluid
on the bed has been measured and calculated by
several methods. These include direct measure­
ment of the energy input to the roof through a
calibrated strain gauge, measurement of the near
bed velocity profiles in the flume using laser dopp­
ler anemometry and direct measurement of the
shear stress along the base and side walls using
flush mounted shear stress probes. Both different
roof rotational speeds and different flow depths
have been investigated. In addition, the shear
stress distribution along the bed was predicted by
a numerical model developed by Polytechnic South
West to predict the hydrodynamics in the car­
ousel (GRAHAM et al., 1992). The shear stress on
the bed was shown to be linearly related to the
radius. This has resulted in a better understand­
ing of the secondary circulations in the channel.
The secondary, radial component of shear stress
is typically less than loci, of the circumferential
value at a given radius.

For the laboratory deposition tests, mud from
near Eastham Dock in the Mersey Estuary was
homogeneously mixed into a suspension (approx­
imately 1 kg m '! mud, 30 kg m '! NaCl) and poured
into the carousel to a depth of 0.1 m. Two sets of

-lournal of Coastal Research. Vol. ~). No. 4, E)!J;~
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Figure 3. Settling velocity distribution used to model carousel
tests.

07Nm 2

Figure 4. Carousel deposition tests under constant shear stress.
Measured and predicted concentration in suspension for r, =
0.0 N m (top) and T1, = 0.2 N m l (bottom).

ousel were considerably lower than would be ex­
pected in the field.

The sediment classes were divided into bands
of equal width of log(settling velocity). The sen­
sitivity of the settling velocity was tested. The
critical shear stress for deposition in the model
was estimated from Figure 2. The ratio CJCo rep­
resents the proportion of sediment which remains
in suspension above the corresponding shear stress.

Results

Figure 4 shows the predicted concentration in
suspension from the uniform sediment model and
from the distributed sediment model, along with
the measured concentrations in the step tests (first
series). For the step test where the shear stress is
reduced to zero, both models give a reasonably
good fit to the measured data, particularly to­
wards the end of the test. However, there is a
noticeable delay in the measured settling once the

distributed sediment model could be compared,
a uniform sediment model, based on Equation 1,
was used to model the carousel tests, using a crit­
ical shear stress for deposition of 0.08 N m ~. The
settling velocity was varied to obtain the best fit
to the step tests (first series) using a settling ve­
locity which was proportional to the concentra­
tion, with a minimum settling velocity for low
concentrations «0.1 kg m :1). Owen tubes are not
able to measure settling velocities very accurately
at low concentrations because of the very small
quantities of sediment involved. The same set­
tling velocity with concentration relationship was
then used in the second set of tests.

The distributed sediment model was used with
11 classes of sediment, each of which was given a
settling velocity and critical shear stress for de­
position. A log-normal distribution was chosen for
settling velocity, showing a shape typical of a mea­
sured settling velocity distribution. The settling
velocity distribution is shown in Figure 3; the me­
dian settling velocity is approximately 0.OOOO~3 m
s I.

There are many factors which affect the floc­
culation of mud particles, such as salinity, con­
centration, presence of organic particles, pellet­
isation (VAN LEUSSEN, 1988). In the laboratory,
it is very difficult to simulate the exact conditions
which are found in the field. In the carousel, there
was very little organic activity (the suspension
was made with tap water with salt added), and
the depth of flow was only 0.1 m, which did not
give particles the same opportunity to flocculate.
For this reason, the settling velocities in the car-

o ••

200
lima unms)

300 ~-----J
400

-Iournal of Coastal Hesearch, Vol. 9, No. 4. 199;~



Distrihuted Sediment Deposition Model 1099

~ 1-50mlnutes

r:1loomllllJleS

l:Xj t 170mlnutes

u os 2E-o~ 3E O~ sf 05 8E-DS 1E 04

OJ 0 2Nrn 2 over j hou'

80 120
Ttme trruns,

07 OONrn;> ow,,;> hour s

Uniform secunent rnodet

Drstnbutsd secrmsnt model

• - - MlJaSufaddata

--40

OSf
07 I"~

I
06 1

':

Un'lorm sediment mooo'

Oistnbuted wdu"",,1 """U>'
••• M".1surOOdal,]

Figure 6. Change in settling velocit.y distribution during car­
ousel deposition test under constant shear stress (T I. ""-- 0.0 N
m ').

Figure 5. Carousel deposition tests under slowly decreasing
shear stress. Measured and predicted concentration in suspen­
sion for T

"
from 0.7-0.2 N m over one hour (top), TI. from 0.7

0.0 N m -'over two hours (middle), T I , from 0.7 OJ) N In over
four hours (bottom).

shear stress has been reduced to zero, near time
= 0, which is not predicted by the models. This
is because the shear stress on the bed in the car­
ousel is generated by movement of the roof, and
even though the roof has been stopped, the shear
stress does not immediately disappear.

For the step test where the shear stress is re­
duced to 0.2 N m ~,the uniform sediment model
predicts no deposition at all because the critical
shear stress for deposition is constant at 0.08 N
m 2. The distributed sediment model predicts too
much deposition at first. However, later in the
test, the model under-predicts the measured de­
position.

Figure 5 shows the predicted and measured sus­
pended sediment concentrations during tests
where the shear stress was reduced slowly from
the initial value to a lower value over 1, 2 and 4
hours. It is clear that the uniform sediment model
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is unable to model the slow deposition which oc­
curs during deceleration of the flow. This is par­
ticularly noticeable when the shear stress is re­
duced slowly to 0.2 N m ~ (top figure, deceleration
over 1 hour), when the uniform sediment model
predicts no deposition at all. In contrast, the dis­
tributed sediment model gives quite good results
at the start of each test during the deceleration
phase. In all these tests, the distributed sediment
model predicts the highest rate of deposition at
the point where the deceleration of the flow stops.
In general, this highest rate of deposition (shown
by rapid drop in concentration) is not as high as
that measured in the tests where the shear stress
is dropped to 0.0 N m :2 (middle figure, deceler­
ation over 2 hours and bottom figure, deceleration
over 4 hours), but is too high in the tests where
the shear stress is reduced to 0.2 N m '.~ (top).

The predicted change in sediment distribution
during a step test in the carousel is shown in Fig­
ure 6, which shows the proportions of each class
(banded according to settling velocity) at times
during the test. The proportion of particles of
lower settling velocity is seen to increase during
the test.

The distributed sediment model is shown to be
a better model of deposition in the carousel, par­
ticularly for slowly decelerating flow. However, it
requires more input data and thus is more difficult
to use. The current application is based heavily
on empirical relationships. The sensitivity of the
model was tested, both to values of the input pa­
rameters and to the way in which the sediment
classes were banded. The sediment was banded

.Iournal of Coastal Research. Vol. 9, No. 4, 199:~
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Figure 7. Measured and predicted concentration in suspen­
sion, showing sensitivity to different numbers of sediment bands
and distribution of sediment bands (top) and sensitivity to set­

tling velocity distribution and shear stress distribut ion (bot

t.orn l.

in different ways: five bands instead of 11, and 10
bands of equal proportion. For these tests, the
input was calculated from Figures 2 and ~3. The
sensitivity to these is shown in the top part of
Figure 7, (0.7 to 0.0 N m ~ over 2 hours). The
model was not particularly sensitive to the effect
of different banding with all input giving a rea­
sonable fit to the measured data. With any of
these inputs, the model still underestimated the
amount of deposition in the later part of the test.
The most pronounced effect of the change in
banding was due to the size of the band of highest
settling velocity (or highest shear stress for de­
position), as this determined the amount of de­
position at the start of the test. Both the five
bands of input and the equal proportions over­
estimated the deposition at the start, as the top
band was larger in both cases than for the original

input. It was concluded that the resolution into
classes should be finer for the classes with higher
settling velocities. The lower part of Figure 7 shows
the results of sensitivity tests on the settling ve­
locity and the shear stress for deposition. In each
case, apart from the parameter being tested, the
other input data was as for the original input data
(11 bands, normal distribution). In the case of the
settling velocity, the median settling velocity re­
mained the same as in Figure 3, but the standard
deviation of the distribution was reduced so that
there were fewer particles with high or low settling
velocity. As a result, the model did not predict
enough deposition at the start, but matched the
measured data reasonably well for a short period
when the concentration in suspension had dropped
to half its initial value. However, although not
shown here, the model was more sensitive to a
change in the value of the median settling veloc­
ity. For the alternative shear stress distribution,
each band was allowed to settle at a higher shear
stress (the top and bottom of the distribution
remained the same). The model gave a reasonable
tit at the start of the test, but sediment settled
too quickly in the middle of the test. Once again,
neither the change in settling velocity nor the
change in shear stress allowed enough deposition
at the end of the test. This suggests that the set­
tling velocities of the smaller particles in the mod­
el were too low, and that the normal distribution
used for the settling velocity distribution should
have been truncated at the lower end. It is there­
fore important that this information is deter­
mined more accurately. A step towards this is
being made with the development of equipment
for in situ measurement of floc size and settling
velocity.

Data Collection

Field data from DISEHENS et al. (1991) collected
on mudflats in the Mersey Estuary on both spring
tides and neap tides in November 1990 were used
to test the models. The measurement site was on
the south side of the estuary on mudflats adjacent
to a disused dock at Eastham (Figure 8). A small
bed frame (approximately 1 m in diameter, 1 m
high) was positioned on the mudflats. Extending
tubular legs approximately 2 m long were sunk
into the mud to prevent the frame from moving.
Water levels recorded at the site showed a sym­
metrical tide curve, with a maximum water level
at the site of 5.5 m on spring tides and 4 m on

MODELLING FIELD DATA
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Figure 8. Location of held measurement- on inter tidal mudflats in the Mersey E~tllary.

neap tides (Figure 9). The site was submerged for
approximately ~3.5 hours either side of high water
(HW) on both spring and neap tides.

The site was sheltered with very little wave ac­
tivity on this occasion, so bed shear stresses were
calculated from fitting a logarithmic profile to the
velocities measured at three heights above the bed
(0.1 ill, 0.5 m and 1.0 m). Tidal currents were
measured with Braystoke propeller current me­
ters; the horizontal speed was averaged over 10
minute periods. Suspended sediment concentra­
tions were recorded with Partech optical back­
scatter turbidity probes mounted at 0.1 m, 0.5 m
and 1.0 m above the bed. These were calibrated
with samples of sediment collected from the mea­
surement site. The bed elevation at one point was
recorded throughout the tide using an ultrasonic
probe pointing vertically downwards at the bed.
When positioned 0.1 m above the bed, the ultra­
sonic probe signal is averaged over an area of ap­
proximately 20 mm; the frequency of the probe
is 5 MHz which gives a very high resolution (±

0.25 mm) for changes relative to a fixed reference
point. Cables from the instruments were taken up
the mudflats to the Dock wall where data were
logged automatically into a computer.

The lO-minute averages of bed shear stress, sus­
pended sediment concentration and bed level from
a spring tide on 20 November 1990 are shown in
Figure 10 against time relative to high water. The
shear stress shows two periods of low stress, which
were also observed in the current speeds measured
at each height and on each tide monitored. This
indicated that the currents at this site were not
simply related to the tidal elevation as might be
expected in the main channel. The second period
of low velocity was probably due to an eddy formed
behind the Dock entrances on the ebb tide. How­
ever, current direction information was not avail­
able to confirm this. Figure 10 shows that the
largest changes in bed level occurred during the
two periods when the shear stresses were very low
(0-40 minutes after HW and 120-160 minutes
after HW). However, deposition was also mea-

.Iournal of Coastal Research, Vol. 9, No.4, 199;\



Figure 9. Water depths recorded at Mersey field measurement
site during spring tides on 20 November 1990 and a neap tide
on 26 November 1990.
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Figure 10. Concentration in suspension, hed shear stress and
bed elevation recorded during a spring tide in the Mersey Es­
tuary, UK, 20 November 1990.

The critical shear stress for deposition was taken
to be 0.08 N m ~,a typical value below which all
sediment would be deposited.

The predicted depth of deposition was based
on a density of 80 kg m :1, which represents a soft,
unconsolidated deposit. Figure 12 shows the depth
of material on the bed predicted with both the
distributed sediment model and the uniform sed­
iment model for three of the measured tides.

One noticeable feature in each of the three tides
is that the settling lag observed in the measured
deposition (shown as a delay between the low shear
stresses and the actual deposition on the bed) is
not predicted by the model. From these figures,
this delay appears to be about 10-20 minutes. The
delay between the measured deposition and the
predicted deposition is even more noticeable with
the distributed sediment model because the sed­
iment begins to deposit at higher shear stresses.

sured during the period 40-120 minutes when the
shear stress was quite high (up to 0.3 N m 1.).

Model Results

The measured field data from the Mersey Es­
tuary were used as input to the distributed sed­
iment model and the uniform sediment model.
For the distributed sediment model, a floc size
distribution was determined from video image
analysis of samples collected from the Mersey.
The samples were filmed immediately after re­
moval of the collection tube from the water. Fig­
ure 11 shows the measured floc size distributions
at concentrations of 0.381 kg m .\ and 0.058 kg
m :~. This figure indicates that the distribution of
floc size depended on the total concentration in
suspension with a higher proportion of larger par­
ticles at higher concentrations. In the field, the
concentration in suspension during the deposition
period was 0.3-0.5 kg ill \ so the data in Figure
11 were used as the starting floc size distribution
for the model. The settling velocity distribution
was calculated from Owen tube measurements
taken in the Mersey in 1990, using the proportions
from the sediment size bands. In the absence of
other information, the critical shear stress for de­
position of each sediment band was taken from
the carousel measurements.

For the uniform sediment model, settling ve­
locities were calculated from Owen tube mea­
surements in which the median settling velocity,
W;>o (m s I), was found to be related to the con­
centration in suspension, C (kg m .l), according
to:

!

Srtll~,r stress. cO NOVrnoo r 1990 pm - --I

{II I

ill

.I~ ;\~~j\j~/
, 100

T"ne.,ltmh'ghw<tll·,,(mms)

w., = 0.005C (3)
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Figure 11. Floc size distribution measured with video image
system in the Mersey Estuary for concentrations of 0.:181 kg
m I (top) and 0.058 kg m "{hot.tom).

Figure 12. Measured and predicted bed elevation change in
the Mersey Estuary; spring tide. 20 November 1990 am (top),
spring tide, 20 November 1990 pm (middle), neap tide, 26 No­
vember 1990 pm (bottom).

The improvement of the distributed sediment
model is less obvious in this application to field
data than with the closed system of the carousel.
For this case, many more assumptions have to be
made; for instance, the sediment distribution is
determined entirely by the deposition which has
taken place. If the concentration increases from
sediment advection, then the sediment distribu­
tion is assumed to be the same as that of the
currently predicted distribution. This situation is
realistic if the same processes are happening over
a large area, but not if the point of interest is
affected by sediment being advected in from
somewhere with different hydraulic conditions.

Figure 13 shows the predicted concentration in
suspension from the distributed sediment model,
compared with the actual measured concentra­
tion, for the neap tide on 26 November 1990. For
this run, the model assumed that, starting from

a specified initial concentration, the concentra­
tion of material being advected in will be exactly
the same as the concentration left in suspension
after deposition of the sediment (like a closed
system). This figure shows that the measured drop
in concentration recorded just past high water
matches the predicted fall in concentration quite
well, indicating a local effect. However, after this
period the measured and predicted values diverge
quite widely, with the predicted concentration
falling to zero, and the actual measured concen­
tration increasing. This indicates that there is an
additional influence in the field, with sediment
being advected in from somewhere further away
with significantly different hydrodynamic condi­
tions. This is not represented in either model.
However, these models provide a way of separat­
ing the local effects from the advective effects,
which is very useful in itself.
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adequate under the natural conditions measured
in the Mersey Estuary. For many complex engi­
neering applications, where assumptions often
have to be made for practical reasons such as
availability of data or computer processing power,
a uniform sediment model may still be adequate.

Progress is being made towards providing the
appropriate input data for a distributed sediment
model using the video imaging technique. How­
ever, further development is needed on such im­
age analysis systems so that in situ measurements
of floc size and settling velocity are more readily
available for calibration of more complex models
of deposition.
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Figure l:~. Measured and predicted concentration in suspen­
sion showing local deposition effect over H\V and advection
effect after HW.

DISCUSSION

The process of differential deposition due to
different floc sizes is much better represented in
the distributed sediment model as indicated by
the laboratory tests. The inclusion of different floc
sizes is a considerable improvement in the phys­
ical representation of the deposition process.
However, the effect of flocculation or break-up of
floes where this balance changes after the start of
the model is not included. For instance, the floc­
culation which may occur during a quiescent set­
tling test in the laboratory is likely to be different
from the flocculation which occurs (or is pre­
vented) during a slow deceleration test. This is
one reason why the predicted maximum deposi­
tion rate in the carousel deposition tests was lower
than the observed rate. Once zero shear stress was
reached, there may be larger floes formed by col­
lision and cohesion of the floes which were settling
at that stage of the test. This process is particu­
larly important at high concentrations where col­
lisions occur more frequently.

Given the number of additional influences which
are present in the field, the distributed sediment
model does not significantly improve the uniform
sediment model for field use. However, it is im­
portant to note that the field data mentioned in
this paper provide a rare opportunity to test nu­
merical models with short-term field measure­
ments. Both uniform and non-uniform sediment
models gave a reasonable fit to the measured field
data, so that the equations used to predict de­
position (Equations 1 and 2) were shown to be

CONCLUSIONS

The distributed sediment model described in
this paper based on classes of floes each with their
own settling velocity and critical shear stress for
deposition was a better model of deposition than
a uniform sediment model when applied to the
closed system of the HR Carousel, particularly for
deposition in slowly decelerating flow. The pro­
cess of differential settling of different sized ag­
gregates was represented more closely with the
distributed sediment model, although floccula­
tion which may occur after specification of the
initial distribution was not included.

The distributed model was not particularly sen­
sitive to the number of classes, but was sensitive
to the settling velocity of the class representing
the largest floes. The resolution into classes should
be finer for the classes with higher settling veloc­
ities.

The distributed sediment model was shown to
be an adequate model for deposition in the field,
although it was not significantly better than a
uniform sediment model. External influences
which advect sediment to the point being mod­
elled were not represented. However, the model
could be used to separate the local effects from
the advected effects. The importance of using field
data to evaluate models was emphasised.

A settling velocity distribution and associated
distribution of shear for deposition were required
for the distributed sediment model: these data
are becoming more readily available with tech­
niques for in situ measurements of settling ve­
locity and floc size distribution.
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o RESlJM~: l]

Un modele numerique de depot de distribution des sediments cohesifs a eti>applique en laboratoire et sur une zone experimental.
Un modele des sediments uniforrnes a ete applique aux memes zones. Pour Ie modele de distribution des sediments, chaque classe
de taille des sediments (representant d ifferent.es taillos de floes) est caracterisee par sa vitesse de sedimentation et sa contrainte de
cisaillement critique de depot. Les modeles ont ele applique en laboratoire pour des essais de sedimentation en canal circulaire. Les
essais de modelisation physique Iurent realises en regime d'ecoulement permanent et graduellement diminue, Le modele de distri­
bution de sediments s'est avere etre lin modele plus performant pour les regimes graduellement diminues. II s'est aussi montre
sensible it la vitesse de sediment.at.ion notamrnent dans la classe correspondant aux floes les plus gros. II est donc important d'avoir
des methodes plus precises de determination de la taille des Hoes et de leur vitesse de sedimentation. Les deux modeles furent
egalement applique lors des campagnes de mesures de sedimentation realisees dans l'estuaire de la Mersey en Grande Bretagne. 11
ont montre une assez bonne adequation aux donnees mais le modele de distribution de sediment n'a pas significativement ameliore
le modele uniforms dans le cas d 'application sur Ie terrain. On a pu mettre en evidence que les mesures recueillies etaient soumises
a des influences externes a la zone etudiee.
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