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A VAN BRUWAENE, L. NEYRINCEK and. L. MAERTENS, Algemene Ondeynemingen

S.B.B.M., Brucszl, Belgium

Since the early sixties siltation has been a
source of trouble for many Port Authorities.
Indecd, by despening and widening of the
opproach channel the cost of maintenance
dredging incrcases exponentially.

A similav and scpecific problem arises at the
harhour of Zesbrugge, which is linked swith the
navigable passes 'Scheur' and "Wielingen' off
the Belgian coast, by the 'Pas van het Zand'.
This epproach channel has been dredged through
the former 'Bank van het Zand'.

hile the natural bottom was 6 to 7 meters below
the L.L.W.5. (low low water spring), these days
the "Pasvan het Zand' goes down to 1) to 12
meters below L.L.W.S.

Many reasons for the siltation of the 'Pas van
het Zand' may Be put forward, as there are : the
existence of & mud copcentration in the close

by estuary of the river Scheldl, the orjentation
of the 'Pas vanhet Zand' perpendicular to strong
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tidal currents (approz. 1.5 m/s and increasiug
to 2.0 w/s dne to harbour es nsion), as well
&s the pronounced deepening of the natural
sezbottom.

The 'Pasvan het Zand' is like a semi-infinite mud
trench, causing 1muq supply to a1l deeper pavts

of the outer harhour of Zecbrugze (turaing basin,
Western Peninsula -(Westhoo?d) znd in the nasr
future, also the access channel to the new

As the access channzl to the new lock has been
dredged two meters lower tnan the bettom level
of the 'Pas van het Zend®, serious mud supply
problems moy be expected 2t this locarion (Fig.1).

With a view to a better vnderstanding of the
dynamic behaviour of rud from the North Sea,
found in the outer harbour of Zeehrugge, a nunver
of preliminary tests were ordered by the
Entreprises $.B.B.71. and carried out at the

£

lydraulics Laeboratory of the University of Leuven.
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The hereafter reported tests were carried out
in order to check whether it will be possible
to keep the entry of the lock and partially the
access channel, free of mud by the installing
a permanent mud trap.

A mud trap is a fixed pumping plant, working
according to simple rules and provided with
automatic steering.

By these means the cost of mud removal may be
kept much lowar compared to the use of suction
hopper dredges or cutter dredges., As such a
plant is installed below the channel bottom,
mnd removal may proceed without disturbing
navigation.

One may imagine other applications wharfs,
piers, dry docks etec...

For many years Atlas Copco has similar plants
in operation at different locations (Terncuzen,
Canvey Island, etc...). Some other applicatons
are e,g. mud removal frow underneath permanent
car~-ferry pontoons, mud removal in marinas
without having to evacuate all'yachts.

At present, it is too early to present definite
results, because of the complexity of the tests
involved and the heterogeneity of the .umud
samples.

Sarples taken at the same site, but at different
tinzs behave in a different way according to
the history of the wtud (stormy weather or a
aquiet summer time). Even in a limited area
such as the outer port of Zeebirugge, mud
samples may differ from place to place. There-
fore it is not surprising that the samples
tested during these experiments behave in a
different way from the samples taken in the
'Pas van het Zand' and off the Balgian coast,
(Ref. 1).

The differences may be made up of

~ different mineralogic composition

- different grain-size distribution especially
a different "silt" content (< 40 1)

~ different density or density gradient

- different "rigidity" (yield shear stress, or
static shear), due to different consolidaion
times, the thizotropy and thus the time
history of the mud.

Moreover, during its stay in the Laboratory,
the properties of the mud may change with time,
due to oxidation of the (organic material in
the) mud (which, whila performing pumping tests,
has to be pumped quite frequently, and thus
becomes mixed with air) and fermentation,

which in one case caused the mud in a "setrtling
colum"” to swell up and raise, thereby
increasing the total volume of nud and warer
and, apparently denying the law of conservation
of mass !

This means that all the tests should be carried

"fresh”" (non aerated) mud, causing

ocut with

important costs, since 5 to 6 m3 are needed to
£fill the flume in which the pumping tests are
carried out.

Part of the rheologic tests consisted of measu-
ring the "rigidity" (T_% of the mud as a func-
tion of density (&) ang consolidation time (T.)
(thixotrepic effect). G
The "rigidity” is defined as the shear. stress
needed to initiate a shear motion (Ref, 1).

The tests were carried out with the help of a
Brookfield viscometer : a cilindrical spindle
is forced to rotate in the mud.

The spring torque is measured at the beginning
of the rotation, from which the mean shear

stress on the surface of the spindle can be
calculated.

The density was measured with a Y-densimeter,
specially developed by Prof. Schonken (R.U.L.),
and having a resolution of 10 kg/m3 while the
density is measured in a layer of thickness 3 mm.

Fig. 2 shows in a speculative way, T as a
function of density and consolidation time,
suggesting that the ultimate rigidity is inde~-
pendent of the initial density of the sample,
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Fig. 2 thixotronic behaviour

T, was alsc measured as a Function of § accor=-
ding to the LCET stamdard conditions (Ref. 1) :

Ty = 10 minutes, reading at "appreciable” motien
of the cilinder, etc...

These values have, strictly speaking,no physical
meaning, but only allow a comparison between
different wuds and different camples (8) of. the
same mud.

These values are shown in Fig. 3 (regression
curves for the mean value, the 95 ¥ confidence
interval on the mean and the 95 7 confidence
interval on a single measurement). They
indicate hipgher values of T., than those found
by LCHF for "pure mud". b
The mud-densicy range of interest ro our experi-
wents (1080 < 8 < 1200 kg/m3) however, is ar

the very outskirt of the test range at LCHF, so
that the extrapolation of the regression curve
(Fig. 3b) way not be Justified in this range.
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Ty(NIW@) The test-results show a temndency to join the

) LCHF "pure mud curve" for the nigher values ofé.
Anyhow, it is seen from 3b that the mud taken
16 4 ' from the outer Port of Zeebrugge behaves in a

: totally different way from the samples taken

16 - L from the 'Pas van 't Zand' and off the Belgian
Easi coast, as studied by LCHF.

The measurement of the rigidity of the mud isof
great importance since it was stated (Ref. 1)
that the mud is "fluid", and could be puwmped
provided that Ty < I to 2 N/m?.

From fig. 3a it is seen that this could be
possible for & < 1150 kg/m3. :

As a matter of fact the rigidity should be
measured "in situ' (in the harbour or in the
laboratory flume) inctead of in a I liter beaker.
This however is not possible, at least not in a
way comparable to the standard tests.

Mud-density profiles measured in the test flume,
o ; i ; P always appeared to be S - shaped : a relatively
1100 1150 1200 & (kQIFHB) high density near the bottom and a low density

at the water interface. In between,the density
was found tc be approximately constant.

Vg
1050

mig. 3a

Static tests

log TY(L_C.H.F)

bonrmdy One part of the test flume was filled with mud,
the other one with (synthetic) sea water. Both
parts were separated by a gate, which was lifted
10 4 1456 gradualiy (0.10 m/min). The fipal equilibrium
8- TY:;J 0 Ts slope (8_.) of the mud surface was measured.
61 g g/l For a conmsolidation time Tg = 0,5 wes found to
1 increase with & , but much steeper for
4 1 & > 1160 kg/m3, (Fig. 4).
21 % ?
£ e=24n
1.04 0.4
8] {
.61 i
- 0.3 . [
i /
2] /
0.2 V4
A T T T i 3 !
1000 1100 1200 1300 log & (kg/m”) &;
i Te=0
Fig. 3b 014 s %
&
. : o o
Fig. 3a,b yield shear stress vs. mud density o sw”wﬂ#d}
~~ mean value oy T
v . p—
- 05 % confidence interval on the o e . -
mean . 1100 1150 5{kg/m?)
w— — 95 7 confidence on a single

measurement

Tip. & static equilibrium slope vs. mud-density



1.160 345t 1ike in the rheological tests 8 = 1150 to

1160 seems to be critical. The effect of thixo-
tropy was well pronounced, since S, increased
approxzimately with a factor 5 for T¢ = 24 hours.
It should however be noted that important scale
effects may ocecur since the settling in a labo-
ratory flume (d = 0.40 m) goes on much faster

than on the site (d = 2 to 5 m).

Again there was an important discrepancy with
the results obtained by LCHF. The actual
eguilibrium slopes were found to be well in
excess of the values found by LCHF (Ref. 1).

fumplng tests

The mud was pumped at comstant discharge from
the central section of the test flume

(12 x 0,5 x 0,5 m3).

Test were performed for different values of 8,
Te and the pumping rate.

1t was found that the slope of the mud surface
at approximately 10 times the thickness of the
mud layer, was of the order of 1/50.

From fig. 5 it can be seen that for different
values of & both the "influence zome" of the
pump and the slope of the mud-water interface
may vary in an important way.

*low of mud on a sloped surface

Mud was pumped into the inclined test flume
(1/40), the bottom of which was covered with a
thin laver of mud (& = 1200 ke/m3), The propa-
gation speed of the mud front wus found to vary
with density : 0.10 m/s for 6 =1080 and

0,02 w/s for &=1125 kg/m3. :

In both cases the surface profile of the mud
was almost parallel to the bottom of the flume,

Conclusion from the tests

These tasts were carried out to study the
feasibility of a wud pumning plant in the
access channel ko the new lock at Zecbrugge,
From the first test the following preliminary
results are cbtained.

- the effectiveness of the installation, its
capacity and the dimensions depend greatly
upon the rheologic properties of the mud,
which in turn depend upon its demsity, the
consolidation time and the time history of
the mud (i.e. its thixotropic properties).

- at first glance § = 1150 to 1160 kg/m3 seems
to be critical for the mud of Zeebrugge.
At higher densities the "rigidity" and the
"static" equilibriuvm slope increase sharply.

- A lot of research and experimental work
remains to be deme to understand theroughly
the dynamic behaviour of the mud. This is
due to the heterogeneity of the mud, the
variation of its properties with time and
the complexity of the exparimecnts.
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Fig. 5 typical draw-down curves of the mud -

water interface during pumping tests
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General Comclusions

In order to keep a wud trap operational on a
permanent basis one should bear in mind follo-
wing conditions, gathered from literature and

above reported tests.

]. Mud supply wust come from densitv currents

Silt settling from upper water layers (70 gfm3
has been measured in the Rorth Sea) results
only in a very thin membrane on the seabottom.
Consolidation occurs very fast {(after a few
minutes). )

The volume of consolidated silt is consequently
insignificant and its removal by pumping will
only be possible within a very small radius.

Access channels to locks -~ along the river
Scheldt for instance = are usvally perpendizular
te the axis of the river.

Consequently, vortices will appear during
filling and emptying of those accesses with the
tide.

In addition, density currents - owing to the
percentage of salt and/or silt gradient in the
water - will rYesult in mixed velocity profiles.
This means for instance that during ebb lighter
upperwater will enter the access chanmel, while
at the bottom salty and/or silty water will
return to the river.

The above explains why in such channels silt
deposits differ from one point to an other

and conscquently why it is almost impossible
to predict how silt deposition will be.

In the harbour of Zeebrugge on the other hand
a several meters thick mud layer coming from
the Pas van het Zand gets caugth at the bottom
of the turning basin, which is like an almost
infinite reservoir (20 ha or 50 acres).

If this mud accumulation is not dredged, a mud
flow from the turning basin towards the access
channel to the new lock will occur, the bottom

- level at this access channel being 5 meters

lower than the one of the turning basin.

This mud flow of course drives the lighter
upperwater out of the access channel.

3. Mud properties have to be such that it can

be kept flowing over a long distance

The mud supplied to the outer harbour of
Zeebrugge is quite pure (less than 10 7 sand).
The composition of this mud is such that,
especially for thicker layers, it consolidates
very slow.

From laboratorvy tests one can learn that mud
with a 1140 t/m3 density (190 kg/m3) needs

} month to consolidate to 210 kg/ﬁ3. After one 1.141
day it shews hardly any comsolidation. This
mud stays fluid for a long period.

Density profiles measured either in the Pas van
het Zand or in a laboratory flume show alwaye
the scme S-shape : a transition layer of water
and mud with increasing density, & constant
density layer (1140 to 1200 kg/m>) and at the
bottom a high density layer.

Experiments show {after adding fluorescina)
that by stirring the upper layer (owing to
pumping or currents or waves) always a mixing
of the mud with the water above it ocecurs.

From the pumping tests one can also learn that
mud-layers with a 1180 kg/m3 density can he
pumped, as a result of the water Pemncirating
into newly formed cracks.

4.Mud supply has to be sufficient in order to

guarantee the usce of the mud trap on a

regular base

It follows from measurements that the "rigidity"
of the mud increases with time 2s a result of
thixetropy, whatever the density is.

Keeping a mud trap for a longer period out of
operation will consequently lead to problems.

5. The mud _trap has to be accurately designed

The upper mud level may mot rise above the
lock sill and a steady flow towvards the
pumps has to be ensured. .

It appears that all above mentioncd requirements
are fulfilled at Zeebrugge.
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