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Siltation promotion along coasts of mud flats, marshlands and mangroves
by L.C. van Rijn; www.leovanrijn-sediment.com
1. Introduction
Muddy coasts are typified by low sloping mud flats and marshlands. Mangrove vegetation is typical in
tropical coastal conditions. Mud flats (Figure 1.1) and marshlands (Figure 1.2) in the coastal zone are
affected by tidal flooding/draining processes and wind-induced water waves propagating towards the
shore. As water moves slowly over the mud flat and marshland zones, fine sediment particles/flocs can
settle to the substrate of mud flat/marsland beds.
Marshland is the zone that is dominated by grass-type plants (including rushes and reeds) rather than
woody plants. Marshlands are most often found at the edges of streams, lakes and estuaries, where they
form a transition between the (saline or non-saline) aquatic and terrestrial zones. When woody plants are
present, they tend to be low-growing shrubs. This form of vegetation is what differentiates marshes from
other types of wetland such as peat swamps, which are dominated by trees. Marshes (and other wetlands)
are able to absorb water during periods of heavy rainfall and slowly release it into smaller gulleys and
channels. Salt marshes are most commonly found in lagoons, estuaries on the sheltered side of sandy
coasts.
Mangroves (Figure 1.3) are shrubs (shrublands) or small trees (woodlands) that grow in coastal saline or
brackish water. Mangroves can only be found in (sub) tropical regions along muddy coasts of river deltas
with tidal water level variations and limited wind-induced wave motions. Mangrove coasts generally are
depositional coastal environments, where fine sediments (often with high organic content) are moving
around in areas protected from high-energy wave action.

Figure 1.1

Mud flats (left=Maine, USA; right=Singapore)

Figure 1.2

Marshlands (left=Suffolk, UK; right= Bangladesh)
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mangrove seedlings
Figure 1.3

Mangrove (Left= Everglades, Florida, USA; right= Bali, Indonesia),

At many places, mud flats, marshlands and mangroves are declining due to human-induced works
(agricultural, fish pond and/or urban extensions). Restoration is the process of creating/improving
environmental conditions to promote siltation and the growth of vegegation so that lost areas are replaced
by new areas. Siltation can be promoted by simple fencing works/structures.
Figure 1.4 shows a typical cross-section of mud flat zones along the Dutch Wadden Sea coast. The tidal
range is of the order of 2 m. The typical cross-shore width of each zone is about 200 to 300 m. The crossshore slope is about 1 to 500.
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2. Siltation processes in tidal areas
In a natural muddy environment influenced by tidal water level variations there is a continuous transport cycle
of mud material which consists of: erosion, flocculation, settling, deposition, consolidation, erosion and so on.
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Figure 2.1

Erosion and siltation processes in tidal waters

Deposited sediment particles, flocs or lumps of the bed surface (including fluid mud layers) will be eroded if the
applied current-induced or wave-induced bed-shear stress exceeds a critical value for erosion, which depends
on the bed material characteristics (mineral composition, organic materials, salinity) and the bed structure
(bulk density, cementation effects). Single fine clay and silt particles moving around in saline environments
tend to form aggregates due to negative charges at the surface of the particles resulting in larger settling
velocities (up to 3 mm/s) and hence larger deposition rates. The presence of organic materials significantly
intensifies the flocculation process due to the binding properties of the organic materials.
Break up of the flocs is caused by large shearing forces in the fluid when these forces are larger than the
strength of the flocs; the flocs are broken into smaller flocs or particles. Large shearing forces exist close to the
bottom where the velocity gradients are largest. Large shearing forces also exist in small-scale eddies
everywhere in the fluid. Under the influence of turbulent forces there is a continuous process of flocculation
and break-up resulting in a dynamic equilibrium of the flocs (size, density and strength).
The settling velocity of the flocs is strongly related to the salinity and the value of the mud concentrations. In
saline suspensions with concentrations up to about 1000 mg/l, the settling velocity increases with increasing
concentrations. In conditions with mud concentrations larger than approximately 10,000 mg/l, the settling
velocity decreases with increasing concentrations due to the hindered settling effect. Hindered settling is the
effect that the settling velocity of the flocs is reduced due to an upward flow of fluid displaced by the flocs. At
very large concentrations the vertical fluid flow can be so strong that the upward fluid drag forces on the flocs
become equal to the downward gravity forces resulting in a temporary state of dynamic equilibrium with no
net vertical movement of the flocs. This state which occurs close to bed, generally is known as fluid mud.
Deposition is the process of particles and flocs settling to the non-mobile bed. Deposition is maximum around
slack water because the floc destruction due to turbulent shear stresses is minimum and floc growth due to
differential settling is maximum. Consolidation is a process of floc compaction under the influence of gravity
forces with a simultaneous expulsion of pore water and a gain in strength of the bed material. The
consolidation process is strongly affected by the initial thickness of the mud layer, the initial concentration of
the mud layer and the permeability of the mud layer (sediment composition and size, content of organic
material, salinity, water temperature). The consolidation of natural muds proceeds relatively fast in a thin layer
and relatively slow in a thick layer.
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As a result of the tidal flow processes with increasing and decreasing current velocities, the mud
concentrations vary in time and space. The concentrations decrease during the slack water period (deposition)
and increase towards maximum flow (erosion). Maximum concentrations generally occur at a certain (lag)
period after maximum flow because it takes time to transport the particles or flocs to the upper layers. The lag
period is relatively large near the water surface and relatively small near the bottom. The small settling
velocities of the individual particles prevent settling of all particles during slack water. Thus, the concentration
remains always larger than zero (background concentration).
The spring-neap tidal cycle may have a marked influence on the vertical structure of the mud suspension.
During spring tides, the flow velocities are relatively large resulting in a nearly uniform (or well-mixed) mud
concentration distribution at maximum flood and ebb velocities and the formation of fluid mud interfaces
(lutoclines) near the bottom during slack water. During neap tides, the tidal velocities are generally too small
to cause erosion at the near-bed fluid mud layer; the fluid mud layer may survive several tidal cycles as a
stationary layer.
The oscillatory behaviour (wave stirring) of wind-induced waves stimulates the erosion of muddy beds and
prevents the settling /deposition of mud flocs. Aquatic vegetation (e.g. kelp, mangroves, marshes, seagrass)
in the coastal zone attenuates wave energy (wave damping), reduces current magnitudes and decreases
wave run-up and overtopping.
3. Siltation compartments and siltation rates
Since long (centuries), it has been successfully tried to promote siltation along muddy coasts in the
Netherlands by constructing small compartments separated by low wooden fences (woven twig-type
fences supported by wooden poles, see Figures 3.1 and 3.2). Steel wiring is used to attach the horizontal
wooden fence material to the vertical wooden poles (length of 3 m; diameter 0.15 m; lifetime about 20
years). The spacing of the wooden poles is about 0.6 m; row distance is about 0.3 m.
The compartments create relatively quiescent conditions (reduction of current and wave orbital velocities)
to promote settling. Central feeding gulleys/channels are often made in the compartments to allow the
tidal currents to supply sediment rich water into the system. Each compartment has a seaward-facing
opening of about 50 to 100 m.
The compartments are rectangular or square with dimensions of 200 to 300 m. The top level of the poles
is about 0.2 m above MHW (Mean High Water). The top level of the fences is about MHW. The most outer
fences (parallel to the coast) are placed at a bottom level of about 0.8 below MHW (zone where waves
forces are still relatively small). This means that the water depths at the most outer fence locations are up
to:
• 0.8 m during most tides; maximum wave heights are 0.4 m; mud concentrations of 20 to 50 mg/l;
• 1.2 m during spring tides; maximum wave heights are 0.6 m; mud concentrations 20 to 100 mg/l;
• 2 m during extreme storms; maximum wave heights are 1 m; mud concentrations 100 to 300 mg/l.
Given a bed slope of 1 to 500, the distance between the most outer fences and the landdike is about 500
to 1000 m. Generally, three to four compartment zones are present, see Figures 1.4 and 3.2.
Based on long term experience, the siltation rate is about 5 mm/year in the most seaward (outer)
compartments to about 20 mm/year in the most landward compartments where vegetation is present
and the trapping efficiency is relatively high.
Along mangrove coasts, the compartments can be filled with mangrove seedlings, see Figure 1.3. The
fences will protect the seedlings against excessive wave attacks.

4

Note: Siltation promotion along muddy coasts
Date: 8 December 2016

Figure 3.1

www.leovanrijn-sediment.com

Siltation compartments consisting of wooden poles and woven twig fences (wattle fences)
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Figure 3.2

filling/draining channel

Settling compartments (lower= outer compartment) along Frisian coast, The Netherlands

6

Note: Siltation promotion along muddy coasts
Date: 8 December 2016

www.leovanrijn-sediment.com

4. Siltation predictions
•
•

Using the SEDHAR.xls model, siltation predictions have been made for two cases:
Case I: small settling compartment;
Case II: large settling compartment.
The SEDHAR.xls model is a box-type model which describes the time-dependent behaviour of the suspended
mud concentration in a rectangular tidal basin (with a water depth equal to that outside the basin), see Figure
4.1. An additional storage basin 2 may be present at the end of the harbour basin 1. The banks of the box
basin may consist of mud flats/banks with lateral inflow of mud. The mud concentration is assumed to be
uniform over the water depth.
Flood flow between LW and HW: water will enter the basin due to the rising water level.
Ebb flow between HW and LW: water will leave the basin due to the sinking water level.
The tidal water level variation is given by: ηo = -ηo,max cos(ωt).
The mud concentration outside is given by c= co+ c1 sin(ωt) with co= time-avereged mud concentration and
c1= mud concentration amplitude.
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Figure 4.1

Basin 1

Extra storage Basin 2

Schematized basin (top view and side view)

Case I: small compartments
The most common approach is to create small-scale compartments (200x200 m2) along the coast, see
Figure 4.2.
The input parameters of the SEDHAR.xls model for an outer compartment are given in Table 4.1. The outer
compartment has an entrance opening and an exit opening to another more inland situated compartment.
The tidal amplitude is 1 m. The significant wave height inside the compartment is assumed to be 50% of
that outside. The mud concentrations at the entrance opening vary in the range of 0.01 to 0.03 kg/m3 or 10
to 30 mg/l. The typical mud settling velocity is 0.1 mm/s. During quiescent conditions (no waves), only the
smallest mud fraction can be carried to the compartments, as most of the coarser materials (mud flocs, silt
and sand particles) will settle at deeper water before reaching the shallow waters near the compartment
openings. The trapping efficiency of the compartments decreases with increasing wave activity
(windy/stormy periods).
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The in-situ bulk density of the thin mud deposits (5 to 10 mm/year) is set to 1000 kg/m3. Given the
relatively low mud concentrations of 10 to 30 mg/l in most periods (except storm periods in winter), mud
flocculation will not be very important and thus the primary mud particles can consolidate rapidly into a
relatively thin layer of relatively high dry bulk density (≅ 1000 kg/m3). Furthermore, the waves may carry
relatively fine silt and sand particles (30 to 100 µm) into the compartments promoting relatively rapid
consolidation. Mud samples taken from the top layer (upper 0.5 m) in the small harbour basin of
Noordpolderzijl (Groningen, The Netherlands) show a bulk density of about 700 kg/m3.
Input parameters
Small compartment
Tidal amplitude (m)
1
Tidal period (hours)
12
Surge level (m)
0
Area of basin (m2)
200x200=40,000
2
Area of additional basin (m )
40,000
Width of entrance (m)
100
Width of basin (m)
200
Significant wave height outside basin (m)
0 to 0.5
Significant wave height inside basin (m)
0.5Hs,outside
Peak wave period (s)
5
Wind-driven velocity inside basin (m/s)
0
Sea water density (kg/m3)
1020
3
Seawater density diffience in basin (kg/m )
0
Time-averaged mud concentration (kg/m3)
0.02
Peak mud concentration amplitude (kg/m3)
0.01
3
In-situ bulk density of mud deposits (kg/m )
1000
Mud settling velocity (m/s)
0.001
Critical velocity above which no mud can settle to the 0.2
bed (m/s)
Number ot tides per year
730
Table 4.1 Input data of SEDHAR.xls model

Large compartment
1
12
0
600x1000=600,000
0
600+400=1000
1000
0 to 0.5
0.5 Hs,outside
6
0.05
1020
0
0.02
0.01
1000
0.001
0.2
730

Figure 4.2 shows the tidal variation of the computed water levels and current velocities in the entrance
opening with a bed level equal to mean sea level (MSL). The maximum water depth is about 1 m at high
water (HW). The flooding duration with water in the compartment is about 6 hours. The maximum depthaveraged current velocity is about 0.3 m/s at the beginning of the filling process. Similarly, the velocity is
about 0.3 m/s at the end of the draining process. In practice, these velocities will be somewhat smaller as
the compartment will also be filled through and over the fences.
Figure 4.3 shows the tidal variation of the computed mud concentrations outside and inside the
compartment. The outside mud concentration varies sinusoidally between 10 and 30 mg/l; the inside mud
concentration varies between 0 and 20 mg/l. During the filling process, the mud ceoncentration rapidly
increases to 20 mg/l within 1 hour and then gradually decreases to 0 during the draining process due to
settling of the mud particles just before the bed becomes dry. The settling time of a mud particle from the
water surface (depth of 1 m) to the bed is about 1000/0.1=10000 seconds or about 3 hours. So, most
particles can be deposited during the draining process of about 3 hours after high water. The trapping
efficiency is about 50% fo a bed level equal to MSL; 60% for a bed level of 0.5 m above MSL (smaller water
depth) and 40% for a bed level of 0.5 m below MSL (larger water depth).
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Figure 4.2

Tidal variation of water levels and current velocities in entrance opening; bed level at MSL
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Figure 4.3 Tidal variation of mud concentrations outside and inside the compartment;
settling velocity of mud= 0.1 mm/s; significant wave height= 0 m; bed level at MSL.
Figure 3.4 shows the computed siltation rate (in mm/year) as function of the bed level and the significant
wave height based on a range of computations.
The siltation (deposition) depends on:
• bed level of the compartment; the flooding duration decreases of an increasing bed level; the
flooding duration is only 3 hours at a high bed level of 0.5 m above MSL (Mean Sea Level);
• wave height; the siltation rate decreases for increasing wave height as more turbulent energy is
produced by higher waves keeping more mud particles in suspension; decreasing effective settling
velocity;
• outside mud concentration; the siltation rate increases almost linearly with increasing mud
concentration;
• composition and settling velocity of the mud fraction.
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The siltation rate in a compartment with a relatively high bed level (above MSL) is in the range of about 2
mm/year to 15 mm/year. The siltation rate is lowest (about 2 to 5 mm/year) in the most seaward
comnpartment with relaitvely high waves. The siltation rate is highest (about 10 mm/year) in the most
landward compartment with almost no wave penetration. These values are in good agreement with the
observed siltation rates, see Section 2. The effect of vegetation on the trapping of mud is neglected.
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Figure 4.4

Computed siltation rate (in mm/year) as function of bed level and significant wave height

Case I: large compartment
In some situations (in the lee of a protruding coastal section) it may be attractive to create a fairly large
compartment by construction a long half-open fence parallel to the coast, see Figure 4.5. In this case, the
long fence is an half-open fence with various openings in it (total of about 400 m).
The input parameters of the SEDHAR.xls model are given in Table 4.1. The tidal parameters and the type of
mud are the same as for the small compartment Case I. Given the relatively large are of the compartment,
it has been assumed that a small wind-driven circulation velocity of 0.05 m/s may be present inside the
compartment.
Figure 4.6 shows the tidal variation of the computed water levels and current velocities in the entrance
opening with a bed level at 0.5 m above MSL. The maximum water depth is about 0.5 m at high water
(HW). The flooding duration with water in the compartment is about 3 hours. The maximum depthaveraged current velocity is about 0.3 m/s at the beginning of the filling process. Similarly, the velocity is
about 0.3 m/s at the end of the draining process. In practice, these velocities will be somewhat smaller as
the compartment will also be filled through and over the fences.
Figure 4.7 shows the tidal variation of the computed mud concentrations outside and inside the
compartment. The outside mud concentration varies sinusoidally between 10 and 30 mg/l; the inside mud
concentration varies between 0 and 15 mg/l. During the filling process, the mud concentration rapidly
increases to 15 mg/l within 1 hour and then gradually decreases to 0 during the draining process due to
settling of the mud particles just before the bed becomes dry. The trapping efficiency is about 75% for this
condition.
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Plan view of large compartment.
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Figure 4.6

Tidal variation of water levels and current velocities in entrance; bed level at 0.5 m above MSL
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Figure 4.7

Tidal variation of mud concentration outside and inside the compartment;
settling velocity mud= 0.1 mm/s; significant wave height= 0 m; bed level at 0.5 m above MSL.

Figure 4.8 shows the computed siltation rate (in mm/year) as function of the bed level and the significant
wave height based on a range of computations.
The siltation rate in a compartment with a relatively high bed level (above MSL) is in the range of about 3
mm/year to 10 mm/year. The siltation rate increases to a value of about 20 mm/s for lower bed levels
(larger water depths).
Stone fences are required for larger bed levels as the wave forces (breaking waves ) will increase for larger
water depths.
The siltation rate in a large compartment is somewhat smaller than that in a small compartment due to the
effect of wind-driven circulation velocities (reducing the effective settling velocity) which may be manifest
in a larger compartment.
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Figure 4.8

Computed siltation rate (in mm/year) as function of bed level and significant wave height
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