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ABSTRACT

The costs of capital and maintenance dredging 

can be a significant part of the total capital 

and operating costs of a port. Although 

dredging methodologies become more and 

more optimised, which leads to more economic 

dredging, there is a large uncertainty in the 

estimation of maintenance dredging volumes 

for new “green field” ports and major 

expansions. On the basis of the Olokola LNG 

(OKLNG) project in Nigeria a tool was 

developed to make a probabilistic assessment 

of maintenance dredging volumes in order to 

better understand and quantify uncertainties 

involved. At the project location, the main infill 

is caused by mud and fines in suspension. Infill 

scenarios and data that were collected for the 

study suggest that at the specific project site 

the fines in suspension may not be flocculated 

which normally is the case for fine material in 

suspension.  

 

Although this was not subject of further study 

here, it was decided to develop two models for 

the prediction of sedimentation to develop 

maintenance dredging volume estimates for 

both flocculated and non-flocculated sediment. 

For the purpose of the study a relatively 

simple sedimentation formula was used in 

which the various parameters could be 

expressed with probabilistic distributions. 

By use of Monte Carlo simulation the infill 

rate was computed several ten thousand 

times, each time with input parameters drawn 

from their assigned probability distributions. 

The results of the study were presented in 

two probability distributions for channel 

sedimentation volumes for both flocculated 

and non-flocculated sediment. These results 

illustrate how such methodologies can be 

used in project development planning and  

in risk analysis as part of investment planning.
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channel sedimentation predictions were presented in  
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INTRODUCTION

Morphology and the resulting sedimentation 

of access channels is a key feature for the 

design of port and harbour developments. 

Often, morphological predictions are 

expressed deterministically with perhaps 

indicative “upper and lower bound” values  

to indicate uncertainty. This uncertainty is 

caused by the fact that relatively little is 

known about the exact processes behind 

morphology and that the driving processes  

are dynamic and may show significant 

variation in time.

For the project used as an example here,  

the Olokola LNG (OKLNG) port project, 

channel sedimentation predictions were 

presented in a wide range with an expected 

high average resulting from the persistent 

swell waves in the area. Without probabilities 
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related to the sedimentation range, a con-

servative approach to dredging costs should 

still be adopted when applying a financial 

decision model. In order to take a well-

founded investment decision and to improve 

the planning of maintenance dredging, the 

probability distribution of the sedimentation 

rate should be known. Therefore Shell was 

very interested in the development of a 

probabilistic model for the calculation of  

the probability distribution of the channel 

sedimentation rate. The expectation was that 

such an approach may, for example, enable 

investment on surveys, data collection and 

trials to be better targeted and provide an 

early opportunity to select marine concepts, 

which minimise morphological risks and life-

cycle costs.

A probabilistic approach is useful to apply  

to channel infill, because input parameters 

such as currents and sediment concentrations 

in the water column are inherently uncertain 

(subject to “randomness or variations in 

nature” (Van Gelder, 2000)) and can be 

characterised with a probability distribution, 

and major uncertainties regarding the physical 

processes and the modelling of the infill exist. 

These uncertainties are not properly 

represented in a deterministic calculation.

The objective of the study was to use a simple 

morphological model that can provide a 

probabilistic estimate of the channel infill and 

to give an overview of the uncertainties when 

calculating channel infill. This will lead to 

strategies to manage risks and reduce 

uncertainty. The model has been kept simple 

on purpose; the objective of this study was  

to identify and, if possible, quantify the 

uncertainties. A simple model shows more 

clearly which parameters, processes and 

uncertainties influence the infill most. Secondly, 

a probabilistic module cannot be added to 

more sophisticated models, such as DELFT 3D 

or MIKE 21, since these models cannot be run 

a large number of times, each time with 

different input parameters in order to create a 

probability distribution of the infill rate.

It should be noted that this study was carried 

out as an MSc thesis for Delft University of 

Technology by (Bakker, 2009). The informa-

tion here will focus on the infill modelling and 

uncertainty analysis to show the possibility of 

applying a probabilistic method to predict 

channel infill in the design phase of a project 

in order to improve the planning of 

maintenance dredging.

PRoJect cHARActeRIstIcs
Site location
The study was based on the OKLNG project, 

located some 100 km east of Lagos, Nigeria, 

along the muddy open coastline west of the 

Niger Delta (see Figure 1).

Approach channel design
In the proposed design, LNG and LPG carriers 

will access the new marine export terminal 

through an approximately 10.5 km long 

approach channel. The approach channel is 

this long because the foreshore is gentle.  

The channel layout is presented in Figure 2.

Sediment and metocean data
Measurements of waves, currents and 

sediment were carried out during a period  

of 12 months for the project and made 

available for this study. Figure 3 presents  

the predominant wave and current directions. 

The seabed in the area is muddy. This mud 

layer can be over 6 m thick near the shore.  

In the breaker zone the seabed is sandy. 

However the breakwaters run through the 

breaker zone, so the channel infill will consist 

of mud. 

Figure 1. Location of the new Olokola LNG port.
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Rene Kolman, Secretary General of the IADC (left), 

congratulates Suze Ann Bakker, winner of an IADC 

Award for the Best Paper by a Young Author.

IADC YOUNG AUTHORS AWARD 
PRESENTED AT PIANC MMX,
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An IADC Best Paper Award for a Young Author was 

presented to Suze Ann Bakker. Ms. Bakker received her  

M.SC. cum laude from Delft University of Technology in  

the fall of 2009. During her studies she did a three-month 

internship at Van Oord Dredging and Marine Contractors  

at the Palm Deira Project in Dubai. During a second 

internship she spent three months in Lagos, Nigeria as part 

of an engineering consultancy team from Royal Haskoning. 

After her studies, in March 2010, she joined Shell as a civil 

and marine engineer. Her award-winning paper is part of 

her MSc thesis and the research was conducted for Shell. 

The paper is based on the fact that the costs of capital and 

maintenance dredging are often a significant part of the 

total capital and operating costs of a port. Although 

dredging methodologies have become more and more 

optimised, leading to more cost-efficient dredging, great 

uncertainty in the estimation of maintenance dredging 

volumes for new “green field” ports and major expansions 

remains an important issue. On the basis of the OKLNG 

project in Nigeria, a tool was developed to make a 

probabilistic assessment of maintenance dredging  

volumes in order to better understand and quantify the 

uncertainties involved. Each year at selected conferences, 

the International Association of Dredging Companies grants 

awards for the best papers written by younger authors.  

In each case the Conference Paper Committee is asked to 

recommend a prizewinner whose paper makes a significant 

contribution to the literature on dredging and related fields. 

The purpose of the IADC Award is “to stimulate the 

promotion of new ideas and encourage younger men and 

women in the dredging industry”. The winner of an IADC 

Award receives €1000 and a certificate of recognition 

and the paper may then be published in Terra et Aqua.

The predominant waves are unidirectional 

(185º < θ
swell

 < 200º) swell waves (T
p
 = 14 s). 

These waves induce large orbital velocities 

near the bottom and keep fine sediment such 

as mud in suspension. The governing currents 

are geostrophic currents, the ESE Guinea 

Current and the WNW Ivorian Undercurrent 

(Svasek Hydraulics and Royal Haskoning, 

2007). Although these currents are only  

0.15 m/s on average near the bottom, it is  

still more than enough to transport the fine 

mud particles.

 

PRoBABILIstIc APPRoAcH cHAnneL 
InfILL MoDeLLInG
Set-up of the model to predict  
the channel infill
As explained in the introduction, a simple 

model is needed for a probabilistic infill 
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prediction. To create a probability distribution 

for the channel infill, the model should be run 

many times, each time with different input 

parameters based on the probability 

distribution of each input parameter.  

The calculation time increases as the model 

becomes more complicated. Additionally, a 

simple model will provide more insight into 

the influence of each parameter on the 

uncertainties.

The model needs to have reasonable 

predictive capacity. More complicated models 

are based on the schematisation as presented 

in Figure 4. 

This schematisation subsequently leads to the 

equation for the infill rate of the channel S  

in kg/s as depicted in Figure 5. Simply said,
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distribution was developed for every 

parameter based on available data, literature 

and expert opinions (Van Gelder, 2000).  

As opposed to a deterministic calculation 

where an average value for each of these 

parameters would be used, the probability 

distribution of each parameter was taken  

into account to be able to investigate the 

uncertainties and the spread in the infill.  

This modelling approach is presented in  

Figure 6. 

By use of Monte Carlo simulation the infill 

rate was computed several ten thousand 

times, each time with input parameters drawn 

from their assigned probability distributions. 

If enough possible outcomes are generated, 

the probability distribution of the infill rate 

can be developed. Not all sedimentation 

processes were modelled in-depth with this 

equation, but this approach does show the 

the amount of sediment that is trapped in  

a channel is the transport velocity of the 

currents multiplied by the amount of sediment 

integrated over the water column multiplied 

by the percentage of the sediment that is 

trapped. 

Note that well-known simple formulas such  

as the CERC- and Bijker-formula are only 

applicable for non-cohesive sediment infill 

such as sand. In the case of OKLNG, the infill 

consists of mud – cohesive sediment – making 

these formulas inapplicable.

The infill rate depends on 4 parameters:  

the current velocity u, the sediment mass 

integrated over the water column c·z 

(the sediment concentration c integrated over 

the water depth z), the trapping efficiency p 

and the channel length L. After all important 

parameters were identified, a probability 

uncertainties in the prediction, in line with the 

objective of this study. The model was set-up 

in Excel. The Monte Carlo simulation was run 

with the software package Crystal Ball. The 

probability distribution of the infill rate S and 

the probability distribution of the yearly infill 

M were generated. To obtain a prediction for 

the yearly infill, or the amount of sediment in 

the channel M in kg, integration over time 

was carried out, which will be explained in 
section below entitled “Integration over time”.

Infill mechanisms
With a sandy seabed, day-to-day channel infill 

is caused by suspended sediment infill. When 

passing the approach channel, part of the 

suspended sediment will settle in the channel 

depending on channel parameters such as 

depth, width and slope, on sediment 

characteristics as settling velocity and on  

the current velocity. In case of suspended 

mud, sedimentation is low because of the 

small particle size and subsequent low  

settling velocity.

In the marine environment, mud particles 

normally flocculate and hence form larger 

flocs, i.e. mud shows cohesive behaviour. 

However, strong swell waves can break the 

bonds between the mud particles or prevent 

flocs from being formed, causing a mobile 

mud layer to be present on the seabed.  

In case the density and thickness of the layer 

are large enough – which is always the case  

if a mud layer is present as demonstrated in 

Bakker (2009, section 4.2.1) – the weak 

current at OKLNG is unable to transport  

the mud layer up the opposing slope and  

all sediment will remain in the channel. 

Mobile mud layer infill will therefore cause 

large infill quantities in a short period of time, 

since the trapping efficiency is 100%.

Day-to-day mud infill is thus a combination  

of suspended sediment infill and mud layer 

infill. Both infill mechanisms can be modelled 

with the equation in Figure 5.

Infill scenarios
The sediment behaviour largely determines  

if the above-mentioned mobile mud layer is 

permanently present or only generated by 

waves during storm conditions. Flocculated 

mud particles normally lead to settling 

velocities in the order of 0.1-1 mm/s. 

SEDIMENT IN CHANNEL OR INFILL RATE (kg/s)  =  

             VELOCITY      x      SEDIMENT MASS      x      TRAPPING EFFICIENCY    x    CHANNEL LENGTH 

Transport 
mechanism

Sedimentation 
minus erosion

Sediment 
measurements over 

the vertical

c z    
(kg/m 2)

Measured 
currents

u
    (m/s)

Integration 
over the 
length

Channel configuration, 
current velocity and 

sediment characteristics

p
(-)

Channel 
design

L     
(m)

Sediment in 
the water 
column

S
(kg/s)

=

Concentration

Depth Equation, 
model or 

estimation

Figure 5. Channel infill model.

Deterministic:                  Saverage    =  u average   ·  (c z) estimate   ·  p    ·    L

Model equation: S   
(kg/s)

= u
    (m/s)

c z    
(kg/m2)

p         
(-)

L     
(m)

Probabilistic:

 p  L  =

Figure 6. From deterministic to probabilistic modelling.
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However, while analysing the sediment at 

OKLNG, several indications were found that 

the sediment in the water column at OKLNG 

is unflocculated to poorly flocculated and 

subsequently has a very low settling velocity. 

Such unflocculated conditions in the marine 

environment have not been found in literature 

and experts consulted for this study have  

not encountered these conditions before  

(i.e. Winterwerp and Van Kesteren, 2004).

For an in-depth analysis of the OKLNG 

sediment and the analysed measurements 

which led to the conclusion that it is possible 

that the sediment at OKLNG is not flocculated 

and infill due to a permanent mobile mud 

layer be investigated as well, the reader is 

referred to Bakker (2009, section 3.8).  

This report focuses on the probabilistic 

approach and will therefore not address  

the mud behaviour any further, even though 

it is quite interesting and novel.

The question of whether or not the sediment 

is flocculated introduces an important 

uncertainty into the upcoming infill 

calculation, since it determines how the 

sediment is distributed over the water column. 

This is demonstrated in Figure 7. Since exact 

measurements of the settling velocity at the 

project site have not been conducted and 

since other measurements do not exclude 

either scenario, this introduces an important 

uncertainty in the infill calculation. In the 

framework of this study both scenarios were 

investigated as the flocculation aspects were 

beyond the scope of the study. Summarising, 

these scenarios are with reference to Figure 7.

1.  Scenario 1: the sediment is fine and 
unflocculated to poorly flocculated, yielding 

very low settling velocities (i.e. ~0.004 mm/s). 

The sediment concentration in the water 

column is not directly related to the wave 

climate, but a mobile mud layer is present 

near the bottom, which concentration and 

thickness vary in time. A clear bottom 

cannot be defined as also sketched in 

Figure 7. Sedimentation of the channel 

under day-to-day conditions is caused by 

transporting the mobile mud layer in the 

channel and being trapped there. The 

amount of suspended sediment that is 

present in the water column above the 

mobile layer is negligible in comparison to 

the large quantities of sediment in the mud 

layer (Bakker, 2009, section 5.3.2).

2.  Scenario 2: the sediment is flocculated and 

yields settling velocities in a range normally 

encountered in the marine environment  

(i.e. ~0.5 mm/s). The amount of sediment 

in the water column is directly related to 

wave action. Continuous sediment infill is  

a result of suspended sediment settling in 

the approach channel. Only during storm 

events a mobile mud layer may be formed 

on the seabed, which is subsequently 

transported by the currents into the 

channel. Infill is thus a result of suspended 

sediment infill most of the time and mud 

layer infill a small percentage of the time.

Input parameters
The input parameters and their probability 

distributions required to predict the channel 

infill will now be discussed in the order of 

appearance in the model equation as shown 

here in Figure 8. 

Figure 7: Consequence of 
whether or not the 

sediment is flocculated for 
the sediment distribution 

over the water column 
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Figure 7. Consequence of whether or not the sediment is flocculated for the sediment distribution over the water column.
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Figure 8. Equation for the channel infill rate S (kg/s).
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The difference between the two scenarios  

lies in the sediment mass and the trapping 

efficiency. The schematisation for the 

sediment mass and trapping efficiency is 

different for the suspended sediment infill  

and the mobile mud layer infill. The current 

velocity and channel length are the same  

for both scenarios.

1.  Current velocity u in m/s: The currents were 

modelled perpendicular to the channel, 

since the current velocity perpendicular  

to the channel equals the infill velocity.  

As already shown in Figure 2 the channel  

is divided into 4 sections, since the 

orientation of the channel varies along  

the axis. The probability distribution of  

the current velocity is shown in Figure 9. 

The high percentage of zero infill velocity  

in section A1 is caused by a breakwater, 

which shelters this section from eastern 

directed currents.

2.  Sediment mass c·z in kg/m2: the amount 

of sediment in the water column depends 

on the sediment characteristics, the waves, 

which stir up the sediment and the 

currents, which mix it over the vertical. 

Often, the sediment distribution over the 

vertical is modelled using these parameters. 

Fortunately, at OKLNG the sediment 

concentration was measured at different 

heights above the bottom using an optical 

backscatter device during an extensive 

measuring campaign. The probability 

distribution of one of those measurement 

locations is presented in Figure 10. Based 

on these data the concentration of the 

sediment over the vertical can be 

constructed as schematically shown  

in Figure 11.

In case of suspended sediment infill, this 

schematisation is suitable. Unfortunately,  

a mobile mud layer may well be smaller  

than 10 cm in the OKLNG area based on 

Vinzon and Mehta’s (1998) mud layer height 

equation (see section 4.4.2.1 and appendices 

C and D of Bakker (2009) for the equation 

and calculation). If a mud layer is permanently 

or occasionally present on the seabed in the 

project area, the measurements may very well 

not show any indication of it. This means that 

the sediment mass in case of a mud layer 

needs to be estimated with a separate 

probability distribution. 

Since little is known about the specific mass 

of the mud layer, the expected lower limit, 

upper limit and most likely value were 

estimated. The triangular distribution was 

used to model the parameter. Based on 

Vinzon and Mehta’s (1998) equation, a most 

likely specific mass of 4 kg/m2 was adopted. 

The probability distributions of the sediment 

higher in the water column were positively 

skewed. Therefore the lower limit was 

estimated to be half of the most likely value, 

2 kg/m2, and the upper limit was chosen to 

be twice that value at 8 kg/m2. 

3.  Trapping efficiency p as a percentage of the 
total sediment mass: In the case of mud 

layer infill, the trapping efficiency is 100%. 

The low currents cannot transport a thick 

layer of mud up the slope of a channel 

once it has flown into the channel under 

the influence of gravity. This is sketched  

in Figure 12.

For suspended sediment infill, calculating the 

trapping efficiency is more complicated, since 

it depends on the sediment characteristics,  
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the flow regime, the channel configuration 

and wave action. Unfortunately no simple 

equation exists that properly takes relevant 

processes, such as floc formation and  

break-up, into account and gives a reliable 

prediction of the trapping efficiency of a 

sediment-laden flow passing a channel.  

 

More importantly, these processes are still  

not well understood and the formulas always 

require validation with field measurements. 

Therefore numerical models such as DELFT 3D, 

MIKE 21 and FINEL 2D are almost always used 

to compute the trapping efficiency for 

suspended sediment infill. 

 

In this case, trapping efficiencies calculated 

with FINEL 2D by Svasek Hydraulics and Royal 

Haskoning (2008, Table 4.4) were used as 

input for the infill computation.

This also points to another difficulty when 

modelling scenario 2. A small part of the time, 

infill is caused by mud layer infill and a 

different trapping efficiency should be 

applied.  

 

A criterion to decide which of the two infill 

mechanisms should be applied is required 

additionally. 

In this study a criterion was formulated based 

upon the sediment mass. Above a certain 

sediment mass, the sediment cannot be kept 

into suspension and a mud layer is formed.  

The sediment mass distribution as depicted  

in Figure 10 thus represents both infill 

mechanisms; the tail with the high 

concentrations represents the incidental  

mud layer infill and the rest of the distribution 

with the low concentrations represents the 

suspended sediment infill that occurs the 

majority of the time. 

4.  Channel length L in m: The channel 

length is a given design parameter and of  

a deterministic nature. For the computation  

L = 10,550 m is used.

Concluding, the current velocity and sediment 
mass are modelled probabilistically. The current 

velocity distribution is based on measure-

ments. The sediment mass distribu tion for 

scenario 2 is also based on measure ments.  

 

For scenario 1, the unflocculated sediment 

scenario, this was not possible, since in case  

a mud layer would be permanently present  

on the seabed the measurements would  

not show this. A sedi ment mass distribution 

was therefore estimated. 

The trapping efficiency for mud infill is 100% 

and is of a deterministic nature. In case of 

suspended sediment infill – only relevant for 

scenario 2, the trapping efficiency is modelled 

based on the outcome of the FINEL 2D model 

and varies along the channel axis. The channel 

length is a deterministic parameter.  

 

All in all, this leads to a semi-probabilistic 

result for the channel infill, since not all 

parameters could be modelled properly and 

estimations were adopted.

Integration over time
In order to calculate the annual infill M in kg, 

the infill rate S in kg/s must be integrated over 

the period of one year. The timescales of the 

relevant infill processes result in the time step, 

which should be adopted.  

 

The time step is such that the parameters 

from different time steps are independent, i.e. 

the outcome of the first draw at t = t
i
 does 

not influence the outcome of the next draw 

at t = t
i+1

 as schematically shown in Figure 14. 

 

In that respect a large time step should be 

chosen. However, too large a time step causes 

overestimation of the variance and standard 

deviation of the yearly infill quantity.  
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The mean infill value does not change if the 

number of time steps is increased, but the 

standard deviation decreases. The standard 

deviation of the yearly infill distribution 

decreases with a factor √n when the number 

of time steps n increases.

Ideally, the choice of the length of a 

representative time step should be based  

on an analysis of the correlation and the time 

scales of the relevant physical processes. 

Autocorrelation functions can be used to 

determine this time step (Van Gelder, 2000).  

 

In this study a pragmatic time step of one 

week was adopted for each scenario, based 

on the time scale for current reversals. 

The assumption was that the input parameters 

vary on a weekly basis, so the number of time 

steps in one year is 52.

set-UP of tHe UnceRtAInty 
AnALysIs
Figure 15 shows the set-up of the uncertainty 

analysis. To gain insight in the order of 

magnitude of the yearly infill quantity the 

approach channel infill was first determined 

deterministically and as indicated in Figure 6. 

Next a sensitivity analysis was conducted  

to identify which parameters have the largest 

influence on the infill quantity and to 

determine the importance of each parameter. 

 

The objective of a probabilistic infill prediction 

is to gain insight in the uncertainties and 

spread around the mean, which is the average 

or expected value of all predicted values.  

The result of a probabilistic analysis is a 

probability distribution of the yearly infill 

quantity. Also the dependency of parameters 

is included in this study. Figure 16 shows  

the influence of correlated parameters on  

the predicted probability density function.  

 

To compute the probability density function of 

the infill rate S in kg/s the model as depicted 

in Figure 5 was run 1 million times (without 

integration over time) in this study. From the 

resulting 1 million different realisations of the 

channel infill rate the probability distribution 

was then determined. The yearly infill quantity 

M in Mton was computed based on the infill 

rate S multiplied by the time step as explained 

in section 0. The 52 realisations of the infill 

quantity were randomly generated by running 

the model 52 times. Each of these realisations 

was representative for one time step.  

So by averaging the 52 infill quantities,  

one realisation for a yearly infill quantity M 

in Mton is obtained. 

This is repeated 10,000 times for each 

scenario. From these 10,000 realisations of 

the infill quantity a probability distribution is 

constructed.
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Figure 15. Set-up of the uncertainty analysis of the mud infill prediction.
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Figure 16. The influence of correlated parameters on the probability density function of the variable of interest.
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Figure 14. Choosing a proper time step.
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ResULt AnD DIscUssIon of tHe 
MUD InfILL PReDIctIon AnD 
UnceRtAInty AnALysIs
Scenario 1 – unflocculated to poorly 
flocculated sediment
The largest uncertainty in the mud infill 

prediction in case of unflocculated to poorly 

flocculated sediment is the sediment mass.  

As already noted in section “Input parameters” 

above, the mud layer mass had to be 

estimated, since measurements were not 

available. A moderate estimate was made  

for the probability density function of the 

sediment mass with a most likely mass of  

4 kg/m2. This results in the blue cumulative 

probability distribution of the infill rate S 

seen in Figure 17. Additionally, the cumulative 

distribution was constructed with a much 

higher mud layer mass and a much lower, 

with a most likely sediment mass of 6 and  

2 kg/m2 respectively. The mean infill rate 

subsequently varies between 2.6 and  

0.8 Mton dry sediment per week, indeed 

showing that the uncertainty in the mud layer 

mass results in a large uncertainty in the infill 

prediction. All other parameters influence the 

infill rate to a much lesser extent.

It may seem that this outcome does not help 

to design a proper maintenance strategy, 

since the spread is quite large. However, 

when taking the amount of sediment the 

approach channel can accommodate into 

account, this outcome is very useful.  

 

The nautical bottom for OKLNG was defined 

for preliminary planning purpose at a density 

of 1,100 kg/m3, in which case the channel can 

accommodate 5.2 Mton of sediment. 

Below the set depth for navigation of –15.5 m 

CD, the channel can accommodate 2.3 Mton 

of sediment. This is based on a soil density of 

1,370 kg/m3, which is the average in situ 

density of the muddy seabed (based on GEMS, 

2008a, 2008b, 2008c; GEMS, 2008d). 

Scenario 2 – flocculated sediment
For scenario 2 additional assumptions had  

to be made; for the trapping efficiency of the 

suspended sediment other model outcomes 

had to be used and a criterion to decide 

which percentage of the time mud layer infill 

takes place was introduced.  

 

The uncertainty analysis shows that the infill 

mechanism criterion is robust: varying this 

criterion with a factor 102 influences the 

predicted mean infill quantity with only 13%. 

Apparently most of the concentration data of 

the layer near the bottom was well below the 

threshold criterion and causes suspended 

sediment infill.  

 

The more extreme concentrations that cause 

large infill quantities were well above the 

criterion. This suggests that where the exact 

boundary between suspended sediment infill 

and mud layer infill is placed does not 

influence the infill quantity to a large extent.

Secondly and surprisingly, the trapping 

efficiency in case of suspended sediment infill 

does not influence the prediction much either. 

A reliable estimate of this parameter was 

therefore not essential for a reasonable infill 

prediction either.

Again for this scenario, the overall uncertainty 

is a result of the uncertainty in the sediment 

mass: the concentration at 10 cm above the 

seabed could only be measured up until a 

concentration of 8 kg/m3. Roughly 14% of 

the time no concentration data are available, 

due to the concentrations being higher than  

8 kg/m3. The tail of the probability density 

function of the sediment concentration 

therefore had to be estimated using the  

least square method, which introduced  

an uncertainty.

 

1.7 Mton/wk

0.8 Mton/wk

2.6 Mton/wk

6 kg/m 24 kg/m 22 kg/m 2

Figure 17. Cumulative probability distribution of the infill rate S in case of scenario 1 - 

unflocculated to poorly flocculated sediment.

 
saverage  = 6.8 Mton/year

Figure 18. Probability density distribution of 

the yearly infill quantity M in case of scenario 2 

- flocculated sediment.
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Based on the described input parameter  

the probability density function of the yearly 

infill quantity in case of scenario 2 is as given 

in Figure 18. The mean infill quantity is  

6.8 Mton/year. Even though the uncertainty 

introduced by the sediment mass, considering 

the accommodation space of the channel an 

infill quantity of several Mton per year is  

large and regular maintenance is required.

Secondly, the shape of the distribution is not 

symmetrical. The chance of a smaller than 

average infill in one year is much higher  

than having a higher than average infill. 

Nevertheless, once a high infill does occur, 

it can easily be twice the mean yearly infill 

quantity. The applied method clearly shows 

the spread in the prediction. Also the P10, 

P50 and P90 can be determined. 

Difference in prediction between  
the two scenarios
The difference in the mean infill rate and 

quantity between the two scenarios is a  

factor 10. The largest uncertainty in the 

prediction of the channel infill of the OKLNG 

approach channel thus lies with the sediment 

state in the water column. Whether or not the 

sediment is flocculated should be the first 

question to be answered in the next project 

stage.

CONCLUSIONS

The following conclusions and 

recommendations are in respect of the 

adoption of the described methodology of 

probabilistic modelling to predict infill rates  

of an approach channel and to support 

designing a proper maintenance strategy in  

an early stage of a project. The conclusions  

do not relate to the actual circumstances of 

the OKLNG project.

The purpose of the research was to increase 

insight in sedimentation behaviour and assess 

the sedimentation quantities. For this a simple 

model was developed to make estimates of 

the channel infill and to provide an overview 

of the uncertainties when calculating channel 

infill, which will lead to strategies to manage 

risks and reduce uncertainty.  

 

This was in contrast to the alternative of using 

more sophisticated models, which incorporate 

the infill processes and hydrodynamic flow 

into more detail and give a deterministic 

prediction.  

 

The applied approach proves to be a powerful 

tool to gain insight in the uncertainties and 

spread around the mean. Figure 18 clearly 

shows the added value of this analysis 

compared to a deterministic prediction. In the 

case of a validated model and sufficient data 

on the input parameters the P10, P50 and 

P90 can be computed.

The selected probabilistic approach heavily 

relies on site environmental data, so quality 

measurements are needed if one wishes to 

use this method. This method would therefore 

be useful in the design phase after the wave 

climate, current climate and sediment 

characteristics are investigated and/or after 

measurements have been conducted.

 

Based on present study, this method requires 

further development and validation of the 

used model as given in Figure 5. Information 

from existing channel dredging operations in 

similar environments would be valuable for 

this purpose.

This study showed that mud could possibly 

exist in an unflocculated state in the marine 

environment. Further testing is needed to 

confirm this but, if this is the case, this 

influences the infill rates of nearby channels 

and preferable maintenance strategy to a 

large extent.
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