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A bstract

T h e d esign  o f  th e  a d m itta n ce  p o licy  o f  th e  E u ro-M aas  
channel to  R otterd am  an d  th e  W estern  Sch eld t is based  
on a p rob abilistic  m eth o d . W ith  th is  m eth o d , in stea d  if  
th e  p rev iou sly  im p lem en ted  d eterm in istic  m eth o d , th e  
a ccessib ility  o f  th e  harbours an d  sa fe ty  d uring  th e  chan
nel tran sit h ave b een  in creased  w ith o u t ad d ition a l d red g
ing costs.

K eyw ords

Harbour, Probabilistic Admittance Policy, Waves, Vessel Move
ments, Safety

1 Introduction

The last few years, the nautical accessibility of the West-European 
harbours is again in the spotlights During the sixties and seven
ties a clear separation developed between harbours who could and 
harbours who could not adapt to the progressive scale enlarging 
of the bulk earners For example, till the late fifties the maximum 
draught in Rotterdam, Antwerp as well as Hamburg was all the 
same around 40 feet

During the next decades the maximum draught with which the 
port of Rotterdam could be accessed, kept pace with the huge 
scaling up of the crude oil-tankers and bulk-camers. At the mo
ment, each year 350 channel-bound vessels (draught more than 
17 40m) amve at Rotterdam, with a maximum draught up to 
22 55m  (74 feet) Vessels heading for the Western Scheldt are 
limited to a draught of 15 00m E zieh year more than 400 vessels 
with a draught more than 11.00m bound for Flushing, Gent &¿ 
Teraeuzen or Antwerp

The design of the admittance policy of the Euro-Maas channel at 
Rotterdam and the Western Scheldt is based on a probabilistic 
method With this probabilistic method, a substantial improve
ment of the accessibility and safety of both channels has been 
achieved with only a minor change of infrastructure A further 
scaling up of the bulk carriers and crude oil tankers is not ex
pected. Nevertheless, from the market an urge exists for minimiz- 
ng the accessibility restrictions

The probabilistic admittance policy of Euro-Maas channel has 
proofed to enlarge the accessibility of the port of Rotterdam for 
lireadv 10 years. For the Western Scheldt this method is recently 
ntroduced It is also mtended to recalculate the IJ-channel at 
Amsterdam m the near future using this method.

C on ten ts

This paper gives an explanation of the implemented techniques, 
with which the accessibility and safety of the port of Rotterdam 
and the Western Scheldt has been improved In the first section a 
brief introduction is given explaining some terms and expressions 
After a short view on the previously used deterministic method, 
the design process using the probabilistic calculation method is 
explained in section 3 The base of the probabilistic design is the 
safety of the channel transit Section 4 treats this subject. The 
schematization of all the information necessary for these calcula
tions is treated in the next section (5) After a short explanation 
about some future developments m section 6 the paper is ended 
with a conclusion

For a more thorough explanation of the probabilistic calculation 
method, or just out of interest or curiosity, the appended bibliog
raphy gives a list of papers and books which can be consulted

2 U sed  expressions and term s

2.1 T id a l-W in d ow s

Vessels with a draught of more than 20 00m with destination Rot
terdam and vessels with a draught of more than 11.00m sailing 
at the Western Scheldt are tidal-bound and are provided with a 
tidal-wmdow advice For these vessels, the available water level 
is not sufficient Only using the high tide they can reach the har
bour

A tidal-window consists of two times, an openmg time and a clos
ing time (figure 2) Between those two times a vessel is allowed to 
enter the channel During the channel transit tidal-windows indi
cate the different opening and closmg times at different locations. 
These set of tidal-windows shows during which time period at 
which location the tidal-bound vessels can safely sail the channel 
The tidal-window depends on vessel type, dead-weight, draught, 
astronomical water level, meteorological water effects and wave 
conditions Also the vessel speed and current are taken into ac
count The more unfavorable the situation gets (e.g more wind 
or waves) the narrower the tidal window becomes In the most 
extreme situation no tidal window is available In this case the 
vessel has to wait for the next tide and better circumstances

2.2  D o w n tim e an d  In accessib ility -P ercen tage

The accessibility of a harbour can be determined using the down
time and the maccessibility-percentage The downtime equals the 
percentage of the time during which a vessel can not access the
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Figure 1 Major harbours in The Netherlands

harbour because there is no tidal-window available. The inaccessi
bility percentage equals the percentage of the tides during which 
no tidal-window can be provided, due to unfavorable water level 
or extreme waves.

These two values are quite different For a vessel it is most impor
tant that there is an opportunity each tidal cycle during which 
it can reach the harbour It is less important how long this op
portunity exist during the tidal cycle For example, if during four 
tided cycles a tided window exist which is a continuous period of I 
hour each tide, the dow ntim e equals 84%, but the inaccessibility 
percentage equals 0%'

3 D esign  o f T idal-W indow s

3.1 D eterm in is tic  M eth o d

Till 1985 a deterministic admittance policy has been used for the 
Ïuro-Maas channel. The Western Scheldt used this method till 
November 1995 The admittance of vessels was based on a fixed 
reel clearance percentage. The relation between the minimal keel 
rlearance and the maximum draught was calculated by adding up 
he squat1 vertical movements, sounding inaccuracies and sanding 
o the draught of the vessel, as explained m figure 3.

.’hese additions are equal to the maximum anticipated effects due 
o the factors mentioned before The sum of all these additions 
;etennme the minimal gross keel clearance The ratio between

draugh t increase caused by th e  speed of th e  vessel (section 5 6.2)

the gross keel clearance and the draught is called the keel clear
ance percentage At table 1 the percentages of the major Dutch 
harbours are mentioned.

Using these keel clearance percentages the accessibility of the 
channel can be determined At the Western Scheldt, the maxi
mum draught was determined for the predicted water level at the 
most critical location along the channel At the Euro-Maas chan
nel and the IJ-channel tidal-windows were calculated at different 
locations along the channel, taking account of the changing water 
level during the channel transit

3.2  P rob ab ilistic  M eth o d

At this moment, the Euro-Maas channel [13] and the Western 
Scheldt have a probabilistic designed admittance policy, instead 
of a deterministic policy as desenbed in section 3 1 All possible 
wave and water level conditions as well as ship characteristics are 
considered and used for determining an optimal accessibility. But 
instead of using discrete additions, each factor is translated into a 
probability distribution with a mean value and a variance All the 
probabilistic distributions are combined and determine together 
the probability of touching the channel bottom.

The result of the probabilistic calculation are tidal-windows, inac
cessibility percentages and downtimes These tidal-windows and 
the according probability of touching the channel bottom conform 
to predefined safety criteria as described at section 3 5 Now it is

'aper No:97-NMP-7 R.Ph.A.C Savenije Page 2



A dmittance Policy Deep Draught Vessels and Safety

d i s t a n c e

C lo s in g  " m e

S t a r t  of c h a n n e l  t rans i t E n d  of c h a n n e l  t rans i t

Figure 2. Tidal-Window

D raug h t

S q u a t

M o v e m e n ts

S o u n d in g
in a c c u r a c ie sG r o s s  Keel C le a r a n c e

N e t  Keel C le a r a n c e
S a n d in g

Inte rv ention  Level V

Bottom

Figure 3. Keel-clearance and additions

possible, using these safety criteria, to weigh the dredging costs 
against accessibility of the port

The reliability of the tided windows depends on the input data 
The predictions and measurements of the water and wave condi
tions which occur in the channel have a certain inaccuracy The 
probabilistic design method takes full account of prediction reli
ability as well as spreading of measurements The exact design 
process is described m section 3 3

3.3 P rob ab ilistic  D esig n  P ro cess

The theory of the probabilistic design is explained in [12]. This 
theory has been used to develop a program called HARAP (HARbour 
Approach) HARAP calculates the probability of touching the chan
nel bottom during a channel transit It simulates a transit of a 
vessel. The process of determining the tidal-windows is explained 
m figure 4

During such a transit first the water level is determmed. Informa
tion about astronomical and meteorological water levels, current, 
vessel speed and wave climate is used This results m the calcu
lation of the keel clearance across the channel Next the vertical 
movements of the different types of vessels are added which de
fend on the wave climate The final result at this stage is one 
iptimal tidal-gate

This optimal tidal-gate consists out of one time the optimal time 
o start the channel transit with minimal probability to touch

the bottom of the channel given all the circumstances at that 
moment

This process is repeated for all the different combinations of cir
cumstances As explained m [12], it is possible to divide all the 
circumstantial parameters into regimes or classes Instead of cal
culating with all the different values only the mean or represen
tative value of a regime is used. Regimes are used to characterize 
the different water level effects, vessel types and wave climates. 
The number of required calculations is significantly reduced by 
using this technique

For each combination of regimes a tidal-window is calculated All 
the probabilities for touching the bottom of the channel of all the 
transits are added up This sum is compared to a safety criterion 
(section 3 5) Finally the different tidal-windows are enlarged, re
duced or removed, changing the total probability of touching the 
bottom of the channel, till the required criterion has been reached.

Finally, a sensitivity analysis can be done to optimize the chosen 
regimes, as showed by the dashed arrow in figure 4. The result is 
a optimized set of tidal-windows for all the different combinations 
of regimes. For each vessel type a inaccessibility percentage and 
downtime is calculated to determine the resulting accessibility of 
the channel and port
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C hannel
Keel- C learance

Outer area Inner area
Euro-Maas channel 20% 10%
Western Scheldt 15% 15%
IJ channel 17 5% 15%

Table 1 Minimal gross keel-clearance
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Figure 4. Process of calculating tidal-windows

3.4 A dvantages an d  D isadvan tages P ro b ab ilis tic  
M eth o d

The deterministic method is based on additions which determine 
the keel clearance. Mostly these additions are at the outside cal
culation, making sure that the safety is guaranteed. This results 
in a keel clear since which is at most times much to large An ad
vantage is the simplicity of this calculation method It is possible 
to calculate the keel clearance by hand.

The probabilistic method, however, can not be calculated by 
hand But the determined keel clearance is much more precise 
W ith  th e  sam e channel d ep th  a m uch b e tte r  accessibility  can be 
achieved. Another advantage is the predetermined safety level 
Now it is possible to weigh the accessibility, the required cha n n el 
depth and the desired safety level

The probabilistic calculations are based on the chance of touch
ing the bottom of the channel. The result of the calculation is a 
predefined risk of the vessel entering the channel, and not a mini
mal keel clearance This is sometimes quite difficult to accept and 
makes it impossible to compare the keel clearance of both cal
culation methods However the accessibility percentages can be 
compared

3.5 Safety  C rite ria

As explained m section 3.3, the calculation and optimization of 
-idai windows is done by determining the total probability of 
ouchmg the channel bottom This probability must be less or

equal to a predetermined safety criterion For the Dutch channels 
this safety-criterion is determined as

• D u rin g  25 years  th e  chance o f touch ing  th e  channel 
b o tto m  w hich m ax im um  m inor dam age m ust n o t be 
m ore  th a n  10%.

Using a Poisson distribution, a chance of 10% equals a probabil
ity of 0.105 touches each 25 years [4] This chance is equal to one 
touch of the bottom of the channel each 237 years (25/0 105 = 
237) Taking into account the number of tidal bound vessels m 
the channel during 25 years, and the fact that only one out of 
ten occurrences results m more than minor damage, results in the 
criterion used by HARAP2

Besides the above mentioned safety criterion, two other entena 
exist The first criterion, the manœuvering critenon makes sure 
that

• T h e  keel c learance  n ev er is less them 1 m.

Finally the single transit criterion defines that

• T h e  chance th a t  a  vessel d u rin g  its  tra n s it  touches 
th e  channel b o tto m  m u st alw ays be  less th a n  1% a t 
all (w ea th er) cond itions.

Despite the fact that the last two cnteria almost never limit the 
size of the tidal window, these criteria are necessary to guarantee 
a safe transit under all conditions, because the general criterion 
only limits the total probability of touching the bottom of the 
channel of elii vessels together.

' For th e  Euro-M aas channel 6250 vessels use th e  channel and  are tidal bound each year T his resu lts in 0 105 x 10/6250 =  1 68 x 10 4 as th e  safety criterion  
ised by H1BAP
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4  S a fe ty

To ensure maximum and safe cargo deliverability in a given port, 
a proper balance must exist between excessive and insufficient 
required underkeel clearance. Historical data and new calcula
tion methods have been used to determine the minimal underkeel 
clearance and the safety criteria used for the probabilistic calcu
lation [10] Also a study of the human factor has been done

Not only the vertical movements of a vessel determine the safety of 
entering a channel Also the horizontal movements are important 
Cross current is a major problem for many harbours For exam
ple, the tided windows of Flushing, Rotterdam and IJmuiden are 
restricted for some type of vessels due to cross current

For the Euro-Maas channel a full risk-analysis has been done for 
the entrance channel General accepted safety criteria have been 
used for the first calculations Taken mto account was the fact 
that the chance of touching the channel bottom should be less
than the chance of collision and running aground Therefore the
determination of the safety criterion can be split up m two parts
•  chance of collision.
• chance of ru n n ing aground

4.1 Collision

To determine the chance of collision the complete traffic infor
mation of one year is taken into account All these vessels have a 
known origin and destination With this information the chance of 
one vessel encountering an other vessel can be determined Three 
different types of encounters are taken into account
H ead-on en co u n te r  A head-on encounter occurs when two ves

sels sad in opposite direction, while the course of both ves
sels have an angle between 150° and 180°

C rossing e n co u n te r  A crossing encounter occurs when the 
course of the two vessels have tin angle between 60° and 
150°

O vertak ing  en co u n te r  When the angle between the course of 
the two vessels is between 0° and 60° an overtaking en
counter takes place

An encounter does not directly result m to an accident. The next 
step is to relate the database of retd accidents with the informa
tion of encounters This m Likes it possible to calculate how many 
»counters result into an accident or collision An example of the 
calculations for the entry channel to Amsterdam, the IJmond- 
channel, is the following table (2). The risks for collision has been 
ietennmed for different routes and has been split up to the differ
ent kinds of encountering The figures are based on Mean Collision 
'lates which are calculated as explained before More information 
ibout this subject can be read m [9],

1.2 R u n n in g  A ground

'.'ouching the bottom of the channel or running aground at the 
oast mostly does not result in any damage for the environ
nent [15]. The Dutch coast is sandy and not very steep In case 

vessel runs aground it is not expected that any oil will leak out 
f the tanker. For this reason the risk of running aground is less 
nportant than the risk of collision

Tie risk of running aground are expressed in Area Stranding Op- 
ortunities, ASO  [9], which are calculated using the stranding 
pportumty of a single vessel and the stranding opportunity at a

specific location. Table 3 gives an example of some values for the 
ASO at the IJmond-channel Again these figures have been calcu
lated for different routes The fact that running aground occurs 
due to restrictions of the maximal draught is taken into account

4.3 C ross C u rre n t

As mentioned m section 4, vessels with draughts of over 21 95m 
do have a cross-channel current restriction near the harbour en
trance This restriction has been implemented m the probabilis
tic admittance policy ais a period during which no vessels with 
draughts of over 21.95m are allowed to enter the harbour How
ever, the risk which is being taken at the moment of entermg the 
harbour is not taiken into aiccount Instead of a probabilistic cal
culation a deterministic restriction is used. At the moment an in
vestigation has been started to examine the relation of tide, wind 
amd current to predict the cross-channel current Also the risks 
are taken into aiccount, which can be implemented for example as 
the other safety criteria (section 3.5)

4.4 Humain F acto r

Last but not least is the humain factor A lot of simulations have 
been done[ll] Also anailysis have been done about the behavior 
of pilots on deep draught vessels Finally, contmuouslv a logbook 
is being kept up to date containing information about the pilot
ing of the vessels to the Rotterdaim harbour This logbook can be 
used to examine specific situations during the navigation of the 
vessels

5 S c h e m a tiz a t io n

Using some kind of schematization the aimount of data can be re
duced, making it possible to calculate the keel clearance and the 
tidal-windows with a computer program

As described in section 3 3 and [12] the meteorological and astro
nomical water levels can be divided in different regimes Also the 
low frequency distribution of the wave energy is schematized into 
one or two values and divided into regimes The different types 
of vessels can be characterized by a few parameters, and finally 
the channel has been divided mto separate parts to simplify the 
input data

The Transport Research Center, the North Sea Directorate and 
the Directorate General of Shipping and Maritime affairs of the 
Ministry of Transport, Public Works and Water Management 
have developed the computer program HARAP This program uses 
the probabilistic theory and processes all the data The follow
ing sections explain all the information necessary to calculate the 
tidal-windows. More detailed information can be read in [12]

5.1 T h e  C hannel

Because within the channel there are a lot of significant variance 
of the water level and channel depth, the channel has to be di
vided into smaller segments The length of each segment must be 
chosen in such a way that the channel depth does not vary to 
much and that the water level variances during a segment transit 
are not more than the inaccuracy of other influences like depth 
inaccuracy
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R o u te M eeting O v ert ak ing C rossing T ota l
1 1.55 X 10_b 1.68 X 10_b 22 93 X 10-b 26.15 X 10~b
2 4.14 X IO-6 2.29 X IO-6 29.71 X IO-6 36.14 X IO-6
3 4 63 X 10~6 3.81 X IO-6 55.25 X IO-6 63.69 X IO-6

Table 2 Risks of collision

R o u te ASO
1 18.1
2 27.0
3 32 6

Table 3' Values of the Area Stranding Opportunities (ASO)

5.2 A stronom ical W a te r  Level

The astronomical water level is represented as astronomical 
curves, with each a determined frequency of occurrence These 
astronomical curves Lire divided into regimes based on tide- 
difference The tide-difference is the difference between the high 
water level and the previous low water level. The water levels 
are specified relative to the stroke-middle The stroke-middle is 
the difference low water level and high water level (figure 5) The 
stroke middle is fixed with respect to a predetermined reference 
level. The advantage of this method is the significant smaller 
spreading within each regime, compared to the normally used 
method where the water level is determined directly relative to a 
predefined reference level

The regimes of the astronomical water level are based on the 
frequency distribution of the tide-difference. The hmits of each 
regime are chosen in such a way that the spreading is minimal 
within this regime. The values which the HARAP program use, are 
the mean values of the different regimes

5.3 M eteorological W a te r  Level

The meteorological water level is defined as the difference between 
the astronomical water level and the reed water level measured 
during low and high water These meteo effects Eire deviations of 
the astronomical water level as caused by wind sind air pressure 
effects Also the meteo effect is divided mto regimes, bsised on the 
frequency of occurrence. Again the spreading is kept as low as 
possible by choosing th e  m ost op tim al limits of the regimes

Because the stroke-middle eis described in section 5.2 is by defini
tion constant during one tidctl cycle, it is also incorporated in the 
meteorologiCEd regimes

5.4 C u rren t

For the HARAP calculations, the current can be defined using cur
rent speed Eind current direction. The current is importamt for 
determining a safe trEinsit through the chEmnel because- 
• The cross-channel current limits the mEinoevrability neEir the

harbour entrance, Eind 
i The current is used for determining the squat of a vessel
The cross-channel current must be determined with measure- 
nents and cailculation models. The current in the channel mostly 
s extracted from tidal stream atlasses cause almost no current 
neasurement time series Eire available W ith this information the 
jailing speed of the vessel can be determined and the squat can 
>e calculated

5.5 W ave C lim ate

The wave climate is importEint for determining the vertical move
ments of the vessels, and therefore should be studied carefully 
The wave climate can be divided into different wave directions Eind 
frequencies. For the Euro-Maas channel and the Western Scheldt 
the wave frequencies are projected to one wave direction which 
is the most critical one. The frequencies csin be displayed using 
a wave energy density spectrum. For the Euro-Maas channel the 
wave frequency density spectrum has been schematized using the 
lie pEirameter (figure 6)

The lfe parEimeter gives the amount of low frequency energy m 
the rEinge between 0.03 and 0.1 This parameter is translated to 
a significant low frequency wave height, the He io

6
He io =  4 v W , mo =  ^ ( 5 ( / ) A / )  (1)

a

In this equation a =  0 03 and h =  0.10 The frequency is ƒ and 
the spectral density equals S( f )

For the Western Scheldt however a second pEirameter is used, the 
Hres value The H rts parameter equals the Eimount of energy m 
the range between 0.1 and 0.5

5.6 Vessels

Besides information about the waves, water level Eind current, Eilso 
the specifications of vessels have to be determined For the port 
of Rotterdam, two types of vessel are considered The bulk carrier 
Eind the crude oil tanker At the Western Scheldt container vessels 
Eind bulk carriers are considered. All the different types of vessels 
react differently on waves and swell Also the squat depends on 
the type of vessel

5.6.1 Vertical Movements

To determine the keel clearance of a vessel, one has to know the 
verticEil movements of the vessels due to waves and swell. The rela
tions which are necessary to know have been determined based on 
a lot of tests An exEimple is the test of a 200.000 DWT tanker [17] 
Models have been made [16] of different types of vessel sind put 
into a water basm, simulating all the different (wave) conditions 
Eiccording to reality.

The vertical movements of a ship as induced by the low frequency 
wave energy are a combination of heave, roll Eind pitch motions 
Besides the wave energy spectrum, the vertical movements de
pends on:
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Figure 5 Astronomical water level
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Figure 6 Wave frequency distribut ion, He  io

• type, size, deadweight, cargo, center of gravity, etc
• speed,
• wave angle.
• ratio between water depth and draught
Low frequency waves (swell) are the most important factor for 
the vertical movements For each wave spectrum a large data set 
of measured wave spectra is necessary For each type of vessel a 
ship movement spectrum is determined, using the response char
acteristic of that vessel This movement spectrum is then reduced 
to a single parameter, the H mOach W ith linear regression meth
ods this value can be related to a characteristic value of the low 
frequency wave energy He io'

Z s = a y He io +  b (2 )

Z, denotes the vessel movement and a and b are regression pa
rameters The regression parameters depend on the speed, wave 
direction and the ratio of depth and draught

i.6.2 Squat

The squat is the draught increase of a vessel due to the sealing 
;peed The squat depends on shape, water depth and speed. For 
he port of Rotterdam the simplified Tuck-Taylor [14] equation is 
ised

Squat = C y • nh

V1 -  F nh
(3)

C  denotes the squat constant, A the water displacement and LPV 
the length of the ship For the Euro-Maas channel a C  value 1 75 
has been used for the bulk carriers and 1.91 has been used for the 
oil tankers The Froude number Fnh equals-

Fnh =
Vgh

(4)

In which V denotes the speed, h the water depth and g grav
ity acceleration The speed is measured related to the ground, so 
current is taken into account

5.6.3 Speed and Vessel Regimes

At each segment of the channel a speed must be defined for each 
different type of vessel. All the information about the speed at the 
different segments together is called a speed regime. Totally three 
different speed regimes are defined for the Euro-Maas channel, a 
slow, medium and fast regime With the information about the 
different speeds the position of the ship can be defined. For the 
Western Scheldt no different speed regimes are used

6 Future Im provem ents

6.1 N eu ra l N etw ork s

In order to improve the rather coarse current restriction (5 4) in 
1997 a permanent on-line current measurement location just next
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to the Maas channel will be installed In order to obtain current 
predictions experiments are being earned out using neural net
works. In the IJ-channel a neural network proved to be very well 
able to predict the current [5] The Neural Networks are able to 
learn complex non-linear processes from examples Their principle 
is based on the workmg of the biological brain. Numerical mod
els are not yet able to provide operational predictions because of 
the large spatial variation of the current The required fine grid 
models still ask too much computational time.

6.2 In d iv idu al T idal W in dow s

At the moment, a tided window is being calculated for a group 
of vessels, not for a individual vessel (section 5.6 3) Within this 
group, the most critical vessel is used for determining the vertical 
movements. In contradistinction to before, when only model tests 
were possible, now computer calculations can reliably determine 
the vertica] movements

In august this year a project has started to measure the exact 
movements of large vessels, m order to  validate the calculations 
Accelerations, speeds and displacements are measured, together 
with accurate information of the wave energy, in order to better 
tune the response functions to the individual vessel

Large vessels like the Berge Stahl with a draught of 74 feet are 
calculated with their actual size, instead of the sizes defined by 
the group it belongs to. This way much more accurate calcula
tions are possible This means that the draught of the specific 
vessel must be given with great accuracy.

The goal is to determine an individual tidal window for every ves
sel. calculating the vertical ship movements of that vessel, given 
the predicted wave spectrum, besides using the predicted water 
level curve instead of the astronomical and meteorological water 
level regimes

It is to be expected that these investigations will significantly 
increase the accessibility of the port of Rotterdam.

6.3 Safety  H orizon ta l M anoeuvering

As explained m section 4.3 the cross-channel current does limit the 
accessibility of the Rotterdam harbour An investigation has been 
started to examine the risks related to the difficult manoeuvres 
which have to  be taken  while en term g  th e  harbou r. T his includes 
a thorough study of the safety criteria used for the probabilistic 
calculation method

Î  C onclusion
The probabilistic calculation method is a great improvement com
pared to the deterministic method. Although, the process of 
'-chematizwg the necessary information and optimizing the com
puter calculations is quite complex and time consuming.

lowever the resulting tidal-windows are very accurate and con- 
lders all the different weather and wave conditions the vessel can 
neat during the channel transit. The new probabilistic admit- 
ance policy for the Euro-Maas channel resulted in a very high 
ccessibility of the port of Rotterdam.

The admittance policy design of the channel can be optimized 
using a pre-defined safety criteria, ensuring a safe channel tran
sit The vessels at the Western Scheldt profit by the use of the 
recently implemented probabilistic calculation method, the risks 
of touching the bottom of the channel have been minimized. With 
new improvements, being developed right now, even better results 
are expected for both channels

W ithout any additional costs for dredging the safety and acces
sibility of a harbour can be increased using the existing channel 
configuration
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