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Abstract. An approach channel to the port is a very important part of port infrastructure ensuring navigational safety of
the ships entering and departing the port. Various methods used for determining the width of the approach channel to
the port provide different results. Sometimes, variations are significant and make difficulties in arriving at the correct final
decision. The article analyses diverse methods for research on calculating the width of the approach channel to the port.
The obtained results have been verified conducting a real experiment involving real ships passing under similar hydro-
meteorological conditions. The evaluation of the results and recommendations presented in the article can be used for the

optimization and design of approach channels to ports.
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Introduction

An approach channel to the port, as the main element of
port infrastructure, must provide navigational safety to
the ships entering or departing the port. Different meth-
ods for estimating the width of the approach channel to
the port are based on theoretical calculations (McBride
et al. 1998; Ohtsu et al. 2006; Paulauskas 2006, 2013), rec-
ommendations, (PIANC 2014; Puertos del Estado 1999),
simulations or practical experience and very often show
significant differences in the final results and make diffi-
culties in reaching the correct optimal final decision. The
results obtained employing various methods need to be
evaluated to ensure a request for high navigational safety
(Lee, C.-K,, Lee, S.-G. 2008). Simultaneously, other prob-
lems such as wave penetration to the port area or the ex-
tent of investment required, etc. must be solved.

The analysis of the methods for calculating the width of
the approach channel to the port is based on the safety-first
rule and should stimulate and optimize the final decisions
on the parameters for approach channels to ports and, at
the same time, take into account research results, new
ship manoeuvrability possibilities (Lee, C.-K., Lee, S.-G.
2008; Gucma, Montewka 2005; Groeneveld et al. 2003;
Paulauskas, V., Paulauskas, D. 2009), reasonable limita-
tions, external assistance, etc.

The comparative results of the theoretical calculations
of approach channels to the port and real situations under
similar conditions should assist in choosing limits regard-
ing reasonable risk that can be taken (Groeneveld et al.
2003; Zalewski, Montewka 2007) thus optimizing invest-
ment in building approach channels to ports.

1. Calculating the width of the approach
channel to the port

For calculating the width of the approach channel, the
ports attracting similar size ships and having the same
navigational and hydro-meteorological conditions were
considered (OpenSeaMap 2018) taking a few Baltic Sea
ports situated in Gdynia (Poland), Klaipéda (Lithuania),
Ventspils (Latvia), Rostock (Germany) and a few West
European ports in Dover (UK) and Le-Havre (France),
Dunkerk (France) (OpenSeaMap 2018).

All above mentioned ports attract POSTPANAMAX or
bigger ships but have similar limitations and, at the same
time, special conditions like requirements for using tugs,
pilot assistance, etc. Simultaneously, all above mentioned
ports have big differences in the width of the approach
channel but limitations are very similar. For example, the
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width of the approach channel to the Port of Ventspils is
160 m, the width of the narrowest place in the approach
channel to the Port of Gdynia is 140 m, the width of the
approach channel to the Port of Klaipéda is 150 m, the
width of the approach channel to the Port of Rostock is
130 m, the width of Le-Havre approach channel is 280 m,
the width of the narrowest place in Dover approach chan-
nel makes 150 m, etc. (OpenSeaMap 2018).

The Port of Ventspils (Figure 1) is visited by SUEZ-
MAX tankers having up to 290 m in length and up to
50 m in breadth. The Port of Klaipéda (Figure 2) is visited
by POST PANAMAX container vessels having up to 337
m in length and up to 50 m in breadth and by SUEZMAX
tankers having up to 290 m in length and up to 48 m in
breadth. The Port of Gdynia (Figure 3) is visited by POST
PANAMAX container vessels of up to 330 m in length and
up to 50 m in breadth and by SUEZMAX tankers and bulk
curriers having up to 300 m in length and up to 50 m in
breadth. The Port of Dunkerk (France) (Figure 4) attracts
up to Very Large Crude Carriers (VLCC) class tankers of
up to 330 m in length and up to 60 m in breadth as well
as other ships of a similar size.

Significant fluctuations in the width of approach chan-
nels show that varying standards or regulations are used
in different countries or even in particular ports and can
cause difficulties for shipmasters entering ports under spe-
cific circumstances (weather conditions, pilot experience,
possible tug assistance, etc.). It could be a symptom of a
varying safety level for the same type of the manoeuvre.

Standards and recommendations (Grabe 2015;
PIANC 2014; Puertos del Estado 1999) focus on the speci-
fied results of researches regarding the movement of ships.
However, at the same time, traditions and the experience
of port pilots have shown there are a lot of exemptions
or special conditions creating serious difficulties for port
infrastructure designers or managers in making optimal
decisions on new approach channels or an increase in ship
size considering the existing approach channels.

2. Theoretical basis for the methods calculating
the width of the approach channel to the port

Parameters for approach channels to ports could be calcu-
lated applying theoretical methods (Farzaneh et al. 2008;
Paulauskas, V., Paulauskas, D. 2009) and submitting recom-
mendations like PIANC (2014), other standards, etc. In ad-
dition, numerical models implemented in simulators could
be used (FT 2016). Nowadays, a number of simulators are
able to model real ships under real conditions, and there-
fore for calculating the width of the passing ships (chan-
nel width), probability methods, for example maximum
distribution method, could be used (Paulauskas 2013).

In order to verify the correctness of the methods used
for determining the width of approach channels, the re-
sults obtained employing these techniques have to be
compared to the outcomes of the real experiments con-
ducted for similar ships and sailing conditions thus mak-
ing adjustments if necessary.
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Figure 1. The approach channel to the Port of Ventspils
(160 m in width)
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Figure 2. The approach channel to the Port of Klaipéda
(150 m in width)
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Figure 3. The approach channel and port gate in Gdynia
(width of the outside port gate is 132 m,
width of the inside port gate is 95 m)
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Figure 4. The approach channel to the Port of Dunkerk (width
of the port gate is 164 m with a short area for ship stopping)
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Theoretically, the calculation of the width of approach
channels could be made applying the following equation
(McBride el al. 1998; Paulauskas, V., Paulauskas, D. 2009;
Paulauskas 2013):

By =L-sinf+B-cosB+L-sinAK+P"-c,+b,, (1)

where: L - ship’s length; B - ship’s breadth; B - drift an-
gle of the ship (no more than 5° is recommended for big
ships in approach channels to ports ); AK - sway angle of
the ship along the course while heading through the ap-
proach channel (no more than 2° is recommended for big
ships); b, - navigational spare depends of the stability of
channel slops and the fixed accuracy of the ship position;
P'" — probability maintenance factor in navigation (when
probability is 95%, this coefficient should be not less than
2.5; for Liquefied Natural Gas (LNG) tankers, probability
reaches 99.7%, and this coefficient should be at least 3);
o, - the accuracy of the ship position along the channel
axis, for example, the accuracy of the ship position, the
sensitivity of the leading line, etc.

The drift angle of the ship sailing to the approach
channel can be calculated as follows:

p=tg=", 2)

where: v - ship’s speed in the approach channel; v, - drift
speed of the ship perpendicular to the channel access can
be calculated in the following way:

x sing, 3)
vy=v, [+——*sinq, - —,
‘ Cy'p'Fd ‘ k225

where: v, — wind velocity; C, - aerodynamic coefficient
(C, = 1.07); p, - air density (p; = 1.25 kg/m?); S, - the
space of projection (upper water) onto a diametrical plane
of the wind surface area of the vessel; C, - hydrodynamic
coefficient (C, = 1.5); p - water density; F; - the space
of projection onto a diametrical plane of the underwater
area of the vessel; g, — the 90° course angle of the wind
for design tasks on the approach channel could be taken;
k,,s — resistance coeflicient of a ship in the perpendicular
direction to the axis of the approach channel on shallow
water.

The resistance coefficient of the ship in the perpen-
dicular direction to the axis of the approach channel on
shallow water has been studied in different channels and
in open sea areas, which means that approach channels
mainly are open channels. Study and the experimental re-
sults of real ships are shown in Figure 5.

The resistance coefficient of the ship, in case of ship
movement on the perpendicular direction, could be cal-
culated using the regression equation:

T 2
kyys =1+4.95-[Ej ; R2=0.93, (4)

where: T - ship’s average draft; H — depth of the approach
channel; R? - determination coefficient.
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Figure 5. The additional resistance coefficient of the ship k,,,
is subject to the ship’s draft to depth ratio T/H;
o - calculation and experimental results

For approach channels, recommendations on width
calculation, for example PIANC (2014), could be used.
According to PIANC (2014) recommendations, the width
of the approach channel could be calculated as follows:

By =Bpy + Y B, +Byp + By, (5)

where: Bg,, — ship’s basic manoeuvring line could range
from 1.3-B to 1.88- B (B - biggest ship’s breadth) and de-
pends of ship manoeuvrability; B; - additional corrections
to the width of the approach channel on straight sections
could range from 0 to 1-B depending on the permitted
ship’s speed, privileged wind, current velocity and direc-
tion, wave characteristics, the aids of navigation character-
istics, the depth and types of cargo; Bgp, B — distances
to shallow water on the right and left sides of the chan-
nel subject to the slops of the approach channel and ship’s
speed (vary from 0.3-B to 1.0- B).

Today, simulators are frequently used for testing the
approach channel and other water ways (FT 2016). The ac-
curacy of the received results are subject to the reliability
of ship models and the simulation of external conditions.
The human factor is implemented in real time simulation,
and therefore it matters who is handling the ship in the
given terms and conditions, because the obtained results
strongly depend on the experience of a simulator opera-
tor. Simulation needs to be repeated (wind, current speed
and direction, wave characteristics, etc.) a certain num-
ber of times under the same external conditions to collect
appropriate data on calculating channel width. In order
to receive the final results of the width of the approach
channel provided by simulators, the maximum distribu-
tion method could be used and expressed as follows (Paul-
auskas 2013):

B, =B+P-k, R, (6)

where: By — width of the approach channel; B - maximum
width of the biggest ship; P - factor in probabilistic main-
tenance (in the case of £1, probability is 68.3%, in the case
of +2, probability is 95.3% and in the case of £3, probabil-
ity is 99.7%); k,, — the coeflicient depends of the number
of measurements (in case the number of measurements
is 3, k, = 0.55; when the number of measurements is 4,
k, = 0.47; when the number of measurements is 5, k,, =
0.43; when the number of measurements is 6, k, = 0.395;
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when the number of measurements is 7, k,, = 0.37; when
the number of measurements is 8, k, = 0.351; when the
number of measurements is 9, k,, = 0.337; when the num-
ber of measurements is 10, k,, = 0.329; when the number
of measurements is 11, k, = 0.325; when the number of
measurements is 12, k, = 0.322); R, - the distribution of
measurement results means the difference between mini-
mum and maximum measurements results.

The presented theoretical dependencies and recom-
mendations could be used for evaluating approach chan-
nels to different ports and for making an attempt to find
reasons for differences to be overtaken, including navi-
gational systems and equipment considering hydro-mete-
orological conditions, professional abilities of port pilots,
historical traditions, etc.

4. Case study on calculating the width
of the approach channel to the port

The approach channel to the Port of Klaipéda has been
taken as a case study and evaluated applying the theoreti-
cal method, tested using SimFlex 4 simulators (FT 2016)
and checked with reference to the real ships entering and
departing the port. According to the conditions specified
in the theoretical part of the article, the width of the ap-
proach channel to the port is calculated additionally under
the condition that the drift angle of the SUEZMAX ship
(290 m in length and 48 m in width) is accepted to be 4°
and the angle of the steering accuracy of the ship is 3°
(when cross wind is 14 m/s). Navigational reserve at 0.5- B
on both sides is taken. The accuracy of positioning the
vessel in the approach channel is approximately 8 m using
the leading (bearing) line and the Differential Global Posi-
tioning System (DGPS). The probability of vessel position-
ing of the SUEZMAX tanker is taken not less than 99.7%.

Considering theoretical calculations, T/H is around 0.8,
and the width of the approach channel for the SUEZMAX
tanker is 151 m. The same calculations were made for
POST PANAMAX (L = 250 m, B = 44 m) and PANAMAX
(L =220 m, B = 32 m) ships.

According to PIANC (2014) recommendations, it is
necessary to assess all possible effects. Potential impacts and
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their sizes of the approach channel, according to PIANC
(2014) recommendations, are presented in Table. The
same calculations of POST PANAMAX and PANAMAX
ships have been also done.

Simulation testing using the SimFlex 4 simulator (FT
2016) has been made in the approach channel of the Port
of Klaipéda taking into consideration the biggest possible
ships under limited hydro-meteorological conditions. The
examples of simulation are presented in the Figure 6.

7 simulation cases of the SUEZMAX ship entering
port under similar hydro-meteorological conditions (SW
wind of 14 m/s, wave height was up to 2.5 m in the ap-
proach channel) were made, and the results of the received
distribution were equal to R, = 0.55 m. The width of the
approach channel was calculated applying Equation (6) in
the case of 99.7% probability, the width of the channel has
to make not less than 109.1 m. The same simulations were
made for POST PANAMAX and PANAMAX ships.

During 10 months (in 2016 and 2017), SUEZMAX,
POST PANAMAX and PANAMAX ships entering the Port
of Klaipéda were checked. The trajectories of the approach
channel were defined employing the Automatic Identifica-
tion System (AIS) and port radar (in total, 12...15 ship en-
tries to the port), SW and W wind directions were mainly
prevailing and wind speed varied from 8 to 12 m/s. The
example of the trajectory followed by SUEZMAX ships
entering the port was received using the AIS presented in
the Figure 7.

The distribution of the trajectory followed by the
SUEZMAX ship included 12 entries to the port and made
R, = 0.47 m. Calculating the width of the approach chan-
nel employing Equation (6) in the case of 99.7% probabil-
ity points out the width of the channel equal to 93.4 m.

The width of approach channels to ports for differ-
ent ships, under limiting sailing conditions, was obtained
with reference to PLANC (2014) recommendations, simu-
lations, applying the maximum distribution method and
estimating sailing parameters for real ships entering and
leaving approach channels to ports.

The analysis of calculating the width of different ap-
proach channels to ports and the results of evaluation
methods are presented in Figure 8.

Figure 6. The SUEZMAX tanker entering the port under the SW wind of 14 m/s and measurements
made using the SimFlex 4 simulator (FT 2016)
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E- Klaipéda, 1

Figure 7. The entry of the SUEZMAX ship following the port
trajectory was obtained employing the AIS
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Figure 8. The width of the approach channel to the port for
SUEZMAX (L = 290 m), POST PANAMAX (L = 250 m)
and PANAMAX (L = 220 m) ships was obtained by:

1 - calculation, 2 - PIANC (2014) recommendations,

3 - simulations, 4 — experiments on real ships methods
for limit conditions (wind of up to 14 m/s in the
perpendicular direction, waves were up to 2.5 m)

Table. The width of the approach channel for the SUEZMAX
tanker (B = 48 m) according to PIANC (2014) recommendations

Effect ap:)/\r](i)c;tcklll ﬁlgrlﬁlel

Bay 1.5-B
Ship’s speed (6...10 knots) 0

Wind velocity (7...12 m/s) 04-B
Cross current speed (0.2...0.5 knots) 0.2-B
Longitudinal current speed up to 3 knots 0

Wave height up to 3 m 0.5-B
Bottom soil 0.1-B
Depth correction 0.2-B
Slops 0.5-B
By/B 3.4-B
By [m] 163.2

The results presented in Figure 8 show that the cal-
culation method and PIANC (2014) recommendations
are very close, and the results of the simulation method
and the experimental results of real ships are important
for safety evaluation. The analysis of the real width of ap-
proach channels to different ports show that the width of
approach channels is between calculation and simulation
or real experimental results (Rostock, Gdynia, Dunkerk
ports), and in some ports — closer to calculation results or
PIANC (2014) recommendations.

Conclusions

The analysis of different methods for calculating the width
of the approach channel to the port demonstrates that the
theoretical calculation method for the approach channel
to the port could be successfully applied under the final
additional safety coefficient of 1.5.

Simultaneously, the theoretical calculations of the
width of the approach channel to the port and PIANC
(2014) recommendations, in the case of limiting condi-
tions taken in theoretical calculations, are very close. The
simulation done employing a good calibrated simulator
could be used for clarifying theoretical calculations due
to the included human factor and in the case a number
of people (ships masters or port pilots) are involved in
the action.

The experimental results of estimating sailing param-
eters for real ships and the width of the approach channel
to the port are very important because real findings could
include local conditions.

Thus, it is possible to sum up that different countries
and ports use various methods for calculating the width of
approach channels to ports but the theoretical calculation
method could be taken as the most effective technique
though it has to be verified employing other methods.
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