
LNG operations at ports are made viable 
by the interaction of three main factors:
• The vessel (with propulsion and 

steering characteristics, capacity, 
onboard equipment, sensitivity to 
environmental agents, etcetera)

• The physical environment (vertical 
and hor izontal  dimensions of 
fairways and basins, meteorological 
and maritime conditions)

• The human factor (masters and 
officers, pilots, tug masters, VTS 
operators)

Therefore, in the design process of 
port infrastructure, or in definition of 
operational conditions, all three elements 
must be taken into account. It will only 
be possible to reach an adequate safety 
and operability level if all three factors 
are integrated. Nowadays, advanced 
simulation tools are available and allow 
for a precise assessment of these aspects. 
Among them there are moored ship 
dynamic models, ship-to-ship interaction 
models, traffic flow simulation models, 
and real-time manoeuvring simulators.

Terminal design
The design of an LNG or floating 
storage re-gasification unit (FSRU) 
terminal must consider nautical aspects 
regarding jetties, mooring-fendering 
equipment, fairways and navigable areas 
(horizontal and vertical), met-ocean 
studies and operational procedures 
(access and mooring of design ships, 
larger ships, operational limits, traffic 
analysis, tug requirements, mooring 
analysis and passing ship effects). The 
LNG traffic also requires a detailed 
nautical r isk analysis which should 
inc lude complete HAZID/HAZOP 
processes. It is finally recommended to 
conduct Real Time Simulation Training 

programs for pilots, captains, officers and 
tugmasters.

Tools and methodology
Several advanced software tools are 
available to support very precise analyses 
in several areas:
• Dynamic mooring models: software 

to analyse the mooring conditions 
of a ship either in operational 
conditions (loading/unloading) 
or survival conditions (limits for 
stay at berth). The results of the 
model permit the evaluation of ship 
motions and forces on mooring 
lines and fenders under specific 
weather and sea conditions. The 
main application is the design and 
optimisation of moorings at sea 
terminals

• Passing ship interaction: incase 
the terminal is exposed to a transit 
channel, it is necessary to evaluate 
the forces and moments that passing 
vessels generate through a narrow 
navigation channel on one or more 
moored vessels. Therefore, it is 
possible to assess the transmitted 
loads to fenders and mooring 
elements of the terminal

• Traf f ic  s imulat ion: i t  i s  a l so 
recommended to est imate the 
capacity of a port when a new 
development is planned to check 
if the design requirements are 
satisfied, in terms of capacity of 
port facilities and expected traffic 
(anchoring areas, number of pilots, 
tugs, dimensions of fairways). For 
this purpose, numerical models are 
also available to identify eventual 
bot t l enecks  and  to  e s tab l i sh 
preventive measures

• Manoeuvring tools: "fast-time" 

and "real-time" simulators allow 
reproducing the behaviour  of 
a specific ship manoeuvring in 
certain area under the control of 
an autopilot or a real captain/pilot, 
respectively. Real-time simulation 
incorporates a human factor in the 
development of ship manoeuvres 
and more accurate and reliable 
results are therefore obtained. As a 
consequence, this way of working 
is the most beneficial for a detailed 
analysis of complex manoeuvring 
conditions, when human factors 
(perception and decision making) 
become more important

Design of infrastructure
Different options for an LNG berth can 
be considered in the design stage. The 
LNG terminal can be constructed in a 
new or an existing port. It can consist of 
a standard terminal with a regasification 
plant and storage tanks onshore as well as 
a jetty (gravity structure, piles or jacket) to 
receive LNG carriers. As an alternative, 
an FSRU can be moored permanently at 
the jetty, and the LNG carrier could be 
connected to her across the dock (ATD) 
or ship-to-ship (STS). The following 
factors have to be considered:
• L a n d  f a c i l i t y  r e q u i r e m e n t s , 

connectivity to a gas network, 
nautical  aspects , physical  and 
e n v i r o n m e n t a l  c o n d i t i o n s 
(bathymetry, soil, tide, current, 
wind, waves) interaction with berths 
nearby, interaction with traffic, 
safety/efficiency and capex/opex

The design of the mooring and 
fendering equipment must be carefully 
conducted following guidelines from 
SIGTTO (the Society of International 
Gas Tanker and Terminal Operators) and 
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OCIMF (Oil Companies International 
Marine Forum). Navigable areas, both 
horizontal and vertical dimensions, 
should be designed following PIANC 
(International Navigation Association) 
guidelines. The definition of the required 
UKC (Under Keel Clearance) is also 
a critical aspect in this stage. These 
results can be optimised using real-time 
simulator that will also allow defining a 
safer access.

Operational procedures
Before LNG carr iers can access a 
terminal, operational limits must be 
defined. International standards are quite 
demanding as safety aspects prevail on 
LNG. So, tide and current limits, wind 
and wave thresholds, as well as visibility 
depend on ship size.

Tug requirements depend on LNG 
carr ier dimensions, and met-ocean 
conditions need to have a clear definition. 
The use of tugs during the approach 
manoeuvre, berthing operations, the need 
of a stand-by tug and finally the type, 
number and required bollard pull need 
to be defined, taking into account the 
efficiency in waves of each particular unit.

T h e  p r e l i m i n a r y  l i m i t s  a n d 
requirements are obtained based on the 
existing guidelines. However, the use 
of more accurate tools, such a "fast-
time numerical models" or "real-time 
simulators" allow a better definition of 
these factors.

In the same way, the mooring layout of 
design ships must consider the local met-
ocean conditions. Depending on the main 
particulars of ships and the admissible 
motion limits (arm disconnection), a 
mooring optimisation can then be defined 
to optimise the availability (opposite of 
downtime) of a terminal. The cost-benefit 
of this kind of analysis is very profitable 
and the optimised fenders, hooks and 
mooring layout can be proposed. This 
kind of study is especially recommended 
for partially exposed terminals, which 
require a precise definition of the wave 
conditions at berth.

The traffic analysis will define the 
LNG requirements. Safety distances, 
one-way traffic, channel priority, LNG 
transfer safety area and passing distances 
all must be taken into consideration.

Nowadays, larger ships are sailing 
through the seas. From the conventional 
LNG carriers (125.000–145.000m3), new 
ship classes have been constructed such 
as the Q-Flex (216.000 m3 in 2007) and 
Q-Max (266.000 m3 in 2008). It is also 
normal that this new traffic with higher 
capacity, dimensions and displacement 
features a different propulsion and 
steering system which means operational 

procedures must be reviewed (adapt/
upgrade operation in terms of tugs, 
limits, equipment, upgrade infrastructure, 
dredging, jetty). A joint analysis including 
terminal operator, maritime authorities, 
pilots, tugs, shipping companies and 
engineering companies is the most useful 
procedure to agree on updated operation 
procedures.

Nautical Risk Assessment 
E v e n t u a l  r i s k  s c e n a r i o s  ( v e s s e l 
groundings, collisions, etcetera) must 
also be evaluated. The consequences 

of such incidences can be estimated 
with the proposed tools and preventive 
or corrective measures can be defined 
accordingl y. Once  the  nav igat ion 
conditions are defined, the consequences 
of extraordinary events must be analysed 
(propulsion or steering failures, reduced 
visibility, positioning errors, sudden 
increase in wind speed) either caused 
by the LNG vessel or ships operating in 
adjacent berths. 

These type of events go beyond the 
usual difficulties for ship steering in 
normal manoeuvres. The objective 

Figure 2: Simulation Center (3 bridges)

Figure 3: Simulation study with Maersk Triple E container vessel

Figure 1: Real time simulator. Full Mission. Siport21
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of  these  s tudies  i s  there fore  the 
identification, analysis and evaluation of 
different risk hypotheses which could be 
expected during the development of LNG 
and oil operations. As a result, preventive 
or corrective actions and measures will be 
defined and tested. As a reference, IMO 
recommendations will be considered 
regarding risk situations. 

This information will be used as a basis 
for the definition of navigation restricted 
areas and the elaboration of contingency 
plans and will be a critical aspect during 
the HAZID/HAZOP processes. This 
will create a global approach coordinating 
all the information with all the involved 
agents (terminal, port authority, port 
operators) and will define a clear criteria 
to adopt for the normal emergency 
operations of the terminal.

Simulation training
As a final step in the design process, 
a  spec i f i c  t r a in ing  p rog r am c an 
offer captains and officers previous 
familiarisation with the new vessels 
and navigation and key areas vital for 
safe manoeuvring. For this purpose it is 
important to conduct a detailed analysis 
of the available data in the preliminary 
stages of a study. The selection and 
modelling of representative scenarios 
and the definition of a proper simulation 
program to cover the aims of the project is 
necessary. This kind of analysis will create 
improved knowledge of local conditions 
and manoeuvring strategies, as well as 
better communication procedures between 
the involved technicians. 

Conclusion
Specific tools and their application in 
the complete design process of port 
terminals (infrastructure and equipment), 
establishment of operational rules (access, 
towing, load/unload), risk assessment 
and contingency plans (dangerous 
goods terminals) and the transfer of this 
information to the stakeholders through 
training have been listed.

Port infrastructure is designed for 
an operational life time that lasts more 
than a vessels life time. Therefore, it is 
frequent that ports and terminals have 
to accommodate vessels with dimensions 
over those initial ly projected. This 
is happening with LNG carriers in 
particular. New vessel classes force a 
review of terminals and require the 
participation of several stakeholders. 
Therefore all parties have to come to 
an agreement on updated operational 
procedures, which might include defining 
training programs for masters, officers 
and pilots prior to the access of new 
vessels.

Figure 4: Training course at Bahia Blanca LNG Terminal (Argentina)
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