
66   PORT TECHNOLOGY INTERNATIONAL www.porttechnology.org

MOORING AND 
BERTHING

Introduction
LNG is one of the fastest growing hydrocarbon fuels in the 
present and foreseeable future. Capacity for liquefaction and 
shipping is becoming available and new import terminals are 
being developed. Often these new terminals are land based in 
existing port areas or located in specially developed new port 
infrastructure. This results in, not only increased port congestion 
and related availability problems of both the new LNG 
terminal and the existing port facilities, but also notably higher 
construction and maintenance costs.

Offshore LNG import terminals, and in particular Single 
Point Moor ing (SPM) type terminals, circumvent the 
disadvantages of expensive new port infrastructure and build 
on more than 40 years of experience with offshore transfer 
of products in the oil and petrochemical industry. This article 
presents two cost effective SPM based alternatives for offshore 
LNG transfer that form an attractive option for LNG terminal 
developers.

Background
Energy analysts Cambridge Energy Research Associates (CERA) 
predicts that the global LNG liquefaction capacity will have 
grown to 60 Bcfd by 2012 compared to the current capacity of 
24 Bcfd. In terms of million tonnes per annum: 438 mmtpa in 
2012 compared to 175 mmtpa in 2006. To handle this increased 
volume of LNG many new LNG receiving terminals will be 
required and many more are planned, for example in the US, 
Europe and China.  

Comparing the investment of a ‘traditional’ LNG project 
(including gas production, l iquefaction, shipping and 
regasification) to that of a ‘traditional’ oil field development, 
the most str iking difference is the capital required; a 
‘traditional’ LNG project is nearly 10 times more expensive. 
Typically the receiving terminals only represent 10 per cent 
of the total investment of the entire project. Even a substantial 
cost reduction in the import terminal will only have a marginal 
effect on the overall project economics, and thus the project 
developers have generally been extremely conservative (i.e., 
merely copying traditional methods) in the selection of their 
terminal technology concepts so as not to put the total project 
at risk.

However, with growing LNG production, more LNG 
will also become available that is not sold beforehand. 
Generally liquefaction plants are built with ‘spare’ capacity, 
creating the possibility for spot trading. Also, due to the high 
oil pr ice, LNG is increasingly being seen as an alternative 
to more expensive fuels such as HFO or diesel oil, e.g. for 
power plant fuelling. These two factors will contribute to the 
development of LNG receiving terminals with or without 
storage that are developed independently, i.e. without 
dedicated liquefaction capacity. For the developers of these 
terminals, the economical feasibility is determined solely by 
the costs of the terminal, thus creating an opportunity for 
novel, cost effective LNG terminals.  

Offshore transfer of LNG
Since there is a wide var iance in the terminal owner’s 
requirements in terms of throughput and storage as well as in the 
water depth and environmental conditions between the potential 
sites, every terminal development requires a unique conceptual 
design to serve each application’s specific characteristics. The 
following aspects determine the basic terminal concept:

•  System Capacity: Typically, the required capacities of new 
receiving terminals can range between 1 and 20 mmtpa. The 
small capacity terminal typically dedicated to servicing a 
power plant and the large capacity terminal feeding into a gas 
distribution network.

•  System Availability: On the supply side, the investments made 
in the LNG production and transport chain are large, therefore 
the costs associated with downtime of LNG production and/or 
demurrage of the carriers are also higher. High marine system 
availability can be achieved by using weathervaning mooring 
systems as opposed to jetty berthing that is much more sensitive 
to adverse weather conditions. On the demand side, a continuity 
of gas supply can be guaranteed by adopting suitable buffer storage 
in the form of liquid storage or increased pipeline pressure.
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Figure 1. Typical SPM CALM buoy.



PORT TECHNOLOGY INTERNATIONAL   67 

MOORING AND 
BERTHING

•  Suitability for ‘Open’ and ‘Dedicated’ terminals: The current 
market trend indicates that a spot market for LNG is developing. 
To allow flexible and efficient operation of terminal facilities, it 
is essential that standard vessels of opportunity can be utilised. 
Thus transfer of LNG in all systems takes place at the midship 
manifold with only minimum adaptation of the LNG carrier 
required. At the same time, we recognised that the majority of 
projects are still being developed on the basis of an integrated 
supply chain for the life of the field. Such terminals will handle 
a dedicated fleet of LNG carriers and any vessel modifications 
necessary to accommodate other vessels. For example, a bow 
loading system will be a negligible investment in the overall 
scheme.

•  Onshore or Offshore Storage and Regasification: 
Regasification offshore may disregard the need for onshore 
storage and regasification, but will also require additional vessel 
time at the terminal or offshore LNG storage facilities. However, 
large scale offshore regasification combined with salt dome 
storage is an alternative whereby this problem is avoided.

SPM type offshore LNG terminals
The SPM type terminal has been successfully implemented and 
accepted over the past three decades by the oil and petrochemical 
industry (Figures 1 and 2). These terminals have proven to be 
very cost effective as there is no need to develop an extensive 
port infrastructure, e.g. channel dredging, breakwaters and jetties. 
Also, operations are more efficient and safe since navigation of 
congested waterways is avoided and offloading operations can 
be performed at a safe distance from the storage tanks and from 
other human activity. The berthing of tankers at the SPM can take 
place with minimum tug assistance and with vessels of virtually 
any size. The same issues hold true for LNG terminals, therefore, 
the same need exists for safe, efficient and reliable offshore LNG 
transfer systems.

Key advantages of offshore terminals 
incorporating an SPM
•  No need for port/harbour infrastructure – Products will be 

imported or exported via a pipeline without the need for any 
quays. Sighting of the terminal is therefore no longer dedicated 
by a suitable harbour location. This provides tremendous 
flexibility to the project team when selecting the optimum 
location with respect to permitting for storage and re-
gasification facilities, the in-land infrastructure and markets, and 
may significantly reduce the development time.

•  No need for dredging: The terminals are located in deeper and 
open waters, thus no depth maintenance by dredging is required.

•  A safe distance between the LNG carrier offloading operations 
and the storage tanks is assured since the SPM is situated away 
from the coastline and away from industrial and populated areas.

•  Less need for tugs and no need for port-pilots or harbour 
operations – The open waters are far less congested than inshore 
waterways, correspondingly increasing the manoeuvrability 
and safety of marine operations. This holds particularly true 
for LNG operations where it is common practice for an LNG 
carrier entering a port area to maintain a ‘moving’ exclusion 
zone where no other traffic is permitted to enter in order to 
prevent a collision. The exclusion zone typically extends 1~2 
NM ahead and astern of the vessel, while traffic is not allowed 
to cross closer than 1.5 NM ahead and 0.5 NM astern. In ports 
with narrow access channels, traffic coming from the LNG 
carrier’s opposite direction will be stopped completely or halted 
in a passing place. Thus the impact of LNG traffic on other port 
operations is significant and will affect the overall economics.  

•  No carrier size restrictions – SPM systems can be designed to 
accommodate any size carrier. Carriers are typically moored at 
the bow only, which makes the system virtually insensitive to 
the length and width of the vessel. 

•  All-weather functionality and rapid turnaround – A key feature 
of an SPM system is its weathervaning capability. The SPM is 
able to weathervane freely through 360°. This allows the tanker 
to approach the system from any direction. Therefore, depending 
on the environmental conditions at any given time, the most 
favourable direction is chosen for tanker approach. Once 
moored, the vessel will find a neutral position resulting in the 
lowest environmental loads and safest vessel sea-keeping.

The weathervaning jetty
The weathervaning jetty, developed by Bluewater under the name 
‘Big Sweep’ combines the advantages of single point mooring 
and loading at the mid-ship cargo manifold (Figures 3 and 4). 
It is designed to receive a wide range of LNG carriers from 
70,000 to 200,000 m3 capacity. Since the unit is also equipped 
with marinised conventional loading arms it can connect to a 
standard mid-ship manifold without the need for modifications 
to the LNG carrier. As a result it can load from practically any 
LNG carrier, existing or under construction. Alternatively to the 
loading arms, the unit can be equipped with large bore flexible 
hoses that are currently under development by the industry.

Figure 2. Typical SPM loading tower.

Figure 3. Weathervaning jetty with Conventional Loading Arms.
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The weathervaning jetty offloads LNG directly through a 
subsea pipeline to shore or to a near-by storage and/or re-
gasification platform. The offloading operation for a 150,000 m3 
LNG carrier is completed in less than 20 hours, including initial 
approach, connection, loading and departure. 

The Regas Vessel
The Regas Vessel system (Figure 5) allows mooring of the LNG 
tanker to a SALM-type SPM (Single Anchor Leg Mooring). 
Alongside of the carrier a mono-hull or semi-submersible type 
vessel takes up station and connects its cryogenic fluid transfer 
system to the carrier midship manifold. LNG then flows through 
a seawater heat exchanger on the Regas Vessel and into flexible 
risers toward the seabed pipeline to the shore. A full LNG cargo 
load can be regasified in 2 to 5 days. The Regas Vessel is a marine 
style operating vessel and can easily undergo maintenance at any 
suitable port location. Deployment and re-deployment of the 
system is quick and straightforward.

Marine operational aspects
The LNG carrier approach and mooring procedure to the 
weathervaning jetty or the SALM belonging to the Regas Vessel 
is similar to the approach of an oil tanker to a conventional SPM 

system. The operation requires a work boat for hawser handling 
operations. Tug support is not required, however depending on 
the weather, LNG carrier propulsion capabilities and operational 
experience; tug boats may be used for assistance or stand-by.

After the carrier is moored by means of the bow hawser, the 
weathervaning jetty or the Regas Vessel is positioned alongside 
the carrier and cargo loading operations can commence. Loading 
operations can continue in sea states of up to 3.5 m significant 
wave height, which is much higher than the 1.0 to 1.5 m 
significant wave height limit typical on most conventional jetties.

The future of LNG terminals
Bluewater has successfully installed many offshore terminals 
based on SPM systems over the past 25 years. The design and 
operational philosophies applicable to those terminals have 
also been fully applied to the design and implementation of 
the fully weathervaning LNG SPM type offshore terminal. 
The technology for cryogenic fluid handling and regasification 
have now evolved to maturity for implementation in an LNG 
offshore SPM type terminal. With the forecasted increase in 
liquefied gas projects over the next five years, LNG SPMs are 
expected to provide an economical and safe alternative to 
traditional methods of LNG transfer.
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Figure 4. Model testing of  weathervaning jetty operations. Figure 5. Regas Vessel with SALM mooring.


