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These paper arises from an FSU (Floating Storage Unit) project in which we have been directly involved
on board the LNG vessel Seapeak Hispania. We have attended triple banking operations inside and
outside of working hours and investigated the documentation and protocols necessary to carry out this
type of operations, being on this ship the first time it has been carried out in the history of the company.
Merchant navy.
Understanding what triple banking is and what the on-board procedure is to be able to carry it out have
been the two points on which We have focused in this work since it is an operation that has not been
seen before and of which the books They do not speak, therefore, participation and research on board
have been the key aspects for the development of this work.
As a result, We have obtained the necessary information to publicize this type of operations through the
procedure used to carry out a safe operation, thus avoiding material or human losses.
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1. Introduction.

Liquefied natural gas (LNG) is natural gas that has been
processed to be transported in liquid form. It is used to mone-
tise remote and isolated reserves, where it is not economical to
bring the gas to market directly either by pipeline or by elec-
tricity generation. Natural gas is transported in liquid form (at
atmospheric pressure and -163 ◦C). This makes it cost-effective
to transport, as the volume it occupies under these conditions is
1/600th of the volume it will occupy at the time of consumption.
It is transported in special ships called LNG carriers. LNG is
odourless, colourless, its density (relative to water) is 0.45 and
it only burns if it comes into contact with air at concentrations
of 5 to 15 %.

LNG is transported at atmospheric pressure in specially con-
structed double-hulled vessels. The cargo containment system
is designed and constructed using special insulation and tank
materials to ensure the safe transport of this cryogenic cargo.
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The LNG in the ship’s cargo tanks is kept at its satura-
tion temperature (-161 ◦C) throughout the voyage, but a small
amount of vapour is allowed to dissipate by boiling off, in a pro-
cess called ‘self-cooling’. The evaporated gas is used to drive
the ship’s engines’ or, in this case, to fuel the steam boilers
(Wikipedia, n.d.).

The triple banking operation (TBO) consists of the simulta-
neous offloading of a loading vessel, which we will call LNG, to
the FSU (Floating Storage Unit) and in turn to a Shuttle Vessel
(SV). In this case, when we talk about FSU, we are referring to
the vessel Seapeak Hispania, which will be the ‘intermediary’
between the LNG and the SV.

For these operations we must assume that due to the charac-
teristics of the FSU (steam turbine without reliquefaction plant
or GCU) its capacity to manage evaporation is very limited and
it cannot receive steam return from the SV during the operation.
In addition to this, it is also recommended that the LNG can as-
sume a high vapour return rate. The temperature and pressure
of the cargo on arrival at the FSU should be as low as possible.

2. Methodology.

A triple banking loading operation generally refers to a lo-
gistics and operational strategy used in industries such as ship-
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ping, transport, and logistics, where multiple modes of transport
or loading mechanisms are utilized simultaneously to optimize
efficiency. This methodology is often employed to improve
turnaround times, reduce costs, and enhance service levels.

2.1. Objective Definition.

Clearly define the operational goals of the triple banking
loading operation, such as:

• Reducing loading and unloading times.

• Minimizing idle times for vehicles or equipment.

• Maximizing the throughput of goods in a facility.

2.2. Planning and Design.

Site Analysis: Evaluate the logistics site layout to under-
stand the flow of goods, access points for loading/unloading,
and storage capabilities.

Transportation Modes - Maritime Transport: Ships for in-
ternational shipping.

Loading Protocols: Establish protocols for how cargo will
be loaded, including safety standards and best practices.

Coordination and Communication: Communication Systems:
Implement real-time communication systems (like radios or apps)
for quick coordination between teams managing the different
loading operations.

2.3. Execution of Loading Operations: Safety Checks.

Ensure all safety protocols are adhered to during loading,
such as securing cargo and following operational safety guide-
lines.

The methodology behind a triple banking loading operation
involves a comprehensive approach that incorporates strategic
planning, real-time execution, performance monitoring, and con-
tinuous improvement. By effectively integrating multiple load-
ing mechanisms, organizations can achieve enhanced opera-
tional efficiency, reduce costs, and improve service delivery.

Figure 1: Triple Banking Operation.

Source: Reganosa Company.

Figure 2: Opening and Closure: CTS Furcata Vessel.

Source: Authors.

Figure 3: Opening and Closure: CTS Fraseri Vessel.

Source: Authors.

3. Results.

3.1. Procedure for triple banking operations.
3.1.1. LNG arrival and hose connection.

There are two scenarios that can occur in this type of oper-
ation:

1. Having an SV moored to port alongside the FSU engaged
in STS (Ship to Ship) operations.

2. Not having a SV moored alongside.

For the first one, FSU, i.e. the vessel Seapeak Hispania, will
unload the SV with a cargo pump being a common or ‘ship to
ship’ (STS) unloading. The loading operations must be stopped
before the LNG carrier mooring manoeuvre begins.

For the second, which is the most frequent, LNG will ap-
proach the starboard side and, for legislative reasons with Ger-
many, until the mooring manoeuvre with the LNG carrier is
completed no further manoeuvre with the SV can take place.

Once the LNG vessel is moored to FSU’s starboard side, the
mooring manoeuvre of the SV to the port side can commence.

Once both mooring manoeuvres have been completed, both
vessels will be handed over the materials required for the oper-
ation.
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For dual connection, 16‘ to 8’ reducers (total 8 hoses) will
be installed on the port LNG manifold (liquid 3 and 4+ vapour).
The hoses shall be inerted with nitrogen (N2) before starting the
operation.

The connection of the hoses will be carried out by LNG
personnel and using the FSU vessel’s crane. The same shall be
done for the connection of hoses to the SV.

After completion of the hose connection on both sides a
pressure/leak test shall be performed with nitrogen at a pressure
of 5 bar for liquid hoses and 2 bar for vapour hoses.

3.1.2. ESD (Emergency shutdown) test procedure.
Once the pressure test is successfully completed, an ESD

test will be carried out between LNG, FSU and SV. For this
purpose an electrical connection cable shall be sent to both ves-
sels to have ESD communication and start testing.

1. Ensure that the pressure in the hoses has been fully re-
lieved after the pressure test.

2. The electrical system shall be used and a cable shall be
transferred from FSU to both vessels.

3. All parts shall be connected to the system in override con-
dition in order to avoid unwanted ESD tripping.

4. Once the link is found to be in good condition on both
sides, LNG, SV and FSU shall organise and align the
system for further testing. The ESD valves on both sides
must be open (ensure that no pressure has built up in the
hoses before opening the valves).

5. Due to the configuration of the ESD system, FSU must
stop burning gas for testing. This will compromise the
pressure management in the FSU tanks, so these opera-
tions should be performed as quickly as possible to min-
imise the pressure build-up.

6. After removal of the override on both sides, three hot
ESD tests shall be performed from FSU to LNG and SV
and vice versa. Hot ESD is the test before cooling of the
hoses.

7. For cold conditions, an open/close test of the ESD valves
shall be performed provided that the system operates cor-
rectly during the cold stroke test.

8. Once the system is supported on both sides. The bond
shall be maintained in line between the three parts.

3.1.3. Management of generated steam.
The management of the generated vapour is a key part of the

whole OTB procedure. Due to the characteristics of the FSU,
its capacity to handle large amounts of evaporation is limited,
so during this operation the reception of evaporation from the
SV will be impossible.

The LNG will have to arrive at the FSU with the minimum
pressure and temperature in its tanks to be able to handle the
excess boil-off gas generated in the FSU, especially during the
first stage of the operation.

1. Upon completion of the hot ESD test, LNG shall open its
ESD steam valves to be ready to receive steam from the
FSU.

2. FSU shall control the steam flow through its control valve.
3. The ideal situation should be to manage the pressure only

from the free flow from FSU to LNG. This will only be
possible if LNG and FSU can keep their pressure stable
during the whole operation.

4. In case FSU or LNG cannot keep their pressure stable by
free flow, the flow should be reduced or even the loading
operation should be stopped until the pressure is manage-
able.

5. Evaporation management shall continue until the time of
steam hose disconnection after draining and purging of
the hoses.

3.1.4. Hose Cooling.
The cargo lines on FSU and LNG will be cooled prior to the

arrival of the LNG. Only the cargo hoses and manifolds shall be
cooled before the start of operations, i.e. the hoses connecting
the two vessels.

1. Before starting the FSU’s spray pump, the LNG shall be
lined up to cool its cargo lines by opening the ESD valves
and double shut-off valves on liquid arms 3 and 4.

2. The LNG vapour ESD valve and also the intermediate
valves shall be opened to allow vapour to flow to its side
when necessary. FSU will open the manifold valve but
keep the regulating valves closed until such time as it
needs to send return steam.

3. The FSU will start a recirculating spray pump and cool
its spray manifold for approximately 20 minutes.

4. After the spray manifold has cooled down, the FSU will
open the cooling valves on manifolds 3 and 4.

5. The liquid flow to the hoses must be slow in the first stage
due to the large amount of vapour generated. The cool-
ing rate will be gradually increased while controlling the
pressure increase. In this case the flow rate has to be re-
duced.

6. When the collectors, LNG, SV and FSU, are completely
frozen, the cooling is completed. This usually takes 45 to
60 minutes.

3.1.5. Initiate loading from LNG.
The intention of the OTB is to charge the SV with the el-

evated pressure in the liquid manifold of the FSU during the
unloading of the LNG.

Obviously, there must be no pressure in the FSU liquid man-
ifold to start this operation.

We assume that all lines, manifolds and hoses of the three
vessels involved in the operation are cold and ready to deliver /
receive cargo.

1. In the SV, the ESD valves and double shut-off valves for
liquid hoses should be open and ready to receive cargo.

2. On the FSU port side manifolds, the ESD valves on the
liquid hoses shall be open and the double shut-off valves
shall be closed.

3. At the LNG manifold, the liquid and vapour ESD valves
shall be open. The vapour return lines and valves shall be
aligned to receive vapour from the FSU.
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4. On the FSU starboard manifold, the liquid and ESD vapour
valves shall be open. The intermediate vapour valves
shall be closed and ready for operation as soon as it is
necessary to handle boil-off gas.

5. In the FSU, at least two tanks shall be fully open and the
other two partially open.

6. The LNG will begin to start up its pumps, putting the
first one into recirculation and opening the butterfly valve
slowly to allow filling the liquid manifolds on both ves-
sels and hoses without any pressure increase. At this
point the loading operation begins.

7. Once the first pump is aligned at minimum speed and
after verifying that all lines, manifolds and hoses are in
good condition, FSU and LNG shall agree to start the fol-
lowing pumps until a maximum LNG manifold pressure
of 5 bar is reached which shall be considered as full rate.

8. At the same time, when the FSU reaches a pressure of
2 bar in its liquid manifold, the double shut-off valves
of the port liquid manifold shall be progressively opened
until 100% is reached. This shall result in a pressure drop
in the liquid manifold of the FSU.

9. The next key step in the operation is to stabilise the pres-
sure in the FSU liquid manifold to allow liquid to flow
into the SV. This pressure will depend on the rate required
by the SV. At this stage, the FSU has no means of know-
ing the flow to the SV (there is no flow meter on board),
so continuous feedback from the SV will be necessary to
know an approximate rate.

10. Once the LNG is being discharged at the required rate,
the pressure in the liquid manifold of the FSU will be
managed in closed operation with the SV and the LNG
opening or closing the cargo tank valves in the FSU. This
operation shall cause a variation in the pressure in the
LNG unloading pumps and shall therefore be carried out
in a smooth manner and with active communication with
the crew of the vessel.
On board, we think of it as having 5 tanks, i.e. 4 FSU
tanks and one SV tank. Therefore, if we throttle the fill-
ing valve of one of the FSU tanks, it will increase the
flow to the SV tank.

11. We will always be filling all 4 FSU tanks at the same time
but limiting the flow into each tank to avoid heating any
of the cargo tanks and not having to use the spray pump to
cool them as this would generate boil-off gas and further
increase the pressure in the cargo tanks.

12. There will be different scenarios during OTB depending
on the timing of the operations and, the pressures in the
FSU will change causing variations in the SV flow rate
and pressure in the LNG. These scenarios are:

• Pump intensification in LNG.

• Deceleration of pumps in LNG.

• Filling of tanks in FSU.

• Changing/adjusting the rates of loading tanks at FSU.

• Start of loading in SV.

• Filling of tanks in SV.

• Finished loading in SV.

Most sensitive to pressure changes is filling and end of
loading in SV and FSU.

3.1.6. Tank filling and final loading in SV during TBO.
1. 1 hour’s notice is required from the SA prior to the com-

mencement of the filling/defuelling of its tanks.
2. As SV requires to reduce the rate, FSU will reduce the

pressure in its liquid manifold via the tank valves if load
conditions permit. Otherwise, the LNG should reduce the
flow rate.

3. At the same time, FSU will start to gradually close its
double shut-off valves on the port side manifolds, closely
checking that the pressure in the liquid manifold does not
increase too much.

4. The FSU shall continue to close the double shut-off valves
as required by the SV until both tanks are full. When the
double shut-off valves are completely closed, the loading
of the SV can be considered completed.

5. The SV has to leave its ESD valves double-closed and at
least one tank open to allow the lines to drain.

6. Once the SV charging lines are depressurised, the FSU
will close its ESD valves on the port manifold to begin
draining, purging and disconnecting the charging hoses.

3.1.7. Filling of tanks and completion of loading in FSU during
TBO.

1. The FSU shall give one hour and 5 minutes’ notice to the
LNG.

2. The FSU shall request a flow reduction from the LNG
(this shall also result in a load flow reduction in the RV
as long as the OTB is followed).

3. The FSU shall start closing the tanks one by one and op-
erate its valves slowly to avoid excessive pressure build-
up.

4. The FSU will continue to close the tanks gradually in
coordination with the reduction of the LNG flow.

5. The last step of the refuelling will require always keeping
at least one tank open in the FSU with the LNG pump
flow rate at minimum (min. 700 max. 1000 m3/h) before
stopping the refuelling.

6. Once it has been confirmed that the load has been stopped
and the manifold pressure in the FSU and LNG has de-
creased, the ESD manifold liquid valves on both mani-
folds can be closed. The vapour return will remain open.

3.1.8. Draining, purging and disconnecting LNG hoses.
In this case, draining and purging of hoses should be done

from the LNG to the FSU due to the difference in heights. How-
ever, this is not the case.

For this operation the final pressure in the tanks should be
as low as possible and the steam hose will be disconnected last.
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1. After loading/unloading is completed and the manifold
valves are closed, the liquid hoses should be sprayed with
water at the lower bend where the liquid gas tends to ac-
cumulate in order to perform a warm-up so that no liquid
remains in the hoses.

2. The heating of the hoses will cause the pressure in the
hoses to start to increase. When this pressure reaches
5 bar, it will be released to the LNG tanks through the
liquid line directly or through bypass valves to the spray
manifold.

3. This operation shall be repeated until it is observed that
the lower elbow of the hoses does not freeze.

4. At this stage, the purge manifolds of the FSU and LNG
must be opened slightly to check that no liquid gas is
flowing.

5. The next step is the purging of the liquid hoses with ni-
trogen. The pressure will be increased to 5 bar with nitro-
gen and released to the LNG tanks through manifold and
spray manifold shut-off valves. As seen in this operation,
3 purge cycles of 15 minutes of pressure increase (up to
5 bar) and 5 minutes of depressurisation are performed.
At the end of the 3 cycles of 20 minutes this operation
ends. The CH4 measurement in the LNG (the side to be
disconnected) must fall below 80% LEL. At this point
the hoses are considered ‘liquid free’ and disconnection
of the liquid hoses can begin.

6. The ESD valves on the vapour hoses can now be closed
to begin purging.

7. In this case, the blowdown will be done to the LNG be-
cause nitrogen cannot flow into the FSU vapour header
because it always burns only gas and the presence of ni-
trogen in the header can cause the boilers to shut down.

Again, when the CH4 (methane) measurement in the LNG
(the side to be disconnected) falls below 80 % of the LEL, we
can consider the hose to be free of gas and disconnection can
begin. This is achieved by performing a continuous sweep with
nitrogen.

Conclusions.

The triple banking operations, initiated by the FSU project
in northern Germany to supply gas from Russia, is a good activ-
ity proposal to speed up the loading of the different supply ves-
sels while the gas pipeline is being built in the northern part of
the country. On the other hand, there are aspects of the project
that need to be improved that are essential for the safety of the
operation. These include the following:

• The vessel ‘Seapeak Hispania’, lacking a GCU (gas com-
bustion unit) and a reliquefaction plant, is not capable of
managing the amount of steam generated on board by it-
self. Because of this, we have encountered problems with
pressure build-up in the cargo tanks and had to stop op-
erations until the pressure dropped to a safer level.

At this very point we encounter another problem as it is
necessary to cool the lines and tanks again which will
generate more ‘boil off’ thus increasing the pressure in
the tanks.

• External forces have been a weight handicap during oper-
ations as they are another factor to be taken into account
for the safety of the operation. There are stipulated refer-
ence values that are fundamental to stop cargo operations
whether they are triple banking or STS. This, during a
triple banking operation, entails the mobilisation of many
crew members and man-hours to disconnect both mani-
folds, as in bad weather it is not enough to stop opera-
tions, it is also necessary to undock both vessels to avoid,
among other problems, the rupture of cargo hoses.

• The last point as a weight improvement aspect that I have
noticed concerns the safety of the crew. The emergency
plan for leaving the ship during the triple banking opera-
tions was slightly modified by including a life raft on the
port side and another on the starboard side at the stern.
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