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1 Abstract 
Remora Technology together with ConocoPhillips Inc, has developed the HiLoad technology 
over the last three years for loading and discharging of oil at offshore locations. The HiLoad has 
been thoroughly engineered and model tested, and is ready for fabrication.  
 
The HiLoad (i.e. DP-Terminal) is a dynamically positioned Loading Terminal that will be able to 
connect to any standard tanker that has a relatively flat bottom. It will dock onto the tanker in a 
similar way as a forklift picks up a pallet by use of a ballast system installed in the unit. After 
connection, a high capacity friction attachment system is activated in order to transfer forces 
from the DP-Terminal to the ship.  
 
The DP-Terminal is equipped with three thrusters that will be used to keep the tanker in position 
during the offloading operation. It is equipped with a DP system, allowing the tanker to weather 
vane, (i.e. no heading control) this enables the DP-Terminal to hold the tanker in position during 
offloading with limited thruster forces compared to standard DP tankers. This has been 
documented with numerical simulations and position keeping tests at Marintek in Trondheim, 
Norway. The work verified that we are able to keep position errors within required limits without 
excessive use of thruster force. 
 
The DP-Terminal has been particularly developed for Deep Water applications and requires no 
mooring lines to the seabed. 
 
The technology can also be used for other applications and developments are ongoing for 
HiLoad as LNG terminal and crude oil receiving terminal. 

2 Introduction 
The HiLoad is a newly developed system for offshore loading of hydrocarbons, basically 
intended for deepwater applications.  The development has been carried out by Remora 
Technology, with technical and financial support by ConocoPhillips Inc. 
 
The development work has been carried out in four steps: 
 

1. Conceptual Engineering and Feasibility Study 
2. Scale model testing and Full-scale testing of tanker interface 
3. Detail Engineering with 3rd party verification 
4. Position Keeping Test (DP-Test) 

 
 
This paper will give a general technical description of the HiLoad offshore loading system, and 
with emphasize on the station keeping capability for the system. The paper will describe the tests 
performed and the results achieved. To obtain correct current drag coefficient data, wind tunnel 
tests where also carried out at DMI Denmark, this will be seen in relation with the model test at 
Marintek.  
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3 Background 
Offshore loading of oil has been done for many years. Today’s offloading technology needs 
special shuttle tankers with DP-System (North Sea) or standard tankers with tug assist (i.e. CALM 
buoy, tandem, etc) The goal was to develop a safe and cost effective loading system that could 
be used in combination with any tanker of opportunity and at the same time increase the 
operational limits. The DP-Terminal should also be able to connect, offload and disconnect 
without any tug assistance. 
 

 

Figure 1 – Architectural Layout CALM and HiLoad 

 
 The use of offshore storage using a ship-shape hull permanently moored on location is a very 
common solution for field developments in most areas of the World. Especially in West Africa this 
has become a typical approach. Due to very constant wind and current directions, most of the 
FPSOs/FSOs are installed using a spread mooring system. Offloading is normally done either by 
use of a CALM Buoy some 2km away, or as tandem offloading from the stern. 
 
The loading rate for such storage offloading is based upon loading of a 1.000.000 bbls tanker in 
approximately 24h. The DP-Terminal is capable of connecting onto any OCIMF compliant tanker, 
and keep the tanker within a defined operational area during the loading operation. 
 
Position keeping and disconnecting will be possible in 1-year environmental condition. The DP-
Terminal system is site-independent, and will be easy to install and re-locate. FPSO related 
equipment can be modularized for simple installation and hook-up. Only two parking lines will 
connect the DP-Terminal to the seabed. All DP-Terminal systems are fully redundant, and no 
single failure will jeopardize the safe operation of the system. 
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4 System Description 
The HiLoad System consists of the following main components: 

• HiLoad Unit 

• Oil Transfer Line 
• Power and Signal Umbilical 
• FPSO Arrangement: 

– Oil Transfer Line and Umbilical Terminations 
– HiLoad Power Supply 
– HiLoad Operation Command Centre 

• Parking/Survival System 
 

 
Figure 2 - HiLoad System General Layout 

 
The HiLoad consists of the following main components: 

• Steel Hull 

• Marine Systems 
• Fender and Tanker Attachment System 
• Thruster System 
• Integrated Control and Automation System 
• Hose Reel w/Tanker Loading Hose 
• Swivel 
• Electrical Systems 
• Safety Systems 
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The DP-Terminal will be hydrostatically stable at all drafts. It carries the weight of the 
unsupported portion of the transfer hose and umbilical.  When disconnected from the tanker, it 
will be kept at a draft minimizing the environmental loads on the unit.  A graphic illustration of the 
unit is shown in Figure 3. 
 

 
Figure 3 - General Arrangement 
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General Arrangement 
The general arrangement reflects the high level of redundancy that has been put into the DP-
Terminal design.  All rooms and systems have been duplicated, except from the swivel room.   
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Figure 4 - General floor plan 

 

5 Integrated Control System 
 
The integrated control system will make it possible to operate the DP-Terminal unit from the OCC 
(Operation Control Centre) on the FPSO. 
 
The system is a completely integrated computer based system for safe operation.  
 
The following systems are integrated: 
 
• Machinery systems 
• Navigational systems 
• Position keeping system (DP-System) 
• CCTV system 
• Fire and gas systems 
• Fire extinction systems 
• Emergency shut-down systems 
• Other systems related to safe operation of the DP-Terminal 
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The Integrated Control System (ICS) is based on a dual network system that enables all relevant 
data to be available to all systems within the integrated system. The complete system will be 
approved and certified by the classification society for this vessel. 
 
All essential systems integrated in the ICS will be mutually independent, i.e. no single failure in 
any system will influence on other systems. 
 
Sufficient instrumentation, alarms and control equipment for safe operation of the DP-Terminal 
unit are included. 
 
 

 
Figure 5 - Typical DP-Terminal OCC 

 
 
 
5.1 Machinery Systems 
Alarm systems, automatic control systems and safety shutdown systems for different machinery 
systems will be integrated with the ICS. 
 
Alarms for reliable and necessary monitoring and operation of the machinery systems will be 
provided. Instrumentation will be of known and well-proven technology. 
 
5.2 Navigational Systems 
Relevant navigational equipment will be installed and integrated with the ICS according to 
relevant classification rules for this application. The navigational systems are to give reliable 
navigational data for the position keeping system and operator of the DP-Terminal unit. 
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5.3 Dynamic Positioning (DP) System 
A fully redundant positioning system (DP-System) will be provided to ensure that position 
monitoring can be carried out throughout all phases of tanker operation and in the specified 
environmental condition. 
 

 

Figure 6 - Principle DP-System 

 
The position system controller and measuring system comprise the following components and 
subsystems: 
 
- Manual thruster controls 
- Joystick thruster controls 
- Automatic thruster controls 
- Position reference systems 
- Sensor systems 
- Interface equipment 
- Display unit 
- Power supplies 
 
5.4 CCTV System 
The DP-Terminal will be equipped with necessary cameras for good overview of the DP-Terminal 
unit, during docking operation. The CCTV system will be integrated in the ICS. 
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5.5 Safety Systems 
Safety systems will be integrated with the ICS. 
 
The safety system comprises: 
 
• Fire and Gas systems 
• Fire extinction systems 
• Emergency shut-down systems 
• O2 measuring system 
• Room pressurisation control system 
 
These systems will ensure the protection of personnel, environment, installation and equipment 
from accidental and/or uncontrolled hydrocarbon leakage’s, and detect and extinguish fires. 
They will also reduce the effects and minimize the consequences of hydrocarbon leaks and the 
risk of ignition. 
 
The ESD system shall be integrated in the FPSO ESD system. 
 
 
5.6 Operation Command Centre (OCC) 
The DP-Terminal will be controlled and operated from the Operation Command Centre, a 
dedicated operator station equipped with monitors, function buttons, joysticks, etc. A typical 
OCC is shown on Figure 5. 
 
For full redundancy two operator stations will be supplied. From the OCC the operator will have 
full access to all DP-Terminal systems, sensors and diagnostics, in addition to a number of 
camera views. A possible solution is shown on Figure 7 below. 

 
Figure 7 - HiLoad Dual Operation Command Centre 
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6 Operation Description 
6.1 Operation Sector 
The DP-Terminal operation sector will be decided based upon the following input: 
 

• FPSO excursion 
• FPSO mooring system 
• Distance between DP-Terminal and FPSO 
• DP-Terminal position keeping capabilities  
• Flexible riser configuration, length, loads 
• Environmental conditions (current and wind) 
• Other field structures or equipment 
• Safety considerations 

 
A typical operation sector is shown in Figure 8 below.  Actual dimensions will be decided based 
on the above. 

 

Figure 8 Typical HiLoad operation sector 

 
6.2 Tanker Approach 
As the tanker is approaching, the DP-Terminal operator will calculate the optimum mating 
coordinates with the corresponding heading based on the latest current, wind and wave 
information.  He will inform the tanker master, which will bring the tanker into position with a 
defined approach route. 
 
The DP-Terminal is monitoring the tanker approach, and will position itself at safe distance from 
the agreed mating point. 
 
A mooring master will be transferred to the tanker in good time before arriving the meeting point, 
bringing with him a “docking kit” consisting of: 
 

• ESD telemetry box 
• Reflective tape 
• Portable UHF radio 
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The mooring master shall remain onboard the tanker throughout the loading operation, staying 
in close contact with the tanker master and the DP-Terminal operator. 
 
As the tanker is going dead slow, and finally stopping, the DP-Terminal operator will 
simultaneously move the DP-Terminal towards the bow of the tanker. A laser reference system 
will identify the docking position on the tanker using the reflective tape. 
 
 
6.3 Docking 
During the final approach, an “auto-alignment” function on the DP-Terminal will be activated.  
This function will make sure that the DP-Terminal will maintain correct heading relative to the 
tanker, simplifying the operator’s task. 
 
With the DP-Terminal in the correct longitudinal position, it is moved towards the side of the 
tanker.  Once the tower fenders will get in touch with the hull side, the deballasting will start. The 
thrusters will maintain a constant thrust towards the tanker side during deballasting to make sure 
that the DP-Terminal stays in position.  
 

 

Figure 9 - DP-Terminal approaching the tanker side 

 
The next part of the DP-Terminal getting in touch with the tanker is the impact fenders on the 
pontoon.  As the deballasting continues, the impact fenders are gradually compressed, and the 
Attachment system seals and fenders will get in contact with the hull bottom. 
 
By engaging the attachment system, the DP-Terminal will be “locked” to the tanker with several 
thousand tons of clamping force, making sure that it will not come loose during operation. 
 
Once the attachment system has been activated, the DP system on the DP-Terminal will take 
control of the tanker position keeping. 
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6.4 Loading Hose Connection 
With the DP-Terminal connected to the tanker, and the position keeping system activated, the 
loading hose connection can commence. The DP-Terminal is equipped with features so this 
operation can be carried out on deck level on the tanker, i.e. no assisting vessel required.   
 

 
6.5 Loading 
The DP-Terminal will maintain the position keeping for the tanker during the loading operation.  A 
typical requirement when loading from an offshore storage is 1.000.000 bbls/24h.   
 
If the weather conditions should change during the loading period, it may be necessary to move 
the mean position due to heading changes for the tanker.  The mean position will be located so 
that the tanker is free to steam forward, or drift backwards without any danger of hitting other 
structures. 
 
A typical operation sector is shown in Figure 8. 
 
 
6.6 Undocking 
Undocking will be done as a reversed docking operation. The loading hose will be disconnected 
from the midship manifold, and reeled up on the DP-Terminal. The DP system is deactivated, the 
attachment system is deactivated and the DP-Terminal ballasted to safe draft and moved away 
from the tanker.  The tanker is then free to steam forward, or back out, whatever is considered to 
be safest. 
 
 
6.7 Idle Condition 
In between loadings, the DP-Terminal will be kept on location by the passive parking system.  
Only the most necessary systems will be active, as e.g. fire & gas detection, bilge, ventilation, 
CCTV, etc.  A proper visual inspection of critical components as fenders and seals can be done 
using the cameras in the CCTV system.  Any repairs can be carried out if the weather permits the 
DP-Terminal to be brought to surface. 
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7 Verification of Position Keeping Capability 
To verify that the DP-Terminal together with the attached tanker had the position keeping ability 
that was desired, Remora Technology started a position keeping verification study in 2002. 
Marintek was hired in to do the verification work. Kongsberg Simrad participated during the 
study as technical advisors.  
 
The scope was to perform both numerical simulations with SIMO and model tests in 
MARINTEK’s Ocean Basin. The idea was that the model testing should be carried out 
subsequently to the numerical simulations in order to benefit from the experiences obtained 
during simulations, in particular with regard to controller tuning. Moreover, the improved DP 
software of SIMO was to be used in model tests. The numerical simulations could also be used 
to simulate weather conditions not possible to test in the model basin due to limitations related 
to the directions of current, wind and waves.  
 
The simulations and test were performed with a 150.000 DWT tanker offshore Brazil and a 
250.000 DWT tanker offshore West Africa. The tests were performed with a simplified model of 
the DP-Terminal, where 3 azimuth thrusters were modelled as one representative azimuth 
thruster. 
 
The simulations and test were carried out in April 2002 in the Ocean Basin laboratory at Marintek. 
 
7.1 Weather Vaning and Operational Philosophy 
 
The DP-Terminal will connect to the Bow Area of the tanker, in the same area as a Mooring 
Turret normally is located. When the tanker has been connected to the DP-Terminal, it will be 
free to weathervane around the DP-Terminal Centre, and will take on a mean heading according 
to prevailing environmental forces. 
 
Because the DP-Terminal is equipped with Thrusters, many of the same features as for a DP 
tanker will be obtained.  Position Reference Systems will constantly measure offsets and 
velocities, with input to the Position Keeping Control System. Thrust can therefore be applied in 
the right direction at an early stage, to limit the offset and to bring the tanker back to “Mean 
Position” in a controlled way. 
 

 

Figure 10 Typical HiLoad operation sector 
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Since the DP-Terminal position is not restricted by a rigid mooring system, the DP-Terminal is 
relatively free to operate within a relatively large operating area, ref. Figure 10. 
 
The green area indicates the safe operation area, where no excessive loads are introduced to 
the risers and umbilicals.  If the DP-Terminal and tanker drift into the yellow area, an Emergency 
Shut-Down I will be initiated automatically stopping the export pumps and closing the crude line 
valves.  If the DP-Terminal and the tanker reach the red area, an ESD II shall be activated, 
disconnecting the DP-Terminal from the tanker. 
 
Position Keeping Loads 
The position keeping with the DP-Terminal is based on letting the tanker weather vane around 
the DP-Terminal centre.  The resulting thrust force and -direction will be governed by the various 
environmental loads on the tanker, as illustrated in Figure 11. 
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Figure 11 – Principle Resulting thruster force and direction 

 
Traditional DP will control the vessel’s motion in three horizontal degrees of freedom: surge, 
sway and yaw. This requires thrusters at the bow and stern to be able to control the heading. 
Thus for offloading to standard tankers connected to a HiLoad, there is no need for heading 
control and this can be neglected. This results in a significant reduction in power consumption, 
due to that you do not need any thruster force to produce the yaw moment. The DP-Terminal 
application can hence be able to keep a VLCC in position by use of limited thruster force. This 
would not be practical with a DP system with heading control that would have required 
significant more power for a tanker of this size. 
 
The DP regulator used during the tests was modified to only control the vessel motions in two 
horizontal degrees of freedom i.e. neglecting heading control 
.  
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The operation of the HiLoad will combine the best features of a weather vaning Turret Moored 
Vessel with those of a Dynamically Positioned (DP) Vessel. 
 
For the numerical simulation and model test the DP regulator used a combination of proportional 
action and derivate action (PD regulator). There was a position error since the integrator was not 
implemented in the regulator. Hence the performance of the control system without integrator 
was found by subtracting the mean position error from the results. This has been done in the 
results presentation for all tests.  
 
 
7.2 Numerical Simulation Study 
 
General 
The numerical simulations were performed with the software SIMO, a time domain simulation 
program developed by Marintek. 
 
The purpose of the work was to study the positioning ability of the DP-Terminal with tankers of 
various sizes connected. Tankers of three sizes were used – 80.000, 150.000 and 250.000 DWT.  
 
The numerical model for the tanker simulated with SIMO was established by scaling one of 
MARINTEK’s existing numerical tanker models. The data includes wind force coefficients, current 
force coefficients, wave-to-motion transfer functions and wave-drift coefficients. The same basic 
model was used for the three ship sizes, only scaled according to their length, using the 
principle of Froude scaling. The models used did not include the effect of the attached DP-
Terminal. It was assumed that neglecting the DP-Terminal would not cause any significant errors, 
and therefore assumed to be acceptable. 
 
The simulation with SIMO counted twelve cases. Prior to the model testing, seven of the twelve 
cases to be simulated, were completed prior to the model test. The five remaining simulations 
were to be carried out after the model tests. The model tests showed significant discrepancy 
compared to the SIMO results. The differences were found to be due to the current forces acting 
on the DP-Terminal attached to the tanker, which was higher than calculated with only the bare 
hull. Using the model test results the original current force coefficients in SIMO were then 
modified. The seven SIMO simulations that had been carried out were redone with the modified 
current data. 
  
A check of the wind forces was also done and seemed to be in satisfactory concordance with the 
physical model compared to the current force model.  
SIMO simulation was done with twelve weather conditions representing the climate on the coast 
of Brazil, the Gulf of Mexico and West Africa. The particulars of the weather conditions are 
summarized in Table 1 –Case Description of SIMO analysis.   
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Table 1 –Case Description of SIMO analysis 

 
SIMO Analysis Results 
The general impression of the simulated cases was that the DP-Terminal with the chosen 
principle of control will be able to keep the tankers well inside a circle of 50 m radius.  
 
Conclusion - SIMO Analysis 
The positioning principle of the DP-Terminal is unorthodox in that all the thrusters are located on 
the DP-Terminal unit. The spacing between the thrusters is consequently small. As a 
consequence it is not possible to control the tanker’s heading.  
 
A control principle in which heading was disregarded was modeled in SIMO. The positioning 
requirements were comparatively slack, so that low controller gains could be used.  
 
Comparison with model tests showed that the longitudinal current force on the tankers was 
higher than predicted theoretically. This is due to the DP-Terminal unit being attached to the 
tanker. Based on the model test experience, it was attempted to correct the current coefficients. 
To obtain good results, however, wind tunnel tests were recommended to be carried out with the 
DP-Terminal connected to the ship. This is important to get a correct mean heading in the 
simulation. 
  
Data plot from the WA1-4 SIMO simulations are enclosed in Appendix 1. 
 
 
7.3 Model Test 
 
General 
The model test was carried two the vessel sizes 150.000DWT and the 250.000DWT, same hull 
was used with corresponding scale 1:60 and 1:70. 
 
The DP-system used during the test was programmed according to the DP-software in SIMO and 
with the same control parameters. 
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Figure 12 – Snap shot from the test in Ocean Basin Lab 

 
The model test was done with twelve weather conditions representing the climate on the coast of 
Brazil and West Africa. The particulars of the weather conditions are summarized in Table 2. 
 

 

Table 2 – Test Program for Brazil and West Africa Coast 
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Model Test Reults 
The results from the DP-tests for WA1-4 are summarized in the table below. 
 

 

 
Table 3 – Summarized results for WA1-4 

It was demonstrated that the DP-Terminal managed to keep both the 150.000 DWT tanker and 
the 250.000 DWT tanker in position in a very satisfactorily way and well within a circle with radius 
of 50m. 
 
For the tested conditions with the 150.000 DWT tanker offshore Brazil, the maximum offset was 
about 32 m, with a standard deviation of about 7 m. 
 
For the tested conditions with the 250.000 DWT tanker offshore West Africa, the maximum offset 
was about 37 m, with a standard deviation of about 7 m. 
 
Data plot from the WA1-4 Model tests are enclosed in Appendix 2. 
 
 
Conclusion – Model Test 
Based on the model tests results, the following conclusions can be drawn: 

• During the tests, it was demonstrated that the DP-Terminal system managed to keep both 
the 150.000 DWT tanker offshore Brazil and the 250.000 DWT tanker offshore West Africa in 
position very satisfactorily. The maximum horizontal offset measured was well within a circle 
with a radius of 50m. 

• For the tested conditions with the 150.000 DWT tanker offshore Brazil, the maximum offset 
was about 32m, with a standard deviation of about 7 m. 

• For the tested conditions with the 250.000 DWT tanker offshore West Africa, the maximum 
offset was about 37 m, with a standard deviation of about 7 m. 

• For the additional current tests with a current speed corresponding to 1.5 m/s the tests 
showed that the longitudinal current force increased higher than anticipated with HiLoad 
attached to the hull. A significant portion of this added longitudinal force was assumed to be 
due to the scale effect. 

• A thrust loss of about 20% was derived from the additional tests in current with a current 
speed corresponding to 1.5 m/s. This thrust loss depends on the operating conditions of the 
thruster. Based on earlier model tests and full scale experiments the thrust loss of a thruster 
operating at full power in an axial current of 1 m/s can be estimated to 10%  
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7.4 Wind Tunnel Test 
 
General 
It was decided to carry out a wind tunnel test at the Laboratory of Danish Maritime Institute (DMI) 
in Denmark. The wind tunnel test was carried out in October 2002. 
 
As described earlier, the DP-Terminal will give extra drag to the system when it is connected to 
the tanker because the exposed drag area is increased. In order to determine the correct drag 
and have an accurate model for numerical simulation, tests were carried out both with and 
without the DP-Terminal connected to the tanker.  
 
Conclusion - Wind Tunnel Test 
The results from the Wind Tunnel Test showed as expected that the current load measured at the 
DP model test at Marintek was too high.  
 
The results from the wind tunnel test are concluded to be an excellent “tool” in order to calculate 
and simulate the required thruster force for different environmental conditions. The new current 
drag coefficients will be implemented in SIMO model in order to run realistic and accurate field 
specific simulations. 
 

 

Figure 13 - Test with Helium Bubbles 

 
  
 
7.5 Main Conclusion 
Main conclusion drawn after the numerical simulation, model test and wind tunnel test are: 
• Tests were a success and confirmed that weather vaning with HiLoad performed very well.  
• The test showed that HiLoad will be able to keep the attached tanker well within a 50m 

radius with low power consumption. 
• A model for accurate numerical simulation can now be used for field specific simulation. 
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A APPENDIXES 

A.1 DATA PLOT NUMERICAL SIMULATIONS 
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A.2 DATA PLOT MODEL TEST 
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A.3 3RD PARTY VERIFICATION 
DnV has carried out a 3rd party verification.  Based on the review, they have issued an “Approval 
In Principle”, ref. copy of letter shown below. 
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A.4 RELIABILITY AND AVAILABILITY 
 
DNV has carried out Regularity and Availability Analysis for the overall DP-Terminal System, see 
front page of report below. 
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