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LEGAL NOTICE 

This report was prepared by Remora Technology, Inc. as an account of work sponsored by the 
Research Partnership to Secure Energy for America (RPSEA). RPSEA members, the National 
Energy Technology Laboratory, the U.S. Department of Energy, nor any person acting on behalf 
of any of the entities: 
 

A. Makes any warranty or representation, express or implied with respect to 
accuracy, completeness, or usefulness of the information contained in this 
document, or that the use of any information, apparatus, method, or process 
disclosed in this document may not infringe privately owned rights,  
or 

B. Assumes any liability with respect to the use of, or for any and all damages 
resulting from the use of, any information, apparatus, method, or process 
disclosed in this document.  

 
Reference to trade names or specific commercial products, commodities, or services in this 
report does not represent or constitute an endorsement, recommendation, or favoring by RPSEA 
or its contractors of the specific commercial product, commodity, or service. 
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ABSTRACT 

Remora Technology, Inc. was awarded a contract from the Research Partnership to Secure 
Energy for America (RPSEA) under which the ultimate objective was to verify, for U.S. 
deepwater operators, that the direct offloading system called the “HiLoad DP” can be designed 
to meet U.S. Gulf of Mexico (GoM) requirements to function successfully for both steady-state 
oil production situations as well as standby roles for emergency situations, and to provide 
sufficient knowledge to proceed immediately with the final engineering and contracting process 
to make the HiLoad DP concept available to GoM operations. 
 
Deepwater oil operators in the U.S. GoM have a need for deepwater direct offloading systems 
for multiple applications such as: (1) direct offloading from floating production, storage, and 
offloading (FPSO) vessels of tanker (i.e., ship shape) configuration in a steady-state production 
environment in ultra-deep water of the GoM, (2) to have the ability to offload liquid 
hydrocarbons from existing platforms that have been isolated by pipeline breaks such as 
occurred in the hurricanes of 2005, and (3) to load spilled oil from whatever source it may be 
collected into a quickly available tanker for delivery to a U.S. GoM port. The restarting of 
offshore production in 2005 was made difficult by delays pertaining to the offloading issue and 
likewise the Macondo well blowout spill of 2010. 
 
The first FPSO in the U.S. GoM achieved first oil during February 2012, increasing the focus on 
offloading tankers in the U.S. GoM. The Jones Act fleet is small and often all on charter, but 
even so, securing a waiver to employ a foreign-owned tanker may be problematic. Further, 
quickly obtaining a tanker on short notice during an emergency is difficult, as was encountered 
after hurricanes Katrina and Rita in 2005.  
 
The HiLoad DP has reached a stage where it has been full-scale prototype-tested in realistic sea 
conditions offshore in Norwegian waters in January and July 2011. To knowledgeable U.S. 
operators, it appears that the HiLoad DP can be adapted to meet U.S. GoM requirements to use 
conventional unmodified Jones Act tankers. The work herein assesses what is needed to adapt 
the HiLoad DP for the three functions discussed above by establishing a basis of design that 
largely satisfies GoM metocean and industry criteria. As part of this work, data have been made 
available from model tests performed which, among others factors, simulates GoM hurricane 
conditions. An estimate is made with plans for how to build a HiLoad DP to suit U.S. GoM 
conditions and fabricate it in a GoM yard. 
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EXECUTIVE SUMMARY 

The project followed a statement of work set forth in Remora Technology, Inc.’s 
(Remora’s) contract with the Research Partnership to Secure Energy for America (RPSEA), 
employed a team of five companies, and was coordinated with industry via a series of five 
Working Project Group (WPG) meetings attended by representatives from 10 operating oil 
companies with ultra-deep water (UDW) assets in the Gulf of Mexico (GoM). Their backgrounds 
in offloading requirements and offshore operations were valuable in validating the approaches 
taken and the results demanded. 

As a baseline for the discussions, a compilation of offloading technologies was prepared. 
An assessment then was made of the risks that could be encountered by offloading operations in 
the GoM and was compiled using hazard identification methodology. This was complemented by 
preparation of a design basis that could be used for a HiLoad system for the GoM, considering 
metocean criteria and design standards commonly employed by regulators, classification 
societies, and operating oil companies in the GoM. The design basis covered the structure, the 
systems (ballast, fuel, electrical, instrumentation, controls, etc.), and the equipment needed for a 
GoM version of HiLoad. Performance in holding station with tankers of different sizes—both 
loaded and in ballast—has been analyzed, primarily to establish the power necessary for driving 
thrusters on a HiLoad. This was the subject of a separate assessment that determined the power 
needed for offloading system uptimes to be operationally acceptable. The Handymax size of 
tanker normally used could be expected to operate in GoM sea conditions at 98.0% of the time 
when loaded and 98.5% of the time when empty, and somewhat less if loop currents were 
encountered. A more detailed analysis might be performed for a specific field and its 
environmental conditions later on, if required.  

Determining the function of the HiLoad in the GoM was only the first step; the system 
had to be environmentally safe as well. Accordingly, several months were devoted to this 
assessment, employing a company that had previously done a study on a HiLoad variant in 
connection with the permitting for a liquefied natural gas terminal in the GoM. HiLoad satisfied 
all current environmental standards in its design for GoM operations. The potential for oil spills 
involving the hose systems employed by HiLoad also was studied and was found to adhere to 
well-proven industry standards. 

The economics of the system also had to be examined. The issue is clouded by tanker 
availability since, by law, only Jones Act tankers (75+% U.S. owned, U.S. crewed, and U.S. 
built) can be used in U.S. waters for port-to-port oil transfer. Port draft limits further restrict the 
tanker choices. All of which translate to a fleet of 25 “GoM-suitable” tankers available in 2013. 
So whether the “U.S. port” is a floating, production, storage, and offloading (FPSO) facility, a 
platform isolated from pipelines, or a storage vessel with spilled oil, it can only be served by a 
limited selection of tankers at costs roughly three times the world market, a circumstance quite 
independent of HiLoad economics for the U.S. GoM and, overall, different than the use of 
HiLoad in Brazil under a contract finalized in early 2013. For comparison, an assessment was 
made of the number of foreign flag tankers that would be GoM-suitable, but that would require a 
Jones Act waiver, which revealed a total of 1,029 at the end of 2012. Three scenarios for use of 
the HiLoad were examined. Under Scenario 1, the schedule for a new FPSO field development 
project might allow for time charters to be arranged for tanker(s) for offloading up to five to 
eight years. But Scenarios 2 and 3 would involve time-critical emergency situations. In these 
cases, some form of pre-agreed arrangement would be needed to divert a Jones Act tanker from 
its usual service as a products carrier (e.g., transporting gasoline or diesel from GoM ports to 
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Florida or the U.S. East Coast) to emergency crude oil service on short notice when disaster 
strikes. Alternatively, a waiver would be required to allow use of a foreign flag tanker on a 
pre-agreed or spot basis. 

Economic study of these tanker availabilities drew on earlier work published by Devon, a 
GoM operator previously active in UDW. Four possible configurations of offloading systems 
were considered to weigh the system economics under four different options: (i) conventional 
tankers with floating hose, (ii) enhanced maneuverability with a bow loading system as at 
Cascade/Chinook, (iii) DP2 shuttle tankers, and (iv) HiLoad. The exercise was repeated to see 
the effect if foreign flag tankers were feasible under a waiver. HiLoad was the high-cost choice 
for all options and charter periods in this screening study. It became apparent that the business 
model for the U.S. GoM was quite different from that in Brazil or West Africa where Remora 
cited substantially larger volumes, perhaps three to five times those considered here, using larger 
tankers where a single HiLoad could be advantageous economically.  

The development of a HiLoad design for the GoM drew on technical work earlier in the 
project, plus input from operators during the WPG meetings. For example, unlike HiLoad 
variants contemplated for West Africa or Brazil, the GoM version must contend with hurricanes; 
this issue was raised at the first WPG meeting. In Scenario 1, the HiLoad could depart 
immediately when an FPSO begins its preparation to sail away and could proceed to safe refuge 
at about 4 knots. But that trip might be as much as 300 nautical miles and take three days, with 
the exact figures depending on location and oil company practices. Under Scenarios 2 and 3, the 
HiLoad could depart in advance of the predicted arrival of hurricane conditions. Again, the trip 
could be 300 nautical miles and three days’ duration, possibly under difficult weather conditions 
since hurricanes are well-known for changes in speed, direction, and intensity, and commonly 
travel at two or three times the speed of a HiLoad. The ability of the HiLoad to enter GoM ports 
also had to be considered, implying a draft of no more than 45 feet (ft), preferably less, as the 
majority of GoM ports have a 40-ft draft limitation. Questions of the stability and ability of the 
GoM version to operate safely in all conditions also were considered and answered. 

The time and cost to build a HiLoad in the GoM were assessed with the help of Signal 
International, a GoM fabricator with six fabrication yards around the GoM and a history of 
building “one off” floating offshore equipment. Signal examined information for the fabrication 
of the prototype and for the design of the GoM version. The HiLoad system was determined to 
be feasible to build in the GoM. The next step was development of a non-binding indicative 
proposal for the time and budget, during which useful information emerged to bracket both the 
time to delivery and the cost, which were estimated at approximately 100 weeks and around 
$132 million, respectively.  

In conclusion, a basis for design for a GoM version of HiLoad has been prepared and 
affirmed from an environmental and technical standpoint. From an economic standpoint, while 
HiLoad is the high-cost option of the four offloading options examined for the GoM, safety and 
oil company emergency exposures may outweigh these economics. Tanker availability remains a 
serious offloading issue, quite apart from the technology. Assessments in this project show the 
HiLoad GoM design is feasible for the GoM. Information uncovered at the end of the study 
indicated that the prototype had gone to work in Brazil on a 10-year time charter, about half of 
what Remora would ask for in the GoM with a reported capital expenditure commitment by 
Teekay Offshore Partners of about half that contemplated for GoM construction, raising the 
question of whether the value of this technology is enough to achieve market acceptance, 
justifying its construction at full price. 
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1 GENERAL 

1.1 DOCUMENT SCOPE 
 
This document describes all the work performed by Remora Technology, Inc. (Remora) and its 
project team members under Research Partnership to Secure Energy for America (RPSEA) 
Contract No. 10121-4407-01 on Deepwater Direct Offloading Systems.  
  
This document also serves as the final recording of all work processes used and the results 
obtained, including a Technology Transfer program and a series of Working Project Group 
(WPG) meetings with key industry representatives. These WPG meetings served as both a form 
of quality assurance and a means of ensuring that the work truly responded to industry needs and 
that its value has been disseminated among these key players.  
 
1.2 ACRONYMS 
 

Acronym Definition 

°C degree(s) Celsius 

°F degrees Fahrenheit 

µg/m3 micrograms per cubic meter 

$/bbl dollar per barrel 

3D three-dimensional 

ABS American Bureau of Shipping 

ac/h air changes per hour 

ALS Accidental Limit State 

API American Petroleum Institute 

ASD automatic shutdown 

bbl barrel(s) 

BLS Bow Loading System 

BOEM Bureau of Ocean Energy Management (formerly Minerals Management 
Service) 

BOET Bienville Offshore Energy Terminal 

bopd barrels of oil per day 

BSEE Bureau of Safety and Environmental Enforcement 

BWMS Ballast Water Management System 
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Acronym Definition 

CALM  Catenary Anchor Leg Mooring 

CAPEX capital expenditure 

CB center of buoyancy 

CCTV closed-circuit television 

CFR Code of Federal Regulations 

CG center of gravity 

CH4 Methane 

cm/sec centimeter(s) per second 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

CoA Contract of Affreightment 

COLREGs Convention on the International Regulations for Preventing Collisions at 
Sea, 1972 

CORMIX Cornell Mixing Zone Expert System 

CPP controllable pitch propeller 

CT conventional tanker 

dbrms decibels root mean square 

DDRS Deep Draft Rig Solutions 

Devon Devon Energy Corporation 

DGPS Differential Global Positioning System 

DLCT Direct Loading Conventional Tanker 

DNV Det Norske Veritas 

DOT Deep Offshore Technology 

DP dynamic positioning (also dynamically positioned) 

DWT deadweight tonnes  

E & E Ecology and Environment, Inc. 

E&P exploration and production 

e.g. for example 

EAM Equivalent Adult Model 

EEDI Energy Efficiency Design Index 

EER escape, evacuation, and rescue 

EFH essential fish habitat 
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Acronym Definition 

EIS environmental impact statement 

EPA (United States) Environmental Protection Agency; also USEPA 

EPC Engineering, Procurement, and Construction 

ESD emergency shut-down 

FEA Finite Element Analysis 

FLS Fatigue Limit States 

FMEA failure modes and effects analysis 

FOI floating offshore installation 

fps feet (foot) per second 

FPSO floating production, storage, and offloading 

FSA Formal Safety Assessment or Analysis 

FSO floating, storage, and offloading 

ft2 square foot (feet) 

ft3/hr cubic foot (feet) per hour 

ft3/sec cubic foot (feet) per second 

g/kWh gram(s) per kilowatt-hour 

gal gallon(s) 

gal/sec gallon(s) per second 

GHG greenhouse gas 

GNOME General NOAA Operational Modeling Environment 

GoM Gulf of Mexico 

GPS Global Positioning System 

GT gross tonnage 

H2S hydrogen sulfide 

HAZID hazard identification 

HC Hydrocarbon 

Hs significant wave height 

HS&E Health, Safety, and Environment 

HVAC heating, ventilation, air conditioning 

Hz Hertz 

i.e. that is 

IAS Integrated Automation System 
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Acronym Definition 

ICS Integrated Control System 

IEC International Electrotechnical Commission 

IMO International Maritime Organization 

JIP joint industry project 

kHz Kilohertz 

km kilometer(s) 

kW kilowatt(s) 

LEL Lower Explosion Limit 

LOOP Louisiana Offshore Oil Port 

m/s meter(s) per second; also  

m3 cubic meter(s) 

m3/hr cubic meter(s) per hour 

mgd million gallons per day 

mm millimeter(s) 

MMPA Marine Mammal Protection Act 

MMS Minerals Management Service (obsolete; now Bureau of Ocean Energy 
Management [BOEM]) 

MOB man overboard 

MOU Memorandum of Understanding 

MRU Motion Reference Unit 

MTO material take-off 

MWCC Marine Well Containment Company 

N2O nitrous oxide 

NAAQS National Ambient Air Quality Standards 

NAECA North American Emission Control Area 

NMFS National Marine Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

NOX nitrogen oxide 

NPDES National Pollutant Discharge Elimination System 

NVIC Navigation and Vessel Inspection Circular 

NWR National Wildlife Refuge 

OCC Operation Control Center 
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Acronym Definition 

OCIMF Oil Companies International Marine Forum 

OPA 90 Oil Pollution Act of 1990 

OPEX operating expenditure 

OSC Outer Continental Shelf  

OSD oil spill detection 

OSDS oil spill detection system 

OSG Overseas Shipholding Group 

OSRO oil spill response organization 

OSV offshore supply (or service) vessel 

PAH polycyclic aromatic hydrocarbons 

PM particulate matter 

PM10 particulate matter of 10 microns or less in diameter 

PM2.5 particulate matter less than 2.5 microns in diameter 

PRS Position Reference System 

PSU Production/Storage Unit 

QC/DC quick connect / disconnect 

RAM reliability, availability, maintainability 

Remora Remora Technology, Inc. 

rpm revolutions per minute 

RPSEA Research Partnership to Secure Energy for America 

SALM Single Anchor Leg Mooring  

SCADA Supervisory Control and Data Acquisition 

SEAMAP Southeast Area Monitoring and Assessment Program 

SFP Structural Fire Protection 

SIL Significant Impact Level 

SIMOPS simultaneous operations 

SLS Serviceability Limit State  

SOX sulfur oxide 

SPM Single-Point Mooring 

SPMT self-propelled modular transport 

ST shuttle tanker 

STL Submerged Turret Loading 
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Acronym Definition 

SWL safe working load 

TAC Technology Advisory Committee 

TC time charter 

TLP Tension Leg Platform 

tm ton-meters, a unit of moment, equal to the product of force in metric tons x 
lever arm in meters 

TRL Technology Readiness Level 

U.S.C. United States Code 

UDW ultra-deep water 

ULCC ultra-large crude carrier 

ULS Ultimate Limit State Condition 

USCG United States Coast Guard 

USEPA United States Environmental Protection Agency; also EPA 

VCB vertical center of buoyancy 

VCG vertical center of gravity 

VLCC very large crude carrier 

Vm vertical moment 

WPG Working Project Group 
 
1.3 UNITS OF MEASURE 
 

 Definition  Definition 

B billion(s) mmboe million barrels of oil equivalent 

Fº Fahrenheit bopd barrels of oil per day 

ft foot/feet mmscf million standard cubic foot 

hr hour mmscfd million standard cubic foot per day 

in inch(es) psi pounds per square inch 

lb pound(s)     

m meter(s)   
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1.4 COMMON CONVERSION FACTORS 
 

Metric Offshore Imperial 

1.0 cubic meter = 8.38641 barrels = 35.3147 cubic feet 
1.0 metric ton = 1.10231short tons = 2,204.62 pounds 
1.0 meters/second = 1.94384 knots = 2.23694 miles per hour 
1.0 meter = 3.28084 feet = 3.28084 feet 
1.0 kilometer = 0.539957 nautical miles = 0.621371 statute miles 

 

 
1.5 DEFINITIONS 

 

Word / 
Phrase Definition 

Aframax A medium-sized oil tanker ranging in size between 80,000 and 119,999 deadweight 
tonnes (DWT). Average cargo carrying capacity and usually equivalent to 
approximately 550, 000 to 750,000 barrels. 

deadweight 
tonnes 
(DWT) 

The loaded capacity of a tanker, comprising all cargo, fuel, potable water, spares 
crew, and any other supplies needed for operations. 

deep water 
(also 
deepwater) 

Deep water is defined as water depths greater than or equal to 1,000 feet (ft; 305 
meters [m]), and ultra-deep water is defined as water depths greater than or equal to 
5,000 ft (1,524 m). 

displacement 
tonnes 

The weight of the water that a ship displaces when it is floating; the term is defined 
ordinarily such that the ship’s fuel tanks are full and all stores are aboard. 
Displacement is the actual weight of the ship, since a floating body displaces its own 
weight in water. As a measurement of weight, displacement should not be confused 
with similarly named measurements of volume or capacity such as ‘gross tonnage’ 
or ‘deadweight tonnage.’ Displacement equals deadweight + lightship. 

dynamic 
positioning 

A computer-controlled system that keeps a drillship / vessel in the proper position 
and heading and that does not allow it to drift because of waves, currents, or wind. 
A ship can be considered to have six degrees of freedom in its motion, i.e., it can 
move in any of six axes. Three of these involve translation – surge (forward / 
astern), sway (starboard / port), heave (up / down) – and the other three rotation – 
roll (rotation about surge axis), pitch (rotation about sway axis), and yaw (rotation 
about heave axis). 
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Word / 
Phrase Definition 

Dynamic 
Positioning 
(DP) 
Equipment 
Class 

Dynamic positioning refers specifically to the class notation issued by the vessel’s 
classification society indicating the level of redundancy in the vessel’s DP system 
for a given environmental and operational condition. Following are the definitions of 
the four standard DP ratings from Det Norske Veritas (DNV): 

field Field is defined as an area consisting of a single reservoir or multiple reservoirs 
grouped on, or related to, the same general geologic structural feature and / or 
stratigraphic trapping condition. There may be two or more reservoirs in a field that 
are separated vertically by intervening impervious strata or laterally by local 
geologic barriers or both. 

future-
proofing  
(a design) 

Making a current design feature robust enough now to meet future, yet-to-be-defined 
design specifications. Prepare an overdesign for something to be built today so that 
it can be used for or with the next generation of equipment, if desired. 

gross 
tonnage 
(GT) 

A unit-less index related to a ship's overall internal volume. Gross tonnage is 
calculated based on “the moulded volume of all enclosed spaces of the ship” and is 
used to determine things such as a ship's manning regulations, safety rules, 
registration fees, and port dues. Not to be confused with ‘gross register tonnage’ 
(now obsolete), ‘deadweight tonnage’ or ‘total displacement.’ 

Handymax A smaller size tanker usually used for coastal or shuttle services usually with a 
deadweight rating of 45,000 tonnes. Average cargo-carrying capacity is 
approximately 330,000 barrels. 

Jones Act 
fleet 

The Jones Act requires that cargo moving between U.S. ports be carried in a vessel 
that was built in the United States and is owned (at least 75%) by American citizens 
or corporations. Labor and immigration laws require that crewmembers on these 
vessels be American citizens or legal aliens. 
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Word / 
Phrase Definition 

lightering The process of transferring cargo between vessels of different sizes, usually between 
a barge and a bulker or oil tanker. Lightering is undertaken to a) reduce a vessel’s 
draft in order to enter port facilities or b) transport cargo to ports that cannot accept 
very large oceangoing vessels. 

lightering 
ship or 
lighter 

A large, open, flat-bottomed barge used in unloading and loading ships offshore or 
in transport of goods for short distances in shallow waters. 

metocean Contraction of the words ‘meteorology’ and ‘oceanology’ referring to the waves, 
winds, and currents conditions that affect offshore operations. 

OILMAP An oil spill model system designed for oil spill response and contingency planning. 
Panamax Panama Canal Maximum; a term used to describe the maximum size ship that can 

pass through the Panama Canal. The size is determined by the width and length of 
the available lock chambers, by the depth of the water in the canal and by the height 
of the Bridge of the Americas since that bridge’s construction. Typically, a Panamax 
ship has a DWT of 65,000 to 80,000 tonnes. 

Suezmax A naval architecture term for the largest ship measurements capable of transiting the 
Suez Canal in a laden condition, and is almost exclusively used in reference to 
tankers. Since the canal has no locks, the only serious limiting factors are draft 
(maximum depth below waterline), and height due to the Suez Canal Bridge. The 
typical DWT of a Suezmax ship is about 160,000 tonnes and typically has a beam 
(width) of 50 m (164.0 ft). 
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2 INTRODUCTION 

This work is concerned with a solution covering RPSEA’s technical area of interest 4407–
Deepwater Direct Offloading Systems. The proposed alternative is called the “HiLoad DP” and it 
complies with the overall objective to develop and implement a cost-efficient, risk-reduced 
offloading system for deepwater applications in the Gulf of Mexico (GoM).  
 
The HiLoad DP is a new patented system for offshore loading of oil wherein offloading would 
be effected by means of a mobile dynamically positioned (DP) loading terminal. Tanker owners 
and operators, as well as representatives of the U.S.-based oil companies, have provided valuable 
input and technical direction to Remora and the HiLoad DP development project since its early 
inception. This input has allowed Remora to design and construct the first HiLoad DP vessel 
(HiLoad DP1) so that it meets the requirements of the oil companies with offloading operations.  
  
The HiLoad DP “proof of concept” has been successfully verified during a three-month 
comprehensive sea trials program; functions and objectives of testing were successfully 
completed on January 27, 2011. Over a period of 20 consecutive days and as part of the sea trials 
program, 40 docking, undocking, and DP station-keeping operations were successfully 
conducted using the Aframax tanker SKS Tana as host and docking object. The entire sea trials 
program took place in-shore and offshore of the west coast of Norway. Docking and undocking 
operations were carried out safely in up to 2.5 meters (m) significant wave height, as well as 
during stormy conditions with wind speed of up to 43 knots (kn). 
 

2.1  DEEPWATER EXPLORATION – INDUSTRY CHALLENGES 
 
The HiLoad DP is widely seen as being at a Technology Readiness Level (TRL) of 
approximately TRL, corresponding to a low risk going forward in direct use of the system or 
developing variations (for further discussion of TRL, see Section 6.1). Compared to some other 
petroleum industry new developments in the DeepStar or RPSEA community, it is a relatively 
low risk and mature proposition. In the years ahead, the HiLoad DP may be developed and 
adapted for other parts of the world, as interest has been expressed in its use for West Africa and 
Brazil.  
 
The HiLoad DP uses internal combustion engines for main propulsive power with attendant 
exhausts and noise effects that could conceivably have an impact on marine life. Diesel fuel or 
heavy fuel oil may be used to drive these engines and, therefore, the storage of that fuel must be 
safely designed and operated to mitigate environmental risks. These issues were addressed in 
parallel studies for a liquefied natural gas (LNG) version of the HiLoad DP for GoM service and 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 31 of 328 
 

in the operation of the prototype in Norwegian waters, thus providing a guide for mitigating the 
potential effects of HiLoad DP operations in the U.S. GoM. 
 
The HiLoad DP prototype is designed to handle tankers up to very large crude carrier (VLCC) 
size and therefore should be well able to handle offloading to the smaller tankers anticipated in 
GoM operations where the Jones Act is in force. Available tankers are likely to be of Handymax 
size (about 330,000 barrels [bbl] capacity) and possibly Aframax size of about 600,000 bbl 
capacity.  
 
Operations adjacent to a shallow or deep water platform that may be affected by pipeline 
disruptions would require special attention to connections, interfaces, and mobilization, but 
otherwise would not affect the fundamental design and safety of the HiLoad DP. The same 
applies to operations in an emergency role on a spill application. 
 

2.2  STEADY-STATE PRODUCTION 
 
The HiLoad DP would have no effect on oil reserves; however, it could have substantial effects 
on production by providing safe operation during routine day-to-day offloading in remote 
deepwater locations. Additionally, economies could be positively affected through cost savings, 
efficiency, and safety. 
 

2.3  IMPORTANCE OF EMERGENCY SYSTEM AVAILABILITY 
 
The significant benefit for emergency situations would seem to be in having this technology 
matured, ready for use, and on the shelf – or even operating in the GoM – in order to be ready to 
satisfy future offloading needs on short notice if a repeat were to occur of the 2005 (Katrina) or 
2010 (Macondo) incidents. Serious delays occurred in recovering from the effects of these 
situations when such emergency solutions were not on hand. 
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3 PROJECT SCOPE AND OBJECTIVES 

The scope and objectives specified in the RPSEA contract with Remora are detailed in the 
following subsections. 
 

3.1  PROJECT OBJECTIVES 
 
The ultimate objective of the project is to verify, for U.S. deepwater operators, that the direct 
offloading system called the HiLoad DP will meet U.S. GoM requirements to enable its 
functioning successfully for both steady-state production situations, as well as standby roles for 
emergency situations. Part of that objective is to provide sufficient knowledge to proceed 
immediately with the final engineering and contracting process to make the HiLoad DP concept 
available to GoM operations. While HiLoad may be feasible for other parts of the world, the 
work here is restricted to a project area consisting of the parts of the U.S. GoM where offshore 
oil production may occur. 
 
The reasons behind this project are detailed in Section 2, “Introduction.” The immediate practical 
objective for the project is to perform additional studies that demonstrate feasibility and provide 
sufficient information for further engineering decisions so that the concept can be implemented 
and ultimately placed in use. 
  
Deepwater operators in the U.S. GoM have seen the need for deepwater direct offloading 
systems for multiple applications, such as:  

(1) Direct offloading from floating, production, storage, and offloading (FPSO) 
vessels of tanker (i.e., ship shape) and/or round configuration, in a steady-state 
production environment in ultra-deep water (UDW) in the GoM;  

(2) The ability to offload liquid hydrocarbons from existing platforms that have 
been isolated by pipeline breaks such as occurred in the hurricanes of 2005; 
and  

(3) The ability to load spilled oil from whatever source it may be collected, into a 
quickly available tanker for delivery to a U.S. GoM port. The restarting of 
offshore production in 2005 after hurricane Katrina, as well after the 
Macondo well blowout spill in 2010, was made difficult and time-consuming 
by delays pertaining to the offloading issue.  

 
The introduction of FPSO vessels in the U.S. GoM has increased focus on the need for tankers 
that comply with the Jones Act. The Jones Act fleet is small and often all on charter, and 
securing a waiver to employ a foreign-owned tanker is problematic. Thus, quickly obtaining a 
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tanker on short notice during an emergency is difficult, as was encountered after hurricanes 
Katrina and Rita in 2005. Further, for safety reasons, the tanker to be loaded should preferably 
have extra maneuverability which is commonly achieved by using DP. The only two shuttle 
tankers in the U.S. GoM that are both Jones Act and comply with the Oil Pollution Act of 1990 
(OPA 90) are not DP and do have modifications for added maneuverability and safety. 
 
The use of a standard tanker, Jones Act-compliant or not, implies weather limitations and added 
equipment and costs (e.g., handling vessels) to ensure safe operation with minimal spill risk. The 
availability of a HiLoad DP system might therefore facilitate the tanker selection process, reduce 
elapsed time in circumstances of time pressure, and improve safety in such operations. 
 
Development of the HiLoad DP by the Subcontractor (Remora) has reached a stage where a 
prototype has been tested in realistic sea conditions, offshore in Norwegian waters. To 
knowledgeable U.S. operators, it appears that the HiLoad DP can be adapted to meet U.S. GoM 
requirements to enable functioning successfully for both steady-state production situations as 
well as standby roles for emergency situations. The Subcontractor shall assess what is needed to 
adapt the system for the three functions discussed above, by way of establishing a basis of design 
and acceptably satisfying environmental criteria.  
 
As part of the RPSEA contract, Remora has agreed to make available the data from model tests 
that were performed to simulate GoM hurricane conditions. Finally, building on Remora’s 
experience with its prototype construction in Europe, an estimate is made for building a HiLoad 
DP to suit U.S. GoM design conditions and fabricating it in a suitably qualified GoM yard. 
 

3.2  PROJECT ORGANIZATION 
 
The project is organized in a typical project management fashion as shown on Figure 3.2-1. 
Remora, as prime contractor to RPSEA, selected a Project Manager who is funded by and 
nominally reports to the Project Sponsor in Remora management and communicates on a routine 
basis with his Project Manager counterpart in RPSEA. In the RPSEA lexicon, that Project 
Manager is called the Principal Investigator and is an independent authority on the content and 
direction of the work and has approval authority from RPSEA for project tasks satisfying 
RPSEA’s requirements. 
 
Remora’s Project Sponsor provides oversight on performance by its team of subcontractors and 
may communicate with both RPSEA’s Project Manager and RPSEA management, analogous to 
practices in major capital projects. 
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Figure 3.2-1 Initial Project Organization at Project Start in September 2012 
  
As projects progress, changes sometimes become necessary for project performance and as 
people and companies come and go, as occurred early in this project. Figure 3.2-2 illustrates the 
project organization approximately five months into the project’s twelve-month duration. The 
following changes occurred: 
 

 Tasks 1 through 4 were originally the responsibility of ABS 
Consulting, Inc. 

Measures taken to improve 
project performance 

 Task 1 was taken over by Remora. 

 Marin USA was added to the project team, with 
responsibility for Task 4 (see bottom row of organizational 
chart). 

 The Project Sponsor changed from Kim Diederichsen to 
Svein Hellesmark (see bottom right of chart). 

Normal career change  

 A Project Champion from ConocoPhillips was added (see 
top left). 

Normal addition; 
recommended RPSEA practice 
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No change in project budget or in completion time was expected from these changes. 
 
 

 
 

Figure 3.2-2 Project Organization, Revision as of January 2013 
 
 
About halfway through the project, it was clear that the original time budgets for work by 
Remora needed to be modified. Hours for Remora’s work were reallocated among tasks. This 
was accomplished with RPSEA approval at no increase in project time or budget.  
 

3.3 PROJECT CHAMPION AND THE REVIEW PROCESS  
 
In a project such as this, external guidance regarding technical direction is desired to ensure that 
the work is relevant. In RPSEA projects, that advisory role is provided through the Project 
Champion as identified on Figure 3.2-2 above. He is supported by representatives from other 
operators who attend the WPG meetings.  
 
Mr. David Power, of ConocoPhillips’ Global Marine organization, serves as the Project 
Champion (Figure 3.2-2). He has 20 years of experience in oil and gas-producing FPSO project 
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development and operations. His position as the Vice Chairman in the Floating Systems Group at 
the Oil Companies International Marine Forum (OCIMF) and a General Purposes Committee 
Member in the Society of International Gas Tanker and Terminal Operators, as well as his time 
working with the offshore industry in an operational capacity makes him suitably qualified to fill 
the role within RPSEA.  
 
Key among the WPG participants supporting the Project Champion has been Mr. Ming Yao Lee 
of Chevron, who had a leading role as one of the originators of the need for this project. RPSEA 
thus draws on advisory input from the Project Champion, WPG participants, and others in the 
Floating and Risers Systems committee in the course of its review process.  
 

3.4  PROJECT TEAM 
 
The companies on the project team and their functions are identified on the Project Organization 
Chart, Figure 3.2-2 above, and are listed alphabetically in Table 3.3-1. All team members have 
worked together successfully on past projects and all are Texas corporations.  
 
 
Table 3.3-1 Project Team 

Company Location Role 

ABS Consulting, Inc. Houston, TX Risk assessment of marine operations, 
assistance in design basis 

Ecology & Environment, Inc. Houston, TX Environmental impacts of marine 
technologies 

Marin USA Houston, TX Desktop maneuverability study 
Peter M. Lovie, PE, LLC Houston, TX RPSEA Principal Investigator, Project 

Manager, Subject Matter Expert (SME) in 
offloading and floating production systems 

Remora Technology, Inc. Stavanger, 
Norway 

Contract holder and owner of the HiLoad 
technology 

 
 
Seven key individuals led the work for the team member companies, with backgrounds as 
follows: 
 
Diederichsen, Kim. Mr. Diederichsen played a role in negotiating the RPSEA contract with 
Remora and served as Project Sponsor from the beginning of the project on 16 August 2012. In 
2013, he serves as consultant to the project on tasks 1 and 19 and brings with him a history of six 
years with Remora as Senior Vice President Americas.  
 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 37 of 328 
 

Harvat, John. Mr. Harvat is the Health, Safety, and Environment Consultant and is an employee 
of Ecology and Environment, Inc. (E & E) He performed study work over two years for the LNG 
terminal version of the HiLoad that was planned for the Bienville Offshore Energy Terminal 
(BOET). Thus, he is knowledgeable about and has experience with the HiLoad technology. His 
company’s website has more detailed information: http://www.ene.com/. 
 
Hellesmark, Svein. Mr. Hellesmark serves as Project Sponsor, is Remora’s Technology 
Manager, and has been with Remora since its founding in 2002. His day-to-day responsibilities 
include ensuring the testing and design efforts match project needs. Accordingly, his experience 
is aligned with the objectives of this project. For more see 
http://www.remoratech.com/index.php?sideID=34&listeID=25&ledd2=25. 
 
Lovie, Peter, PE, PMP, FRINA. Mr. Lovie has responsibilities as Principal Investigator and Project 
Manager for the project. Since late 2009, he has been an independent consultant serving as 
Senior Advisor, Technical and Commercial on floating systems and offloading. He is very 
familiar with offshore technology development and the DeepStar and RPSEA community in their 
work with technology developments such as the HiLoad DP. He was part of the Project 
Management Office of Devon Energy, active in their UDW program in the GoM and assessing 
offloading systems. His 46-year career in the Houston offshore world, with the last 19 years in 
the FPSO and offloading community, provides a frame of reference relevant to the project. For 
more see www.lovie.org. 
 
Nordin, Don. Mr. Nordin, with ABS Consulting, Inc., is the project’s Risk and Integrity 
Consultant. His day-to-day responsibilities are as their Director E&P Risk and Integrity. He is a 
former employee of Remora Technology, Inc., and thus is familiar in the design and capabilities 
of the HiLoad DP. His company’s website has more: www.absconsulting.com. 
 
Saltvedt, Geir Ove. Mr. Saltvedt, with Remora AS, in Stavanger, Norway, is Senior Vice 
President Technical Division, i.e., Remora’s Chief Technical Officer. Accordingly, he is the 
review authority for Remora’s engineering and technology provided for this project.  
 
Voogt, Arjan. Mr. Voogt, with Marin USA, is the most recent addition to the project team. He 
has prior experience with the HiLoad DP through previous simulation studies at Marin on the 
HiLoad DP system for other parts of the world. More at www.marin.nl. 
 
Sections of this final report were written under the supervision of the key personnel listed above 
and in Table 3.3-2. 
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Table 3.3-2 Author Responsibilities in Final Report 

Report Section 
Key Personnel as 

Author(s) 
1 General Per RPSEA contract 

2 Introduction Per RPSEA contract 

3 Project Scope and Objectives Lovie 

4 Development of Design Basis and Risks 
Diederichsen (4.1) 
Nordin (4.2 and 4.3) 
Voogt (4.4) 

5 Environmental Consideration Harvat 

6 Project Management, Economics Lovie 

7 Technology Transfer Lovie 

8 Adaptation of HiLoad DP1 prototype to GoM requirements Hellesmark/Saltvedt 

9 Conclusions Lovie 

10 Recommendations Lovie 

11 Appendices All 
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4 DEVELOPMENT OF DESIGN BASIS AND RISKS 

This section deals with work performed by ABS Consulting, Inc., Marin USA, and Remora 
Technology Inc., a total of four tasks, and reporting on that work, contained in Sections 4.1 
through 4.4.  
 

4.1 COMPILATION OF CURRENT TECHNOLOGIES (TASK 1) 
 
This work is used in the Technology Status Assessment Report submitted to RPSEA and 
included in Appendix A.2.  
 

4.1.1  OBJECTIVE 
 
This section outlines the current offloading arrangements used to transfer crude oil from an 
FPSO into an offtake tanker (tanker), with the goal of presenting the pros and cons of the 
systems and their applicability for use in the U.S. GoM. The HiLoad DP application is compared 
to these options so that the specific issues or concerns regarding operation of the HiLoad DP in 
the GoM can be highlighted for additional study and discussion.  
 
As the environmental conditions in the U.S. GoM are not conducive to the development of 
spread-moored FPSOs, this study focuses on turret-moored FPSO offloading arrangements. 
 

4.1.2 INTRODUCTION 
 
Traditionally, offloading of crude oil from FPSOs to tankers is conducted either in tandem 
configuration or via a remote single-point mooring (SPM) buoy solution. Tandem operations are 
normally carried out by use of specially built dynamically positioned (DP) tankers or with 
conventional tankers along with the use of one or more tugs to keep the tanker at a safe distance 
from the FPSO. The HiLoad DP offloading vessel is designed to dock onto and keep any of the 
existing conventional tankers (roughly numbering 2,000), from Aframax to VLCC size, safe on 
position during offloading operations. 
 
Most of the conventional tankers referred to are not equipped with any special means for 
offshore loading, other than mooring brackets on the bow and a hose-handling crane midship. All 
these tankers are therefore dependent on use of assisting vessels such as tugs and support crafts 
for maneuvering, station-keeping, and cargo hose-handling. For some field developments, these 
vessels will become dedicated and will become a significant addition to the operation cost. 
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The rationale behind the HiLoad DP offloading vessel is to use the features and experiences 
gained from using purpose-built shuttle tankers in the North Sea and basically incorporate these 
on any conventional tanker during offloading operations. North Sea shuttle tankers are all 
equipped with DP, specialized equipment for mooring, and hose connection and extensive safety 
systems. All onboard personnel go through training programs, such as emergency shutdown 
(ESD) simulations, on a regular basis. The precedent thus is where oil is transferred by hose from 
an above-water point on the exporting vessel (e.g., an FPSO) to an above-water offloading point 
in the receiving tankers. That is different from the submerged loading buoys also used with 
custom-designed DP shuttle tankers in the North Sea. 
 

4.1.3  OFFLOADING REQUIREMENTS—GULF OF MEXICO 
 
The potential long-term growth in FPSOs in the GoM and the necessity to prepare for any future 
emergency offloading events from existing facilities proves that a need currently exists in the 
U.S. GoM for: 

 deepwater direct offloading solutions from disconnectable FPSOs;  
 offloading solutions from isolated platforms to mitigate the effects of pipeline 

breaks; and  
 offloading solutions to load spilled oil into a quickly available tanker. If any of 

the deepwater spill response vessels currently being developed are called into 
action, this scenario will be necessary. The arrangement will be similar to a 
conventional FPSO except that the host vessel will not be moored.  

 
These offloading operations will transfer oil from the existing tanker fleet to waiting tankers, 
which may be tankers of opportunity, or to purpose-built shuttle tankers. Shuttle tankers usually 
have systems and redundancies in place to maintain station and reduce hazards during offloading 
operations. DP is the most common method for increasing maneuverability and redundancy; 
however, it is not necessarily required by regulation or contract. The two Jones Act-compliant 
tankers deployed in the GoM do not have DP, but they have been modified to increase their 
maneuverability and safety. Both vessels are presently under charter and may be unavailable if 
needed in an emergency. One of these vessels was available for the Macondo recovery efforts. 
 
In addition to purpose-built or modified shuttle tankers, it is conceivable that if a disaster strikes, 
a dedicated shuttle tanker may not be available for offloading purposes. In this case, a tanker of 
opportunity may be used. A tanker of opportunity is a tanker from the existing fleet of U.S. flag 
tankers. The issue with a tanker of opportunity is that the ability of this type of vessel to connect 
up and remain on-station during an offloading operation is more difficult. Standard tankers are 
typically not fitted with bow thrusters and have to rely solely on their main propulsion system 
and one or more tugs in order to stay in a safe zone during offloading. In general, the chances of 
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a collision or operational problem are greater when more vessels are involved. Therefore, 
minimizing the number of tugs could be advantageous to an operation. Conversely, GoM 
weather conditions can change rapidly and the need for an additional tug boat could arise with 
little to no warning. Increased costs are associated with capital expenditures (CAPEX) and 
operating expenditures (OPEX) with these additional vessels. 
 
These are some of the reasons why the HiLoad DP vessel is being evaluated in this context. The 
HiLoad DP allows a tanker of opportunity to have similar, if not better, maneuvering 
characteristics than a shuttle tanker without the need to use additional tugs or to modify the 
tanker. The HiLoad DP offloading vessel is considered a new solution for offshore offloading; 
the HiLoad DP is capable of docking onto any standard oil tanker within a given size (i.e., up to 
VLCC size, 2,000,000bbl storage capacity) and keeping it a safe distance from the exporting 
platform, FPSO vessel, or floating, storage, and offloading (FSO) vessel during the offloading 
operation. The HiLoad DP can accomplish this task because it is a fully functioning 
DP2-classified vessel. As discussed in Section 2, the HiLoad DP offloading vessel prototype has 
been tested in realistic sea conditions offshore Norway, and the first vessel has received a Det 
Norske Veritas (DNV) Classification Certificate and is currently being prepared for trial use and, 
if successful, long-term contracting for use in Brazil.  
 
For this compilation of offloading technologies, a high level assessment of the various options 
has been performed. The comparative assessment presented in this section provides a 
comparison of the options for the common elements of offshore offloading. Tankers of 
opportunity are assumed to be existing tankers in the fleet, and they will not have DP systems to 
aid in heading control and station-keeping. The assessment considers the general hazards 
associated with each method. 
 

4.1.4 FPSO BACKGROUND 
 
An FPSO vessel (referred to herein simply as FPSO) is an offshore production facility that is 
ship- or barge-shaped, although spar-shaped or circular applications are seen as well. The main 
function of an FPSO is to conduct processing, storage, and offloading of crude oil into an oil 
tanker. FPSOs are predominantly used for early well testing or as production facilities to develop 
marginal fields or fields in remote locations with deep or ultra-deep waters. FPSOs may be 
designed as new builds for purpose-built applications or converted from existing tankers.  
 
FPSOs have been in use since the late 1970s. The world’s first unit was installed in 1977 on 
Shell’s Castellon field in the Mediterranean Sea. The Brazilian operator Petrobras followed 
shortly thereafter with installation of an FPSO on the Garoupa field in 1978. Both FPSO projects 
were developed in shallow-water areas (120 m to 150 m of water depth) and in areas with 
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favorable environmental conditions. The Castellon and Garoupa projects employed converted 
tankers. The first purpose-built FPSO was implemented later in the 1980s.  
 
Expected field life, production volume, storage requirements, environmental conditions, and 
final destination of distribution are all considered design fundamentals and are the basis for 
selecting the mooring system and new-build vs. converted type of application. Today, the 
industry acknowledges the FPSO technology as a safe, reliable, and cost-efficient solution for 
offshore crude oil production. The world’s FPSO fleet has expanded rapidly, mainly due to the 
FPSO’s mobility and efficiency. FPSOs are widely utilized around the world, e.g., in the North 
Sea, Brazil, West Africa, the Mediterranean Sea, Australia, and most recently in the U.S. GoM.  
 
The Cascade/Chinook field in the U.S. GoM is the first U.S. field to be developed using an 
FPSO, the BW Pioneer. The BW Pioneer is a disconnectable turret-moored FPSO, moored in 
2,600 m of water in the U.S. GoM. The FPSO is offloaded via purpose-built shuttle tankers. 
These shuttle tankers are not equipped with DP systems, but are provided with enhanced 
maneuverability through use of bow thrusters. In addition to the shuttle tankers’ propulsion 
systems, the offloading operation uses a tug to help the tanker maintain station. Further, due to 
Jones Act requirements, the vessels are U.S. flag. (The Jones Act requires all vessels in service 
between U.S. ports to be U.S. flag, and an FPSO in U.S. Exclusive Economic Zone waters is 
deemed to be in a U.S. port.) 
 
As of First Quarter 2013, more than 165 FPSOs were in operation or under construction 
worldwide. West Africa has the largest global share of FPSOs due to its considerable offshore oil 
reserves; however, Brazil is expected to dominate the future FPSO growth as domestic oil 
production is expected to double by 2020. On the other hand, European FPSO markets are likely 
to decline due to falling oil reserves and a shift toward renewable energy sources. 
 

4.1.5 FPSO MOORING ARRANGEMENTS VS. OFFLOADING CONFIGURATION 
 
An FPSO is kept on-station by its mooring arrangement. Mooring arrangements are 
project-specific in design and layout; however, FPSO mooring arrangements can be categorized 
as follows: 

 Spread-Moored. The FPSO is orientated into the predominant weather and 
environmental forces. This is the preferred solution for high-production fields (a 
large number of risers) under steady / predictable environmental conditions.  

 Turret-Moored. The FPSO weathervanes. 
 Turret-Moored (disconnectable). The FPSO weathervanes and means of quick 

disconnections are installed. This configuration is often seen in areas with 
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changing environmental conditions, i.e., North Sea, Brazil, Southeast Asia, and 
now also in the GoM. 

 Moored to a Catenary Anchor Leg Mooring (CALM), a Single Anchor Leg 
Mooring (SALM), or a Jacket Structure. The FPSO weathervanes. 

 Submerged Turret Loading (STL). The FPSO weathervanes around a 
submerged buoy. This arrangement is commonly used in the North Sea. 

 Dynamically Positioned (DP). The FPSO is orientated into the predominant 
weather and environmental forces. 

 
Several offloading solutions relating to the facility’s mooring system are available for each of the 
FPSO configurations. During the design and engineering phase, critical elements are evaluated in 
regard to selection of the preferred offloading configuration for each specific field. Evaluations 
include: 

 Safety (risk of collision, oil spill, fire, etc.); 
 Availability and regularity; 
 Operability; 
 Maintenance and temporary displacements (back-up solutions); 
 Change of infrastructure (increased or decreased production); and 
 Decommissioning, abandonment or relocation. 

 
Due to the U.S. GoM’s environmental conditions, FPSO applications to be used there are 
required to be quick disconnectable and consequently installed with a turret-mooring system. 
There are many different variations on the basic FPSO turret-mooring application, but all are 
designed to allow the FPSO to weathervane. Weathervaning is considered important in the 
design of an FPSO because it minimizes the load on the mooring system. The driving metocean 
component in weathervaning is not always obvious. For a fully loaded FPSO, the primary force 
could be current, whereas when the FPSO is light, the large wind area could result in the 
predominant load being from wind. This becomes extremely important when the FPSO is 
loading a tandem configuration. The FPSO starts the offloading operation at deep draft so is 
mainly affected by current, but the tanker is at shallow draft so is mainly affected by wind. As 
crude oil is transferred from the FPSO to the tanker, the driving forces change to wind for the 
FPSO and current for the tanker. If this shift is not carefully monitored, it can result in higher 
FPSO mooring line loads than would normally be expected. It is also important to note that the 
maximum environmental loads on the FPSO may not be due to the most extreme metocean 
conditions. Less extreme conditions can result in higher loads if the alignment is such that the 
impacts of the conditions are amplified, e.g., winds on the port quarter and waves on the 
starboard quarter.  
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Spread moorings are not suitable for use on FPSOs in the GoM. Hurricanes winds and seas can 
approach an FPSO from any direction, and it is impractical to design a mooring system to 
withstand beam-on hurricane metocean loads. In addition, loop currents can be a significant 
factor in the GoM; these can come from multiple directions. Given that use of a spread-moored 
FPSO in the GoM is unlikely, this option is not considered further in this comparison. 
 

4.1.6 OFFLOADING TECHNOLOGIES 
 
4.1.6.1 Tandem Offloading—Conventional Tanker  
 
The most common mooring arrangement used for turret-moored FPSOs and for FSOs is tandem 
offloading operations with conventional tankers (Figure 4.1-1). For the purpose of this 
comparison, only the FPSO vessel scenario is addressed because no FSOs are currently 
implemented or planned to be utilized in U.S. GoM waters. 
 
 

Figure 4.1-1  FPSO Tandem Offloading—Conventional Tanker 
 
 
In this arrangement, the conventional tanker weathervanes and the behavior of the tanker is 
influenced by and coupled with the behavior of the FPSO. Depending on relative loading 
conditions of the FPSO and the tanker, and the loads induced by the support of the stern tug(s), 
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the headings of the combined set-up will correspond to environmental forces and metocean 
conditions at the site. 
 
The tandem offloading mooring arrangement generally comprises one or two mooring hawsers 
between the bow of the conventional tanker and the FPSO. Operations are assisted by one or 
more tugs secured to the stern of the tanker. Operation is normally conducted by use of a floating 
cargo-hose configuration.  
 
The main reason for conducting tandem mooring of a conventional tanker to an FPSO during 
offloading operations is to utilize the fleet of existing, standard tankers without chancing onboard 
equipment on the vessel during operations.  
 
Operations consider use of conventional tankers to be cost-effective and a flexible way of doing 
FPSO offloading operations, hence the fleet of available tankers is numerous and the daily tanker 
OPEX is competitive compared to alternatives currently available in the market. 
 
On the other hand, utilization of conventional tankers in tandem configurations has its 
drawbacks, either from the environmental conditions, the operational limitations and risks, or the 
specific terminal regulations at site. For example, environmental limitations for utilization of 
conventional tankers in tandem offloading operations can include: 

 The tanker’s ability to maintain maneuvering and station-keeping during FPSO 
approach, offloading operations, and departure from site; 

 Tug availability, maneuvering, and support during entire operations; 
 The marine crew’s capability to arrange mooring and oil cargo equipment in 

adverse weather conditions; and 
 The ability to safely transfer personnel (pilot, mooring master). 

 
To conduct the tandem offloading operations between the FPSO and a conventional tanker, the 
following general and main equipment are required. 

 
Tanker Mooring Equipment 
 

1. Mooring Hawser 
2. Mooring Winches 
3. Fairleads, Chain Stoppers, and Other Handling Gear 

 
The FPSO mooring equipment is always located at the down-weather extremity of the FPSO, 
which allows the conventional tanker to make an approach heading into the predominant wind 
and current. The tanker uses its own engines and rudder in the approach, but is supported by one 
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or more tugs during the entire operation. Should an emergency occur during the approach 
process towards the FPSO, the predominant environmental forces will allow the tanker to drift 
off, avoiding possible collision or damage to the FPSO. The mooring hawser (either single or 
double) is used to simultaneously align and separate the conventional tanker from the FPSO 
during offloading operations. Hawser dimension and load capacity depend on tanker size, 
operating environmental criteria limits, and separation distance between the vessels. Generally, a 
longer hawser reduces peak loads compared to a shorter hawser, but tanker fishtailing may 
increase with a longer hawser. Vessel separation distances are commonly seen in the rage of 
80 m to 150 m. 
 
Overloading of the hawser and the remainder of the mooring system during operations causes 
significant risk of serious personnel injury or damage to material. Possible interaction between 
the two vessels is known as “surging” wherein the connecting hawser becomes tight and the 
resulting effect propels the two vessels towards each other. Use of a hawser load-monitoring 
system during operations can provide the marine crew with information on the safe working load 
of the mooring system, which is not to be exceeded in order for the operations to be conducted 
within the safe and predefined operational limits. A hawser quick-release system is another 
mitigation to avoid hawser risks; the system will disconnect the hawser from the FPSO and the 
tanker in case of increased critical loads.  

 
Cargo-Loading Equipment and Personnel Transfer 

 
1. Midship Manifold and Crane (lifting equipment for hose handling) 
2. Cargo Hose and Marine Brake-Away Coupling 
3. Personnel Transfer (pilot ladder, transfer basket) 
 

The onboard midship lifting equipment is used to secure the marine offloading hose coming from 
the FPSO to the conventional tanker’s midship manifold. The lifting capacity of the midship 
crane has to reflect the minimum safe working load requirements for safe cargo hose handling 
onboard. Connection of the cargo hose is generally supported by a tug or dedicated support craft. 
Over the years, cargo hose operations and, in particular, marine operations in the splash zone 
have been identified as an operational risk to the marine crew involved. Despite marine crew 
training and implementation of operational guidelines and procedures, cargo hose operations 
cause fatal accidents every year that could be avoided if no marine crew work was required 
during hose connections in the splash zone.  
 
Conventional tankers typically do not provide emergency release of the cargo-loading equipment 
or a means to shut down the offload operation. The FPSO, therefore, provides these provisions. 
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Communication between the FPSO and the conventional tanker is essential during operations. 
Telemetry communication is a method for coordinating offloading operations. Another option to 
maintain communication between the FPSO and the tanker is to send a mooring master with 
portable communication equipment to the tanker prior to connection. For the mooring master to 
embark the conventional tanker, access is granted by use of an accommodation or pilot ladder or 
by use of a transfer basket.  
 
Personnel transfer between the FPSO and the conventional tanker is considered a safety issue. 
Unfortunately, personnel incidents and accidents occur every year during personnel transfer, 
despite implementation of operational guidelines, performance of risk assessments, and 
implementation of operational risk mitigations. 
 

Position-Keeping Arrangements 
 

1. Holdback Tug (stern tug) 
2. Skilled Tanker Marine Crew 

 
Conventional tankers are normally fitted with a single propulsion system without additional bow 
or stern thrusters. During normal FPSO offloading operations, the conventional tanker’s own 
propulsion system is not used; hence, station-keeping is supported by the hawser line of a 
holdback tug (stern tug). During offloading operations, the holdback tug is secured by a long tow 
line to the stern of the conventional tanker (Figure 4.1-2). Tug size and bollard pull vary; the 
environmental conditions on site, tanker size, required availability, and other factors influence 
the tug needed or used. Tug support operations are challenged in increasing sea-states typically 
exceeding significant wave heights (Hs) of 2.0 m or more. Possible tug impacts are a known 
hazard to the FPSO. Operations should always consider the environmental conditions and always 
act to reduce the potential risks. 
 
As for all marine operations, the conventional tanker offloading operation requires a skilled and 
experienced marine crew. Operations should always be conducted in accordance with present 
guidelines outlined by the regulatory bodies, by the marine authorities (i.e., OCIMF), and in the 
terminal operations procedures manual.  
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Figure 4.1-2 Tug Operations at Turret FPSO—Tandem Offloading with Conventional 

Tanker  
 
The fleet of conventional tankers used for FPSO offloading operations currently exceeds 2,000 
vessels, so large variations are seen in offloading frequencies and their respective voyage 
durations. Conventional Panamax and Aframax size tankers are frequently used for 
trans-shipments, national, or shorter voyages, while the larger Suezmax or VLCC size tankers 
are commonly used for international, long distance trades. Consequently, the actual number of 
offloading operations conducted may vary according to the actual vessel size and trade. The 
maritime industry acknowledges that operational offloading challenges and risks are reduced by 
utilization of dedicated and well-experienced offloading marine crew, as seen in the North Sea 
onboard the DP shuttle tankers and in connection with HiLoad DP offloading operations. 
 

4.1.6.2 Tandem Offloading—DP Shuttle Tanker  
 
Shuttle tankers with DP are specialized vessels built to transport crude oil from offshore oil 
facilities to onshore terminals and refineries. Use of DP shuttle tankers began in the Norwegian 
Sector of the North Sea where two dedicated offshore loading vessels were installed at the 
Statfjord field in 1979. The STL-based solution at Statfjord initially was meant to be temporary, 
however, Statoil decided in 1982 to base all their offshore loading operations on utilization of 
specialized tankers. The objectives were driven by the request to extend the environmental 
operating window, enhance tanker station-keeping capabilities, and increase overall safety 
aspects at reduced cost of operations. The drawback or limiting factor in using STL 
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configurations relates to the trade area and tanker configuration, which would be dedicated and 
purpose-built (not suited for export scenarios). 
 
The first-generation DP shuttle tankers were conventional single-hull tankers modified for 
offshore loading. Some of the special features implemented were a controllable pitch propeller 
(CPP), bow thrusters and single DP computer, and a single Position Reference System (PRS). 
Introduction of the CPP system allows the propeller blades to rotate along their axis without 
changing the direction of the shaft rotation. The engine can thus remain running in one direction 
while propeller blades can be moved from neutral thrust to ahead or astern thrust. This enables a 
shuttle tanker to maneuver with enhanced flexibility and no engine response lap.  
 
Today's DP shuttle tankers (Figure 4.1-3) are far more sophisticated, comprising a reinforced 
hull design for prevention of fatigue issues and typically equipped with redundant DP 
station-keeping capabilities such as twin propulsion engines, high-efficiency rudders, bow, 
and/or tunnel thrusters. DP shuttle tankers also are normally fitted with a redundant Bow 
Loading System (BLS), automation and communication systems, as well as state-of-the-art 
PRSs. Additionally, dedicated oil spill detection systems (OSDSs) have been implemented in a 
number of DP shuttle tankers over recent years. On the Norwegian shelf, this has become 
mandatory because of the December 2007 4,400-cubic-meter (m3) crude oil spill on the Statfjord 
field caused by a rupture in a loading hose.  
 

Figure 4.1-3 DP Shuttle Tanker 
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Some of the main features of a DP shuttle tanker are outlined further below. 
 
Currently, DP shuttle tankers are widely used in combination with tandem offloading operations 
from both fixed and floating platforms (spread and turret-moored FPSOs). Operator preferences 
and terminal regulations in some areas require utilization of only DP shuttle tankers as the main 
offloading system, whereas conventional tankers and support tug operations are considered only 
in emergency or back-up cases. Offloading from the turret-moored FPSO in the Cascade/ 
Chinook field development in the GoM and offloading from all spread-moored FPSOs in Brazil 
are examples of such requirements. 
 
Utilization of DP shuttle tankers versus conventional tankers during oil offloading operations has 
pros and cons and is subject to the environmental conditions on site, field and infrastructure 
layout, offloading frequency, request for direct export of crude, and other factors. DP shuttle 
tankers can safely stay in position during offloading operations without use of any support tugs, 
thus making them ideal for areas with limited infrastructure or in deepwater. Utilization of DP 
shuttle tankers thereby eliminates the operational risk factors of having multiple vessels deployed 
near the production facility. DP shuttle tankers can conduct offloading operations on a frequent 
basis by utilization of trained and experienced marine crew. 
 
The current fleet of DP shuttle tankers is limited to approximately 200 worldwide. They are not 
considered ideal for situations where OPEX is considered higher than the cost for a similar-sized 
conventional tanker, such as crude oil export scenarios (long distances). Compared to a 
conventional tanker, tandem offloading operations between an FPSO and a DP shuttle tanker 
(Figure 4.1-4) comprise the following main components including equipment installed onboard 
the DP shuttle tanker that differs from a conventional tanker’s layout. 
 

Tanker Equipment 
 
1. Bow Loading System (BLS) 
2. Dynamic Positioning (DP) System 
3. Dedicated Tanker Marine Crew 
4. Oil Spill Mitigations 

 
Bow Loading System (BLS) 
 
The BLS (Figure 4.1-5) allows for the transfer of oil from the FPSO to the DP shuttle tanker, 
even under severe weather conditions. The system consists of two main parts: the hose-handling 
system and the hawser-handling system. 
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Figure 4.1-4 DP Shuttle Tanker Operations at FPSO 

  
 

Source: http://www.emstec.net/oil-field/tanker-loading-system.php 
 

Figure 4.1-5 DP Shuttle Tanker—Bow Loading System (BLS) 
 
 
The hose-handling system allows for a transfer hose to be retrieved from the FPSO and 
connected to the tanker’s cargo system. The cargo hose is connected to the bow loading coupler 
which is mounted forward at the centerline of the tanker. The hose-handling system allows for an 
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emergency disconnect or a completely dry disconnect of the hose. The hawser-handling system 
consists of a traction winch, fairleads, and relevant rollers. The hawser connection and the cargo 
hose are controlled from the tanker bridge via an automation system. Through a closed-circuit 
video system, the marine operators on the bridge can control all aspects of cargo operations. 
 
DP System 
 
The main function of the DP system is to automatically perform fixed-position station-keeping of 
the tanker by using its own propellers and thrusters. DP systems normally monitor wind, 
currents, swells, and tide changes to allow the tanker to position itself near the FPSO and remain 
in position even during environmentally challenging conditions. 
 
A DP system typically includes underwater propulsion hardware, diesel-electric generators to 
supply power to drive the propulsion hardware, control computers and software, and 
high-resolution positioning systems (usually using a Global Positioning System 
[GPS]/Differential Global Positioning System [DGPS] and/or transponders). 
 
There are three different classes of DP systems: 
 

 DP1 has a computerized system to maintain the vessel on location. 
 

 DP2 has underwater components identical to a DP1, but also has two completely 
independent diesel-electric power generators, switchboards, computer and 
positioning systems so that if any of these fail, the vessel will remain in position. 

 
 DP3 houses all its DP equipment in separate, sealed engine rooms as an extra 

safety precaution. Generally, DP3 vessels must be purpose-built and are rarely 
used. For example, North Sea state-of-the-art DP shuttle tankers are all fitted with 
DP2-compliant station-keeping systems, whereas current DP tankers operating in 
Brazil and the U.S. GoM are all fitted with DP1 or lower rated applications. 
Selection of a tanker with a particular DP rating depends on the environmental 
conditions at site, field layout, offloading frequency, and requirements for 
availability and system redundancy. 
 

Dedicated Tanker Marine Crew 

 
DP shuttle tanker operations require highly skilled, licensed marine DP operators (Figure 4.1-6).  
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Source: http://www.smsc.no/courses/dynamic-positioning/dp-cap-on-board-training/ 
 

Figure 4.1-6 DP Shuttle Tanker—Marine Operations 
 
Regardless of the frequency of offloading operations, DP operators often conduct simulator 
training to maintain the crew’s abilities and operational experience. Simulated real-life DP 
operations can be done either onshore at a simulator test facility or offshore at the field when no 
offloading operations are being executed. The operators may use the FPSO’s PRS or may 
establish fictitious targets using the vessel’s GPS/DGPS as a PRS.  
 
Oil Spill Mitigations 

 
Tankers involved in offloading operations and the related offloading procedures have undergone 
significant review and engineering and structural improvements over the last few decades. Oil 
tankers now must comply with international standards requiring double-hull construction, while 
older single-hull vessels are being phased out. Double-hull tankers have traditionally been 
viewed as offering a higher level of oil spill prevention compared to single-hull tankers, since the 
tanker’s outer double hull can be penetrated without causing a release of cargo. However, a 
double hull does not, in and of itself, prevent an oil spill from occurring during offloading 
operations. Its prevention value lies in reducing spill size or severity if the tanker does 
experience a hull breach or accident, e.g., due to collision. 
 
An example of mitigation intended to prevent or reduce the consequences of a possible oil spill 
in connection with offloading operations is the implementation of an OSDS in tankers 
conducting offloading operations.  
 
One OSDS utilizes image-processing algorithms for day and night detection of oil spills by 
collecting digitized on-site sea-surface images from the vessel’s radar and estimating the 
directional wave spectra and sea-surface current. Areas possibly containing oil can be identified, 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 54 of 328 
 

allowing the operator to act accordingly and immediately initiate shutdown of the offloading 
operations. Another example of an OSDS covers Supervisory Control and Data 
Acquisition/telemetry-based applications in which oil volumes sent from the FPSO are measured 
against received amounts at the tanker side. Variation in monitored amounts may activate an 
alarm or initiate offloading ESD.  
 

4.1.6.3 Side-by-Side Offloading—Conventional Tanker 
 
Side-by-side offloading operations with conventional tankers is not considered a viable 
alternative as a prime mooring arrangement for a turret-moored FPSO in the GoM because these 
operations can involve increased risk of collision and contact damage to both vessels involved. 
Although conventional side-by-side cargo operations, also known as lightering operations, are 
safely conducted year-round in U.S. waters, the primary reason that operators do not use 
side-by-side operations with FPSOs is the different risk profile compared to conventional tankers 
conducting ship-to-ship transfers in side-by-side configurations. The support tugs and 
conventional tankers that routinely visit the FPSO may collide with the FPSO, which is stationed 
in one location and would be unable to mitigate the risks of collision.  
 
In areas of favorable weather conditions, side-by-side offloading operations (see Figure 4.1-7) 
may be a viable backup or emergency situation offloading alternative for FSOs, or even FPSOs. 
In these cases, side-by-side offloading operations may require special attention and specific 
motion analysis of the combined set-up, addressing the tanker’s maneuverability at arrival and 
departure, as well as the possible effects of unexpected deterioration of environmental conditions 
at site. Relative motions of both vessels can be the critical factor causing dangerous situations. 
 
 

 
Figure 4.1-7 Side-by-Side Offloading 
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4.1.6.4 Single-Point-Mooring (SPM)—Conventional/DP Shuttle Tanker 
 
SPM, also known as mono-mooring or bow mooring, involves a tanker moored at the bow to a 
buoy using one or two hawser lines (see Figure 4.1-8). The configuration is based upon 
weathervaning with the tanker heading toward the prevailing weather with the buoy located a 
safe distance from the production facility. The two main types of SPMs are Catenary Anchor Leg 
Mooring (CALM) or Single Anchor Leg Mooring (SALM). 
 
 

Figure 4.1-8 Tanker Connected to SPM 
 
 
CALM is the most common, in which a large buoy is held in place by anchor cables that extend 
in catenaries to anchor points some distance from the buoy. The anchor leg of the CALM is 
provided with a swivel that allows the buoy to rotate according to pull and environmental 
conditions. An underwater hose coming from the production facility rises to the sea surface at a 
point some distance from the buoy and from there extends a hose to the manifold/bow loading 
connection on the moored tanker. Offloading operations with conventional or purpose-built 
shuttle tankers moored in SPM configurations are not considered a viable alternative as a prime 
mooring arrangement for a turret-moored FPSO in the GoM. Apart from the existing SPM 
systems installed in shallow water applications worldwide, they are typically used on 
spread-moored FPSOs, e.g., West Africa. 
 

4.1.6.5 HiLoad DP and Conventional Tanker 
 
The HiLoad DP offloading vessel is considered a new solution for offshore offloading in which 
offloading is done by means of a HiLoad DP docked onto any standard oil tanker and keeping a 
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safe distance from the exporting platform/FPSO/FSO during the offloading operation. The 
HiLoad DP can accomplish this task because it is a fully functioning DP2-classified vessel. 
 
The HiLoad DP offloading vessel and the weathervaning principle, from an operational point of 
view, have been recognized by the industry as improving overall safety via a high degree of 
redundancy and safety systems that are part of the overall offloading process. These features 
include redundant DP station-keeping, quick disconnectability of the vessel, extensively trained 
crew dedicated for the offloading operations, fewer vessels involved in overall operations, 
handling of the oil-loading hose from the tanker deck level, and avoidance of operations in the 
“splash zone,” or the use of hose-handling vessels. 
 
The HiLoad DP offloading vessel has been prototype-tested in realistic sea conditions offshore 
Norway. The first vessel has received a DNV Classification Certificate and currently is being 
prepared for long-term implementation in Brazil. The HiLoad DP has been verified as capable of 
executing controlled maneuvering, docking, undocking, and station-keeping of a conventional 
tanker in Hs 3.5m wave conditions and strong winds. The DP vessel also has been verified as not 
being affected by waves of Hs 3.5m, as all motions observed were moderate and slow. Ideally, 
the HiLoad DP should be positioned as far as reasonably possible forward on the parallel 
mid-body section of the conventional tanker. In this position, the thrust from the HiLoad DP 
allows the maximum torque on the tanker, thereby minimizing the effort required to maintain 
tanker station-keeping. 
 
The HiLoad DP (Figure 4.1-9) is designed and constructed according to DNV’s Offshore Service 
Specifications, Standards and relevant Rules for Ships and it complies with the functional 
requirements for typical deepwater SPM, as expressed in DNV classification certificate dated 6 
June 2011 as 1A1 R Mobile Offshore Support Unit DYNPOS-AUTR. The vessel is equipped 
with a dual redundant DP system configured to satisfy class notations equivalent to DP Class 2 
applications with most of the DP vessel’s equipment located in the pontoon. The general 
arrangement of the pontoon reflects the high level of redundancy implemented throughout, 
including duplication of critical rooms and systems. 
 
The HiLoad DP is equipped with three direct-driven azimuth thrusters (2,350 kilowatts [kW] 
each) and powered by individual diesel engines. Each of the three thrusters provides 50% of the 
required thruster force necessary to keep a conventional tanker of up to VLCC size in position 
during offloading operations. Potential loss of one thruster is considered as a single-point failure 
in a DP Class 2 setup and, due to the redundant system, would not affect the vessel’s 
position-keeping capability. Consequently, the HiLoad DP vessel is fully maneuverable with 
only two thrusters in operation.  
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Figure 4.1-9 HiLoad DP 
 

 
To move the overall center of gravity (CG) below the center of buoyancy (CB) and obtain the 
required stability margin, a large keel is implemented below the pontoon where 1,700 tons of 
fixed ballast are installed in three separate ballast steel boxes. The keel arrangement of the 
combined setup (DP vessel and conventional tanker) is designed to provide significant 
hydrodynamic dampening, thereby reducing overall roll and pitch motions during operations as 
well as in survival conditions. 
 
All contact forces between the DP vessel and the tanker are transferred by the fender system 
(Friction Attachment System) installed on top of the pontoon. The fender system basically 
consists of six cells, each covered by high-friction rubber elements and individually surrounded 
by a heavy-duty compression seal. During contact with the tanker, the fender system will 
establish six independent and closed cells against the bottom of the tanker. The hydrostatic 
pressure acting on the bottom of the DP vessel will then be transferred to the tanker hull through 
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the fender system. As a result, the attachment force on the fender system is increased and will 
vary as a function of the tanker’s draught. Since distributed loads replace only the hydrostatic 
pressure, the process would have only limited impact on the local and global loads on the tanker. 
Figure 4.1-10 illustrates the function of the system. 
 
 

 
Figure 4.1-10 Typical Functional Arrangement of the HiLoad DP Friction Attachment 

System 
 
 
Figure 4.1-11 illustrates a typical field layout with HiLoad DP offloading from a spread-moored 
FPSO. The same principles apply for turret-moored applications. When not in use, the HiLoad 
DP can either be parked onto the FPSO or kept floating away from the FPSO. 
 
Once the HiLoad DP is connected to the conventional tanker (Figure 4.1-12), the HiLoad DP 
supports the tanker approach and maneuvering operations as well as the station-keeping of the 
tanker during the entire offloading operation (typically 24 hours). The vessel’s onboard crew 
comprises three people: two DP operators and one marine engineer. The DP operators have 
visual contact with all critical areas of the operation at any given time, providing additional 
safety to the fully redundant system. 
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Figure 4.1-11 Field Layout with Offloading from a Spread-Moored FPSO 
 
 
 
 

 
Figure 4.1-12 HiLoad DP Station-Keeping of Conventional Tanker 
 
  

DP Vessel

Conventional Tanker
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Oil Spill Detection System 
 
HiLoad DP is equipped with an OSDS that minimizes the risk for oil pollution during offloading 
operations. A flow meter is installed on the DP vessel that monitors the received amount of oil 
from the FPSO. The FPSO monitors the oil flow sent to the tanker and any inconsistency or 
discrepancy in the amount of oil received on the DP vessel will trigger an alarm and activate shut 
downs of the export pumps. Relevant communication is handled by the DP vessel’s integrated 
telemetry system which is tied into the FPSO’s control system. Compared to existing 
conventional offloading solutions, this improvement significantly reduces the risk of oil spill.  
 

Hose Connection 
 
A safe and efficient hose-handling procedure from the DP vessel to the midship manifold of the 
conventional tanker has been developed and implemented onboard the HiLoad DP. Current 
procedures used for all loading terminals involve a support craft or workboat. The workboat 
brings the hose end to the midship manifold area where a wire from the midship crane is 
connected to the end of the hose. Operations, as earlier outlined under conventional tanker 
offloading operations, are considered by the industry to be high risk, particularly during heavy 
sea and swell conditions. The HiLoad DP operation does not include utilization of any support 
craft or workboat, nor will operations take place in the splash zone. A soft Dyneema rope 
(hose-guiding rope) is thread through the tanker fairlead at the midship manifold and back to the 
end of the hose. When the hose is lowered into the water, the hose-guiding winch will be 
activated, pulling the hose controlled towards the midship manifold. The export hose is then 
reeled out from the hose reel installed on the HiLoad DP vessel and pulled to the tanker midship 
area by use of the hose-guiding rope. A special lifting sling is connected to the end of the hose 
before the operation starts. Consequently, the entire operation is conducted without the use of 
support craft or any marine crew operation in the splash zone. 
 
For an outlined technical and operational description of the HiLoad DP offloading solution, 
please see Appendix A.3. 
 
4.1.7 SAFETY SYSTEMS USED DURING OFFLOADING 
 
Most, if not all, offloading systems addressed above utilize common safety features. A brief 
discussion of these safety systems that are in place to prevent or mitigate hazardous events is 
presented below.  
 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 61 of 328 
 

4.1.7.1 Green Line System 
 
To ensure safe and reliable offloading from the FPSO to the attached tanker, a “Green Line” will 
be established. Most, if not all, offshore offloading operations utilize a Green Line safety system. 
The Green Line will incorporate the following sensors: 

 Hose Connected (In Position/Not in Position) 
 Crude Oil Pressure (Normal/High) 
 Accumulator Pressure (Normal/Low) 
 Off-Take Tanker Ready (Ready/Not Ready) 
 Crude Oil Line Valve (Open/Closed) 
 Coupler Valve (Open/Closed) 

 
When these items have been positively achieved, the “Offloading Permitted” signal will activate. 
The signal gives the FPSO permission to start offloading to the tanker. The following signal will 
be given back to the system from the FPSO: 

 Offloading (In Progress/Stopped)  
 
Any interruption of the Green Line would give a Green Line failure and would initiate an 
automatic shutdown (ASD). Table 4.1-1 provides an example of the corresponding actions that 
would occur on a shuttle tanker, the HiLoad DP, or the FPSO in the event of a Green Line 
failure. 
 

Table 4.1-1 Actions in the Event of a Green Line Failure 

Action Tanker HiLoad FPSO 

Green Line Failure 
(Automatic Shutdown 
[ASD]) 

 “Loading on” 
signal deactivates 
on telemetry system 

 Start main engine 

 Coupler valve 
closes 

 Crude oil valve 
closes 

 “Offloading 
Permitted” from 
tanker deactivates 

 Cargo pumps stop 

 Crude oil valve 
closes (Export 
valve) 

 “Offloading On” to 
tanker deactivates 
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4.1.7.2 Telemetry System 
 
In addition to the Green Line system, the loading master will be equipped with a wireless system 
for determining status, receiving alarms, weather reports, etc. The system also will be capable of 
issuing shutdown commands. The operational range of the wireless system will be at least 1,000 
m. 
 
The telemetry system will be transferred to the tanker by the loading master. The unit will be 
placed on the tanker bridge or other suitable location, where it will be monitored and operated by 
the loading master or his deputy. The information transmitted over the system also will be 
available to the tanker master to aid him in assessing loading status and field conditions. A 
second telemetry link will be provided to the FPSO control room.  
 
The telemetry system will, at a minimum, be capable of transmitting and receiving the following 
information: 

 Green Line status and alert activation 
 ESD status and alert activation 
 Voice communications over a secure channel 

 
Shut-Down Functions 
 
The telemetry system will have three levels of shut-down from each telemetry operator panel, 
located on the HiLoad DP, the tanker, and the FPSO: 

 Stop cargo pumps on the FPSO, by removing “Off-take Tanker Ready” on the 
telemetry system 

 Emergency Shut-Down 2 (ESD 2), Shut-Down class I (Telemetry system) 
 Process Shut-Down 3 (PSD 3), Shut-Down class II (Telemetry system) 

 
In addition: 

 Emergency release of loading-hose connection to tanker (Quick Disconnect) 
 Ship Security Alert System released from the HiLoad DP Central Control Room 

(CCR) or the tanker telemetry unit  
 
Information Functions 
 
The telemetry unit on both the tanker and the FPSO will be equipped with a display for receiving 
information from the HiLoad DP Integrated Automation System (IAS). This information can be 
messages predefined in the telemetry system trigged by the IAS, such as important safety alarms 
and position data transmitted from the HiLoad DP position system. 
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4.1.8 HAZARD COMPARISON 
 
The hazards and risks associated with offloading from an FPSO have been assessed numerous 
times for almost every FPSO project. For the purposes of this discussion, the hazards and risks 
will be restricted to those affecting tandem applications from FPSOs once they are in operation; 
additionally, the analysis will look only at offloading and positioning systems. The hazards of 
concern assessed are those that can result in an oil spill, fatalities, or a long-term disruption of 
service.  
 

4.1.8.1 Hose Failure, Hose Connection Leak, Hose Disconnection 
 
Typical causes of a hose failure or a connection leak are material defects and fatigue, excessive 
pressure, damage to the hose, improper makeup of mating parts (such as flanges), improper 
gasket type or size, and damage to the mating surfaces. For each example being assessed, the 
potential for a hose rupture due to overpressure is the same since the pumps on the FPSO are 
responsible for providing pressure to the system. Material defects and fatigue also are expected 
to be the same provided all hoses used were fit for the purpose for which they are being used.  
 
Damage to the hose can occur if the hose is dropped or stowed incorrectly. For example, the 
oil-loading hose on North Sea and Brazilian-based FPSOs, as well as the HiLoad DP, is stowed 
on one or more hydraulically operated hose-reel systems purpose-built for the offloading service. 
Stowing in this manner allows for less hose wear compared to the alternatives, which require 
onsite inspections, maintenance, and possible section replacements. In other FPSO scenarios, the 
hose may be left floating where it can be damaged by passing vessels or tampered with by 
civilians. Additionally, some hoses are stowed below the surface of the water and therefore are 
not subject to damage from passing vessels, but are then not accessible for inspections between 
offloading operations. 
 
The hose failure or damage hazard is applicable to all tankers of opportunity and to the HiLoad 
DP. Human error during hose connecting or mechanical failure at the hose connection can 
possibly lead to a leak. Hose rupture can be caused by an improper maintenance replacement 
program/inspection program or unknown damage to the hose. 
 
In many respects, the hazards and risks associated with offloading events are similar in nature. 
As the oil is transferred via a hose, there is potential for a failure of the hose or the hose 
connections. Strictly from an analytical standpoint, the longer the hose, the higher the probability 
of failure. Also, increasing the number of connections increases the probability that one of the 
connections will fail. Most of these types of events result in relatively minor to moderate 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 64 of 328 
 

consequences, as the safety systems will activate and limit the amount of the spill. With regard to 
the potential differences between a turret-moored FPSO that uses either tankers of opportunity or 
shuttle tankers versus a turret-moored FPSO that utilizes the HiLoad DP, the differences in risk 
associated with a hose failure of the offloading system is not likely to be statistically significant. 
The HiLoad DP, because of the longer hose and additional connections, may have a slightly 
higher probability of failure, but it is not likely to result in a significant difference. 
 

4.1.8.2 Loss of Station-Keeping 
 
Loss of station-keeping or maneuverability of the tanker is one of the key concerns during 
offloading operations. A tanker must stay within its prescribed watch radius to avoid 
overstressing the hawser, the hose, or potentially the FPSO mooring system. In this regard, the 
use of DP shuttle tankers such as those used in the North Sea is thought to minimize the potential 
for this type of event and for human error. Offloading arrangements that rely on non-DP shuttle 
tankers are dependent on the skill of the Captain of the tanker and any associated tugs. 
Offloading arrangements that utilize the HiLoad DP will have greater flexibility concerning its 
location and orientation with respect to the FPSO. This means that the HiLoad DP’s 
weathervaning orientation can be decided regardless of the FPSO’s position and without concern 
of influencing the FPSO and its position. The end result is a more compliant system with a 
reduced likelihood of applying excessive loads to the FPSO mooring system. Also, if there is a 
hawser between the FPSO and the shuttle tanker, regardless of DP or not, the intent will always 
be to keep at least a minimum of tension in the hawser (i.e., some thrust away from the FPSO). 
This inherently increases the loads in the FPSO mooring system, albeit normally only 
marginally. However, the greater impact is if the hawser breaks, then action will be needed to 
prevent the tanker moving aft and overloading/rupturing the loading hose. 
 

4.1.8.3 Hurricanes and the Sudden Hurricane 
 
Hurricanes are a fact of life for offshore operators in the GoM. Most, if not all, operators and oil 
companies have procedures for abandoning platforms and/or moving assets when a hurricane is 
within a prescribed distance from their facility. Assets such as semi-submersible units have 
moved considerable distances during hurricanes and even damaged infrastructure as a result. DP 
shuttle tankers and tankers of opportunity can maneuver better than an FPSO or 
semi-submersible unit and, as such, they are typically not the deciding factor when an operator 
must determine the necessary evacuation time before a hurricane. The point remains true also for 
sudden hurricanes that develop in the GoM.  
 
The HiLoad DP is, however, a relatively slow vessel with an anticipated speed of 3 to 4 kn. 
Accordingly, the use of the HiLoad DP in the GoM should take into account the possibility that 
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the HiLoad DP will have to either ride out the hurricane or remain attached to the tanker while 
the tanker avoids the storm. The HiLoad DP vessel that was proposed for the BOET project 
incorporated the use of a predetermined parking area equipped with fixed mooring lines that 
would attach to the HiLoad DP and hold it in place, unmanned, during a hurricane. 
 
Regulators may require demonstration that the HiLoad DP is designed so that the structures 
above the water are high enough to prevent them from being damaged by the design storm case. 
Depending on how the asset is viewed by the regulators, the HiLoad DP may have to meet the air 
gap requirements stated in American Petroleum Institute (API) RP2A, 2T, or 2FPS. Air gap is 
defined as the distance between the crest of the wave and the bottom steel of the cellar deck.  
 
The design of the HiLoad DP will need to be reviewed to determine if the API requirements 
must be met or if design changes are necessary. Much depends on how the United States Coast 
Guard (USCG) and other regulatory authorities view the HiLoad DP. If it is considered an 
offshore installation, it is possible (likely) that the HiLoad DP will need to meet the air gap 
requirements stated by API; if the HiLoad DP is viewed as a vessel, it likely would not need to 
meet the air gap requirements. 
 

4.1.8.4 USCG and Other U.S. Regulators 
 
The impact of decisions by the USCG and/or the Bureau of Safety and Environmental 
Enforcement (BSEE) with regard to the how the HiLoad DP is classified will play a role in the 
design of the HiLoad DP for U.S. GoM waters. As noted above, there are some potential issues 
involving the air gap. Additionally, if the HiLoad DP is considered a vessel, it may need to be 
fitted with accommodations for the marine crew. The present base-case of the HiLoad DP 
depends on a host facility for accommodations. Two of the scenarios being considered 
(offloading from isolated platforms after pipeline breaks and the ability to load spilled oil into a 
quickly available tanker) are likely to require that the HiLoad DP be fitted with some means of 
housing the crew while operations occur.  
 

4.1.9 COMPARISON TABLE 
 
Table 4.1-2 summarizes some of the main features and operational functions of the offloading 
systems addressed in this comparison. SPM and side-by-side operations are consequently 
omitted. 
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Table 4.1-2 Offloading System Features and Operational Functions 

Feature/Function 
Conventional  
Tanker + Tug DP Shuttle Tanker 

HiLoad DP +  
Conventional Tanker 

Tanker Size Up to VLCC Aframax, Suezmax Up to VLCC 

Station-Keeping 
Philosophy 

Heading Control Heading Control Weathervaning 

Station-Keeping Method Tug(s) Dynamic Positioning Dynamic Positioning 

Station-Keeping 
Accuracy 

Depending on Tug(s) 
Within 2 to 3 m  
(Own Power) 

Within 2 to 3 m  
(Own Power) 

Max Hs 
Connect/Disconnect 

2.0 to 3.0 m  
(Dep. on Tugs) 

Up to  
4.5 m/5.5 m 

4.5 m  
(Design Basis) 

Support Craft 
Requirements 

Yes (Line  
Handling Boat) 

No No 

FPSO-Tanker Separation 80 to 150 m 80 to 150 m 150 to 300 m (variable) 

Tanker Mooring 
Equipment 

Hawser Hawser None (Hawser Optional) 

Cargo Loading 
Equipment 

Midship Manifold/Crane 
Bow Loading  

System 
Dry Brake  
Coupler 

Quick Disconnect (Hose) No Yes Yes 

Oil Spill Detection None OSD Installed OSD Installed 

Personnel Transfer 
Pilot ladder/ 

transfer basket 
Pilot ladder/  

transfer basket 
Gangway 

Operating Crew Standard Marine Crew Dedicated/Experienced Dedicated/Experienced 

Suitable for Direct Export Yes No Yes 

Status Field Proven Field Proven Prototype 

Suitable for the GoM No Yes Possibly 

Key: 
FPSO = floating, production, storage, and offloading. 
GoM = Gulf of Mexico. 
m = meter(s). 
Max Hs = maximum significant wave height. 
OSD = oil spill detection. 
VLCC = very large crude carrier. 
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4.1.10 CONCLUSION 
 
This assessment of existing offloading technologies was performed as the first step in better 
understanding the different offloading techniques and the applicability to the HiLoad DP being 
used for offloading and station-keeping operations in the U.S. GoM.  
 
The existing technologies for offloading from an FPSO to a waiting tanker that are currently 
used are well-understood and employ many of the same features as the HiLoad DP. However, 
where the development does not have access to DP shuttle tankers or when DP shuttle tankers 
are cost-prohibitive, the HiLoad DP may offer a solution that is considered safe and 
operationally beneficial for the operator. This is due to the integrated DP2 capabilities and the 
built-in cargo transfer safety systems. The assumption is made that the HiLoad DP uses the 
FPSO for a host to provide accommodations for crew. Having suitable accommodations where 
the HiLoad DP cannot rely upon the FPSO or tanker may require modifications to the current 
HiLoad DP design. Additionally, discussions with the various regulators, mainly the USCG and 
the BSEE, should be initiated to solidify the way regulators will view the HiLoad DP – either as 
a vessel or an offshore installation or both. 
 
Use of the HiLoad DP to facilitate production from damaged assets is a scenario that has not yet 
been conducted, although, there has been previous discussion regarding the use of strategically 
placed CALM buoys. These buoys can be used to transfer oil from subsea fields to waiting 
tankers. In this scenario, should it occur, DP shuttle tankers are unlikely to be available, so the 
HiLoad DP’s ability to provide additional maneuvering and station-keeping abilities to a 
standard tanker would be seen as an advantage. Additionally, it may be possible to accomplish 
this task without the use of a CALM buoy by using the HiLoad DP as the buoy.  
 
Where the HiLoad DP is used to facilitate the transfer of oils and station-keeping to a vessel 
engaged in oil recovery efforts from a deepwater asset, the limitation on heading control may 
need to be addressed. During the Macondo blowout, one of the shuttle tankers assigned to the 
BW Pioneer FPSO was called into service to aid in the offloading; whether another incident such 
as this will happen again cannot be determined. As such, a HiLoad DP that is within a close 
mobilization distance would probably be a good option for this scenario.  
 
The challenges to be addressed are related to the HiLoad DP when not in service. The HiLoad 
DP is most feasible when it is used as a tool in the field development plan and can then be called 
into service for that development and also potentially be on standby for other nearby assets. Due 
to the relatively slow speed of the HiLoad DP, multiple prepositioned units may be necessary in 
order to serve the entire GoM. 
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4.2  A RISK ASSESSMENT OF THE HILOAD CONCEPT (TASK 2) 
 
A standard hazard identification (HAZID) analysis for the HiLoad DP was performed in 2009, 
which is also applicable to the concept currently under consideration for GoM service. The 
recommendations and report from the 2009 study are provided as Appendix B.1 in order to more 
fully capture the extent of analysis performed on the HiLoad DP. To better understand the risks 
particular to operation within the GoM, a 2013 study was performed. 

 
4.2.1 BACKGROUND 
 
Remora has built a HiLoad DP for use in operations involving maneuvering of oil tankers, 
typically during offloading of oil stored in FPSOs. The HiLoad will commence operation in 
Brazil in the second half of 2013 where the vessel will be used for offloading of crude oil from 
spread-moored FPSOs onto conventional tankers in Campos and Santos Basin. A significant 
amount of development work and engineering has been conducted to assess and validate the 
HiLoad DP design. Figure 4.2-1 illustrates the HiLoad DP. 
 
 

 
Figure 4.2-1 HiLoad DP during Sea Launch in March 2009 
 
 
At present, there is interest in bringing the HiLoad DP into service in the U.S. GoM, specifically 
for the case where FPSOs are utilized to develop and produce UDW discoveries that do not have 
pipeline access (e.g., the Cascade/Chinook FPSO). Further, the HiLoad DP is being considered 
for use in two additional scenarios: 

 Emergency unloading from production platforms that are unable to export due to 
subsea pipeline infrastructure damage. 
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 Assisting in offloading from oil spill recovery systems. 
 
The three scenarios are defined in Section 4.2.3; detailed descriptions are provided in Sections 
4.3.5.2 through 4.3.5.4.  

 
To assess the specific design and operational details necessary for introduction of the HiLoad DP 
into the GoM, Remora and RPSEA requested that ABS Consulting, Inc. facilitate a HAZID 
analysis, which included the participation of several members of the oil and gas industry. This 
analysis resulted in the report “REMORA HiLoad DP, GoM Operation: Hazard Identification,” 
dated February 25, 2013. This report is referred to hereinafter as the 2013 HAZID report. The 
reminder of Section 4.2 reflects the results of the 2013 HAZID. 
 
The report from a HAZID conducted on the HiLoad DP in May 2009 was appended as 
Attachment 3 to the 2013 HAZID report for reference and is correspondingly provided herein as 
Appendix B.1. The 20 May 2009 HAZID Report is referred to hereinafter as the 2009 report. 
The 2009 report is a useful starting point for this study as it covers the overall operation of the 
original HiLoad DP concept (known as HiLoad DP1). Many of the findings and 
recommendations recorded in 2009 have already been implemented in the design work for the 
GoM-specific HiLoad DP which is the subject of this current HAZID. A few of the 
recommendations no longer directly apply as the design concept has both evolved with ongoing 
design iteration and been specialized for the particular needs of service in the GoM. 
 

4.2.2 OBJECTIVE 
 
The objectives of this HAZID analysis were to: 

 Identify and understand specific hazards associated with operation of the HiLoad 
DP in the GoM; 

 Identify and understand specific hazards associated with operation of the HiLoad 
DP in the two alternative purposes (emergency unloading from a platform and 
assist with oil spill recovery system unloading); 

 Identify design elements that act as safeguards to prevent or mitigate the hazard; 
and 

 Make recommendations to reduce risks and improve the design and operation of 
the HiLoad DP to meet the requirements for effective operation in the GoM. 

 
4.2.3 SCOPE 
 
The scope of the HAZID addressed the design and operations of the HiLoad DP as related to the 
following three scenarios. Each of these scenarios is shown on Figures 4.2-2, 4.2-3, and 4.2-4. 
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4.2.3.1 Scenario 1:  FPSO Offloading 
  
In Scenario 1, FPSO offloading, the HiLoad DP is to assist in the direct offloading from an 
FPSO vessel, which is in a steady-state production environment in UDW GoM, to a tanker. The 
HiLoad DP will attach to, bring into the safety arc, and provide DP service to the loading tanker.  
 
Figure 4.2-2 shows the typical arrangement of the FPSO, the tanker, and the HiLoad DP in 
Scenario 1. The operational and functional requirements pertaining to the FPSO offloading case 
may be found in Section 4.3.5.2. 
 
 

Figure 4.2-2 Scenario 1: FPSO Offloading with HiLoad DP 
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4.2.3.2 Scenario 2:  Emergency Offloading From Platforms  
 
In Scenario 2, platform offloading, the HiLoad DP is to have the ability to assist in offloading 
liquid hydrocarbons from existing production platforms (also known as direct production) which 
are unable to export due to hurricane or other damage to the subsea pipeline infrastructure such 
as occurred during the 2005 hurricanes. The HiLoad DP will be in standby mode until needed to 
assist in direct production for any eligible platform in the GoM (based on water depth and direct 
offloading ability of the platform). The HiLoad DP will provide DP service to the loading tanker 
and remain on location to service subsequent tankers until the pipeline is restored or direct 
production is stopped for other reasons. Figure 4.2-3 shows the typical arrangement of the 
platform, the tanker, and the HiLoad DP for platform offloading. The operational and functional 
requirements for the platform offloading case are located in Section 4.3.5.3. 
 
 

Figure 4.2-3 Scenario 2: Platform Offloading (Direct Production)  
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4.2.3.3 Scenario 3: Offloading from Oil Spill Recovery Systems  
 
HiLoad DP is to assist in loading spilled and produced oil from the spill recovery vessel (e.g., 
Helix system or Marine Well Containment Company [MWCC] capture vessel) into an available 
tanker for delivery to a U.S. GoM port. The HiLoad DP will be in standby mode until needed to 
assist in an oil spill recovery operation. It will provide DP services to the loading tanker, similar 
to the FPSO offloading case. Figures 4.2-4 and 4.2-5 show the typical arrangements of the spill 
collection vessel, the loading tanker, and the HiLoad DP with the Helix system and MWCC 
capture vessel, respectively. The operational and functional requirements for the platform 
offloading case are described in Section 4.3.5.4. 
 
 

Figure 4.2-4 Scenario 3: Offloading from Oil Spill Recovery Systems (Helix) Alternative with 
HiLoad. 
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Figure 4.2-5 Scenario 3: Offloading from Oil Spill Recovery Systems (MWCC) Alternative 
with HiLoad 

 
 
For each of the scenarios above, the following modes of operations are discussed:  

 HiLoad DP between offloading operations (i.e., HiLoad DP parked on the FPSO) 
 HiLoad DP travel to the tanker or other vessel/platform 
 HiLoad DP connection/disconnection to tanker or other vessel or platform 
 DP station-keeping of tanker 
 Product transfer 
 HiLoad DP operations during a hurricane 

 
The HAZID scope considered consequences and risks in terms of: 

 Personnel safety; 
 Environmental impacts; 
 Loss of production; and 
 Loss of plant or equipment. 

 
Several HAZIDs, such as the 2009 report, have been conducted to assess the routine operations 
of the HiLoad DP and the basic systems on the unit. Accordingly, this assessment was conducted 
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to identify those issues specific to operations in the U.S. GoM and the systems and design 
parameters that may need to be changed or modified to address those issues. 
 
4.2.4 METHOD 
 

4.2.4.1 Overview 
 
HAZID is a systematic team-based technique for identification and assessment of hazards and 
risks. The methodology used for the HAZID was the same as for the 2009 HAZID as described 
in Appendix B.1. For this project, the focus on this assessment was to identify those hazards or 
hazardous scenarios that need to be considered for GoM operations. 
 
4.2.4.2 HAZID Nodes and Subsystems 
 
Table 4.2-1 provides the node listing for the HAZID. 

 
Table 4.2-1 HAZID Node Listing 

Description 

1. FPSO Offloading 

2. Emergency Offloading from Platforms 

3. Offloading from Oil Spill Recovery Systems 

 
For each of the nodes defined above, the following subsystems of the HiLoad DP are addressed. It 
should be noted that the focus on this assessment was to identify those hazards or hazardous 
scenarios that need to be considered for GoM operations; the basic operations of the systems are 
assessed in numerous previous risk assessments. The subsystems addressed in this assessment 
are: 

 HiLoad DP between offload operations; 
 HiLoad DP travel to the tanker or other vessel/platform; 
 HiLoad DP connection/disconnection to tanker or other vessel or platform; 
 DP station-keeping of tanker; 
 Product transfer; and  
 GoM hurricane. 

 
4.2.4.3 Risk Ranking 
 
The risk matrix used for the ranking of consequences and likelihoods is presented on Figure 
4.2-6. 
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Figure 4.2-6 Color Risk Matrix 

 
The definitions associated with the likelihood and consequence levels are as follows: 
 
Likelihood 
0 = Event has never happened and is not expected to happen. 
1 = Event has occurred once or more in industry history. 
2 = Event has happened frequently in industry history and is expected to occur in project 

lifetime. 
3 = Event is expected to occur multiple times in project life. 
 
Consequences 
0 = Event is not noticed by public, no injuries, no compliance issues, no permit issues, no 

design impact. 
1 = Event is noticed by some in the local community, minor injuries, no environmental impact, 

minor impact on design which can easily be modified after construction. 
2 = Event is noticed by media/community, non-life threatening injuries requiring treatment, 

minor environmental impact, impact on initial design. 
3 = Event is covered by national media, major injuries/deaths, extended environmental cleanup, 

permit denial, major redesign required. 
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4.2.4.4 Date and Schedule 
 
Table 4.2-2 lists the venue and schedule for the HAZID. 
 

Table 4.2-2 HAZID Date, Venue, and Time 

Date Tuesday, 11 December 2012 

Location ABS Academy, 16855 Northchase Drive,  
Houston TX 77060 

Time 0830 to 1700 

 
 
4.2.4.5 HAZID Team 
 
The list of HAZID team members is provided in Table 4.2-3. 
 

Table 4.2-3 HAZID Team 

Team Members Organization Role 

Svein Hellesmark, Technology Manager Remora Member 

Mark McNiel, Marine Advisor BG Member 

William Head, Ultra-deepwater Project Manager RPSEA Member 

Kai Christensen, Marine Advisor BP Member 

Thor Andreas Haarseth, Marine Advisor BP Member 

Peter Lovie, Principal Investigator Peter M Lovie PE, LLC Member 

Peter Waller, Team Lead–Chevron Shipping Chevron Member 

Geir Ove Saltvedt, SVP Technical Division Remora Member 

Ming-Yao Lee, Offshore & Marine Engineering  Chevron Member 

Oscar Rene Torres Conoco Phillips Member 

Kim Diederichsen, SVP Americas Remora Member 

Don Nordin, Director Offshore Risk and Integrity ABS Consulting Facilitator

Paul Schweizer, Engineer ABS Consulting Scribe 

 

 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 77 of 328 
 

4.2.4.6 Workshop Recording and Reporting 
 
The HAZID worksheets were generated throughout the session and presented to the team by 
projector. A preliminary list of recommendations and the HAZID worksheets were issued to 
Remora following completion of the session. The final worksheets generated during the session 
were provided as Attachment 2 in the 2013 HAZID Report and are provided herein as Appendix 
B.2. The full and final list of recommendations is discussed in Section 4.2.5.2. 
 
4.2.5 RESULTS 
 
4.2.5.1 Summary of Major Accident Events 
 
Table 4.2-4 documents the major accident events (risk ranking of 5 or greater, as defined in 
Section 4.2.4.3) that were identified during the HAZID. 
 
 
Table 4.2-4 Major Accident Events 

Scenario Consequence Rank 

Scenario  
(see  

Appendix B.2) 

Loop current while 
station-keeping 

Operating in high loop current with 
associated high loading on DP thruster 
system and squall or other condition 
occur resulting in loss of 
station-keeping due to operating close 
to maximum power consumption (and 
associated consequence: damage to 
vessel, hose, etc.). 

5 1.4.1 

Hurricane in GoM with 
pre-warning, HiLoad DP 
stays attached to host 

Reduced speed of FPSO: Impacts lost 
production/increased, FPSO may not be 
able to evacuate. 

5 1.6.1 

Hurricane in GoM with 
pre-warning, HiLoad DP 
stays attached to host 

Impact on FPSO hull integrity. 5 1.6.1 
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Table 4.2-4 Major Accident Events 

Scenario Consequence Rank 

Scenario  
(see  

Appendix B.2) 

Hurricane in GoM with  
pre-warning, HiLoad DP 
stays attached to host 

Impact on HiLoad DP attachment 
system: If HiLoad DP comes too close 
to surface (ventilation), will lose 
sufficient water column to maintain 
attachment. Potential to damage both 
FPSO and HiLoad DP if HiLoad DP 
becomes unattached. 

5 1.6.1 

Hurricane in GoM with 
pre-warning, HiLoad DP 
separates from host before 
storm 

Present design fuel capacity may not be 
sufficient for long-duration separation 
or run by HiLoad DP. 

5 1.6.2 

Extended duration of 
operations 

If HiLoad DP is considered as 
autonomous ship, it may not be 
permitted to heel more than 17 degrees 
(static) in damaged condition; currently 
can go to 25 degrees. 

5 2.5.3 

Key: 
DP = dynamic positioning. 
FPSO = floating, production, storage, and offloading. 
GoM = Gulf of Mexico. 
 
 
 
4.2.5.2 Recommendations 
 
The HAZID team developed a total of 27 recommendations related to design and operation of 
the HiLoad DP in the GoM. The complete list of recommendations from this HAZID is 
presented in Table 4.2-5. The five most significant recommendations with regard to potential 
effect on the HiLoad design are highlighted and bolded. These recommendations relate 
specifically to operation in the GoM. 
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Table 4.2-5 Recommendations from GoM-Specific HAZID 

Recommendations 

Scenario 
(see  

Appendix B.2) 

1. If the HiLoad DP utilizes FPSO as host, FPSO needs to be designed 
to accommodate HiLoad DP (Loads from HiLoad in extreme 
conditions if it should stay attached, 8 additional people, spare parts 
container, fuel for HiLoad DP). 

1.1.1 

2. Design of the HiLoad DP should ensure compatibility with any 
electrically classified (hazardous zoned) areas that may be present on the 
FPSO in the area where the HiLoad DP will be parked. 

1.1.1 

3.  Provide minimum safe manning on the HiLoad DP while parked.  1.1.1 

4.  In case the HiLoad DP needs to leave the host during an emergency, 
design should ensure that safe means to retrieve gangway, sever 
electrical/power cables and any hoses is provided (consider use of 
remotely operated gangway, remote disconnect for power cables/hoses).  

1.1.2 

5.  Fire rating for the HiLoad DP towers should be designed in 
accordance with the results of the Formal Safety Assessments (FSA). 
It may be necessary to consider uprating fire rating for hydrocarbon 
fire/jet fire event. 

1.1.2 

6.  Reconsider designing the HiLoad DP to be unmanned when parked on 
host vessel and ensure that design of HiLoad DP provides for remote 
monitoring of essential systems from the FPSO control room. 

1.1.2 

7.  FSA conducted on FPSO or other host should consider the HiLoad DP 
(include blast walls, jet fire, window shields). 

1.1.2 

8.  Ensure well-defined operational procedures are provided and include 
limit on thruster power usage.  

1.1.2 

9.  Follow Marine Technology Society (MTS) DP Vessel Design Philosophy 
Guidelines (as recognized by the USCG) for design of the HiLoad DP 
dynamic positioning system. 

1.4.1 

10. Utilize local weather buoy to monitor loop currents on site. 1.4.1 
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Table 4.2-5 Recommendations from GoM-Specific HAZID 

Recommendations 

Scenario 
(see  

Appendix B.2) 

11. Establish loop current (LC) design criteria (uptime 
comparison/analysis/etc…) and ensure that powering requirements 
and design for HiLoad DP consider LC criteria (Use statistical 
metocean data and API 2MET). 

1.4.1 

12. Design should consider effects of LC on HiLoad DP propulsion. 
(Limiting case will be station-keeping of Aframax tanker with site 
specific max LC required for desired uptime/operability). 

1.4.1 

 

13  Consider providing a flow meter on the HiLoad DP with connection to 
the loading telemetry system that will shut down the transfer pumps if a 
low/no flow condition is identified by the meter on the HiLoad DP.  

1.5.1 

2.5.1 

14. Consider utilization of infrared camera systems to monitor for oil spill on 
sea surface. 

1.5.1 

2.5.1 

15. Ensure HiLoad DP is designed to accommodate 8 people for duration of 
separation during hurricane event (approximately 7 days) 

1.6.2 

16. Ensure facilities on board and fuel capacity are designed for 7+ days 
operation time for separation and run in case of impending hurricane. 

1.6.2 

17. Design hull and powering on HiLoad DP to travel at 5 to 6 kn speed. 1.6.2 

18. Ensure that the HiLoad DP is refueled after each operation to ensure 
readiness for departure. (HiLoad DP should always sufficient fuel and 
provision onboard to enable immediate evacuation in the event of 
hurricane during all operation and standby conditions). 

1.6.3 

19. Ensure that the HiLoad DP is designed for bottoming event. 2.1.1 

20. Ensure that the sea bottom is suitable for HiLoad DP resting on bottom. 2.1.1 

21. Identify port of refuge/bottom resting location(s). 2.1.1 

22. Consider providing a swivel in offloading hose for tanker weathervaning. 2.5.1 

23. Adjust safe operation sector based on mooring and subsea infrastructure 
specific arrangement. 

2.5.1 
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Table 4.2-5 Recommendations from GoM-Specific HAZID 

Recommendations 

Scenario 
(see  

Appendix B.2) 

24  Design of HiLoad DP should assume transfer of sour crude including 
hydrogen sulfide (H2S) detection near flanges and bolted connections, 
also see USCG mitigation measures in 30 CFR 250.490. 

2.5.2 

25. Ensure that lifting apparatus on the HiLoad DP are suitable for offshore 
operations, including lifts from supply bot decks. 

2.5.3 

26. Design should consider providing crew accommodations on the HiLoad 
DP if the tanker does not have sufficient bed space. 

2.5.3 

27. Ensure that the HiLoad DP flag state is acceptable to U.S. regulatory 
bodies for GoM operations. 

2.5.3 

Key: 
CFR = Code of Federal Regulations. 
DP = dynamic positioning. 
FPSO = floating, production, storage, and offloading. 
GoM = Gulf of Mexico. 
kn = knot(s). 
USCG = United States Coast Guard. 
 
 
Other recommendations that may significantly impact the design, but are not specific to GoM 
operation are part of the findings from the 2009 HAZID and are listed in Attachment 3 of 
Appendix B.1. 
 
4.2.5.3 GoM-Specific Contextual Information 
 
To provide context to the recommendations, this section further defines the various challenges 
that are specific to operation of the HiLoad DP in the GoM. 

 
GoM Regulatory Environment for Service Vessels 
 
One of the significant influences affecting the design and operation of the HiLoad DP in the 
GoM is the regulatory environment of the region. This section provides a brief introduction to 
the key elements governing the HiLoad DP. 
 
Drilling and production assets in the U.S. GoM are governed by a primarily prescriptive set of 
requirements developed and administered by a number of regulatory bodies. Two governmental 
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agencies dictate most of the requirements for assets located in U.S. waters in the GoM: the 
USCG (U.S. Department of Homeland Security) and the BSEE (U.S. Department of the Interior). 
In addition to these agencies, there are international regulatory bodies such as the International 
Maritime Organization (IMO) and classification societies, such as the American Bureau of 
Shipping (ABS), Bureau Veritas, DNV, and Lloyds Register. Each organization has 
requirements for some aspects of the design, construction, and operation of assets in the GoM, 
depending on the asset’s flag and design particulars. 
 
The following is from the Memorandum of Understanding (MOU) between the BSEE and the 
USCG, effective 27 November 2012. This MOU provides a good snapshot of the division of 
responsibilities of the BSEE and the USCG. 
 

The USCG, within the Department of Homeland Security (DHS), regulates the 
safety of life and property and the safety of navigation and protection of the 
environment on OCS units and vessels engaged in OCS activities. In addition, 
the USCG regulated workplace safety and health, as well as enforces 
requirements related to personnel, workplace activities, condition and equipment 
on the OCS. The USCG is responsible for oil spill preparedness and response 
and conducts research related to these mission requirements. The USCG is also 
responsible for security regulations on OCS installations, as specified under the 
Maritime Transportation Act, and has select duties for regulating deepwater 
ports as enumerated under the Deepwater Port Act, as amended. 
 
The BSEE exercises safety and environmental enforcement functions related to 
OCS facilities, including, but not limited to, developing regulations governing 
OCS operations, permitting, conducting inspections and investigations, 
enforcing regulatory requirements, assessing penalties, conducting research, 
and overseeing oil spill response planning and preparedness. 

 
 
The HiLoad DP will be presented to regulators as an independent vessel (similar to an offshore 
supply vessel [OSV] or crew boat) and will not be viewed as a facility engaged in Outer 
Continental Shelf (OCS) activities (such as platforms, FPSOs, and similar that have a physical 
connection to the seafloor and resources in the reservoirs under the seafloor). This is an 
important distinction as it likely removes the HiLoad DP from the scope and burden of the 
BSEE. Accordingly, the subsequent discussion here is aimed at describing the USCG regulatory 
scene.  
 
In the case of vessels that are U.S. flagged and located in the GoM, the applicable bodies would 
be the USCG and the classification society; however, it should be noted that classification of a 
vessel is optional. Further, the USCG has delegated some review, inspection, and approval 
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responsibilities to the classification societies thereby allowing them to act on behalf of the 
USCG. The sections below briefly describe the responsibilities of each of these entities. 
 
The USCG regulations are contained in the Code of Federal Regulations (CFRs). The CFRs are 
arranged by chapter and subchapter numerically (e.g., 46 CFR 56.50 stands for Title 46, Chapter 
I, Part 56.50). The applicable regulations for most vessels in the GoM are located in Title 33 (for 
navigation and navigable waters) and Title 46 (for shipping regulations). CFRs are online at 
http://www.ecfr.gov. 
 
In addition to the CFRs, specific guidance is provided for some regulations and is typically 
contained in Navigation and Vessel Inspection Circulars (NVICs). NVICs cover a wide range of 
topics and provide a valuable resource for those needing to comply with USCG regulations. 
NVICs are online at http://www.uscg.mil/hq/cg5/nvic/.  

 
U.S. and foreign-flagged vessels are required to obtain a Certificate of Inspection from the 
USCG. The requirements for various vessel types can be found in 46 CFR Subchapter I (cargo 
and miscellaneous vessel types) or Subchapter L (OSVs). Note that ABS class rules are 
incorporated by reference in the CFR such that a vessel’s structural design is to meet the ABS 
class rules. Other class society rules require approval by the USCG. 
 
Classification societies develop rules that address the requirements for the design and 
construction of ships and offshore facilities. These rules are developed by committee and are 
governed by the International Association of Classification Societies. The classification of an 
offshore unit typically involves the review of plans and calculations and surveys or inspection to 
ensure that requirements are met. The survey and inspection activities typically occur annually 
for the life of the vessel. A unit’s classification is optional and is not required by any federal or 
state agency; however, many insurance companies require classification of the assets in order to 
cover them.  
 
Class societies also may act on behalf of the USCG and other nations. These responsibilities are 
outlined by their respective countries. In the case of the U.S, these are contained in the NVICs. 

 
GoM Environmental Conditions 
 
The GoM contains two specific unique environmental features that will significantly influence 
the design and operation of the HiLoad DP: hurricanes and loop current. 
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Hurricanes 

 
Recent named hurricanes Rita, Ivan, and Katrina, among others historically, have caused 
significant destruction to the U.S. Gulf Coast and offshore infrastructure in the GoM and have 
changed the environmental conditions that facilities in the GoM must be designed to withstand.  
 
Table 4.2-6 describes the common Saffir-Simpson Hurricane Wind Scale used to rank hurricanes 
based on wind speed. Table 4.2-7 lists the seven hurricanes and their categories that have caused 
the most costly damage in the GoM. Clearly, these storms contain the power to cause far-
reaching destruction.  
 

Table 4.2-6 Definition of Hurricane Categories, Saffir-Simpson Scale 

Category 
Sustained 

Winds Types of Damage Due to Hurricane Winds 

1 74–95 mph 
64–82 kn 
119–153 km/h 

Very dangerous winds will produce some damage: 
Well-constructed frame homes could have damage to roof, 
shingles, vinyl siding and gutters. Large branches of trees will 
snap and shallowly rooted trees may be toppled. Extensive 
damage to power lines and poles likely will result in power 
outages that could last a few to several days. 

2 96–110 mph 
83–95 kn 
154–177 km/h 

Extremely dangerous winds will cause extensive damage: 
Well-constructed frame homes could sustain major roof and 
siding damage. Many shallowly rooted trees will be snapped or 
uprooted and block numerous roads. Near-total power loss is 
expected with outages that could last from several days to 
weeks. 

3 
(major) 

111–129 mph 
96–112 kn 
178–208 km/h 

Devastating damage will occur: Well-built framed homes may 
incur major damage or removal of roof decking and gable ends. 
Many trees will be snapped or uprooted, blocking numerous 
roads. Electricity and water will be unavailable for several days 
to weeks after the storm passes. 

4 
(major) 

130–156 mph 
113–136 kn 
209–251 km/h 

Catastrophic damage will occur: Well-built framed homes can 
sustain severe damage with loss of most of the roof structure 
and/or some exterior walls. Most trees will be snapped or 
uprooted and power poles downed. Fallen trees and power poles 
will isolate residential areas. Power outages will last weeks to 
possibly months. Most of the area will be uninhabitable for 
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Table 4.2-6 Definition of Hurricane Categories, Saffir-Simpson Scale 

Category 
Sustained 

Winds Types of Damage Due to Hurricane Winds 

weeks or months. 

5 
(major) 

157 mph or 
higher 
137 kn or higher 
252 km/h or 
higher 

Catastrophic damage will occur: A high percentage of framed 
homes will be destroyed, with total roof failure and wall 
collapse. Fallen trees and power poles will isolate residential 
areas. Power outages will last for weeks to possibly months. 
Most of the area will be uninhabitable for weeks or months. 

Source: National Weather Service 2012a. 
Key: 
mph = miles per hour. 
km/h = kilometers per hour.  
kn = knots. 
 
 
Table 4.2-7 Nine Most Expensive Tropical Cyclones in the United States 

Rank Tropical Cyclone Year Category 

Damage 

(U.S. $ Billion) 

1 
Katrina 
(Southeast Florida, Louisiana, Mississippi) 

2005 3 $108.0

2 
Ike  
(Texas, Louisiana) 

2008 2 $29.5

3 
Andrew  

(Southeast Florida, Louisiana) 
1992 5 $26.5

4 
Ivan  

(Alabama, Northwest Florida) 
2004 3 $18.8

5 
Charley  

(Southwest Florida) 
2004 4 $15.1

6 
Rita  

(Southwest Louisiana, North Texas) 
2005 3 $12.0

7 
Allison  

(North Texas) 
2001 

Tropical 
Storm 

$9.0

Source: Blake, Landsea, and Gibney 2011. 
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Based on Figure 4.2-7, it is reasonable to expect at least one category 3 or higher hurricane each 
year and multiple storms of lesser category may occur within the GoM. For specific sites in the 
GoM, an assessment based on historical hurricane tracks and frequency could help to determine 
the likelihood of a given hurricane strength impacting the site. 
 
 

Source: National Weather Service 2012b.  
Figure 4.2-7 Numbers of Named Systems (open/yellow), Hurricanes 

(hatched/green), and Category 3 or Greater (solid/red), 1886–2004 
 
 
Understanding hurricane patterns in the GoM is essential to successfully designing the HiLoad 
DP for GoM operation in the areas of defining parking location, survivability (stability, structural 
integrity, onboard provisions), and operations planning for hurricane events. For general 
guidance on design conditions due to hurricanes in the GoM, API Bulletin 2INT-MET, “Interim 
Guidance on Hurricane Conditions in the Gulf of Mexico,” together with API RP 2A-WSD, 
“Recommended Practice for Planning, Designing, and Constructing Fixed Offshore Platforms—
Working Stress Design,” may be consulted. It should be noted that a site-specific study should be 
conducted for each of the HiLoad DP’s areas of operation and parking. 
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With regard to parking locations, further study should be conducted to identify suitable areas (in 
terms of bottom type and water depth) where the probable strength of hurricanes would be low 
and return period would be high. An estimation of these factors can be made from detailed 
analysis of historical hurricane track and strength data. For reference, Figure 4.2-8 shows the 
tracks of the most intense major U.S. hurricanes, ranked by pressure at landfall, 1851 through 
2010. This type of chart combined with the historical return period chart on Figure 4.2-9 may be 
used to identify which parking areas to avoid and parking areas that are less likely than others to 
be affected. 
 
 

Source: Blake, Landsea, and Gibney 2011. 

Figure 4.2-8 Track of Most Intense (Lowest Pressure at Landfall) Atlantic Cyclones 
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Source: Blake, Landsea, and Gibney 2011. 
Figure 4.2-9 Return Period of Major Atlantic Cyclones Along U.S. Gulf and East Coasts 
 

 

Loop Current 
 
A second major environmental feature of the GoM is the loop current. The GoM loop current is a 
flow of warm water that travels up from the Caribbean, past the Yucatan Peninsula, and into the 
GoM. It then flows through the Florida Strait, into the Gulf Stream, and heads north up the 
eastern coast of the U.S. 
 
The GoM loop current is variable. Sometimes, the current barely enters the GoM before heading 
toward the Atlantic. At other times, it may travel almost to the coast of Louisiana before 
swinging back toward the Florida Strait. An additional component of the loop current is its 
ability to shed large vortices which circulate through the GoM causing high surface and subsea 
current conditions throughout the GoM.  
 
Figure 4.2-10 shows a typical flow pattern of the loop current and associated eddies. This figure 
is from 12 December 2012. Loop and eddy current surface velocities have been measured in 
excess of 4.3 kn and typically average about 1.5 kn during the active season. 
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Source: Coastal Studies Institute, School of the Coast and Environment, Louisiana State University n.d. 
Figure 4.2-10 Gulf of Mexico Loop Current and Eddies 

 
 
For the HiLoad DP, it is important to recognize the occurrences and characteristics of the GoM 
loop current and the associated eddies. In the worst case, the current may have a significant 
impact on the power requirements needed for the HiLoad while it is maneuvering during 
docking. Loop current also will affect the amount of HiLoad DP uptime and potentially the size 
of tanker vessel that the unit will be able to provide with DP service. Loop current conditions are 
not known to change instantaneously and forecasting services days or weeks in advance are 
thought to be reliable. 

 
4.2.5.4 Spill Potential in GoM Associated with FPSO Operations 
 
For further context of the FPSO unloading scenario, some data and conclusions from the U.S. 
Department of the Interior, Minerals Management Service (MMS 2001) study “Proposed Use of 
Floating Production, Storage, and Offloading Systems on the Gulf of Mexico Outer Continental 
Shelf – Final Environmental Impact Statement” is presented here. The following summary of 
results is taken directly from that 2001 environmental impact statement (EIS) and reflects the 
unloading base case considered which is tandem unloading using Jones Act tankers of 
opportunity and is similar to the HiLoad DP case.  
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From MMS (2001): 
 

The results of the risk assessment indicate that for risks unique to FPSO operation: 
 The frequency of FPSO-unique oil releases greater than 1,000 barrels is 0.037 

per billion barrels produced from FPSO-related failures, and 1.2 per billion 
barrels transported for shuttle tanker-related failures. (The production rate is 
assumed to be 150,000 barrels of oil per day.) 

 Approximately 94.4% of the volume of potential FPSO-unique spills is likely to be 
due to the transfer of oil form the FPSO to the shuttle tanker and from the shuttle 
tanker transit to shore. 

 Approximately 53.6% of the volume of potential FPSO-unique spills is likely to be 
from shuttle tankers near port. 

 Approximately 39.0% of the volume of potential FPSO-unique spills is likely to be 
from shuttle tankers transit to port. 

 Approximately 1.8% of the volume of potential FPSO-unique spills is likely to be 
from the transfer of oil from the FPSO to the shuttle tanker. However, this volume 
is comprised entirely of the smaller spill sizes (<1,000 barrels). 

 Process releases are the single largest FPSO-unique risk for releases on the 
FPSO. 

 For events on the FPSO, accidents that escalate to the cargo area (which 
comprises escalation consequences from most of the hazard categories in table 
4-25) represent the largest FPSO-unique risk. The cumulative frequency of these 
events is on the order of 1x10-3 per year. 

 Collisions with passing merchant vessels are low-frequency events but account 
for 1.2% of all the FPSO-unique oil released due to the potential for large-volume 
spills. 

 
The first point to note is that almost 95% of potential FPSO-specific spill volume (as compared 
to production using a Tension Leg Platform [TLP] and pipeline export) is likely to occur during 
transfer of oil to the shuttle tanker and transit to shore. However, only 1.8% of potential 
FPSO-specific spill volume is likely to occur during transfer operations (due to hose leak, or 2% 
if leakage at the swivel is included [see Table 4.2-8, also from the MMS 2001 EIS]). As transfer 
operations are the portion of the operation with which the HiLoad DP will be involved, it is 
reassuring that transfer operations are not expected to be a major contributor (less than 2%) of 
potential spill volume for the FPSO base case. 
 
Further context may be gleaned from Table 4.2-8. It is apparent that while collision and 
subsequent spill due to combined passing vessels and the visiting tanker are possibilities, their 
contribution to the overall volume of potential spills is minimal and about the same order of 
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magnitude as hose and swivel leakage (less than 2%). Collision and spill caused by the visiting 
shuttle tanker is of extremely low likelihood (10-9). 
 
Another parallel that may be considered for context of FPSO unloading risk comparison is the 
lightering operations occurring in the GoM where there is a history of infrequent spills and low 
spill volumes. Skaugen Petrotrans conducts the vast majority of lightering operations in the 
GoM. A review of public records indicates the incidences of spills while lightering are very 
infrequent. One incident in the GoM occurred in 1995 and resulted in a spill of approximately 
850 bbls, and two additional incidents are noted in a 2007 letter from Skaugen Petrotrans to the 
Scottish parliament. This letter states:  
 

In the past 26 years we have engaged in some 10,000 ship to ship operations 
transferring around 6 billion barrels of oil. In addition to the 1995 incident in the 
Gulf of Mexico, two further incidents involving STS operations have resulted in 
an additional 4 barrels of spillage. Overall therefore a 99.998 percent safety 
record. 
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Table 4.2-8 Oil Spill Frequencies per Year by Accidental Event Category for Unique FPSO 
Risks 

Source: MMS 2001. 
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Tanker and FPSO Collision 

 
Historical events related to tanker and FPSO collisions can provide insight to better understand 
the relationship between the FPSO, the tanker, and the HiLoad DP. The research paper 
“Probabilistic Evaluation of FPSO-Tanker Collision in Tandem Offloading Operation” (Chen 
2003) refers to five likely incidences of DP shuttle tanker collision with the FPSO and discusses 
the DP tanker/FPSO interaction in the North Sea:  
 

There are likely five collision incidents between FPSO/FSU and DP shuttle tanker 
occurred in the North Sea in recent years, based on reference information from 
Vinnem (1999) and Leonhardsen et al. (2001). 

 Emerald FSU: Impact by shuttle tanker Navion Clipper, UK, 28.02.1996 
 Gryphon FPSO: Impact by shuttle tanker Futura, 26.07.1997 
 Captain FPSO: Impact by shuttle tanker Aberdeen, 12.08.1997 
 Schiehallion FPSO: Impact by shuttle tanker Nordic Savonita, 25.09.1998 
 Norne FPSO: Impact by shuttle tanker Knock Sallie, 05.03.2000 

 
The collision frequency is relatively large based on the above incident record. 
The estimated total number of tandem offloading operations by DP shuttle tanker 
in the North Sea is around two thousand between the years 1996 to 2000 (Helgøy, 
2002). This indicates one collision every four hundred offloading operations. For 
a DP shuttle tanker undertaking fifty tandem loading operations per year, this 
equals to one collision in the order of every ten years. However, a reasonable 
interpretation of these statistical results should also include the following fact: 
The tandem offloading operation between FPSO/FSU and DP shuttle tanker has 
been in continuous evolution during recent years. The high frequency averaged 
over these years cannot reflect the significant amount of improvements and efforts 
made by shuttle tanker and FPSO operators in the mean time. 

 
 
As noted by Chen (2003), DP systems are constantly improving, so the frequency of incidences 
should reasonably be expected to decrease in the future. It also should be noted that GoM 
conditions are usually significantly calmer than North Sea conditions. 
 
Other similar operations to compare collision frequencies are those of Mobile Offshore Drilling 
Units (MODUs) and production platforms that are routinely serviced by numerous 
mission-specific vessels, usually outfitted with DP. Although, no GoM-specific information is 
available, several reports from Health and Safety Executive (Great Britain’s national independent 
watchdog for work-related health, safety, and illness) contain information for collision (and 
other) accident events occurring in United Kingdom North Sea waters. These reports include 
“Accident Statistics for Floating Offshore Units on the UK Continental Shelf 1980–2003” (DNV 
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2005) and “Accidents Statistics for Fixed Offshore Units on the UK Continental Shelf 1980–
2005” (DNV 2007). 
 
From the combined nearly 10,500 reported events during the reporting periods, only 30 collision 
incidences occurred, including near misses and events categorized as ‘insignificant.’ Of these, 
five events involved vessels with a specific mission to service the platform such as standby 
vessels, supply boats, and other OSVs (with similar relation to the platform as the HiLoad DP to 
the FPSO). The remaining 25 events were associated with fishing and merchant traffic.  

 
4.3  DEVELOPMENT OF THE BASIS OF DESIGN FOR GOM APPLICATION 

(TASK 3) 
 
4.3.1 OBJECTIVE 
 
This section establishes the basis of design for the HiLoad DP loading system for service in the 
U.S. GoM under three specific operating scenarios that were defined in Section 4.2.3. As 
previously described, the HiLoad DP system allows for offshore loading to conventional tankers 
by means of a DP loading terminal. The section further details the HiLoad DP concept and 
discusses the rules and regulations applied to the unit, the GoM-specific environmental design 
criteria, functional requirements, the top level design basis and design philosophy to an “Issue 
for Design” level. For the most part, requirements are stated as performance- or goal-oriented 
objectives. This section does not discuss the detailed design requirements for systems or 
machinery (e.g., ballast pump size) to an “approved for construction” level. 
 

4.3.2 HILOAD DP SYSTEM DESCRIPTION 
 
4.3.2.1 Description of HiLoad DP Unit 
 
As previously discussed, the HiLoad DP system is a proven concept for offshore loading, 
whereby the offloading operation is facilitated by means of a DP loading terminal called the 
HiLoad DP. The HiLoad DP is capable of docking onto any standard oil tanker up to Aframax 
size with maximum draft of 40 feet (ft) and can keep this at a safe distance from the exporting 
platform/FPSO/FSO/oil spill recovery vessel during the offloading operation. Figure 4.3-1 
illustrates the function and concept of the HiLoad DP acting as a DP loading terminal for a 
generic tank vessel.  
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Figure 4.3-1 HiLoad DP Basic Loading Terminal Function 
 
 
During operation, the HiLoad DP will be ballasted by means of filling or discharging seawater in 
the ballast tanks (located in the pontoon and in the tower) to float in upright condition with the 
pontoon well below the surface at all times during operation, being hydrostatically stable at all 
drafts. When disconnected from the tanker or host vessel, the HiLoad DP will be kept at transfer 
or survival draft in order to minimize environmental loads on the unit. Figure 4.1-9 in Section 
4.1 illustrates the locations of main components of the HiLoad DP and the overall arrangement 
of the unit. 
 
The HiLoad DP consists of the following major components, which are developed further in 
Section 4.3.6: 

 Hull and structure 
 Machinery main components 
 Vessel systems 
 Equipment for oil transfer 
 Outfitting equipment 
 Accommodation 
 Safety systems 
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Principal Characteristics 
 
The HiLoad DP shall be equipped for the following configuration. 
 
Thruster Characteristics 

 360 degrees steerable thrusters 
 4x33% thruster capacity 
 Thrusters shall have electrical drive with variable speed (fixed pitch) 
 Thrusters to be underwater dismountable 

 
Diesel Generators 

 High-speed diesel generators to allow for high effect compared to space and 
weight used  

 At least 4x33% capacity (alternatively 5x25% may be considered) 
 
4.3.2.2 Operation Scenarios 
 
The HiLoad DP will be designed and constructed to function in three separate service capacities 
that are expected to occur in the GoM and called for in the original proposal for this project. 
These three scenarios were briefly described and illustrated in Section 4.2.3 and are detailed 
further in Table 4.3-1 which compares the specific parameters of the three operating scenarios. 
 
These figures were arrived at during discussion of the Principal Investigator with GoM operators, 
starting at the first Working Project Group meeting (WPG 1), via further discussions in a number 
of email exchanges and finalized with the same group of operators in WPG 2 and used thereafter 
throughout the project. 
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Table 4.3-1 Principal Characteristics for Each Operating Scenario 

Case 

Scenario 1: 
Steady State 

Service: 
Offloading 

from an FPSO 

Scenario 2: 
Standby Service: 
Offloading from a 
Platform Where 
Export Pipeline 

Disruption(s) 
Have Occurred 

Scenario 3: 
Standby Service: 

Offloading Oil 
Spill Collection 

Vessel Design Case 

Max/min water 
depth (feet) 

10,000/4,000 10,000/130 10,000/130 10,000/130 

Max distance 
from shore 
(nautical miles) 

200 200 200 200 

Maximum tanker 
size 

Aframax 
(650,000 bbl) 

Aframax  
(650,000 bbl) 

Aframax  
(650,000 bbl) 

Aframax 
(650,000 bbl) 

Typical offload 
tanker size 

Handymax 
(330,000 bbl) 

Handymax 
(330,000 bbl) 

Handymax  
(330,000 bbl) 

Handymax 
(330,000 bbl) 

Length of total 
operation 

Steady-state 
Occasional,  
6–12 months 

Occasional,  
2–6 months 

Steady-state 

Length of 
individual 
loading operation 
(max) 

19 hours 7 days 7 days 7 days 

Max loading rate 
(barrels per hour) 

35,000 4,000 4,000 

Piping to be 
sized for 

35,000 bbl/hr. 
HiLoad hose 

may be 
changed out 

for individual 
operation 

Hose length from 
source (FPSO, 
platform) 

(meters) 

400 700 400 

Hose may be 
changed out 

for individual 
operation 
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Table 4.3-1 Principal Characteristics for Each Operating Scenario 

Case 

Scenario 1: 
Steady State 

Service: 
Offloading 

from an FPSO 

Scenario 2: 
Standby Service: 
Offloading from a 
Platform Where 
Export Pipeline 

Disruption(s) 
Have Occurred 

Scenario 3: 
Standby Service: 

Offloading Oil 
Spill Collection 

Vessel Design Case 

Source hose 
diameter 

(inches) 

20 10 8 

Hose may be 
changed out 

for individual 
operation 

Hose type used Floating Catenary Floating 

Hose may be 
changed out 

for individual 
operation 

Hose deployed 
from 

Reel on FPSO 
Shore base, OSV 

delivers and hooks 
up at platform 

Shore base, OSV 
delivers and hooks 
up at spill vessel 

Scenario 
specific 

Hose length on 
HiLoad DP reel, 
meters 

120 120 120 120 

Hose diameter on 
HiLoad DP reel, 
inches 

20/16 20/16 20/16 20/16 

Key: 
bbl = barrels. 
DP = dynamic positioning. 
FPSO = floating, production, storage, and offloading. 
OSV = offshore supply vessel. 
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4.3.3 CLASSIFICATION AND RULES 
 

4.3.3.1 Rules and Regulations 
 

U.S. Coast Guard 
 
The HiLoad DP will fully comply with the rules and regulations of the USCG as defined in 
46 CFR subchapter I or subchapter L, as determined by the USCG, and all other necessary 
regulations to receive the Certificate of Inspection (COI). 

 
Class Notation and Rules 
 
The HiLoad DP will be designed and built under review and survey by a classification society 
recognized by the USCG and will have ship class notations as below or equivalent: 
  
DNV  1A1 R Mobile Offshore Support Unit 
 
With additional notation: 
 DYNPOS-AUTR, E0 
 
Applicable rules will be as required for the notation and/or as listed below or equivalent: 
Offshore Service Specification 
Classification 
OSS-102: Rules for Classification of Floating Production, Storage and Loading Units 
 
Reference Standards (Offshore Standards) 
Quality and Safety Methodology 
OS-A101: Safety Principles and Arrangements 
  
Material Technology 
OS-B101: Metallic Materials 
  
Structural Design and Construction 
OS-C101: Design of Offshore Steel Structures, General (LRFD Method) 
OS-C301: Stability and Watertight Integrity 
OS-C401: Fabrication and Testing of Offshore Structures 
 
Systems  
OS-D101: Marine and Machinery Systems and Equipment 
OS-D201: Electrical Installations 
OS-D202: Automation, Safety, and Telecommunication Systems 
OS-D203: Integrated Software Dependent System (ISDS) 
OS-D301: Fire Protection 
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Special Facilities 
OS-E201: Oil and Gas Processing Systems 
OS-E403: Offshore Loading Buoys 
OS-H101: Marine Operations, General 
 
Rules for Classification of Ships 
Relevant sections from “Rules for Classification of Ships” are: 
Part 6 Ch. 7 (DYNPOS) 
Part 6 Ch. 3 (E0) 
 
4.3.3.2 Standards 
 

 International Convention for the Prevention of Pollution from Ships (MARPOL 
1973) including Protocols of 1978 and 1997 and all amendments (Consolidated 
Edition 2011); 

 OCIMF Guide to Purchasing, Manufacturing and Testing of Loading and 
Discharge Hoses for Offshore Moorings, 4th Edition, 2005; 

 OCIMF Guidelines for the Handling, Storage, Inspection and Testing of Hoses in 
the Field, 2nd Edition, 1995; 

 OCIMF Ship to Ship Transfer Guide (Petroleum), 4th edition, 2005; 
 NORSOK (Norsk Sokkels Konkuranseposisjon or, in English, The Competitive 

Standing of the Norwegian Offshore Sector) M-501, Surface Preparation and 
Protective Coating, Revision 5, June 2004; 

 Noise level limits shall comply with IMO Resolution A.468 (XII); 
 American National Standards Institute (ANSI) Standard for Pipes and Flanges; 
 Marine Standards, Approved by Recognized Classification Society (Pumps); 
 International Electrotechnical Commission (IEC) 61892, Mobile and Fixed 

Offshore Units—Electrical Installations; 
 API RP 14C, Analysis, Design, Installation, and Testing of Basic Surface Safety 

Systems for Offshore Production Platforms (per section 7.9.7) as applicable to the 
Process Shutdown System on the HiLoad DP; and 

 ANSI/National Association of Corrosion Engineers (NACE) MR-0175/ISO 
15156, Materials for Use in H2S Containing Environments in Oil and Gas 
Production. 

 
4.3.3.3 Units 
 
The SI (from French: Le Système international d'unités or International System of Units) shall be 
used in design, fabrication, and operation of HiLoad DP and shall be adopted for all phases of 
the design work except for piping design and fabrication where ANSI standards are used. 
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4.3.4 DESIGN AND ENVIRONMENTAL CRITERIA 
 
4.3.4.1 HiLoad DP Design Conditions 
 

Design Life 
 
Most of the HiLoad DP components are inspectable, retrievable, and could be updated or 
exchanged through a regular repair and maintenance schedule. Accordingly, the design life of the 
various components of the HiLoad DP system shall be specified based on this inherent capability 
of the system. 

 Transfer Hose     5 years 
 HiLoad DP Main steel   30 years 
 Fenders and Attachment System Seals 10 years 
 Other Equipment    20  years 

 
All equipment, unless otherwise noted, shall be designed for operation during an inclination of 
15 degree in any direction. Equipment, its fastening methods, and elements shall be designed for 
forces created from an inclination of 25 degrees in any direction. 
 
The HiLoad DP will be designed for dry-docking. The docking interval will be clarified with the 
classification society and shall be taken as five years if no other internal is designated. 
 

Design Temperatures 
 
The extreme air temperatures for all design conditions are shown in Table 4.3-2. 
 

Table 4.3-2 HiLoad Design Temperatures 

Summer +45 degrees Celsius (°C) approx. 85% relative humidity 

Winter 0°C  

Engine Room +45°C  

Seawater maximum temperature +33°C  

Seawater minimum temperature 0°C  

 
 
The normal air temperatures and dew points during the seasons to be used in the design are 
indicated in Table 4.3-3. The basis for choice of the temperatures and data are the GoM. The data 
are collected at National Buoy Data Center buoy 42040 located in the Central GoM.  
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Table 4.3-3 HiLoad Normal Range of Ambient Conditions 

 Mean Minimum Maximum 

Spring    

Air Temperature (°C) 21.0 3.1 29.6 

Dew Point Temperature (°C) 17.2 -3.7 26.2 

Approximately relative Humidity 81% 66% 83% 

Seawater temperature at surface (°C) 22.3 14.6 27.8 

Seawater temperature at -30 m  (°C) 21.4 15.9 25.2 

Summer 

Air Temperature (°C) 28.2 20.5 32.3 

Dew Point Temperature (°C) 23.9 14.8 28.9 

Approximately relative Humidity 79% 72% 83% 

Seawater temperature at surface (°C) 28.9 26.0 32.1 

Seawater temperature at -30 m  (°C) 26.4 20.7 29.2 

Autumn 

Air Temperature (°C) 23.5 9.6 30.6 

Dew Point Temperature (°C) 18.7 1.2 27.4 

Approximately relative Humidity 76% 58% 84% 

Seawater temperature at surface (°C) 26.3 21.8 31.1 

Seawater temperature at -30 m  (°C) 27.3 19.5 29.6 

Winter 

Air Temperature (°C) 16.9 0.8 25.0 

Dew Point Temperature (°C) 12.3 -4.4 23.0 

Approximately relative Humidity 77% 74% 90% 

Seawater temperature at surface (°C) 20.5 16.0 24.8 

Seawater temperature at -30 m  (°C) 23.1 15.9 24.7 

Key: 
°C = degrees Celsius. 
m = meter(s). 
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Accelerations for Structural and Machinery/Equipment Design/Selection 
 
For the purpose of equipment design that is not covered in the applicable rules of classification, 
the vendors are instructed to apply numbers with a safe margin. Note that model tests later in the 
design stage may update these guidance values: 

 X-direction: 0.6g 
 Y-direction: 0.6g 
 Z-direction: 0.4g 

 
Accelerations to be used in structural design are to be based on class rules, expected actual 
accelerations derived from model test results, and the vessel motions analysis. 
 

4.3.4.2 Environmental Conditions 
 
Design Limits (Maximum Survival Conditions) 
 
The HiLoad DP shall be designed to survive the 100-year severe storm condition as specified in 
Table 4.3-4 without exceeding dynamic pitch and roll angles or stress levels permitted by class 
rules. Wave, wind, and current may be combined as permitted by API 2MET-INT. 
 

Table 4.3-4 100-Year GoM Extreme Values 

Significant wave height  
(meters) 

16.0 
(Tp =14.6–16.6 s) 

1-hour mean wind speed (at 10 meter height)  
(meters per second) 

49 

1-minute mean wind speed (at 10 meter height)  
(meters per second) 

64 

Current – surface speed 
(meters per second) 

2.3 

 
During severe storm conditions, the HiLoad DP will be ballasted to the survival draft and under 
power. The HiLoad DP will then maintain its position independently using the onboard 
propulsion system. 
 
The defined conditions above are 100-year hurricane extremes for wave, wind, and current for 
the Central GoM according to API 2MET-INT. These represent the most extreme conditions for 
the entire GoM and, by designing according to these environmental data, operation would be 
inclusive of the entire GoM. 
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Operational Limits 
 
The HiLoad DP shall be capable of self-propelling, docking onto the host or tanker, undocking 
from the host or tanker, and providing station-keeping services to the tanker, up to and including 
an Aframax-size tanker, in ballast and fully loaded for the conditions shown in Table 4.3-5. 
 

Table 4.3-5 HiLoad DP Operational Conditions 

Significant wave height 
(meters) 

3.4 

1-hour mean wind speed (at 10 meter height) 
(meters per second) 

20 

1-minute mean wind speed (at 10 meter height) 
(meters per second) 

25 

Current (including loop current) – surface speed 
(meters per second) 

1.2 

 
 
The design of the HiLoad DP system shall provide all the necessary features to ensure regular 
availability, with respect to the above maximum operational conditions, of the system for 
uninterrupted transfer and loading of oil to the tankers in all weather, up to and including the 
limiting sea states as defined in Table 4.3-5. The table reflects the maximum offloading criteria 
defined for the Cascade/Chinook FPSO project in the GoM. The HiLoad DP should, as a 
minimum, be able to provide safe station-keeping of an Aframax tanker in ballast and fully 
loaded condition under these environmental conditions.  
 
During the Maneuverability Study performed by Marin for the RPSEA project, the 
environmental data for different areas of the GoM will be studied in detail. Marin will perform 
an uptime analysis based on these environmental data. With all these results available, the 
thruster capacity for the GoM version of the HiLoad DP will be selected and DP station-keeping 
uptime will be analyzed and concluded for the defined environmental conditions. 
 
4.3.5 FUNCTIONAL/OPERATIONAL REQUIREMENTS 
 
4.3.5.1 Operation – General 
 
The main purpose of the HiLoad DP system is to ensure safe and reliable transfer of oil from a 
FPSO, platform, or oil-spill collection vessel to a tanker of opportunity. Accordingly, safety 
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hazards and pollution risk must be minimized. The emergency operations shall include 
safeguards against hazards operations as well as for minimizing the risk of oil spillage. ESD 
procedures shall be developed to cover all emergency situations. The HiLoad DP Oil Transfer 
Line shall include a fail-safe valve that is capable of shut off against full crude transfer pump 
pressure. 
 
When connected to a tanker, the HiLoad DP will stay attached by means of a dedicated 
attachment system based on a combination of buoyancy, hydrostatic pressure, and friction. The 
vertical force towards the tanker hull bottom is essential for obtaining the required pressure on 
the friction pads, to be able to transfer the horizontal loads from the thrusters to keep the tanker 
in position. The attachment system shall be of a redundant design, allowing failures of individual 
cells without losing the necessary friction force. The tanker bottom plating will not be subject to 
high stresses due to the vertical forces or friction pads because water pressure of the same 
magnitude is substituted by the HiLoad DP vertical forces and transferred to the tanker bottom 
by rubber fenders. 
 
The HiLoad DP unit shall be capable of absorbing mating impact loads with the tanker. It shall 
be: 

 designed to withstand hydrostatic loads for all drafts according to class 
requirements; 

 compartmented in a way to ensure residual stability with one compartment 
flooded; and 

 have adequate intact stability to maintain its upright position in various 
operational conditions. 

 
The HiLoad DP marine systems (including main structure, weather tight and watertight integrity, 
power generation, propulsion, steering, drainage and bilge pumping, and ballasting) shall have a 
level of redundancy so that no single component failure will lead to a hazardous situation or a 
situation escalating to be hazardous. Further, in case of a major incident as water filling, fire, 
hydrocarbon leakage, etc., it shall be possible to carry out the disconnection procedure in a 
controlled manner. 
 
Finite element analyses (FEA) shall be performed on the HiLoad DP unit main structural 
load-bearing components and high-risk areas of the structure to verify its design, strength, and 
fatigue life. Well-proven techniques, in accordance with class rules, shall be adopted to assess 
the expected fatigue life. 
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The HiLoad DP shall be designed for safe undocking from a tanker with up to 16 m draft in fully 
loaded condition. A typical Aframax tanker of 120,000 deadweight tonnes (DWT) shall be used 
as the basis for the connection. 
 
Freeboard and Ballasting, Trim and Heel Requirements and Philosophy 
 
With the HiLoad DP in light weight condition, the average freeboard of the pontoon deck shall 
be about 1.0 m so that maintenance or replacement of the friction pads can be carried out safely. 
The trim /heel shall deviate a maximum of 0.5 degrees from the horizontal plane. 
 
For connection, installation, inspection, service and repair of the oil line, turret, and swivel 
assembly, the vessel shall be trimmed on even keel and have adequate freeboard aft for the turret 
upper bearing assembly. 
 
The freeboard chosen will determine the size of the pontoon ballast tanks, which will be of 
sufficient capacity to bring the HiLoad DP pontoon to a complete submerged position. With all 
tanks located in the pontoon deck full and the two additional trim tanks half-filled, the pontoon 
shall float with the pontoon deck just submerged on even keel. The longitudinal location of the 
keel must be adjusted to accommodate this. 
 
Ballast tanks shall be provided to compensate for the weight variation caused by fuel 
consumption. 
 
Due to the very small water plane area, the HiLoad DP is very sensitive to trim moments and the 
two forward trim tanks shall therefore be used to adjust the last degrees of the trim angle. The 
capacities of the tanks are limited to avoid large free surface effects and ballasting/deballasting is 
done by means of the small trim pumps, controlled by a frequency converter system.  
 
Ballasting from a position with the pontoon just, but completely, submerged to maximum draft 
will be performed by means of tanks situated just below and in the towers. This will avoid any 
change in trim during operational ballasting. 
 
Docking 
 
The HiLoad DP shall be arranged with ballast and trim system that allows the HiLoad DP to 
mate with a visiting tanker and disconnect from the same tanker in environmental conditions as 
defined in Section 4.3.4.2. During approach and mating, the HiLoad DP will be the active part 
and will follow the tanker, while the tanker slowly moves (approximately1 kn) against a pre-set 
target point/direction until the HiLoad is fully attached and takes control of the tanker.  
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In Figure 4.3-2a, the operator is keeping a vertical distance of about 3 m by ballasting the tanks 
in the towers to a predetermined level. In Figure 4.3-2b, water ballast tanks within the towers are 
emptied quickly with the main ballast pumps to get contact with the attachment system within a 
few minutes. The main ballast pumps shall have a capacity to be able to elevate the HiLoad these 
3 m within five minutes. 
 
The HiLoad DP shall enable a smooth mating with the tanker. Impact between the tanker and the 
HiLoad DP shall be minimized by means of impact fenders. Appropriate design features shall be 
included in the system to minimize the consequences of any accidental impact between the 
tanker and the HiLoad DP unit. 
 
In Figure 4.3-2c, the main ballast pumps are used to empty ballast water from the double bottom 
tanks within a few minutes, to give hydrostatic pressure onto the tanker’s bottom and be ready to 
activate the attachment system ensuring high friction between HiLoad DP’s friction fenders and 
the tanker bottom plates. 
 

 
Figure 4.3-2 Typical Docking Sequence for HiLoad DP 
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Station-Keeping 
 
The power and thruster system shall be of such a magnitude, and be arranged in such a manner, 
that the HiLoad DP/visiting tanker assembly can maintain, for the environmental conditions 
defined in Section 4.3.4.2, a fixed position, within approximately 3 m accuracy, relative to a 
defined target by means of the position-keeping arrangement onboard the HiLoad DP only. 
During station-keeping, the tanker is free to weathervane around the target point, but it will be 
possible to maintain the visiting tanker in a position relative to the FPSO/platform and resultant 
environmental forces so that the tanker’s heading is maintained in a favorable (safe) direction, as 
shown on the typical drawing on Figure 4.3-3. 
 
 

 
 
Figure 4.3-3 Safety Arc—Defined Operational Sector 
 
 

 

0 m 100 m 200 m 

100 m  200 m  300 m  400 m 

Platform 
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Platform Mooring Lines
4 x 4 mooring shown. 7.5 degree beween mooring lines. 
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Undocking 
 
The HiLoad DP shall be able to disconnect safely from the tanker in all weather conditions up to 
minimum Hs = 4.5m. The design will provide means for emergency disconnection in the most 
severe conditions and under load without the risk of life or the environment. 
 
The emergency disconnection ability will include the following: 

 Quick emergency disconnect of the HiLoad DP’s tanker loading hose at the 
HiLoad DP to allow the unit to emergency disembark from the tanker. Automatic 
closing valves will be provided to prevent oil spill. 

 Quick emergency disembarkment of the HiLoad DP from the tanker by means of 
filling the attachment cells and then the relevant ballast tanks to lower the HiLoad 
DP at least 3 m so that the HiLoad may safely motor away from the tanker. 

 
Survival Operations 
 
In the case of extreme weather conditions, the HiLoad DP will be unmanned and towed away to 
calmer waters, but the HiLoad DP system will be designed to survive in weather conditions up to 
and including the 100-year storm conditions, as defined in Section 4.3.4.2, in the self-propelled 
condition or during tow. 
 
Survival draft will be established based on requirements due to stability, structural integrity, and 
avoidance of slamming from waves to the underside of the hose reel. 
 
The HiLoad DP will be able to travel away from a predicted hurricane center area and stay at its 
own for at least seven days. In this regard, an emergency accommodation module will be 
provided on the unit with sufficient provisions for the crew members for a period of seven days. 
 

4.3.5.2 Operation – Scenario 1 
 
HiLoad DP will assist in the direct offloading from FPSO vessels to a conventional Jones Act 
tanker in the steady-state production environment of the UDW GoM. When not in offloading 
mode, the HiLoad DP will be “parked” at the FPSO within the field. In this mode, the HiLoad 
DP will be attached to the FPSO hull by means of its buoyancy and friction attachment system, 
in a pre-determined and allocated parking position. The HiLoad DP will be manned by a limited 
crew during the parked mode and will be linked to the FPSO for personnel access/egress and also 
with a power link and service lines (bunker fuel, sludge disposal, etc.), as and when required. 
HiLoad crew accommodation will be provided by the FPSO.  
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When a tanker enters the field, the HiLoad DP will be prepared for operations. It will undock and 
depart the FPSO and await the tanker’s arrival at the assigned field location.  
 
During connection, the tanker will arrive in the HiLoad DP operation area at minimum 
maneuvering speed. The HiLoad DP will then take the active role and be maneuvered into 
contact with the tanker. The L-shaped HiLoad DP will connect to the tanker as follows. 
 
The horizontal part is driven in underneath the ship with a safe clearance (nominally 4 m), until 
two of the four column-mounted fender sensors (one on each column) indicate contact with the 
tanker side shell. At this point, the HiLoad DP ballast tanks will be emptied and the friction 
attachment system will be activated to bring the HiLoad DP into contact with and attached to the 
hull bottom.  
 
Once connected, the HiLoad DP dynamic positioning system shall have sufficient power to keep 
tankers up to Aframax-size in a weathervaning position within the specified operational limits 
and to bring the tanker to the designated loading zone within the safety arc, as well as bring it out 
from the loading zone at the completion of the operation. These operations will be conducted 
with the HiLoad DP operating in DP Class 2 mode. 
 
The loading hose from the FPSO to HiLoad DP will be deployed from a suitable position on the 
FPSO and secured for recovery by HiLoad DP. The HiLoad DP will have the facilities on board 
to retrieve and connect the hose from the FPSO using the messenger line technique. When the 
HiLoad DP is connected to the tanker, it will maneuver the combined tanker/HiLoad DP to a 
position where the loading hose can be recovered to the HiLoad DP and connected. A semi-slack 
or slack hawser may be installed between the FPSO and tanker if desired by the field operator. It 
is not required for operation of HiLoad DP or station-keeping of the tanker. 
 
The tanker loading hose will be stored on the HiLoad DP reel and will be deployed and 
connected to the tanker’s midship manifold using dedicated deployment and pull-in winches on 
the HiLoad DP. Once connected, the loading operation may commence. The HiLoad DP will 
maintain the tanker in the loading position or maneuver the tanker to a new location in the safety 
arc if the prevailing conditions change during loading. The HiLoad DP will move the tanker out 
a safe distance from the FPSO after the offloading is completed. 
 

4.3.5.3 Operation – Scenario 2 
 
Under Scenario 2, the HiLoad DP will to have the ability to assist in offloading liquid 
hydrocarbons from existing production platforms that are unable to export due to hurricane 
damage to the subsea pipeline infrastructure. When not needed, the HiLoad DP will be held in 
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ready standby mode. During standby, the HiLoad DP will be parked as close as possible to a 
harbor and/or alternatively be moored in a sheltered area close to such a harbor.  
 
When HiLoad DP service is requested, the HiLoad DP will either self-propel, be transported by 
attaching to a tanker, or be towed to the vicinity of the platform. Once on site, the HiLoad DP 
will remain at the predefined location, using thruster power to maintain position. When a tanker 
visits for offloading, the HiLoad DP will mate with the tanker, as in Scenario 1 and will move 
the tanker into the predetermined location within the safety arc. While moving the tanker into 
position, the offloading hose from the HiLoad DP to the tanker, stored on the HiLoad DP’s reel, 
will be deployed and connected. A hose-handling vessel will be utilized to bring the loading hose 
from the platform to the HiLoad DP. At completion of the loading operation, the platform hose 
will be disconnected from the HiLoad DP and returned to the care of the hose-handling vessel. 
The HiLoad DP will then maneuver the loaded tanker out of the safety zone for departure from 
the area. 
 
The HiLoad DP will provide DP service to the loading tanker and will remain on location to 
service subsequent tankers until the pipeline is restored or direct production is stopped for other 
reasons. Accordingly, the HiLoad DP will be designed for: 

 up to 6 months continuous station-keeping duty;  
 at least 7 days of tanker station-keeping without changing tanker, and  
 from 1 hour and up to 24 hours between departure of one tanker until arrival of 

new tanker.  
 
Fuel and provisions will be brought to the HiLoad DP via an OSV when a tanker is not visiting 
the platform. The HiLoad DP will be provided with a means to refuel at sea and to lift 
provisions/materials from the deck of the supply vessel. The tanker will normally provide 
accommodation for the crew, but the HiLoad DP will additionally be designed for self-sufficient 
operation, in proximity to the platform, for seven days.  
 
4.3.5.4 Operation – Scenario 3 
 
Under Scenario 3, the HiLoad DP will assist in loading spilled and produced oil from the spill 
recovery vessel (e.g., MWCC production system) into an available tanker for delivery to a U.S. 
GoM port. The HiLoad DP will be in standby mode (similar to Scenario 2) until needed to assist 
in an oil spill recovery operation.  
 
When called upon, the HiLoad DP will self-propel, be transported by attaching to a tanker, or be 
towed to the site of the oil spill response and will provide DP services to the loading tanker, 
similar to the FPSO offloading case. Individual tanker station-keeping assignments may last up 
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to 7 days with overall assignment to the spill response lasting up to 12 months. The time between 
tanker leaving and arriving of a new one might be from 1 hour and up to 7 days. When docked to 
the tanker, the tanker will provide accommodation for the crew.  
 
When the HiLoad DP is not assisting tankers, it will be on standby duty in the vicinity of the 
response for up to 7 days on its own and there would then be no host vessel. Fuel and stores will 
be to be provided via an OSV, as in the platform offloading case. 
 
4.3.5.5 Temporary Phases 
 
The HiLoad DP shall be designed for the transition phases of ballast/deballasting and the 
transport phases of wet-tow, dry-tow, attaching to a tanker and docking on a suitable barge. 
 
4.3.5.6 Maintenance 
 
The design, fabrication, and installation philosophy of HiLoad DP components is based on the 
“Design Life” performance with minimum requirement for inspection, maintenance, and repair. 
The system components will be robust to withstand the anticipated environmental and 
operational loads. Therefore, the design will include conservative assumptions regarding 
equipment design/selection and material selection. 
 
Equipment design and selection will be oriented to minimize maintenance in accordance with the 
relatively low number of crew members operating the HiLoad DP. Periodic inspection and 
maintenance procedures will be developed. Performance of these procedures will be 
uncomplicated and of short duration. Components subject to deterioration by wear/ageing will be 
accessible from the HiLoad DP for inspection and replacement by the operating personnel. 
 

4.3.5.7 Working Environment 
 
For all these operations, working environment criteria and procedures will be developed in full 
compliance with the regulatory requirements specified in Section 4.3.3. 
 

4.3.5.8 Quality Assurance and Quality Control 
 
A well-documented quality assurance system will be used for all aspects of HiLoad DP 
development. It will comply with all the requirements of NS-ISO 9001 “Quality System-Model 
for Quality Assurance in Design, Development, Production, Installation and Servicing” which 
are applicable to the scope of work. 
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4.3.6 HILOAD DP DESIGN – GENERAL 
 
All main components will be given enough space so that maintenance can be carried out easily 
on board. One of the towers will be dedicated as the main access down into the pontoon, with an 
emergency exit in the other tower. One of the towers will be designed so that lighter equipment 
can be lifted up from, or down into, the pontoon. 
 
4.3.6.1 Hydrodynamics and Stability 
 
The stability of the vessel will be based on the location of the vertical center of gravity (VCG) 
below the CB. The waterline area will be small and will not give significant positive impact on 
the stability. 
 
The requirements for intact and damage stability calculations will be based on the applicable 
class rules and the 2009 MODU code, Chapter 3, “Subdivision, Stability and Freeboard.” The 
recommended design criteria are described in Section 3.2.1 of that document: 
 

Curves of righting moments and of wind heeling moments with supporting calculations 
should be prepared covering the full range of operating draughts, including those in transit 
conditions, taking into account the maximum deck cargo and equipment in the most 
unfavorable position applicable. The righting moment curves and wind heeling moment 
curves should be related to the most critical axes. Account should be taken to the free surface 
of liquids in tanks. 

 
The intact stability in operating, survival, and transit (maintenance) conditions will fulfill the 
requirements, however, for damage stability; the HiLoad DP will be designed and operated to 
fulfill the requirements for one-compartment damage only.  
 
The intact stability criteria to be considered are as follows: 

 The metacentric height shall be positive. 
 The area under the righting moment curve to the second intercept, or a lesser 

angle, is not to be taken less than 30% in excess of the area under the heeling 
moment curve. 

 Intact stability calculations will be carried out in accordance with principles given 
in the applicable class rules as applied for semisubmersible units. 

 The stability will be calculated in a disconnected mode with environmental 
conditions corresponding to a return period of 100 years, for the survival 
condition. 

 The stability calculations will be done with a wind speed of 70 kn for various 
service modes such as normal operating condition and transit condition. 
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 The stability calculations for survival condition will be done with a wind speed of 
100 kn. 

 For temporary conditions (maintenance draughts) in which temporary conditions 
are transient conditions during change of draught to reach another service mode, 
the maximum wind speed of 50 kn is used. In addition, adequate GM of at least 
0.30 m is demonstrated by calculations. 

 
The damage stability criteria to be considered are as follows: 

 Watertight integrity to be made to avoid progressive flooding of at least one 
compartment, either adjacent to the sea or containing pipes connected to seawater, 
in accordance with applicable class rules. This includes collision damage 
scenarios involving damage to the towers. 

 The angle of inclination shall not be greater than 25 degrees. 
 The range of positive stability shall be at least 7 degrees in excess. 
 The buoy is to remain afloat without causing damage to the fluid and utility 

systems. 
 Evacuation of personnel shall be possible in this condition. 
 The flooding scenarios will not be considered for the maintenance draughts. 

Operational restrictions limiting the possibility for collisions shall be imposed. 
 

4.3.6.2 Hull and Structure 
 
The structural design of the HiLoad DP will be performed according to DNV Offshore Standard 
OS-C101: Design of Offshore Steel Structures, General (LRFD Method), or equivalent 
applicable class rules. This standard is based on the limit state design, where the following limit 
states apply: 

 ULS or Ultimate Limit States  
 FLS or Fatigue Limit States 
 ALS or Accidental Limit States 

 
The Serviceability Limit States (SLSs) are not required to be fulfilled as part of classification. 
However, special functional requirements with respect to deflections will be considered for 
structural elements supporting equipment. 
 
Weight saving will focus on the upper parts of the towers. A weight study will be conducted to 
determine if aluminum coated with Chartek should be considered over steel. 
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Fender and Attachment System 
 
The fender system on the HiLoad DP comprises four sub-systems: 

 Impact fenders on pontoon (each corner) 
 Side impact fenders (each of the two towers) 
 Attachment system seal 
 Friction fenders 

 
The schematic arrangement and principle of operation of the HiLoad DP fender and seal system 
is illustrated on Figure 4.1-10. The main objective of the fender system is to transfer the loads 
from the HiLoad DP to the tanker in a way that avoids any structural damage on the tanker hull. 
Furthermore, the abrasion on the tanker coating should be minimized. 
 
Impact Fenders 

The impact fenders will be designed so they can absorb the impact energy that can act between 
the HiLoad DP and the tanker during connection or disconnection. After a good connection is 
established, the pontoon impact fenders will be “retractable” to ensure proper contact for the 
attachment system sealings.  
 
Attachment System Seal 

There is a considerable potential to increase the attachment force between the HiLoad DP and 
the tanker by making use of the hydrostatic pressure at the given water depth. A “cofferdam 
seal” will be installed around the friction fender area. After connection, the water in the 
cofferdam will be drained with an open air vent to the surface, i.e., the pressure for the entrapped 
volume inside the seal becomes atmospheric (1 bar). The hydrostatic pressure acting on the 
bottom of the HiLoad DP unit will hence be transferred to the tanker hull through the friction 
fender arrangement. As a result, the attachment force on the friction fenders considerably 
increases and will vary as a function of the draft of the tanker. The cofferdam sealing 
arrangement will be divided into a minimum of six compartments. This arrangement will assure 
sufficient attachment grip to the tanker even if one of the seals is damaged or the tanker bottom 
has a large indent at the sealing location. The seal will be of a well-proven and robust type. 
 
Friction Fenders 

The main objective of the friction fenders is to transfer the contact pressure between the HiLoad 
DP and the tanker bottom in a gentle way in order to avoid any structural damage on the tanker 
hull. In addition, the friction fenders will be designed with high friction properties against a 
tanker bottom (wet conditions).  
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Material Protection 
 
Surface preparation and protective coating will be carried out in accordance to NORSOK 
Standard M-501 and paint manufacturers’ recommendations. The recommendations from paint 
manufacturer/supplier regarding such issues spraying, air temperatures, humidity, and drying 
time, will be strictly followed. 

 
Cathodic Protection 

 
The hull, keel, sea chests, thrusters and ballast tanks will be protected by a sacrificial anode 
system. The system will be based on a design life of 5 years for hull and keel and 10 years for 
ballast tanks and sea chests.  
 
Anodes will be of aluminum. Brackets for anodes shall be arranged for welding during new 
building phase and for possibility of bolting to the same bracket upon later replacement. It should 
be possible to replace the anodes by use of divers and bolted anodes. 
  
Galvanizing 

Galvanizing shall generally be carried out by hot dipping for ladders, stairs, handrails, 
stanchions, gratings, etc. according to recognized ship building practice 

 
Structural Fire Protection 
 
Structural fire protection will be installed in the unit in accordance with regulations and class 
rules and will incorporate the findings of the Formal Safety Assessment (FSA) for the host 
FPSO. 
 

Accommodation / Nav Bridge 
 
Accommodations for crew members will primarily be on the host (FPSO) or the tanker. The 
normal manning will be four people on each shift, i.e., eight to cover continuous working hours.  
 
The HiLoad DP will be equipped with an accommodation module that will facilitate recreation, 
lodging, and sleeping of the crew for a period of seven days. This will be used in situations 
where the HiLoad DP cannot be docked to host or tanker or the host vessel may be unable to 
provide accommodation services to the HiLoad DP crew members. 
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4.3.6.3 Machinery Main Components 
 
Required Speed Under Specified Environmental Conditions (Powering Study) 
 
A powering study (speed and resistance) will be completed to determine the thrust required so 
the HiLoad DP is capable of 5 kn transit speed in calm conditions using all propulsion thrusters. 
Further, the study will determine the thrust needed for the HiLoad DP to maintain position of an 
Aframax tanker (loaded and unloaded) subject to the environmental conditions set forth in 
Section 4.3.4.2 with one thruster or engine out of operation, as per the unit’s DP class. 
 

Thrusters 
 
The HiLoad DP will be equipped with four (4) 33% electrical-driven steerable and underwater 
dismountable thrusters with variable speed system (i.e., frequency converters and fixed propeller 
pitch). The thrusters will be used for propulsion, maneuvering, towing, and pushing services. The 
thrusters will provide the total trust force required to keep the HiLoad DP and the tanker within 
the actual operation sector during the specified limited weather conditions with one generator set 
or thruster out of operation. The thruster propellers will be arranged beneath the HiLoad DP’s 
flange structure, with the inboard parts of the installation located inside separate watertight 
compartments. Each thruster set will be identical. 
 
The structural trusses of the keel will be arranged so as to minimize interference with the 
thrusters. As much as possible, the flow paths to and from the thrusters will be kept clear in order 
to maximize the available bollard force. 
 
The steerable thrusters will be linked to a dynamic position-keeping system which will be a 
low-precision system in order to keep the required forces for the station-keeping of the HiLoad 
DP and the visiting tanker on an acceptable level. The dynamic position-keeping system will be 
designed and arranged according to DNV DYNPOS AUTR or equivalent. 
 

Main Engines /Generator Sets 
 
The HiLoad DP will be equipped with multiple (minimum 4 x 33%) main engine generator sets 
such that the powering requirements from the powering study and the DYNPOS-AUTR notation 
is met. The main engine generator sets will be used for propulsion, power generation, 
maneuvering, towing, and pushing services. The main generator sets will provide sufficient 
power to the thrusters so that the operational requirements will be met and also will supply 
required minimum power for other users, with one generator set or thruster out of operation.  
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The HiLoad DP and tanker will be kept within the actual operation sector by a low-precision 
dynamic position-keeping system, in order to keep the required forces for the station-keeping of 
the HiLoad DP and the visiting tanker at an acceptable level. The dynamic position-keeping 
system will be designed and arranged according to DNV’s requirements for DYNPOS-AUTR 
(DP Class 2) or equivalent. The HiLoad DP main engine arrangement will be prepared for 
station-keeping the HiLoad DP and the visiting tanker with one main engine out of operation.  
 
Each main engine generator set will be identical and provide electrical power of 690 volts, 60 
Hertz (Hz).  
 
The main engines and the dry parts of the steerable thrusters will be arranged in dedicated 
separate watertight compartments, with a maximum of one engine and thruster in each 
compartment, within the pontoon structure. The generator sets will be designed to operate on 
marine diesel fuel and will be certified United States Environmental Protection Agency 
(USEPA) Tier 4-compliant. 
 

Emergency Generator 
 
An emergency generator will be provided that can supply the essential service loads and meet the 
class requirements for emergency generator service. The fuel tank will be sized for no less than 
18 hours of electrical power supply to essential services. 
 

4.3.6.4 Vessel Systems 
 
Piping 
 

The HiLoad DP piping will be according to ANSI standard. A piping material specification will 
be prepared for each system based on a combination of offshore and ship standards. 
 
Machinery Systems 
 
Diesel Oil. The HiLoad DP will be arranged with a diesel oil system for supply of diesel oil to 
the main engines and emergency generator. The diesel oil system will be based on a supply of 
purified diesel from the FPSO to the HiLoad DP’s diesel oil storage tanks. The main engines and 
the emergency generator each will be equipped with a day tank sized to collect diesel oil for a 
normal loading period. Diesel return lines from the engines will be arranged with a return pipe 
from the engines to the day tanks. The capacity of the diesel oil storage tanks should be sufficient 
for seven days at 100% Maximum Continuous Rating on all main propulsion engines, plus the 
amount of fuel needed for a complete tanker loading operation under Scenario 1.  
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Sludge System. The HiLoad DP will be arranged with a sludge system for pumping sludge and 
dirty oil from the HiLoad DP to the FPSO when needed. 
 
Lube Oil Transfer. The HiLoad DP will be arranged with a lube oil transfer system for supply 
of lube oil to thrusters, main engines, and generators. The lube oil transfer system shall be based 
on supply of purified lube oil from the FPSO to the HiLoad DP. 
 
Lube Oil for Thrusters. The HiLoad DP will be arranged with a separate lube oil system for 
each thruster. The lube oil system will be based on the thruster manufacturer’s requirements. The 
HiLoad DP thruster installation will be equipped with a portable pump for pumping lube oil 
either to a storage tank during maintenance or pumping dirty lube oil back to the FPSO sludge 
tank. The main engines will be equipped with a transfer pump for pumping lube oil either to a 
storage tank during maintenance or pumping dirty lube oil back to the FPSO sludge tank. 
 
Seawater System for Exhaust Gas Cooling and Loading Hose Flushing. The HiLoad DP will 
be arranged with a seawater cooling system for exhaust gases and flushing of crude oil loading 
hose, consisting of a pump and piping system. The arrangement will spray seawater into the end 
of the exhaust pipe outlets and will be equipped with a connection for flushing of the crude oil 
loading hose. 
 
Freshwater Cooling. The HiLoad DP will be arranged with freshwater cooling systems that will 
be based on circulation of cooling medium through box coolers installed outside the hull. The 
HiLoad DP will be equipped with a separate freshwater cooling system for each engine 
installation. Each cooling system will consist of a main cooling circuit and an auxiliary cooling 
circuit. 
 
The capacity of the freshwater cooling system (box coolers containing seawater) will be 
oversized to meet the current National Pollutant Discharge Elimination System (NPDES) 
requirements applicable to fixed facilities in a GoM design. Currently, this requirement is to 
maintain a through-grate velocity of 0.5 feet per second (fps). Furthermore, it is recommended 
that the grate opening be equal or less than 0.25 inch (in) diagonal for the protection of marine 
life. 
 
Compressed Air. A compressed air system will be installed on the HiLoad DP for supply of 
compressed air to consumers. The compressed air system will consist of an air compressor, air 
receiver, pipes, filters and valves. 
 
Pneumatic System for Quick Closing Valves. The HiLoad DP will be equipped with a 
pneumatic system for quickly closing valves located on diesel oil tanks suction lines. 
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Charge Air. The HiLoad DP will be equipped with combustion air pipes that will be connected 
to the main engines’ built-on factory-supplied systems for supply of combustion air. The 
combustion air pipes will be arranged as separate pipes to each of the main engines. Combustion 
air supply to the emergency generator will be arranged from the room atmosphere.  
 
Exhaust Gas. The HiLoad DP will be equipped with dry exhaust gas systems that will be 
connected to the main engines and generator built-on factory-supplied systems for piping out the 
engine’s exhaust gases from the engine room up to the atmosphere.  
 
The exhaust pipes will be insulated for protecting personnel and room atmosphere from the heat 
of exhaust system piping. In addition, the exhaust pipes stresses will be calculated and equipped 
with flexible pipe connections and drain points.  
 
Attachment System Piping. The HiLoad DP and the visiting tanker will be kept together by a 
tank buoyancy system and an attachment system. No ropes or wires, including a hawser from the 
FPSO to tanker, will be required. The attachment system is based upon an arrangement 
incorporating at least six friction fender areas located on top of the HiLoad DP’s pontoon 
structure, with each area enclosed by an outer gasket. During contact with the visiting tanker, the 
outer gasket of each cell will establish a closed volume against the bottom of the tanker. Each 
volume will be arranged with two drain pipes for drainage to the HiLoad DP’s ballast tanks 
below. By opening the valves arranged between the ballast tanks and each attachment volume, an 
upward air flow and a downward water flow will establish atmospheric pressure inside the top of 
each volume. If leakage occurs between any of the volumes and the visiting tanker, the water 
will be pumped overboard by the ballast pumps.  
 
Subsequent to disconnect from the tanker after completing the cargo loading, or in the case of an 
emergency disconnect, the HiLoad DP and the visiting tanker will be quickly separated. To 
achieve a quick and safe separation, the ballast system (by free flooding) will fill up the volumes 
after the ballast tanks are filled 100%. Seawater will flow first into the ballast tanks and then into 
the attachment volumes. The HiLoad DP will decrease buoyancy and attain a draft condition 
with the top flange of the pontoon approximately 3 m below the bottom of the visiting tanker. 
Once the separation is complete, the volumes will be filled with seawater and the sea chests and 
the valves in the attachment system will then be closed. 
 
Common Systems 

 
Ballast. The HiLoad DP will be arranged with a ballast water and trim system that will enable it 
to bring the HiLoad DP to mate with a visiting tanker. Stability requirements and the HiLoad 
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DP’s particular shape and functions also require a deep keel with fixed ballast in addition to the 
ballast water system.  
 
The HiLoad DP ballast water and trim system will be designed for keeping the HiLoad DP on 
even keel in all required draught conditions and also will be designed for rapid establishment of 
“first contact” and of “quick release” between the HiLoad DP and visiting tanker. To establish 
first contact, redundant high-capacity ballast pumps will be arranged in separate watertight 
compartments for deballasting through overboard valves. The quick release operation will be 
arranged by free-flooding through two separate sea chests. For keeping the HiLoad DP floater on 
even keel, redundant variable-speed ballast trim pumps will be arranged. 

 
The capacity of ballasting and deballasting will be based on the time required to establish first 
contact and a quick-release water gap. A short time to establish the first contact and quick release 
from the tanker will reduce the chances of any uncontrollable and undesirable extra contact 
caused by out-of-phase motions of the two units. 
 
The capacity of the ballasting and deballasting system will be oversized to meet the current 
NPDES requirements applicable to fixed facilities in a GoM design. Currently, this requirement 
is to maintain a through-grate velocity of 0.5 fps. Furthermore, it is recommended that the grate 
opening be equal to or less than 0.25 in diagonal for the protection of marine life. 

 
Fixed Ballast System. The fixed ballast will be located in the keel to make sure the HiLoad DP 
will always have a positive hydrostatic stability with the CG below the CB. 
 
Bilge. All dry compartments in the lower part of the HiLoad DP will be equipped with bilge 
suctions that are connected to a bilge pump and piping system. The bilge system also will 
include drainpipes from each watertight compartment in the columns. Bilge water from 
watertight compartments in the columns will be drained by gravity down to bilge suctions in the 
horizontal main structure body, the pontoon. 
 
The bilge system will be designed for handling of water bilge and oily bilge. Water bilge will be 
pumped overboard through overboard valves. Oily water will be collected in an oily bilge water 
tank, equipped with a pumping system for transfer of oily water to the FPSO. 
 
The complete system, piping, power supply, and control system will be of redundant design, 
allowing one or more failures without losing the necessary bilge detection, pumping, and control 
system. The system will be arranged so that the dry compartments can be effectively emptied 
through at least one suction, even if the unit has an inclination of 5 degrees in any direction. 
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Means will be provided to prevent any escape of oily water to sea. A direct bilge suction will be 
arranged from the ballast system inside each pump room. 
 
Drain Systems. The HiLoad DP will be equipped with a drain system from hazardous areas 
related to the crude oil line, hose, and hose reel on top of the HiLoad DP columns. The system 
will be designed to accommodate gravity collection of crude oil in a tank, which will be part of a 
pump and piping system arranged for pumping crude oil drain back to the FPSO.  
 
Fire Water. The fire water system will supply water to monitors and hydrants. Fire pumps will 
be installed in separate compartments of the pontoon. One pump also will be connected to the 
emergency generator.  
 
Machinery Space Firefighting. Engine, thruster, and electrical rooms in the pontoon will have a 
class-approved firefighting system such as a carbon dioxide (CO2) or water mist system. The 
system also will protect the emergency generator room.  
 
Firefighting Foam. One remote-operated monitor with fog/jet nozzle will be installed on each 
deckhouse top for covering the area of the loading hose reel. A foam injection system will be 
included for monitoring (2x100%). The system will have a capacity for at least 15 minutes of 
continuous operation. 
 
Air Vent. The HiLoad DP will be arranged with a tank ventilation system including vent pipes 
from compartments not connected to the mechanical ventilation system. All tanks, cofferdams, 
sea chests, and void spaces constructed as integral parts of the hull will be provided with an air 
vent system. Air pipes from tanks, which can be filled from the seachests, will be carried above 
the freeboard deck. 
 
Crankcase Ventilation. The HiLoad DP will be equipped with a crankcase ventilation system 
that will be connected to the main engines’ built-on factory-supplied system for piping out the 
crankcase fumes from the engines. The crankcase vent pipes will be terminated above the inlet of 
the combustion air pipe and arranged to prevent rain/spray entering the engine. 
 
Hydraulic. The HiLoad DP will be equipped with a hydraulic system for remote operation of the 
valves. 
 
Freshwater. The HiLoad DP will be arranged with a freshwater system for technical use. The 
system will be based on a freshwater supply from an FPSO’s freshwater system to a storage tank 
located on the HiLoad DP. A pump and piping system will be arranged on the HiLoad DP for 
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distribution of freshwater to header tanks for cooling of main engines, window washing, water 
closets, and hand-washing.  
 
Chill Water. Each engine room and electrical room of the HiLoad DP should be equipped with a 
cooling unit that is intended to internally circulate and cool the space’s air. 
 
Sanitary Discharge. The sanitary discharge system will be arranged from the water closet and 
the hand basin in the deckhouse. The discharge piping system will run to a collecting tank. The 
necessary pump and valves will be included.  
 

Ventilation 
 
Ambient Design Conditions 

 Maximum temperature: +45 degrees Celsius (C) 

 Maximum humidity:  85 % relative humidity 
 
Simultaneous Design Conditions 
 

Dry Bulb Temperature 
Relative 

Humidity 
Water content  

(grams per kilogram) Dew point 

Summer    +35C 75% 27.0 +30C 

Winter      +10C 85% 6.5 +8C 

 
Sea Water, Design Temperature 
 
 Maximum seawater temp: +32C   

 Minimum seawater temp: +0C  
 
Internal Design Conditions 
 
In operation mode, parking mode, and service mode: 
 

 Temperature 

Rooms in Pontoon, operating mode +40C 

Rooms in Pontoon, service mode +35C 

Central Control Room, Maximum  /  Minimum  +26C / +20C 

Service Room  Maximum / Minimum +26C / +20C 
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Under normal operations all rooms in the pontoon will be ventilated with one air change per 
hour. In service mode, all rooms in the pontoon will be ventilated with three air changes per 
hour. All rooms outside the pontoons will be ventilated according to the operational requirements 
for each space.  
 
All inlet and outlet ventilations openings to open air will be equipped with manually closable 
hatches. All duct inlets will be equipped with approved automatic fire/gas dampers. 

 
Electrical 
 
Power Distribution 

 
Main Distribution System. The main electrical distribution system will be designed in 
conjunction with the electric propulsion system. Ship service power will be provided by the 
propulsion generators through an appropriate step-down and distribution system.  
 
Emergency Switchboard. An emergency switchboard supplied from the emergency generator 
will be provided. This switchboard will be co-located with the generator and in the emergency 
generator room in the top of the tower.  
 
Shore Power. There will be one supply from the FPSO to the HiLoad DP unit. This supply will 
be from the FPSO to the emergency switchboard and the capacity will be the same as the 
capacity of the emergency generator. 
 
Lighting 

 
Lighting for Machinery Systems in the Pontoon and the Tower. The light system comprises 
normal lights and emergency lights. All inside and outside areas will have both normal lights and 
emergency lights with battery backup. The emergency lights with battery backup will be 
supplied from the emergency generator. All normal lights will be powered from light distribution 
panels. 
 
Lighting Systems on the Main Deck. All the deck area will have installed light fixtures and 
floodlights powered from normal and emergency power supply. All outside areas that need 
floodlights according to class will be powered from the emergency generator. All outside lights 
can be operated from the bridge. Two remote-controlled searchlights will be installed on top of 
the port tower and one manually operated search light will be installed on top of the starboard 
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tower. All light systems installed in hazardous areas will be appropriately certified for use in 
zone 1. 
 
Electrical Equipment Installations 

 
Electric Ventilators. The electrical fans will be installed in the ventilation room on top of the 
tower. One main electrical fan will supply air to the pontoon. The fan will be powered from the 
emergency distribution board located in the fan room. 
 
Electric Motors. All installed electrical motors will be certified for the area where it will 
operate. Electrical motors will be equipped with a local emergency stop where applicable. 
 

Instrumentation and Internal Communication 
 

 A telecommunication system will be installed for the purpose of communication 
between the control and emergency stations throughout the unit. 

 A Paging and General Alarm system will be installed. 
 

Integrated Automation System (IAS) 
 
The system shall be a completely integrated computer-based system for safe operation. The 
following systems will be integrated: 

 Machinery systems; 
 Navigational systems; 
 Position-keeping system; 
 Closed-circuit television (CCTV) system; 
 Fire and gas systems; 
 Fire extinction systems; 
 ESD systems; and  
 Other systems related to safe operation of the HiLoad DP. 

 
The IAS will be 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. Essential systems integrated in the IAS will be mutually 
independent, i.e., no single failure in any system will influence the other systems. 
 
Machinery Systems 
 
Alarm systems, automatic control systems, and safety shutdown systems for different machinery 
systems will be integrated in the IAS. Alarms for reliable and necessary monitoring and 
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operation of the machinery systems will be provided. Instrumentation will be of known and 
well-proven technology. 
 
Navigational  Systems 
 
Relevant navigational equipment will be installed and integrated into the IAS according to 
relevant classification rules for this application. The navigational systems will give reliable 
navigational data for the position-keeping system and operator of the HiLoad DP unit. 
 
Position-Keeping 
 
The HiLoad DP will have a position-keeping system installed that will allow the HiLoad DP and 
the attached vessel to maintain their position within the predetermined operational sector. The 
tanker position will be continuously monitored when connected to the HiLoad DP system and 
alarms would trigger if the vessel perturbations exceed limits defined by the system designer. 
Fully redundant positioning systems will be provided to ensure that position monitoring can be 
maintained throughout all phases of tanker operation and in the specified environmental 
condition. 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 

 
CCTV 
 
The HiLoad DP will be equipped with necessary cameras for good overview of the HiLoad DP 
unit during docking operations. This CCTV system will be integrated into the IAS. 
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Load and Stability 
 
Indications of the liquid levels in all tanks, draft, and inclination of the vessel will be arranged to 
ensure safe operation by the ballasting system. The IAS will be provided with the following 
control and indicator systems: 

 Tank level indicator system 
 Draught indicator system 
 Heel and trim indicator system 

 
Water Detection 
 
Dry compartments such as void spaces, pump rooms, and thruster rooms will be equipped with 
bilge alarms. All watertight structural compartments will be arranged with a water-detection 
system. The watertight compartments will, where convenient, be drained by gravity to lower 
compartments with adequate bilge-pumping capacity. 
 

4.3.6.5 Equipment for Oil Transfer 
 
The main purpose for the HiLoad DP is to aid in the transfer of crude oil from a storage unit to a 
tanker. The cargo flow in the crude oil loading system is therefore the primary process on board 
the vessel. There will be no crude oil pump in this system, as the pumps in the FPSO will be used 
to pump the oil through the HiLoad DP system and into the tanker. The loading system will be 
designed to transfer 35,000 bbls per hour (6,600 cubic meters per hour [m3/hr]). 
 
The design of the crude oil loading system will be in accordance with the OCIMF’s guidelines 
for crude oil transfer lines and will consist of the following main equipment: 

 Transfer hose coupler 
 Piping, valves, and interface to the hose reel 
 Swivel between piping and the hose reel 
 Hose reel with quick disconnect coupling for the hose 
 Loading hose 
 Loading hose connection 
 Loading hose handling equipment 
 Control system 

 
Transfer Hose Coupler 
 
The transfer hose coupler will be a hydraulic quick-disconnect coupling, suspending the transfer 
hose to the turret. The coupling will be designed for minimum oil spillage during disconnect. All 
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metallic and rubber piping materials that may be in contact with the transferred oil will comply 
with the requirements of NACE MR-0175 for sour service. 
 

Piping, Valves, and Interface to Hose Reel 
 
The piping in the crude oil loading system (24-in line) will start at the coupler and end at the 
crude oil line valve located near the hose reel. The actuator will have visual identification of 
valve open/closed. 
 
Hydraulic pressure to open the valve will be delivered from the central hydraulic power unit for 
valve activators. An accumulator will contain a standby pressure for closing the valve in case of 
ESD. The valve will be integrated in the ESD system. 
 

Swivel between Piping and the Hose Reel 
 
A 20-in swivel will be installed between the crude oil line valve and the hose reel to allow the 
reel to rotate freely. The reel will be fitted with flanges according to ANSI B16.5 (150 pounds). 
 

Hose Reel with Quick Disconnect Coupling for the Hose 
 
The hose reel will store the hose when the loading system is not in use. During offloading, the 
entire length of the hose will be paid out.  
 
The hose reel will be designed for storage of a 100-m 20-in nominal diameter floating hose plus 
a 30-m 16-in nominal diameter floating hose (outer end). The hose will be stored in no more than 
two layers. The hose reel will have the capacity to pull in and carry the weight of the hose filled 
with seawater. The reel on the HiLoad DP will be equipped with a 20-in quick-disconnect 
coupling so the hose can be released in an emergency situation (reel end). The coupler will be 
designed for minimum oil spill in case of a disconnection. The activation of the coupler will be 
carried out from the IAS in the HiLoad DP CCR. The quick-disconnect coupler will be 
hydraulically activated, with activation hoses connected after loading hose deployment but 
before offloading commences.  
 
The hose reel, handling equipment, and associated portable or local controls will be designed and 
certified for operation in a hazardous (zone 1) area. Operation of the reel will be controlled from 
a portable wireless control console. 
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Loading Hose Connection 
 
With the HiLoad DP connected to the tanker and the position-keeping system activated, the 
loading hose connection can commence. Figure 4.3-4 shows the typical loading hose layout and 
connection procedure. The hose messenger rope on the HiLoad DP can be handled along the 
deck of the tanker to the midship manifold, routed through and the fairlead on the tanker midship 
area back and connected to the end of the hose. The tanker end of the hose will be lowered into 
the sea and pulled toward the manifold by the winch on the HiLoad DP and up to the tanker rail. 
The hose-lifting chain will then be connected to the midship crane and lifted into final position at 
the midship manifold. The midship manifold connection procedure is similar to the one used for 
CALM buoy loading and is well-known to most tanker crews (OCIMF 1987).  
 
A standard camlock coupler according to OCIMF requirements will be fitted to the tanker end of 
the hose. The interface will be a 16-in flange according to ANSI B16.5 (150 pounds). 
 
 

 
Figure 4.3-4 Loading Hose, Handling Equipment, and Connection Procedure 
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Spooling Device 
 
A spooling device for the reel will be designed for efficient spooling of the hose onto the reel in 
two layers. The spooling device will be equipped with a hydraulic motor and will be controlled 
from the same portable wireless control console as the reel. 
 

Hose Slipway with Rollers 
 
A complete slipway roller arrangement will be arranged on top of the starboard tower. The type 
of rollers and arrangement will be proposed by the supplier, but should be designed for simple 
on-board service and repair. The arrangement will be designed with an interface for efficient 
installation to the HiLoad DP hull constructed by the yard. The slipway will be designed to 
provide easy access to the provision hatch. 
 

Flushing Connection 
 
A 4-in flushing connection will be installed between the swivel and the crude oil line valve to 
allow the hose to be purged of oil (using seawater) prior to normal disconnect and recovery. 
 

Hose Connection Winch 
 
A 300-m 26-millimeter (mm)-diameter Dyneema fiber rope will be used as the hose messenger 
rope. The winch will be designed with a pulling capacity and speed sufficient to maintain a 
positive tension on the hose during deployment and for hoisting of the hose end from water to 
tanker deck level during deployment. The winch will be equipped with a suitably zoned 
electrical motor and fail-safe brake. The winch will be of compact size for installation on top of 
the HiLoad DP tower. 
 
Control System for Hose Connection Winch 
 
The winch will be equipped with an electrical motor and will be controlled from the same 
portable wireless control console as the reel. 
 

Oil Spill Monitoring  
 
The HiLoad DP will be outfitted for oil spill monitoring with two independent systems.  
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Oil Spill Detection System (OSDS)-1—Flow Monitoring 
 
The HiLoad DP will be equipped with an OSDS to minimize the risk for oil pollution during 
offloading operations. A flow meter will be installed on the HiLoad DP to monitor the received 
amount of oil from the FPSO. The FPSO will monitor the oil flow sent to the tanker by the crude 
oil sales meter and any inconsistency or discrepancy in the amount of oil received on the HiLoad 
DP will trigger an alarm on the HiLoad DP. The officer-on-watch on the HiLoad DP GoM can 
then request the FPSO/platform activate shutdowns of the export pumps at the FPSO/platform. 
Relevant communication will be handled by the HiLoad DP integrated telemetry system which is 
tied into the FPSO’s control system. Figure 4.3-5 shows the typical arrangement of the OSDS for 
the loading system. 
 

 

 
Figure 4.3-5 Oil Spill Detection System (OSDS)—Flow Monitoring 

 
 
Oil Spill Detection System (OSDS)-2—Infrared Cameras 
 
The HiLoad DP will be equipped with a second OSDS based on an infrared camera monitoring 
system that will be installed with one camera to monitor the area between the FPSO and the 
HiLoad DP and one camera to monitor the loading hose from the tanker to the HiLoad DP to the 
tanker. The cameras will display in the HiLoad DP wheel house for monitoring by the officer on 
watch.  
 
The system will include image-processing algorithms for day and night detection of oil spills by 
collecting digitized sea surface images from the vessel’s radar and thereby estimating the 
directional wave spectra and the sea surface current on site. Areas possibly containing oil will be 
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identified so the operator can act accordingly and immediately initiate shutdown of the 
offloading operations. 
 

4.3.6.6 Outfitting Equipment 
 
Hull Outfitting (Anchors, Bits, Chocks) 
 

Anchors with Chains and Equipment 

The HiLoad DP is considered to be a loading buoy with DP thrusters for position-keeping and to 
operate in offshore oilfields; hence, no anchors, chains or corresponding equipment are required. 
In case of a yard stay or a harbor visit, the HiLoad DP will be transported on a barge. 
 
Fixed Mooring Equipment 

The HiLoad DP will be designed with a freeboard of about 1 m in maintenance condition (light 
ship weight plus minimum of liquids in tanks), i.e., a draught of 5 m. Mooring rings, padeyes, or 
other suitable means of mooring the HiLoad to a barge or a quay-side will be installed at the 
outside of the pontoon below the fenders. Mooring lines are not subject to classification, but 
lengths and breaking strength are taken from the ship rules as guidance. 
 
Towing Equipment 

An emergency towline will be installed at one side as a single line only. Towlines are not subject 
to classification, but lengths and breaking strength are taken from the ship rules as guidance.  
 

Crane 
 
A service crane will be located on the bridge structure of the HiLoad DP and will be able to 
reach the bearings and gears at both sides of the hose reel at maximum outreach. The minimum 
outreach will not exceed 3 m to handle loads up and down from the provision hatch in the same 
tower.  

 
Navigation Land Markings 
 
Lights required for safe navigation and obstacle marking will be provided and installed in 
accordance with the Convention on the International Regulations for Preventing Collisions at Sea, 
1972 (COLREGs).  
 

Navigational Aids (Radio, Radar, Chartplotter, etc.) 
 
The applicable requirements for radio communication and navigation from 33 CFT and 46 CFR 
will be followed. 
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Portable Firefighting Equipment 
 
Powder and CO2-extinguishing equipment will be installed on board as required by applicable 
rules and will be completely charged and suspended on hooks and fixed with clamps. The 
extinguishers will be of common approved types.  
 
A 2-in firehose with an approximate length of 15 m will be adjacent to each of the fire hydrants. 
The hoses will be equipped with combined jet nozzles and fog nozzles and with coupling 
connections to the hydrant. 
 

4.3.6.7 Outfitting for Crew (Accommodation) 
 
The CCR will be arranged with lining, insulation (thermal and fire insulation), raised floor with 
top covering, windows, door, window wipers, and furniture as required for good operation in the 
control room. A toilet and wash basin will be included in the deckhouse. 
 

Requirements during Parking 
 
A minimum crew of two people (one deck staff, one engineering staff) will be stationed on the 
HiLoad DP while it is parked on the host vessel. The crew will work 12-hour shifts and those not 
on duty will be accommodated on the FPSO. 
 

Requirements during Operation 
 
During tanker loading operations, four crew members will be on duty at all times. Crew will 
work 12-hour shifts (12 on / 12 off). The off-duty crew will rest in the accommodation module. 
 

Requirements during Extreme Conditions and Standby 
 
A crew accommodation module will be installed on board for contingency measures in case 
docking to the host vessel is not possible for any reason and in standby conditions where the 
HiLoad DP is on station for platform offloading or well containment service.  
 
4.3.6.8 Safety Systems 
 
Safety systems will be integrated into the IAS. The safety system comprises: 

 Fire and gas systems 
 Fire extinction systems 
 Emergency shut-down systems 
 Oxygen (O2) measuring system 
 Room pressuring control system 
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These systems will ensure the protection of personnel, environment, installation, and equipment 
from accidental and/or uncontrolled hydrocarbon leakages and can detect and extinguish fires. 
They also will reduce the effects and minimize the consequences of hydrocarbon leaks and the 
risk of ignition. 
 
The fire and gas detection system and fire extinction system will be in accordance with the 
applicable class rules. 
 
The ESD system will be in accordance with applicable class rules and OS-A101: Safety 
Principles and Arrangements. The process protection system and shutdown logic will be based 
on guidance given in API RP 14C. The ESD system will be integrated in the Production/Storage 
Unit ESD system. 
 

Life Rafts 
 
Two off-inflatable life rafts (capable of being thrown overboard) that are suitable for 12 men will 
be stored. One life raft will be placed on top of the starboard tower and one life raft will be on 
the port tower.  
 

Lifesaving Equipment 
 
Life buoys, life jackets, and emergency signals will be provided in accordance with applicable 
regulations.  
 

4.4 DESKTOP TECHNICAL EVALUATION OF THE MANEUVERABILITY 
OF SHUTTLE TANKERS (TASK 4) 

 

4.4.1 INTRODUCTION 
 
Remora developed the HiLoad DP as an offshore loading system providing DP capabilities for 
tankers of opportunity. After design and construction, the system full-scale acceptance and 
performance tests were carried out in various sea states with the HiLoad docked onto an 
Aframax tanker. These test results were used to tune a model of DP capability for simulator use 
(Marin project no. 24070). 
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RPSEA is now considering the HiLoad DP for three distinct applications in the GoM: 
1. Offloading from an FPSO 
2. Emergency offloading from platforms 
3. Offloading from oil spill recovery systems 

 
Earlier studies focused on offloading from spread-moored FPSOs with larger tankers. In the 
GoM, the tankers of opportunity have to be Jones Act tankers, which are of Handymax, Panamax 
or Aframax size. Although these vessels are smaller than the tankers studied previously, the 
environmental conditions in the GoM can be challenging. Strong loop currents exist that reduce 
the DP capabilities due to reduced efficiency of the propellers. These currents are independent of 
the wind direction causing considerable vessel headings with the environment, which results in 
increased mean environmental loads.  
 
This section describes a desktop study to evaluate the DP capability of the HiLoad DP. The study 
focused on Aframax size only, as this is the largest size to consider for these operations. For 
modeling purposes, the Aframax tanker keeps position with the HiLoad connected to the hull. 
HiLoad connects to the bow area of the tanker (see Figure 4.4-1) in the same area where a 
mooring turret normally is located (20% to 25% of the vessel length behind the bow). When the 
tanker is connected to the HiLoad, it is free to weathervane around the HiLoad center and takes 
on a mean heading according to prevailing environmental forces. At this heading, the mean 
environmental forces are calculated to define the required thrust for a specified uptime. 
 

 
Figure 4.4-1 HiLoad DP Connected to an Aframax Size Tanker 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 136 of 328 
 

4.4.2 ANALYSIS MODEL 
 
For the study, a mean heading analysis tool was developed that also calculates the mean 
environmental loads. The numerical models and input assumptions are described in this section. 
The model is applied to GoM metocean conditions to evaluate the required thrust as a function of 
the required uptime. The selected environments and the results are discussed in Section 4.4.3. 
 
The position-keeping with the HiLoad is based on letting the tanker weathervane around the 
HiLoad center. The resulting thrust force and direction are then governed by the various 
environmental loads on the tanker as illustrated on Figure 4.4-2. 
 
Wind, wave, and current load coefficients are used to calculate the total yawing moment of the 
vessel around the center of the HiLoad for each bearing of the vessel and for each condition in 
the environmental datasheet specified by Remora. 
 
OCIMF wind and current coefficients for a conventional bow-shaped tanker in deep water are 
used for this study. The mean wave drift coefficients used to calculate the steady moment 
induced by the waves are based on a diffraction analysis. Appendix B.3 provides further details 
on diffraction theory and defines various terms used within this section. 
 
 

 
Figure 4.4-2 Mean Environmental Loads and Resulting Thrust Force and Direction 

 
 

Waves

Wind

Current

M wind

M wave

M c

FL, c FL, wave FL, wind

HiLoad THRUSTER FORCE

FL

M

L

FT, wind

FT, wave

FT, current



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

1 October 2013  Page 137 of 328 
 

To derive the moment around the center of the HiLoad, the sway force is multiplied by the 
distance between the HiLoad and the Aframax’s midships, and the surge force is multiplied by 
the distance between the HiLoad and the Aframax’s centerline. The HiLoad thrusters are close to 
each other and unable to apply a moment onto the ship. Therefore, the vessel weathervanes 
around the application of the thruster force which is the center of the three thrusters on the 
HiLoad. This value is shown in Table 4.4-1 with the main dimensions of the Aframax tanker. 
 
Table 4.4-1 Primary Features of the Aframax Export Tanker 

Designation Unit Ballast Loaded 

Length over all Loa m 243 

Length between Perpendiculars Lpp m 233 

Breadth B m 42.2 

Depth D m 20.3 

Design draft Td M  

Thrust center forward of midships Dx M 58 

Thrust center Port Side of 
centerline 

Dy M 10.8 

Draft  T M 7.5 13.8 

Displacement weight  tonnes   

Frontal wind area  Awf m2 980 650 

Lateral wind area Awl m2 3500 1600 

 
Water depth: 1,000 m (used for deep water) 
Water density: 1.025 ton/m3 
 

Main Dimensions of the HiLoad DP 

Length overall Loa m 28 

Length between perpendiculars Lpp m 28 

Beam B m 27 

Overall height D m 47.5 m + keel 11 m 
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The following moments around the thruster center are taken into account in this study: 

 Wave drift moment derived from load coefficients and wave height; 

 Wind moment, which follows from the wind speed and coefficients; and 

 Current moment, derived from the current speed at the surface layer and 
coefficients. 

 
All these moments are given as a function of environmental heading. The moments are added, 
taking the relative headings of the environment into account. This results in, for each 
environment, the total yaw moment as a function of the wave heading. An example is shown on 
Figure 4.4-3.  
 
 

 

Figure 4.4-3 Yaw Moment Around the Thruster Center Point as a Function of 
the Suez Max Heading 

 
 
On Figure 4.4-3, the wave heading is defined with respect to the vessel. Head waves are defined 
as 180 degrees and waves coming in at portside are defined as 270 degrees. The total yaw 
moment is zero for two wave headings (115 deg and 275 deg), indicating an equilibrium heading 
of the vessel. The first equilibrium is unstable; a stable equilibrium is found when the moment 
increases with the environmental heading (275 deg). 
 
At this equilibrium heading, the environmental forces due to wind, wave, and current are 
calculated to estimate the mean required thrust force. A margin for dynamics is added, and the 
thrusters’ efficiency due to the current inflow condition is accounted for as shown on Figure 
4.4-4. 
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Figure 4.4-4 Thruster Efficiency for Various Inflow Velocities 
 
 
The mathematical model of the tankers was extended with an extra resistance component and the 
propulsion units of the HiLoad. The resistance caused by the HiLoad was added as a ‘user-
defined force.’ The user-defined force describes the resistance in X and Y direction as a function 
of the longitudinal and transverse velocity. As the attack point of the user-defined force the COG 
of the HiLoad was chosen. This is a simplification of the reality. The loads were derived from 
wind tunnel tests conducted by Force Technology. Using the free-sailing resistance for the 
coupled HiLoad is a conservative approach since it overestimates the overall resistance. 
 
The dimensions of the HiLoad DP are listed in Table 4.4-1. The HiLoad’s propulsion system 
consists of three thrusters. The thrusters on HiLoad DP1 have a still water thrust of 420 kn at full 
pitch with an input power of 2,350 kW. The engine set-up in the HiLoad allows for 100% power 
use over a long period. During the sea-trials of the HiLoad DP1, the effective bollard pull was 
measured. The results of the bollard pull tests were analyzed by Kongsberg and used as input in 
the DP software. The effective bollard pull depends on the thruster angles which are the result of 
the location of the thrusters and the way in which struts are placed around the thrusters. When 
the wash of a thruster is directed against a part of the HiLoad structure, the effectiveness 
decreases. Also the effectiveness of thrusters is dependent on the angle and speed of the 
inflowing water. To get the most realistic performance of the thrusters used in the simulators, the 
mathematical model was calibrated. 
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4.4.3 RESULTS AND DISCUSSION 
 
4.4.3.1 Environmental Directions and Environmental Heading 
 
The waves, wind, and current directions are specified as “coming from” compass direction 
(clockwise). The vessel heading is also defined in the same axis system such that when the wave 
direction equals the vessel heading, the vessel encounters head waves.  
 
The environmental headings are specified in MARIN’s standard coordinate system, with the x 
axis positive towards the bow, the y axis positive towards portside, and headings defined as 180 
degrees for head-on conditions, while a 90-degree heading indicates environment coming at 
starboard. The sign convention is summarized on Figure 4.4-5. 
 
 

 

Figure 4.4-5 Sign Convention Environmental Directions 
 
 
4.4.3.2 DP Capability of HiLoad DP1 
 
Due to the dimensions of the HiLoad DP, the thrusters do not apply a moment on the tanker and 
the tanker can freely weathervane around the application point of the thrust. The loop current 
conditions in the GoM result in high current velocities. The direction of these currents is 
independent of the wind direction. Different combinations of wind and current result in different 
headings of the shuttle tanker and different load levels on the thrusters. The method described in 
the previous section is used to calculate the mean heading and environmental loads for increasing 
wind velocity. The waves are considered to be collinear to the wind and increase with the wind 
speed according to the wind-wave-relationships for the GoM (Table 4.4-2). With increasing wind 
speed, the vessel heads more into the wind, resulting in a larger angle of the current to the bow. 
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This increases the loading on the thrusters system. For each direction of the wind, the maximum 
wind speed at which the HiLoad DP1 can maintain station is documented on Figure 4.4-6 for the 
loaded Aframax and on Figure 4.4-7 for the ballasted Aframax. The figures show three different 
lines, respectively, for 1, 2, and 3 kn current from the north. For each compass direction of the 
collinear wind and waves, the vessel’s compass heading is shown on Figures 4.4-8 and 4.4-9. 
 
Based on Figures 4.4-6 to 4.4-9, the following can be noted: 
 

 DP capability for ballasted Aframax is slightly higher than for the loaded 
vessel. At high current velocities, this is due to the increased current drag; 
at low current speed, the mean wave drift forces in the loaded draft exceed 
the loads at ballasted draft. 

 

 For wind/wave directions from northeast to east-southeast, the capacity in 
1-kn current exceeds the capability at no current. The wind helps the 
vessel head into the current, reducing the loads. 

 

 The heading without current is about 25 degrees from the wind at the 
loaded draft and 15 degrees for the ballast draft. 

 

 The achieved headings for the loaded case show more effect of the current 
then the ballasted one. 

 

 For 1-kn current and 2 kn on the loaded vessel, the equilibrium heading 
alternates between two solutions with either the portside or the starboard 
side into the current. 

 
For wind speeds above 15 meters per second (m/s) and current velocity below 2 kns, the vessel 
experiences bow quartering waves and is able to withstand the environment for all relative angles 
between wind and current. For currents above 2.7 kn, the HiLoad DP1 is unable to maintain 
station.  
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Table 4.4-2 Wind Wave Relationship—Gulf of Mexico 

  Sea State Wind 

Bin Hs (m) Tp Gamma Tz Vw 

# Lower Upper (s) (-) (s) (m/s) 

1 0 0.5 5.7 1 4.2 7 

2 0.5 1 6.3 1 4.6 8 

3 1 1.5 6.8 1 5 9 

4 1.5 2 7.3 1 5.4 10 

5 2 2.5 7.8 1 5.8 11 

6 2.5 3 8.3 1 6.1 12 

7 3 3.5 8.8 1 6.5 13 

8 3.5 4 9.3 1 6.9 14 

9 4 4.5 9.8 1 7.3 16 

10 4.5 5 10.4 2 7.7 17 

11 5 5.5 10.9 2 8 18 

12 5.5 6 11.2 2 8.3 19 

13 6 6.5 11.3 2 8.4 19 

14 6.5 7 11.6 2 8.6 20 

15 7 7.5 11.9 2 8.8 22 

16 7.5 8 12.2 2.4 9 23 

17 8 8.5 12.5 2.4 9.2 25 

18 8.5 9 12.7 2.4 9.4 26 

19 9 9.5 13 2.4 9.6 28 

20 9.5 10 13.2 2.4 9.8 29 

21 10 10.5 13.4 2.4 9.9 31 

22 10.5 11 13.7 2.4 10.1 32 

23 11 11.5 13.9 2.4 10.3 34 

24 11.5 12 14.1 2.4 10.4 35 

25 12 12.5 14.3 2.4 10.6 37 

26 12.5 13 14.5 2.4 10.7 38 

27 13 13.5 14.7 2.4 10.9 40 

28 13.5 14 14.9 2.4 11 41 

29 14 14.5 15.1 2.4 11.2 42 

30 14.5 15 15.3 2.4 11.3 44 

31 15 15.5 15.4 2.4 11.4 45 

32 15.5 16 15.6 2.4 11.6 47 
Key: 
Hs = significant wave height. 
m = meters. 
s = seconds. 

 
Tp = peak period. 
Tz = zero crossing period  
Vw = wind velocity. 
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Figure 4.4-6 DP Capability of HiLoad DP1 for Loaded Aframax 
 

 
Figure 4.4-7 DP Capability of HiLoad DP1 for Ballasted Aframax 
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Figure 4.4-8 Loaded Aframax Heading as a Function of Wind Direction with Current 
from the North 

 

Figure 4.4-9 Ballasted Aframax Heading as a Function of Wind Direction with 
Current from the North 
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4.4.3.3 Required Thrust versus Uptime Calculations 
 
The required thrust is calculated for loaded and ballasted condition of the Aframax tanker in 
GoM conditions. The environmental conditions are based on wind and current measurements at 
the Thunderhorse field and on a condensed directional wave scatter diagram for the central 
GoM.  
 
The condensed wave scatter diagram shows an associated wind speed for different wave height 
bins. These bins are defined in Table 4.4-2 and the probability levels per direction are shown in 
Table 4.4-3. 
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Table 4.4-3 Deepwater Condensed Directional Wave Scatter Diagram—Central  Gulf of Mexico 

  Probability 

  omni N NE E SE S SW W NW 
Bin 

# 
p p p p p p p p p 

1 17.7% 0.80460% 1.66155% 3.01134% 4.74925% 2.63817% 1.63793% 2.07015% 1.13171% 

2 43.8% 2.64801% 5.59833% 9.17021% 12.68579% 6.08684% 2.52204% 3.03496% 2.01976% 

3 20.0% 2.36065% 3.36089% 4.10762% 4.95040% 2.80113% 0.67470% 0.59518% 1.15690% 

4 10.1% 1.65722% 1.85876% 1.86309% 1.85050% 1.38994% 0.29484% 0.37593% 0.82704% 

5 4.5% 0.93804% 0.73296% 0.68611% 0.66604% 0.60463% 0.15116% 0.19761% 0.54007% 

6 2.1% 0.49402% 0.30231% 0.18973% 0.29562% 0.26689% 0.06771% 0.16021% 0.35349% 

7 1.0% 0.20548% 0.12518% 0.11730% 0.11061% 0.13069% 0.01968% 0.10864% 0.14525% 

8 0.4% 0.07558% 0.02637% 0.05905% 0.05983% 0.04763% 0.02441% 0.06298% 0.05235% 

9 0.2% 0.02519% 0.01811% 0.03307% 0.02086% 0.02047% 0.00866% 0.02637% 0.01338% 

10 0.1% 0.00276% 0.00827% 0.01968% 0.00866% 0.02047% 0.00590% 0.00905% 0.00905% 

11 0.1% 0.00157% 0.00276% 0.02204% 0.01142% 0.01181% 0.00079% 0.00039% 0.00276% 

12 0.0% 0.00079% 0.00236% 0.01732% 0.00827% 0.00433%   0.00157% 0.00354% 

13 0.0% 0.00039% 0.00433% 0.01023% 0.00433% 0.00118% 0.00039% 0.00472% 0.00157% 

14 0.0% 0.00039% 0.00236% 0.00748% 0.00354% 0.00157%     0.00118% 

15 0.0%   0.00157% 0.00472% 0.00512% 0.00079% 0.00039%   0.00197% 

16 0.0%   0.00000% 0.00433% 0.00748% 0.00039% 0.00039%   0.00276% 

17 0.0%   0.00039% 0.00394% 0.01023% 0.00039%       

18 0.0%   0.00039% 0.00157% 0.00197%   0.00039%     

19 0.0%   0.00039% 0.00315% 0.00394%         

20 0.0%   0.00039% 0.00118% 0.00197%   0.00039%     

21 0.0%     0.00039% 0.00079% 0.00039%       

22 0.0%     0.00000% 0.00079% 0.00039%       

23 0.0%     0.00079% 0.00079% 0.00039%       

24 0.0%     0.00039% 0.00157% 0.00039%       

25 0.0%     0.00039% 0.00039% 0.00039%       

26 0.0%     0.00039% 0.00118% 0.00039%       

27 0.0%     0.00157% 0.00039% 0.00039%       

28 0.0%     0.00000% 0.00039% 0.00039%       

29 0.0%     0.00104% 0.00079%         

30 0.0%       0.00079%         

31 0.0%       0.00039%         

32 0.0%       0.00039%         

  100% 9.2% 13.7% 19.3% 25.5% 14.0% 5.4% 6.6% 6.3% 
Key: 
omni = omni-directional  (i.e., sum over all environmental directions) 
p = probability 
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Table 4.4-4 shows the directional probability for the loop current. These loop/eddy currents 
exceeding 0.2 m/s appear 15.3% of the time (55.7 days per year), thus the remaining 84.7% is 
lower than 0.2 m/s. It is assumed that the distribution of the directions equals the distribution at 
the low eddy speed. 
 
The waves and current are considered to be uncorrelated and the probability of sea state A 
appearing with current B equals the product of their individual probabilities. Table 4.4-3 contains 
32x8 wave probabilities and Table 4.4-4 contains 20x16 current probabilities. Ninety-four (94) 
cells in the wave direction probability equal 0 and 103 in the current are zero, so those can be 
eliminated from the evaluation, resulting in  
(32x8-94)x(20x16-103)=35,154 cases. 
 
These cases are distributed as follows: 
     226 cases make up 75.7% of the time, max Hs=3.0m, max Vc=0.2m/s  
     316 cases make up 80.0% of the time, max Hs=3.5m, max Vc=1.1m/s  
     945 cases make up 90.0% of the time, max Hs=4.0m, max Vc=1.5m/s  
  1,932 cases make up 95.0% of the time, max Hs=6.0m, max Vc=1.6m/s  
  4,889 cases make up 99.0% of the time, max Hs=9.5m, max Vc=2.0m/s  
10,562 cases make up 99.9% of the time, max Hs=16m,  max Vc=2.1m/s  
 
The maximum significant wave height (Hs) and maximum current velocity (Vc) are limited to 
3.0m and 0.2m/s in the first 226 cases. 
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In addition to the current and wave data directional data for the wind was provided (see Table 
4.4-5). 
 
Table 4.4-5 Wind Directional Probability 

 
Key: 
°T From= wind headings are represented as coming from true North. 
m/s = meters per second. 
hr = hour. 
m = meters. 
 
 
 
The probability of exceedance and the distribution of the probability over the different directions 
from Table 4.4-5 are compared to the associated data from the wave scatter diagram on Figures 
4.4-10 and 4.4-11.  
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Figure 4.4-10 Probability of Exceedance Wind Speed from Wave and 

Wind Scatter Diagrams 
 
 

 
Figure 4.4-11 Distribution Over the Directions from Wave and Wind 

Scatter Diagrams 
 
 
The data on Figures 4.4-10 and 4.4-11 compare well, considering a strong correlation between 
wind and current. Therefore the associated wind speed from the wave scatter diagram is used and 
the wind and waves are considered collinear.  
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The 10,562 calculations identified above are evaluated and the results are stored in the Excel 
sheets used to communicate the required runs. On Figure 4.4-12, the probability of exceedance is 
plotted for the mean environmental load and the heading of the waves with the bow. The 
difference between the loaded and ballast situation is small. 
 
 

 

Figure 4.4-12 Exceedance Probabilities for Gulf of Mexico Conditions 
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Figure 4.4-12 shows that the mean environmental loads are limited to 20 tonnes for 90% of the 
time, but exceed 100 tonnes for 1% or 0.5% of the time, respectively, for loaded and ballasted. A 
margin needs to be added for the dynamics in the environmental loads to prevent large 
excursions of the tanker and the efficiency of the thrusters need to be accounted for. Applying a 
margin of 20% and an efficiency of 90%, the HiLoad DP1 would have an availability of about 
98%. This is consistent with the conclusion from the DP capability and the current velocity 
exceeding 2.7 kn in two days per year at the Thunderhorse field location (see Table 4.4-4). 
 
Figure 4.4-12 also shows that the vessel orients itself head into the wave in the majority of 
environments, but the wave heading from the bow exceeds 30 degrees for 21% of the ballasted 
cases and 30% of the loaded cases. Since waves and wind are collinear, this deviation is induced 
by the current loads. For about 15% of the time, the loaded Aframax tanker, which is free to 
weathervane, will encounter bow quartering to stern quartering waves. Depending on the 
magnitude of these waves, the bilge keel configuration and the damping from the HiLoad itself, 
these cases may result in significant roll motions. 
 
The tanker’s compass heading for these runs is shown on Figure 4.4-13. All headings do occur, 
but headings from southeast to southwest are slightly more common. This coincides with the 
higher probability of the waves and wind from the southeast and the portside dock position of the 
HiLoad. The tanker weathervanes around the thrust application center, resulting in more weather 
on the starboard bow, hence the headings to the south. 
 
 

Figure 4.4-13 Vessel Heading and Current Angle from Bow 
 
 
Figure 4.4-13 also shows the orientation of the vessel relative to the current. No strong 
preference seems to exist and 40% of the time the current enters close to beam on (between 60 
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and 120 degree angle of the bow). To study this further, the probability of occurrence is 
separated by speed and direction on Figure 4.4-14. The majority of the time (84.7%) the current 
is below 0.2, which contributes to 37% of the beam on cases. For higher current velocities, the 
prevailing current heading changes to bow quartering above 1.5 kn and head on above 3 kn.  
 
 

 

Figure 4.4-14 Vessel Orientation and Current Angle from Bow 
 
 
4.4.4 CONCLUSIONS 
 
Based on the results presented in this report, the following conclusions seem justified: 
 

 From the DP capability analysis, it is clear that for wind speeds above 15 
m/s and current velocity below 2 kn, the vessel experiences bow 
quartering waves and is able to withstand the environment for all relative 
angles between wind and current.  

 

 For currents above 2.7 kn, the HiLoad DP1 is unable to maintain station. 
For the Thunderhorse field, this loop current speed occurs, on average, 
two days a year. 

 

 From the heading analysis, it is observed that the vessel orients itself head 
into the wave in many environments, but  the wave heading from the bow 
exceeds 30 degrees for 21% of the ballasted cases and 30% of the loaded 
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cases. Since waves and wind are collinear, this deviation is induced by the 
current loads. 

 

 For about 15% of the time, the loaded Aframax tanker, which is free to 
weathervane, will encounter bow quartering to stern quartering waves. 
Depending on the magnitude of these waves, the bilge keel configuration 
and the damping from the HiLoad itself, these cases may result in 
significant roll motions. 

 

 The mean environmental forces are limited to 20 tonnes for 90% of the 
time and exceed 100 tonnes for 1% or 0.5% of the time, respectively, for 
loaded and ballasted. However, a margin needs to be added for the 
dynamics in the environmental loads to prevent large excursions of the 
tanker, and the efficiency of the thrusters need to be accounted for. 
Applying a margin of 20% and an efficiency of 90%, the HiLoad DP1 
would have an availability of about 98%. To be able to operate in high 
loop current cases, a more powerful HiLoad would have to be designed. 
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5 ENVIRONMENTAL CONSIDERATIONS 

The five tasks performed by E & E are discussed in Sections 5.1 through 5.5. The tasks are 
briefly described, along with a description of the environmental setting that is used to frame the 
environmental effects associated with the operation of the HiLoad DP specially designed for 
GoM operations. 
 
Between 2002 and 2009, a wealth of environmental information and study of the HiLoad 
technology was assembled as part of a project to outfit the HiLoad with equipment to offload and 
vaporize LNG. The HiLoad LNG project known as the Bienville Offshore Energy Terminal 
(BOET) was advanced separately but in parallel with the final design and fabrication of the 
HiLoad DP for oil offloading. Conceptual design of the HiLoad LNG was completed and 
applications were filed with the USCG to permit further development of the technology, 
construction, and operation of the equipment in the offshore waters of the GoM. The BOET site 
is located about 63 miles south of Mobile, Alabama, in 425 ft of water in the eastern GoM. The 
application, the environmental impact statement, and the record of decision for the BOET project 
are on the USCG Docket No. USCG-2006-24644 found at Regulation.gov. The extensive public 
record describing the environmental setting is the reason this location is selected for those tasks 
described below that require background data to complete the various analyses to be performed.  
 
The public’s and the resource agencies’ reviews of the proposed BOET project have addressed 
most of the environmental issues associated with the operation of the HiLoad DP equipment; 
however, some issues remain and two of the five tasks will address these issues. The other three 
tasks present information unique to the HiLoad DP operating in the GoM. 
 
The tasks discussed in the following sections are: 
 

5.1 Attachment System Evaluation. This section discusses the environmental 
issues associated with the rapid exchange of ballast water when attaching the 
HiLoad DP to another vessel. The evaluation provides information about the 
amount of water that is affected during an operation, an estimate of marine life 
impinged and entrained by the water intake, and a comparison of the sea chest 
intake system to industry norm. 

 
5.2 Propulsion System Evaluation. This section focuses on identifying the 

extent of underwater noise generated from the use of the three HiLoad DP 
thrusters during an offloading operation. The evaluation discusses the current 
body of information available on DP equipment noise and how the HiLoad DP 
thrusters compare to it. The paucity of information available from equipment 
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operators and manufacturers, along with the inability to conduct 
measurements of the HiLoad DP, resulted in a change in approach. A 
literature review of sound characteristically emitted and received by common 
GoM fish and mammal species was conducted and information was gathered 
for later use in assessing the thruster impact when such data become available.  

 
5.3 Air and Water Emission Estimate. This discussion provides data on 

environmental releases during operations and their impact on the environment. 
An air quality emission estimate was prepared for a typical operating 
sequence and impacts were assessed through industry-accepted modeling 
protocols. The use of seawater on the HiLoad DP is limited to mainly the 
engine cooling systems and the ballasting/deballasting operation of the 
HiLoad. A description of water use was prepared and modeling of the thermal 
impact from engine cooling was performed.  

 
5.4 Hydrocarbon Management. This task provided an inventory of the OPA 90 

material onboard the HiLoad DP. The 2010 Macondo incident has placed 
additional scrutiny on the potential for and extent of damage from an offshore 
upset. 

 
5.5 Spill Response and Countermeasure Program. This section presents the 

worst-case discharge scenario from an upset event. Hazard analysis identified 
a scenario that was used to predict a reasonable response effort and 
assessment of the clean-up from the incident. Modeling of the dispersing spill 
and assessment of the potential impacts to marine life is described. 

 

5.1 ATTACHMENT SYSTEM EVALUATION (TASK 5) 
 
The Attachment System Evaluation focused on the marine impacts from seawater intake used 
for the ballasting/deballasting operation on the HiLoad DP and the water spray used to cool the 
diesel engine exhaust. These are the primary seawater users in terms of operating volumes. The 
marine impacts were assessed through estimating the magnitude of impingement and 
entrainment of ichthyoplankton (principally fish eggs and larvae) caused by the water intake for 
these two continuous large-volume users of seawater. A secondary task was to review the design 
of the sea chest to determine if the design conforms to current environmental standards for the 
intended use.  
 
The use of seawater for offshore activities is an essential practice. However, development of 
multiple proposed offshore LNG facilities in the GoM raised concern for impingement and 
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entrainment impacts on early life stages of important commercial and recreational fisheries from 
seawater intakes. Federal and state agencies manage fisheries by regulating catch limits, but also 
by conserving and protecting essential fish habitat (EFH) for all life stages. EFH for managed 
species in the GoM includes the water column. Fish and invertebrate early life stages utilize 
various depths within the water column, and the viability of adult populations depends on 
survival rates during egg, larval, and early juvenile stages. 
 
5.1.1 INTAKE SOURCES 
 
Impingement and entrainment concerns for facilities using large quantities of seawater for 
operations include intake sources that may be either intermittent or continuous. The HiLoad DP 
uses the largest volumes of seawater for the Ballast and Engine Exhaust Gas Seawater Cooling 
Systems. Table 5.1-1 summarizes all potential seawater use by the HiLoad DP operational 
components. 
 

Table 5.1-1 HiLoad DP Seawater Use by Operational Component Per Offloading 
Event 

System 
Volume  

(cubic meters) 
Volume  
(gallons) Continuous Intermittent 

Ballast Intake 1,866 493,130  

Engine Exhaust 1,032 272,623   

Firewater 100 26,417  

Wastewater 2.25 594  

 
 
 
5.1.2 INTERMITTENT SEAWATER INTAKES 
 
5.1.2.1 Ballast Intake System 
 
The Ballast System is activated during HiLoad DP docking and undocking with a tanker. Two 
high-capacity ballast trim pumps are activated for “first contact” between the HiLoad DP and the 
tanker hull bottom. Once off-loading operations are complete, free flooding through two sea 
chests allows for “quick release” between the HiLoad DP and the tanker (Remora 2008). During 
Ballast System operations, approximately 493,130 gallons (gal; 1,866 m3) of seawater will be 
used.  
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5.1.2.2 Firewater System 
 
The HiLoad DP is equipped with a fire suppression system approved by the International 
Maritime Organization (IMO) and the USCG. The firewater pumps, powered either from the 
main engine or harbor generator, would be tested once per month. The readiness test lasts for 30 
minutes. The HiLoad DP has two pumps each with a maximum capacity of 100 m3/hr. Seawater 
consumption therefore would be 100 m3 per monthly test. It is assumed the test would performed 
during an offloading cycle when the HiLoad DP is in transit between the FPSO and the tanker. 
Testing during transit would provide four to six opportunities per month to complete the test 
sometime within the five-hour transit window. 
 

5.1.2.3 Wastewater Discharge 
 
The HiLoad DP is equipped with a USCG-approved marine sanitation device. Produced sewage 
water flows into a holding tank until it contains sufficient liquid to begin treatment. Once this 
level is achieved, a series of processes occur to treat and “burn” off any solid matter in the 
wastewater. During this process, the seawater pump actively pumps water into the holding tank 
with the wastewater. Seawater flow is stopped when the tank reaches a designated fill level. The 
treated wastewater and seawater combination empties from the tank and discharges using 
approximately 594 gal (2.25 m3) of seawater during a single event (Hamann AG 2008). 
 

5.1.3 CONTINUOUS SEAWATER INTAKE  
 
Engine Exhaust Gas Seawater Cooling System 
 
The HiLoad DP is equipped with an Exhaust Gas Seawater Cooling System in order to reduce 
the thermal footprint during operations. The position of the stacks relative to HiLoad DP 
walkways and the nearby tanker deck prompted the design of the cooling system to reduce 
thermal effects from the engine stacks. This system consists of two pumps connected to the sea 
chest for active pumping of seawater. The primary pump is the exhaust gas seawater cooling 
pump. The crude oil hose flushing pump acts as a backup if the primary pump fails. Intake of 
seawater through the sea chest pumps water through spray nozzles into each of the marine 
propulsion exhaust gas pipes to keep from overheating. Maximum seawater consumption would 
be 45 m3/hr and would occur as a continuous event using approximately 272,623 gal (1,032 m3) 
of seawater daily.  
 
5.1.4 MARINE PLANKTON IMPACT ASSESSMENT  
 
The National Oceanic and Atmospheric Administration’s (NOAA’s) National Marine Fisheries 
Service (NMFS) considers large seawater volume operations as one of the potential contributors 
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to loss of fish eggs and larvae that should be regulated. Due to the high natural mortality of fish 
eggs and larvae, additional mortality from impingement and entrainment at offshore facilities is 
considered important and was assessed in order to evaluate those effects on economically 
important fish stocks. Houde (1994) observed that more than 90% of the eggs and larvae are not 
expected to survive to adulthood due to natural mortality. In 2005, the USCG and the NMFS 
developed a standardized method to assess entrainment impacts during seawater use at proposed 
offshore LNG facilities (USCG and MARAD 2005). The USCG’s forward-projecting Equivalent 
Adult Model (EAM) was used during National Environmental Policy Act (NEPA) analyses to 
predict how many of the eggs and larvae lost to entrainment would have reached adult size and 
contributed to commercial and recreational fisheries’ stocks. The USCG EAM was used during 
NEPA analysis at multiple proposed LNG ports within both the GoM and the Atlantic Ocean.  
 
In response to EAM-derived results presented in the BOET Draft EIS, Gallaway et al. (2007) 
proposed an alternative assessment model that refined the entrainment estimate for offshore LNG 
facilities. Gallaway et al. (2007) argued that USCG’s EAM was inappropriate for evaluating 
impacts to fisheries’ standing stocks and proposed a model that was based on 
fecundity-hindcasting in which density-independent survival over the period from egg deposition 
to Planktonic larval stage was involved. The assumption resulted in a lower estimate of the 
number of eggs that originally had to be present to produce the total annual entrainment losses of 
fish eggs and larvae. These numbers, in turn, were compared with the number of eggs that an 
adult female can produce in a year. Subsequently, the USEPA Region VI approved using the 
fecundity-hindcasting model to assess the extent of exploration and production cooling water 
intake structures on plankton in the central and western GoM under the NPDES permitting 
program (USEPA 2012). The Gallaway ‘hindcasting’ model was used in conjunction with 
existing stock assessment models to estimate the impacts of entrainment on stocks and yields.  
 
For this analysis, an assessment of the major seawater intake components on the HiLoad DP is 
made using both methods in order to “bracket” predicted impacts so that fisheries’ effects 
associated with a HiLoad operation can be relatively evaluated. The two models have important 
differences in predicting the risk to select fish taxa from entrainment. For this analysis, HiLoad 
DP operations were assumed within the geographical area where the BOET was proposed: 62.6 
miles off the coast of Alabama, within Main Pass block MP 258 in the eastern GoM (Figure 
5.1-1). 
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Figure 5.1-1 Proposed Bienville Offshore Energy Terminal (BOET) Location 
 
 

5.1.4.1 Equivalent Adult Model (EAM) 
 
As described above, the USCG developed the EAM to assess entrainment impacts from the use 
of seawater for the proposed Gulf Landing LNG Port (USCG and MARAD 2005). The method 
has been standardized and is required for assessing entrainment impacts from proposed offshore 
LNG facilities. For BOET, the EAM used a spatial polygon that was oriented along depth 
contours near the proposed port. All Southeast Area Monitoring and Assessment Program 
(SEAMAP) stations (1982 to 2002) that fell within this polygon were used to determine taxa, as 
well as to estimate egg and larval densities. The NOAA SEAMAP-gathered data did not sort the 
taxa relative to depth of catch or known habitat preferences by age or other depth specific 
conditions. Detailed taxa information resulting from the SEAMAP data analysis for the location 
can be reviewed in the BOET Final EIS, Appendix E (USCG and MARAD 2008).  
 
The EAM reports on the number of individuals impacted in terms of age-1 equivalents. Age-1 
equivalents represent the number of individuals of each taxon expected to survive to age one (1 
year) had they not been entrained. The variables and parameters used to calculate the numbers of 
age-1 equivalents are detailed in Section 3.1 of the BOET Final EIS (USCG and MARAD 2008). 
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To describe the analysis, the age-1 equivalent table (Table A3.1, Attachment 3 in Appendix E, 
Ichthyoplankton Assessment, of the BOET Final EIS [USCG and MARAD 2008]) was used for 
the red drum base mortality case as an example.  
 

5.1.4.2 Fecundity-Hindcasting Model 
 
A separate, but relative approach, as proposed by Gallaway et al. (2007) is based on a 
fecundity-hindcasting assessment model. The fecundity-hindcasting model estimates the number 
of eggs that originally would have to be present to produce the total annual entrainment losses of 
fish eggs and larvae. The number of eggs lost is then presented in terms of equivalent adult 
spawners needed to produce the entrained eggs. This approach uses known life history data, 
coupled with the SEAMAP database information, to estimate larval densities at a given depth, 
prior to calculating losses from entrainment. A critical step in use of Gallaway et al.’s (2007) 
model for BOET was the derivation of densities based on depth-related trends for the various 
taxa addressed in the analysis (see Gallaway and Fechhelm 2007). 
 

5.1.4.3 Summary of Analysis 
 
Evaluation of impacts from entrainment of larval fish and invertebrates during a HiLoad DP 
operation requires information on the specific species that potentially could be affected and on 
specifications of the various engineering processes. Proposed facility water usage includes 
intermittent intakes for ballast, wastewater, and fire protection (combined for analysis), along 
with a continuous intake for engine exhaust stack cooling purposes (Table 5.1-1). For this 
analysis, intakes were assumed within the BOET geographical area. Both models used the 
NOAA SEAMAP species’ composition data that were developed for the BOET FEIS (USCG 
and MARAD 2008) and used by Gallaway and Fechhelm (2007) for assessing impacts to select 
taxa (red drum, red snapper, anchovy species [Engraulidae], and menhaden species 
[Clupeidae]).  
 
Elements from both modeling approaches were applied to this analysis in order to “bracket” 
impacts and relatively evaluate any fisheries’ effects associated with HiLoad DP activities. 
Larval and egg density information for the selected area relied on those provided in the BOET 
FEIS, Appendix E, and those presented in Gallaway and Fechhelm (2007; see Table 1 in that 
report). Density data from these two sources were then used to estimate larval and egg losses for 
the intake categories noted in Table 5.1-1. These results were then extrapolated, using survival 
factors and fecundity estimates from literature, to predict the overall impact to taxa considered 
by the analysis (see Tables 5.1-2, 5.1-3, and 5.1-4).  
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The results showed that during a single HiLoad operation, and considering 100% mortality to 
larvae and eggs during the intake and discharge of water during an operation, there would be 
virtually no impact to fisheries. Use of the USCG forward-projecting EAM estimated that the 
entrainment and loss of a small number of eggs and larvae would not result in loss of any age 1+ 
fish from the fishery. Considering densities from Gallaway and Fechhelm (2007), an extremely 
limited number of red drum and red snapper larvae and eggs are expected to be lost during an 
operation. Finally, considering the annual fecundity of these two species, results indicate that less 
than one female fish could easily produce the eggs necessary to replace, replenish, or compensate 
for entrainment losses. In conclusion, no impacts are expected to relevant fishery taxa addressed 
by this analysis from water intakes associated with a HiLoad operation. 
 
The negligible impact finding for the HiLoad DP is consistent with findings made by the USCG 
in their EIS analyses of LNG projects (USCG and MARAD 2010; USCG and ENTRIX, Inc. 
2006; USCG and e2M 2009, and USCG and e2M 2006). These are the most recent such analyses 
available using these methods. Table 5.1-5 presents a comparison of the HiLoad DP data and 
five project EISs in the GoM. Projections presented in the project EISs are shown on an annual 
basis, whereas the previous HiLoad DP tables were specific to an event and operation. Reported 
data for the HiLoad DP in Table 5.1-5 reflect all water intakes for a single 20-hour duty cycle 
and 60 offloading cycles per year allowing comparisons among projects. The employment of the 
HiLoad DP would likely be viewed as a minor contributor to a project’s overall environmental 
impact. 
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Table 5.1-2 Estimates of Entrainment Impacts of a Single HiLoad DP Event on Fish Species 
Potentially Affected by Engine Cooling Operations 

Taxa 

Density  
(number per cubic meter) 

Loss from Single HiLoad DP Event 
(272,623 gallons  

[1,032 cubic meters] of water) 

USCG  
Forward- 

Projecting EAM 
Gallaway 
Approach 

USCG Polygon(1) 
Gallaway 

Approach(2) USCG Polygon 
Gallaway 
Approach 

Age 1  
Lost from  

Entrainment 

Equivalent 
Adult  

Female 
Spawners 
Lost from 

Entrainment 

Larvae Egg Larvae Egg Larvae Egg Larvae Egg Larvae Egg 

Larvae and 
Egg 

Combined 

Red Drum 0.00223 0.00111 8.8E-09 4.4E-09(3) 2.3 1.1 9.1E-06 4.5E-06 0.002(4) 0.0003(8) <1(12) 

Red Snapper 0.00399 0.00199 0.0009 0.00045(3) 4.1 2.1 0.9 0.5 0.001(5) 0.0003(9) <1(13) 

Anchovy 
(Engraulidae) 

0.27033 0.135 NA NA 279.0 139.3 NA NA 0.14(6) 0.018(10) NA 

Menhaden 
(Clupeiformes) 

0.30609 0.1528 NA NA 315.9 157.7 NA NA 0.28(7) 0.019(11) NA 

Sources and Notes: 
(1) From Volume II, Appendix E of the Final EIS for the Bienville Offshore Energy Terminal (USCG and MARAD 

2008). 
(2) Based on information provided in Table 1 of Gallaway and Fechhelm’s 2007 internal report to TORP. 
(3) Based on larvae density information from Gallaway and Fechhelm’s 2007 internal report to TORP, but considers 

egg-larvae ratio as provided for both red drum and red snapper in USCG and MARAD 2008. 
(4) Uses larvae Cumulative Survival Fraction to Age 1+ of .00079 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 1. 
(5) Uses larvae Cumulative Survival Fraction to Age 1+ of .00035 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 8. 
(6) Uses larvae Fraction Surviving to Age 1+ of .000495 from USCG and MARAD 2008, Appendix E, Attachment 3, 

Table 1. 
(7) Uses larvae Cumulative Survival Fraction to Age 1+ of .00088 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 15.  
(8) Uses egg Cumulative Survival Fraction to Age 1+ of .0003 from USCG and MARAD 2008, Appendix E, Attachment 

4, Table 1.  
(9) Uses egg Cumulative Survival Fraction to Age 1+ of .00013 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 8.  
(10) Uses egg Fraction Surviving to Age 1+ of .000129 from USCG and MARAD 2008, Appendix E, Attachment 3, Table 

1. 
(11) Uses egg Cumulative Survival Fraction to Age 1+ of .00012 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 15. 
(12) Based on information presented in Matlock 1987 regarding fecundity of >500,000 eggs. 
(13) Based on several source documents. Red snapper fecundity can range from several hundreds, to thousands to near 60 

million eggs for fish ages 3 to 30 (Collins, Johnson, and Keim 1994 and 1996; Collins et al. 2001). 
Key: 
DP = dynamic positioning. 
EAM = Equivalent Adult Model. 
EIS = Environmental Impact Statement. 
MARAD = Maritime Administration. 
USCG = United States Coast Guard. 
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Table 5.1-3 Estimates of Entrainment Impacts of a Single HiLoad Event on Fish Species 

Potentially Affected by Ballast Intake Operations.

Taxa 

Density  
(number per cubic meter) 

Loss from Single HiLoad DP Event 
(493,130 gallons  

[1,866 cubic meters] of water) 

USCG  
Forward- 

Projecting EAM 
Gallaway 
Approach 

USCG Polygon(1) 
Gallaway 

Approach(2) USCG Polygon 
Gallaway 
Approach 

Age 1  
Lost from  

Entrainment 

Equivalent 
Adult 

Female 
Spawners 
Lost from 

Entrainment 

Larvae Egg Larvae Egg Larvae Egg Larvae Egg Larvae Egg 

Larvae 
and Egg 

Combined 

Red Drum 0.00223 0.00111 8.8E-09 4.4E-09(3) 4.2 2.1 1.6E-05 8.2E-06 0.003(4) 0.0006(8) <1(12) 

Red Snapper 0.00399 0.00199 0.0009 0.00045(3) 7.5 3.7 1.7 0.8 0.003(5) 0.0005(9) <1(13) 

Anchovy 
(Engraulidae) 

0.27033 0.135 NA NA 504.6 252.0 NA NA 0.25(6) 0.03(10) NA 

Menhaden 
(Clupeiformes) 

0.30609 0.1528 NA NA 571.4 285.2 NA NA 0.5(7) 0.03(11) NA 

Sources and Notes: 
(1) From Volume II, Appendix E of the Final EIS for the Bienville Offshore Energy Terminal (USCG and MARAD 2008). 
(2) Per information provided in Table 1 of Gallaway and Fechhelm’s 2007 internal report to TORP. 
(3) Based on larvae density information from Gallaway and Fechhelm’s 2007 internal report to TORP, but considers 

egg-larvae ratio as provided in USCG and MARAD 2008 for both red drum and red snapper. 
(4) Uses larvae Cumulative Survival Fraction to Age 1+ of .00079 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 1. 
(5) Uses larvae Cumulative Survival Fraction to Age 1+ of .00035 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 8. 
(6) Uses larvae Fraction Surviving to Age 1+ of .000495 from USCG and MARAD 2008, Appendix E, Attachment 3, 

Table 1.  
(7) Uses larvae Cumulative Survival Fraction to Age 1+ of .00088 from USCG and MARAD 2008, Appendix E, 

Attachment 4, Table 15.  
(8) Uses egg Cumulative Survival Fraction to Age 1+ of .0003 from USCG and MARAD 2008, Appendix E, Attachment 

4, Table 1.  
(9) Uses egg Cumulative Survival Fraction to Age 1+ of .00013 from USCG and MARAD 2008, Appendix E, Attachment 

4, Table 8.  
(10) Uses egg Fraction Surviving to Age 1+ of .000129 from USCG and MARAD 2008, Appendix E, Attachment 3, Table 

1. 
(11) Uses egg Cumulative Survival Fraction to Age 1+ of .00012 from USCG and MARAD 2008, Appendix E, Attachment 

4, Table 15. 
(12) Based on information presented in Matlock 1987 regarding fecundity of >500,000 eggs. 
(13) Based on several source documents. Red snapper fecundity can range from several hundreds, to thousands to near 60 

million eggs for fish ages 3 to 30 (Collins, Johnson, and Keim 1994 and 1996; Collins et al. 2001). 
 
Key: 
DP = dynamic positioning. 
EAM = Equivalent Adult Model. 
EIS = Environmental Impact Statement. 
MARAD = Maritime Administration. 
USCG = United States Coast Guard. 
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Table 5.1-4 Estimates of Entrainment Impacts from Firewater and Domestic Water Use on Fish 

Species Potentially Affected by Operations

Taxa 

Density  
(number per cubic meter) 

Loss from Firewater and  
Domestic Water Use  

(27,011 gallons [102.25 cubic  
meters] of water) 

USCG  
Forward-  

Projecting EAM 
Gallaway 
Approach 

USCG Polygon(1) 
Gallaway 

Approach(2) USCG Polygon 
Gallaway  
Approach 

Age 1  
Lost from 

Entrainment 

Equivalent 
Adult  

Female 
Spawners 
Lost from 

Entrainment 

Larvae Egg Larvae Egg Larvae Egg Larvae Egg Larvae Egg 

Larvae and 
Egg 

Combined 

Red Drum 0.00223 0.00111 8.8E-09 4.4E-09(3) 0.23 0.11 9.0E-07 4.5E-07 0.0002(4) 0.00003(8) <1(12) 

Red Snapper 0.00399 0.00199 0.0009 0.00045(3) 0.4 0.2 0.1 0.05 0.0001(5) 0.00003(9) <1(13) 

Anchovy 
(Engraulidae) 0.27033 0.135 NA NA 27.6 13.8 NA NA 0.014(6) 0.002(10) NA 

Menhaden 
(Clupeiformes) 0.30609 0.1528 NA NA 31.3 15.6 NA NA 0.03(7) 0.002(11) NA 

Sources and Notes: 
(1) From Volume II, Appendix E of the Final EIS for the Bienville Offshore Energy Terminal (USCG and MARAD 2008). 
(2) Per information provided in Table 1 of Gallaway and Fechhelm’s 2007 internal report to TORP. 
(3) Based on larvae density information from Gallaway and Fechhelm’s 2007 internal report to TORP, but considers egg-larvae 

ratio as provided in USCG and MARAD 2008for both red drum and red snapper. 
(4) Uses larvae Cumulative Survival Fraction to Age 1+ of .00079 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 1. 
(5) Uses larvae Cumulative Survival Fraction to Age 1+ of .00035 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 8. 
(6) Uses larvae Fraction Surviving to Age 1+ of .000495 from USCG and MARAD 2008, Appendix E, Attachment 3, Table 1.  
(7) Uses larvae Cumulative Survival Fraction to Age 1+ of .00088 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 15.  
(8) Uses egg Cumulative Survival Fraction to Age 1+ of .0003 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 1.  
(9) Uses egg Cumulative Survival Fraction to Age 1+ of .00013 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 8.  
(10) Uses egg Fraction Surviving to Age 1+ of .000129 from USCG and MARAD 2008, Appendix E, Attachment 3, Table 1. 
(11) Uses egg Cumulative Survival Fraction to Age 1+ of .00012 from USCG and MARAD 2008, Appendix E, Attachment 4, 

Table 15. 
(12) Based on information presented in Matlock 1987 regarding fecundity of >500,000 eggs. 
(13) Based on several source documents. Red snapper fecundity can range from several hundreds, to thousands to near 60 

million eggs for fish ages 3 to 30 (Collins, Johnson, and Keim 1994 and 1996; Collins et al. 2001). 
 
Key: 
DP =dynamic positioning. 
EAM = Equivalent Adult Model. 
EIS =Environmental Impact Statement. 
MARAD =Maritime Administration. 
USCG =United States Coast Guard. 
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Table 5.1-5 Projected Mortality of Age-1 Fish from Operations 

Taxa 

Project  

HiLoad 
DP 

BOET- 
Seawater(1)

BOET-
AAV(2) 

Compass 
Port(3) 

Port 
Dolphin(4) 

Main Pass 
Energy(5) 

Red Drum 0.32 220 38 7,204 4 1,300 

Red Snapper 0.25 176 30 569 38 310 

Anchovy 
(Engraulidae) 

24 69,832 246,681 597,496 187 150,000 

Menhaden 
(Clupeiformes) 

49 1,436,953 12,027 2,827,507 n/a 180,000 

Essential Fish 
Habitat  ̶  Water 
Column Impact 

Negligible 
impact 

Long-term, 
minor to 
moderate 
adverse 
impact 

Long-
term, 
minor 

impacts 

Long-term, 
minor 

adverse 
impacts 

Long-term, 
minor 

adverse 
impacts 

Minor 
adverse 
impacts 

Sources: 
(1) Volume II, Appendix E of the Final EIS for the Bienville Offshore Energy Terminal (USCG and 

MARAD 2008). 
(2) Final Supplemental EIS for the Bienville Offshore Energy Terminal (USCG and MARAD 2010). 
(3) Volume I, Section 4 of the Final EIS for the Compass Port Deepwater Port License (USCG and 

ENTRIX, Inc. 2006). 
(4) Volume I, Section 4 of the Final EIS for Port Dolphin LLC Liquefied Natural Gas (USCG and e2M 

2009). 
(5) Volume I, Section 4.2 of the Final EIS for Main Pass Energy Hub™ Deepwater Port (USCG and 

e2M 2006). 
 
Key: 
AAV = ambient air vaporizer. 
BOET = Bienville Offshore Energy Terminal. 
DP = dynamic positioning. 
EIS = Environmental Impact Statement. 
MARAD =Maritime Administration. 
USCG = United States Coast Guard. 
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5.1.5 SEACHEST EVALUATION 
 
The environmental evaluation of the HiLoad DP sea chest is from the viewpoint of further 
reductions in the impingement and entrainment of marine plankton (both zooplankton and 
ichthyofauna, and other small later-stage fish). The present design of the sea chest is based solely 
on meeting the functional need for water in the operation of the HiLoad DP. Over the last decade 
or so, environmental standards have been added to the functional design for offshore facility 
water intakes. The application of select power plant cooling water intake standards is being done 
by the USEPA.  
 
The current and accepted practice in sea chest design is to use a grate covering the entrance of 
the sea chest as the primary filter of large debris. Suction strainers fitted ahead of the intake 
pumps are secondary screens designed to reduce pump wear by removing finer debris that enters 
the sea chest. The sizing of the sea chest varies widely based upon the requirements for the end 
use equipment, pumps, and screens. Over the last decade, awareness and subsequent protection 
of the marine and freshwater biological community has increased to the point where regulations 
are being implemented for the proper design of water intake and subsequent discharge systems at 
offshore facilities and on vessels. The new “environmental” standards are in addition to the 
functional design requirements of the equipment.  
 
The protection of the marine biological community has resulted in the addition of design 
requirements in order to reduce impingement and entrainment of marine organisms. Research 
performed by the USEPA for the 316(b) technical development document for offshore oil and 
gas extraction facilities (USEPA 2006) found limited data on water intake characteristics. The 
analysis of data collected found facilities generally used square or round grid openings of 0.5 to 
1 in and through-grid flow velocity of 0.23 fps to 1 fps. These limited results prompted the 
USEPA and the MMS (now Bureau of Ocean Energy Management [BOEM]) to conduct further 
data collection of all facilities via the NPDES and Offshore Leasing program, respectively. The 
USEPA subsequently has used the NPDES permit program to set limits on intake water used for 
cooling purposes with the intended purpose to protect the biological community. 
 
5.1.6 DESIGN REQUIREMENTS FOR COOLING WATER INTAKES 
 
The final design standard of the GoM HiLoad DP sea chests for cooling water is likely to be 
dependent upon the operating classification of the HiLoad DP. The operating classification (i.e., 
a vessel or a fixed facility) will determine if the requirements of the current NPDES General 
Permit GMG290000 for cooling water intakes in the Offshore Oil and Gas Point Source 
Category apply. The HiLoad DP1, classified as a vessel, is not subject to these regulations; 
however, future proofing a design for a GoM new build in a U.S. shipyard may avoid potential 
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future operational monitoring or, in an extreme case, hull modification. Oversizing the sea chest 
to meet the current NPDES requirements applicable to fixed facilities in a GoM design is 
recommended. 
 
An owner or operator in compliance with the USEPA permit requires information on the design 
intake capacity of each water intake, its maximum designed intake through screen velocity, and 
the percentage of this water used for cooling purposes if certain requirements are met.  
 
The current HiLoad DP design does not exceed the regulatory threshold of 2 million gallons per 
day (mgd) of water intake to be permitted under the cooling water intake requirement of NPDES 
General Permit GMG-290000. The potential for change in status either through vessel 
classification or increasing water demand of the HiLoad DP (i.e., increase engine horsepower or 
other accommodations for GoM survival) or future change in regulation should be a 
consideration in the GoM HiLoad DP sea chest design. 
 
The HiLoad DP design is consistent with generally accepted practices for grate and screen sizing 
for existing facilities and vessels. The outer sea chest grate slats are 70 mm (2.75 in) vertical 
spacing and up to 726 mm (28.6 in) spaced horizontals. In view of trends to further minimize 
impacts on the biological community, the GoM HiLoad DP should consider a review of the sea 
chest and box cooler design and, where practical and cost effective, modify the equipment to 
address additional protection of the biological community. This could be done through reduced 
outer grid sizing and enlarged volume sea chests to reduce through-grid flow velocity to less than 
the current requirement of 0.5 fps for regulated facilities. 
 

5.1.7 BALLAST AND TRIM TANKS WATER TREATMENT  
 
Considerable U.S. and international attention is focused on nonindigenous species in ballast 
water transfer (Docket No. USCG-2001-10486 [USCG 2012]). The USCG implemented the 
Ballast Water Management System (BWMS) regulations effective June 2012. The regulations do 
not directly affect the U.S. operations of the GoM HiLoad DP vessel as presently planned. The 
HiLoad DP would operate locally within U.S. waters and most likely within a single Captain of 
the Port (COTP) Zone; therefore, no special treatment equipment would be required.  
 
Strainers located between the sea chest and end-use pump have not been specifically addressed 
in the regulation of sea chests to date. Designers routinely size pumps with full consideration of 
the performance and maintenance issues associated with the use of strainers. Generally, these 
strainers are fine (0.25 in or less). The HiLoad DP pumps have very fine strainers as shown in 
Table 5.1-6. Should the ballast or trim tank water require treatment, partial treatment is provided 
in the current HiLoad DP design with the use of the very fine pump strainers. Most of the larger 
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organisms are removed by these screens, thereby reducing the potential impact of nonindigenous 
species. 
 

Table 5.1-6 HiLoad DP Water Intake Pump Strainers 
Screen Properties 

HiLoad 
DP Unit Liquid P
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Process Operations - Continuous Flow  

580 
Fresh-
water 

Sea-
water 

1 3 1 2 2 70.6 0.02 0.01 3.60 

721 
Exhaust 

Gas 
Cooling 

Sea-
water 

3 3 2 45 90 1,589 0.44 0.05 9.00 

Marine Operations—Intermittent Flow 

801-55 Ballast(1) 
Sea-
water 

28 7 2 3,750 7,500 132,430 36.8 4.27 8.61 

801-54 Ballast(1) 
Sea-
water 

6 7 2 150 300 5,297 1.47 0.20 7.50 

813 
Fire 

Water(1) 
Sea-
water 

6 7 2 100 200 3,531 0.98 0.20 5.00 

Notes: 
Inside walls of sea chest contain unscreened openings for various water consumers. 
HiLoad DP has open face sea chest of 2 meters by 3 meters at hull surface with 70-mm grate 
slats. 
(1) The screen specification reports size range of 6 to 8 mm using vendor recommendation. 
Key: 
EP = dynamic positioning. 
fps = foot (feet) per second. 
ft2 = square foot (feet). 
ft3/hr = cubic foot (feet) per hour. 
ft3/sec = cubic foot (feet) per second. 
m3/hr = cubic meter(s) per hour. 
mm = millimeter(s). 
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5.2 PROPULSION SYSTEM EVALUATION (TASK 6) 
 
Anthropogenic sources of underwater noise due to operating equipment in the marine 
environment have significantly increased in the past 50 years (Hildebrand 2004). Increasing 
vessel traffic and offshore energy exploration have raised concern about the effects on marine 
species and the marine environment. Senses such as touch and sight are limited in the marine 
environment; therefore, most aquatic organisms utilize sound because it travels fast and for long 
distances (Noise Research Council 1994 and 2005). Marine mammals use sound-sensing systems 
for numerous functions such as communication, foraging, and orientation. Marine fishes utilize 
acoustics to create a 3D view of their surroundings and auditory senses to detect changes in the 
environment. Noise from operations could lead to both short- and long-term behavioral, acoustic, 
and physiological impacts.  
 
In the late 1980s, activities in the marine environment including seismic activity for energy 
exploration and Navy sonar programs increased interest from government agencies, 
non-governmental organizations, and the scientific community in setting noise exposure criteria 
for marine mammals (Southall et al. 2007). The NMFS under 1972; 16 U.S.C. § 1361 
implements the Marine Mammal Protection Act (MMPA) to “maintain marine mammals as a 
significant functioning element in the ecosystem in which they are a part” and “[manage] stocks 
to not fall below or are restored to optimal sustainable population sizes.”  The MMPA prohibits 
“takes” of marine mammals which includes harassment caused by noise. The NMFS developed 
noise exposure criteria as a first step in developing offshore regulations to increase mitigation 
and decrease impacts from noise in the aquatic environment (Table 5.2-1). Noise exposure 
criteria defines thresholds that, when reached, can cause behavioral impacts to marine mammals. 
Thresholds are of two types: Level A and Level B harassments and have been incorporated in the 
MMPA as part of the definition of a “take.”  Level A and Level B harassments define the 
severity of impacts to marine mammals when exposed to a certain intensity of noise. The 
threshold for Level A harassment is 180 decibels root mean square (dBrms) for continuous and 
impulse noise and can cause permanent shifts or injury to threshold levels in different species. 
Level B harassment is 160 dBrms for impulse noise and 120 dBrms for continuous noise and can 
cause behavioral changes in marine mammals (NMFS 2012). To date, formal rulemaking to 
regulate equipment noise has not been promulgated. 
 
Scientific research and data are limited but have been successful in closing data gaps over the 
past 20 years. Scientists are continuing to study impacts caused by acoustic noise emission in 
order to decrease cumulative impacts from operations in the marine environment. Impacts to the 
marine environment and marine species could result from noise produced during HiLoad DP 
operations.  
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Table 5.2-1 Noise Exposure Criteria 

Criterion NMFS Current Acoustic Thresholds Injury Level 

Level A 180 dBrms for continuous and impulse noise 
Can cause permanent shifts or 
injury to threshold levels 

Level B 160 dBrms for impulse noise Can cause behavioral changes  

Level B 120 dBrms for continuous Can cause behavioral changes  

Source: NMFS 2012, Table 1. 
Key:  
dBrms  = decibels root mean square. 
NMFS  = National Marine Fisheries Service. 

 

5.2.1 ANTHROPOGENIC NOISE IN THE OCEAN 
 
Noise from vessel traffic and offshore energy exploration has increased in the GoM, but little has 
changed in operational type of aquatic noise emission. Anthropogenic noise sources range in 
activity type and include vessel passes, seismic exploration, sonar, pile-driving and drilling 
events (Table 5.2-2). Sounds such as single explosions, seismic airguns, and pile driving are 
considered pulse noise sources that occur for a short duration but at a high intensity. Common 
activities such as vessel traffic, drilling events, and sonars are continuous noise types that 
contribute to the total background noise budget in the aquatic environment (Southall et al. 2007; 
Noise Exposure Criteria Group 2004).  
 

Table 5.2-2 Common Noise Generators in the Marine 
Environment 

Anthropogenic Noise Source Frequency 

Vessel traffic 5 to 500 Hz 

Seismic airgun 5 to 150 Hz 

Naval sonar 100 to 500 Hz, 20 to 10 kHz 

Fishing sonar 10 to 200 Hz 

Research sonar 5 to 16 kHz 

Source: Hildebrand 2004; Marine Mammal Commission 2007. 
Key: 
Hz = Hertz. 
kHz = kiloHertz. 
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Scientific research based on different anthropogenic noise sources and their potential impacts are 
the driver for setting noise threshold criteria for marine species. Southall et al. (2007) divides 
marine mammals into five categories of functional hearing groups. Studies that define thresholds 
for marine mammal species exposed to different types of anthropogenic noise sources are based 
on these functional hearing groups and responses to noise exposure. 
 

5.2.2 MARINE MAMMALS 
 
Currently, 29 species of marine mammals are found in the GoM (Davis, Evans, and Wursig 
2000). Of the 29 species, 28 are cetaceans (whales) and one is the West Indian manatee. Six 
threatened and endangered marine mammal species are known to occur in the GoM (Table 
5.2-3). The species’ auditory thresholds, ranging from low frequency to high frequency, are 
identified in Table 5.2-3.  
 

Table 5.2-3 Marine Mammals Known to Occur in the Gulf of Mexico 

Scientific Name Common Name 
Auditory 
Threshold Status 

Occurrence in 
the GoM 

Physeter macrocephalus Sperm Whale 150 to 160 Hz Endangered Common 

Balaenoptera borealis Sei Whale 7 to 22 Hz Endangered Rare 

Balaenoptera musculus Blue Whale 7 to 22 Hz Endangered Uncommon 

Balaenoptera physalus Fin Whale 7 to 22 Hz Endangered Rare 

Eubalaena glacialis Northern Right Whale 10 to 22 Hz Endangered Rare 

Megaptera 
novaeangliae 

Humpback Whale 7 to 22 Hz Endangered Rare 

Trichechus manatus West Indian Manatee .06 to 16 Hz Endangered Rare 

Sources: Ketten 1998; Southall et al. 2007; NMFS 1991a, 1998a, 1998b, 2010a, 2010b, and 2011a. 
Key: Hz  = Hertz. 

 
Sperm whales are the most common endangered species found in the deepwater GoM. A resident 
population of sperm whale has been recorded in the GoM, occurs year round, and is most 
common in the summer season. Sperm whales occur at 1,000m contours in areas of high 
productivity near continental margins and eddies (NMFS 2010b). In the northern GoM, they are 
most prominent near the Mississippi Canyon.  
 
Although most threatened and endangered whale species rarely occur in the GoM, many of the 
species have been recorded during the winter (NMFS 1991a, 1998a, 1998b, 2010a, and 2010b). 
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No species have critical habitat defined in the GoM. Of the 29 whale species found in the GoM, 
22 are not listed as threatened or endangered but are protected under the MMPA and subject to 
further consultations with the NMFS. Consultations with federal agencies during permit review 
are necessary to encompass all species and habitats potentially impacted by noise emission. 
 
Long-term exposure or high-intensity noise could result in both temporary and permanent 
hearing loss through tissue damage. Effects also include masking calls, decreasing the ability to 
detect predators and prey, disorientation, and lethal strandings. Equipment-specific data are 
needed to effectively assess potential impacts to the marine mammals from a single HiLoad DP 
operation in the proposed project area.  
 

5.2.3 SEA TURTLES 
Five species of threatened and endangered sea turtles are found in the GoM (Table 5.2-4). Little 
is known about the effect of noise exposure on sea turtles, but it is a growing concern as 
anthropogenic noise sources have shown to increase surfacing time and decrease foraging. It has 
also been shown to act as a stressor causing an increase in swim speed in green and loggerhead 
sea turtles (McCauley et al. 2000). 
 

Table 5.2-4 Sea Turtles in the Gulf of Mexico 

Scientific Name Common Name Status 
Occurrence  
in the GoM 

Caretta caretta Loggerhead Sea Turtle Threatened Common 

Chelonia mydas Green Sea Turtle Endangered Common 

Lepidochelys kempii Kemp’s Ridley Sea Turtle Endangered Common 

Dermochelys coriacea Leatherback Sea Turtle Endangered Common 

Eretmochelys imbricata Hawksbill Sea Turtle Endangered Common 

Sources: NMFS 1991b, 1992, 1993, 2009, and 2011b. 
 
 
No critical habitat or migratory routes for sea turtles are defined in the GoM; however, sea turtles 
actively move between coastal waters to forage and nesting areas on the beach (NMFS 1991b, 
1992, 1993, 2009, and 2011b). Long-term exposure to high-intensity noise could result in 
temporary and permanent behavioral change and cause sea turtles to abandoned foraging or 
breeding areas. 
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5.2.4 FISHES 
 
Fish species also utilize sound in the marine environment. Although little data exist on the 
impact of noise exposure on fish species, it has gained increasing awareness. Current research 
has largely been conducted in caged settings rather than in the natural environment, and little to 
no research exists for long-term effects. Studies conducted on the effects of noise from pile 
driving have shown impacts from mortality to none at all (Popper and Hastings 2009). Studies 
also have shown a behavioral change in fishes in response to seismic airguns. After exposure, 
fish species were found at different vertical depths than prior to noise emission, suggesting fish 
may not enter areas of seismic activity (Slotte et al. 2004). Other impacts from noise emission 
indicate stress, hearing loss, and tissue damage (Popper and Hastings 2009).  
 
No critical habitat for fish species is designated within the GoM, but processes such as spawning 
have the potential to bring species into the area of HiLoad DP operations. 
 

5.2.5 COMPARATIVE ANALYSIS OF EXISTING DATA FOR OFFSHORE 
FACILITIES 

 
Noise emission data for HiLoad DP operations are not available. Equipment-specific data would 
provide noise level estimates during operations and allow comparison with industry standards 
and existing projects to estimate potential impacts to marine species and the environment. 
Measureable impacts are project-specific; both equipment and location relative to the species are 
important factors used to define the extent and significance of project impact.  
 
A canvas approach was used to collect comparable noise emission data from the industry. No 
data were available from vendors or manufacturers. Additionally, an attempt was made to collect 
data from the academic community; however, no data were provided. The results of these 
attempts to acquire numerical acoustic data, current studies, and recently published documents 
on noise emission data from equipment, suggest such information is not readily available.  
 
Predictive information was obtained from the BOET project. The BOET Final EIS (USCG and 
MARAD 2008) assessed potential noise impacts to marine mammals based on equipment 
operations.  
 
HiLoad DP noise levels were expected to be 109 decibels (dB) during operation and determined 
to be operational within the threshold level for continuous noise emission. Operation of internal 
combustion and diesel engines would range from 108 to 116 dB in water and also within the 
threshold level for continuous noise emission. HiLoad DP thrusters were expected to reach 140 
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dB and considered Level B harassment for continuous noise. This noise is attributed to 
cavitation. 
 
Noise from other project activities such as pile driving could exceed thresholds defined by the 
NMFS. Sperm whales are unlikely to be affected due to BOET project location and distance 
from preferred sperm whale habitat (USCG and MARAD 2008). Although sperm whales are 
expected to be in deeper waters, marine mammals within auditory range could be exposed to 
continuous noise levels exceeding 120 db, which could result in temporary and minor impacts 
(USCG and MARAD 2008). 
 
Federal agencies and the Navy have conducted extensive studies to capture aquatic noise 
emissions, however, industry operating equipment data in the marine environment are not readily 
available. Currently, no regulatory requirements are in place to acquire technical noise data from 
vendors who manufacture operational equipment such as thrusters, diesel engines, and the 
HiLoad DP. Federal agencies have been working together and using scientific research to adapt 
acceptable threshold levels for offshore equipment to prevent further impacts to marine species. 
Research drives the need to provide a framework for defining regulatory requirements and 
mitigation to decrease impacts to aquatic organisms. Threshold levels and regulatory 
requirements are likely to be put in place for future projects. Permittees will be directed to create 
procedures to monitor and manage impacts from any anthropogenic noise they generate. The 
data on receptor sensitivity presented here can be used by the design team and manufacturers to 
assess the need to mitigate noise pollution through design rather than risk having to redesign or 
refabricate equipment in response to a permitting agency request for change. 
 

5.3 AIR AND WATER EMISSIONS (TASK 7)  
 
Estimates of potential air and water emissions were calculated for a typical operating scenario of 
the HiLoad DP. Emission estimates are important for environmental awareness as well as being 
in compliance with federal regulations. Additionally, a listing of capacities for oily wastes that 
would need to be removed from the HiLoad DP for treatment on a routine basis is presented. 
 

5.3.1 WATER EMISSIONS 
 
Water emissions were assessed using the design specifications for water intake and discharge 
during typical HiLoad DP operations. Water consumption on the HiLoad DP occurs in two ways: 
intermittent and continuous water use, as previously reported in Table 5.1-1. The primary water 
use is ballasting/deballasting operations. During intermittent Ballast System operations, 
approximately 493,130 gal (1,866 m3) of seawater would be used. The Engine Exhaust Gas 
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Seawater Cooling System is a continuous water intake using approximately 272,623 gal of water 
per HiLoad DP operation and discharged into the air. Other sources, such as the wastewater 
discharge and firewater system testing, contribute water emissions but are negligible by volume. 
The amounts of water intake and discharge are essential in assessing impacts to fisheries by 
estimating impingement and entrainment or disruption of the habitat due to thermal pollution.  
 
Water emissions are presented in Section 5.1 above, where the sources are described and 
quantified. In this section, thermal pollution is assessed from the engine lube oil box coolers 
located along the side and bottom of the HiLoad DP. Figure 5.3-1 shows the outlet of the box 
coolers on either side of the staircase. The intake is comprised of the openings in the shadows on 
the bottom edge of the pontoon while the outlets are above on the side of the pontoon. 
 
 

 
Figure 5.3-1 Box Cooler Intake and Outlet 

 
 
The single pollutant from the lube oil coolers is heat. Pollutant discharges are closely monitored 
and reported by the operator to the USEPA under the NPDES program. The USEPA has set a 
requirement that the temperature of the plume created by the lube oil coolers be at or below 3 
degrees Celsius (°C) of the ambient seawater temperature at a point 100 m from the effluent 
discharge point. A computer model analysis was performed using the Cornell Mixing Zone 

Box Cooler intake 
(lower) and outlet 
(upper) 
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Expert System (CORMIX; Jirka, Doneker, and Hinton 1996, as amended) to evaluate the 
potential effects of thermal cooling water discharges from the box coolers. The full report is 
presented in Appendix C.1. 
 
CORMIX is a USEPA-supported mixing zone model and decision support system for 
environmental impact assessment of regulatory mixing zones resulting from continuous point 
source discharges. A mixing zone is the region in which the initial dilution of a discharge occurs. 
 
The box coolers discharge heated seawater through outlets that are 20 m to 30 m under the ocean 
water surface. The depth varies depending on ballast state of the HiLoad DP. CORMIX1 was 
used to simulate one single box cooler discharge into the ocean currents. It includes the limiting 
cases of non-buoyant and negatively buoyant discharges and of stagnant ambient conditions. A 
CORMIX1 flow example similar in stratified cross-flow mixing behavior is shown on Figure 
5.3-2. The figure shows an example of a pollutant plume generated by an outfall. The x-axis 
represents flow direction, and the y-axis and the z-axis show the width and depth of the plume, 
respectively. The color changes represent the pollutant concentration from high (yellow/red) to 
low (green/blue) along the flow direction. These concentrations are relative to selected water 
criteria used in the model. Each outfall has to be modeled separately since the model does not 
simulate multiple outfalls simultaneously.  
 
 

Figure 5.3-2 A Three-Dimensional View of Single Port Outfall 
Simulation Example by CORMIX1 Model 

 
 
The ambient model conditions of temperature, wind, and water density were those reported for 
the BOET project in block MP258 in the eastern GoM. A total of two simulations were 
conducted by the CORMIX1 model. One with effluent velocity of 1.5 m/s and the other with 
velocity of 3.0 m/s.  
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Table 5.3-1 presents simulated mixing zone results for two different effluent discharges. The 
plumes generated by the heated flow from the box cooler have their widths extending seaward 
and the plume lengths along downstream flow direction. For example, with the effluent velocity 
of 1.5 m/s, when the water plume traveled to 21 m downstream, the plume width was 6 m, and 
the temperature difference between the heated plume and the ambient water at flow centerline 
decreased from 15oC to 3oC.  
 

Table 5.3-1 Model Results 

Modeling Run 

Effluent Discharge 
Velocity 

(meters per second) 

Water Temp 
Difference Between 

Effluent and Ambient 

CORMIX Model 
Results when  

Delta T = 3°C Distance 
(meters) 

Run 1 1.5 11.8 17 

Run 2  1.5 21.5 21 

Run 3  3.0 11.8 9 

Run 4  3.0 21.5 31 

 
 
The modeling output graphics and input/output data for simulations for Run 4 are presented on 
Figures 5.3-3 through 5.3-6. Run 2 and Run 4 are included in Appendix C.1 of this report.  
 
Although only one cooling box was simulated using the CORMIX model, an estimate was also 
conducted for possible impacts for two cooling boxes with a distance of 16.5 m by overlaying 
modeling results from single box simulation. The overlay indicated that no significant 
interactions between the two box coolers near the HiLoad DP bow would be created (Figure 
5.3-7; 3.0 m/s run) 
 
The results of the modeling exercise indicate that the thermal impact of the box coolers on the 
surrounding water is well within the generally accepted discharge standards set by the USEPA in 
the NPDES permits. Increasing the size of the HiLoad DP engines for GoM use could be done 
within the current design basis and would likely remain within the discharge limits allowed by 
the permit. Modeling should be repeated once the HiLoad DP GoM design has been completed 
for confirmation that the box coolers have sufficient capacity to meet the NPDES effluent 
discharge standards. 
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Figure 5.3-3 Simulated Effluent Plume (Heated Flow)—Three-Dimensional View (Effluent V=3.0 m/s, Temp 

Diff = 21.5°C) 
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Figure 5.3-4 Simulated Existing Effluent Plume Concentration Changes (Heated Flow) in the Near Field 

(Effluent V=3.0 m/s, Temp Diff = 21.5°C) 
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Figure 5.3-5 Simulated Effluent Plume (Heated Flow)—Delta T (degrees C) Changes along X Axis (Effluent 

V=3.0 m/s, Temp Diff = 21.5°C) 
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Figure 5.3-6  Simulated Effluent Plume (Heated Flow)—Side View X–Z (Effluent V=3.0 m/s, 

Temp Diff = 21.5°C) 
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Figure 5.3-7 Estimated Two Cooling Boxes Effluent Plumes (Heated Flow)—X–Y 
(Effluent V=3.0 m/s, Temp Diff = 21.5°C) 

 
 
5.3.2 AIR EMISSIONS 
 
The air emissions from the HiLoad DP are presented in this subsection. Standard emission rates 
based upon equipment and operating cycles were used in the calculating the tons of 
USEPA-regulated pollutants generated by the HiLoad DP. An estimate of the equivalent 
greenhouse gas (GHG) emissions is provided for the operating scenario. The intent of using the 
HiLoad DP in the GoM is to replace one or more seagoing tugboats, so a comparison of air 
emissions from a 100-ton bollard pull tug is also provided. 
 
The air pollutant emission sources from the HiLoad DP evaluated in the study consist of: 
 

 Three main propulsion engines; and 
 One emergency generator engine. 
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The HiLoad DP is equipped with three Caterpillar 3516C marine diesel engines. These main 
diesel engines are located in three rooms, each separated by a watertight bulkhead (Remora 
2008). An emergency generator, a Caterpillar 3406C diesel engine, is also located aboard the 
HiLoad DP. The emergency generator is an additional marine diesel engine and would be used 
for power when the HiLoad DP is parked or idle.  
 
Engines combust diesel fuel and exhaust through downward-pointing exhaust stacks (Figure 
5.3-8. A water injection system that provides capability to cool the exhaust temperature is 
located in each main propulsion engine stack. The main propulsions engines for this study are 
assumed to be USEPA Tier 4-equivalent with a horsepower rating similar to a Caterpillar 3516C 
marine propulsion engine. This engine model was used as a surrogate to determine various stack 
exhaust parameters, but USEPA Tier 4 emission rates were used to determine emissions. Due to 
the small size of the emergency generator engine and its limited use, it was not studied further. 
 
 

Figure 5.3-8 HiLoad Diesel Engine 
Exhaust Stacks on 
Starboard Tower 
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The main propulsion engines would operate at an annual average load of 50%. In calm seas, 
engine load would be approximately 30%; in rough seas, engine load may be as high as 70%. 
The main propulsion engines would operate during transit between the FPSO and the tanker 
vessel and while the HiLoad DP is attached to the tanker. Loading a tanker is estimated to occur 
every sixth day and would require approximately 20 hours to complete. During downtime 
between loadings, the HiLoad DP would be docked to the FPSO and would run primarily on 
power supplied by the FPSO. 
 

5.3.2.1 Stack Exhaust Parameters 
 
Stack exhaust calculations were performed to determine the exhaust parameters for the three 
main propulsion engines and how the exhaust would be affected by the water spray used for 
exhaust cooling. This was necessary in order to properly characterize the exhaust in the data 
input to the dispersion model. Dispersion modeling needs, as input, the physical stack 
dimensions (height and diameter, and direction of discharge), as well as exhaust gas flow rate, 
temperature of the exhaust, and the emission rate of pollutants. The stack height and diameter 
was estimated from Remora’s HiLoad DP1 final design drawings. From drawings, the exhaust 
appears directed downward at about a 45-degree angle away from the side of the HiLoad DP. 
The model can accommodate either a vertical upward exhaust or a horizontal discharge, so the 
actual design was approximated by selecting the horizontal discharge feature of the model. 
 
The injection of water into the exhaust affects the volume of gas exhausted and the temperature 
of the exhaust of each engine. The water that is injected would evaporate as it cools down the 
exhaust gas, so by injecting water, one is adding more gas flow to the exhaust, assuming all 
liquid water becomes water vapor. A total of 45 m3/hr of water is injected into the engines or 15 
m3/hr per engine. The list below shows the exhaust parameters calculated for each main 
propulsion engine: 
 

 Stack diameter = 0.671 m (2.2 ft); 
 Stack height (above water level) = 37.5 m (123 ft); 
 Exhaust velocity = 39.75 m/s (130.4 fps); 
 Exhaust volumetric flow rate = 29,745 actual cubic feet per minute (includes 

combustion products and water vapor from quench); 
 Exhaust temperature before water quench = 441°C (826.5 degrees Fahrenheit 

[°F]); 
 Exhaust temperature after water quench = 177°C (350°F). 

 

5.3.2.2 Emission Rates 
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The IMO specification for nitrogen oxide (NOX) emissions for Tier I, II, and III engines 
(Regulation 13) and USEPA Tier 1 through 4 were reviewed. IMO and USEPA Tier I includes 
older engines for ships constructed after 1 January 2000, but before 1 January 2011, and were not 
used for this project. IMO Tier II engines are required in new ship construction after 1 January 
2011, and IMO Tier III would be required in new ship construction after 1 January 2016. 
However, IMO Tier III is still being reviewed so implementation could be delayed. In addition, 
the project location is in the North American Emission Control Area (NAECA) established by 
IMO; this took effect on 1 August 2012 for emissions of sulfur oxide (SOX) and particulate, and 
restricts fuel sulfur to 1.0%; the NOX component of the NAECA begins 1 January 2015. In 2016, 
the allowable sulfur in fuel content drops to 0.1%. When the NOX NAECA comes into effect, 
IMO Tier III engine emission rates will apply. 
 
The USEPA uses a four-tier system for regulating emissions from marine engines. Emission 
regulations are further classified by engine category based on engine displacement per cylinder. 
The USEPA Tier 2 and Tier 3 NOX limits are equivalent to IMO Tier II and III. As with the IMO 
NOX limits, emission rates are a function of engine speed. USEPA Tier 4 emission limits are to 
be implemented over the next few years (Table 5.3-2). 
 
Based on the HiLoad DP1 design information, the size of engine to be used in the new HiLoad 
DP is similar to a previous HiLoad DP design utilizing a Caterpillar 3516C engine with 16 
cylinders and a total displacement of 78.0 liters, resulting in a per cylinder displacement of 4.9 
liters. The engines to be used for the new HiLoad DP are assumed to be large size Category I 
commercial-type engines, with a per cylinder displacement in the range of 3.5 liters < 
displacement <7 liters. The power rating of the engine is 2,350 kW. USEPA Tier 4 emission 
standards for a Category 1 engine are shown in Table 5.3-2. 
 
The design goal for the HiLoad DP is the use of USEPA Tier 4-compliant engines, thus the 
emission rates highlighted in bold text in the table were used in the annual emission estimate and 
dispersion modeling analysis.  
 
Based on the projected “every sixth day” loading cycle for the HiLoad DP and a 20-hour duty 
cycle per loading, the annual hours of operation were determined to be approximately 1,220 
hours per year. This level of annual operation, combined with USEPA Tier 4 emission rates, 
results in relatively minor annual emission totals when compared to use of older marine engines. 
Table 5.3-3 shows estimated annual emission totals for three engines combined. 
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Table 5.3-2 U.S. Environmental Protection Agency Tier 4 Standards for Marine 
Diesel Category 1/Two Engines 

Power (P) 

(kW) 

NOX 

(g/kWh) 

HC 

(g/kWh) 

PM 

(g/kWh) Date 

P ≥ 3700 
1.8 0.19 0.12(1) 2014(3) 

1.8 0.19 0.06 2016(2,3) 

2000 ≤ P < 3700 1.8 0.19 0.04 2014(3,4) 

1400 ≤ P < 2000 1.8 0.19 0.04 2016(3) 

600 ≤ P < 1400 1.8 0.19 0.04 2017(4) 

Notes: 
(1) 0.25 g/kWh for engines with 15 to 30 cubic decimeters per cylinder displacement. 
(2) Optional compliance start dates can be used within these model years. 
(3) Option for Category 2: Tier 3 PM/NOx+HC at 0.14/7.8 g/kWh in 2012, and Tier 4 

in 2015. 
(4) The Tier 3 PM standards continue to apply for these engines in model years 2014 

and 2015 only. 
 

Key: 
g/kWh = grams per kilowatt-hour. 
HC = hydrocarbon. 
 

 
kW = kilowatt(s). 
NOX = nitrogen oxide. 
PM = particulate matter. 

Source: ECOpoint, Inc. 2011.  

 
 

Table 5.3-3 Estimated Operating Scenario Emissions from Three Main Propulsion 
Engines 

Annual 
Ops 

Hours per 
Load 

Operating 
Interval 

Annual 
Hours of 

Operation

NOX 

(tpy) 

HC 

(tpy) 

PM 

(tpy) 

CO 

(tpy) 

50% avg 
engine 
load 

20 
every  

6th day 
1,217 8.5 0.9 0.2 23.6 

Key: 
CO = carbon monoxide. 
HC = hydrocarbon. 
NOX = nitrogen oxide. 

 
PM = particulate matter. 
tpy = tons per year. 
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As noted previously, the emergency generator engine is smaller in size and would be used 
sparingly thus is not expected to contribute significantly to annual emissions totals. For 
comparison, if the engines were operated at 100% load for all hours of the year emissions would 
be as shown in Table 5.3-4 for all three engines combined. 
 

Table 5.3-4 Estimated Annual Potential Emissions from Three Main Propulsion 
Engines 

Annual 
Operations 

Hours 
per Load 

Operating 
Interval 

Annual 
Hours of 

Operation

NOX  

(tpy) 

HC  

(tpy) 

PM  

(tpy) 

CO  

(tpy) 

100% load n/a Full year 8,760 122.5 12.9 2.7 340.4 

Key: 
CO = carbon monoxide. 
HC = hydrocarbon. 
NOX = nitrogen oxide. 
 

 
PM = particulate matter. 
tpy = tons per year. 

 
 
5.3.2.3 Greenhouse Gas Emission Rates 
 
The emission sources from the HiLoad DP1 evaluated in the greenhouse gas (GHG) assessment 
study are the three main propulsion engines. The smaller harbor generator was not studied 
further because of its small size and limited use.  
 
Engines combust diesel fuel and exhaust the GHGs carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O) through the exhaust stacks. The majority of the emissions are in the form of 
CO2, with only trivial quantities of CH4 and N2O produced. GHG emission factors from the 
document “Current Methodologies in Preparing Mobile Source Port-Related Emissions 
Inventories, Final Report, April 2009” (USEPA 2009) were used.  
 
The GHG emission rate for the engines is based on the carbon content of the fuel. Although fuel 
specifications are changing to meet USEPA engine tier requirements (the USEPA uses a four-tier 
system for regulating emissions from marine engines) and IMO requirements for the NAECA, 
the carbon content of the fuel and resulting CO2 emissions remain virtually unchanged.  
 
The IMO has adopted energy efficiency design standards for new ships and expresses this 
standard as an Energy Efficiency Design Index (EEDI). The EEDI applies only to larger cargo 
vessels such as container and general cargo ships, refrigerated cargo carriers, gas tankers, oil and 
chemical tankers, and dry bulk and combination dry/liquid bulk carriers. The EEDI targets will 
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be implemented in phases starting in 2013 and will continue to be phased in through 2025. By 
2025, a 30% reduction in fuel consumption and the resulting CO2 emissions is expected. They do 
not apply to vessels with diesel-electric propulsion systems at this time, but the IMO is 
considering extending the EEDI to these types of ships (and other ships with non-standard 
propulsion systems). The work of the IMO to extend the EEDI to diesel-electric propulsion 
system vessels should be monitored. 
 
The size of engine to be used in the new HiLoad DP is similar to a previous HiLoad DP design 
utilizing a Caterpillar 3516C engine with 16 cylinders and a total displacement of 78.0 liters, 
resulting in a per cylinder displacement of 4.9 liters. The engines to be used for the new HiLoad 
DP are assumed to be large size Category I commercial-type engines. The power rating of the 
engine is 2,350 kW at 100% load.  
 
GHG emission factors for CO2, CH4, and N2O used in the calculations are: 
 

 CO2 = 690 grams per kilowatt-hour (g/kWh); 
 CH4 = 0.09 g/kWh; and 
 N2O = 0.02 g/kWh. 

 
Based on the projected “every sixth day” loading cycle for the HiLoad DP and a 20-hour duty 
cycle per loading, the annual hours of operation was determined to be approximately 1,220 hours 
per year. This level of annual operation, combined with the GHG emission rates, result in the 
estimated annual GHG emission totals for three engines combined, as shown in Table 5.3-5. The 
individual GHG emissions (CO2, CH4, and N2O) are shown in short tons (2,000 pounds per ton) 
per year. Carbon dioxide equivalent (CO2e) emissions are show in short tons per year and metric 
tons per year since USEPA GHG regulations and various international reporting programs use 
these two units for expressing GHG emissions. CO2e takes into account the global warming 
potential for each GHG as follows: 
 

 CO2 = 1 (CO2 is the reference GHG); 
 CH4 = 21 times as potent as CO2; and 
 N2O = 310 times as potent as CO2. 

 
As noted previously, the emergency generator engine is smaller in size and would be used 
sparingly, thus is not expected to contribute significantly to annual GHG emissions totals. For 
comparison, if the engines were operated at 100% load for all hours of the year, emissions would 
be as shown in Table 5.3-6 for all three engines combined. 
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Table 5.3-5 Estimated Operating Scenario Greenhouse Gas Emissions from Three Main 

Propulsion Engines 

Annual 
Operations 

Hours 
per 

Load 
Operating 
Interval 

Annual 
Hours of 

Operation 

CO2 

(tpy) 

CH4 

(tpy) 

N2O 

(tpy) 
CO2e 
(tpy) 

CO2e 

Metric Tons 
per Year 

50% avg 
engine load 

20 
every 6th 

day 
1,217 3,262 0.4 0.1 3,300 2,996 

Key: 
CH4 = methane. 
CO2 = carbon dioxide. 
CO2e = carbon dioxide equivalent 
 

 
N2O = nitrous oxide. 
tpy = tons per year. 

 
 
 
 

Table 5.3-6 Estimated Full Year Greenhouse Gas Emissions from Three Main 
Propulsion Engines 

Annual 
Operations 

Hours per 
Load 

Operating 
Interval 

Annual 
Hours of 

Operation 

CO2 

(tpy) 

CH4 

(tpy) 

N2O 

(tpy) 

CO2e  

(tpy) 

CO2e 

Metric Tons 
per Year 

50% avg 
engine 
load 

Not 
applicable 

every 6th 
day 

8,760 
46,97

3 
6 1.4 

47,52
4 

43,142 

Key: 
CH4 = methane. 
CO2 = carbon dioxide. 
CO2e = carbon dioxide equivalent 
 

 
N2O = nitrous oxide. 
tpy = tons per year. 
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5.3.3 DISPERSION MODELING 
 
The expected operating scenario emissions and maximum potential to emit emissions were 
evaluated with a dispersion model to estimate the ambient air pollutant concentrations resulting 
from the emissions. The horizontal/slight downward discharge direction for the main propulsion 
engine exhaust imparts very little to no mechanical momentum upwards, pushing the exhaust up 
and away from the HiLoad DP/tanker combination. The relatively cool exhaust temperature due 
to the water spray also reduces the thermal buoyancy of the exhaust compared to exhaust not 
treated with the water spray. Both of these combine to result in very little “plume rise” which 
would aid in dispersing the pollutants up and away from the structure of the HiLoad DP/ship 
combination. Therefore, once the exhaust gas exits the stack, it forms a bubble or volume of 
exhaust around the HiLoad DP/tanker combination, near the water surface, which then is 
transported away by wind. Conversely, a conventional upward directed discharge would give the 
plume some elevation (due to mechanical momentum) above the structure before being 
transported away by the wind. With the exhaust discharge as designed, there is the potential for 
the exhaust to swirl around the ship that the HiLoad DP is attached to and cause 
downwash/cavity circulation on the downwind side of the HiLoad DP/ship combination. For the 
purpose of evaluating any downwash/cavity effect, dimension data for an Aframax type vessel 
was input to the model (i.e., the length, width, and height of the vessel). 
 
The model was run for the pollutants NOX, particulate matter (PM), and CO. The model has a 
distance limit of 50 kilometers (km) from the emission source; ambient concentrations beyond 
50 km would continue to decrease. Results are shown in Table 5.3-7 and compared to existing 
USEPA National Ambient Air Quality Standards (NAAQS) and Significant Impact Levels 
(SILs).  
 
Breton National Wildlife Refuge (NWR) is approximately 62 miles (mi; 100 km) from the 
potential project location. This area is provided special air quality protection due to its unique 
wildlife, plant life, and scenic characteristics. The concentration estimates at 50 km can be used 
as a conservative estimate of potential impacts at the Breton NWR Class I area, keeping in mind 
that Breton NWR is 50 km beyond the limit of the screening model. The Class I SILs shown in 
Table 5.3-7 are used to assess the potential impact at a Class I area. As shown in Table 5.3-7, for 
the expected operating scenario of one tanker loading every sixth day, no impact at Breton NWR 
above the Class I SIL would be expected. 
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Table 5.3-7 Results of Screening Model Runs 

Pollutant 
Average 
Period 

Maximum 
(µg/m3) 

NAAQS 
(µg/m3) 

Concentration 
at 50 kilometers

(µg/m3) 

SILs 
(µg/m3) 

Class II Class I 

Scenario: Three Main Propulsion Engines, 100% Load, Full Year Operation 

NO2 
Annual 49.0 100 0.2 1 0.1 

1-Hour 493.0 Note(1) 2.0 7.5 to 10 ̶ 

PM(2) 

Annual 1.1 12 and 15 (PM2.5) 0.004 1 (PM10) 0.2 (PM10) 

24-Hour 6.6 
150 (PM10)/35 

(PM2.5) 
0.026 5 (PM10) 

0.32 
(PM10) 

CO 
8-Hour 1232.0 10,000 4.8 500 ̶ 

1-Hour 1369.0 40,000 5.4 2000 ̶ 

Scenario: Three Main Propulsion Engines, 50% Average Load, 1,220 Hours per Year 
Operation 

NO2 
Annual 3.4 100 0.01 1 0.1 

1-Hour 34.0 Note(1) 0.13 7.5 to 10 ̶ 

PM(2) 

Annual 0.08 12 and 15 (PM2.5) 0.0003 1 (PM10) 0.2 (PM10) 

24-Hour 0.45 
150 (PM10)/35 

(PM2.5) 
0.002 5 (PM10) 

0.32 
(PM10) 

CO 
8-Hour 87.0 10,000 0.34 500 ̶ 

1-Hour 97.0 40,000 0.38 2000 ̶ 

Notes: 
(1) Model does not provide result in same statistical form as the NAAQS. 
(2) PM standards shown include PM2.5 annual primary (12 µg/m3) and secondary (15 µg/m3), PM10 

24-hour (150 µg/m3) and PM2.5 24-hour (35 µg/m3). There is no annual PM10 standard. 
Key: 
µg/m3 = micrograms per cubic meter. 
CO = carbon monoxide. 
NAAQS = National Ambient Air Quality Standards. 
NO2 = nitrogen dioxide. 
PM = particulate matter. 
PM2.5 = particulate matter less than 2.5 microns in diameter. 
PM10 = particulate matter of 10 microns or less in diameter. 
SILs = Significant Impact Levels. 
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Tug Boat Emissions 
 
The expected HiLoad DP operating scenario emissions and maximum potential to emit emissions 
were compared to estimates of emissions produced by tug boats performing similar tanker vessel 
maneuvering and station-keeping activities. For this comparison, a 100-ton bollard tug was used 
in the emission estimate. Three scenarios of tug boat operation were considered in the emission 
estimate comparison: 
 

 Scenario 1: One tug boat operating for 1,217 hours per year (i.e., 20 hours per 
vessel loading every sixth day) with the tug boat idling at reduced load in the 
vicinity for the remainder of the year; 

 
 Scenario 2: Two tug boats each operating for 1,217 hours per year (i.e., 20 hours 

per vessel loading every sixth day) with the tug boats idling at reduced load in the 
vicinity for the remainder of the year; and 

 
 Scenario 3: Two tug boats each operating for 1,217 hours per year (i.e., 20 hours 

per vessel loading every sixth day) with the tug boats returning to shore between 
vessel loadings. It was assumed the distance to shore is approximately 50 nautical 
miles (60 statute miles) and that the two 100-ton bollard tugs could make 
headway at about 13.5 kn during the trip to/from shore. Thus, a round trip time of 
8 hours was used in the emissions calculations. 

 
The emission estimate for the tug boat scenarios and comparison to the HiLoad DP is shown in 
Table 5.3-8. The tug boats, like the HiLoad DP, are assumed to have engines that meet USEPA 
Tier 4 standards. A 100-ton bollard tug typically has two propulsion engines, each of 
approximately 4,000 horsepower.  
 
The emissions for the HiLoad DP are lower than the tug boat scenarios due to less operating time 
on the engines per year. The ability of the HiLoad DP to move to the FPSO between tanker 
loadings, attach and operate on the FPSO power, and shut down its own engines contributes to its 
lower emissions compared to the tug boat scenarios.  
 
From a regulatory or NEPA/EIS viewpoint, there is virtually no difference between the HiLoad 
DP and tug scenarios because of the manner in which emissions are determined and standards 
are applied to a facility at a given location. The combination of site location, calculated 
emissions, and regulatory thresholds in this exercise result in the HiLoad DP and all three 
scenarios being virtually the same. The benefit of the HiLoad DP is that total project emissions 
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(FPSO, HiLoad or tugs, and tanker vessel emissions) are counted towards the exemption 
thresholds. Therefore, the lower emissions from the HiLoad DP component of the total project 
emissions may help a project remain below emission thresholds that would trigger specific 
regulatory requirements that the overall project must meet. 
 

Table 5.3-8 Emission Comparison of Tug Boat Operations Compared to HiLoad DP 
Operations 

Scenario 

Hours 
per 

Load 
Operating 
Interval 

Hours 
Per Year 

NOX

(tpy) 
HC 

(tpy) 
PM 
(tpy) 

CO 
(tpy) 

CO2e 
(tpy) 

Hi Load 20 

every 6th 
day, 

average 
50% Load 

1,217 8.5 0.9 0.2 23.6 3,300 

Scenario 1: 
One Tug 

20 

Load 
every 6th 

day, idle at 
site 

1,217 
load 

7,543 idle 

35 3.7 1 96 13,406 

Scenario 2: 
Two Tugs 

20 

Load 
every 6th 

day, idle at 
site 

1,217 
load 

7,543 idle 

69 7 2 192 26,811 

Scenario 3: 
Two Tugs 

20 

Load 
every 6th 

day, return 
to Port 

1,217 
load 

160 
Transit 

time 

28 3 1 77 10,746 

Key: 
CO2e = carbon dioxide equivalent. 
HC = hydrocarbon. 
NOX = nitrogen oxide. 
PM =particulate matter. 
tpy = tons per year. 
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5.3.4 WASTE EMISSIONS 
 
The HiLoad DP design does not incorporate treatment equipment other than for domestic 
sanitary wastes. All other liquid and solid waste are removed from the HiLoad DP and treated by 
equipment on the FPSO or tanker. Table 5.3-9 lists the tank capacities for oily wastes generated 
on the HiLoad DP.  
 

Table 5.3-9  HiLoad DP Solid Waste Sources and Quantities 

 Tank Name Contents 

Volume 

Weight
(tonnes)

 (cubic 
meters) 

(cubic 
yards) 

Waste  
Solids 

Sludge TK. Port Sludge 1.5 1.96 1.386 

Sludge TK. Center Sludge 1.5 1.96 1.386 

Sludge TK. Starboard Sludge 1.5 1.96 1.386 

  Total Sludge 4.5 5.89 4.158 

 
 
Seawater used to flush the offloading hose is captured in the waste tanks of the FPSO or tanker, 
depending on the flow direction in the hose. The hose volume is 5,843 gal (22.12 m3) and 
typically three volumes are pumped through before disconnection. 
 

5.4 HYDROCARBON MANAGEMENT (TASK 8) 
 
Hydrocarbon storage on the HiLoad DP is comprised of primarily diesel fuel and lubricating oils. 
Tables 5.4-1 and 5.4-2 list the names, content, and capacities of the various tanks and drip pans, 
respectively. All the tankage and pans are located within the watertight compartment of the 
HiLoad DP pontoon. 
 
The hydrocarbon storage capacity of HiLoad DP reflects the design using the FPSO as a docking 
station when not in service station-keeping the tanker and transferring oil between the vessels. 
Replenishment of stores and treatment of bilge waste is provided by the FPSO when the HiLoad 
DP is docked. As such, the volume subject to OPA 90 and the certificate of financial 
responsibility is relatively small for an ocean-going vessel.  
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Oil contained in the offloading hose is not considered in the HiLoad DP inventory as it is a direct 
connection between the FPSO and tanker. The hose is empty or filled with seawater when not in 
operation. The contents of the hose are assigned to the FPSO for this analysis of hydrocarbons. 
 
Table 5.4-1 HiLoad DP Tanks 

Tank Name Contents
Volume 

(cubic meters) Gallons
Weight 
(tonnes) 

Fuel 
Oil 

Fuel Oil TK. P Fuel Oil 51.7 13,658 45.0 

Fuel Oil TK. S Fuel Oil 51.7 13,658 45.0 

Fuel Oil Day TK. 1 Fuel Oil 9.75 2,576 8.483 

Fuel Oil Day TK. 2 Fuel Oil 9.75 2,576 8.483 

Fuel Oil Day TK. 3 Fuel Oil 9.75 2,576 8.483 

Fuel Oil TK. For Emergency Generator Fuel Oil 2.5 660 2.175 

    Total 135.15 35,703 117.624 

Lube 
Oil 

Lube Oil Thruster TK. Lube oil 2.0 528 1.848 

Lube Oil Main Engine TK. Lube oil 2.0 528 1.848 

    Total 4.0 1,057 3.696 

Waste 
Oil 

Oil Bilge TK. Dirty oil 5.6 1,479 5.174 

   Grand Total Oil 144.75 38,239 126.494 

 
Table 5.4-2 HiLoad DP Drip Pans 

  Capacity (liters) Capacity (gallons) 

Diesel Transfer Pump 11.5 44 

Day Tank–Port side 77 291 

Day Tank–Starboard side 74 280 

Day Tank–Center 25 95 

Emergency Generator 23 87 

Loading Station 250 946 

Oil Separator–Emergency Gen 88 333 
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Table 5.4-2 HiLoad DP Drip Pans 

  Capacity (liters) Capacity (gallons) 

Oil Separator–Center 34 129 

Lube Storage–Main Engine 60 227 

Lube Storage–Thrusters 60 227 

 
 
Worst-Case Discharge 
 
A review of the petroleum hydrocarbons, kinds, quantities, and locations was made in order to 
identify which type would be of most concern and what situation would produce the most 
difficult clean-up situation and likely have the potential to be most damaging to the environment. 
The nature and sources of petroleum hydrocarbon on the HiLoad DP are described above.  
 
The transfer of oil from the FPSO to the tanker is external compared to the diesel fuel and oils 
stored within the HiLoad DP pontoon. The HiLoad DP reel hose connections (receiving from the 
FPSO and discharging at the tanker mid-ship manifold) is a potential source only during 
operations. Table 5.4-3 presents the volume of the hose. 
 

Table 5.4-3 Crude Oil Hose Transfer System  for Aframax Tanker 

Length  
(meters) 

Diameter 
(inches per 

meter) 
Volume  

(cubic meters) 
Volume 
(gallons) 

Rail Hose (Segment 1) 

Hose 20-inh 90 20 (0.508) 18.23 4,816 

Rail Hose (Segment 2) 

Hose 16-in 30 16 (0.4064) 3.89 1,028 

Total 120 -- 22.12 5,843 

Note:  The hose is segmented with two different diameters of hose. The 20-in hose connects at the HiLoad DP reel 
and the 16-in connects to the tanker manifold. 
 
The hose transfer system is exposed to the environment on the stern of the HiLoad DP. All the 
tankage and pans are located within the watertight compartment of the HiLoad DP pontoon. The 
tanks and pans are in the interior of the hull surrounded on the outside by the ballast /trim tanks 
and box coolers. The crude oil in the hose transfer system is determined to have the greatest 
potential for environmental damage and will be described in a worst-case discharge model. 
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A guillotine cut to the HiLoad DP oil transfer hose during transfer operations is expected to be a 
worst-case event greater than any hydrocarbon release associated with the pontoon. The 
possibility of a guillotine cut is very remote because of how and where the hose is deployed and 
recovered during operations. More plausible is a break or tear in the hose from abrasion or wear 
after numerous operating cycles in the 10-year life of the hose. Also, leakage at the FPSO hose 
coupler and hose reel connector are possible; however, the volume spilled would be less than 
with a guillotine cut. A leakage at the tanker manifold would be captured in the manifold drip 
pan and would not be a measurable threat to the environment. Potential release locations are 
presented on Figure 5.4-1. 
 
 

Figure 5.4-1 Typical Offloading Operation with Location of HiLoad DP Hose 
 
 
The loss of crude oil during a transfer from the FPSO to the Aframax tanker in the GoM has 
been estimated. Assumptions are made for the pumping rate (5,565 m3/hr [1.47 million gallons 
per hour), valve closure (20 seconds), and operator reaction time (10 seconds). 
 
The amount of crude oil released from a guillotine-cut hose would be 46.38 m3 (12,252 gal) 
using the capacity of the HiLoad DP hose (22.12 m3 [5,843 gal]) and the flow rate of 1.55 m3/sec 

Potential leakage points in hose-
flanges and / or worn out or 
damaged hose 
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(409 gal/sec) for 30 seconds. This would be the loss from the break while the hose coupling is 
closing under pressure and the contents of the hose are draining out. 
 
A worst-case analysis for the HiLoad DP transfer from a platform or during emergency response 
would be less than an FPSO operation due to a smaller diameter hose connection to the HiLoad 
DP and much smaller pumping rates (generally about 0.18 m3/hr [46 gal/sec]). 
 

5.5 SPILL RESPONSE AND COUNTERMEASURE PROGRAM (TASK 9)  
 
Mitigation for spill or leak detection has been designed into the HiLoad DP and reflected in the 
operation’s plan. Design features include two independent OSDSs. OSDS-1 includes pressure 
drop sensors and an alert system at each end of the FPSO hose and HiLoad DP reel hose; 
OSDS-2 is a 270-degree infrared camera monitoring network on the HiLoad DP that is designed 
to “see hydrocarbons” day or night. These are in addition to the standard duty watch program 
occurring during all oil transfer operations. The OSDSs are more fully described in Chapter 4.3. 
 
Response equipment on the HiLoad DP1 as currently outfitted is limited, relying on the FPSO or 
tanker to provide spill response equipment. The HiLoad DP GoM design will be outfitted with a 
full complement of response equipment as it is being designed to operate independently of the 
FPSO. The HiLoad DP GoM design will contain a floating boom sufficient to enclose an 
extended HiLoad DP offloading hose. The boom would be deployed as part of the standard oil 
transfer operation from the HiLoad DP to the tanker manifold. The countermeasure plan in the 
event of a leak is to contain the oil alongside the tanker forward of the tanker’s stern-shaped 
portion. A major objective is preventing oil from reaching the stern area of the tanker where the 
potential for rapid mixing in the tanker wake and dispersing in the water column would occur. 
Such mixing would greatly reduce recovery success. Tanker pumps and hoses connected to the 
tanker water treatment plant or slop oil tanks would be deployed to recover as much oil as 
practical from within the primary containment boom. The oil spill response teams would be 
deployed about the tanker and the HiLoad DP to effect containment and clean-up outside the 
primary containment boom.  
 
An oil spill response organization (OSRO) would be retained as part of the OPA 90 compliance. 
The OSRO, most likely, would be based at a port along the Mississippi or the Alabama coast and 
would typically require eight to twelve hours to mobilize to the project site. The OSRO, upon 
arrival, would be directed to the plume that has escaped the HiLoad DP/tanker/FPSO-deployed 
equipment to perform the appropriate incident response activities. 
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5.5.1 OIL SPILL MODEL 
 
Dispersion of the crude oil released from the hose break was simulated using both a near-field 
and a far-field model. The limited amount of site-specific information and relatively small 
volume in the HiLoad DP offloading hose did not warrant using a sophisticated model such as 
OILMAP. The far-field model was used to predict where the oil spill response vessel would 
contact the plume and begin a response effort. Near-field modeling was done to see how much of 
the spill remained near the tanker and could be either dispersed or recovered locally. 
 
CORMIX, previously used to model the thermal plume discussed in Section 5.3.1, was used to 
provide a near-field evaluation of the spill plume. The CORMIX model is not an ideal model for 
the oil spill analysis; however, the data inputs required can be fulfilled with available BOET 
information unlike other models such as OILMAP. The heavy oil fraction of the spill was 
assumed to be mixed in the water column allowing the model to simulate the dispersion near the 
tanker.  
 
A far-field planning model was used to predict the spill trajectory if no response action was 
taken. The Emergency Response Division of NOAA’s Office of Response and Restoration 
developed the GNOME (General NOAA Operational Modeling Environment) modeling tool. 
The tool is used to predict the possible route, or trajectory, a pollutant might follow in or on a 
body of water, such as in an oil spill. NOAA describes the capabilities and use of the model as a 
tool to: 

 Predict how wind, currents, and other processes might move and spread 
oil spilled on the water;  

 Learn how these predictions of where and how oil might move are 
affected by uncertainty in observations and forecasts for ocean currents 
and wind; 

 See how spilled oil is expected to change chemically and physically, 
known as weathering, during the time that it remains on the water surface; 
and 

 Estimate the amount of oil beached, still floating, or evaporated at specific 
times following the start of the incident. 

 
The input data for each model are presented in Table 5.5-1. Each model has similar inputs for 
current, wind speed, and spill volume.  
 
The results of the model run are presented Table 5.5-2. The near field model suggests that the on 
site operators must be active responders to minimize the amount of the heavy crude reaching the 
bottom or spreading across the surface before the OSRO can arrive on scene. The likelihood of a 
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spill at the BOET location reaching landfall before OSRO interception is small. Projecting 
outward with no OSRO support, it is estimated that the spill would reach shore about 5 days after 
the release. 
 

Table 5.5-1 Oil Spill Model Inputs 

CORMIX 

 Discharge Rate and Volume 1.55 m3/s; 46.38 m3 

 Discharge Depth 425 m 

 Wind Speed  8.5 m/s  

 Discharge Duration Maximum Simulation Period -9.5 hr 

 Chemical Density 26.21 gm/l 

GNOME 

 Model Simulation Settings 1 Minute Spill and 6 Hours After the Spill with 
Uncertainty Analysis 

 Location File GNOME Default Location File for Mobile Bay  

 Wind Speed and Direction 8.5 m/s (South) 

 Spills Total Volume 46.38 m3 

 
 
Table 5.5-2 Oil Spill Model Outputs 

CORMIX 

Run No. 

Chemical Location 
at Z Direction at 

Beginning of 
Discharge 

Chemical Location at Z 
Direction at 30 Seconds 

After the Discharge 

Chemical Location at Z 
Direction at 8 Hours After 

the Discharge 

1 425 meters 404 meters 0 meters (bottom) 

GNOME 

 Spread Area  
(X by Y) 

Distance from  
the Spill Site 

Distance to  
the Alabama Shoreline 

1 minute 
after spill 

1,300 feet by 
1,300 feet 

300 feet 62 miles 

6 hours 
after spill 

4.5 mile by 4.8 mile 2.6 miles 59.8 miles 
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The CORMIX and GNOME results shown graphically are presented on Figures 5.5-1, 5.5-2, and 
5.5-3 respectively. Appendix C.2 contains the additional information on the models and 
modeling results.  
 

 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 203 of 328 
 

Figure 5.5-1 CORMIX Modeling Result (X–Z) 
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Figure 5.5-2 GNOME Simulation for 6 Hours after 1-Minute Oil Spill 
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Figure 5.5-3 GNOME Simulations Results for 1 Minute and for 6 Hours 
After the Spill 
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5.5.2 CRUDE OIL IMPACT ON THE MARINE ENVIRONMENT 
 
Oil begins to change composition when it first comes into contact with the aquatic environment. 
The breakdown, change, and severity of an oil spill in the aquatic environment depends on 
several factors such as the type of spill, duration, size, and several environmental variables. The 
physical, chemical, and biological processes called “weathering” interact with the different 
properties of oil (i.e., chemical composition, density, and viscosity) to influence the magnitude of 
harmful effects on marine organisms. Oil and its individual components are lower in toxicity 
compared to other chemicals introduced into the aquatic environment such as heavy metals and 
pesticides (Suter 1997). Due to the large nature of most oil spills and the long-term exposure, oil 
is more likely to be detrimental in the aquatic environment than most chemicals. Fortunately, in 
the HiLoad case presented above, the environmental effects of the spill are judged to be more of 
a short-term impact rather than long-term. 
 
5.5.2.1 Composition of an Oil Spill in the Aquatic Environment 
 
According to Ross (2010), the components of an oil spill are as follows: 

 Crude oil on the water’s surface; 

 Lighter hydrocarbons evaporate;  

 Water soluble components dissolve in seawater; 

 Emulsions of oil and seawater; 

 Particles and emulsion sink to the seafloor; 

 Oil, film, and tar coat marine substrate and organisms; and 

 Biodegradation by marine microbes. 
 
Oil initially floats on the water’s surface and spreads. Lighter hydrocarbons evaporate out 
creating toxic vapors just above the surface of the water. Water soluble components (polycyclic 
aromatic hydrocarbons [PAHs]) break down and begin to dissolve in seawater. As wave action 
disperses the oil spill, drops of oil will mix or emulsify with seawater to create solid formations. 
Dispersants are used to break up oil spills, stabilize emulsifications, and create small droplets of 
oil that decompose at a faster rate. As the oil spill begins to break apart into various phases and 
lose lighter compounds, the density of the oil increases creating an oil slick. The oil slick is 
comprised of several components such as films, emulsification, and tar balls. These components 
may be suspended in the water column, sink to the ocean floor, or come into contact with the 
shoreline.  
 
Most marine organisms are negatively impacted by oil spills; however, biodegradation of 
hydrocarbons by marine microbes occurs throughout the water column and in oil that settles on 
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the bottom. Microbes use various enzyme reactions to break down and metabolize components 
of oil to use toward growth.  
 
5.5.2.2 Effects on Marine Organisms 
 
Injury and/or impact from exposure to oil are defined by the exposure pathway and whether 
biological resources directly or indirectly come into contact with hydrocarbons. Impacts are also 
influenced by oil composition, and the duration and exact amount of exposure. Species life 
history, behavioral characteristics, and sensitivity also contribute to adverse changes in marine 
organisms. Responses to oil spills vary by species but also at multiple levels (i.e., cellular, 
individual, population, and community) within the aquatic environment. Impacts range from 
direct impacts, such as impaired development and growth, to indirect impacts, such as 
degradation of habitat and loss of foraging or breeding grounds.  
 
Table 5.5-3 outlines the common sensitive resources and potential impacts caused by an oil spill. 
The effects of a spill on these resources are discussed in the following subsections. 
 

Phytoplankton 
 
Phytoplankton utilize various depths within the water column and can be observed near the 
water’s surface. Readily available research and data are limited for the effects of oil spills on 
phytoplankton. A decrease in photosynthesis and declines in primary productivity in isolated 
areas have been observed (Miller, Alexander, and Barsdate 1978; Fuick and El-Sayed 1979). 
Altered species composition and a change at the community level have been observed when oil 
spills impact confined waters (Miller, Alexander, and Barsdate 1978). Impacts are less likely to 
impact phytoplankton offshore in contrast to nearshore areas such as enclosed bays and back 
waters.  
 
Ichthyofauna 
 
Many commercially and recreationally important species inhabit the offshore waters of the GoM. 
Early life stages utilize various depths within the water column, and the viability of adult 
populations depends on survival rates during egg, larval, and early juvenile stages. These early 
life stages of fish float at or just below the sea surface and have limited mobility. Ichthyofauna 
has increased sensitivity due to limited mobility and is likely to uptake hydrocarbons directly 
from the water column. Contact with an oil spill could result in fish kills or developmental 
changes of eggs, larvae, and juveniles. High mortality is naturally occurring among ichthyofauna 
and a surface oil spill is not likely to contribute to a shift in adult populations (MMS 2001). 
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Table 5.5-3 Oil Impacts on Marine Organisms  

Organism 
Depth 

Interval 
Impact Factors Impact 

Benthic 
Habitat(1) 

Benthos 
 Oil composition 

 Duration of exposure 

 Amount of exposure 

 Impaired feeding 

 Degradation of habitat 

 Altered dynamics of benthic 
populations 

Phytoplankton(2) Surface 
 Oil composition 

 Duration of exposure 

 Amount of exposure 

 Decrease in photosynthesis 

 Decline in primary 
productivity 

 Degradation of habitat 

 Mortality 

Ichthyofauna(3) Water column 
 Oil composition 

 Duration of exposure 

 Amount of exposure 

 Alteration of development 

 Changes in hatch timing 

 Morphological changes 

 Degradation of habitat 

 Mortality 

Marine 
Mammals(4) 

Surface/Water 
Column 

 Oil composition 

 Duration of exposure 

 Amount of exposure 

 Route of exposure 

 External damage to skin, eyes, 
or mouth 

 Internal damage to vital 
organs, inflammation, ulcers, 
internal bleeding, or immune 
suppression  

 Increase susceptibility to 
infection 

 Degradation of foraging or 
breeding grounds 

 Mortality 

Sea Turtles(4) 
Surface/Water 
Column 

 Oil composition 

 Duration of exposure 

 Amount of exposure 

 Route of exposure 

 External damage to skin, eyes, 
or mouth 

 Internal damage to vital 
organs, inflammation, ulcers, 
internal bleeding, or immune 
suppression  

 Increase susceptibility to 
infection 

 Degradation of foraging or 
breeding grounds 

 Mortality 

Sources: (1) Capuzzo 1985; (2) Miller, Alexander, and Barsdate 1978; and Fucik and El-Sayed 1979; (3) MMS 
2001; and (4) NOAA 2013. 
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Marine Mammals 
 
Cetaceans (whales, dolphins, and porpoises) exist both in coastal and offshore waters in the 
GoM. Marine mammals utilize different habitats offshore such as areas of high productivity 
along the edge of the Outer Continental Shelf, the outer shelf, and slope.  
 
Marine mammal exposure to oil occurs in several ways but most occur from direct impacts such 
as ingestion and external coating (NOAA 2013). During spills, such as the Exxon Valdez, whales 
and dolphins were observed swimming and feeding in spill path areas (Harvey and Dahlheim 
1994). Eating or swallowing oil can cause infections and damage to vital organs.  
 
Foraging preferences based on species life history can also factor into the severity of impact. 
Species that feed on organisms such as fishes and cephalopods are less likely to ingest large 
amounts of oil than species that filter feed on zooplankton in the water column and near the 
surface.  
 
Toxic chemicals are released at the water’s surface as hydrocarbons break down and evaporate. 
Marine mammals are obligatory surface breathers and are susceptible to breathing in toxic 
vapors released from oil spills. Aromatic hydrocarbons are highly permeable and rapidly taken 
up through the lungs (Matkin et al. 2008).  
 
The duration and amount of exposure contributes to the severity of impacts to marine mammals 
(i.e., lethal, sub-lethal, or mild irritation). Necropsies and ongoing monitoring of cetacean 
carcasses provide vital insight to cause of death due to oil spills. Loss of a listed species would 
be considered a significant impact at both the individual and population levels (MMS 2001). 
 
Sea Turtles 
 
Sea turtles spend the majority of their lives offshore in the open ocean. Adult females return to 
the coastline to nest. Oil spills, depending on the nature, can impact all species of sea turtles at 
multiple life stages.  
 
If a spill is large enough and is predicted to make contact with the shoreline, nesting habitat 
could be affected. Hatchlings immediately return to the open ocean, float near the water’s 
surface, and use Sargassum mats to forage. Oil spills in the open ocean could make contact with 
sea turtle hatchlings.  
 
Adult sea turtles feed in areas of convergence zones where air flow and currents meet and are 
obligatory surface breathers. Convergence zones tend to collect surface oil (NOAA 2013). Sea 
turtles are often observed swimming and feeding in areas with surface oil. Species can often 
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mistake tar balls as items of prey. Ingestion of oil or inhalation of toxic vapors can cause 
respiratory irritation, pneumonia, organ damage, reproductive failure, or mortality (NOAA 
2013). Direct contact with hydrocarbons causes skin inflammation and damage to mucous 
membranes around the eyes, nares, and mouth. 
  
Necropsies and ongoing monitoring of turtle carcasses provide vital insight to cause of death due 
to oil spills. Loss of a sea turtle would be considered a significant impact at both the individual 
and population levels due to the listed status of all five species in the GoM (MMS 2001). 
 
Regulatory agencies base impact significance criteria on several factors such as the type of 
resource affected or if the impact-producing factor will have short- or long-term effects directly 
or indirectly to the sensitive resource. Oil impacts can only be estimated based on the oil 
characteristics and the environmental parameters interacting with the components of the spill. 
Currently, NOAA is conducting impact assessments in the GoM, in response to the Deepwater 
Horizon oil spill, using the Natural Resource Damage Assessment (NRDA) process. 
Assessments are being conducted using chemical, toxicity, aerial, and data management teams to 
observe and record current impacts to biological resources (NRDA 2012). 
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6 PROJECT MANAGEMENT 

This section deals with both project management and an economic assessment of offloading 
systems that are active now or which might be expected in the GoM and compares them with 
HiLoad DP. This section reports on work performed by project team member Peter M Lovie PE, 
LLC. 
 
The project management process employed commonly used tools: 

 
1. A Project Management Model with Work Breakdown Structure, time, and 

budgets for each of the tasks specified in Remora’s contract with RPSEA. 
That information was used in developing a Gantt chart to identify tasks and 
their scheduling. Monthly reports were filed using the RPSEA template for its 
project management process. 

 
2  The Gantt Chart was updated as needed as the project progressed and as 

resources availabilities changed. An example is included in Appendix D.2. 
 
3. The RPSEA Monthly Report required calculation of baseline expenditures by 

project month by each of the RPSEA tasks. As work progressed, the actual 
expenditures were inserted every month, including a structured description of 
current and anticipated actions. This report was easy to understand and 
straightforward to maintain as the work had been contracted with Remora’s 
team members on a not-to-exceed budget basis. In addition to the RPSEA 
monthly report, an additional internal calculation showed a projection of 
expenditures by each of the team members for each of the tasks they had 
committed to perform, allowing monitoring of progress against funding and as 
a cross-check with RPSEA reporting. 

 
In accordance with RPSEA requirements, a Project Management Plan was filed with RPSEA 
early in the project, which used these tools and is included in Appendix A.1. 
 

6.1 COMMUNICATE WITH SUBCONTRACTORS, REMORA, RPSEA, OIL 
COMPANIES IN TAC AND WORKING PROJECT GROUP  
(TASKS 10–12)  

 
These tasks had the common theme of frequent and regular communication.  
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Input from oil companies, contractors, and regulators was important to the project and to 
RPSEA. The project team, therefore, invested effort in carefully and professionally setting up, a 
series of five WPG meetings at approximately two-month intervals (see Table 6.1-1). 
 

Table 6.1-1 Attendees at the Series of Working Project Group Meetings 

Meeting No. 1 2 3 4 5 

Date: 
13  

November  
2012 

9  
January  

2013 

20  
March  
2013 

22  
May  
2013 

14 August 
2013 

Total 
Attendees 

(present and  
by phone): 

18 19 19 20 18 

Operators (10):      

Anadarko 
    Flora Liu  

(by phone) 
 

BG Group 
 David 

McCartney 
 David 

McCartney 
--- ---  Bob 

Kimmons 

BP 

 David 
Petruska 

 Thor 
Haarseth 

 Dan Polk 

 Aled Roberts 

 Dan Polk  Kai 
Christensen 

 Thor 
Haarseth 

 Kai 
Christensen 

Chevron 

 Ming Yao 
Lee 

 Brian 
McAughrin 

 Kris Burant 

 Peter Waller  Ming Yao 
Lee 

 Peter Waller 

 Min Yao Lee 

 Peter Waller 

 Min Yao Lee 

 Peter Waller 

ConocoPhillips 

 David Power 

 Tim 
Stambolis 

 Oscar Torres 

 David Power  Tim 
Stambolis 

 David Power  Javier 
Carmena 

 David Power 

 Oscar Torres 

Exxon Mobil  Keith Gill ---  Tim Leitz --- --- 

Marathon ---  Gail Baxter  Gail Baxter  Gail Baxter  Gail Baxter 
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Table 6.1-1 Attendees at the Series of Working Project Group Meetings 

Meeting No. 1 2 3 4 5 

Date: 
13  

November  
2012 

9  
January  

2013 

20  
March  
2013 

22  
May  
2013 

14 August 
2013 

Petrobras 
---  Jeremiah 

Daniel 
---  Paulo 

Biasotto 
 Paulo 

Biasotto 

Statoil 
---  Erland 

Hovland 
 Erland 

Hovland 
---  Oddgeir 

Delane 

Total 
--- ---  Herve 

Naurois 
--- --- 

Contractors:      

Enterprise --- ---  Jim Guion   

Helix 
 Kevin 

Robison 
--- --- --- --- 

Kiewit 
 Mark 

Meunier 
--- --- --- --- 

OSG --- ---  Jan Flores --- --- 

Signal 
 Joe Roche  Joe Roche  Joe Roche  Joe Roche 

 Andy Veith 

 Joe Roche 

Trelleborg 
--- --- ---  David Mayau 

(by phone) 
--- 

Regulators:      

Bureau of 
Safety and 
Environmental 
Enforcement 

---  Julian Pham  Julian Pham --- --- 

Funding Organization: 

RPSEA 
 Bill Head ---  Bill Head  

(by phone) 
 Don 

Richardson 
 Bill Head 

DOE/NETL --- --- --- ---  Roy Long 
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Table 6.1-1 Attendees at the Series of Working Project Group Meetings 

Meeting No. 1 2 3 4 5 

Date: 
13  

November  
2012 

9  
January  

2013 

20  
March  
2013 

22  
May  
2013 

14 August 
2013 

Project Team:      

ABS 
Consulting 

 Don Nordin  Don Nordin 

 Paul 
Schweizer 

 Don Nordin 

 Paul 
Schweizer 

--- --- 

Ecology and 
Environment, 
Inc. 

 John Harvat  John Harvat  John Harvat ---  John Harvat 

Peter M. Lovie, 
PE, LLC 

 Peter Lovie  Peter Lovie  Peter Lovie  Peter Lovie  Peter Lovie 

Marin USA ---  Arjan Voogt  Arjan Voogt  Arjan Voogt --- 

Remora 
Technology, 
Inc. 

 Kim 
Diederichsen 

 Tina Palughi 

 Kim 
Diederichsen 

 Svein 
Hellesmark 

 Tina Palughi 

 Svein 
Hellesmark 

 Tina Palughi 

 Kim 
Diederichsen 
(by phone) 

 Svein 
Hellesmark 

 Tina Palughi 

 Kim 
Diederichsen 
(by phone) 

 Geir Ove 
Saltvedt (by 
phone) 

 Kjell Erik 
(by phone 

 Svein 
Hellesmark 

 Kim 
Diederichsen 
(by phone) 

 Geir Ove 
Saltvedt (by 
phone) 

 Kjell Erik 
(by phone 

Note: Invitations to the last meeting in the five WPG meeting series were limited to individuals who had participated in 
the earlier four meetings and so had provided inputs to help shape the project and influence the Final Report being 
reviewed at this meeting. WPG 5 was an abbreviated session of about 1½ hours:  Summaries on final GoM design of 
HiLoad and cost and time to build in the GoM plus the Final Report, followed by review with operators and RPSEA, 
then closeout by RPSEA. 

 
 
RPSEA organized the Technology Advisory Committee (TAC) meetings. Remora attended these 
meeting and made presentations at them on 20 September 2012 and 23 January 2013. 
 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 215 of 328 
 

The Working Project Group served multiple functions for the project. The group: 
 Validated feedback about the work that was given by GoM operators, contractors, 

and regulators;  
 Familiarized the GoM operators, contractors, and regulators with HiLoad DP so 

that if the use of the technology was deemed viable in the GoM offloading 
community, further development could be accomplished efficiently as needed; 

 Serves as a review gate for RPSEA to gauge progress and for the members of the 
project team in their preparation of the Final Report; 

 Fully discussed work with the Project Champion (ConocoPhillips) and the 
Funding Organization (RPSEA) as it progressed in the hopes for a timely and 
satisfactory conclusion and final reporting so the work could be accomplished to 
meet everyone’s objectives. 

 
Considerable effort was taken to prepare for each meeting and to subsequently provide 
participants with copies of all presentations and materials used in the meetings. Detailed meeting 
notes were also provided which captured the many contributions from the participants 
throughout the course of the meetings. 
 
Regulatory participation was fundamentally important to the project considering that RPSEA is a 
U.S. government organization and in view of the changed and more active role of the BSEE in 
addressing safety issues after the Macondo incident, particularly relating to oil spill matters. The 
BSEE expressed interest and support from its Washington-area headquarters and appointed a 
Houston representative to attend Working Project Group meetings. Parallel communication was 
conducted with the USCG in addressing marine safety. They similarly expressed interest and a 
desire to follow this project from their Washington headquarters. Although budget constraints 
prevented their travel to the meetings, arrangements were made for a team of four people to 
follow the project. Both BSEE and USCG tracked progress via email and the detailed meeting 
materials provided to all participants. 
 
The project team feels that the project has succeeded in achieving participation by leading GoM 
companies in the offshore petroleum community – both operating oil companies and related 
contractors. These companies are believed to be representative of GoM companies that might 
employ the technology being investigated in this project. The work in this RPSEA-funded 
project has, in effect, been validated by their continued interest throughout the series of five 
meetings. Table 6.1-1 shows the schedule of Working Project Group meetings and identifies the 
participants by company and individual. For readers unfamiliar with the UDW offshore 
community in the GoM, Table 6.1-2 summaries the backgrounds of the companies who sent 
representatives to the meetings.  
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Table 6.1-2 Background of Working Project Group Attendees 

Category Name 
Based 

in Description Ticker 
Market 
Cap, $B 

Operators 

BG Group UK 
International Exploration and 
Production (E&P) Company 

BRGYY 61.4 

BP UK 
Supermajor, Integrated Oil and Gas 
(O&G) Producer 

BP 133.6 

Chevron USA 
Supermajor, Integrated O&G 
Producer 

CVX 227.0 

ConocoPhillips USA International E&P Company COP 71.1 

ExxonMobil USA 
Supermajor, Integrated O&G 
Producer 

XOM 406.7 

Marathon USA International E&P Company MRO 24.5 

Petrobras Brazil 
Integrated O&G International 
Producer 

PBR 56.8 

Statoil Norway 
Integrated O&G International 
Producer 

STO 80.6 

Total France 
Supermajor, Integrated O&G 
International Producer 

TOT 113.9 

Contractors 

Helix USA Oil Spill Containment Contractor HLX 2.5 

Kiewit USA 
Major UDW Production Structure 
Fabricator 

NA NA 

OSG USA 
Leading U.S. and Foreign Flag 
Tanker Operator 

OSG 0.03 

Signal USA 
Marine and Offshore Fabricator, 6 
GoM Shipyards 

NA NA 

Regulators BSEE USA 
UDW Petroleum Production 
Regulator in the GoM 

NA NA 

Key: 
BSEE = Bureau of Safety and Environmental Enforcement. 
GoM = Gulf of Mexico. 
NA = Not applicable. 
OSG = Overseas Shipholding Group. 
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Working Project Group meeting 2 (9 January 2013) was used to conduct a vote on the 
Technology Readiness Level (TRL) of HiLoad DP. TRL is a measure used to assess the maturity 
of evolving technologies during its development and in some cases during early operations. The 
TRL discussion had been planned for the HAZID meeting on 11 December 2012 under Task 2, 
but not enough participants were present and these who were in attendance were unfamiliar with 
the TRL process. Accordingly, an explanation of TRL principles and the voting process was 
circulated before the second Working Project Group meeting on 9 January 2013 (see Appendix 
D.1). The voting went smoothly and quickly on this second attempt.  
 
Right after the fifth and final WPG meeting on 14 August 2013, another TRL vote was 
conducted by email to gauge whether there was any change in TRL at the end of the project. The 
same voting panel was contacted and the same pre-reads were used, all for consistency. Results 
and comments from the voting panel are shown in Table 6.1-3. 
 
TRL can sometimes be used as a metric when RPSEA investigates progress in technology 
development. In this instance, practical change is not seen in TRL between the first vote and the 
second at the end of the project eight months later. In fairness, this project is more of a feasibility 
study investigating the potential for use of HiLoad n UDW in the GoM and so observation of 
“technology development” is difficult to expect. 
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Table 6.1-3 First TRL Vote at Second Working Project Group Meeting, 9 January 2013 

Category  
of Votes Data TRL Today 

TRL in 
3 Years Composition of Voting Panel 

Operators 

Average 4.3 6.1 Seven (7) Operators were present: BG 
Group, BP, Chevron, ConocoPhillips, 
Marathon, Petrobras, and Statoil, with 
nine (9) individuals voting.  

Range: 3–5 5–7 

Non-
Operators 

Average: 5.6 6.7 
Five (5) non-operator companies were 
present: BSEE, E & E, Lovie, Remora, 
and Signal, with six (6) individuals 
voting. 

Range: 5–6 6–7 

Everyone, 
operators and 
non-operators  

Average: 4.8 6.3 

Fourteen (14) voters 

Range: 3–6 5–7 

 

Comments by voting panel about how they based their judgment of TRL for HiLoad DP on 
9 January 2013: 

(i) TRL 6 is approximately 10% of expected life. Still needs longer trial period (e.g., 
Petrobras trial), expect TRL 6 following that. 

(ii) Need operational experience from work in Brazil. 

(iii) Once the unit is operational in Brazil for 10% of life, will support move to TRL 6. 

(iv) Barring feedback from Brazil and current sectors. 

(v) Based on HiLoad DP1. 

(vi) Prototype constructed and deployed and trialed, but not as integrated unit in all three 
applications. 

(vii) Tested with successful results. 

(viii) Today’s prototype tested on NS, ready for project consideration. Three years, depending 
on Brazil experience and operational success and RPSEA initiative outcomes. 

(ix) Three-year prediction: FPSOs will become an official part of regulatory framework and 
the HiLoad DP integrated into use. HiLoad DP may begin service earlier but may be 
only for a few months at three-year mark. Still need clarity on each scenario. 

(x) Dec. 13 will enter field ops, therefore no field experience. After three years, most issues 
should be identified and any retrofits implemented. 

(xi) Dec. 13 will enter field ops, therefore no field experience. After three years, most issues 
should be identified, many retrofits implemented. 
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Table 6.1-4 Second TRL Vote via Email after the Fifth and Final Working Project Group 
Meeting, 14 August 2013 

Category  
of Votes Data TRL Today 

TRL in 
3 Years Composition of Voting Panel 

Operators 

Average: 4.8 6.4 Four (4) Operators voted: BP, Chevron, 
ConocoPhillips, Petrobras via four (4) 
individuals voting Range: 3–6 5–7 

Non-operators 

Average: 5.0 6.5 Four (4) non operator companies voted:  
E & E, Lovie, Remora and Signal, via 
four (4) individuals voting Range: 4–6 6–7 

Everyone, 
operators and 
non-operators  

Average: 4.9 6.4 

Seven (7) voters 

Range: 3–6 5–7 

  

Comments by voting panel on how they based their judgment of TRL for HiLoad DP after 
WPG 5 on 14 August 2013: 

(xii) Circumstances really have not changed. The prototype is still en route to Brazil and it 
has not really functioned as an integrated unit for me to elevate my TRL level for today. 

(xiii) More 2011 information on design received at WPG 5, but no advance in technology. 

(xiv) Brazil field test should (but may not) qualify the technology for rigorous in-the-field 
use/abuse and endurance. Field validation (if achieved) may not include suitability for 
use as an emergency (a la Katrina or Macondo) response unit. My second TRL vote 
(sent earlier today) differs from my previous vote by virtue of our RPSEA Group’s 
change in perspective on the primary mission of a GoM Remora unit. As there is no 
GoM market for an FPSO off-loader, it needs to stand on its own as an emergency 
response vessel. So, I believe that the S/N 001 field test is incomplete. 

(xv) The PB modifications recently completed need to be field-tested and the use of the 
mothership is also a big unknown so I can’t say it would be a 7. 

 

 
Conclusions from First Vote: 
 

 The end users of HiLoad DP, i.e., operators, gave lower TRL scores in contrast to 
non-operators which included third parties (a fabricator and a regulator) and the 
project team companies.  

 It might be claimed that the project team individuals tend to be biased in TRL 
votes as they have “skin in the game.” However, one has to look at the actual TRL 
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figures voted, recognizing that four of the five project team companies are 
independent contractors. It may be that as they all have been close to the project, 
team members see how the technology can be made to work, as opposed to the 
possibly less engaged end users. Bias is believed minimal as indicated by the 
individual votes. 

 There is a surprisingly large spread in TRL figures from operator individuals (3–5 
and 5–7) compared to non-operators (5–6 and 6–7). It is not clear yet why this is. 

 A “No vote” simply means that the individual had left the meeting at the time 
when the voting occurred. 

 

Conclusions from Second Vote: 
 

 Although votes were requested from the same roster of voters to ensure 
consistency of judgment, not all voters responded – only 7 out of the original 14. 

 While a precise before and after comparison could not be made with half the 
number of votes in the second vote, the practical conclusion observed from the 
numbers above is that the TRL did not change over the approximately 
eight-month period between votes. 

 The comments from the voters were revealing in their level of serious thought and 
on their thought processes in arriving at their verdicts. 

 
Table 6.1-4 compares the first and second votes. 
 

Table 6.1-5 Comparison of First and Second Votes

Category of 
votes 

Vote 
Initial 
TRL  

TRL in  
3 years 

Number of voters in panel  

Operators 
First  4.3 6.1 9 on 9 January 2013 

Second 4.8 6.4 4 on 5 September 2013 

Non operators 
First  5.6 6.7 5 on 9 January 2013 

Second 5.0 6.5 4 on 5 September 2013 

Everyone 
First  4.8 6.3 14 on 9 January 2013 

Second 5.0 6.4 8 on 5 September 2013 
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6.2 AGREE A CONFIGURATION FOR HI LOAD DP FOR A PIPELINE 
DISRUPTION AND SPILL EMERGENCY (TASK 13)  

 
The original concept for this work was for separate discussions with each of the operating oil 
companies that had expressed interest in the project and, from these separate meetings, to broker 
an overall acceptable definition of what each of the three scenarios represented: 
 

1.  Steady State service: Offloading from an FPSO;  
2.  Standby service: Offloading from a platform where export pipeline 

disruption(s) has (have) occurred; and 
3. Standby service: Offloading from an oil spill collection vessel. 
 

The intention was to apply these specific definitions toward designing a GoM version of the 
HiLoad DP. The choice of parameters to define these scenarios was addressed in the first 
Working Project Group meeting in which representatives from operating oil companies were 
present from BG Group, BP, Chevron, ConocoPhillips, and ExxonMobil. Viewpoints differed 
and many participants had not considered what would be needed to define these scenarios. At 
issue was not simply whether HiLoad DP could be beneficial in these emergency scenarios, but 
just how much need there truly is for tanker offloading of FPSOs or similar production facilities 
during steady state operation which could benefit from the use of HiLoad DP. While initial 
expectations for the project had been that a number of FPSOs in the GoM would lead to fairly 
wide use of offloading to tankers, examination of current realistic expectations for future FPSOs 
in the GoM indicated one or maybe two more might be a reasonable expectation for the next ten 
years, i.e., a limited potential. 
 
The original proposal and contract language mentioned round FPSOs for the GoM, but these 
were discounted after examination because that configuration is not disconnectable (essential for 
GoM FPSOs). Additionally, and he concept is new with only three in operation worldwide 
compared to more than 160 of the traditional ship-shaped FPSOs being operational at the end of 
2012. Consequently, the potential for standby emergency use of HiLoad DP became an 
important consideration. 
  
To aid in the group’s efforts to define the scenarios, parameters were developed and values were 
assigned to each parameter. The parameters chosen were: 

 Planning horizon (years) 
 Maximum water depth (ft) 
 Minimum water depth (ft) 
 Maximum distance from shore (nautical miles [nm]) 
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 Minimum distance from shore (nm) 
 Typical example for scenario 
 Number of offload sources 
 Maximum host tanker size (Aframax, larger?) 
 Typical offload tanker size (small Aframax, mostly Handymax?) 
 Length of operation (months) 
 Maximum loading rate (barrels per hour) 
 Hose length on reel (meters ) 
 Hose diameter (inches) 
 Hose type used  (floating or catenary)  
 Hose deployed from (specify) 
 Mobilization of HiLoad DP (how, from where) 

 
While the group attempted to reach agreement on a set of descriptions for the scenarios at the 
first Working Project Group meeting, Chevron asked the Principal Investigator to suggest 
conditions for each scenario and to circulate them within the group for comment. That was done 
and a consensus was reached on a set of definitions, which was discussed and agreed as final at 
the second Working Project Group meeting. Seven operators were present in this discussion: BG 
Group, BP, Chevron, ConocoPhillips, Marathon, Petrobras, and Statoil. The set of definitions is 
provided in Table 4.3-1 in the work on design basis in Section 4.3. 
 
The choice of technical parameters was a starting point. The duration and scope of service under 
each scenario also needed to be specified so that an idea of the business model for each might 
emerge; this is reflected in Table 4.3-1. 
 

6.3 ASSEMBLE INFORMATION ON GOM SHUTTLE TANKER VESSELS, 
OPERATIONS, ECONOMICS (TASK 14) 

 
The work here uses the principle of “preponderance of probabilities,” a theory used in the legal 
profession that also works well in the offshore world for assessment of economics in situations 
where there is no well-defined market. The shipping market, stock market, real estate, and the 
like, where comparables are relatively straightforward, are quite different from the highly 
specialized market for a new system like HiLoad in the UDW GoM, particularly in the U.S. 
world of the Jones Act. “Preponderance probabilities” have often been used by UDW operators 
in the U.S. GoM in assessing economics for shuttle tankers and offloading choices for the U.S. 
GoM in the last several years for GoM prospective development, using conjecture for operations 
that had not yet occurred and drawing on carefully weighed, informed assumptions such as 
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experience in other parts of the world, GoM lightering operations history, a collection of 
experiences, industry knowledge and judgment.  
 
For these calculations, it is not critical whether the exact numbers were, for example, 2.10 or 
2.20 $/bbl for export of oil by tanker in the U.S. GoM. The fundamental conclusion was not a 
precise amount of $1.00 or $4.00 /bbl, but rather a range or average. In this context, it is not easy 
to determine what tankers to use for an oilfield when the oilfield might be developed in an 
undefined future year, and when it is unknown how long the field will produce and what the 
revenues will be ($/bbl) to keep that production going. Only one tanker might be needed for the 
life of the field which could go on as long as the life of the tanker, or another tanker might be 
needed for two-thirds that time, and a third or even a fourth tanker for shorter periods at the peak 
of the profile. All tankers may be newbuilds to suit the project. The DOT 09 paper in Appendix 
D.3 addresses these issues. The point is to determine whether HiLoad offers an economic benefit 
from its use in the GoM context over other options. 
 
At the $110K/day price level, Remora would hope to receive it almost certainly may be the high 
cost option. If a lower market rate applies, then HiLoad may be more competitive. In January 
through March when the work was done, Remora’s CEO (Peder Farmen) would not give an 
answer on CAPEX and TC figures. His successor dodged the question too. So the analysis 
simply looked at what the market might pay (i.e., not what Remora hoped to get) for an 
$80-million piece of floating production equipment with a four-man crew dedicated to a specific 
field on a 10-year time charter. Then some rules of thumb were applied to reach a TC at 
$50K/day, doing the same when in July the figure turned out to be closer to $120 million to 
arrive at $66K/day on TC. Whether these rates are up or down a bit, the conclusion about 
HiLoad is unchanged, not anything to get excited about, likely better sticking with another 
option. 
 
The tanker availability issue clouds the use of this or any other offloading system for the U.S. 
GoM and was addressed via data from the U.S. Maritime Administration and the latest data from 
Clarkson. We have had good precedents with floating hose performance at the Louisiana 
Offshore Oil Port (LOOP); UDW locations today remain reachable at the seven-day cycle used 
in industry calculations in recent years, such as those shown in DOT 09 (Appendix D.3).  

 
Using consistent assumptions with all options is vital in the screening. We can conclude that this 
RPSEA work has successfully filtered out whether HiLoad is above or below the economics of 
other offloading options that might be considered as its competition in the GoM. 
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The basis for these analyses is the extensive work done at Devon Energy Corporation (Devon) in 
Houston from 2007 to 2009 in connection with potential field development plans for that 
company’s GoM portfolio in UDW, the region that is the focus of this RPSEA study. 
 
When this work began, Devon had a portfolio of blocks in the Lower Tertiary that was second 
only to Chevron, giving some urgency to determining how these blocks could be developed, 
including how oil production would be transported to sales points ashore.  
 
Devon had no interests in pipelines or refineries and, for an E&P company, was truly an 
“independent” in the greater sense of the word. New technologies related to UDW export, in 
tanker offloading that could be seen as a viable competitor to pipelines could made a serious 
difference in Devon’s business models. In late 2009, however, Devon changed its business focus, 
sold its offshore blocks in the GoM and elsewhere in the world, and left the offshore arena 
altogether. The results of the extensive studies on transportation of GoM crude via different 
pipeline- and tanker-based export methods were reported in a paper for the Deep Offshore 
Technology (DOT) Conference in February 2009. This paper (Lovie 2009) is referred to herein 
as the DOT 09 paper. It is provided as Appendix D. 3 and is publicly available and accessible 
online at http://www.remoratech.com/index.php?sideID=182&ledd2=126 on Remora’s website. 
 
In this paper, the first public comparison was made of pipeline transportation in the deepwaters 
of the GoM versus shuttle tanker-based export; comparisons for field developments of different 
magnitudes of recoverable reserves and production rates were made. The author of this paper is 
the Principal Investigator on this RPSEA project; hence his 2009 experience can benefit the 2013 
assessment for this project. 
 
The work referred to in the DOT 09 paper was based on capital costs using best available market 
and company data at the time, then converted to either typical financed costs on CAPEX projects 
(used for pipelines) and time charter (TC) rates (used for tankers) to signal economic choices. 
The two export modes had different residual value risks. Each project situation was different, 
thus obtaining “experimental data” was difficult. Although that pipeline data are no longer 
relevant, a basis was provided for examination of offloading economics for the GoM in relation 
to the HiLoad DP project. 
 
Allowance was made for the longer field lives in Lower Tertiary trend developments through 
scenarios where multiple tankers were employed for different periods of time according to the 
production profile, e.g., perhaps needing one tanker for 20 years, another for 11 years, and a third 
for only 4 years. The small Jones Act tanker fleet led to the adoption of newbuilds as the solution 
and, hence, the computing of TC rates for the tankers required for typical periods. 
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The options considered in the DOT 09 paper for tanker-based export included DP shuttle tankers 
similar in principle to these used in the North Sea, but smaller for GoM service. In addition to 
that well-proven offloading system, another option considered was Remora’s HiLoad DP system 
used with conventional Jones Act tankers as mooted in this RPSEA project.  
 
Analyses additionally looked at storage vessels being used with a platform that had no storage 
(e.g., TLP, Spar, or semi-submersible) in order to take advantage of the flexibility of tanker 
export in regard to delivery of oil production to fulfill market opportunities that may arise at 
different destinations. The offloading systems investigated included use of newbuild DP shuttle 
tankers in addition to the use of conventional tankers with the HiLoad DP.  
 
Another critical factor is involved in analyses in U.S. GoM waters: The offshore source of the oil 
is considered to be a “port” and its destination ashore is another port. Transporting oil from one 
U.S. port to another invokes a legal requirement to use Jones Act tankers, i.e., U.S. flag, 75% or 
more U.S. owned, 100% U.S. crewed and U.S. built. The economic implications for this 
requirement are significant and yield numbers quite different from similar offloading 
comparisons elsewhere in the world.  
 
The Jones Act dates to 1920 when it was introduced by Senator Wesley Jones to provide 
protection of shipping business between his state of Washington and what was then the 
pioneering trade with the U.S. territory of Alaska. The Jones Act has remained in place ever 
since, applied to a series of changing drivers, such as national interest during times of war, 
protection of labor unions, and protection of multiple US business sectors. It has been challenged 
in Congress from time to time but has had strong supporters. The Jones Act saga and its politics 
are outside the scope of this work for RPSEA, but it does have a serious economic impact on the 
courses of action to consider in offloading for GoM.  
 
Another constraint, although less political, on the selection of tankers for offloading in U.S. 
waters is that they must be OPA 90-compliant: 
 

Summary of the Oil Pollution Act (33 U.S.C. §2701 et seq. [1990]) 
The Oil Pollution Act (OPA) of 1990 streamlined and strengthened EPA's ability to 
prevent and respond to catastrophic oil spills. A trust fund financed by a tax on oil is 
available to clean up spills when the responsible party is incapable or unwilling to do so. 
The OPA requires oil storage facilities and vessels to submit to the Federal government 
plans detailing how they will respond to large discharges. EPA has published regulations 
for aboveground storage facilities; the USCG has done so for oil tankers. The OPA also 
requires the development of Area Contingency Plans to prepare and plan for oil spill 
response on a regional scale. (USEPA 2013) 
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The main requirement of OPA 90 is that tankers be double hulled. 
 
Since 2009, the available fleet of suitable Jones Act tankers for GoM offloading service has 
changed, with some vessel retirements for noncompliance with OPA 90 and the addition of new 
vessels. Consequently, the Jones Act fleet is much younger in 2013 than it was in 2009.  
 
Since 2010, MWCC and Helix both developed emergency systems for oil spill containment that 
use Jones Act tankers for transportation of oil from such a spill.  
Then the first FPSO in GoM achieved first oil in February 2012 and, with it, two specially 
modified Jones Act tankers chartered to serve as shuttle tankers in offloading service with the 
BW Pioneer FPSO at Petrobras’s Cascade/Chinook development. 
 

6.3.1  CHOICE OF OFFLOADING OPTIONS TO COMPARE IN THIS PROJECT 
 
Interest in GoM offloading practice has increased in the last four years, leading to consideration 
of four options in this assessment of offloading economics with the corresponding safety and 
operational performance associated with each option. 
 

Option 1:  A conventional tanker, hawser-moored, using a floating hose for transfer of oil 
from the storage vessel into the tanker. This is a common process worldwide. 

 
In the GoM, this option is somewhat comparable to the Helix or MWCC systems for 
loading oil from their spill-capture vessels to a tanker for delivery to shore. Their 
configurations are not quite the same as conventional tanker offloading operations since 
both the Helix and the MWCC systems rely on a DP host: Helix Producer on DP which 
loads to a hawser-moored storage vessel and then to an offload barge that in turn is 
hawser-moored to the storage vessel. The MWCC configuration uses a capture vessel on 
DP, offloading to a hawser-moored offload tanker. Each configuration is generally 
chosen to make use of the available equipment. Hawser mooring to a DP vessel, 
however, imposes constraints from metocean conditions for safe operation and is not a 
widely used technique. These safety and performance limitations are not yet fully 
understood by the project team.  

 
Option 2:  An enhanced maneuverability tanker with a controllable pitch propeller (CPP) 
and bow thrusters, hawser-moored, with a BLS to load the tanker with a catenary hose 
from the FPSO or other source of the oil.  
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This is the configuration used at the Cascade/Chinook field development for loading 
produced oil from the BW Pioneer FPSO to the two shuttle tankers Overseas Cascade 
and Overseas Chinook. 

 
Option 3: A DP tanker, BLS with no hawser mooring, catenary hose loading from the 
FPSO or other source of the oil.  

 
This configuration was proposed to GoM operators by American Shuttle Tankers (DP2 
Handymax 330,00 bbl) and by Seahorse Shuttling (DP2 GoMAX design, 550,000 bbl) 
during the 2001 to 2005 timeframe, but neither was contracted for use in the GoM.  

 
The configuration is a system commonly used in the North Sea since the late 1980s and 
later used offshore eastern Canada and Brazil, often with Aframax and Suezmax size 
tankers. While it is feasible to build such vessels in the U.S., no Jones Act DP shuttle 
tankers have been built. 

 
Option 4: Conventional tankers with HiLoad DP, with catenary hose loading from the 
FPSO or other source of the oil, and a catenary hose from HiLoad to the midship 
manifold on the tanker.  

 
Options 1, 2, and 3 embrace internationally well-proven industry offloading methods. As 
discussed, Option 4, the relatively new HiLoad DP, has been tested as a full-scale prototype and 
is in the process of being adapted for long-term service offshore Brazil.  
 

6.3.2  TANKER SIZE CONSTRAINTS FOR GOM OFFLOADING 
 
Wherever the loading point might be in the GoM, the choice of destination has to be a U.S. port 
since, by law, the export of oil from a U.S. field development is prohibited. The choice of port is 
usually a commercial matter, depending on the operator’s desired sales point, ranging from east 
to west as listed in Table 6.3-1. 
 

Table 6.3-1 Gulf of Mexico Ports that May Receive Offloaded Oil 

 Port  Details 

1 Pascagoula 
36 ft, with up to 42 ft with pilot’s approval (with 
numerous restrictions) 

2 New Orleans (St. James) Maximum approximately 40-ft draft 
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Table 6.3-1 Gulf of Mexico Ports that May Receive Offloaded Oil 

 Port  Details 

3 
Baton Rouge (Mississippi 
River) 

47 ft FW up to mile 180, then 45 ft FW 

4 
Louisiana Offshore Oil 
Port (LOOP) 

Maximum approximately 115-ft draft, accepts ultra large 
crude carriers (ULCCs) 

5 Lake Charles 40 ft FW 

6 Beaumont 40 ft FW 

7 Port Arthur 40 ft FW 

8 Houston 43 ft FW 

9 Texas City Maximum approximately 40 ft draft 

10 Freeport 42 ft FW 

11 Corpus Christi 45 ft SW 

Conclusion:  To serve the full range of GoM ports, the maximum draft for the tankers 
needs to be less than 40 feet. 

Key: 
ft = foot/feet. 
FW = freshwater. 
SW = saltwater. 
 

 
The flexibility to enter any one of these GoM ports means that the summer draft is limited to 40 
ft, which in turn limits the choice of tankers (see Table 6.3-2). 
 

Table 6.3-2 Draft for Gulf of Mexico Ports 

Summer Draft for Tanker 

Limitation in Choice of Tanker Meters Feet 

12.00 39.37 Okay for all Gulf of Mexico ports:   
Handymaxes and some Aframaxes 12.19 40.00

13.00 42.65
Too deep to enter all Gulf of Mexico 
ports 

14.00 45.93

15.00 49.21
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16.00 52.49

 
 
 Theoretically, an Aframax size of tanker, carefully selected to not exceed 40 ft draft, could enter 
the full range of GoM ports. That would imply a capacity of 550,000 to 600,000 bbl and offer 
modest economies of scale over smaller vessels. For the purpose of entering these GoM ports, 
Aframaxes could be used in a slightly light loaded condition; additionally, the density of the fluid 
transported influences draft, e.g., condensate is less dense than crude oil.  
 
No standard design tanker can satisfy the criterion of a 40-ft draft limit while also offering as 
large a capacity as practical. This was likely the impetus for Conoco’s work in creating their 
GoMAX design of shuttle tanker of 550,000 bbl capacity in 2002. 
 
Tankers dedicated to offloading work in short cycle times (e.g., a one- to three-day trip from 
departing the loading point offshore to arriving in port for discharge). Their service is intensive 
and more demanding on hull structure, pumps, and ship systems than tankers with longer haul 
service, which often have voyage times ten times these of shuttle tankers. Service in North Sea 
conditions means a particularly strenuous set of conditions that use up fatigue life. For these 
reasons and because of difficult experiences with accidents, some oil companies impose a limit 
on the age of tankers they employ. Such was the case with Total in the selection of the shuttle 
tankers for service at the Cascade/Chinook development. Those tankers were limited to an age of 
seventeen (17) years at the start of the charter. 
 
In summary, the choice of offloading tanker for the GoM faces the constraints detailed in Table 
6.3-3. 
 

Table 6.3-3 Main Conditions Governing Choice of Tankers for Gulf of Mexico 
Offloading Service 

Limitation Specifics Source of Restriction 

Ability to enter all  
GoM ports 

Maximum of 40 feet  
summer draft 

Ship channel  
physical limit  

Ability to operate in coastwise 
trade in U.S. waters 

Jones Act-compliant U.S. Law 

Safety 
Oil Pollution Act of 1990 

(OPA 90)-compliant,  
double hull 

U.S. Law 
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Age Maximum of 17 years 
Limitation set by some  

major oil companies  

 
 

6.3.3 THE “GOM-SUITABLE” JONES ACT FLEET 
 
The entire Jones Act fleet of tankers is listed in Table 6.3-4. Based on this table, some tankers 
are too old and some are too big to be GoM-suitable.  
 
There are currently no Aframax or Panamax tankers in the Jones Act fleet. Only 25 Jones Act 
tankers would be able to enter GoM ports, each of them Handymax size of around 330,000 bbl 
capacity. Each is currently trading in the products trade, transporting gasoline, diesel, and 
petroleum liquids other than crude oil. Five of them have a maximum draft of 12.8 m or 42 ft, 
while the remainder is at the GoM port maximum draft of 12.2 m or 40 ft.  
 
Of that 25 tankers noted above, six will have age issues beginning in 2014 through 2016. The 
balance of the GoM-suitable fleet was built in 2007 or later, and age is not a concern. 
Nevertheless, the small number of GoM-suitable tankers highlights how difficult it may be to 
find a tanker for offloading service when it is needed, and particularly on short notice. Applying 
the draft and age criteria rigorous to the tankers listed in Table 6.3-4 would reduce the 
GoM-suitable fleet to 14. 
 
Commercial availability is also a concern; the thin market means that Jones Act tankers are all on 
longer term charter, with no spot market to draw on unless a long-term charterer agrees to 
sub-charter on a shorter term or voyage basis. Thus, available choices include only: (a) finding a 
newbuild possibility, (b) attempting a sub-charter, or (c) finding a vessel coming off charter at 
the right time. 
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Table 6.3-4 Data on the Jones Act Tanker Fleet 

Fleet / Vessel Name 

Capacity  
at 98%  

(bbl) 

Dead 
weight 
(MT) 

Year 
Built 

Operated 
by Builder 

Year 

Rebuilt 
Oil, Products, and Chemical Carriers: Handymax Size. Draft Shallow Enough to Enter Gulf of Mexico Ports 
Tankers older than 17 years 

U.S. Shipping 
Corp. (2) 

CHEMICAL PIONEER 217,368 34,930 1968 USS Vsl 
Mgmt 

Unknown 1983 

HOUSTON 235,724 33,095 1985     

Seabulk (7) 
SEABULK CHALLENGE 294,000 51,668 1981 Seabulk Avondale 2007 
SEABULK TRADER 294,000 51,668 1981 Seabulk Avondale 2007 

Tankers built less than 17 years ago 
1 SEABULK ARCTIC 342,042 46,094 1998 Seabulk Newport News   
2 MISSISSIPPI VOYAGER 334,034 46,094 1998 - others - Newport News   
3 FLORIDA VOYAGER 334,034 46,069 1998 - others - Newport News   
4 CALIFORNIA VOYAGER 334,731 45,671 1999 - others - Newport News   
5 OREGON VOYAGER 334,632 45,671 1999 - others - Newport News   
6 S/R AMERICAN PROGRESS 348,322 46,095 1997     
7 

OSG  
(12) 

OVERSEAS HOUSTON 331,674 46,911 2007 OSG Aker Phil   
8 OVERSEAS LONG BEACH 331,674 46,911 2007 OSG Aker Phil   
9 OVERSEAS LOS ANGELES 331,674 46,911 2007 OSG Aker Phil   
10 OVERSEAS NEW YORK 331,674 46,911 2008 OSG Aker Phil   
11 OVERSEAS TEXAS CITY 331,674 46,911 2008 OSG Aker Phil   
12 OVERSEAS BOSTON 331,674 46,911 2009 OSG Aker Phil   
13 OVERSEAS CASCADE 331,674 46,911 2009 OSG Aker Phil   
14 OVERSEAS NIKISKI 331,674 46,911 2009 OSG Aker Phil   
15 OVERSEAS CHINOOK 331,674 46,911 2010 OSG Aker Phil   
16 OVERSEAS ANACORTES 331,674 46,911 2010 OSG Aker Phil   
17 OVERSEAS MARTINEZ 331,674 46,911 2010 OSG Aker Phil   
18 OVERSEAS TAMPA 331,674 46,911 2011 OSG Aker Phil   
19 Crowley 

(2) 
PENNSYLVANIA 331,674 46,911 2012 Crowley Aker Phil   

20 FLORIDA 331,674 46,911 2013 Crowley Aker Phil   
21 

American 
Petroleum 
Tankers 
(5) 

GOLDEN STATE 325,577 48,633 2009 Unknown NASSCO   
22 PELICAN STATE 325,577 48,633 2009 Intrepid NASSCO  
23 SUNSHINE STATE 325,577 48,633 2009 Unknown NASSCO   
24 EMPIRE STATE 325,577 48,633 2010 Crowley NASSCO   
25 EVERGREEN STATE 325,577 48,633 2010 Unknown NASSCO   
Crude Oil Carriers (Comparison only) 

Suezmax 

KODIAK 803,787 124,822 1978 < Draft 55 feet too much for 
GoM ports 

  

SIERRA 804,071 124,777 1979 

All vessels here of equal or 
greater deadweight than Kodiak, 
thus are too big for the current 
need to enter GoM ports where 
the draft limitation is 40 feet. 

  
POLAR ENDEAVOUR 994,671 141,740 2001   
POLAR RESOLUTION 994,042 141,740 2002   
POLAR DISCOVERY 994,042 141,740 2003   
POLAR ADVENTURE 994,042 141,740 2004   
POLAR ENTERPRISE 994,042 141,740 2006   

VLCC 

ALASKAN FRONTIER 1,300,437 193,050 2004   
ALASKAN EXPLORER 1,300,355 193,050 2005   
ALASKAN NAVIGATOR 1,300,330 193,048 2005   
ALASKAN LEGEND 1,300,330 193,048 2006   

Source: Vessel list extracted from U.S. Maritime Administration records; Other data added and calculated. 
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6.3.4  AVAILABILITY OF “GOM-SUITABLE” FOREIGN FLAG TANKERS  
 
For the purposes of these analyses, the characteristics of foreign-flag tanker fleets are compared 
to the Jones Act fleet of up to 12.8m draft, although this is slightly more than the 40-ft draft limit 
on most GoM ports.  
 
With so few Jones Act tankers, how does the U.S. manage to get its oil imports delivered to these 
GoM ports considering the draft limitation? 
 
U.S. oil imports may arrive in U.S. ports in Aframaxes from closer origins such as Mexico, 
Venezuela, and sometimes West Africa. Imports from more distant origins may arrive in tankers 
of Suezmax size (roughly 1 million bbl) tankers or in VLCCs (about 2 million bbl) or possibly 
ULCCs (larger still). They are discharged through the LOOP or through lightering by smaller 
international-flag Aframax tankers that then deliver the oil to refineries at any one of the ports 
listed in Table 6.3-1. A similar lightering process is used with imports arriving in the Chesapeake 
Bay area in the U.S. East Coast.  
 
Oil imports arriving in international-flag tankers are not bound by the economics and tanker 
availability issues associated with the Jones Act. Even without consideration of the Jones Act 
provision, any international-flag tankers must meet the GoM draft condition to be considered a 
candidate for offloading operations in the GoM, but without the requirement to be Jones 
Act-compliant, the fleet of available tankers is expanded. Now it becomes possible to consider 
available Panamax and Aframax sizes of tankers for maximum efficiency, instead of 
compromising with smaller Handymax tankers. A potential list of candidates was made using the 
latest data available for the world’s tanker fleet as of the end of 2012 (Clarkson Research Service 
Limited 2013; see Table 6.3-5). 
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Table 6.3-5 The World's Tanker Fleet and Foreign Flag Tankers Suitable for the Gulf of Mexico 

Tanker 
Category 

Deadweight  
(metric tons) 

Age 
(years) 

Draft 
(meters) 

GoM- 
suitable? 

Total 
Fleet Cumulative Min. Max. Min. Max. Min. Max. 

ULCC / 
VLCC 

255,087 442,470 0.25 24 18.68 24.52 Too big 618 618 

Suezmax 120,232 193,050 0.25 35 13.29 18.75 Too big 477 1,095 

Aframax 81,408 119,456 0.25 36 11.58 22.50 
18 Foreign 

flag 
924 2,019 

Panamax 60,442 78,532 0.42 32 11.30 14.70 
60 Foreign 

flag 
419 2,438 

Handymax 
40–60 

40,000 59,317 0.25 34 9.00 13.52 
951 

Foreign 
flag 

1,281 3,719 

Handymax 
10–40 

10,000 39,999 0.25 35 6.33 12.90 Too small 2,076 5,795 

Note:  “Handymax 10–40” refers for Handymax tankers that are 10,000 to 40,000 metric tons 
deadweight while "Handymax 40–60" refers to Handymax tankers that are 40,000 to 60,000 metric tons 
deadweight. 
Key: 
ULCC = ultra large crude carrier. 
VLCC = very large crude carrier 

 
 
The GoM draft limit has an interesting effect in that only 18 of the Afranaxes are suitable for the 
GoM with Panamaxes offering 60 candidates. By far the biggest selection of foreign-flag 
candidates is the 951 Handymaxes. 
 
GoM-suitable tankers of both Jones Act and foreign-flag origins are summarized in Table 6.3-6. 
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Table 6.3-6 The GoM-Suitable  Tanker Candidates for Offloading 

Origin Tanker Size Category 

GoM-Suitable 
Fleet 

Total 
Candidates No. Ratio 

Jones Act Handymax 40–60 25 2.4% 25 

Foreign Flag 

Aframax 18 1.7% 924 

Panamax 60 5.7% 419 

Handymax 40–60 951 90.2% 1,256 

  1,054 100.0% 2,624 

Source: Clarkson Research Service Limited 2013.  
Note:  “Handymax 40–60” refers to Handymax tankers that are 40,000 to 
60,000 metric tons deadweight. 

 
 
Economics is a significant consideration. The capital cost of a Jones Act tanker is approximately 
three times what it takes in the Far East to build a similar tanker. Operating costs on a Jones Act 
tanker are about double the international rate and salaries for American crewmen and officers are 
higher than for foreign workers. 
 
For the emergency situations under Scenarios 2 and 3, it would be highly desirable to arrange in 
advance for some basis to release tanker(s) from current charters for emergency service. With a 
fleet of 25 suitable Jones Act tankers in 2013, the argument becomes even stronger for some 
form of advance waiver for employment of international-flag tankers for this rare but critical 
service. Alternatively, some pre-agreed arrangement may be feasible for Jones Act tankers 
currently employed by operators in their products trade whereby, in the case of emergency, they 
would be diverted to service under Scenarios 2 and 3. 
 

6.3.5  BASIS FOR AN ECONOMIC COMPARISON MODEL 
 
The results here are based on the assumptions given and are intended as a go-by for elements for 
others to consider when performing their own due diligence. For purposes of the following 
analyses, the tanker availability issue is set aside and economics comparisons are made for the 
four options as if tankers are available when needed and they are all Handymax size. 
Calculations are then repeated with some assumptions made about using GoM-suitable 
international-flag tankers as a comparison, assuming that a Jones Act waiver could be obtained 
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for their use as in the 2005 Katrina hurricane emergency in the GoM and again in 2012 with 
hurricane Sandy on the East Coast of the U.S. 
 
The starting point in building an economic model for the four offloading options and how they 
are affected by tanker availability is taken from the DOT 09 paper: 
 

For tanker solutions estimates were made for time chartering tankers for different 
periods to suit the reservoir production profile, e.g. one tanker for all of its 25–35 year 
life in the Jones Act market, a second for perhaps a half of that and a third for maybe a 
third of its life. In this example the second and third tankers would then be employed 
later in their lives in the product trade or continue as a shuttle tanker in a different 
development. Port and fuel costs were then added in as follows: 
 

 

TC FP TC+FP

16 91,372 22,000 113,372
12 to 15 93,126 22,000 115,126
10 to 11 100,000 22,000 122,000

2 to 9 126,457 22,000 148,457

Table 2: Tanker Cost Buildup (2008)
Total tanker costs, dedicated, no sharing

Term, years TC, $/day
Fuel & Port 

Charges, 
Total tanker 
cost, $/day

 
 
These figures are estimated from a number of sources believed reasonable and 
competitive in the marketplace at the time of writing (November 2008). They apply for 
DP2 shuttle tankers with BLS and 320,000 bbl capacity. If conventional product size (i.e. 
Handymax) tankers are used in conjunction with a HiLoad system, then the time charter 
rates would go down to be about 70% of the figures above but the port and fuel charges 
would remain about the same. 
 
The cost of the HiLoad system for these tanker sizes, including all fuel, is taken to be $50,000/day 
in the comparisons here.  
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1 2 3 4 5
Pipeline FSO+ST HiLoad+DLCT ST HiLoad+CT

6.74 5.84 6.02 2.61 2.93

4.78 3.03 2.88 1.80 1.70

Medium Reservoir:  268.0 mmbbl 
recoverable over 16 years, 
maximum 76,411 bopd 

Facility without storage Facility with  Storage

Scalability: Effect of Reservoir Size on Overall Export Economics, $/bbl

Large  Reservoir: 703.7 mmbbl 
recoverable over 16 years, 
maximum 166,948 bopd  

Export Option:

Key: 
FSO = floating storage offloading vessel. 
ST = shuttle tanker. 
DLCT = Direct Loading Conventional Tanker, i.e., the tanker loads at the production rate until it is full, taking 
perhaps several days, and then departs and is replaced by another tanker. 
CT = Conventional Tanker. 
 
 
Conclusions from the DOT 09 paper that are relevant to the work here include the following: 

 
1. Regardless of the transportation method, the size of field development has a 

big influence on the economics of offloading: costs change roughly in inverse 
proportion to the size of recoverable reserves or the production rate. 

 
2. If reservoir conditions allow use of a facility with storage (e.g., FPSO), then 

the transportation costs are significantly lower – about half the cost of 
transportation by pipeline. However, when there is no storage and a separate 
storage vessel has to be used, transportation cost by tanker is closer to that of 
pipeline. 

 
3. DP shuttle tanker and HiLoad offloading solutions are relatively close in 

economics, so more investigation would be needed to determine if a clear 
leader exists in a practical case. 

 
4. The medium field development case has a maximum production rate of 

76,411 barrels of oil per day (bopd), which is close to the production figure of 
80,000 bopd for Scenario 1 in this RPSEA study. Comparing DP2 shuttle 
tankers and HiLoad with conventional tankers indicates tariffs at $2.61/bbl 
versus $2.93/bbl, respectively, changing to 1.80:1.70 when the production rate 
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doubles. In fact, the DP shuttle tanker and the HiLoad DP plus conventional 
tanker options on a dollar per barrel ($/bbl) tariff are also close ($5.84/bbl 
versus $6.02/bbl) at a production facility that has a separate storage vessel.  

 
5. Thus, there appeared to be no compelling economic case for the use of 

HiLoad DP in any of the configurations considered in the DOT 09 paper.  
 

6.3.6 NEWBUILD VS. EXISTING TANKERS 
 
The indications in the DOT 09 paper are for deepwater and a full field life use of the FPSO and 
tanker system, i.e., while one or two tankers might be used for a relatively short period (2 to 9 
years) at the peak of expected decline curves, one or more tanker might be employed for longer 
(up to 16 years or more) to be consistent with the production profiles contemplated. Field 
developments in the Lower Tertiary trend in UDW GoM were specifically addressed, which 
were projected to often have longer production lives than common elsewhere in the GoM. 
 
As the Jones Act fleet is limited in number, specially equipped vessels would have to be built to 
suit the project requirements—and even standard tankers for long-term requirements often may 
be advantageously contracted as newbuilds in the Jones Act world. The calculations on tanker 
costs were therefore based on newbuilds and financing costs at 2008 levels. Estimates of tanker 
construction costs at U.S. shipyards are difficult to obtain (a far different situation for the widely 
followed CAPEX trends with Far East yards). Costs of capital are believed higher in the 2008 
figures than in 2013.  
 
Much of the work related to these 2013 projections is different from the effort for Petrobras’s 
Cascade/Chinook development where the field development commitment was relatively short 
term; it involved an Early Production System (EPS) for five years with three one-year options. 
Something similar is currently being considered for the next FPSO in the GoM. These are shorter 
term than the commitments ranging to 16 years or more described in the DOT 09 paper and 
included in the economic model herein.  
 
The 2013 outlook for offloading service at an FPSO in the GoM under Scenario 1 would likely 
center around shorter-term EPS requirements—possibly five to eight years—instead of a longer 
term of field expectation. In order to detect trends, the calculation buildup allows for differences 
in the duration of the charter, so the DOT 09 numbers are adapted for use here. 
 
An offloading system to serve the pipeline disruption Scenario 2 or the oil spill Scenario 3 would 
be shorter still—possibly only five to eight months. Arranging for the provision of tankers to 
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meet such short-term commitments can be problematic. This again emphasizes the critical need 
for an advance contingency plan to secure tanker availability in emergencies. 
 

6.3.7  ECONOMIC MODEL RESULTS AND TRENDS 
 
The TC arrangements for the tankers at the Cascade/Chinook development were accomplished 
only by arranging for tankers that could continue service after the initial five- to eight-year 
commitment. The alternatives then appear to be that developers must use tankers in the various 
offloading configurations for longer terms, with the reasonable commercial risk for future 
business, or tankers must be employed long-term with a pre-agreed ability to be released for 
short-term service. 
 
The intent of the following estimates is to discern valid trends using carefully consistent sets of 
assumptions and data. The cost figures developed here are not precise; they are estimates that 
rely on best available market indications and a number of assumptions believed appropriate in 
the offloading business. For example, the DOT 09 paper used newbuild estimates and estimates 
of financing in 2008 banking conditions and interest rates, all of which will be different in 2013 
and subsequent years. 
 
The logic builds on the patterns of the DOT 09 paper and the translation from 2009 to 2013 costs 
is made based on the assumptions detailed in Table 6.3-7. 
 
Table 6.3-7 Cost Buildup for the Four Options 

Cost 
Component 

Option 1: 
Conventional 
Tanker with 

Tugs, Floating 
Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3:  
DP2 Shuttle 

Tanker, no Tugs, 
BLS + Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary Hose 

Tanker, for each 
type, $/day: 

2008 TC 
Newbuild 
rates: 15% 

2008 TC 
Newbuild 
rates: 15% 

2008 TC 
Newbuild 
rates: 15% 

2008 TC 
Newbuild 
rates: 15% 

Port and fuel 
costs, $/day: 

2008 costs 
 + 70% 

2008 costs  
+ 70% 

2008 costs  
+ 70% 

2008 costs  
+ 70% 

Hold-off tug, 
$/loading 

40,000 40,000 - - - - - - 
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Hose-handling 
vessel, 
$/loading 

30,000 - - - - - - - - - 

HiLoad DP, 10 
year TC, $/day 

- - - - - - - - - 50,000 

HiLoad DP, fuel 
(MDO), $/day 

- - - - - - - - - 20,000 

Notes: 
The hold-off tug and the hose handling vessel are assumed to be available in the field or nearby, not 
dedicated full-time to offloading operations. Costs are total for each loading, including fuel.  
Each loading is approximately 10 hours in total, using a 35,000-barrels-per-hour system, i.e., less 
than commonly seen elsewhere in the world with larger offloading tankers that may take 24 to 30 
hours.  
 
Key: 
$/day = dollars per day. 
BLS = Bow Loading System. 
CPP = controllable pitch propeller. 
DP = dynamic positioning. 
MDO = marine diesel oil. 
TC = time charter. 
 
Each configuration for the four options detailed in Table 6.3-7 can now be expressed in terms of 
a day rate for the complete offloading system as shown in Table 6.3-8. Actual dollar figures can 
vary considerably from these estimates since U.S. historical vessel data are largely unavailable. 
Again, the intent is to build a consistent and logical economic framework to indicate trends if 
they exist.  
 
To arrive at the figures in Table 6.3-8 some assumptions must be made, as described below.  
 
Consideration must be made for the average cycle time for a tanker to: a) be loaded, b) steam to 
port, c) wait for entry if need be, d) dock, e) discharge, and f) return for another load. The cycle 
time depends on the time of year (weather influence), where the UDW production location is, 
and where the port is located relative to the offshore production location. Calculations have 
shown that this cycle time in the GoM can typically be 5 to 8.5 days.  
 
In parts of the world where shuttle tanker activity is extensive, a tanker can be hired for almost 
any duration necessary for each trip. In the North Sea, a Contract of Affreightment (CoA) 
arrangement can be used, under which tankers are shared among a number of field 
developments. In contrast, shuttle tanker operations are limited in the GoM, so a CoA is not 
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commercially possible. Instead tankers have to be time-chartered on a dedicated basis, i.e. a day 
rate for the tanker and crew, with reimbursement of associated fuel and port charges, whether the 
tanker is in use or idle. The responsibility for keeping the tanker efficiently employed is thus on 
the shoulders of the operating oil company that hired the tanker(s). 
 
The assumed production rates are: 

 80,000 bopd for Scenario 1 (FPSO); 
 4,000 barrels per hour (bph) x 24 hours = 96,000 bopd for Scenario 2 (loading at a 

platform with a pipeline out of service); and  
 the same rate for Scenario 3 (major spill cleanup) as for Scenario 2.  

 
Thus, the cycle times are estimated to be: 

 Scenario 1: 2 tankers at 330,000 bbl capacity each divided by the assumed 
production rate of 80,000 bopd = 8.25 days.  

 Scenarios 2 and 3: 2 tankers at 330,000 bbl capacity each divided by the assumed 
production rates of 96,000 bopd = 6.88 days.  

 
For the calculations herein, a cycle time of seven (7) days on average is assumed, with tankers 
employed on a dedicated basis. If the two tankers complete their cycles within these times, they 
would sit idle. The destinations must be chosen such that the tankers can return within these 
cycle times. Practically, this is a manageable situation. 
 
The following realities also had to be considered in the development of these data: 

 Option 1: Commonly done but rarely from a DP host, so economics may 
appear good, but operationally there may be uncertainties for Scenario 3; 

 Option 2: Currently in use in the GoM at the Cascade/Chinook development, 
so solid data will exist, albeit possibly proprietary; 

 Option 3  Relies on an intelligent guess as to what a DP2 tanker costs to 
build in a U.S. shipyard, using 2008 estimates adjusted for 2013; and 

 Option 4  Prototype-tested as discussed here, so the day rate is again 
estimated, but substantiated by a U.S. construction estimate as part of this project. 

 
By employing the DOT 09 data and updating to 2013, then applying figures to compensate for 
downtime due to weather causing cessation of operations because safety practices have reached 
their limits, the comparisons of the four offloading options are derived as shown in Table 6.3-8. 
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Table 6.3-8 Offloading System Cost Indications for Gulf of Mexico Service in 2013 (dollars 
[$] per day) 

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, Floating 
Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary Hose

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary Hose 

Contract 
Term, 
years 

Equipment in 
offloading 
system 

2 tankers 2 tankers 2 tankers 2 tankers 

1 hold-off tug 1 hold-off tug - - - HiLoad DP 

1 hose & hawser 
handling vessel 

- - - - - - - - - 

 
Example: MWCC, Helix Cascade Chinook North Sea RPSEA Project 

No adjustment 
for uptime 

139,418 139,746 166,018 189,418 16 

141,506 142,004 169,000 191,506 12 to 15

149,686 150,854 180,686 199,686 10 to 11

181,170 184,914 225,663 231,170 2 to 9 

Now assume 
uptimes, % 

90 96 98 98 
 

With 
adjustment for 
uptime 

154,909 145,569 169,406 193,284 16 

157,229 147,921 172,449 195,414 12 to 15

166,317 157,139 184,373 203,761 10 to 11

201,299 192,619 230,268 235,887 2 to 9 

Key: 
BLS = Bow Loading System. 
CPP = controllable pitch propeller. 
DP = dynamic positioning. 
MWCC = Marine Well Containment Company. 
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6.3.8 EQUIVALENT OFFLOADING COSTS ON A $/BBL BASIS 
 
For the calculation of cost per barrel, the typical capacity for suitable Jones Act tankers was 
assumed to be 330,000 barrels. The impact of uptime in computing the average dollars per barrel 
transportation cost and how that might be affected by the use of foreign flag tankers were both 
considered. 
 
The assumption also was made that international flag tankers could be obtained for GoM service. 
GoM-suitable Panamax and Aframax fleets are small (60 and 18 vessels, respectively), but the 
Handymax fleet is very large (951), thus Handymaxes are used for foreign-flag tankers in the 
calculations here.  
 
The time charter (TC) rate for a foreign-flag Handymax is assumed in these calculations to be 
30% of the equivalent Jones Act vessel. Although this figure might be more accurate at 20% at 
the existing depressed market rates, when taking future economic recovery into consideration, 
that number could be unrealistically low, so the 30% figure is used. 
 
An additional consideration is that existing DP2 shuttle tankers might be able to be chartered 
reasonably quickly, offering a competitive advantage over the time and commitments needed to 
modify Jones Act tankers for that capability. 
 
The production rate for Scenario 1 (FPSO) is 80,000 bopd, which lead to the $/bbl trends shown 
in Table 6.3-9. 
 
Considering the Jones Act fleet only, it is interesting to see how the most economical of the four 
options is the configuration used at the Cascade/Chinook location, followed by conventional 
tankers in option 1, i.e., the more sophisticated solutions of DP shuttle tankers and HiLoad DP 
are the higher cost options of the four. 
 
The difference in costs between foreign-flag tankers and Jones Act tankers is significant under 
all options. HiLoad DP is the highest cost option, corresponding to the high HiLoad DP charter 
rate. 
 
The calculation for the foreign-flag Handymax tankers shown in the last four lines of Table 6.3-9 
assume the same port and fuel costs as for the Jones Act fleet. These factors would provide no 
cost savings.  
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Table 6.3-9 Trends on Dollars per Barrel ($/bbl) Economics for Scenario 1 

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

Indication of 
Jones Act 
transportation 
cost, $/bbl 

1.94 1.82 2.12 2.42 16 

1.97 1.85 2.16 2.44 12 to 15 

2.08 1.96 2.30 2.55 10 to 11 

2.52 2.41 2.88 2.95 2 to 9 

Use of foreign 
flag tankers— 
transportation 
cost, $/bbl 

0.88 0.64 0.73 1.62 16 

0.89 0.65 0.74 1.63 12 to 15 

0.92 0.68 0.79 1.68 10 to 11 

1.05 0.78 0.96 1.85 2 to 9 

Key: 
$/bbl = dollars per barrel. 
BLS = Bow Loading System. 
CPP = controllable pitch propeller. 
DP = dynamic positioning. 
 
 
 
Duplicating these calculations for Scenarios 2 and 3, the assumed production rate of 96,000 bopd 
and slightly shorter cycle times of 6.88 days for both scenarios were used. The same general 
pattern as for Scenario 1 emerges for Scenarios 2 and 3, with the slightly higher production rate 
causing the $/bbl figures to decrease slightly, as one might expect when the same  spread is used 
with slightly higher fuel and port costs being the only change (see Table 6.3-10). 
 
To highlight the effect of foreign flag even further, costs are computed as simple ratios against 
Jones Act tanker costs (see Table 6.3-11). 
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Table 6.3-10 Trends on Dollars per Barrel ($/bbl) Economics for Scenarios 2 and 3 

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

Indication of 
Jones Act 
transportation 
cost, $/bbl 

1.61 1.52 1.76 2.01 16 

1.64 1.54 1.80 2.04 12 to 15 

1.73 1.64 1.92 2.12 10 to 11 

2.10 2.01 2.40 2.46 2 to 9 

Use of foreign 
flag tankers— 
transportation 
cost, $/bbl 

0.73 0.54 0.61 1.35 16 

0.74 0.54 0.62 1.36 12 to 15 

0.77 0.56 0.66 1.40 10 to 11 

0.88 0.65 0.80 1.54 2 to 9 

Key: 
$/bbl = dollars per barrel. 
BLS = Bow Loading System. 

 
CPP = controllable pitch propeller. 
DP = dynamic positioning. 

 
 

Table 6.3-11 Ratios on Costs—Foreign Flag: Jones Act  

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

Foreign flag 
tankers—ratio 
against Jones 
Act cost 

0.45 0.35 0.35 0.67 16 

0.45 0.35 0.34 0.67 12 to 15 

0.44 0.34 0.34 0.66 10 to 11 

0.42 0.32 0.33 0.63 2 to 9 

Key: 
BLS = Bow Loading System. 

 
CPP = controllable pitch propeller. 
DP = dynamic positioning. 
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6.3.9 “EMBEDDED” TANKER COSTS 
 
Each calculation for the economics of the different offloading spreads assumed tanker costs 
combine with the fuel, port, and handling vessels costs as appropriate for a complete system.  
 
The current shipping market is so depressed that ship owners are reluctant to contract long term 
and will only offer vessels on a long-term basis at higher rates than short-term. That is the 
opposite circumstance from that used here with a newbuild economic model in which rates go 
down with increasing term.  
 
In a stronger shipping market, the trends would be more similar with ship owners willing to offer 
lower long-term rates to capture the associated stability at a reasonable rate. For planning 
purposes, Table 6.3-12 provides a basis for selection of an offloading option for relatively 
long-term field development purposes. 
 

Table 6.3-12 Tanker Time Charter Rates Used in Offloading Spread Comparisons 

Origin 

Option 1: 
Conventional 
Tanker with 

Tugs, Floating 
Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary Hose 

Time 
Charter 

Term, years 

Jones Act 
Fleet 

54,366 58,816 77,666 54,366 16+ 

55,410 59,945 79,157 55,410 12 to 15 

59,500 64,370 85,000 59,500 10 to 11 

75,242 81,400 107,488 75,242 2 to 9 

Foreign 
Flag Fleet 

16,310 17,645 23,300 16,310 16+ 

16,623 17,983 23,747 16,623 12 to 15 

17,850 19,311 25,500 17,850 10 to 11 

22,573 24,420 32,247 22,573 2 to 9 

Note: Newbuilds are assumed throughout for each time charter term, which in turn correspond to 
tanker requirements during life of field in models per DOT 09 paper (see Appendix D.3). 
Key: 
BLS = Bow Loading System. 
DP = dynamic positioning. 
CPP = controllable pitch propeller. 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 246 of 328 
 

 
For general interest, tanker rate data were extracted as a basis to compare against current tanker 
TC and spot rates in the shipping market. The assumed TC rates for each type of tanker are listed 
in Table 6.3-12 by term of the charter. Note that the foreign-flag rates in Table 6.3-12 are above 
the current (i.e., as of March 2013) shipping market, in some cases by approximately 50%.  

 
6.3.10 CONCLUSIONS FROM THE ANALYSES 
 
A number of patterns emerge from these calculations: 
 

1. There appears to be no economic advantage to using HiLoad DP in the GoM. 
In fact, the opposite is true, with HiLoad adding costs relative to the other 
three offloading configurations considered for the GoM.  

 
2. Thus, the use of HiLoad DP would have to be justified on some basis other 

than economics. Perhaps the use of HiLoad DP would facilitate use of a wider 
range of tankers available on short notice in an emergency situation 
(Scenarios 2 and 3), or perhaps there is a compelling safety reason. For 
example, HiLoad DP could provide a high safety option which may eliminate 
risks to human resources in situations that currently depend on high-quality 
experienced supervision and trained personnel (e.g., offloading with a floating 
hose with a conventional tanker as in option 1). 

 
3. Considering how HiLoad DP has gained attention in other parts of the world, 

the compelling economic case may have more to do with local export 
characteristics, such as in Brazil where trans-shipment and export costs can be 
seriously reduced for high volume exports in the several hundreds of 
thousands of barrels per day. According to Remora, a three to one (3:1) 
advantage in OPEX was seen for the use of their prototype HiLoad by 
Petrobras on an initial trial. 

 
3. In West Africa, a case can be made for maintaining safe operations when 

loading from a spread-moored FPSO by using the HiLoad DP to replace 
traditional use of a CALM buoy for better safety. A presentation at the Pareto 
Conference, 12 September 2012, by Peder Farmen (former Chief Executive 
Officer of Remora A.S. in Stavanger) includes some economic information on 
HiLoad DP and tankers implying a two to one (2:1) or better advantage in 
CAPEX when HiLoad is used. 
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4. In contrast, in the North Sea region, where DP shuttle tankers were pioneered 
by Statoil and their Navion offshoot, both operating out of Stavanger, the idea 
of HiLoad DP has not found traction despite its origination with another 
Stavanger pioneer in the same market. The economics did not seem to be 
attractive enough to drive adoption of the new development. In effect, this 
parallels what is seen in the assessment here. 

 
5. The compelling economic advantage seen from these analyses of offloading 

systems pertains to tanker availability. The potential of using foreign-flag 
tankers in offloading operations for any of the four offloading options 
investigated, makes for vastly improved selection—and hence competition—
plus radically lower rates. The end effect then would be to encourage far more 
offloading of the kind for which this type of technology is intended. 

 
6. The accepted U.S. pattern for acquiring offshore facilities for UDW GoM is 

for production facilities—whether FPSO, spar, semi-submersible or TLP—to 
be fabricated overseas in Singapore, Korea, and similar locations. One could 
argue that offloading tankers as part of the field development system should 
also be built overseas. They might still employ American crews as the 
operational cycle is short and similar to GoM service-vessel duty. When these 
tankers finish their assignments in the GoM, they might then be required to 
leave to avoid conflicts with the Jones Act fleet and yet encourage tanker 
offloading with HiLoad or some other option.  

 
7. Unintended consequence: In 1920, Senator Wesley Jones would never have 

considered possible the production of oil 200 miles offshore in 1 mile of water 
from a reservoir 6 miles down. However, revisions to the Jones Act that might 
render it more applicable to today’s circumstances are not within the scope of 
this RPSEA project. 

 

6.3.11 LATE UPDATE 
 
In developing the numbers here, the assumption was that the cost of the HiLoad was $50,000 per 
day on a ten-year TC, based on assumptions made during February and March 2013 when this 
work was done. It was not possible to obtain an indication from Remora on this so an estimate 
was made by drawing on an investor’s meeting presentation on the Remora website showing a 
CAPEX of $100 million for a unit the same as the prototype. That was assumed to be reduced to 
$80 million for a GoM version and then translated to a typical TC rate for a ten-year term of 
$50,000. Later in July when the picture became clearer on what a GoM version really might cost, 
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it appeared that the CAPEX is higher and closer to $120 million. Accordingly, a sensitivity case 
was run with a TC number of $66,000 per day instead of the earlier $50,000 per day. Table 6.3-8 
was rerun to recalculate the offloading spread costs and shown here as Table 6.3-13. Similarly, 
Table 6.3-9 was rerun to compute these costs on a $/bbl basis for Scenario 1 and is included here 
as Table 6.3-14. Table 6.3-10 for the production rates assumed for Scenarios 2 and 3 was also 
rerun and included here as Table 6.3-15. 
 
The effect of the change was that HiLoad now became the highest cost option of the four 
offloading options in all instances. 
 
Finally at WPG 5 on 14 August 2013, it emerged that the most likely CAPEX indication for a 
GoM version of HiLoad would be somewhat higher at $132 million. For the screening purposes 
here, it was deemed that further re-runs of these economics were unnecessary. 
 
 
Table 6.3-13 Offloading System Cost Indications for GoM Service in 2013, $/day, based 

on a GoM HiLoad at $66K/day instead of $50K/day 

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, Floating 
Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary Hose

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary Hose 

Contract 
Term, 
years 

Equipment in 
offloading 
system 

2 tankers 2 tankers 2 tankers 2 tankers 

1 hold off tug 1 hold off tug - - - HiLoad DP 

1 hose & 
hawser 

handling vessel 

- - - - - - - - - 

   

Example: MWCC, Helix 
Cascade/ 
Chinook 

North Sea RPSEA Project 
 

No 
adjustment 
for uptime 

139,418 139,746 166,018 205,418 16 

141,506 142,004 169,000 207,506
12 to 

15 

149,686 150,854 180,686 215,686
10 to 

11 
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Table 6.3-13 Offloading System Cost Indications for GoM Service in 2013, $/day, based 
on a GoM HiLoad at $66K/day instead of $50K/day 

Offloading 
Configuration 

Option 1: 
Conventional 
Tanker with 

Tugs, Floating 
Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary Hose

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary Hose 

Contract 
Term, 
years 

181,170 184,914 225,663 247,170 2 to 9 

Now assume 
uptimes, % 

90 96 98 98

With 
adjustment 
for uptime 

154,909 145,569 169,406 209,611 16 

157,229 147,921 172,449 211,740
12 to 

15 

166,317 157,139 184,373 220,087
10 to 

11 

201,299 192,619 230,268 252,214 2 to 9 

 

Table 6.3-14 Trends on $/bbl Economics for Scenario 1, with HiLoad at $66K/day Instead of 
$50K/day 

Offloading 
Configuration: 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating 

Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

Indication of 
Jones Act 
transportation 
cost, $/bbl 

1.94 1.82 2.12 2.62 16 

1.97 1.85 2.16 2.65 12 to 15 

2.08 1.96 2.30 2.75 10 to 11 

2.52 2.41 2.88 3.15 2 to 9 

Use of foreign 
flag tankers—
transportation 

0.88 0.64 0.73 1.62 16 

0.89 0.65 0.74 1.63 12 to 15 

0.92 0.68 0.79 1.68 10 to 11 
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Table 6.3-14 Trends on $/bbl Economics for Scenario 1, with HiLoad at $66K/day Instead of 
$50K/day 

Offloading 
Configuration: 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating 

Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

cost, $/bbl 1.05 0.78 0.96 1.85 2 to 9 

 
 

Table 6.3-15 Trends on $/bbl Economics for Scenarios 2 and 3 Based on $66K/day Instead of 
$50K/day (a) 

Offloading 
Configuration: 

Option 1: 
Conventional 
Tanker with 

Tugs, 
Floating Hose 

Option 2: 
Enhanced 

Maneuverability 
Tanker (CPP, 

bow thrusters), 
BLS + Catenary 

Hose 

Option 3: 
DP2 Shuttle 
Tanker, no 

Tugs, BLS + 
Catenary 

Hose 

Option 4: 
Conventional 
Tanker with 
HiLoad DP, 

Catenary 
Hose 

Contract 
Term, 
years 

Indication of 
Jones Act 
transportation 
cost, $/bbl 

1.61 1.52 1.76 2.18 16 

1.64 1.54 1.80 2.21 12 to 15 

1.73 1.64 1.92 2.29 10 to 11 

2.10 2.01 2.40 2.63 2 to 9 

Use of foreign 
flag tankers—
transportation 
cost, $/bbl 

0.73 0.54 0.61 1.35 16 

0.74 0.54 0.62 1.36 12 to 15 

0.77 0.56 0.66 1.40 10 to 11 

0.88 0.65 0.80 1.54 2 to 9 

Note: (a) Rate suggested for screening purposes; not endorsed by Remora. 
 
 

6.3.12 RESOLUTION OF OPEN ISSUES AND CLOSEOUT 
 
The project closeout is relatively simple administratively:  Assuring the client (RPSEA) that all 
bills for the project are paid, no project claims are outstanding, project-related taxes are paid, and 
documentation requirements are all met. While the majority of the work was satisfactorily 
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completed without controversy, a few operational and technical issues were the subject of 
discussion particularly with operators in the WPG meetings, but these are now satisfactorily 
resolved. 
 

6.3.12.1 Hurricane Avoidance 
 
In WPG 1, the discussion led to the idea that when the HiLoad is operating with an FPSO, if 
there is a hurricane event, the HiLoad would immediately depart when the FPSO started its 
24-hour countdown and preparation to disconnect and sail away. While the FPSO might sail 
away at about 12 kn, the HiLoad could only manage about 4 kn and thus, if decided to go to port, 
it might take three days to reach a safe refuge at a GoM port that could be perhaps 300 nautical 
miles away. Hurricanes are notorious for changing direction, speeds and intensity. They have 
been known to develop rapidly within the GoM instead of travelling over a long and sometimes 
predictable path from out in the Atlantic.  
 
All this raises questions regarding how best to deal with hurricane events. Some operators at 
WPG 5 felt that it may be preferable to simply retreat to a safe area offshore and wait out there 
before returning to duty.  
 
What the primary method for hurricane avoidance should be may differ based on various 
operators’ philosophies, but as some operators has explained in WPG meetings, hurricane 
avoidance should be planned as sailing towards a position in open waters that is in a safe sector 
of the hurricane. This is in line with Remora’s opinion. The forecast for hurricanes is normally 
known at least 72 hours before its arrival, which would give the HiLoad sufficient time to escape 
with its cruising speed of approximately 4 kn.  

 
A secondary plan that some operators might chose is escape into a port. This now can be done 
since the HiLoad DP GoM with its 45-ft draft is designed to be capable of entering several GoM 
ports. 

 
The maximum speed for the HiLoad DP GoM is approximately 4.8 kn; therefore, if an 
emergency plan requires the HiLoad to speed away faster, one of the field support vessels would 
need to assist as a towing force. If a tug boat/OSV with 150-ton bollard pull is used, then with 
the HiLoad DP GoM thrusters, the escape speed could be increased to around 6.5 kn with the 
HiLoad engines running at 75% and to around 7.3 kn with the HiLoad DP GoM thrusters 
running at 100%. The towing brackets of the HiLoad DP GoM will be designed for at least 
200-ton + required safety factors. A 200-ton bollard pull OSV in combination with the HiLoad 
DP GoM thrusters at 75% or 100% could achieve approximately 7.5 kn or 8.3 kn, respectively. 
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If all these methods fail, the HiLoad DP GoM also will be designed for survival during a 
hurricane event as free-floating at its survival draft kept in position and at the preferred heading 
by use of its DP system. 
 
The hurricane avoidance question is not restricted to Scenario 1. Use of a HiLoad at a platform in 
Scenario 2 would still require the HiLoad to depart as the risk of collision with the platform 
during the hurricane would need to be eliminated. A hurricane coming up in the course of oil 
spill recovery operations in Scenario 3 would likewise call for demobilization to escape the 
hurricane and avoid collision with other vessels. 
 
The GoM tradition that began in the 1950s, of removing everyone from offshore installations so 
they could attend to preparations at their homes and farms before a hurricane, still continues 
today. The primary reason to down-man, however, is to reduce the cumulative risk to personnel 
on the platform. The practice in the GoM is to remove ALL personnel in advance of a hurricane, 
in contrast to other parts of the world encountering storms of roughly similar intensity – such as 
in the North Sea and Western Australia – where crews normally stay on board in what is termed 
an ‘Operational Condition.’ Because of the remote locations, the planning to demobilize 
non-essential personnel must occur early and it becomes more of a business interruption and 
inconvenience. These days, offshore platforms are being built to 1:10,000 year ‘Survival’ 
conditions, so a 1:100 year event is now considered ‘Operational’ and the facility keeps 
producing. 
  
The DNV classification certificate for the HiLoad prototype has this language: 
 

3.2 Operational restrictions 
The unit is to operate within a distance of 3 nautical miles from the base unit. For 
intrafield transits the unit is to be accompanied by a support vessel. Inter-field transits 
are to be carried out by use of barge. 

 
This was initially seen as a serious restriction, but on seeing further communication from DNV, 
it was learned that this was related only to the absence of accommodation on the prototype to 
enable a voyage of say seven days, plus absence of appropriate lifesaving, communication, and 
safety equipment for such a voyage. The circumstances on the prototype were different from the 
GoM in that no lengthy voyages were ever needed, whether in its sea trial in Norway or in its 
later use offshore Brazil where it stays close to a mother ship and hurricanes are not a 
consideration. Thus, by making these additions in the GoM HiLoad, HiLoad would be made 
“GoM-suitable.” 
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6.3.12.2 GoM Port Entry 
 
Once the HiLoad is close to completing its escape voyage, it may need to arrive at a port to 
disembark the crew. It also may need to enter port for service, training, and storage between 
emergency assignments for Scenarios 2 and 3. Most GoM ports have a draft limit of no more 
than 40 ft. Houston and Corpus Christi have “45 ft. authorized depth” channels. HiLoad is 
expected to be able to get into one or more of the GoM ports for service, training, and storage 
between emergency assignments. 
   
Feasibility of a GoM-suitable design for no more than a 45-ft draft was shown by Remora, 
meaning that the port entry issue can be answered. It was seen too that some economies may be 
realized in construction by making the maximum draft 40 ft or less. However, that benefit and 
the increased versatility for being able to enter any GoM port would be outside the scope of the 
current project and more in the realm of future work for consideration of future requirements. 
 

6.3.12.3 Stability 
 
Simultaneous with the port entry issue, the GoM-suitable design must have adequate intact and 
damaged stability for all expected drafts in GoM service.  
 
The usual configuration of HiLoad prompted discussion on showing it can indeed offer the 
needed stability for GoM service. Key to understanding the stability is how it is more like a 
submarine’s stability requirements than these of a MODU or ship. The VCG must always be 
below the CB. The pontoon with its non-buoyant heavy ballast keel below provided that stability. 
Calculations provided to DNV were examined and stability was discussed before and during 
WPG 5. This due diligence process resulted in the conclusion that the GoM-suitable design of 
HiLoad could indeed be made to satisfy proven stability standards. 
 

6.3.12.4 Clear Time and Cost for GoM Construction 
 
Confusion remained after WPG 4 as to what the “drive-out price” of a GoM-suitable HiLoad 
would really be. Clarification was later provided as to both price and delivery time from receipt 
of a firm contract order to delivery to a customer, as fully described in Section 8. Similarly, a 
non-binding price indication was developed, including proper allowance to Remora for its 
technology cost and profit, plus some allowance for contingency, all such that an operator would 
have a credible project figure to use for planning purposes (see Section 8 for details). 
 
One result of the due diligence on this issue is that Signal in the U.S. GoM region may be an 
excellent place to build one of these units for the GoM or perhaps for another part of the world. 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 254 of 328 
 

 

6.3.12.5 Conclusions 
 
The “vetting for the GoM” process here is different from that for other parts of the world that 
may contemplate use of HiLoad, such as Brazil or West Africa where hurricanes and port draft 
limitations do not apply and the scale of operations affecting the economics for HiLoad is quite 
different. 
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7 TECHNOLOGY TRANSFER 

Remora has made available critical model test data that apply to the operation of a HiLoad under 
GoM hurricane conditions. Additionally, a number of videos are available on Remora’s website, 
showing construction of the prototype and its sea trials, all available at this link: 
http://www.remoratech.com/index.php?sideID=187&ledd2=130. 
 
7.1 FRONT-END AND CORPORATE CONTRIBUTIONS 
 
Remora provided the HiLoad DP model test reports and the associated videos for the model tests 
performed for GoM hurricane conditions that represent the latest post-2007 environmental 
criteria adopted by the GoM offshore community and as used in the design for the HiLoad for 
GoM. 
 
This model test work was performed by Remora at MARINTEK in Norway. It represents a cost 
to Remora of $396,000 from a total model test investment of approximately $2,3000,000. 
 

7.2 DOCUMENT, DESCRIBE APPLICABILITY OF COST SHARE INFORMATION 
 
The HiLoad model test information is represented on the RPSEA books at $211.000. 
 

7.3 STAGE, MINUTE, DOCUMENT TAC (2) AND WORKING PROJECT GROUP 
MEETINGS (5) (TASKS 15, 16, AND 18) 

 
Presentations were made at three TAC meetings: one in the second half of 2012 and two in the 
first half of 2013. 
 
WPG meetings have been staged and are fully documented as highlighted in Section 6, with 
attendees receiving full copies of all presentations and the extensive meeting notes made to 
document each meeting. 
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8 ADAPTATION OF HILOAD PD PROTOTYPE TO GOM 
REQUIREMENTS 

8.1 CHANGES IN PROTOTYPE FOR THE GOM FOR NORMAL 
OFFLOADING AND EMERGENCY SERVICES 

 
The HiLoad DP GoM has been designed to fulfill the operation conditions defined for the 
RPSEA project for the following scenarios:  
 

 Scenario 1: Offloading from FPSO 
 Scenario 2: Emergency Offloading from Platforms 

 Scenario 3: Offloading from Oil Spill Recovery Systems 

 
The first part of this section summarizes some of the main design basis requirements that will 
have direct consequence on the design of the HiLoad DP GoM. The subsequent sections describe 
how these design requirements are implemented in the design for the HiLoad DP GoM.  
 
All the changes refer to the original prototype design of HiLoad DP1 (or prototype). The new 
design is described as the “HiLoad DP GoM.”  
 

8.1.1 VESSEL SIZE FOR GOM OPERATION 
 
HiLoad DP1 was designed to operate with tanker size from Aframax to VLCCs of 320.000 DWT 
as shown on Figure 8.1-1. For GoM operation, the maximum vessel size will be Aframax and 
minimum size Handymax. All DP station-keeping analysis carried out for the RPSEA project 
(refer to Task 4 described in Section 4.4) has been done by use of an Aframax-size tanker in 
ballast and fully loaded condition (i.e., conservative).  
 
Currently, there is no GoM-suitable Jones Act tanker of Aframax size and to obtain a Jones Act 
waiver on a foreign-flag Aframax probably would be difficult, so the analysis is somewhat 
theoretical, but conservative. However, the purpose of the analysis is to document that the 
HiLoad DP GoM could handle a tanker of that size with a high degree of uptime. Once it has 
sufficient power to handle the Aframax then it will be able to handle the commonly used 
Handymax size with an even higher degree of uptime. 
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Figure 8.1-1 HiLoad DP1 and Different Tanker Sizes 
 
 
8.1.2 CHOICE OF OPERATING CONDITIONS – UPTIME ANALYSIS 
 
Review of metocean data for the GoM has been conducted during the RPSEA project. The 
metocean data mainly studied are:  
 

 API 2INT 
 Thunderhorse site-specific data for the Central GoM (provided by BP for the 

RPSEA project) 
 
A DP station-keeping uptime analysis was carried out by Marin based on the above metocean 
data (Task 4). In total 35.000 combinations of wave, wind, and current were calculated for an 
Aframax tanker in ballast and loaded condition, which would be the worst-case scenario with 
regards to required thruster force (Handymax will require less thruster force).  
 

HANDYMAX TANKER

PANAMAX TANKER

AFRAMAX TANKER

SUEZMAX TANKER

VLCC

 

 

HiLoad DP GoM 
- Handymax 
- Panamax 
- Aframax 

Dimensions for HiLoad DP1 shown.  
All drawings in scale. 

HiLoad DP1 
- Aframax 
- Suezmax 
- VLCC 
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It was concluded that Scenario 2, Emergency Offloading from Platforms, would require the 
highest uptime of the three defined scenarios (due to direct production from platform – no 
storage).  
 
The goal defined in the RPSEA project by Remora was to achieve a minimum uptime with 
operation in DP2 mode for a loaded tanker in the Central GoM as follows: 
 

 Aframax tanker:  96% 
 Handymax tanker:  98% 

 
Furthermore, the additional requirements were defined:  
 

 DP2 operation: Keep position even with one major system down and still obtain 
above the defined uptime (thruster, engine, or other major system down). 

 
 Include minimum 20% “dynamic allowance”: A dynamic allowance is always 

added to the calculated required mean thruster force to keep the vessel in position 
under specific defined environmental conditions (wind, wave, and current). The 
dynamic allowance is additional capacity added to the thruster and propulsion 
system to take into account the dynamic effect of wind, waves, and current since 
they are not static. The typical recommended dynamic allowance used in the 
shipping and oil and gas industry is from 15% (used by Petrobras) to 20–25% 
(used by Kongsberg and other DP suppliers).  

 
 Include allowance for loss of thruster force in current according to thruster 

maker’s input. 
 
 
8.1.3 ASSESSMENT OF GOM ENVIRONMENTAL CONDITIONS 
 
Assessment of the environmental conditions for the entire GoM was carried out during the 
RPSEA project. The GoM is divided into four main areas (see Figure 8.1-2): 
 

 West 
 West Central 
 Central 
 East 

 
The conclusion of the evaluation is that the central GoM has the most challenging environmental 
conditions both with respect to design (100-year conditions) as well as for DP station-keeping 
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point of view (strong loop current). The Central GoM was therefore selected both as the 
as-design and operating conditions, thus, operation in the entire GoM is covered.  
 

 
Figure 8.1-2 Metocean Data in the GoM – Main Areas 
 
 
8.1.4 ASSESSMENT OF GOM ENVIRONMENTAL CONDITIONS – CURRENT AND 

WAVES 
 
As part of the comprehensive assessment of the environmental conditions for the GoM, the 
probability of non-exceedance was studied for current and waves. The Central GoM was also 
used for this assessment. As a reference, the comparable probability for Santos Basin in Brazil 
was used, as depicted by the red curve on Figure 8.1-3.  
 
8.1.4.1 Current 
 
As shown on Figure 8.1-3, the current will be less than 1.25 m/sec for 98.5% of the time in the 
Central GoM. As a reference, the maximum current limit during offloading at the first FPSO in 
the GoM, Cascade Chinook, is set at 1.20 m/sec.  

Thunderhorse Platform 
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Figure 8.1-3 Current: Probability of Non-exceedance 
 
 
 
8.1.4.2 Waves 
 
As shown on Figure 8.1-4, the significant wave height will be less than 3.5 m for 99% of the 
time in the Central GoM. As a reference, the maximum wave limit during offloading at the first 
FPSO in the GoM, Cascade Chinook, is set at 3.4 m. The HiLoad DP1 has already safely 
operated with tankers in the North Sea in significant wave height of 3.5 m. Furthermore, the 
HiLoad has been model-tested for docking/undocking to tankers in significant wave heights of 
4.5 m. 
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Figure 8.1-4 Waves: Probability of Non-exceedance 
 
 
8.1.5 UPTIME ANALYSIS BY MARIN—SUMMARY OF RESULTS 
 
Marin carried out calculation of mean environmental loads and resulting required thrust force 
and direction 35.000 combinations of Wave, Wind, and Current calculated for Aframax tanker in 
ballast and loaded condition in the Central GoM. The detailed results from these analyses are 
provided in Section 4.4.  
 
The curve on Figure 8.1-5 summarizes the thrust requirements to keep an Aframax tanker in 
position in ballast and loaded conditions in the Central GoM. The curves were prepared based on 
the results from the 35.000 calculation runs carried out by Marin. The results take into account 
20% dynamic allowance and thruster loss in current addressed in Section 0 above.  
 
As can be concluded from the curve, 80-ton efficient bollard pull will be needed to obtain greater 
than 96% uptime for an Aframax tanker in loaded condition. The corresponding uptime for 
ballast condition is 97.5%. 
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Figure 8.1-5 Required Thruster Force: Aframax Tanker, Central GoM 
 
 
Future Assessment of Loop Current 
 
The Project Champion for the RPSEA project provided relevant input related to evaluation of 
loop current in the WPG 5 meeting. Their input is provided in Appendix Error! Reference 
source not found..  
 
Remora agrees with the input provided, thus additional analysis and assessment of this topic is 
recommended in cooperation with each specific operator in the future, but not as part of the 
RPSEA project. 
 
It should be noted that Remora has worked in close cooperation with Marin in The Netherlands 
and Houston regarding DP uptime analyses for several projects, including the RPSEA project 
(refer to Task 4 as described in Section 4.4). Marin and Remora have jointly developed a DP 
Analysis Tool for the HiLoad DP that also was used for the RPSEA project. This tool will be 
used for any operator-specific analyses carried out in the future.  
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8.1.6 RECOMMENDED THRUSTER CAPACITY FOR HILOAD DP GOM 
 
To achieve minimum 96% uptime for a loaded Aframax and 98% uptime for a loaded Handymax 
in the Central GoM, 80-metric-ton efficient bollard pull will be required with one major system 
out of operation (thruster/engine, etc.). A minimum 120-metric-ton bollard pull will therefore be 
required with all three thrusters working. 
 
The new engine/thruster arrangement proposed for the HiLoad DP GoM will give 125-ton 
effective bollard pull (83-ton with two thrusters) as further described in Section 0 below. This 
thruster capacity will give a minimum DP station-keeping uptime in the Central GoM of 96.5% 
for a loaded Aframax-size tanker and 97.5% for a tanker in ballast.  
 

Uptime with Handymax Tankers 
 
Marin has estimated the current, wind, and wave loads for Handymax tankers to be 30% less 
compared to Aframax tankers. Based on this, it is estimated that the uptime for Handymax 
vessels will be:  
 

 Ballast condition: 98.5% 
 Loaded condition 98.0% 

 
The uptime described is for the Central GoM and will be higher for any other locations in the 
GoM (West, West Central, or East) as the current is lower at these locations; current is clearly 
the “driving factor” for DP station-keeping.  
 

8.1.7 DESIGN CONDITIONS, SURVIVAL – HILOAD DP GOM 
 
The main method for survival during large hurricanes and 100-year storm shall be to escape. A 
large hurricane or 100-year storm is typically forecasted at least three days ahead and the HiLoad 
DP GoM shall then start its escape into areas where the hurricane will not hit. Within these three 
days, the HiLoad DP GoM will be able to move approximately 350 nautical miles with the 
indented installed power. If the HiLoad DP GoM is built with the small keel (45 ft draft), then it 
also could go into a U.S. port and be moored there during the hurricane. But independent of this, 
the HiLoad DP GoM shall, as the HiLoad DP1, be designed for survival in a 100-year 
storm/hurricane condition in the GoM. 
  
Assessment of the 100-year design conditions for all areas of the GoM according to 
API 2INT-MET has been carried out during the RPSEA study. Figure 8.1-6 gives an overview of 
the difference in 100-year design conditions for the four areas of the GoM. Again, the Central 
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GoM has the most severe conditions. The design condition defined for the HiLoad DP GoM in 
Design Basin (refer to Section 4.3.4.2) is based on the Central GoM. By designing for these 
environmental data, conditions in the entire GoM are addressed. 
 
 
Definitions: 100-year condition 
Wind: 1-min average 
Waves: Significant wave height, Hs 
Current: Speed at 10 meters depth 

  

 
Figure 8.1-6 100-Year Design Conditions for the GoM 
 
 
 
8.1.8 DESIGN OF HILOAD DP GOM – GENERAL 
 
The primary changes in the design of the HiLoad DP GoM compared to the prototype HiLoad 
DP1 are summarized in this section and described in further detail in the following sections.  
 
8.1.8.1 Thruster Force and Engine Power 
 
The required thruster force to obtain the desired uptime for the GoM is 125-metric-ton efficient 
bollard pull (all thruster losses taken into account). The comparable bollard pull for the HiLoad 
DP1 is 102 ton. The increased thruster power and thereby engine size will be in the magnitude of 
20%. The main engines will be increased from 3 x 2,350 bkW to 3 x 2,800 bkW. 
 

8.1.8.2 Tower Height 
 
The height of the HiLoad DP1 allows it to connect to tankers up to VLCC size of 320.000 DWT. 
This necessitates very high towers and a corresponding deep keel to control the VCG and 

 Wind: 50.8 m/sec 
Waves: 13,1 m 
Current: 1.91 m/sec 

Wind: 48.2 m/sec 
Waves: 12,3 m 
Current: 1.87 m/sec 

Wind: 62.8 m/sec 
Waves: 15.8 m 
Current: 2.30 m/sec 

Wind: 48.7 m/sec 
Waves: 12,2 m 
Current: 1.90 m/sec 
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stability. The tower height of the HiLoad DP GoM, since it shall only be able to handle 
Aframax-size vessels, can be reduced with 4 m (13 ft) as described in the following sections.  
 

8.1.8.3 Shorter Loading Hose 
 
The length of the hose between the HiLoad and the tanker can be reduced due to the smaller 
tanker since it does not need to reach all the way to a VLCC midship manifold. 
 

8.1.8.4 Minimum Draft 
 
The minimum draft of the HiLoad DP1 is 17 m (56 ft). The minimum draft is used only during 
maintenance (e.g., friction attachment system) and if going into a shallow port. This draft is 
considered a challenge in the GoM because no harbor is suited to fit this large a draft, thus 
reduction in the keel depth would be favorable. Evaluations have concluded that the draft can be 
reduced to 13.7 m (45 ft). This is addressed further in Section 0. 
 

8.1.8.5 Fuel, Accommodation, and Potable Water 
 
The prototype HiLoad DP1 is designed and constructed to operate from one specified FPSO with 
daily docking to the mother vessel. Operation in the GoM to fit all three operating scenarios will 
require some additional facilities and capacities:  
 

 A small accommodation unit to be included 
 Potable water system to be added, including a storage tank for potable water 
 Fuel capacity to be increased from 104 m3 to 193 m3 

 
8.1.8.6 Oil Spill Detection System 
 
The HiLoad DP GoM can be outfitted with an oil spill monitoring system. Such a system is not 
installed on the HiLoad DP1, but is now available and recommended as long as the 
FPSO/platform or emergency vessel has it onboard, which the data should be compared against. 
This system is discussed in Section 0 and more fully described in Appendix A.4. 
 

8.1.8.7 Assessment – Parking of the HiLoad DP GoM on the Seabed 
 
During WPG 4, the question of the feasibility of parking the HiLoad DP GoM on the seabed, 
such as in the Houston Ship Channel, was discussed. An assessment of the feasibility of such a 
solution is discussed in Section 0 and more fully described in Appendix E.5. 
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The proposed modifications to solve the above-described requirement are detailed in Table 8.1-1 
with respect to reasons for change, consequences, and practical solutions. Further details and 
solutions are discussed in subsequent sections.  
 
 

Table 8.1-1 Required Changes for GoM Operation 

Main Change 

Changes as 
Consequence of 
Main Change Solution 

HiLoad DP1 
Prototype HiLoad DP GoM 

Increased 
Thruster 
Capacity 

Increased engine 
power 

Same engine with 
increased  power 
delivered by Caterpillar 
or alternatively similar 
range by MTU 

3 x 2,350 kW 3 x 2,800 kW 

Modified utility 
systems for 
engines 

Existing systems can be 
scaled to suit new 
requirements for 
cooling, lubrication, air, 
and exhaust 

    

Larger thrusters 
Strengthening of 
foundations 

3 x 43 ton 
(theoretical BP) 

3 x 50 ton 
(theoretical BP) 

Increased Fuel 
Tank Capacity 

Modification of 
existing ballast 
tanks (2) that are 
defined as voids 
on prototype 

Modification to filling 
lines 

104 cubic meters 191 cubic meters 

Tanks to be 
disconnected from 
ballast system 

  
New filling lines 
or combine with 
lines for tank 1 

Accommodation 
for Crew 

Recreation / 
living quarters to 
be implemented 
in tower section   

Include living quarters 
on aft side of port tower 
at elevation 33,500 

Container-based 
recreation 
module 

Living quarters 
for up to 4 
persons 
implemented in 
superstructure 

New potable 
water system to 
be included. 

Trim tanks not used on 
prototype to be 
redefined to potable 
water tanks 

No potable water. 
Only technical 
freshwater 
system 

160 cubic meters 
potable water 
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Table 8.1-1 Required Changes for GoM Operation 

Main Change 

Changes as 
Consequence of 
Main Change Solution 

HiLoad DP1 
Prototype HiLoad DP GoM 

Disconnect tanks from  
ballast system 

  

Install new filling lines    

Install new distribution 
lines 

  

Accommodation 
for Crew 

(continued) 

New man 
overboard 
(MOB) boat 
required since 
the HiLoad 
should be able to 
be autonomous 
for some days 

Install a new MOB boat 
at top of the HiLoad 

No MOB 
installed 

Small MOB boat 
handled by the 
crane designed 
for personnel lift 
installed 

Lowering of 
tower structure 
4 meters 

Define new 
survival and 
transit draft  

(measured above 
pontoon bottom) 

Redesign upper tower 
structure 

Survival 21 
meters 
Transit 15 meters 

Survival 17 
meters 
Transit 12 meters 

Hydrodynamic 
calculations / model test 

Maximum 
elevation: 47,500 

Maximum 
elevation: 43,500 

Modify and 
optimize keel 
structure 

Redesign keel structure    

New stability analysis 
with reduced vertical 
moment 

Fixed ballast 
1,750 ton 

Approximately 
2,250; to be 

analyzed 

Optimize depth of keel 
with reduced vertical 
moment 

 Keel at 
Elevation  
-11 meters 

Keel at Elevation 
-8.2 meters 

Decreased length 
of loading hose 

No need for such 
a long hose 

Shorten the hose 170-meter hose 
Approximately 
120-meter hose 
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Table 8.1-1 Required Changes for GoM Operation 

Main Change 

Changes as 
Consequence of 
Main Change Solution 

HiLoad DP1 
Prototype HiLoad DP GoM 

Less weight in 
tower 

Reduced weight in 
tower increases stability 

which can be used as 
part of the solution to 
lower the keel/draft  

Keel at  
Elevation 
-11 meters 

Keel at  
Elevation 
-1 meter 
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8.1.9 THRUSTER FORCE  
 
The thrusters for HiLoad DP GoM shall be designed to obtain 125-metric-ton effective bollard 
pull. This means that 3 x 2,800 kW thruster and engines will have to be installed. 
 
The thruster installation on the HiLoad DP1 is 3 x 2,350 kW high-speed Caterpillars with direct 
drive Wärtsilä thrusters (see Figure 8.1-7). A shaft generator is mounted in the opposite end of 
the engine, delivering power to the large ballast pumps and other utility systems on the HiLoad. 
It should be noted that the large power consumers beside the thrusters on the HiLoad are never 
utilized at the same time that full-thrust force is required. There is, therefore, no conflict in using 
the same engine for power generation and for running the thrusters. DP2 class requires that one 
major system can be out of order and the vessel shall still be able to operate up to its maximum 
requirement, so all calculations are based on two systems in operation. 
  

 
Figure 8.1-7 Engine /Thruster Arrangement on the HiLoad DP1 

 
 
The high-speed engine is compact in size and is therefore appropriate for use in the HiLoad. 
When the prototype was built, these engines represented the maximum available power for this 
type of engine. Caterpillar has recently developed these engines further and can now deliver the 
next generation (CAT C 175/16) with 2,800 kW (see Figure 8.1-8). This engine type matches the 
required increase in thruster force so the same machinery layout can be used for the HiLoad DP 
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GoM. Another alternative engine maker is MTU 20V4000P83 (2,800 kW/1,800 revolutions per 
minute [rpm]). The size and weight of this engine is similar to the Caterpillar engine.  
 

 

Figure 8.1-8 Caterpillar C175/16 (2,800 kW/1,800rpm) 
 
The same type of thrusters used on the prototype also can be utilized on the HiLoad DP GoM. 
These are regular tug thrusters slightly modified by Wärtsilä to fit the HiLoad with respect to the 
large draft change (see Figure 8.1-9). The recommended thrusters have a diameter of 3 m and 
deliver a theoretical bollard pull of 48.4 tons. 
 

 

Figure 8.1-9 Wärtsilä Thrusters CS300 
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Thus, the recommendation for the HiLoad GoM is to keep the existing design, but to replace the 
engines and thrusters with one of the alternatives defined below: 
 

ENGINES 
 3 x Caterpillar C175/16 (2800 kW/1800 rpm) or 
 MTU 20V4000P83 (2800 kW/1800 rpm) 

 
THRUSTERS 

 3 x Wärtsilä Thrusters CS300 
 Propeller diameter 3.0 m 
 HR nozzle 
 Theoretical bollard pull: 48.4 ton 
 Estimated effective bollard pull with three thrusters = 125 ton 

 
 
Utility Systems 
 
All utility systems for the new engines will have to be checked and increased to fit the higher 
capacity. With exception of the fuel system, which requires special attention, all other systems 
can be increased by scaling the existing design. This is assumed to create no problems since the 
original design was based on a conservative design philosophy. 

 
8.1.10 TOWER HEIGHT  
 
HiLoad DP1 was designed to connect to any size tanker up to VLCCs of 320.000 DWT. Since 
the maximum size tanker for the GoM is Aframax, the height of the tower can be reduced by 4 m 
(13 ft). The HiLoad is sensitive to weight and CG and a reduction of the vertical moment by 
reducing the tower height would have several positive effects to the design depending on the 
priorities:   
 

 Less fixed ballast (draft is kept unchanged) 
 Reduced draft ( keel can be lifted with same amount fixed ballast) 
 Higher freeboard in surface connections (total weight is reduced) 
 Reduced building cost (total weight is reduced) 
 

8.1.10.1 Assessment of Survival Condition – HiLoad DP GoM 
 
The HiLoad DP GoM shall be designed for a survival condition of Hs = 16.0 m (100-year 
condition for the Central GoM). As illustrated on Figure 8.1-10, two earlier model tests were 
carried out for the HiLoad concept with wave height of Hs 16.0 m—the HiLoad LNG test in 
October 2005 and the HiLoad DP1 test in January 2007. 
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HiLoad LNG Test in October 2005 HiLoad DP1 Test in January 2007 

Figure 8.1-10 Model Testing of HiLoad in Hurricane Katrina Conditions  
(Hs = 16.0 meters) 

 
 
The survival draft is defined to be 21 m (El 21.000) above base line for the HiLoad DP1, which 
is defined as the bottom of the pontoon (total draft is therefore 21 m + 11 m = 32 m). This has to 
be altered with a reduced tower height. The critical parameters for this draft are the air gap up to 
the bridge structure and hose reel, as well as the distance down to the pontoon. The principal 
design of the HiLoad DP is to have a small water plane during operation, e.g., only the towers 
are in the water-air surface area, to ensure small motion impact due to waves. It is therefore 
important that the pontoon is well below the waves.  
 
Getting the pontoon partly out of the water leads to a major change in the stability parameters 
and thereby the motion characteristics and should therefore be avoided in 
operation/transit/survival. When part of the pontoon is above the surface, e.g., for friction pad 
maintenance, the intact stability is increased significantly, but so are the motion characteristics 
due to the waves. To obtain a gradual change in the stability and motion characteristics during 
such an operation, it is recommended to keep the HiLoad with some AFT trim so the forward 
part of the pontoon penetrates the water surface first. During such an operation, the stability and 
motion characteristics of the vessel change gradually and the operation can be carried out in open 
waters as was done in August 2013 in the English Channel during transportation of the HiLoad 
DP1 from Norway to Brazil. This also is the common way to deballast semi-submersible rigs 
with the same stability and motion phenomena as the HiLoad DP. A video showing deballasting 
of the HiLoad DP to surface position, is available on YouTube at 
http://www.youtube.com/watch?v=ez2ooPj7QqU. 
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The model tests performed at Marintek during the design of the HiLoad DP1 used a maximum 
sea state corresponding to hurricane Katrina in the GoM. The base case for a HiLoad is to move 
away from a hurricane, but if that is not possible, the HiLoad will be free-floating and kept in 
position with its own DP system.  
 
The model tests showed a relative maximum wave amplitude on the HiLoad towers of 11.1 m for 
a 180-degree wave direction (wave straight from behind). This is the most favorable direction 
and is the base case for a HiLoad in survival condition. The HiLoad has full heading control and 
can position itself in any draft and heading when free-floating. Assuming an equal crest and 
trough for the HiLoad DP GoM, the distance between the underside of the reel and the pontoon 
deck should be no less than 22.2 m to be able to operate at these survival conditions (see Figure 
8.1-11). The crest is usually a bit higher than the trough depth, so this is a conservative 
assumption. This distance between the top of pontoon and the lower part of the reel for the 
HiLoad DP1 is 26 m, so a reduction of the tower height of approximately 4 m should be 
achievable with a survival draft of approximately 17 m. 
 

8.1.10.2 Reduction of Tower Height – Stability Assessment 
 
If considering only what tanker sizes the HiLoad DP GoM should be able to handle, which is 
maximum Aframax-size, then the tower height could be decreased by approximately 10 m. 
However, the air gap required between the pontoon and the reel during a 100-year storm is 
approximately 22 m, so the tower height can be reduced only 4 m (see Figure 8.1-11). 
 
By reducing the height of the towers, the vertical moment generated by weight of the upper part 
of the towers is reduced with approximately 1,000 metric ton-meters (tm) (250 t x 4 m). The 
stability of the HiLoad is mainly based on a CG calculation since the VCG must always be kept 
below the vertical center of buoyancy (VCB). This means that the GM for the HiLoad DP is 
mainly achieved by calculating the distance from the VCB to the VCG. A reduction in the 
vertical moment can therefore be utilized in several ways, but the recommendation for the 
HiLoad DP GoM is:  
 

 New installations in the tower (like accommodation) 238 tm 
 Reducing draft by lifting keel as addressed in Section 0 below 
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Figure 8.1-11 4-Meter Reduction in Tower Height and 2.8-Meter Reduction in Keel Depth  
 
 
 
 
8.1.11 HILOAD DP GOM DRAFT 
 
An assessment of maximum depth for several locations in the GoM has been conducted. In 
general, the ship channel leading into a protected harbor for some ports in the GoM has a depth 
of 45 ft. An area close to Kiewit in Corpus Christi, Texas, with a “hole” dredged to a depth of up 
to 80 ft. However, the limitation is the entrance to these ports through the 45-ft ship channel. 
Some planned shuttle operations intend to adopt 40-ft drafts, but such a draft would not easily be 
possible for the HiLoad DP1 design, but might be possible with a major redesign that also 
involves four smaller thrusters instead of the three currently planned. 
 
A HiLoad DP GoM with maximum 45-ft draft would be preferred for the GoM operation, 
particularly for Scenarios 2 or 3 (standby service). The preferred solution would be to moor the 
HiLoad DP GoM alongside a dock at a selected port as described below. 
 

4.0 m 

2.8 m 

22.2 meter minimum 
distance for 100-year 
storm condition 
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A revised design of the HiLoad DP GoM has therefore been prepared to reflect a maximum 45-ft 
draft. The following key changes are required to obtain a maximum 45 ft compared to the design 
of the HiLoad DP1:  
 

 Lifting the keel 2.8 m 
 Increasing the ballast steel weight by 500 metric tons 
 Increasing the buoyancy of the pontoon to compensate for the increased ballast 

steel 
 
 
 

 
 
Figure 8.1-12 Minimum Draft for HiLoad DP GoM (45 feet) 
 
 
 
The 45-ft draft can be achieved by increasing the weight of fixed ballast at the same time as the 
keel structure is lifted so the vertical moment is kept constant. The weight of the total keel 
structure and fixed ballast is 2,200 tons for the HiLoad DP1. Lifting this weight 9 ft would 
require an additional weight of 500 ton to keep the vertical moment unchanged. This means that 
by increasing the weight of the fixed ballast by 500 tons, the maximum draft of 45 ft is 
achievable from a stability point of view.  
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The extra weight has to be compensated with corresponding extra buoyancy to avoid a large 
reduction in freeboard. This can be done by increasing the size of the submerged hull by 500 m3. 
By increasing the width of the pontoon rather than the length, the exposed area towards the 
dominating environmental forces (mainly current), and thereby the drag, can be kept unchanged. 
Figure 8.1-13 shows how the increased buoyancy will be added to the pontoon for the HiLoad 
DP GoM to obtain 45-ft draft. The overall pontoon width has been increased with 4 m (13 ft) 
compared to the HiLoad DP1.  

 

 
 
Figure 8.1-13 HiLoad Hull (Pontoon) for HiLoad DP1 and HiLoad DP GoM with 

Maximum 45 Feet Draft, Respectively 
 
 
General arrangement drawings and structural drawings of the HiLoad DP GoM with a maximum 
45-ft draft are included in Appendices Error! Reference source not found. and Error! 
Reference source not found.. A technical fact sheet for the HiLoad DP GoM is included in 
Appendix Error! Reference source not found..  
 
As described above, for standby service of the HiLoad DP GoM for Scenarios 2 or 3, the 
recommendation is to keep the vessel located at a port with sufficient draft, and if that port shall 
be in the GoM, the maximum 45-ft draft solution must be chosen. Being moored at a harbor is 
clearly seen as the best solution to keep the vessel well-maintained and ready for service on short 
notice.  
 

HiLoad DP1 HiLoad DP GoM 
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It should be noted that the HiLoad DP1 has been moored at two different ports in Norway; at the 
most recent location, the quay-side had 56-ft (17-m) draft, but a spacer-barge was moored in 
between to allow for more clearance. Figure 8.1-14 shows the HiLoad DP moored at one of the 
locations. A similar arrangement may be used for the HiLoad DP GoM.  
 
 

 
Figure 8.1-14 HiLoad DP1 Moored at Port of Kristiansand, Norway 

 
 
Less than 45 ft? 
 
Forty-five (45) ft is used as the maximum draft for the HiLoad DP GoM but, theoretically, there 
is no specific limit to how much the keel can be lifted for reduced draft. The consequence to 
lifting the keel further would be significant for the entire pontoon design with large changes to 
the main dimensions. It also would impact the choice of thrusters and propeller diameter to avoid 
too much influence with the structural trusses for the keel, etc. Increasing the width from 27 to 
31 m, as shown in the example above, is achievable with moderate changes to the current design 
based on the existing calculations and analysis. 
 
Table 8.1-2 shows that the required extra fixed ballast in the bottom of the keel for each foot of 
reduced draft is approximately 60 tons. The buoyancy of the pontoon would have to be increased 

Quayside 

Spacer Barge 

Mooring 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 278 of 328 
 

accordingly. The increased ballast weights in the table are estimated within 10% to 20% 
accuracy. 
 
 

Table 8.1-2 Additional Ballast Required for Drafts of 38 to 45 Feet 
 

Vertical Moment of Keel Structure for HiLoad DP1 

Weight  
(tons) 

Draft  
(feet) 

Vm  
(ton*feet) 

2,200 54 118,800 

Alternative Draft and Required Additional Ballast 

New Weight 
New Draft  

(feet) 
Additional Ballast 

(ton) 

Typical % Increase 
of Pontoon Width to 

Achieve Required 
Buoyancy 

2640 45 440 15% (4 meters) 

2700 44 500 17% (4.5 meters) 

2763 43 563 18% (4.9 meters) 

2829 42 629 20% (5.4 meters) 

2898 41 698 22% (5.9 meters) 

2970 40 770 24% (6.4 meters) 

3046 39 846 26% (7.0 meters) 

3126 38 926 28% (7.5 meters) 

 
 
In addition to the increased ballast weight, there will be smaller effects like shorter support 
structure, increased structural dimensions in keel and support structure, change in CB and 
additional steel weight with a larger pontoon. All these effects must be considered when the final 
new fixed ballast weight is decided. 
 
The effect of large changes on the pontoon design cannot be quantified without significant 
analyses and iteration processes to optimize the design. Damage stability and global structural 
strength especially would have to be evaluated. The main consequences for such a potential large 
design change are listed below and should be assessed in a subsequent project phase:  
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 The pontoon structure must be redesigned due to longer span and different layout. 
This will make the existing part of the structure heavier.  

 Larger volume of forward engine rooms will require actions to reduce trim in 
damage condition (this is the limiting stability case for current draft between 6 
and 14 m). Room must be divided or other measures must be introduced to 
prevent flooding of larger volume. This generally can be achieved by letting the 
increased buoyancy be separate voided space/cofferdams. 

 If the pontoon width increases so much that the distance between the towers also 
increases, the bridge structure dimensions between the towers also will increase 
due to the longer span. 

 Towing resistance will increase in the direction where the exposed area has 
increased, as will current forces if they are acting against the transverse direction 
of the heading on the weathervaning tanker. 

 Less space between the keel and the pontoon bottom makes it more difficult to 
design a keel with minimum impact on thrust from the thruster. A smaller 
propeller diameter that would give less thrust per kW might be required, i.e., 
larger engines are required to get the same bollard pull, which most likely would 
lead to the need for four thrusters and engines compared to three in the current 
HiLoad DP GoM design.  

 More space might reduce the complexity of the arrangement and may reduce 
building cost. 

 Larger deck area will increase the area of the attachment system, thereby 
increasing the friction holding capacity on small tankers with small drafts 

 Increased capacity of fuel and potable water tanks 
 

8.1.12 ACCOMMODATION 
 
Another required modification is to implement an accommodation for the crew with recreation, 
sleeping, and cooking facilities. The HiLoad is a small vessel with limited space so permanent 
accommodation for the whole crew over a longer period is not possible. The base case is that the 
crew is stationed on a base vessel that could be the FPSO, an FSO, the tanker, or another service 
vessel suited for the task. However, during operation and especially in the case of direct loading, 
the crew needs a place to rest, sleep, and prepare meals for a limited period of time. Also, during 
escape in advance of a hurricane, the crew could need accommodation for up to seven days, thus 
the HiLoad DP GoM will have fuel and storage capacity for consumables for seven days on its 
own journey in a harsh environment.  
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The HiLoad DP1 will be fitted with an external recreation module as part of the modifications 
for operations in Brazil, but for a GoM design, this room should be implemented as a permanent 
part of the structure. The room is shown on the general arrangement drawings on elevation 
33.500. The size is 4.8 x 6.7 m (16 x 22 ft). A man overboard (MOB) boat also will be fitted on 
the HiLoad DP GoM since the unit will be able to travel over large distances. 
 
 

 

    
 
Figure 8.1-15 Accommodation Implemented in Superstructure at EL 33.500 for HiLoad DP 

GoM 
 
 
 
8.1.13 POTABLE WATER SYSTEM 
 
A new accommodation block will be installed and will also require a system for potable water 
(see Figure 8.1-16). The HiLoad DP1 has a freshwater system, but this is only for technical use 
and is not suitable or sized to be used as a potable water system. There is, however, spare tank 
capacity in two trim tanks on the port and starboard sides that can be utilized for this purpose. 
The tanks have a total capacity of 160 m3. New filling and distribution tanks will have to be 
fitted and a freshwater cleaning system will have to be implemented. For this limited capacity, 
this is a rather small unit that can be located in one of the pump rooms.  
  

New Accomodation 

MOB Boat 
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Figure 8.1-16 Tanks Suited for Use as Potable Water Tanks 
 
 

 
 
8.1.14 FUEL TANK CAPACITY  
 
The operational scenarios in the GoM will require the HiLoad to operate as a self-contained 
vessel for a longer period, so the larger engines will require more fuel. Fuel can be refilled 
during operation, of course, but it would be an advantage to increase the capacity of the fuel 
tanks. This has been identified as a recommendation in the HAZID carried out for the RPSEA 
project (Task 2; see Section 4.2). This easily can be achieved by redefining ballast tanks no. 2 
port and starboard to fuel tanks (Figure 8.1-17). It would increase the fuel capacity from 100 m3 
to 191 m3 (90% increase). Trim tank 6 has the required capacity to compensate for the 
consumption and keep the trim constant during operation.  
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Figure 8.1-17 Tanks Available for Increased Fuel Capacity 
 

 
 
 
The new fuel tanks will be disconnected from the ballast system and connected to the two 
existing fuel tanks by a transfer system. In this way, the tanks could be filled and utilized by 
means of the existing filling and distribution lines without installation of new pipes in the tower 
sections. It is also important to keep the size of the tanks small, and avoid slack tanks and 
corresponding free surface effects.  
 
Fuel Range 
 
The Caterpillar C175/16 engines for the HiLoad DP GoM has a fuel consumption of 210 
g/bkW-hr (0.346 BSFC lb/hp-hr) at 1,800 rpm (see Figure 8.1-18). Based on two engines 
running constant at 50% of rated capacity, the fuel consumption will be approximately 14 tons 
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per day. The new tank capacity for HiLoad DP GoM will then be sufficient for 10- to 12-day 
continuous operation.  
 
If, during a hurricane, the HiLoad DP GoM speeds at 75% power on all three thrusters 
(approximately 4.1 kn) for 72 hours, it would travel approximately 300 nautical miles and use 93 
tons of fuel. It would then have the fuel capacity to run with two thrusters at 50% power (3 kn) 
for an additional seven days. 
 

Figure 8.1-18 Fuel Consumption, Caterpillar C175/16 
 

 
 

 
8.1.15 HILOAD DP OPERATION AREA 
 
The design of the HiLoad DP1 is based on an operational scenario where the HiLoad DP 
operates in a limited area close to the mother ship or the production unit. To save weight and 
cost, some equipment that is not absolutely necessary was not implemented for the prototype 
vessel. Such equipment is mainly related to accommodation, safety, communication, and 
navigation lights, as well as a MOB boat. This is the reason for the (R), for restricted area, after 
the classification notation given on the DNV Class Certificate for HiLoad DP1 (operation area 
defined as maximum 3 nautical miles from other vessel). The limitation is not required by the 
Class or flag state, but has been introduced by Remora to justify several exemptions from the 
MODU code. 
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For a modified version of the HiLoad DP suitable for operation over a larger area, as is desired in 
the GoM, the necessary additional equipment will be included and is summarized below:   
 

 Echo sound: The HiLoad prototype has no echo sounding system on board since 
operation at a limited oil field does not require this system. This system will be 
implemented in the new design. 

 Life raft launching: The HiLoad prototype has no life raft davit on the port 
tower; this was concluded to save weight. The life raft davit will be implemented 
in the new design. 

 Lifeboat: The HiLoad prototype has only a life raft and not a lifeboat. This item 
will need to be discussed further with Class. Several smaller vessels do not have a 
lifeboat and it is likely that the HiLoad does not need to have more than a life raft. 
A small lifeboat could be fitted to a new design, if required. 

 Magnetic compass: A magnetic compass will be included in the new design.  
 Navigation lights: Navigation lights will be included in the new design. 
 Pilot transfer arrangement: This exemption is not related to the 3-nautical-mile 

operation, but will have to be evaluated if it is required for a new design. 
 Radio equipment: Long distance radio equipment will be included in the new 

design. 
 Rescue boat: A MOB boat will be included in the new design (also shown on the 

revised drawings for the HiLoad DP GoM, 45 ft) 
 Sound reception system: A sound receiver system will be included in the new 

design. 
 
Also, refer to the statement from DNV received on August 14, 2013, regarding this subject and 
provided in Appendix Error! Reference source not found.. 
 
8.1.16 HURRICANE AVOIDANCE 
 
What the foremost method should be for hurricane avoidance might differ based on various 
operators’ philosophies. As some operators explained in the WPG meetings, and with which 
Remora agrees, hurricane avoidance should be planned as sailing towards a position in open 
waters that is in a safe sector of the hurricane. The forecast for hurricanes would normally be 
known at least 72 hours before its arrival, which gives the HiLoad sufficient time to escape with 
its cruising speed of approximately 4 kn.  
 
Some operators might have a secondary plan to escape into a port. This could be done since the 
HiLoad DP GoM, with a 45-ft draft, is designed to be capable of entering some of the GoM 
ports. 
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The maximum speed for the HiLoad DP GoM will be approximately 4.8 kn. If an emergency 
plan requires the HiLoad to move away at a higher speed, one of the field support vessels could 
be used to assist by towing the HiLoad vessel. By using a tug boat/OSV with 150-ton bollard 
pull in combination with the HiLoad DP GoM thrusters, the escape speed could be increased to 
around 6.5 kn with the HiLoad engines running at 75% and around 7.3 kn with the HiLoad 
thrusters running at 100%. The towing brackets of the HiLoad DP GoM will therefore be 
designed for at least 200 tons + required safety factor (by using a 200-ton bollard pull OSV in 
combination with the HiLoad thrusters, a speed of around 7.5/8.3 kn will be achieved, 
respectively). 
 
It should be noted that if the above-described evacuation plan failed for any reason and the 
HiLoad DP GoM is caught in a hurricane, the vessel has been model tested, designed, and 
approved by DNV for survival in significant wave heights of up to Hs = 16.0 m (52 ft) with 
maximum waves of 30 m (98 ft), i.e. similar to hurricane Katrina conditions. The vessel is 
therefore well-suited and designed to safely survive extreme wave and wind conditions above 
what is defined as the 100-year condition in the GoM. 
 
Regarding towing of the HiLoad DP GoM vessel, it should be noted that towing already has been 
performed on three earlier occasions for the HiLoad DP1: 
 

1. Tow from Haugesund to Stord (west coast of Norway) was carried out in 
March 2010 (see Figure 8.1-19). 

2. Tow from Stord to Kristiansand (west to south coast of Norway) was 
carried out in February 2011. Towing distance: 190 nautical miles. Rough 
weather with wave heights of Hs = 4.0 m and strong wind was experienced 
during part of this tow without causing any problems.  

3. Tow through the English Channel was carried out in August 2013 during 
transportation of the HiLoad DP1 from Norway to Brazil. The remaining 
portion of the trip to Brazil was carried out with the HiLoad DP1 attached to 
the Suezmax tanker Navion Anglia.  
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Figure 8.1-19 Towing of HiLoad DP1 

 

 
8.1.17 STABILITY ASSESSMENT 
 
Some of the operators participating in the RPSEA project provided questions and comments 
related to stability calculations for the HiLoad DP vessel. Remora replied to these in the form of 
a memorandum distributed at the WPG 5 meeting on August 14, 2013. A copy of this 
memorandum is included in Appendix Error! Reference source not found.. 
 

8.1.18 DP ASSURANCE AND OPERATIONAL PHILOSOPHY 
 
The Project Champion for the RPSEA Project provided valuable input related to DP Assurance 
and DP Operational Philosophy prior to the WPG 5 meeting (see Appendix Error! Reference 
source not found.). Remora confirms that the company will develop DP operational procedures 
in close cooperation with the specific operator, taking into account special requirements for the 
given client. One example of such implementation is for Remora’s client Petrobras for the 
HiLoad DP1 where the DP Acceptance Test was carried out in Norway in July 2013 prior to sail-
away to Brazil.  
 

Towing direction
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8.1.19 OIL SPILL DETECTION SYSTEM 
 
The HiLoad DP GoM can be equipped with two independent systems for detection of a possible 
oil spill during offloading operations. Such systems also were recommended in the HAZID 
carried out for the RPSEA Project (Task 2; Section 4.2; also see Appendix E.4). 
 

8.1.20 PARKING OF THE HILOAD DP GOM ON THE SEABED – ASSESSMENT 
 
During WPG 4, the feasibility of parking the HiLoad DP GoM on the seabed, for instance in 
Houston Ship Channel, was discussed. Remora, in close cooperation with Marin (Task 4 
contractor), has carried out a preliminary assessment of such a solution. A summary of this 
assessment is provided in Appendix E.5. 

 
8.1.21 GENERAL ARRANGEMENT – HILOAD DP GOM 
 
General arrangement drawings, main structural drawings, and a technical fact sheet for the 
HiLoad DP GoM (45-ft draft) are included in Appendices Error! Reference source not found., 
E.2, and E.3, respectively.  
 

  
Figure 8.1-20 Forward View—HiLoad DP GoM  

 
 



 
 RPSEA Project No.: 10121-4407-01

Deepwater Direct Offloading Systems
 

01 October 2013  Page 288 of 328 
 

  
Figure 8.1-21 Aft View—HiLoad DP GoM 
 

              
                    

 
 
8.1.22 WEIGHT ESTIMATE—HILOAD DP GOM 
 
8.1.22.1 Weight Estimate and Weight Control—HiLoad DP1 
 
The weight summary below is based on rigorous weight control of the HiLoad DP1 from first 
start of the engineering until the light ship survey was conducted in connection with the 
inclination test. The distribution of weights to the different items was from the start based on 
estimates, calculations and material take-offs (MTOs) from the design work. Additional 
information about the weight control and inclination test carried out for the HiLoad DP1 is 
provided in Appendix Error! Reference source not found.. 
 

8.1.22.2 Weight Estimate for HiLoad DP GoM (with 45 ft min draft) 
 
A weight estimate for the HiLoad DP GoM, based on a minimum 45-ft draft, is given in the table 
below.  
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Table 8.1-3 Weight Estimate—HiLoad DP GoM 

 
 

HiLoad DP - Weight Summary 
Weight (kg) COG: COG Moment:

x (m) y (m) z (m) Mx My Mz
Main structural steel Main Section: 
Section 100 400624 14.37 0.01 -8.40 5,756,973 4,006 -3,365,245
Section 200 212025 16.61 -7.21 1.79 3,521,734 -1,528,700 379,525
Section 210 216213 16.10 7.40 1.73 3,481,025 1,599,974 374,048
Section 300 119670 16.21 -6.29 5.33 1,939,847 -752,723 637,840
Section 301 123716 16.24 6.12 5.33 2,009,141 757,139 659,404
Section 310 (result from previous weighing) 172328 2.05 0.01 2.97 353,272 1,723 511,814
Section 400 (result from previous weighing) 68129 2.70 -9.50 13.55 183,948 -647,226 923,148
Section 500 66545 2.70 9.50 13.55 179,672 632,181 901,690
Correction factor from Site move weighing Main: -2500 54.71 53.80 0.74 -136,787 -134,492 -1,853
Main structural steel 900 Section: 
Section 410 47859 1.52 -9.84 31.71 72,746 -470,933 1,517,610
Section 510 (result from previous weighing) 47090 1.93 9.77 31.18 90,884 460,069 1,468,266
Section 600 (result from previous weighing) 11016 -0.58 -11.04 40.57 -6,389 -121,617 446,919
Section 700 18115 1.38 10.79 42.84 24,999 195,466 776,065
Section 800 18626 0.43 0.01 34.66 8,009 186 645,580
Correction factor from Site move weighing 900: 6800 -5.14 -18.46 34.02 -34,933 -125,520 231,315
Main Structural Steel: 1,526,256 11.43 -0.09 4.00 17,444,143 -130,465 6,106,126

Equipment:
Subtotal group 2 Hull and Structure 101,316 15.65 0.00 9.18 1,585,258 0 929,694
Subtotal group 3 Oil Transfer System 57,188 0.26 -3.37 39.10 14,620 -192,729 2,236,205
Subtotal group 4 HiLoad Equipment 5,116 8.80 -1.48 11.28 45,016 -7,580 57,733
Subtotal group 5 Equipment for Crew 35,847 8.57 4.25 17.53 307,201 152,410 628,495
Subtotal group 6 Main Machinery 132,193 17.26 -0.23 1.44 2,280,991 -30,140 189,880
Subtotal group 7 Systems for Main Machinery 29,133 12.92 -0.89 8.65 376,347 -26,059 251,860
Subtotal group 8 Commom Systems 62,151 10.46 -0.25 9.96 649,920 -15,340 619,197
Subtotal group 9 Integrated Automationl System 3,503 5.28 7.05 31.30 18,508 24,700 109,664
Equipment List: 426,447 12.38 -0.22 11.78 5,277,861 -94,738 5,022,727

Bulk : 479,200 7.41 -0.07 10.63 3,552,736 -34,611 5,094,065

Current  Net Light Ship weight 2,431,904 10.80 -0.11 6.67 26,274,739 -259,814 16,222,918

Fluids in systems 69,097 14.21 -0.23 3.14 981,917 -16,138 216,962

Current Total Margin   0 0.00 0.00 0.00 0 0 0
 LIGHTSHIP WEIGHT 2,501,001 10.90 -0.11 6.57 27,256,656 -275,952 16,439,880
Fixed Ballast in Keel: 1,743,000 16.50 0.11 -10.26 27,273,735 178,329 -16,959,305
GRAND TOTAL WEIGHT 4,244,001 12.85 -0.02 -0.12 54,530,391 -97,623 -519,424

Weight added to HiLoad after Inclination test 58200 -2.1 15 35 -122,220 873,000 2,037,000

Estimated weight consequences for changes related to GoM 45 Feet draft 
Increased engine power 1,500 16 0 2.5 24,000 0 3,750
Larger thrusters 3,000 16 0 -2 48,000 0 -6,000
Reinforced foundations 3,000 16 0 0.5 48,000 0 1,500
increased utilitysystems 1,500 6 0 12 9,000 0 18,000
New accomondation 7,000 -2 11 35.5 -14,000 77,000 248,500
Increased fuel capacity 800 6 0 4.6 4,800 0 3,680
pot water system 2,500 8 0 2.2 20,000 0 5,500
Lowering of Towers 0 (see note) 0 0
Lifting of keel,  Construction Steel 121,000 13 0 3 1,573,000 0 363,000
Lifting of keel,  Ballast  Steel 500,000 13 0.11 10.26 6,500,000 55,000 5,130,000
Oilspill monitioring system 600 2 0 42 1,200 0 25,200
MOB Boat 3,000 -2 3 37.5 -6,000 9,000 112,500
Support structure for Mob Boat w/ Davit 3,000 -2 3 37.5 -6,000 9,000 112,500

Sum weight for changes, HiLoad DP GoM 646,900 12.7 0.2 9.0 8,214,000 132,000 5,793,130

New estimated Light Ship Weight 4,949,101 12.7 0.4 2.0 62,628,951 1,875,377 9,872,836

Note :  Weight saved by lowering tower and lifting keel is assumed included in fixed ballast to optimise draft reduction. Will therefore not have impact on LSW.
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8.1.23 SAFETY FACTOR – FRICTION ATTACHMENT SYSTEM 
 
In WPG 3, RPSEA advised Remora to include a description in this report to address the “safety 
factor” related to the Friction Attachment System for the HiLoad DP GoM. The description 
below provides an overview of the system’s function, as well as an explanation of the safety 
factor during operation. 
 

8.1.23.1 General 
 
The top of the HiLoad pontoon is equipped with the patented Friction Attachment System 
(Figure 8.1-22). The system consists mainly of six cells covered with high-friction rubber 
elements, surrounded by a heavy duty compression seal (Gina Seal). 
 
All the thruster forces required to keep the tanker in position are transferred to the vessel by 
means of friction. A considerable amount of work has therefore been carried out in order to 
design a safe, robust and reliable solution.  
 
 

 
Figure 8.1-22 Friction Attachment System 

 
 
8.1.23.2 Function of the Attachment System 
 
As the HiLoad unit is being deballasted and begins to push towards the tanker bottom, seals 
come into contact with the hull to establish closed compartments (or cofferdams). The water in 
the cofferdam created by the seal drains into the ballast tank below the Friction Attachment 
System deck. As the cofferdam is being emptied, air is let in by means of an open air vent to the 
surface. This ensures that the pressure of the entrapped volume inside the seal becomes 
atmospheric (1 bar). 
 

Friction 
Fenders 

Compression 
Seal 
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The hydrostatic pressure acting on the bottom of the HiLoad unit will hence be transferred to the 
tanker hull through the friction fender arrangement. As a result, the attachment force on the 
friction fenders is increased, and will vary as a function of the draught of the tanker.  
 
Since the distributed load from the HiLoad friction fenders replaces only the hydrostatic 
pressure, it has only small impact on the local and global loads on the tanker. Figure 8.1-23 
illustrates the function of the system. 
 

 
Figure 8.1-23 Function of the Attachment System 
 

 
 
 
8.1.23.3 Holding Capacity and Safety Factor of Attachment System 
 
The Friction Attachment System is designed with a very high factor of safety. Figure 8.1-24 
illustrates the relationship between tanker draft and the horizontal load capacity for the Friction 
Attachment System using a conservative friction coefficient of 0.5. Note that 0.5 to 0.8 was 
measured during an extensive friction test carried out early in the HiLoad development.  
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The safety factor is calculated by dividing the calculated capacity to transfer forces by means of 
friction between the two hulls with the maximum force that can be applied on the system, which 
is the maximum thruster force.  
 
The total area of the attachment cells is approximately 360 square meters. At a given draft this 
will create a vertical force equal to the hydrostatic pressure times the enclosed area between the 
two hulls. At a draft of 10 m, this force will be 3500 tons + a net buoyancy of 200 tons. With a 
conservative friction coefficient of 0.5, a force of 3700 tons * 0.5 = 1900 tons would be for the 
HiLoad to slide against the tanker hull.  
 

  
Figure 8.1-24 HiLoad DP Horizontal Load Capacity 

 
 
 
The maximum force that can be applied in this direction for the HiLoad DP GoM is the thruster 
force of 125 tons, which at this draft gives a safety factor of 17 at 10 m draft (2170/125). The 
safety factor for tanker draft from 8 to 14 m is given in Table 8.1-4.  
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Table 8.1-4 Safety Factor for Tanker Draft 

Draft 
Friction 

Max 
Thruster 

Safety Factor Capacity (ton) Force (ton) 

8 1756 125 14 

9 1963 125 16 

10 2170 125 17 

11 2377 125 19 

12 2584 125 21 

13 2791 125 22 

14 2998 125 24 

 
 
 

8.1.24 HILOAD FOR MWCC SYSTEM 
 
In the WPG 1 meeting on November 13, 2012, the feasibility of using the HiLoad DP1 for 
station-keeping of the capture vessel for the MWCC solution was discussed. One of the operators 
claimed that the HiLoad had been assessed as a solution for such use early in the MWCC project, 
but had been rejected due to limited DP station-keeping capabilities. This section has been 
prepared to further describe this subject.  
 

8.1.24.1 Description of the MWCC solution 
 
As described in Section 4 of this report, the MWCC solution consists of two capture vessels. 
These vessels will receive oil from the subsea containment assembly (see Figure 8.1-25). Early 
in the MWCC design phase, the possibility of using the HiLoad DP1 for station-keeping of the 
capture vessel instead of converting these tankers to DP was discussed. (The HiLoad vessel was 
under construction at that time.) 
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Figure 8.1-25 Scenario 3: Offloading from Oil Spill Recovery Systems (MWCC) 

Alternative with HiLoad 
 
 
The overall conclusion from the assessment done by the operators was that the DP 
station-keeping capacity for the HiLoad DP1 with maximum 102-ton bollard pull did not have 
sufficient power to keep the capture vessel on station in the strong loop current in the Central 
GoM. In addition, forces introduced by the mooring hawser from an offloading tanker have to be 
considered and added to the overall DP station-keeping capability.  
 
The DP station-keeping analysis carried out in Task 4 of the RPSEA project clearly verifies that 
more than the installed 102-ton bollard pull on the HiLoad DP1 is required to obtain the high 
uptime necessary for GoM environmental conditions. Therefore, 125-ton bollard pull was 
concluded to be installed on the HiLoad DP GoM, leaving 83 tons remaining in a situation with 
one thruster failure. 
 
Another important subject that was discussed during the early assessment of the HiLoad for the 
MWCC system was the requirement for heading control. The reason for this is that many vessels 
may be involved during an oil spill scenario (ref Macondo) and a free weathervaning system is 

DP Positioning of  
Tanker by HiLoad (DP2) 

QCDC Hose Coupler 
(BLS Type) 

Conventional Jones Act Tanker 
Handymax size shown 

Capture Vessels:  
- Eagle Texas and Eagle Louisiana 
- Aframax size tanker 
- 107.500 dwt 
- DP2 station keeping 
- Owner: AET 
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not preferred for that reason. The HiLoad DP is unable to provide any heading control of the 
tanker as the overall philosophy is based on a free weathervaning system.  
 
Based on the above assessment, MWCC decided to contract the two Aframax tankers, Eagle 
Texas and Eagle Louisiana, to be converted for use as capture vessels for the overall MWCC 
solution. This included installation of powerful thruster systems and implementation of a DP2 
station-keeping system. The tankers are owned by AET and have been converted in Dubai. 
 

8.1.24.2 How can the HiLoad DP GoM add value for MWCC today? 
 
The capture vessels for MWCC will receive oil from the subsea containment assembly as 
described above. The crude oil will be offloaded from the Capture Vessels to conventional Jones 
Act tankers as shown on Figure 8.1-25. The current solution is to make use of a mooring hawser 
from the DP capture vessel to the visiting tanker. A stern tug will pull the visiting tanker away 
from the capture vessel in order to obtain a safe operation. Mooring hawser load acting on a DP 
vessel (the capture vessel) is in general not a preferred solution when operating on DP. The 
reason is that external forces with variable load, like mooring hawser, will reduce the accuracy of 
the DP capability of the vessel.  
 
By use of the HiLoad DP GoM, the mooring hawser from the capture vessel to the visiting 
tanker, as well as the tug at the stern of the tanker, can be avoided as the HiLoad DP GoM will 
perform the DP station-keeping of the visiting conventional Jones Act tanker. This means that 
high overall operational safety and regularity will be improved.  
 
The procedure described above also can apply if the HiLoad DP GoM is utilized for the Helix 
well containment system where the offloading is carried out from the relative small vessel Helix 
Producer with a length of 530 ft (162 m).  
 

 
8.2 ESTIMATE U.S. FABRICATION OF GOM-READY HILOAD DP (TASK 

19) 
 
This section describes studies that Remora performed, based on experience gained from the 
HiLoad DP1 prototype built and tested in Norway, and the work performed by ABS Consulting, 
Marin USA, and E & E and discussed in Sections 4 and 5 of this document. 
 

8.2.1 APPROACH 
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Numerous construction and cost-estimating approaches exist within the marine and offshore 
industry, but they are often based on extrapolations from analysis of previous constructions and 
lessons learned. If such analysis or information is not available, fabricators could face challenges 
or inconsistencies in the assumptions made for the cost estimates, either due to incomplete 
background information, overall complexity of the scope, or possible lack of technical data 
understanding. Consequences could involve cost-estimate errors or the inclusion of unnecessary 
contingencies.  
 
The HiLoad DP application is a good example of the above, as the concept has matured from 
paper to reality, allowing for the original design and construction philosophy to be reviewed and 
possibly modified in subsequent applications. A HiLoad DP construction cost estimate may 
therefore be based on a “Direct Analysis Method,” including experiences learned, qualitative and 
quantitative engineering material, actual materials invoices, engineering hours previously spent, 
and historical vendor costs in regard to outfitting and system integration. The use of validated 
HiLoad DP information reduces uncertainties and risks, and consequently minimizing estimate 
errors or contingencies used in the cost-estimating process. 
 
In context of this RPSEA GoM project, Remora has decided to share and elaborate on the 
lessons learned from the HiLoad DP1 project in Norway. This will allow U.S. fabricator(s) to 
have a better understanding of the application and the challenges/opportunities implied, when 
estimating the cost of a local build HiLoad DP application for U.S. operations. This approach is 
furthermore assumed to benefit the oil companies and operators when reviewing future GoM 
projects involving oil offloading operations. 
 

8.2.2 HILOAD DP1 – CONTRACT STRATEGY  
 
In 2006 Remora had a strategy to secure a yard contract for one, plus one optional, HiLoad DP 
vessel from a competitive yard. Among nine bidding yards, Aibel’s Shipyard in Haugesund, 
Norway, secured the contract as a result of favorable conditions in regard to price, terms and 
conditions, delivery time, and known construction capabilities and references.  
 
The contract was based on the Norwegian NTK05 standard contract format (which is an “EPC” 
contract format). The contract was negotiated as a lump sum contract, with break-down of the 
contract prices. The yard scope included shop-engineering, construction, mechanical completion, 
pre-commissioning onshore and load-out to a Remora-provided barge (Eide Barge 33). The final 
inshore testing and commissioning of the vessel was handled and performed by Remora. 
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All design engineering was conducted by Grenland Engineering (now Agility Group) and 
supported by Remora’s team of engineers. Aibel’s design responsibility was limited to 
shop-drawings/detail design and field routing of smaller pipes, supports, and penetrations.  
 
Forty-five (45) equipment packages were developed and relevant vendor packages were 
implemented in the design. Remora’s strategy was to use the same vendors for future HiLoad DP 
vessels as selected for the prototype, subject to delivery positions and acceptable pricing. For the 
prototype vessel, Remora had the contractual responsibility for the equipment packages whereas 
the yard would handle implementation and commissioning. 
 
Despite ongoing engineering activities and incomplete documentation (such as three-dimensional 
[3D] models, detailed MTOs, and equipment supplier lists), the vessel’s first steel cut was made 
in June 2007. The decision to commence construction prior to completion of the detailed 
engineering work was driven by opportunities for immediate technology implementation, as 
operators were seeking alternative offloading solutions for particular high-production and 
deepwater FPSO projects. Hence, the HiLoad DP1 was built on speculation with no backing 
contract or guaranties for field implementation, but the Company decided to pursue the 
opportunities and accept the risks implied by starting construction at this early stage.  
 

8.2.3 LESSONS LEARNED FROM THE HILOAD DP1  
 
Reviewing the contract strategy for the prototype build, a number of lessons learned could 
improve future HiLoad DP projects. For this RPSEA project, the HiLoad DP construction 
experiences in Norway were examined and analyzed relative to local construction in the U.S. 
The lessons learned were categorized and shared with Signal International, a U.S. fabricator that 
has accepted Remora’s invitation to participate in this project. See Appendix E.17 for a list of 
documents shared with Signal. 
 
Construction improvements were jointly identified and quantified for the purpose of the vessel’s 
build strategy and cost estimate. Thus, the U.S. fabricator could get first-hand information on the 
Remora’s experience and could include relevant elements into the HiLoad DP GoM build 
strategy. Concurrently, the commercial assumptions and estimates made for local construction 
could be verified. 
 
Looking toward the HiLoad DP GoM construction, the HiLoad DP1 construction lessons learned 
were split into the following categories:  
 

 FFC:  Fabrication Facility and Capabilities 
 BS:  Build Strategy 
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 EQ:  Equipment and Material 
 FA:  Fabrication 

 
Hence, the lessons learned are based on a “one-unit learning curve only,” the fabricator’s best 
estimate, and recommendations in regard to local construction are expected to add significant 
value, rather than implementing a standard learning curve model of construction productivity. 
This is further supported by the assumption that the U.S. fabricator’s project team will consist of 
team members with background characteristics in favor of local offshore fabrication, in terms of 
execution methods and standards. The HiLoad DP1 construction lessons learned resulted in the 
10 observations and recommendations that are summarized in Appendix E.11. 
 

8.2.4 HILOAD DP GOM—FABRICATION 
 
A number of well-established marine fabricators and shipyards are located along the U.S. GoM 
coast, one of which is Signal International (Signal). Signal has expressed an interest in further 
evaluating the possible construction of a HiLoad DP GoM vessel. Signal is familiar with the 
HiLoad DP design and operating philosophy; in 2006, the company supported Remora with 
indicative prices for the HiLoad DP1 project. Furthermore, Signal has since reviewed the as-built 
documentation of the HiLoad DP1 and evaluated other HiLoad solutions based on the same 
technology and principles of operations. 
 
An outlined presentation of Signal’s capabilities was presented during WPG 4. Further 
information on Signal International can be obtained by visiting: www.signalint.com. 
 
Based on the lessons learned from the HiLoad DP1 project, Remora and Signal jointly developed 
the proposed build strategy for the HiLoad DP GoM application possibly to be constructed at 
Signal’s facilities. The proposed build strategy is described in Section 8.2.5. 

 
8.2.5  HILOAD DP GOM – PROPOSED BUILD STRATEGY  
 
The entire assembly of the HiLoad DP GoM vessel will be completed onshore at Signal’s 
facilities in Pascagoula, Mississippi. The facilities may be augmented with assistance from 
Signal-TX or Signal Ship Repair to complete the construction of each unit, if necessary based on 
work flow, schedule requirements, and other factors. Signal-MS and Signal-TX each have the 
ability to do first operations and are able to take raw steel plate, prepare it for cutting (blast and 
prime), then cut the plate into required sizes and shapes prior to fabrication. Also, both yards 
have organic pipe fabrication areas to pre-fabricate pipe assemblies. 
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At the Signal-MS facilities, the channel water depth is 42 ft with no overhead restrictions to the 
open sea. The 45-ft draft of the constructed HiLoad DP GoM will, therefore, make it impossible 
to arrange for quayside load-out. Consequently, the HiLoad DP GoM load-out will be done by 
use of self-propelled modular trailers (SPMT) onto a heavy hauler vessel or barge. The same 
load-out philosophy was successfully used during the HiLoad DP1 project (Figure 8.2-1), as the 
construction yard faced the same challenges with limited water depth at their quayside facilities.  
 
 

 
Figure 8.2-1 HiLoad DP1 Load-Out by Use of Self-Propelled Modular Trailers (SPMTs) 

 
As outlined in Section 8.1.2, additional HiLoad DP GoM draft reductions may be accomplished 
by reducing the steel structure even more and, consequently, adding additional fixed ballast to 
the unit. If a decision is made to further reduce the launching draft, i.e., to 35 ft, if possible, the 
build strategy will be modified to reflect launching on Signal’s “Dual Carrier” in the quayside 
deep hole at Pascagoula and bringing the HiLoad DP GoM application alongside for dock trials 
prior to sea trials. 
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During project execution, Signal will divide the HiLoad DP GoM functional design into build 
units for construction. Each unit will be divided according to the capabilities of the yard and 
along natural break points. Signal will develop the 3D model in Ship Constructor (a 3D design 
modeling program), including all structure, piping, electrical cable runs, and outfitting 
assemblies. Building the unit model in 3D enables the yard to work out conflicts in the virtual 
world before construction begins. The model must be complete prior to the start of fabrication. 
Signal will benefit from a proven parent design and the use of the 3D model to develop the 
production drawings. The 3D model also allows the yard to work out conflicts in the design 
documents at an early stage. During the design stage, virtual tours will be run through the model 
to see what will be built and how to incorporate production preferences prior to releasing 
construction drawings to the yard. 
 
Each unit of the HiLoad DP GoM will be developed as a stand-alone model (these will be joined 
for review), and the drawings for each discipline within that unit will be developed together. 
Plates will be processed through the yard’s plate shop and panel line, using numerical-control 
cutting for the plate and stiffeners. Subassemblies will be fabricated in the fabrication shop.  
 
To the greatest extent possible, pipe and outfitting will be installed at the assembly unit level. 
Foundations will be integrated into the structure as much as possible and built with each unit. To 
optimize building efficiency, each typical assembly will have its own assembly area according to 
the type of construction being accomplished. Each assembly area may have several virtual work 
stations that support each type of assembly. For example, an assembly area may have a piping 
installation work station, a foundation installation work station, an outfitting work station, and an 
electrical installation work station. Each will be task-organized to suit the build requirements for 
that assembly. 
   
The HiLoad DP GoM unit will be divided into five primary modules for construction (Figure 
8.2-2). The final build sequence will be determined after further study of the project and will take 
into account the level of difficulty for each module, the projected construction time, and the 
equipment delivery schedule for each module. 
 
Unit 1 will be the combined tower, including the upper level of both towers and the control 
house. The areas containing the DP system controls, the engine controls, navigation/electronics 
equipment, and the hose reel and its foundation are included in the unit. Equipment should be 
installed prior to unit installation; otherwise it will be installed with very high crane lifts. 
 
Unit 2 will be the port tower from its interface with unit 1 to the pontoon (Unit 4). Unit 2 will 
house cable runs of signal and power between the wheelhouse and the engine room and will 
contain attachment fenders and their foundations. 
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5 Main Units

Unit 1 – The Combined (upper) Tower

Unit 2 – The (lower) Port Tower 

Unit 3 – The (lower) Starboard Tower

Unit 4 – The Pontoon, including the ballast tanks, the main 

hull unit including the machinery rooms 

Unit 5 – The Keel Structure, including fixed ballast

 
Unit 3 will be the starboard tower from its interface with Unit 1 to its attachment to the pontoon 
(Unit 4). Piping systems, such as vents, fills, and sounds will run through Unit 3, and it will have 
some minor cabling for navigation lights, TLI system, and compartment lighting. 
 

  
 
Figure 8.2-2 HiLoad DP GoM Unit Split 
 
 
 
Unit 4 is considered the most challenging unit. It will be the main hull unit, which will be 
divided into subassemblies: 

 The main hull will have several compartments, including engine room, engine 
control room, thruster compartments, pump rooms, switchboard and electrical 
distribution rooms, and miscellaneous tanks.  

 Initially, the upper assembly will be fabricated inverted, and the engine 
exhaust system, ventilation, expansion tanks, air receivers and other service 
piping will be installed prior to turning the unit over.  
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 The upper deck of Unit 4 is the pontoon ballast tank and deck, and the primary 
fenders and their foundations will be built on after it is turned over. The 
equipment should be installed prior to finishing the structural unit because 
access to the machinery spaces will be limited after assembly, and machinery 
will be difficult to locate and set. The equipment delivery schedule is very 
important to the vessel’s completion schedule. 

 
Unit 5 will consist of the ballast assembly with fixed ballast. With this approach, the HiLoad DP 
GoM unit may not be equipped with a ballast water treatment system, ultimately depending on 
the operating scenario.  
 
The HiLoad DP1 was built using scrap steel plates as the fixed ballast. This also will be the case 
for the HiLoad DP GoM application; however, an alternative concrete ballast could be evaluated 
as the ballast medium. Ballast-Crete offers advantages and disadvantages. The advantages would 
be lower cost than using scrap steel plates and it would also allow for final determination of the 
proper amount of ballast to be used after launching of the unit, resulting in an actual VCG rather 
than the theoretical VCG calculated in the design phase. Also, by not installing some or all of the 
ballast until after launching, the launch draft would be lower than it would be with the ballast 
already installed. The goals are to precisely ballast the HiLoad DP GoM unit after launch, launch 
at quayside with a minimum draft of 35 ft or less, and hire a launch barge with a lightship draft 
of less than the standard channel depth of 42 ft Ballast-Crete has a normal specific gravity range 
of 2.08 to 5.21. The volume of Ballast-Crete is about 50% greater than the equivalent weight of 
scrap steel which could be a disadvantage in the design configuration of the unit; the ballast 
tanks likely would have to be wider and deeper. The added benefits of wider and longer tanks in 
this scenario include additional volume for the required ballast and additional buoyancy for 
launch before the ballast is added. 
 
Figure 8.2-3 illustrates the fabrication split. 
 

 The modeling effort sequence will be 4-5-2-3-1.  
 The build start sequence will be 5-4-2-3-1.  
 The build finish sequence will be 5-2-3-1-4.  

 
The sequences are based on several factors, including complexity, equipment to be installed, 
time to fabricate, prerequisites such as what needs to be built first, paint, etc. The sequences may 
be adjusted later as more information concerning the schedule becomes available.  
 
A lesson learned from the HiLoad DP1 unit build pertains to the amount of equipment installed 
in a tight area. If the design and associated costs allow, it would be recommended to evaluate the 
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final HiLoad DP GOM pontoon layout because a larger pontoon would ease the construction and 
operations in the pontoon areas affected, and furthermore support the additional required 45 ft 
unit-required buoyancy. 
 

 
Figure 8.2-3 HiLoad DP GoM Fabrication Split 
 
 
With utilization of a 3D yard model, the yard will use the build strategy to properly sequence the 
work. During the model reviews, the order of assembly will be reviewed for all involved. 
Although 3D modeling was used for the HiLoad DP1 design, the construction yards in Norway 
and Poland did not use this type of tool for fabrication.  
 
It is assumed that the functional design will be complete at the start of construction and the 
detailed design will begin. The equipment in each module will be identified as specified in the 
equipment lists. The intent is to use the same approach as for the HiLoad DP1 where Remora and 
its engineering partners specified 45 equipment packages, all to be handled by the yard.  
 
The development of the structural model will begin at the same time as the equipment model. 
After two to four weeks, the equipment modelers will transition to piping, and the pipe modeling 
process will begin. For the next four weeks, the structural, piping and outfitting models will 
progress and come to completion. 
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A module model review will be completed with every discipline and production involved. All 
parties involved will agree that the model is complete prior production of the construction 
drawings. At that point, the structural drawings will be produced, followed by the piping and 
outfitting drawings.  
 
Major foundations will be integrated with the structure. Structure drawings will consist of panel 
drawings and assembly drawings. Piping drawings will consist of spool (isometric) drawings and 
arrangements. The outfitting drawings will consist of assembly and installation drawings. 
 
While the structure of the HiLoad DP GoM is being built, the piping spools will be fabricated, 
and the outfitting will be built so that the piping and outfitting will be ready to install in the 
structure when it is ready. Each of the five main units will be outfitted with pipe, foundations, 
and outfitting items such as ladders, manholes, and cable trays, as well as the equipment to be 
integrated.  
 
Cabling that originates and terminates in the same unit can be installed prior to the five section 
units being joined. For example, cables from a generator to a switchboard mounted in the same 
section unit can be installed, but cables from the switchboard to a distribution panel in a different 
section unit cannot be installed.  
 
Each unit will be as complete as possible prior to joining to the adjacent unit. Capitalizing on 
lessons from the HiLoad DP1 build, the 3D model will be used to generate the production 
drawings. All equipment will be modeled from the approved vendor drawings and foundations 
included in the model. Accuracy is very important. The model must be correct, and the yard must 
stay within build tolerances.  
 
The construction includes a lot of equipment in a very tight space. Once the HiLoad DP GoM’s 
modules have been joined, final outfitting can be accomplished. Instrument wiring and tubing 
can be installed; and power cable and instrument cables can be installed in their previously 
installed trays. 
 
Once all of the equipment is installed; alignments are complete; all control, instrument, and 
power cables are installed; and system continuity checks have been accomplished, the HiLoad 
DP GoM will be launched onto the heavy hauler vessel or barge. Figure 8.2-4 illustrates the 
load-out. After load-out, the barge will out-transport the HiLoad DP GoM to Signal’s Deep Draft 
Rig Solutions (DDRS) facility, off the Mississippi coast for launching.  
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The DDRS is Signal’s offshore facility set up to handle deep draft challenges where deepwater 
rigs and vessels cannot transit the channel due to the draft restrictions. At the DDRS, the HiLoad 
DP GoM Sea Trials will be completed. A highly skilled yard crew will be assigned to take the 
vessel through sea trials to delivery. This will be coordinated with Remora to ensure successful 
execution of the recommendations based on the lessons learned from the HiLoad DP1 project. 
 

 
Figure 8.2-5 HiLoad DP GoM Load-Out 

 
Subcontractor support will be available during sea trials, and as needed, until each sub-system is 
operational. Remora will finally take delivery and transit the vessel to its home port.  
 

8.2.6 CONTRACT STRATEGY – HILOAD DP GOM  
 
Reviewing the lessons learned from the HiLoad DP1 project calls for contract strategy changes 
in case HiLoad DP construction is in the U.S. An Engineering, Procurement, and Construction 
(EPC) type of contract form is proposed in which a single contractor will be responsible for the 
entire project.  
 
Rather than the owner-furnished equipment used for the HiLoad DP1, Remora-specified 
equipment packages are suggested for the HiLoad DP GoM. Revising the yard scope thusly 
could reduce the risks associated with possible cost overruns and time delays. 
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Vendors nominated for the HiLoad DP no.1 project were mainly located in northern/western 
Europe. To the extent possible, the use of local vendors and equipment supplies for the HiLoad 
DP GoM application is proposed. If these vendors and suppliers can perform the services 
requested, overall costs for the shipping, installation, and testing of equipment packages could be 
reduced. 
 
A third-party engineering company could accommodate the vessel’s design and engineering 
changes related to GoM operations. Remora suggests utilization of Agility Group as they have 
been nominated as Remora’s in-house design and engineering company. A continuation of this 
relationship could benefit the GoM project, as lessons learned could be implemented. 
 

8.2.7 BASIS AND ASSUMPTIONS—COST ESTIMATE  
 
Please see Appendix E.18 for the basis and assumptions for the cost estimate. 
 

8.2.8 COST ESTIMATE HILOAD DP GOM – 45 FT APPLICATION 
 
Please see Table 8.2-1 for a summary of the project costs. 
 
Table 8.2-1 Project Summary  

DESCRIPTION 
Weight 

(kg) 
Signal 

International Remora 
Totals 

Combined 

OUTLINED ALLOWANCES 

Project Planning $2 850 000 $2 850 000

Project Management Signal Int. and 
Remora (Appendix E.15) $3 800 000 $4 252 480 $8 052 480

Signal Int. Design Engineering and 
Production Engineering $2 875 000 $2 875 000

Third Party Engineering—Arranged 
by Remora (15000 hours ) $2 750 000 $2 750 000

Shared Services (QA/QC; 
Dimensional Control; Safety; 
Document Control) $2 500 000 $2 500 000

Procurement $1 400 000 $1 400 000
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Table 8.2-1 Project Summary  

DESCRIPTION 
Weight 

(kg) 
Signal 

International Remora 
Totals 

Combined 

Allowance for Class & Regulatory 
Approvals $500 000 $500 000

Insurance (Estimated approx 2 % of 
Construction Estimate) $2 020 000 $2 020 000

Total  $22 947 480

BLOCK CONSTRUCTION 

Unit 1: Combined Upper Tower (27848 kg + 18732 kg) 

Material—Steel 46580 $233 983 $233 983

Material Paint and Insulation $250 000 $250 000

Material Piping & Mechanical $97 192 $97 192

Production Labor—Structural $254 293 $254 293

Production Labor—Piping $167 048 $167 048

Production Labor—Mechanical $60 745 $60 745

Production Labor—Other $42 134 $42 134

Total  $1 105 395  $1 105 395

Unit 2: Lower Tower Port (241737 kg/2) 

Material—Steel 120869 $607 155 $607 155

Material Paint and Insulation  $125 000 $125 000

Material Piping & Mechanical $252 200 $252 200

Production Labor—Structural $659 857 $659 857

Production Labor—Piping $433 469 $433 469

Production Labor—Mechanical $157 625 $157 625

Production Labor—Other $109 333 $109 333

Total  $2 344 639  $2 344 639

Unit 3: Lower Tower Starboard (241737 kg/2) 

Material—Steel 120869 $607 155 $607 155
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Table 8.2-1 Project Summary  

DESCRIPTION 
Weight 

(kg) 
Signal 

International Remora 
Totals 

Combined 

Material Paint and Insulation $125 000 $125 000

Material Piping & Mechanical $252 200 $252 200

Production Labor—Structural $659 857 $659 857

Production Labor—Piping $433 469 $433 469

Production Labor—Mechanical $157 625 $157 625

Production Labor—Other $109 333 $109 333

Total  $2 344 639  $2 344 639

Unit 4: Pontoon (818.288 kg + 121.000 kg) 

Material—Steel  939.288 $4 373 241 $4 373 241

Material Paint and Insulation $280 000 $280 000

Material Piping & Mechanical $1 959 877 $1 959 877

Production Labor—Structural $5 127 833 $5 127 833

Production Labor—Piping $3 368 538 $3 368 538

Production Labor—Mechanical $1 224 923 $1 224 923

Production Labor—Other $849 637 $849 637

Total  $17 184 049  $17 184 049

Unit 5: Keel 

Material—Steel 427022 $1 988 176 $1 988 176

Material Paint and Insulation $250 000 $250 000

Material Piping & Mechanical $891 005 $891 005

Production Labor—Structural $2 331 231 $2 331 231

Production Labor—Piping $1 531 415 $1 531 415

Production Labor—Mechanical $556 878 $556 878

Production Labor—Other $386 265 $386 265

Total  $7 934 971  $7 934 971
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Table 8.2-1 Project Summary  

DESCRIPTION 
Weight 

(kg) 
Signal 

International Remora 
Totals 

Combined 

BALLAST (1.772.978 kg + 500.000 
kg) 2.272.978 $661 437 $661 437

ELECTRICAL  $4 900 000  $4 900 000

INSTRUMENTATION   $2 000 000  $2 000 000

EQUIPMENT 45 PACKAGES – 
Appendix E.16  $30 000 000  $30 000 000

GOM-SPECIFIC 
MODIFICATIONS  
Appendix E.13  $5 260 000  $8 550 000

RENTAL EQUIPMENT 
(Estimated 2% of Construction 
Cost)  $2 000 000  $2 000 000

CRANE SUPPORT  $750 000  $750 000

DELIVERY 
Appendix E.14  $2 930 000  $2 930 000

CONSTRUCTION ESTIMATE 
Appendix E.12   $105 652 610

RETURN TO REMORA, 
INCLUDES ALL USE OF 
TECHNOLOGY AND PROFIT 
(15% of Construction Estimate)    $15 847 892

CONTINGENCY ALLOWENCE 
(10% of Construction Estimate) $10 565 261 

PROJECT BUDGET 
INDICATION       $132 065 763 

 
 
8.3.8 DELIVERY TIME 
 
The HiLoad DP1 delivery was initialy planned to take place100 weeks after receipt of contract, 
whereas the fabrication was expected to take 52 weeks. As a result of project complexity, 
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ineffective project execution and commercial disagreements, the actual construction effort was 
delayed by more than 52 weeks. Consequently, and as outlined in Section 8.2.3, a number of 
recommendations have been identified and proposed for the HiLoad DP GoM construction. The 
original HiLoad DP1 planned and executed delivery time schedules are attached for reference as 
Appendices E.19 and E.20. 
 
Signal has estimated that the HiLoad DP GoM project can be executed within a 97-week period 
from receipt of order to customer delivery, including commissioning and accepted sea trials. The 
HiLoad DP GoM delivery time schedule also is provided for reference in Appendix E.21. The 
delivery time schedule is based on three main elements: 
 

 Functional Design 
 Detailed Design with 3D Modeling 
 Fabrication 

 
A 35-week detailed engineering period was planned for the HiLoad DP1 prototype, whereas 
Signal assumes the functional design work (based upon the engineering work previously 
conducted) can be conducted within 19 weeks. 
 
The delivery time schedule is considered conservative and subject to possible refinement during 
final negotiations and project execution; however, Remora recommends that yard allocate 
sufficient time and resources to conduct the 3D modeling, thus reducing project uncertainties and 
risks during actual fabrication. The suggested fabrication period is considered acceptable taking 
the assembly and integration complexity into account. 
 
No contingencies have been made for possible long lead times for equipment packages (engines, 
gear, and thrusters) and current vendors have indicated 2013 delivery times of approximately 12 
to 14 months per package. 
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9 CONCLUSIONS 

9.1 DESIGN CRITERIA ESTABLISHED SATISFACTORILY 
 
The HiLoad prototype received classification under DNV Rules and had undergone sea trials in 
Norwegian waters, implying some technical and operational vetting of the design to known 
standards. 
 
Model tests for GoM hurricane conditions post Katrina had been performed and had been 
contributed to RPSEA for this project under the cost share program. 
 
Based on these precedents Remora—in conjunction with ABS and Marin—established a set of 
design criteria to apply for GoM metocean, USCG and BSEE regulatory and typical 
classification society requirements, under which a HiLoad could be designed and built for GoM 
service. 
 
Section 4 in this final report provides full details. 
 

9.2 EASILY ACCEPTABLE ENVIRONMENTAL IMPACT 
 
Previously, the use of HiLoad technology in the GoM had been extensively investigated for an 
LNG terminal application and environmental impact work was done at that time by E & E. With 
that precedent, the current oil offloading configuration was assessed and shown to easily meet all 
GoM offshore environmental standards. 
 
The potential for oil spill impact was investigated in the event of failure of the hoses employed in 
the HiLoad technology, i.e., from both the offloading source to the HiLoad and from the HiLoad 
to the receiving tanker, and the design was found to follow accepted good practice in relation to 
current GoM standards. 
 
See Section 5 for further details. 
 

9.3 THREE SCENARIOS DEFINED FOR USE OF HILOAD IN THE GOM 
 
While the three scenarios to be investigated were defined at the start of the project, translation of 
these into sets of specific criteria had not been done, nor was easy. This was first addressed with 
the five operators present in WPG 1 on 13 November 2012, with discussion continuing with 
operators between that meeting and the next, with a consensus reached at WPG 2 on 9 January 
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2013. That set of data, included as Table 4.3-1, is used throughout the project, particularly in 
developing what is needed in a GoM-suitable HiLoad design and the economics that implies. 
 
Refer to Section 6 for additional details. 
 

9.4 TANKER AVAILABILITY CAN OUTWEIGH TECHNOLOGY FACTORS 
IN PRACTICAL REALITIES FOR THE GOM 

 
Each of the three scenarios requires the HiLoad to work with tankers, but there are serious 
constraints on the tanker sizes that can be used in the U.S. GoM and on ownership and flag, so 
the choice of tankers to work with is not always a simple technical and commercial choice. The 
size constraint is driven by the draft at GoM ports where a small number have a 45-ft limitation 
but most are limited to 40 ft, implying that “GoM-suitable” tankers that the HiLoad might 
interface with would be limited to operating with a 40-ft draft. Shuttle tanker service is more 
demanding than long-haul service; accordingly, some operators will impose an age limit on 
tankers they employ and here 17 years was taken as a maximum age. The effect of the Jones Act 
is also critical. 
 

9.4.1 JONES ACT 
 
This legislation dating from 1920 requires cargo carried from one U.S. port to another to be 
carried in U.S. flag and U.S. built and crewed vessels. It is a politically sensitive matter, but has a 
big effect on economics and the use of offloading technology. The capital cost of Jones Act 
tankers can be three times the cost of foreign flag equivalents and operating costs are much 
higher. Waivers to allow use of foreign flag tankers in an emergency were difficult to obtain in 
the 2005 Katrina and Rita hurricane emergencies, but appeared to be easier in 2012 for the 
Sandy hurricane emergency. We found the fleet of GoM-suitable Jones Act tankers numbered 25 
in March 2013, all of them of Handymax size, i.e., capacity of around 330,000 bbl.  
 

9.4.2 FOREIGN FLAG 
 
Foreign flag tankers operate fairly well in a worldwide free market as opposed to the restricted 
Jones Act situation in the U.S. For comparison purposes, a screening of the world’s tanker fleet 
for GoM-suitable tankers, employing the same draft and age limits as for the Jones Act 
screening, yielded counts of 951 Handymaxes, 60 Panamaxes, and 18 Aframaxes for a total of 
1,029 (Clarkson Research Service Limited 2013). The larger numbers of GoM-suitable tankers in 
the foreign flag fleet made it tempting to see if their use might ever be possible, particularly at 
their much lower rates, but that discussion was set aside for another time. 
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9.4.3 OVERALL 
 
Under Scenario 1 in steady state operation, the Jones Act is the law and is vigorously enforced, 
i.e., there are only 25 GoM-suitable tankers to choose from and they are almost all on long-term 
charter, making availability difficult.  
 
Scenarios 2 and 3 apply to emergency situations where a waiver from the Jones Act has been 
granted in some cases in the past and availability is far better with approximately 41 times more 
tankers from which to choose. The other alternative that operators have is to make an agreement 
with their downstream shipping affiliate companies whereby in an emergency a tanker is 
diverted from, for example, transporting gasoline to crude loading service. 
 
Section 6 provides further details on this topic. 
 

9.5 NO COMPELLING ECONOMIC REASON TO USE HILOAD IN THE 
GOM 

 
Four options were examined for offloading a daily production for Scenario 1 (FPSO production 
at 80,000 bopd), as well as for Scenario 2 (pipeline interruption) and Scenario 3 (oil spill 
emergency), both at 96.000 bopd. Considerations for each scenario included the overall costs of 
the offloading spread of support vessels and tankers: (i) conventional, (ii) enhanced 
maneuverability like at Cascade/Chinook, (iii) full DP2, and (iv) HiLoad. 
 
Jones Act tankers were first examined and no compelling economic advantage could be found 
with HiLoad. Then GoM-suitable foreign flag tankers were substituted and still no economic 
advantage could be seen. 
 
Remora provided some economic information that showed a serious advantage where volumes 
were very high—about four to seven times the volumes contemplated in Scenarios 1, 2, and 3. 
Studies for Brazil indicated a 3:1 advantage on OPEX. Projection for West Africa indicated a 2:1 
advantage on CAPEX. Obviously, the GoM is not in that category. 
 
See Section 6 for further information. 
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9.6 SHIFT IN PERCEPTION OF THE POTENTIAL GOM APPLICATION 
FOR HILOAD  

 
As it became obvious that the market potential for using HiLoad with FPSOs was small, 
emphasis in the project shifted to the other two possible uses. From Remora’s initial expectation 
of 85% emphasis on FPSOs (Scenario 1) before WPG 1, by WPG 4 the group had moved to 
about 20% emphasis on Scenario 1, 45% emphasis on Scenario 2, and 35% emphasis on 
Scenario 3. 
 
The result was that emphasis was moved to standby service, in effect seeing if in today’s world 
the industry would be willing to pay for an insurance policy to have a standby tool available for 
safe offloading service in the event of a pipeline disruption or oil spill emergency, considering 
HiLoad in competition with other available options. 
 
See Section 6. 
 

9.7 EFFECT OF INDUSTRY CHANGES DURING PROJECT 
 
Several changes occurred in the offshore and shipping industries as this project progressed from 
signing in August 2012 to close-out in August 2013. 
 

9.7.1 ADDITION OF TANKERS TO JONES ACT FLEET 
 
In a press release dated 31 May 2013, NASSCO announced they would build four Jones Act 
tankers at their yard in San Diego. These are 330,000 bbl capacity vessels with a 42-ft summer 
loaded draft, meaning that the GoM-suitable fleet will increase from 25 to 29 by the end of 2016. 
An improvement, but it still does not make much difference on tanker availability in times of an 
emergency.  
 
It does open the way for a slightly larger range of vessels for possible conversion to shuttle duty 
in FPSO service. 
 

9.7.2 ANOTHER FPSO FOR THE GOM 
 

When the first WPG meeting was held in November 2012, an estimate was made for the 
potential for FPSOs being employed in the GoM. This had been seen as the prime application for 
HiLoad and a prime motivation for this project. The “operators reserves” metaphor was used: 3P 
made up of Proven, Probable and Possible business. In August 2007, the first FPSO was 
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contracted by Petrobras for their Cascade/Chinook development (P1, Proven), with a Probable 
(P2) FPSO identified as Shell’s Stones project, and a Possible (P3) FPSO suggested for BP’s 
Tiber prospect (P3) in remote deep water. BP countered in the meeting that it was too early to 
say Tiber would indeed be developed with an FPSO.  
 
In May 2013, Shell announced that their Stones development would indeed be developed with an 
FPSO, so the “proven” column went from one to two FPSOs, with this second FPSO expected to 
go to contract later in 2013, six years after the first FPSO was contracted in the GoM. No other 
FPSO was in sight as a possible candidate for a GoM field development and the probable and 
possible columns both remained unknown, uncertain, and perhaps zero for now.  
 
It can thus be concluded that there really is not a significant change in the number of prospective 
projects for FPSO in the U.S. GoM that would command interest in a new direct loading system 
like HiLoad. 
 

9.7.3 MWCC IDENTIFIES NEED FOR PARKING A STANDBY SERVICE UNIT IN 
PORT 

 

A 23 April 2013 item in Offshore described how MWCC was arranging to have all of its SURF 
equipment station at Mobile, Alabama, for training and maintenance convenience and ready for 
quick deployment. This typified  the expectation that operators would want a standby service 
unit to be accessible in a GoM port for similar service and training in addition to being close to 
prospective locations. . It was felt that parking in a deepwater port such as the Bahamas or 
mooring offshore—both as mooted earlier in the project—was not realistic for a GoM-suitable 
HiLoad. For this, and other reasons, it was beneficial to have a HiLoad that could enter at least 
one or two GoM ports and the design was therefore shown feasible for a maximum draft of 45 ft 
and potentially less. 
 

9.7.4 REFINEMENT OF HILOAD ECONOMICS 
 
Screening economics for the use of different offloading configurations and charter periods were 
conducted during February and March 2013. Unsuccessful attempts were made to obtain 
CAPEX indications for a HiLoad from Remora and so an assumption was made of $80 million 
for a GoM version with a corresponding typical 10-year time charter at $50,000 per day. During 
May 2013, it became apparent that the CAPEX figure was too low and the number was closer to 
$120 million, equivalent to approximately $66,000 per day for a 10-year time charter. Remora 
would not confirm a number here. The offloading spread with HiLoad that earlier had turned out 
to be at the high end or even the high cost figure was now even more so. 
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Section 6 discusses this in full detail. 
 

9.8 CHANGES IN TECHNOLOGY READINESS LEVEL (TRL) 
 
During the year-long project, the main potential advance for TRL occurred outside this RPSEA 
project in the decision by Petrobras to modify and try out the HiLoad in their offshore operations 
in Brazilian waters and, if satisfactory, to continue with a 10-year contract to use the modified 
prototype.  
 
The operator panel that participated in the TRL vote at WPG 2 determined that HiLoad had an 
average TRL vote of 4.3, but in three years, if it worked as planned, that would rise to an average 
vote of 6.1. 
 
In the two days before WPG 5 and at the WPG 5 meeting, remaining key concerns were able to 
be removed. Accordingly, after WPG 5, a second TRL vote was conducted with the same voting 
panel; eight (8) out of the fourteen (14) responded with a vote that indicated essentially no 
change in TRL over the intervening period of eight months. 
 
See Section 6 for additional discussion. 
 

9.9 PROGRESS ACHIEVED WITH “WHAT DOES IT TAKE TO DESIGN A 
GOM HILOAD AND BUILD IT AT A GOM YARD?” 

 
The performance of HiLoad while offloading in GoM metocean conditions is a viable situation. 
Similar to other types of floating equipment, its operation may be interrupted by the occurrence 
of loop currents. 
 
Normal operations for offloading in the GoM will employ Handymax tankers since none of the 
Jones Act GoM-suitable tankers are Aframaxes. Use of an Aframax has to be a foreign flag 
vessel on Jones Act waiver in the GoM. In contrast to the calculations of Section 8, the design 
could be more realistically characterized as Normal operation with a Handymax tanker with 
uptime at 98% loaded and 98.5% in ballast, and Contingency operation with an Aframax at 
uptime of 96.5% loaded and 97.5% in ballast.  
 
A well-qualified GoM fabricator (Signal International) has examined the potential for 
construction of a HiLoad in one of its yards and believes it is readily possible. 
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Delivery time seems to be approximately 100 weeks with total CAPEX of approximately $132 
million. 
 
Refer to Section 8 for more details. 
 

9.10 THE “BOTTOM LINE” —BUSINESS CASES FOR HILOAD 
TECHNOLOGY UNDER THE THREE SCENARIOS 

 

9.10.1 SCENARIO 1: STEADY STATE SERVICE—OFFLOADING FROM FPSOS 
 
The potential in the foreseeable future (i.e., 10 years) for more FPSOs in the GoM is uncertain: 
maybe one or two more, possibly none. Other safe and economic offloading solutions are 
available, generally at lower costs than HiLoad. However good and safe that the HiLoad 
technology may turn out to be, it is difficult to see it as a good business bet for the U.S. GoM. 
 

9.10.2 SCENARIO 2: STANDBY SERVICE—OFFLOADING FROM A PLATFORM 
WHERE PIPELINE DISRUPTION HAS OCCURRED AS IN 2005 

 
Subsequent to hurricanes Katrina and Rita in 2005, the Rapid Deployment Offloading System 
(RDOS) concept was mooted by BP, Chevron, and Shell as a means of preparing in advance to 
avoid 2005 production disruptions ever happening again. HiLoad offers speed and cost 
advantages over the CALM buoy options considered then. However, BP succeeded in securing a 
Jones Act waiver that enabled their chartering in a DP tanker for offloading from a GoM 
platform in 2005. That solution could again be considered as an alternative to HiLoad, not 
demanding advance commitment to long-term hire of a standby system.  
 
One can imagine pre-arranging a time charter, a call option if you will, for one or more of the 
approximately 70 DP tankers in the world fleet, such that it could be brought in at short notice 
and even light loaded to enable a large tanker to enter GoM ports under these emergency 
conditions. 
 

9.10.3 SCENARIO 3: STANDBY SERVICE—OFFLOADING DURING AN OIL SPILL 
EMERGENCY 

 
The argument for the use of HiLoad in this scenario comes down to one of safety—proving that 
the tankers receiving the spilled oil for transport to shore are more safely kept on station with 
HiLoad than with a hawser mooring from a DP capture vessel. The argument may be sound, but 
still must be proven with Helix or MWCC over what they have in mind currently and which even 
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though it may not be ideal, may be doable by applying the right degree of careful operations 
management. Prevailing in that argument may take some discussion and weighing of the 
economics against perceived reduced risks. 
 

9.11 OUTLOOK ON COMMERCIALITY 
 
After conclusion of the WPG meeting series, it became obvious that all three scenarios, while 
technically possible, were pretty much—in market reality—long shots. For Scenario 1, there was 
no slate of prospective FPSO developments in sight for the GoM, unlike market estimates for the 
rest of the world. No industry initiative was underway to create an emergency system for 
pipeline disruptions (Scenario 2) that might consider HiLoad as one of the options. For Scenario 
3, one oil spill contractor attended the first meeting but none afterwards, and the CTO of the 
other spill contractor emailed they had considered HiLoad but decided against its use. Thus, this 
study completed the assessments to show viability for use of the technology in the U.S. GoM, 
but little commerciality is indicated going forward. 
 
The search for comparable economics for HiLoad was revealing. In March, screening economics 
were run with a time charter rate of $50K/day on a 10-year term and then repeated in July at 
$66K. The estimate for GoM construction of a GoM-suitable HiLoad was $132 million. 
However, multiple industry press articles just before WPG 5 on 14 August 2013 showed a 
$55-million unit contracted by Teekay with Petrobras, i.e., at less than half the GoM CAPEX and 
maybe a third of what the prototype had actually cost. A Remora press release for OTC cited a 
contract worth $1.2 billion NOK, which computes to about $53.8K/day and a $210-million NOK 
purchase price equivalent to about $34-million CAPEX before modifications for Brazil. In other 
words, HiLoad was put to work only at a big discount. The technology might work in certain 
circumstances, but even there commerciality appears as a serious challenge to overcome. 
 
The gestation time to first commercial use plus the commercial basis on HiLoad are both much 
different from another marine technology that also started development in Stavanger in about the 
same year: the Sevan round hull first entered service in 2007 (six years along versus twelve years 
to first use for HiLoad). Now in 2013, Sevan has two MODU hulls in service plus three as 
FPSOs, all achieved with no discount on the full price for the fabrication. The HiLoad 
technology developers tried valiantly for a long time, and their persistence is recognized, but 
basic economics and commerciality are difficult. 
 
It is understood that Teekay Offshore Partners (NYSE: TOO) has in recent weeks obtained a 
controlling interest in Remora with the hope that the Teekay influence may be positive in the 
march to commerciality for HiLoad technology. It is an interesting step in the saga of how 
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Teekay, a shipping company based in Vancouver, first bought Stavanger-based Navion, the 
leading shuttle tanker company in 2004, followed by acquisition of Petrojarl, another Norwegian 
company that owned and operated FPSOs. Then in 2012, Teekay acquired Sevan, also in 
Stavanger and the pioneer of a new technology (round hulls for MODU and FPSO service). 
Remora therefore appears to be a good fit in Teekay’s “Stavanger fleet” with the HiLoad 
technology now better placed to pursue future commercialization. 
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10 RECOMMENDATIONS 

10,1 VALUE OF WORKING PROJECT GROUP 
 
The concept of the project team working with a WPG composed of SMEs with operating oil 
companies as the project progressed worked very well and is recommend for future projects.  
 
It is really nothing new and has been employed in Joint Industry Projects (JIPs) for years. In this 
instance, it was a constant reality check to ensure that ideas developed by the project team did, in 
fact, make practical sense for operating oil companies in the GoM. Initially there was a concern 
from the project team that because this was a fixed price and scope contract, variations suggested 
by operators—as can happen in a JIP—perhaps could not be handled. However, the operators 
understood the constraints.  
 
Care in conducting these meetings and, considering the different views, paid off with the roster 
of operators growing from five attending WPG 1 to ten being active in one or more meetings by 
the time WPG 5 was reached. 
 

10.2 FUTURE ASSESSMENTS OF HILOAD 
 
With the discussions from WPGs 1 through 5 and the groundwork now provided in this project, 
as well as initiatives now underway in places such as in Brazil for the use of HiLoad in 
day-to-day offloading operations, it is recommend that future assessments of this technology 
become the subject of industry funded initiatives.  
 
In effect, RPSEA has now performed what it set out to do. 
 

10.3 FUTURE USE OF THIS TECHNOLOGY IN GOM 
 
Although this technology is shown here to be acceptable in the GoM, no clear recommendation 
can be made as to it having compelling safety, environmental, operating, and economic 
advantages over other offloading systems that could potentially be employed in the GoM for the 
three scenarios considered here.  
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