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INTRODUCTION

Background

The Offshore Safety Division (OSD) of the UK Health and Safety Executive (HSE) is the principal
regulatory authority in matters of health and safety on the UK Continental Shelf, (UKCS). The
HSE has responsibilities for overseeing the regulation of risks at offshore locations and to ensure
that they mect the standards of current legislative requirements. These responsibilities extend to
certain marine risks, including those associated with the operation of shuttle tankers at offshore
export facilities and in the vicinity of offshore installations. The HSE initiated this study in order
to obtain substantive information on the nature and scope of the risks.

Specific Objectives

The principal objective of the close proximity study is 10 assess the risks of collision during close
proximity operations involving shuttle tankers at offshore locations. The secondary objective is to
identify suitable standards of control and mitigation so that the risks of collision are reduced to the
lowest reasonably practicable levels.

Scope

The scope of the close proximity study is to identify generic hazards associated with offshore
shuttle tanker operations by investigation of the technical and operational practices and standards
that are currently in place. The following areas were subject to investigation;

+ the factors that influence and control the separation between shuttle tanker and installation
during offtake operations;

the types and characteristics of offshore export systems;

the types and characteristics of offshore shuttle tankers,

operational procedures,

emergency procedures and contingency plans,

safety management elements of operators and tanker owners and managers, including {raining,
competence, reliability/technical studies and risk assessments;

+ offshore shuttle tanker selection and design criteria

Method

The close proximity study required the co-operation of a wide range of companies actively involved
in offshore shuttle tanker operations so as to obtain first hand information on current technical and
operational practices and standards, :

A representative sample of companies was selected. All sectors of the industry were represented,
including oil companies, tanker operators, training institutions, equipment designers and
manufacturers, Meetings were held with each of the selected companies. The issues in the above
scope were discussed in some detail. A booklet was prepared for each company in advance of the
mecting. It contained the headings and the areas for discussion. At the end of each meeting the
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information gathered was entered into the company specific booklet. These were used as the basis
for producing the report.

Areas for Discussion

There were principally two strands to the discussions. In the first place information was scught on
the types and characteristics of offshore export facilities, tanker types, etc. The purpose of
gathering information of this type was to give a descriptive overview of the physical characteristics
and the nature of offshore shuttle tanker operations. In the second place more detailed information
was sought on risk based considerations of shuttle tanker operations.

Project Organisation

The close proximity study is an initiative of the HSE (OSD), who appointed Poseidon Maritime
(UK) Ltd (PML) as their consultants to carry out the project work scope. The day to day
management and performance of the work scope was the responsibility of PML appointed Project
Manager, Mr J Hughes, assisted by Project Engineer, Mr C. Martin. Mr K Pelan, of HSE’s OSD
was appointed by the HSE to oversee the study and acted as technical liaison with the consultant.
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1. OFFSHORE EXPORT FACILITIES - DESCRIPTIONS

Increasingly the shuttle tanker concept is being used as the preferred means of exporting crude oil
from offshore production fields to onshore refineries. The direct export of oil by tanker in this way
was first developed in more environmentally benign areas than NW European waters, e.g. systems
have been in place for many years in African, SE Asian and South American/Caribbean areas.
However, the development and the subsequent proving of the concept in the harsh environment of
NW European waters has made this mode of export a viable option for a wider range of
development areas and applications than was hitherto considered possible. The concept has been
implemented, proven and improved over the last two decades in both UK and the Norwegian
sectors and it is now a permanent feature of the offshore industry and considered by many in the
industry to have the potential for further applications beyond its current range.

There are various types of export facilities, ranging from single point offtake systems linked by
pipeline to the offshore production installation to recently developed complex floating production,
process and storage systems. Some systems are subsurface and others surface based systems. In
evolutionary terms the first type of export facility was the catenary anchor leg mooring (CALM)
where the hydrocarbons are transferred by long floating hose to the midships manifold of the
offtake tanker. This system neceds reasonably good weather and favourable environmental
conditions and is not suited to harsh environments or exposed locations, particularly the deep water
extremities of the continental shelf.

The first major offshore export facility in the UK was at the Argyll Field in 1975, where a semi-
submersible production installation was connected to a single buoy mooring, loading directly into
tethered conventional single screw tankers that had only been minimally modified from normal
tanker trading.

The concept of offshore exporting via shuttle tanker was then introduced in Norway in 1981 for the
export of oil from an ALP on the Statfjord field. This saw the world’s first DP shuttle tanker, m/t
Wilnora. At that time, the Statfjord experiment was considered to be little more than a temporary
measure aimed at bringing forward production start up before the construction of a permanent
pipeline. However, initial results were so encouraging that the offshore export facility and the use
of DP shuttle tankers became accepted as a permanent life of field solution at Statfjord.
Increasingly, since then the concept has been used as a life of field solution for other production
arcas in the UK and Norwegian sectors. Currently there are more than 20 such facilities.
Increasingly the concept is being used for waters in the even harsher environment of the Atlantic
Frontier,

This chapter provides an overview of some typical offshore export facilities that are to be seen in
North West European waters. General details of each system are provided, as are equipment
configurations, modes of operation, typical environmental criteria and system specific risks.

1.1 SURFACE SINGLE POINT SYSTEMS

1.1.1 General Description

There are various types of surface single point loading systems, including an articulated loading

platform (ALP) and single buoy mooring (SBM). A common feature of surface single point
systems is that their upper sections are above the surface and that they have a single terminal
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offloading point around which the offtake tanker can normally weathervane. - The loading hose and,
where relevant, the mooring hawser are connected to the bow section of the offtake tanker.

1.1.2 Articulated Loading Platform (ALP)

An articulated loading platform normally consists of a column that is attached to a gravity base
structure on the scabed by a universal joint assembly that allows it to articulate around the x-y
axis. A rotating head, weighing in the region of 350 tonnes, sits on the column at a sufficient
height above the sea surface to avoid contact with the 100 year wave. Risers are routed partly
inside the column and through a swivel joint to the end of a loading boom that is part of the
rotating head. From there, normally a 20 inch flexible loading hose in the region of 80 to 90
metres long connects with the loading manifold on the bow of the offtake tanker. Most ALPs are
unmanned. The control functions on the ALP are actuated out by telemetry signal from either the
offtake tanker or the nearby production installation. ALPs rarely have hydrocarbon storage
facilities.

Loading Hose

/

1P

N\

Shuttle Tanker

Y
Hawser

Articulated Joint

Fig 1.1 - Articulated Loading Column

1.1.3 Single Buoy Mooring (SBM)

Typically a single buoy mooring export system consists of a surface buoy attached by chains to
piled anchors on the seabed, as few as six, possibly up to twelve in number The hydrocarbon
flowline from the production installation is laid on the seabed and is connected to a seabed
manifold, from where a flexible riser carries the hydrocarbons to the surface buoy and from there
to the offtake tanker. The surface buoy is invariably fitted with a turntable through which the
hawser and flexible export pipeline are routed to the offtake tanker. There are a number of
variations of the SBM type system, such as the CALM (catenary anchor leg mooring system) and
the SALM (single anchor leg mooring).
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/ Loading Hose
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Shuttle Tanker

Buoy Moorings

Fig 1.2 - Single Buoy Mooring

1.1.4 Operational Description

It is usual for the offtake tanker to approach the surface single point system from a direction
downwind and/or downcurrent. The tanker’s line of approach is normally on a near reciprocal
heading to the angle of the loading boom and is also generally downstream of the surface mooring
messenger and export hose. There may be some restrictions imposed on the tanker’s line of
approach caused by nearby obstructions such as production installations, mobile drilling rigs or
pipelines. These restrictions will normally mean that some angles of approach are unacceptable
and that in some cases the approach must be aborted unless the heading of the loading boom can be
rotated by an external force, almost invariably by the support vessel. Tanker mooring and
positioning systems are typically by hawser and/or by dynamic positioning. Where a hawser is
used some preparation work is normally carried out by the support vessel to ensure that the hawser
and messenger line are in good order and that they are floating free ready for pick up by the tanker.
The pick up of the messenger line by the tanker can be done with the assistance of the support
vessel, alternatively, at some facilities the tanker picks up the messenger unaided. Once moored
the loading hose is winched onboard the tanker and coupled to the loading manifold.

1.1.5 Specific Risks

Many of the risks associated with the operation of an offtake tanker at surface single point systems
are comumon to other offshore export facilities but on a lesser scale. Specifically, in terms of the
collision risk, the consequences are generally less than with some other arrangements, such as ship-
shaped FPSOs and FSUs. Surface single point systems are generally unmanned, have little or no
hydrocarbon storage, are less vulnerable to impact damage since they are not fixed installations
and normally have a circular profile, which would tend to deflect impact energy in the event of a
collision.
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1.2 SUBMERGED SYSTEMS
1.2.1 General Description

There are various types of submerged systems, including OLS (offshore loading system), STL
(submerged turret loading), TCMS (tripod catenary mooring system), SAP (single anchor
production) and SAL (single anchor loading). The OLS, originally known as UKOLS was the first
type of submerged system and replaced some of the earlier ALPs that had developed cracks. The
most significant feature of the submerged systems is that they are designed for hawserless
operations. The loading equipment remains subsurface until picked up by the offtake tanker, so
that at times when no export is taking place the equipment remains unaffected by surface
environmental forces. In each case there is normally a messenger line and small location buoy left
on the surface after departure of the offtake tanker, potentially presenting a hazard to surface
ships. The STL, TCMS, SAP and SAL systems are designed for operation with conventional
tankers that have had only minor modifications to the bow area for accepting the chain mooring
and loading hose. There are advantages in using DP tankers at such systems, generally because the,
manocuvring and controt characteristics of the DP tankers are superior to non-DP tankers,
resulting in a widening of the environmental envelope for offtake operations.

1.2.2 Offshore Loading System (OLS)

The offshore loading system consists of a seabed template that is connected to the production
installation by a hydrocarbon pipeline. A mid water riser buoy is secured to the template by
vertical chain or wire and it is also connected by flexible hydrocarbon carrying hose. There is
sufficient depth clearance above the level of the riser buoy to allow deep draught vessels to overrun
it. There is generally a swivel arrangement on the buoy turntable that allows unobstructed freedom
for the attached offtake tanker to weathervane. The loading hose is connected to the offtake tanker
at its bow section in a manner similar to the arrangements for the surface single point loading
systems. There is no hawser in the OLS and tanker positioning is by DP.

AN

Shuttle Tanker

Riser
Buoy

\ Loading
Hose

Fig 1.3 - Offshore Loading System {OLS)
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1.2.3 Submerged Turret Loading (STL)

The STL system is a refinement of the OLS and is more robust. The STL system is different in a
number of ways, particularly that the subsurface buoy is secured to the seabed by a number of
anchor chains. In the STL system there is no flexible hydrocarbon riser from the buoy to the
tanker, the subsurface buoy being the highest point in the system. The subsurface buoy is designed
to fit into a specially configured STL compartment in the hull of the tanker, normally located in
way of one of the forward centre cargo tanks. The STL. compartment houses the HP swivel around
which the tanker can rotate. The subsea mooring system associated with the STL system is not
solely for use with offtake tanker operations but can also be used as a means of positioning and
transferring hydrocarbons to FPSOs or FSUs. Tankers used with this system need not be DP, .the
system being capable of operation with conventionally propelled and controlled tankers. However,
they must be fitted with STL. compartment and HP swivel.

AN

|—| Shuttle Tanker

Oil
Pipeline

Fig 1.4 - Submerged Turret Loading System (STL})

1.2.4 Tripod Catenary Mooring System (TCMS)

The TCMS is ideally suited to extended well test offtakes where the production/test installation,
normally a mobile drilling rig, is located approximately 1 to 2km distant. Although first developed
for extended well tests (EWT) of up to 90 days duration, the system is now considered technically
capable of carrying out the early production phase in marginal fields and is also considered to have
the potential to be a life of field solution.

The mooring system comprises a three legged anchoring system, where the legs of the chain or wire

join at a single node point. A chafe chain assembly then rises to the bow of the tanker, where it is
connected to a standard OCIMF bow stopper arrangement. The mooring arrangement can be
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deployed readily by an anchor handling vessel. There is no pre-tensioning in the mooring system.
The loading hose is a continuous flexible hose that is normally laid along the seabed from the
production installation and is connected to the mid water riser buoy. The tanker only requires to
have minimum modification in the form of a loading hose chute that is fitted over its bow. Once
connected to the mooring system and the loading hose, the moored tanker can be used as either a
shuttle tanker or as a storage facility. In shuttle tanker mode the tanker would load its cargo and
then disconnect from the mooring. In storage mode the tanker would remain moored on location
and export crude oil via a shuttle tanker operating in tandem. In order to export in this way, it is
necessary for the tanker to undergo modifications, in particular having an appropriate discharge
system fitted, e.g. stern discharge system (SDS).

N

Node

Tanker
Riser Loading
Buoys Hose
Flowline Mooring Chain
Tripod Catenary Mooring

Fig 1.5 - Tripod Catenary Mooring System

1.2.5 Single Anchor Production (S.AP) & Single Anchor Loading (SAL)

Both SAP and SAL are similar in concept to the TCMS, being suitable for extended well tests
(EWTS), early production phases (EPTs) and also for supporting offshore loading. The mooring
principle is based on a suction anchor with a combined high pressure multi-bore swivel and anchor
line swivel. The anchor line swivel takes all the forces from the anchor lines which are attached to
the tanker through a spring buoy. The high pressure swivel can be installed from the tanker and
recovered for repair and maintenance. The SAP/SAL concept provides for safe anchoring and full
weathervaning capability even with a number of risers and umbilicals. The riser connection
manifold can be located in a suitable area onboard the tanker, even at the midships loading
manifold area. The figure below is a representation of the SAP, which is in concept similar to the
SAL.
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Fig 1.6 - Single Anchor Production (SAP)

1.2.6 Operational Description

The offtake tanker has considerable freedom to manoeuvre on its approach to all of the sub-sea
systems referred to above. Uhless there are other surface installations in the vicinity there are
generally no surface obstructions and thereby no restrictions on the tanker’s direction of approach.
The presence of obstructions in the vicinity of the location normally results in the establishment of
exclusion zones, into which tankers are not allowed. This is particularly relevant to tanker
approaches. In all cases, i.e. OLS, STL or TCMS there is generally a surface messenger line that
is attached to the loading hose or subsurface buoy and it is therefore necessary for the tanker to
know the location of the messenger before starting its approach. Typically a tanker support vessel
is used in the approach stages to locate and then pass up the end of the messenger to the tanker.

When moored up in the'STL or the TCMS systems, the offtake tanker is effectively tethered to the
seabed by the subseca moorings. Where the tanker has appropriate propulsion capability ang
control systems, such as DP, then the tension in the mooring system can be minimised. There are
also options where the tanker can sit without active propulsion thus leaving the STL and TCMS
mooring systems t0 maintain tanker position and to take the mooring tensions caused by
hydrodynamic forces acting on the tanker. In all cases, methods are available on board the tanker
to monitor position relative to the subsea system. In the STL system monitoring of the tension in
the mooring system itself is designed to ensure that the mooring system is not subjected to
excessive loads. The position of the offtake tanker can be monitored in a number of other ways,
for example, by position reference systems such as DGPS, HPR or Artemis.

Generally offtake tankers can moor up and maintain production at subsurface systems in more

adverse environmental conditions than is considered acceptable for surface based offtake systems.
For example, experience shows that tankers can approach and moor up at an OLS where
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significant wave height (Hs) is 4.5m, disconnecting when Hs reaches 5.5m. However, the
environmental envelope for STL systems is considerably greater, with typical values for tanker
approach and mooring being in the region of Hs equal to 5 to 5.5m, with the tanker able to remain
on location in extreme environmental conditions, not requiring disconnection until Hs reaches 10m
or, in some cases, 15.5m. The environmental conditions required for mooring at TCMS is Hs
equal to 4m and the system is capable of continued operation in sea states up to 8m.

1.2.7 Specific Risks

One of the principal advantages of the STL system is that the environmental envelope is
considerably more extensive than with other sub-sea systems. STL systems arc able to support
continued operations in extreme environmental conditions that other systems find untenable. The
ability to maintain production in extreme conditions does not significantly increase the risk of
damage or loss, since there are generally no surface obstructions presenting a risk of collision.
Where there exist environmentally induced hazards, such as extreme wave height or extreme
subsea currents causing unacceptable excursions or tensions in the mooring system, then the risk of
damage can be averted by emergency disconnection. This is an option in all systems.

1.3 SURFACE PRODUCTION AND STORAGE SYSTEMS (FPSO or FSU)
1.3.1 General Description

The two principal systems are floating storage units (FSU) systems and floating production storage
and offloading (FPSO) systems. Typically both involve the use of ship shaped vessels secured to
the seabed by a number of different mooring systems, such as STL. In both cases the FSU and
FPSO are able to weathervane, at some locations without restriction, but at others with only a
limited degree of freedom. The normal means of export is by stern loading to an offtake tanker.
The generic term for this is tandem loading. The offtake tanker can be either DP controlled or a
conventional tanker. As will be seen in section 1.4 and in Chapter 2 there has been a trend for
tankers to become more sophisticated with greater manoeuvrability and redundancy, however there
are still some shuttle tankers that have conventional propulsion and control configurations.

1.3.2 Floating Storage Units (FSU)

FSUs are either converted tankers or custom-built vessels. There are a number of different ways of
securing the unit to the seabed, such as by an STL system where the securing point is normally in a
specially constructed compartment in the hull of the unit or by a yoke type surface connection
located directly on the bow of the unit. Hydrocarbons are pumped by subsea pipeline to the FSU
from the production installation some distance away, normally in the region of 1.5 to 2km. The
FSU loads directly into its cargo tanks and when nearing completion an offtake tanker arrives to
carry out a tandem offload using the stern discharge system, (SDS). There are no process facilities
on board the FSU, only storage. Storage capacities vary and can be as much as 600,000 barrels
of oil.
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1.3.3 Floating Production Storage and Offloading (FPSO)

Many of the features associated with the FSU are shared by the FPSO, the principal differences
being that there are process facilities on board the FPSO unit, consisting of crude oil separators,
gas compression plant, flaring, venting systems and chemical injection modules. Normally FPSOs
are ship shaped and may be a custom built installation or a converted tanker. Methods of securing
the FPSO to the seabed are invariably by a submerged mooring system, by STL or by a variation
of the concept. In addition, export of the hydrocarbons is normally by SDS to an offtake tanker in
a tandem arrangement,

Hawser

10N
FSU/EPSO T v \—

/

Shuttle Tanker

Hose

Fig 1.7 - FSU/FPSO

1.3.4 Operational Description

It is normal for the tanker to approach the stern of the FSU or FPSO on a parallel heading. An
FSU or FPSO will normally lie head to the prevailing environment. Some installations are free to
weathervane, whereas others have propulsion capability, enabling the adoption of a preferred
heading for the approach and throughout the export. It is normal for the direction and speed of the
tanker approach to be subjected o procedural controls from 10 nautical miles out. Frequently
there are restricted sectors that the tankers are not allowed to enter. Mooring and hook up can be
either with the assistance of a support vessel, but increasingly, the entire operation is carried out
without external assistance, in which case rocket line, messenger line, hawser and hose are
transferred directly to the offtake tanker from the stern of the FSU or FPSQO. The transfer of the
rocket line normally starts with the tanker at a 100 metres stand off position, maintaining its
position on DP,

When moored and hooked up to the FSU or FPSO the tanker maintains position by DP with the

hawser acting only as back up. There are considerable hydrodynamic interactions between the
export facility and the offtake tanker, normally to a much greater degree than is experienced at
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other export facilities, such as surface buoys or loading columns. Part of the reason for this is the
difference in underwater shape and mass between a fully loaded deep draught FSU or FPSO and a
lighter shallow draught offtake tanker. As the loading progresses the balance of forces acting on
the underwater shapes can equalise and then become biased so that greater forces act on the tanker
than on the export facility.

1.3.5 Specific Risks

The greatest single marine risk is that of collision between the FSU or FPSO and the offtake
tanker. The hazards are potentially much more severe than other export facilities since, in physical
terms, the inherent forces, physical masses and exposure of personnel are greater. Where, as in
most cases, the positioning of the offtake tanker is controlled by DP then the reliability and
cffectiveness of the DP system and its peripherals are of utmost importance. In terms of dynamic
interaction the presence of the DP shuttle tanker poses as much of a threat to the FSU or FPSO as
does the FSU or FPSO to the DP shuttle tanker. However, apart from a select few examples, the
operational risk reduction measures are mainly taken by the DP shuttle tanker.

The better the operational performance and redundancy levels of the DP system then the more
remote the chance of collision. Much of this report will concentrate on the adequacy of DP shuttle
tankers to carry out the offtake function in close proximity to FSUs and FPSOs.

In brief the report will cover the following DP associated areas in relation to the design and
operation of DP shuttle tankers.

Principles of DP operations, inc. philosophy of DP shuttle tanker operations

Overview of DP systems and equipment, inc. typical failure modes and control measures
Principles of DP redundancy, international codes and guidelines

External and internal DP verification schemes

Operational problem areas associated with DP shuttle tankers

DP operational procedures

DP human factors

1.4 TABULATED ASSESSMENT

The following table draws together some of the principal topics contained in this chapter. It is
acknowledged that the export systems referred to in column 1 do not make up a complete list of
system types. There are other systems that have not been considered. However, all other systems
are conceptually related to the systems below, none being radically different. The table below has
been developed to show the main operating scopes, sensitivity indices and tanker types that are
considered to be the most suitable for each system. This involves qualitative assessment. The
decision making principle used in the qualitative assessment is based on the nature and results of
discussions held with individuals and companies that are directly involved in offshore offtake
operations and have participated in the project. The assessment is consistent with their majority
viewpoini, being based principally on operational experience and knowledge but also influenced by
the exercise of competent operational and safety management judgement.
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