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FLUATING FRUDUCTIUN

Why the disconnectable turret
makes sense in typhoon corridors

Design rationale for Lufeng 13-1 FSO shows
attributes needed to lower development costs

ne: of the most important improve-
(:) ments in single point mooring
(SFM) technology in recent years is
the development of a reliable discon-
nectable vessel mooring eapable of releasing
during extreme sea conditions. The floating
storage offleading (FS0) ffoating produc-
fion storage offloading (FPS0) vessel is ca-
pable of disconnecting from its mooring
when a major storm approaches and sailing
oul of the area. The vessel can then return,
re-connect itsell and resume production op-
erations following the storm passage,

The concept is especially attractive in
offshore areas of the world subjected to
seasonal cyclonic weather systems but
with characteristically mild environments
throughout the remainder of the yvear. This
disconnectable turret permits the mooring
lines and the load bearing structural com-
ponents to be designed for forces well
below those thet would be imposed by the
100-vear cyclone.

Hence, for many projects, the moorng
system cost {and the offshore installation
cost) will be substantially reduced, even

The

turret-moored
tanker, shown in cruising mode, can be
detached quickly from its production

disconnectable

mooring in the event of wave forces that

exceed parameter,

though the disconnectable turret hardware
is more complex than that for a permanent
furret mooring. Additional savinges will also
be realized via reduced cost for structural
modifications to the FSO/FPS0 veseel, in-
cluding less etrengthening in the turret well
and lighter foundations for deck mounted
process equipment than would be required
were the vessel Lo remain on station and be
subjected to fyphoon conditions.

This paper presents a summary de-
scription of the basis for a disconnectable
turret mooring for an FSO vessel in the
typhoon alley area southeast of Hong
Kong. The disconnectable turret provides
an economical mooring for FS0O/FP50
vessels in areas of the world such as Aus-
tralia’s Morthwest Shelf, the Timor Sea,
the South China Sea offshore the People's
Republic of China, and possibly the Gulf
of Mexico. This sophisticated technology
opens up the potential for the develop-
ment of marginal offshore fields that
would uneconomical using conventional
{permanent) SPM svstems.

General description

The disconnectable turret system is
characterized by a large buoy (spider
buoy) located beneath the keel of the ves
sel. When disconnected, the spider buoy
submerges to a pre-determined depth -
about 3540 meters below the surface -
where it stabilizes while supporting the
mooring lines and the risers,

Disconnectable sysbems are designed
for & much lower environmental retwm peri-
od than permanent mooring type SPM's.
When the warning for approach of a ty-
phoon iz given, the vessel disconnects the
riser(a) and releases the spider buoy and
azils to safe waters. After the storm passes,
the veszel returns to gite, recovers the float-
ing retrieval line, re-connects and begins
production operations.

The disconnectable turret mooring
described herein is designed to moor a
125,000 DWT FS0O vessel In 142 meters
water depth. The FSO site is approximate-
I¥ 120 miles southeast of Hong Kong in
the Lufeng 13-1 concession offshare the
People's Bepublic of China. This area is
subjected to severe typhoons, typically
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four 1o six each vear. The field development
scheme utilizes a fxed production platform
which supports all the processing facilities
and the downhole pumps required for pro-
ducing the wells.

The characteristic restoring force for
the disconnectable turret 15 developed by a
symmeirical eightleg composite wirechain
mnoring system with high capacity drag em-
bedrment anchors. Fundamental to the design
of the mooring legs is an evaluation of key
parameters as follows:

#* Nooring loads and excursions with FSO
veszel connected,

* Sarvival loads with spider buoy subinerped
and F0 vesee] disconnected.

* Forces to retrieve the spider buoy for re-
connection of FS0 vessel,

* Available installation techniques for spider
buoy and anchor leg system.

Iterative design procedures are re-
quired to achieve an optimized design and
maodel testing of the final configuration, espe-
cially the pe-connection, 15 a necessity,

Key features of the turret system are:

* Location - selected to provide optimal
mosring svatem design, minimize relrieval
forces, facilitate connection to the tanker and
be compatible with marine opetations of the
tanker when underway.

* Deck-mounted main bearing - this
arrangements permits the main roller bearing
to be located above the main deck and ming
mize overturning moment by having a flexible
mount under the bearing to reduce any mo-
ment that might be induced due to elashc de-
flections in the turret and deck structure.

* Connector tensioner - the connection be-
tween the turret and the disconnectable spi-
der bugy is achieved by a Cameron collet
connector. The collet connector is mounted
in series with a hydraulic tensioner which
prefoads the connectar and the mating struc-
ture. Thus, all moments are transferred
through surfaces preloaded in compression
at the out=side dizmeter of the turret shaft and
its interface with the spider buoy.

* Mooring winch location - the mooring
winch is located on the turret to avoid re-
trieval line entanglement during re-connec-
tion operations.

» Rizer connection - the riser termination is
located on the winch deck 10 meters above
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the main deck level. The piping is fitted with
special connectors that may be easily discon-
nected and reconnected, When disconnected,
the riser i3 lowered by means of its handling
winch into a receptacle in the spider buoy.

Design considerations

The design matrix for a disconnectable
furret mooring includes numerous ley iteme.
Multiple design iterations are normally required
1 achieve an optimized mooring system:
= Waler depth - Water depth is a major facior
in determining the makeup of the mooring legs
(chain, wire, or a combination of chain and
wire). This in tum determines the amount of
buoyancy required to hold up the detached
mocring sysiem and whether or not the buovan-
cy will be concentrated i a single module or of
arditional buoyancy will be necessary as distrib-
uteedl units attached to the mooring legs. Due o
the impact on installation costs, vse of distrib-
uted buoyancy is to be avoided if possible.

* Connected environment (vessel
moored) - For a given size vessel and load
condition, the performance and sizsing of the
mooring system is controfled by the forces ack-
ing on the vessel due to the maximum con-
nected environment. The combination of wind,
waves, and current, both mline and crossed,
determine the maximum system motions and
forces. Swatem forces determine the size and
strength of the mooring legs and turret struc-
tre. Maximum system mations determine, in
part, the configuration of the flow lines (riser
system). Interference between the mooring
legs and the riser system must be addressed.

+ Discomnected Environment (no vessel
moored) - When disconnected, the mooring
system descends to a depth of 3540 meters,
The exact depth is 2 trade off determined by the
amount of weight (mooring legs, risers, and
buoyancy module construction) that the unil
must support, the restoring force characteristics
(both horizontal and vertical) of the detached
system, and the severity of the survival stormm
Mooring leg forces are generallty of low order,
however, motions of the spider buoy are an i
fluence in design of the nser system,

Damaged cases (anchor leg damage or
buoyancy Joss) must also be analyzed in order to
determine madmum excursions and, more iny
portantly, the maximum head for which the
buoyancy umit must be desigmed.

* Soil conditions - The condition of the zea
floos determines the type of anchorng re-
quired (piles or drag anchors) and the accura-
oy to which the anchor point can actually be
set to avoid the need for further adjustmerts
during anchor keg installation. For accuracy of
placement, piles are preferred. However, cost
and available installabon equipment may dic-
tate use of drag anchors in many cases,

* Anchor leg configuration - Optimization
of the anchor legs is the most significant fac-
tor in achieving an efficient disconnectable
turret mooring. This element must have ade-
quate strength and safety factors to satisfy

code requirements in addition to having a
spring constant that will be compatible with
the system motions while not adversely af.
fecting the loads, The anchor leg configura-
tion will also have a significant effect on the
installation costs and the necessity of set
point accuracy for the anchors or piles.

+ Lifting force for re-connection - Mini
mization of the hfting force is imperative in
arder to have an optimized system. All marine
aperations and equipment necessary on the
storage/ process vessel are heavily infleenced
by this variable, The vertical force versus dis-
placement characteristics of the anchor leg
system 45 well as the shape and location of
the busyvancy of the anchor leg support sys-
tern will have a major effect upon the hfting re-
quirements for re-connection of the mooring
gysteimn to the storape /process vessel.

+ Riser connection - [t is noocssary o piece
the connection point for the risers at a location
that is easily acceseible for operational and
maintenance personnel. Handling aids must
be provided in order to facilitate connection
operatons. Operators should endeavor to min-
imize the size and number of flow lines since
accommedating large lines into the discon-
nectable systerm will have a major eost impact.
* Storage/process vessel interface - The
turret should be located on the
storage,/process vessel at a location where
the existing structure is accessible for strsc-
tural connection. This allows the best control
of vessel stresses and greatest fatigue life of
the existing vessel structure. Additionally,
the loads and motions for the mooring sys-
tem and recovery svstem can be guite dra-
malically influenced by the location of the
turret on the vessel. If the turret is Jocated
too far forward, large hydrodynamic forces
can be experienced. If it i= oo far back, low-
frequency surge and yaw motions and their
asaociated forces can increase.

* Fatigue of anchor legs - Fatigue charac-
teristics of a permanently moored system are
usually dominated by significanthr lower sea
astates than those for which the system is uli-
mately designed. In a disconnectable moor-
ing, this is not the case since the sea stafes to
produce maxdmum anchor leg Inads are only
slightty greater than the conditions that accur
on a much more frequent basis. As a result,
design of all components of the discon-
nectable turret mooring are more likely to be
controlled by fatigue,

* Arrangement of handling gear - To mini-
mize costs, especially on conversion installs
tions, it is desirable to leave the mooring
winches and their associated chain lockers
undisturied. Relocation is expensive and this
equipment must remain completely opera-
tional during periods of disconnection. Com-
promizes must be investigated sarly to estab-
lish the structural arrangement while consid-
ering location of cargo tanks, mechanical
equipment, and sea-keeping or hydrodynamic
characteristics of the vessel. In the case of

new built vessels the freedom to optimize
arrangements on the storage/process vessel
iz much greater and may perhaps result in
savings in the final overall system design.

* Inspection and maintenance - Because
of the added complexity of the mechanical
components of a disconnectable turret moor-
ing syslem, inspection and maintenance re-
quirements will of necessity be greater than
far a typical permanent system. A trade-off to
the added effort is the ability to perform
major inspecton and maintenance during
times of disconnection when the veasel and
the key components for connecting to the
mooring svalem can be brought alongside a
quay where added facilities may be readily
available for assistance.

* Manufacturing considerations - Be-
cause of the size and weights of the major
components to be manufactured into the
tanker structure, careful attention must be
paid 1o the machinability, handling, and heat
treatment of each compoenent. Elimination of
machining of bearing foundations on the
tanker or storage vessel structure is a major
opportunity for cost savings. To facilitate the
mouniing of the system on the storage or
process vessel, all needs for eradling, trans
porting, &nd lifting must he manufactured
into the hardware. It is desirable that thess
aids be arranged to avoid fatigue-prone hot
spats and also be a permanent part of the me-
chanical assembly where possible,

#* Failhire modes affects analvsis, design
reliability - Opecrators are confimumally requir-
ing more utilization of their equipment and
manpower during the life of a floating produc-
tion and/or storage system. In order to ac-
complish re-connection and disconnection
satisfactorily and maintain a high degree of
safety, maore complex mechanical equipment
is necessary. Because of this, and the poten-
tial for extensive damage and loss of life &s a
result of untimely failure on this type of equip-
ment, it is necessary that the highest degree
of reliability be designed into and included in
the budget for these installations.

Performing a failure modes and effects
anakysis of the system and its operation is rec-
omrmended in order to fully evaluate conceiv-
able situztions that may potentially oceur dur
ing the life of a mooring system. When per-
formed properly at the appropriate early time
in the project, the cost and schedule impact of
this effort will be minimized and the results he
more usehul o achieve operating success.

Model tests

Owver a one-vear period, bwo comprehen:
give sets of model tests were conducted at
the Maritime Research Institute Metherlands
(MARIN) before arriving at the final mooring
and re-connection systems design, The ob-
jectives of the first model tests included veri-
fication of a preliminary mooring legs config-
uration and an investigation of the perfor-
mance of an external bow mounted turret




compared to an internal turret. The second
set of tests involved a refined mooring legs
configuration and a comparison of hydrody-
namic loads on the connected spider buoy
for two internal turret locations relative to
the F50 forward perpendicular,

Considering the time and expense re-
quired to conduct model tests, the ability to
accurately predict the overall force and mo-
tion response of systems as complex as a dis-
connectable turret mooring is critical for the
timely design and optimization of the numer-
ous sub-system components.

Riser system

The riser system muast be optimized for
both the FSO connected and FSO disconnect-
ed configurations. Based on the site water
depth and the extreme severity of the environ-
menl, a basic Lazy-3 configuration was identi-
fied as the mest stable and economical de-
gign. The critical design parameters moni-
tored in the survival analyses of the rser sys-
tem are summarnized s follows:

» Maximum tension at riser and connections
¢ Minimum riser bend radius neat spider
entry, mid-water arch and seabed

o Maximum angles between niser and spider
and riser and mid-water arch

* Minimum length of lower riser section on
seabed,

¢ Spabed contact with upper riser section

* [nterference between upper riser section
and mooring legs.

After the selection of a flexible riser
structure with hydraulic, thermodynamic,
and corrosion properties that satisfy the site
production requirements, optirmization of the
Lagy-5 confipuration subject (o the above de-
sign criteria was carried out by varying the
follrwring physical parameters:

* Length of upper and lower niser sections

* Horizontal location of dynamic riser/static
hotiom line interface

* Mid-water arch support radius and net
bucyancy

* Length of mid-water arch tether and hor-
zontal lecation of clump weight.

Mumerous analytical cases governing
thee survivahility of the riser system were de-
rived in consideration of the global crienta-
tion and strength of the emdirenmental condi-
tiong at the Lufeng 13-1 site, and the maxi-
mum vessel/apider excursions observed
from model testz and numerical simulations.
Static and dynamic simulations were con-
ducted for the following enviremmental con-
ditions and system configurations:

* FSO connected: Maimum environment:
8.0 meter significant wave height, 1.2
meter/secand current; FSO vessel 50% or
100% loaded; environmental parallel ar trans-
verse to plan view riser layout; maximum
vessel nffset towards or away from mid-water
arch: intact mooring or one leg broken; and
rizer connected or disconnected from furret.

= FRSO disconnected: Maximum environ
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ment: 14.4 meter significant wave height, 2.4
metery/second current; environment parallel
or transverse to plan view riser layout; meax-
mum spider buoy offsel towards or away
from midswater arch: and intact mooring, one
leg broken or one compartment flooded.

Turret components

The turret =ystem design emphasizes
high reliability, ease of mantenance, and low
technical risk. The overall objectives were
achieved by locating ertical mechanical compo-
mienls above the waler line to the masimiinm ex-
tent possible, providing ease of access for pre-
ventive maintenance and utifizing construction
inethods and components that are proven in ex-
isting SPM systems. The procedure for in-
stalling the turret into the FSO vessel elimi-
nabes any machimng of large diarmeter suppoit
structures which are pre-welded into the vesscl.
* Turret shaft: The turret shaft is a stiff-
ened steel cylinder 27,4 meters high and 4.7
meters ingide diameter which i3 inserted
through the ship's hull just aft of the forecas-
fle. Precision machined weldments provide
interfaces with the bearings. Located at keel
lewel is the structural connector and tension-
er assembly which latches the spider buoy

A cro C
the Lufeng 13-1 tanker moofing

on of the turret used on
slem.

and the mooring lines onto the turret shaft.
The turret shaft may be rotated for final
alignment prior to re-connection by means
of dual hydraulic drive units which power
the gear ring on the main bearing.

When the spider buoy is re-connected, a
wrater tight seal is achieved by means of dual
seals at the interface with the turret shaft.
Two submersible pumps are emploved to
pumyp the turret shaft dry and thus provide

sors which detect the loclked and unlocked posi-

acessz for inspection and maintenance. The
interior of the turret shafl is fully ventlated
and lighted at all times and fire and gas detec-
fon sensors are strategically placed in he dis-
connected area and at intervals up the shaft.

= Spider buoy: The spider buoy is a multd-com-
partmented cyfindrical strocture with a hull 10.3
meters in diameter and & meters high, This
component provides the mierace between the
mooring legs and the turret and it incorporates
the male part of the structural connector and the
landing seat for the production rser. The elghi-
chain sipport assemblies for the mooring legs
are located around the lower periphery of the
buay. Busyancy and stability requirements are
gatizfied by a combination of syntactic foam
mosdules installed around the upper boll and per-
manent ballast in the lower hull Provisions are
included to add weights for trim and depth ad-
justment. following mstallation. Guide pin recep-
tacles are provided to insure proper alignment of
the riser during re-connection operations.

A fendering system of rubber fenders is provid-
ed around the re-connection area to cushion
any impact forees and preclude the potential for
damape during re<connection.

* Mooring system: The mooring system isa
symmetric Heg chain and wire rope compos-
ite design. Each mooring leg is made up of
cight elements including an adjustment sec-
tion, a weighted excursion limiter, a section
for attachment to the chain stoppers and a
high capacity drag embedment anchor. The
anchor legs produce & characteristic force-dis-
placement curve that is nearly linear, The ma-
jority of cach mooring leg is composed of
fenar-in, drawn and gaheanized wire rope.

Mooring system safety factors are in ac-

cordance with ABS General Procedures for
the Classification/Certification of Floating
Production Systems. The system design re-
sulis in motons and excursions of the F30
that are very satisfactory. The dynamics of
the spider buoy while disconnected and dur-
ing reconnection are well within acceptable
limits and the lifing requirement for re-con-
nection is minimized,
* Connector tensioner: This element is lo-
cated just above keel level, The upper part of
the spider buoy and the lower part of the tur-
ret shaft incorporate machined interfaces
that bring the spider buay in register to the
turret. These compenents are joined by a
Camergn collet connector which is designed
o produce and resist only axial loads.

After connection of the collet connector,
the tensioner iz hydraulically actuated to pro-
diice a compressive load at the turret shafi/spi-
der buoy interface. This load is mechanically
locked and monitorsd to maintain preload and
prevent separation of interface surfaces during
pocuwrrence of maximum design mooring
forces. Thus, the collect connector is subjected
to & nearty constant axdal tensile load condition
and iz resistant to fatigne, a sipnificant design
advantage, The connector mocrporates two sen-
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tion of the collet ring and fully redundant inde-
pendent ydraulic cylinder operating systems.
The entire connector tensioner assembly may
be redeased and raised for inspection and main-
tenance. This operation is restricted to the mini-
mal envdronmental conditions.

* Main bearing; This system for the wrret
shaft consists of a 65 meter diameter three-
row roller bearing located &t main deck level.
This bearing arrangement provides a highly
refiable and low mamtenance system. The de-
sign eliminates machining operations on the
large dismeter turret support structures weld-
ed into the tanker. The roller bearing at the
main deck is protected by elastomeric seals.
Bearing supports are designed to preclude
unfavorable deflections.

On the ship side, the bearing is moumnt-
ed to a large circular steel ring which is sup-
ported by a series of energy abzorbing ele-
ments which will reduce the effect of unfa-
vorable deflections at the tanker’s main deck.
Retainer fittings on the turrei side are stifi-
ened to avoid deflections, An automated lTu-
brication svstem injects grease at specific
programmed intervals.

* Fluid swivel: The fluid swivel stack consists
of a single sixir., Gpound, ANSI rated, pig-
gable swivel, a two-in. air swivel and an anmular
electrical awivel for
electrical power and
control service, The
production swivel is
sealed by multiple re-
inforced PTFE seals
and the bearing is -
bricated by the auto-
matic system used
primarily for main-
bearing lubrication.
The electrical swivel
is equipped with safe-
ty devices to warn of
any anomalics.

* Buoy retrieval
system: The spider
buoy retrieval system
i comprised of a hy-
draulically powered
winch and a chain
jack mounted n a e
ries. The retrieval
winch, hydraulic
power unit, accumu-
lator bank and con-
trol console are mounted on the winch deck
10 meters above the top deck of the tanker.
The chain jack is located on the centerline of
the turret shaft immediately above the top
deck. During disconnection, the accumulators
are utilized to power the hydraulic cylinders
which release the cellet connector.

During re-connection, a hawser rope
spocled on the retrieval winch pulls the spi-
der buoy inte a position near the keel of the
tanker. During this eperation, a stud link
chain stored in a locker in the bottom of the

spider buoy is deploved. When the winch
has pulled the chain into the upper clamp of
the chain jack, the winch is placed in the low
pull, constant tension mode and the chain
jack assumes the task of pulling the spider
buoy into register with the turret shaft.
When the spider buoy is docked with
the tanker, the turret shaft is rotated into final
aligmament, the securing pins are hydraulically
driven into receptacles in the spider buoy and
the collet connector i2 locksd and tengioned.
The winch and chain jack combination was
selected over a dual drum winch because it
provides a positive locking mechanism, bet-
ter control, ease of operation, and maxdmizes
the safety of personnel and equipment.
s Riser handling winch: the rser handiing
winch and control console is located on the
same deck as the retrieval winch and is dedi-
cated for rizer deployment and retrieval opera-
tions. Following purging operations prior to
disconnection of the rizer, isdation ball valves
are closed and the piping spoal above the riser
is disconnected by removing two Grayloc con-
nectors, A fishing tool guide and jar centralizer
are installed atop the riser and the rizer is run
down the riser guide tube using an (s type
SE pulling tool, After the riser is landed in its
seating receptacle in the spider buoy, the

The maximum design environmental conditions for the Lufeng 13-1 tanker.

pulling tool is removed using the jar and recow
ered to the winch deck. Riser retrieval ulilizes
the same SB pulling tool. Air power tools are
available on the winch deck to facilitate re-
moval and re-connection operations.,

Fabrication, installation

To facilitate the handling, testing and
mounting of the disconnectable furret moaor-
ing system onto the FSO vessel, the design
maximizes the use of sub-assemblies. All me-
chanical components were shop tested to

verify performance prior to mounting into the
turret system. Commissioning or functional
testing was carried out during the final as
sembly onto the vessel.

The FS0 vesszel was converted from the
128,000 DWT motor tanker Sea Queen. Prepara-
tion of the tanker for installation of the furret
began prior to the tanker being placed in dry-
dock. To have efficient use of the drydock, the
tanker struchure is cut away except for the lower
huill prinr to the vessal's entering the drydock.

Installation of the spider buoy, anchor
legs, and riser was undertaken in June 19493,
The F50 vessel was connected in late July,

Installation of the spider buoy is simi-
lar in many respects to that of a standard
CALM huoy. The main difference is that
the initial pullin wires are configured with
pre-determined hang-off points to expedite
final tensioning which will cause the buoy
to suhmerge. The riser and flowline are in-
stalled as a single line with a ange con-
nection between them and with no PLEM.

Conclusion

The disconnectable turret mooring
syatem provides a means of mooring stor-
age/production vessels in areas of the
world where it is not economically feasible
to employ a permanent
moaring system. This
technology may permit
marginal field develop-
ments that were not
previously considered
practical.

In addition to this
perceived primary ap-
plication, dizcon-
nectable turret technok
ogy can provide a
method for mooring
specially outfitted shut-
tle tankers in extremely
hostile areas such az
the MNorth Sea, the
Bering Sea, and the
North Atlantic where
acceptable operational
efficiencies cannot be
achieved with loading
systems that rely soley
on dynamic positioning
of the tanker for station
keeping.

The system may also have utilization
for shuttle tanker operations in areas sub-
ject to significant ice floes. The develop-
ment of the disconnectable turret mooring
zystem illustrates that 5PM technology is
available to design, build, and install innova-
tive solutions for hydrecarbon production
anywhere in the world, ®

Editor’s Note: This anticle was pre-
sented in unedited form ai the FPSO Tachnale-
oy Sympoziws in 1993,

e




~ Proven Marine :
Terminals and Floating Production
Systems for Today’s
Global Petroleum Industry

The 128,000 deadweight ton “Nanhai Shengkai” features a state-ol-the-art disconncctable internal turret mooring
gyatem developed by SOFEC (with MODEC), This Noating storage and affleading unit is moored al a water depih
of 465 feet (142 meters) offshore Hong Kong In the South China Sea, This specialized SOFEC tarret technalagy
allows the vessel to disconnect and reconnect ta the mooring in the event of severe weather or planned maintenance.
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