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TANKER LOADS OFF JU AYMAH. The two
SALM terminals are designed to handle
750,000-cwt tanke rs—none of which have
yet been built.

SOFEC
constructs

the largest

SPM terminals in the Arabian Gulf

Rabert H. Gruy, Vice Prasident, SOFEC, Houston, Texas

The largest export SPM s in the world, two SALM (Single Anchor
Lag Mooring) terminals, have recantly baen complated by SOFEC,
Inc., of Houston in 125 ft of water in the Arabian Gulf, The two termi-
nals are part of the |ates! expansion of the offshore Inading capahbilities
at Ras al Ju' Aymah, Saudi Arabia.

Design capabilities. Each SALM is designed to moor and load
tankers up to 750,000 dwi® in seas up o 15 ft (significant wave height),
wingds up to 50 mph and currents of three ft'second.

The basic design philosophy for a SALM terminal is to provide a
moaring system having sufficient elasticity to minimize moaring forces
while retaining adequate stiffness to control tanker excursions. Moor-
ing lorces are predicted via an empirical method developed through
several years of model testing and prototype design, installation and
oparation.

For the Ju' Aymah Project, two separate series of model tests were
carriad out at the Natherlands Ship Modal Bagin: The purpose of the
first series was to assess the performance of the SALM system in
genaral, select an optimum hose system design and to verify maoring
forces, The second series was conducted to study on a large scale the
parformance of the SALM hose systam in wavas and currants. Nine
diffarent hose systems were tested 1o determine the optimum systemn
with respect to profile, length and flexural rigidity. Models were con-
structed for these tests at scales of 1:53, 1:38 and 1:20.

Swivel assembly. The hear of the SALM system s the fluld swivel
assembly. Because this unit must be located underwater, SOFEC
designed it for long life and maintenance-free operation. Actual flald
histories indicate that periodic lubrication is not necessary and seal
replacemants are infraquently reguired—on the order of seven or
more years,

Thus, the undenwater location provides a positive advantage as the
swivel is removed from the harsh surface environment to a quiet zone
near the sea floor well balow tanker draft and safe from damage by
collision should the tanker override the buoy. Additionally, the under-
water swivel allows separation of the mooring function and the cargo
transter function i.e., the SALM buoy is strictly & mooring device and is
not involved in cargo transfer. Mo hoses are attached to it. Thus, the
hose system is not subjected to forces (and potential damage) caused
by motions of the buoy.

The Ju' Aymah SALM fluid swivels are designed for simultaneous
transfer of two fluids: crude oll and bunker fuel oll. Design fiow rates
are 210,000 and 20,000 barrels per hour, respectively. Present opera-
tions which utilize twin 24-in. hose strings with 16-in. tail hoses for
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crude oll and a single 12-in. for bunker fuel limit transfer rates to about
110,000 barrels par hour for crode ol and 5,000 barrels per hour for
bumnker fusl oil.

The fluid swivels for the Ju' Aymah Project incorporate several
unique features which insure their operational viability:

1. Itis impossible to commingle the crude and bunker fuel oil. The
two products are segregated via structural separation i.e., no
elastomer or other type seals are utilzed.

2. The swivel assembliss are completely modular and all pressure
sealing connections may be readily brought to the surface
gither as a unit or individually,
Each of the rotary swivels which mount the fluid distibution
chambers incorporate 5 large volume seals: 3 on the oil side
and 2 on the side exposed to seawatar. The primary sealon the
oll slde |s a multiple contact, self-energized seal and the sscon-
dary smal & a large, pressure-energized type. Additionally,
there is an emergency seal which is normally in a passive or
refrected position. i can be energized and set with extermally
applied hydraulic pressure. Once set, this seal will allow the
swivel to continue to operate as usual until maintenance can be
scheduled. This prevents panic shut-downs of the system,

4. Swivel torque regquirements were reduced significantly through
research and development efforts. Low torque means longer
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BUOYS UNDER CONSTRUCTION. The buoys are used strictly for
mooring; the hose system s separate,
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BASES UNDER CONSTRUCTION AT BAHRAIN. Once on the sea
floor, the 9-ft diameter sections of the 45-ft aquare base are filled with
cament and pinned to the flaor with piling. One of the unusual faaturas
of the installation are the hose arms, which usually stabilize at 20 to
30° during loading. After vertical excursions due to waves, the amms
retLimm to the onginal configuration.

bearing and seal life and longer life for the submarine hoses.
Torgus reduction was achieved withou! reducing bearing or
seal contact areas through the use of a special low friction
overay material on the sealing surfaces in combination with
mechanical modifications to avoid torgue build-up due to bear-
ing mizalignmeant.

The SALM design utiizes the |oading hose to transmit torgue to
rotate the fluid swivel. The connection between the hose system and
the swivel is achieved through & hose arm which provides a flexible
transition point for the attachment of the submarine hoses and also
eanstitutes an impartant part of the over-all moment arm available to
rotate the fluid swivel.

Ancthar important feature of the Ju' Aymakh SALM hose arms is the
self-stabilizing capability. With this feature, the hasa arm is stabilized
at a pradetarmined anglawith the hodzontal, typically 20 10 30° Whan
il is upset by extenal forces and moves either upward or downward,
the self-stabilizing effect takes place and & positive righting momeant is
exered which tends o return the arm to its equilibrium position, This
function was clearly demonstrated during the Ju' Aymah mode tests
which also demonstrated the stability of the overall hose configuration,
Once the corract buoyancy has been added, the submaring Rose
configuration is stable and will, after deformation due 1o extamal
forces, resume its static configuration again when the extemnal forces
are ramoved,

The model also demonstrated that hesling angles i.e., changes in
vertical orlentation, of the hose arm under all current conditions tested
(.5 to 1.78 knote) are moderate as are the motions under the influancs
of waves.

One other important dasign parameater thal was verified during
model testing was the ability of the fluid swivel/hose arm/loading hose
system to rotate under the influence of nominal surface currants. it
was found that the optimum hose system would ratate the flukd swival
with currant velocitias of 0.3 to 0.5 knots at directions of 90° and 180°
fo the hose arm. Proper attertion to this important parameter during
the design phase insures that the loading hosas will not wrap around
the buoy should the terminal remain unoccupied during a tide change
or other shifts in weather directions.

Mooring buoys

The Ju' Aymah SALM moaring buoys are each cylindrical structures
20 ft in diameter by 40 ft deep providing a fully submerged net
buoyancy of 250 tons. This net buoyancy is a key design factor for the
SALM. Selectad net buoyancy was detarmined by engineering study
&s that which provided the optimum resistance for adequate control
over the motions of the maximum design tanker in the maximum de-
sign anvironment at an acceplable bow hawser load,

The buay is anchored to the mooring base by a single anchor leg
which consists of 20 links of 8-in. oil rig quality stud-link chain. Integral
with this chain are two universal joints at either end and a rotary chain

swivel alone end. The heavy chain, constantly in tension and isolated
betwaen the two universal joints, behaves essentially as a salid link.
The universal joinls accommedale angular motions and the chain
swivel allows rotational motion. Thus, relative motion between the
links is avoided and chain wear is nil.

Mooring base

The sea floor foundation or mooring base is a hollow square
measuring 45-ft 0.0. and 27-fi 1.D. Each leg of the square ks a 9-fi
diamater, internally stifiened cylinder. Bulkheads at each comer sepa-
rate the base ino four watertight companments 50 the entire structure
is salf-floating. During installation, two of the compartments are de-
signed to be flooded for submergence while the other two remain dry.
This reduces hook loads during the lowering of the base from the
surface to the sea floor.

Cnce on the sea floor the legs are flooded and then filled with
cement ballast. This prevents the pile system from being constantly in
tension. The in-place weight of SALM base plus piles plus ballast
oftsets the uplift forces imposed during nominal operating conditions.
Each Ju' Aymah SALM mooring base has an in-place weight of about
500 tons.

Fabncation of the mooring bases and buoys took place in the Ara-
bian Gulf on the izland of Bahrain. Fluid swivels and universal joinis
came from the L.S,; the hose arms were febricated in Singapare and
pllings were fabricated in Japan,

Instaliation

Installation of the Ju' Aymah SALM terminals took place during
summer, 1976. Prime contractor for SALM installations was Brown &
Root—Wimpey M.E.S.A.

The mooring baze assemblies ware transported from Bahrain to Ju'
Aymah—a distance of about 80 miles—where they wera lifted off the
barge and sat by a 500-ton =tiff lag crane. The maximum lift reguirad
was 325 tons. The bases were loweared into four-it deep recesses
which had baen air-liftad from the sea floor prior to thair ardval.

Once the bases and pilings were installed, the buoys were attached
via zingle connections as shown in the accompanying drawing.

The Ju Aymah SALM terminals were commissionad in late
Movembiar, 1976, Since start-up, several important items have been
confirmed:

1. The seli-stabilizing hose arm functions as prediclied by the
model tests. It absorbs the highly damped motions of the hose
string through small vertical excursions then retumns to its
stabilized desian position,

2. Submaring hose profile is very stable and requires no mainte-
nanca or adjusimant oncea set.

3. The fluld swivel rotates readily under the influance of torgue

produced by currents acting on the hoses.

Since the Ju' Aymah SALMs have been in operation, they have
been continually eccupled by VLCC s of the warld leet. During the first
three months' cperation, approximately 100 million bamrmels of oll were
transferred through the terminals. Thus far their performance
capabilities and minimum mainenance atributes have lived up to all
design expectations.
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