SHELL ESPANA, N.V. .

'CASTELION B-5!' OIL PRODUCTION INSTALILATION

LOCATION |
In August 1977 SHELL ESPANA brought into production well Castellén
3-5 off the Spanish Mediterranean coast, about 50 km South of Tarragona
.nd 60 ¥m Northeast of the Amposta Marino field. The well drains a small
0il accumalation situated in the Exploitation Concession TARRACO which
covers a tptal area of520,044 hectares. The interests of the partners
arei CAMPSA (Private Cpmpany)zs%, SHELL ESPARA, N.V. 75% and operator-
ship. 5 ' ' '
DRILLING
The first well in the area, drilled by the semisubmersible unit
SFDNETH in 1968, was a dry hole.

In 1973, the drilling rig TRANSWORLD-61 found some light oil in well
Castellén B=2, with further evidence of the presence of non—commercial
gas/condensate in well Castelldén B-4, drilled with the unit SEDCO 135-D

in 1974.

The presently producing well Castellén B-5 was drilled by STAF10 in
1976, The oil, of approximately 352 API, was encountered at 2,700 meters,
though the well was drilled to a total depth of some 3,800 meters in
order to verify the true extension of the oil bearing formation.

PRODUCTION ,

The productiah system elected for Castellén B-5 is known a&s SALS
(Single Anchor Leg Storage). This is its first installation, though some
of its components had already proved their reliability to the oil industry
in other parts of the world.

The system has the significant advantage of relative simplicity which
considerably reduces installation time; and relatively low capital and
operating costs whichlpermit the economic development of offshore fields
with small recoverable reseérves situated in not too exposed, medium—depth
waters. This is the case with the medest Castelldn B-5 accumulation in

9117 m water depth, the production of which would not have been viable.
by using a conventional fixed platiorm installation, |




THE SALS SYSTEM

The SALS system is a variation of the single-point mooring concept,
hitherto mainly applied in shallower waters for the berthing of loading/
discharging crude oil or product tankers off oilfield or refinery
terminal installations. It permits the tanker to move around its
mooring, always seeking the position of least resistance to wind;

4o

waves and currents.

Applied to deeper waters, its engineering adaptation allows a crude
0oil storage tanker to be permanentlf moored in an offshore oilfield;
and further refined, that same tanker can now also be used for the
processing (i.e. 0il/gas separation) of the received !live’ crude before
it is being stored. ‘ ' RS
This in combination with the similarly, recently advanced technique
of completing production wells at sea bottom, makes it possible - under
suitable local conditions - to preclude the installation of a separate
wellhead platform and/or fixed or floating production platforms annex
to an offshore storage/loading facility as, for instance, are present. in
the Amposta Marino oil field.

e |

The mooring system consists fundamentally of the following parts:

- above the water, the rigid mooring yoke fixed to the processing/
storage tanker; |

- in the water, the anchor leg;
- on the seabed, the mooring base.

The mooring base on the seabed is placed at about 150 m from the
underwater completed well, It is a steel structure filled with concrete
and piled to the ground, designed to resist the lateral and vertical

srces the moored tanker may impose through the interconnecting anchor

uader the most stringent expectation of local weather conditions.
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The anchor leg is composed of elongated chain links, forged of
solid steel, each seven meters long, articulated and each weighing some
three tons. Universal joints at the seabottom base and between the
anchor lez and the rigid mooring yoke, permit deflection of the anchor
leg in any direction from the vertical. '

The rigid mooring yoke consists of a stiff frame, constructed of
jiameter tubulars; its general shape is that of an 'A' frame with

larze di
the apex at the anchor leg. It incerporates a cylindrical buoyancy tank

which maintains the anchor leg in tension, This assembly weighs about
600 tens in total. :




The yoke is hinged to a 40 ton steel beam which in its turn is welded
to a 70 ton box structure attached to the bows of the tanker,

PRODUCTION PROCESS

From the X-mas tree which caps the underwater completed well, the
0il is carried through a flexible pipeline (Coflexip) laid on the
seabed via a jumper hose and manifolding configuration at.the SALS
base, to a vertical Coflexip line clamped to the anchor leg; through
a high pressure fluid swivel susPended from the rigid mooring yoke
and a product line to the tanker deck, it flows into gas/011 separator
facilities installed on the proce551ng/storage tanker.

Part of the gas is used as‘fuel in the steamboilgrs of the tanker
which power the ship‘s ancillaries and some of the special equipment
installed for its new function. The gas in excess of this requirement,
is burned in specially constructed 1nc1nerators installed at the stemrn
of the tanker,

The separated oil and any formation water are flowed into a settling
tank, prior to transferring the dry oil into the ship's storage tanks.
Formation water will be segregated in separate tanks for later shipment
as and when required, to the Amposta Marino oilfield where it can be
injected into that field's water disposal system. This will prevent any
formation water from reaching the sea,

The Spanish tanker "ALBUERA" (20,000 DWT) leased from CEPSA,lifts
the oil periodically for transport to selected Spanish refineries in
the same way as it has been done for the last four years in the Amposta
Marino o0il field. Special 11ne—threw1ng equipment installed on board
of the processing/storage tanker makes the "ALBUERA" self-hoorlns,
precluding the usage of auxiliary berthing craft.

The proces q;nu/stora#e tanker serves as the field's owerdtlcns
centra and provides support for all field activities besides housing
the production and maintenance crews.

The operator made a call for bids among shipowners and the anrlgh
tanker "DELTA" (ex—"ILDEFONSO FIERRO" - 58,000 DWT) was selected as
being the most suitable for this function, The necessary modifications
were then made to the tanker in the shipyard "Astilleros Espufioles, 5.A.

Factorfa de C4diz" in acoordance with Shell International's désign 2

[
i

cifications which in turn had to satisfy the requirements of
Classification Societies (Lloyd's Register and Bureau Veritas),



SAFETY AND ENVIRONMENTAL ASPECTS

Extensive provlslons have been made in the productlon system to
ensure safe operating conditions and to protect the environment against
pollution. !

Apart from the standard wellhead valve system at seabed (X-mas tree),
some of the many controls and safety features are the following:

s Hvdraulically operated, surface~controlled well safety valve,
Jocated some 30 meters below the seabed.

— A control system at the entrance of the gas/oll separator facili~
ties, and a well 'kill' pump aggrewate. o

- A pilot valve system at the wellhead through which the well will
be closed in if there exists a malfunction anywhere in the well
flow or oil/gas processing segquence; either automatlcally or
manually by means of push-button stations in several 1scat10ns
on board the proce551nn/storage tanker, ;

- Hydrocarbon gas detector alarms, monitoring and protecting every
function of the gas disposal system.

- 0il-traps to catch any oil spills on the deck of the processing/
storage tanker. '

- Extended fire-fighting facilities,

- A heliport on tne bow of thse tanker and a redlo—telephone system
for direct and rapid eomudnleatlon with the land base at San
Carlos de la Répita.

-~ Furthermore, the vessel contains a heave-compensated derrick
construction from which well survey and well servicing operations
can be performed on the production well, as and when required.
For this purpose, the vessel is manoeuvred from its free mooring
into a temporary, fixed position exactly above the wellhead.
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1.2

GENERAL DESCRIPTION

The Single Anchor Leg Storage system (SALS) is designed,
developed and patented by SBM, Inc. The SALS comprises,
an anchor point, a riser and a mooring yoke with universal
Joint interconnections. The mooring voke is fitted to a
permanently moored storage tanker by @ hinged connection.
A large buoyancy tank, providing the riser tension, is
incorporated in the yoke. Weathervening is made possible
by means of a heavy duty roller bearing situated in the
riser head.

The storage taznker carries separation equipment for handling
the crude ¢il/gas water mixture which is piped from the subsea
0il well to the tanker via the riser and yoke of the SALS.

The crude oil is processed stored and subsequently offloaded
into offtaking tankers which will moor alongside the permanently
moored stiorage tanker.

1-10



'1.2.1 PRINCIPLE

As with all SBM Inc. single point mooring systems, the SALS
provides the facility for 360° weather-vaning, that is the

yoke together with its permanently attached storage tanker

is free to rotate on the vertical axis to take up any position
determined by the prevailing wind and sea. In addition the
SALS retains the SPM anchor system which provides the restoring
force that balances those environmental forces acting upon the
moored vessel.

The SALS is provided with a single anchor leg, called a riser.
This riser is maintained in a near vertical configuration by
the buoyancy force counteracting those external horizontal
forces acting upon the moored vessel which tend to deflect
riser away from the vertical.

The requisite buoyancy is provided by the buoyancy tank built
into the yoke. The riser is slender in design in order to
reduce the forces acting upon it during operaticr.

The total forces in the system are in equilibrium when th
tangent of the angle of deviation from the vertical, time
the upward buoyancy force, is equal to the horizonta

Design studies have shown the installation of a rigid riser in

a deep water location to be a complicated and costiy cperation.
In consequence of this SBM Inc. have provided a special riser
for the SALS which is flexible for installation purposes but
functions as rigid riser in operation when it is hald in tension
by the buoyancy. _

1-11
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Surge, Sway, rHsave, vaw, KOII &Ng PFITCn ana Tne oplimum mouring
system will permit these motions without setting up resonances

in the system.

When a mooring system is provided with more than the requisite
articulation necessary to accommodate these six basic motions

it is liable to set up motions derivec irom the system itself.
Such system-induced-motions have their cwn natural frequencies
which will interact with some or all ¢f the six motions provided
for and set up undesirable resonances within the tanker/mooring
system and the component parts of the mooring system. The SALS
is constructed io accormodate the six basic motions of the
moored vessel without introducing extraneous movements of itself.

The SALS has only one moving component below water. A1l other
articulation points are above water and easily accessible.

ne fluld swivel is above water and is not subject to mooring
rees L1 szintenance including replacement of the swivel ceén
by the crew working on the platform without

Lhe nooring system.

1-12



1.2.2 TANKER MODIFICATION

The Tanker has a sponson structure built onto the bow by means
of a load spreading framework which is specially designed for
the tanker which has been used. This structure is attached

to the tanker beam which carries the brackets and hinge joints
which are connected to the yoke. The tanker is modified
internally to compensate for the sponson structure loading.

A1l designs, fabrication and installation techniques of the
structure, the load spreading framework and modification to
the tanker have been approved by the relevant classification
society.

1-43
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CASTELION B-5 PROJECT

OPERATING EXPERIENCE

Par. 1 - Description of Salz System
a— '"Delta! production umit
b- Sals yoke
c— Sals anchor chain and vertlcal flowline
d- Sals anchor base and jumper hose
e— Horizontal Coflexip
f- Wellhead

Par. 2 - Mooring procedure for well entry
par. 3 - Problems ecountered in the moored position .
Par. 4 — Operational experience'with yoke and’ swivel

Par. 5 - Conclusion

Par. 1 — Description of Sals System
The mooring system consists ba51ca113 of threes compiewent. i’
tion, the fixed base at seabed positioned ]48 mts. m 1]
derwvater completed well, the anchor Jeg, and the rigid moo:ing

yoke.

a— Delta production unit consists of a 60.000 tons tanker with
production, processing units installed on board. )

b- Sals Yoke consisting of a steel tubular freume with a cilindri-
cal buoyancy tank (20mts x 8mts) with maintains the anchor leg
in tension. .

c- Sals anchor chain composed of elongate chain links of solid
steel each seven metres long and weighing three tons. Attach-
ed by clamps to the chain is the vertical Ceflexip flowline
and hydraulic control hose bundle. '

d- Sals anchor base consists of a steel structure which is fixed
to the seabed by piles drilled and filled with concrete and a
support frame for the Coflexip jumper hose connecting the ver-
tical and horizontal Coflexip flowlines.

e~ The underwater wellhead is connected to the Sals Tase by a ho-
rizontal 4" Coflexip flowline laid on the seabed with a hydrau-
lic control hose for operating the hydraulic maﬁter valve and

down hole safety valve.
f- The underwater wellhead is a standard Cameron solid block tree

vith swab valve, manual single wing flowline valve , hydraulic
operatied master valve and a2 manual master valve.

Par. 2 - In order to effect a well entry utilizing the motion compensated
workover derrick, it is necessary to moor the !'Delta’ on the head-
ing of 2302 to bring the derrick over the wellhead.

b ML



Par.

3 -

Mooring is executed by cormecting port and starboard 63.5 mm ﬁ
stern cables to prelaid anchors by means of connector plates.
Tensjon on stern mooring cables is ajusted by operating two spe-
cial 100 tons hydraulic operated pulling machines.

Bow mooring utilizes standard ships 82.5 mm anchor chain which
are attached to prelaid bow anchors by means of connector plates.
This system of mooring allow precise manoeuvring of the vessel to
place the workover derrick immediztely zbove wellhead.

To facilitate mooring a supply boat it reguired for anchor handl-
ing and a tug hoat to move the 'Deltz' cunio the correct heading.

In the moored position two major factors effect the 'Deltal.

1— The position of the underwater laiout with the heading of the
Sals bese to the wellhead being 230°.

2- Weather conditions in the area of Tarragona where the preva-
lent winds are coming from the N.¥W. and build up in strenght
to 40-60 knots within 30 minutes. As a consequence of these
two Tfactors some difficulty has been experienced in holding
the 'Deltz’-in the moored pattern. It is necessary to maintain

a2 tug bozt on stand by whole time , in order to ease the
strain on the stern anchor cables should strong winds develop.
Or. J.rvzry 20 with wind strengtks of 80 knots, +two new 10"

achad to the 'Delta'! broke and within minutes the star-
~rohor gregged allowing the vessel to swing from 2302 to

s

Turing the period of service to date no serious defect have occu-
rred with the yoke or anchor leg of the system, the 'Delta' wea-
ervanes around the Sals mooring freely out of the moored position
'stem operates without problems.

oduct and hydraulic control line swivel have given cause for
concern, and a certain amount of redressing work on the seals in

the swivel will be necessary, as both seals have failed in service.

;..s (,}

Conclusion

Considering the time constraint placed on the project, it must be
onsidered as an outstanding sucess within 12 months of discovering
hie well a system has been devised whereby a production rate of
10.000 bbls/d has been obtain and store. A conventional tanker with
an inert gas system has been converted to a production storage ro-
le utilizing the tanker's machinery to support the production module
The sals system locates the tanker in the correct position and has
given no cause for concern during operation.

C
%
L

There is little doubt that some faults can be found with the project:

for instapce the position of the Sals base in relation to the well-
head; had more information been available regarding the prevailing

weather conditions the position of the Sals base could have been pla-

ced so that the heading of the tanker during the moored position for

well entry should have been to the N.W.

e
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