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ABSTRRCT

deployment and retrieval of a unigque Rapid
Depleyment Single Anchor ILeg Mooring system
(hereimnafter designated RA-DE SAIM'H‘I}. The EA-[E
sAatM™  (patent pending) is an adaptation of
commercial SATMs for military use which offers
significant advantages for comercial oil field
applications especially for extended well testing
in water depths up to 500 feet (152 m).

, construction,

The system is totally self-corntained, can be
towed at high speed and deployed and recovered with
minimal persannel and edquipment.

INTRODUCTTON

The fast and efficient transfer of FOL products
(petrolemm, oil, lubrication) from a tanker to the
shore has been a contimuing preblem for the armed
forces. Petrolemm products have been delivered by
floating 55 gallon drums ashore, by towing large
rubbar bladders and by corventional multiple buoy
mooring systems. A CAIM buoy has also been tried
but was not suitable for rapid deployment due to
the marpower, equipment and time required for
installatiomn.

The RA-DE sAIM™M (Fig., 1), in conjunction with
a flexible pipeline, prewvides a means to deliver
large quantities of fuel to shore-based cperations.
It can ke towed into the deployment area or
transported and launched from the deck of a
tanker and be installed and ready for operations in
less than 24 hours using only Navy warping tugs
{SWILT's) or small floating work vessels,

In a similar manner, a RA-DE SAIM™ can be
utilized to moor and load a fleating production

vessel for short to medium well testing or 1-2 well |

preduction in remcte areas,

1 References and illustrations at end of

paper.

During the RA-TE SATM operational
demonstration, the RA-DE SAIM™M was towed at speeds
in excess of 10 knots using a single 1600 H.P. tug
boat and was installed in the Gulf of Mexico in 150
feat (46 m) water depth in five (5) howrs using
enly a supply boat with four point spread mooring,
a small tug boat and two divers. Subseguently, the
system wWas fully recovered in twenty-four hours
using the same floating eguipment.

The RA-DE SAIM™ is designed to moor tankers up
to 70,000 DWT in water depths from 35 feet {11 m)
to 200 feet (61 m) and includes piping, swivels and
hose systems for transfer of petroleum products
betwesn the sea bed and the tanker's manifold.
Alternate designs, as described elsewhere in this
paper, service the nesds of the petrolemm
industry.

The technology imvolved has been developed by
SOFEC through nmerous SAIM installations Since
The basic SATM concept, developed by Exxon
Research and Engineering during the late 1960's,
provides a constantly tensicned cylindrical buoy
which is comnected to a mooring base on the sea
floor by means of a single anchor leg. The buoy
provides a mooring point for the tanker which,
mocred by its bow lines only, may swing freely
(weathervane) about the buoy. Thus, the vessel may
orient itself "head-on" into the prevailing seas
and remain safely moored in very rough weather
conditions.

The key differences between most comercial
Single Foint Mooring (SPM) systems the RA-DE
sAtMIM  are  that the RA-DE utilizes
prepositionad ballast and can be installed very
quickly by using ocontrolled flooding of the
buehrancy tankarﬁ{w.ith a minimm of other equipment.
The FA~DE SATM™ can be recovered readily without
the use of auwxiliary fleating hoist equipment and
it can be towed at high spesds to alternate
locations for redeployment, as applicable,
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SYSTEM PARAMETERS

The following are owverall performance
specifications and capabilities of the RA-[E saTMiM
as built for tha U.5. Kavy.

Water Depth 35 ft - 200 ft (11 m61 m)
Tarker Size (max.) 70,000 DWT

He (operating) 12 £t (3.7 m)

Wind (operating) 40 kt (21 m/s)

Current (operating) 4 ke (2 m/s)

Hmax (survival) 37 £t (11.3 m)

Wird (survival) 55 kt (28 m's)

Soft mid = hard sand

60,000 GPFH (228 cu.m/hr)
600 peil (4140 KFa)

Dual 6 in. (152 mm)

The FA-DE SAIM™ can be installed and
uperatimalmﬂerawidems;eofmﬂitimm (sea
floor, armviromment, water depth). Installation can
be accomplished in 24 - 48 hours utilizing three
tug boats and one to two divers, depending upcon
water depth. The SAIM is anchored to the sea floor
by means of a gravity base which uses preplaced
high density solid ballast material. Installation
is accamplished by selective flcoding of the base
flotation tanks (Fig. 7, 8) which are compartmented
to negate free surface effects and insure stability
during descent and ascent through the water column.

The system is entirely self contaiped, i.e.,
chain leg and loading hoses for any water
depth from 35 ft - 200 ft are carried on the SAIM
as is the mooring hawser. Chain leg segments and
submarine hose sections are coded for assempbly in

the proper sequence for the esxpected water depth at

the site (plus/mirms 5 £ft). All items are handled
and assewbled on the SAIM base (Fig. 2) using only |
manpower (2 men) arnd “come alongs." 'meflcat.ul'q:
hose is stored coiled around the SAIM buoy and is
pulled free by a small tug after base installation
is coampleted. The SAIM to pipeline connection is
made in the dry after a flexible hose stored on the
SATM base is brought to the surface by means of an
acoustic recall buoy.

The RA-DE SAIM™ may be loaded onto a tanker |
fitted with a transport/launch remp, delivered tnl
site and launched directly into the sea in a fully'
self-contained mode. Tmshlﬂmyalaubum-i
loaded omto the tanker using this ramp (Fig. 6).,
Alternatively, the RA-DE may be towed at!

up to 10 knots in the fully self-contained

mode using a single towing vessel.

installation site, off-loaded and towed
remaining distance. Tow distances of =saveral
thousand miles may be accommodated in order to

Product Del jverabili

The RA-DE SAIM™ is designed for simultaneous
delivery of two different products. It i=s equipped
with a dual product, high pressure, piggable fluid
swivel. The design is such that the products in
the two independent flow paths cannot commingle and
result in the delivery of a contaminated product. |
Each circuit will accommedate flow rates of 60,000
gallons per hour (228 cu. meters per hour) .

The key SAIM components, i.e., fluid swivel,
product piping, buoy swivel and universal joints
are all located below the sea surface, The fluid
swivel i= pre-assembled and tested and does not
require periodic lubrication or maintenance.
Likewize, no lubricaticon or pericdic maintenance is
required on universal joints, buoy swivel or anchor
chain leg. The design of these components for
long, maintenance—free life in submwerged service
will alsc result in minimal maintenance when the
system is stored bebween test deployments or actual
service deployments.

Becoverability

The FRA-TE SATMIM is fully recoverable by a
simple deballasting cperation. It is eguipped with
a jetting system to facilitate removal. The pre-
placed solid ballast i=s an integral part of the
system ard is recovered intact. The entire unit is
employed during installation. Recovery may be
accomplished with tug boat assistance only, i.e.,
ne lifting equipment is requived,

survivabili

The RA-DE SAIMT! terminal is not readily
susceptible to damage from tanker overmun or
hostile attack from the air or sea because the key
critical ocomponents are located within  the
perimeter of the mooring base near the saa floor.
The buoy is a pressure vessel which houses no
product piping, swivels, valves or other critical
camponents. Its small diameter does not present a
highly wisible target and its multiple internal

make it wvery diffieult to sink. In
the event the buoy is lost the SAIM is still
operational and vessels can moor directly to the
base universal Jeint wia the shallow water
awciliary bucy. With respect to storm survival,
SOFEC SAIM's have been designed and constructed to
survive 70 ft (21 m) hurricane waves and to moor
tankers in 40 f£ {12 m) typhoon waves. SOFEC SAIM
systems have experienced these conditions without
mishap.

SXSTEM CrMeRENTS

Mooring Fase

The mooring base supplied with the BRA-LE
SAIM to fulfill several purposes. This
fabricated steel structure provides the means of
developing the "holding power" at the base soil
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interface as a result of its inherent weight and
configquration. In addition, the base provides the
compartmented flotation necessary to transport the
total SAIM system by towing the base with its
preplaced kallast and then allowing its controlled
flooding to position the base on the ocean floor in
thereql.u_redmte.rdapm Compartmentation is
provided in the ballast contzol tanks at the
forvard and aft ends of the base to assure that no
d.etnmﬂlfrmsurf&ceeﬂe:tsmstdmmme
critical phase of moving throwh the water colurm.
Fiping is fabricated into the base to allow the
correction of "jetting lines" from the surface to
assure that suction pressures developed betusen the
bottom of the base and a cohesive soil can be
broken during retrieval of the base or to assist in
s&lectwelylmeuu:gt}nhaseﬁmary Tha
base iz configured +to provide the necessary
buoyancy, fresbeard, stability and ssaworthy
features to assure safe transportation at high
tewing speeds. During transcceanic transportation
ocnboard the tanker or other wvessel, the base
interfaces the deck mounted structure on the vessel
ard distributes loads to the transverse frames or

A universal Jjoint is wused at both the
base/anchor chain  interface and the mooring
buoy/anchor chain interface., Such U-joints are
required to prevent chain wear which could
otherwise campletely destroy a large chain in only
a fewr days of service. Permanently self-lubricated
bearings are used at each articulation point in
these joints in order to provide the freedem of
motion. The bearing surfaces of the
pins are overlaid with corrosion resistant
material.

Anchor Chadn

Standard 0il Rig Quality (ORD) stud link chain
iz used to tranemit the mooring forces from the
buoy to the foundation of the SATM. This chain is
cormected from the lower universal joint atep the
baaetnﬂ:emivelbermthﬂnmﬁghmy.
Fenter links as necessary are included in the
andmrlegtﬂprwideamamnfadjustugm

chain length to achieve the proper tension for the
water depth at the installation site.

gaveral watertight compartments to provide the
required damaged stability and protect against
accidental sinking. 'Inelengm::fﬂmnmyallmm
it to function satisfactorily in regions which
experience substantial tidal variatiens. The buoy
will contimue to perform its full function even if
it is completely submerged at high tide conditions.

Fluid Swivel Assewbly

The fluid swivel for the Ra-DE saM™M is
designed to withstand a working pressure of 600 psi
and allow the loading hose to rotate freely during
tide or as the tanker weathervanes arourd
the bucy. The fluid swivel asserbly and bearings
are completely independent of the meooring pest and
do not tramsmit any of the mooring load. Each of
the two swivels of the swivel assembly is an
independent unit. Each of these units is arvanged
to allow the pigging of the lines as required and
maintain the purity of the products being
transferred. The assembly allows the passage of
one product or two products similtanecusly without
impesing any penalty on the flow rate of either
unit. The bearings of these swivels are campletely
protected against intrusion by foreign particles by
redundant seals that are arranged to run on
are provided to protect the system against
intrusion by sand or scale. The seals are totally
compatible with the products being offloadsd.  All
of the seals are self-energizing and utiliz.e the

removed and brought to
independently of the moocring basa.

The Fluid Swivel assembly was =subjected to
extensive pressure testing (with Kercsene at 1000
pei) as well as flow testing to confim

piggability.
Loading Hoses

The loading hoses are dual 6 in. (152 mm), 600
psi (4140 Fra) working pressure hoses. All hoses
are contained on the RA-DE SAIMIM during storage
and transport. The surface floating hose system
consist of two separate strings made up from 40 £t
(12 m) sections with integral flotation built into
the hose carcass. This provides effective bucyancy
for surface flotation with an ample safety margin.
In its stored position, the surface floating hose
sutmarine hoses are stored on the basa structure
and are supplied in 40 ft (12 m) sections vwhich are
made up to accommodate siw (6) distinet ranges of
water depths from 35 ft - 200 ft. The dusl 6 in.
(152 mm) flow paths are contained in one integral
hose bundle which includes internal flotation
material., This highly specialized type of hose
construction provides smooth, easy to handle hose
units which will provide the proper submeroed
profile without the use of external flotation
beads.

The performance requirements for the submarine
hoses dictate that it is designed and built to very
exacting stardards. It is of prime importance that
the submarine hoses have adequate flesaral
stiffness to maintain a smooth suspended profile
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fram the surface to the swivel. The
d;msltyufﬂmproductsmrrtainedinﬂmlmesmll
vary from seawater (during installation) to light
gasoline and the =subwmerged weight of the filled
hoses will wvary accordingly. The flexural
stiffrese of the hose carcass must be adequate to
pravert excessive sagging or sharp bends regardless
of the density of product contained. The bulk

rigidity of the hose beody mist be adedquate to |

withstand external pressures ranging from zero at |
the surface to close to 90 psi at the maximm |

design depth without significant velume charge in |

order to assure buoyancy stability and to maintain
the profile within acceptable tolerance limits.

The submarine hoses must also perform the
funetion of turning the preduct swivel in response
to changes in owrrent directions and to
weathervaning motions of the mocred ship. ‘This
requirement provides a second criteria for flesamral
stiffness and also for adequate torsicnal stiffness
of the =ubmarine hoses. If the flesawal and
torsimnal stiffress is not adequate the hose will
rot rotate the swivel, but will tend to wrap itself
arcund the SATM buoy.

The RA-DE SAIMM incorporates three distinct
electronic/acoustic systems.

1. Product Swivel Orientation Indicater:

This system permits the remcte monitoring of
the relative position between the rotating amd
fived components of the product swivel., This
is remuired s=ince the SAIM swivel has a "dead
sector" of about 60 degrees in which a pig
carmot pass. En automatic, visual surface
display informs the user when it is permissible
to plg throush either of the two swivel
chambers.

2. Mooring Iocad Monitoring System:

This system measures the tension in the mooring
hawser and transmits this informatien to the
tanker's bridge where it is visually displayed

pipeline(s) at the surface.
operator on a surface vessal (installation tug)
to activate the subsurface release mechanisms

the SAIM base via acoustic signal and rises to
the surface with a retrieval line vhich is used
to bring the Jumper hose to the swrface for

Thess special systems were prowvided to assure
the highest level of safety and reliability
duriry  operation and to reduce diving
requirements.

Deployment and Fetrieval

Deployment ard retrieval of the RA-DE samMT! is
accomplished through a series of ballasting
(deballasting) cperations which cause the Mooring
Base to transit the water coliom from the surface
to the sea floor (or reverse). The FA-DE saiM™ is
engineered in a marmer which assures positive
stability of the system during this transit phass
and ensures a safe, controlled transit of the
struchore from sarface to sea floor and back.

The system has been installed a total of seven
(7) times to date in water depths from 30 to 150
feat. Each installation/retrieval has been
successfully oompleted utilizing the minimal
persomnel and equipment referred to hersin.

The safety and stability of the FA-DE sarM™
has been well demcrstrated without the reguirement
for specialized and expensive fleoating equipment.
Five (5) of the demostrations conducted to date
were performed in 30 £t - 40 f£ (9 m - 12 m) water
depth to demonstrate the ballast system and
acguaint the Havy Crew with the system gperation.
One (1) demonstration was conducted in 150 £t (45
m) to demonstrate the deep water depleyment (Fig.
8), and ane (1) demonstration was conducted in 100
ft (30 m) water depth to demonstrate the
intermediate depth deployment (Fig. 7).

The 100 ft (30 m) demonstration was performed
off Cape Charles, Virginia and was a camplete
demonstration which included tie-in to the flexible
submarine pipeline, tanker hook-up and punping
product to a beach manifold and storage facility.
During this demonstration the SAIM and submarine
hoses were deployed in four (4) hours. i
deployment, currents up to 1.5 knots (2.9 m/s) were
measured. The demonstrations were delayed during
the passage of hwrricane "Gloria" during which the
SAIM was subjected to the maximm design
ervirorment which it survived with no damage.
Following the storm, the tanker was connected to
the RA-DE and eone million gallans (3800
cu.m) of product was delivered to beach storage in
20 hours. During deliverability test, the swivel
operated at 600 psi (and was static tested at 650
psi), and a pig wvas puped from the tanker through
the SAIM swivel to a pig receiver on the beach.

COMMERCTAL, APPLICATIONS
The RA-LE SAIMM offers significant commercial

potential especially for extended well testing and
Gevelopment of one or two well marginal fields. It

should offer an attractive solution for such
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reguirsments. The ability to install, recover,
relocate and reinstall the system ubilizing only
tug boats and minimal diver assistance should offer
attractive economics as compared to more standard
solutions.

The following specifications are typical for
o0il field applicaticns.

Water Depth 100 ££-500 £t (30 m-152 m)
Tarker Size 100,000 DwT
Hs (ocperating) 20 £t (6 m)

70 kt (137 m/s)

Wind (operating)
Qurrent 2 kKt (3.9 m/s)

The SAIM (Fig. 9) utilizes a gravity-type base
which may be fabricated steel constructien with
pre-placed high density solid ballast (as in the
military wversion) or altematively, concrete
construction with steel tension members. The base
is desigmed to function in =ea floor conditions
ranging from soft myd (50 psf) to hard sand and
coral. The SAIM buoy attaches to the base through
a single, heavy stud-link anchor chain, Universal
joints at each end of the chain absorb system
deflections and hence, prevent chain wear. For a
prodqucticon/testing unit situated in 200 £t - 500 ft
(61 m - 152 m) water, production is transferred
from the sea floor to the moored tanker wia
flexible high pressure riser which is clamped to
the anchor leg and terminates in an in-line swivel
located below the buoy. High pressure hoses
cormect from the swivel to the tarker manifold.

Like the military wversion, installation is
acconplished by selective flooding of the ballast
tanks. Losering is accomplished in a series of
steps depending on water depth, wherely ocoplete
stability is contimially maintained. Anchor chain
and riser length are pre-adjusted for water depth
at the site. When the base is on the sea floor all
tanks are fully flooded. It is not required to
install additional ballast material. The SAIM
design provides a reliable, maintenance free Single
Point Mooring which has been previeusly extensively
proven in field applications. (Ref. 1-5).

CONCTIISTONS

1. A Rapid Depl Sirgle Point Mooring Jmown
as the RA-DE has been developed to mest
specific U.5. military The

requirements.
system conforms to the military goals of being
rapidly transportable (on vessal or towed),

The FA-DE SAIMI® and the systems on which it is
based are proven mnq:m having been
constructed successfully
hﬁtmwmtriwﬂmmmummsm

The RA-DE SAIMIM offers an attractive sclution
fmﬂnprnﬂntimcrluntemmﬂmﬂﬂ
reservoir analaysis of comeercial oil wells.

The adaptability of the system to long distance
transport, installation, retrieval and
reinstallation without the use of fleating
construction equipment (tug boats eonly, no
lifting capacity) offers significant cost
gsavings over methods employed to date.
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Fig. 1—Isamatric drawing: RA-DE SALM with lanker moared,



Fig. 2—Deck view during assembly. Fig. 3—RA-DE SALM hull during fabrication.
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Fig. 5—RA-DE SALM fully assembled being loaded aboard tanker by
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