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ABSTRACT

This peper discusses the design and the major
cemponents of three [3) Single Anchor Leg Mooring
[SBAIM) terminals which will be used to moor and un-
load tankers up to T00,000 DWT at the first domestic
port capable of accommodating deep deaft vegSsels.

The extensive model tests mnd basic rationale
used for selecting the SALM (vs. the CALM) are dis-
cussed as are the design criteria and mooring forces
which were determined through model test analysis
and supplemental calculations.

The major SALM components are described with
Emphasis on unigque faatures which were inccrpnru:e&
o improve safety, increase operational efficiency
and reduce maintenance requirements.

Special emphasis iz placed on the sophisticated
equipment incorporated into theases SALM systems to
allow remote load monitoring and shut-in control of
oil flow during the unloading operation and thus pro=
vide maximum protection against meoring breskouts
and potenptial environmental damage.

The LOOP SALM terminals will be classified per
American Bureau of Shipping's (ABS') "Bules for
Building & Classing Single Point Moorings". This
paper dizcusses briefly the involvement and role of
ABS in reviewing overall project plans, mooring
forees, structural design, and installation plans,
and the providing of site inspection during fabrica-
tion and installation.

INTRODUCTION

The Louisiana Offshore 01l Port (LOOF) will be
the first domestic facility capeble of accommodating
deep draft tankers. This faeility will greatly im-
prove the efficiency with which crude oil is frans-—
ported from exporting nations to the United States
and will slleow full realization of the ecaonomics

References mnd illustrations at end of paper.

affered by Very Large Crude Carriers (VLOC). These |
termipels, each designed to =afely moor and unload
tankere up to T00,000 DWT, will be located approxi-
mately 18 miles south of Grand Isle, Louisiana in |
about 110 feet of water.

The LOOF deepwater port will allow fully loadsd
VLCC'"s to unload crude oil directly into undsrground
storage and thence to major pipeline systems and
will thus reduce the current requirements for lighter=
ipg and transshipment. Unloading oil via EFM is
aeologically preferable to open ocean lightering
because the possibility of aspills is greatly reduccd.
Additionally, the offshore location of the deepwater
port provides for envirocnmental safety because it
reduces the probability of tanker collision or ground- |
ing which are by far the major causes of oil
spills.1l,2

In itz initial stage the LOOP terminal will
econeiet of three (3) SALM-type (Fig. 1) Single Point
Mooring (SPM) terminals arranged squidistantly along
an 8000 foot radius semi-circle with the pumping plat-
form complex at its center (Fig. 2). Ultimately,
expansion plans may add up to three (3) addition=l
BALM's for a total of six (A]. A fifty-six (58) inci
dameter pipeline will connect each SALM to the centrsj
offshore pumping platform ard a 48 inch diameter pipe=
Line will connect this pumping facility to & shore-
side booster station. From here, the oil will move
inland to the underground salt dome storage faciliity
where it will be temporarily stored. 01l will be
transferred from storage to the St. James terminzl of
CAPLINE which feeds refineries in the Bast and Mid-
West, and to other pipelines which supply Louiziana
refineries. The LOOP terminal which will initially
have an import capacity of 1.4 million barrels per day,
will ultimately be joined to abeut twenty-five {25%)
percent of the toital U. 5, refining capacity.

The LOOP deepwater port will be the fiprst
application of Single Point Mooring {SPFM) technology
for erude oil import in the United States. SFM's are
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Hz Wind Current
12 ft. 8 1807 35 kt & 135° 1 kn & 90°
12 f¢., @ 135¢ 35 kt @ 180° 1 kn # 90°
b oft. @ 135° 10 kt @ 180° .5 kn @ 90°

The totel Test Study III consisted of 290 testsz for
CALM with Lazy-8, 9 tests for CALM with Chinese Lant-
ern and 29 for SALM.

In addition to tests in the selected environment
three other tests of interest were conducted:

1. Behavior of ship in wind and current only

2, Behavior of floating hose string when the buoy was
uneceupied during a reversal of current direction

3. Tanker collision with buey

Frincipal veriables were underbucy hose config=-
urations, tanker size and tanker loading condition.
Note: Al]l model tests were conducted at 8 scale of
1:53 in a vater depth of 115 feet.

A total of 82 oodel tests were conducted during
the study of the SALM;
CALM study. (More tests were conducted with the CAIM
because two distinctly different hose confimurations
were tested and each test required several PLEM-pyeoy
orientstions). Several chzervations of particular in-
terest were made during these model Tests:

1. For the SALM with tankers 350 MDWT - TOO MDWT opti<
mum hawser length is 60m. With the 165 MDWT tenker,
optimum length was 55m. During the tests, havser
lengths were varied from 40m - 90= =nd it was cbserved
that increasing the length of the bow hawser beyond
the "optimmm" resulted in an increase in slow motlons
of the ship in the horizontal plane and in larger

peak bow hawser loads.

2. The largest mooring forces were experienced with
the tankers in the light ballast (30%) conditienm,
lowest forces occurred with the tanker fully loaded.

3. In general, nc apprecisble differsnces in mooring
forces were sxperienced when the tanker size increased
from 350 MDWT to TOD MDWT with tankers in the loaded
condition. For the ballasted condition (normal bal-
last = L3T) forces were zlightly larger with the
larger wveszsel.

i, The behavior of both types of mooring systems in
waves, wind and current is dominated by large, slow
[(10-20 mipute gyele geriqdﬂ ogeillations of the ship
in horizontel plane. The oscillations are largest
with the ballasted tanker and maximum values of bow
hawser force are attained at both extreme positions
and at an intermediate position. Forces at the in-
termediate position are normally much larger than at
the extreme positions. Additicnally, high freguency
oscillations of the buoy and ship with periocds about
the same as wave periods will comtribute somevhat to
bow hawser fores (typieally 108 - 20% for the SALM).

The movement of the SALM underwater hose system
less than both the optimum Lazy-5 and Chinese

52
Was

:

129 tests were reguired for the operating conditions.

I

both LOOF and SEADOCK for use in their Gulf Comst

bucy during a berthing approach because no eritieal

buoy collision and the SAIM had no radial anchor chains

SALM DESTON

-

Lantern hose systems selected for the CALM in operating
and hurricane survivel conditions, and during periods
of current reversal.

6. No significant advantages were ohserved whether
the SALM hose system was in its normal configuration
or submerged on the seafloor during hurricane condi-
tions.

T. Peak forces in the SAIM's anchor leg ccourred dur-
ing mavisum operating conditions, not during the max-
imm hurricane.

8. The SALM's single anchor leg chain experienced
substantially lower stresses than the most heavily
loaded chain of the CALM,

9. The SALM illustrated supericr survival character-
istiecs during tanker collisicn tests.

Based on snalysis of these comprehensive model

tests and weighed with the personal experience of the
verious member oll companies, the SALM was selected by

SUDErPOTES.

The decision to
placed major emphazis

use the SALM instead of the CALM
on performance under routine

Of special importance was the
consideration of hose meintenance. The model tests
showed that the motions of the CAIM buoy induced higher
forces in the floating and underbucy hoses than were
exparienced in the SAIM hose system. It was believed
that these larger forces would lead to increased mein-
tenance freguency.

HSME also conecluded from the medel teste that the
SALM aystem offered the best capability for hurricens
survival. Additionally, it was believed that the SALN
system would be less 1ikely to experience damage than
would the CALM in the svent of a tanker overriding the

SALM components were susceptible to demage from tanker-

or PLEM to buoy hoses that could be fouled by the
tanker's bow,

The LOOP SALM termipals are designed to provide
raliable import facilities which will be awvailable for
continuous use with an absolute minimum of downtime.

The design environment and maximum tanker were
selected to insure an operating condition (berth ce- I
cupied) which would have only a small probsbility of |
exceedance and would represent a realistic maximum
mooring conditien.

Water Depth (maximum) 114 £+,
Tanker Depdweipght Tonnage (max.) TOO,000 TWT
Tanker Length 1hoo f£t.
Tanker Beam a50 ft.
Tanker Draft {masximom) 0% ft.
Significant Wave Height 15 ft.

|
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Wave Period 9 See.
Current (Parallel to wave) 3 Tt/Gec
Wind (1 minute mean) 50 mph
Maximum Wave (survival) T ft.
Maximum Wind [survival) 166 mph
Maximm Current (surviwval) L.k Ft/Bec

As previcusly noted, testing has showm that the
cperating environment will determine the design loads,
not the hurricane survival condition.

Typical planned operating parameters for the
LOOF terminels are:

1. Place tanker onto mooring w/Hs less than & f£t.
2. Buspend loading with Hs approximately 12 ft.
3. Depart mooring with Hs greater than 15 f£t.

The load monitoring system will reduce the
Judgement factor required to make decisions regarding
items 2 & 3.

The reguired anchoring capacity and struectural
component strength for the LOOF SALM's are based on
two governing conditions i.e., opersting mooring loads
and ultimate ztructural capacity loads.

The operating loads were basically established
during the model test program but vere modified by
S0FEC to reflect final design envirommental conditions
thet were scmevhat different with respeect to operating
current then the model tests conditions (Fig. 4):

Ttem Model Test Final Design
{80FEC)
Bucy Size 25 £t dia x 38 ft 21 £t dia x b6 £t

high high

Het Submerged

Buoyancy 386 s. Toms 350 s. Tons

Current 1 kt 90° to waves 1.7T6 kt in line
wiwaves

Bow Hawser

Force 386 5. Tons 410 a. Tons

Anchor Leg

Force 689 =. Tons 650 g. Tons

Anchor Leg angle

(w/vertical) 30° 33°

The operating load dictates the mooring hawser
assembly which in turn, dictates the ultimate load-
the force required to break the hawser assembly's
chafing chain at the tanker's bow. The United States
Coast Guard's "Guidelines for Deepwater Fort Single
Point Mooring Design"” recommends 1.75: 1 = chafing
chain bresking strength + maximum hawser operating

lead, This exceeds Ameriean Bureau of Shipping's
requirements per ABS "Rules for Building & Classing
Single Point Moorings" and was thus selected for the
LOOF design.

HAWSER SELECTION

The use of a zingle bow hawser has become popular
at some SPM ipstallations in recemt years because of
ease of hapdling and hook-up and lack of tangling prob-
lems common to twin hewser systems., A single hawser
system for LOOP per U.5.C.G. guidelines would requires
an 18 inch grommet-type hawser (STROP) having a new
breaking strength of 846 s. Tons and a chafing chain
vith a breasking strength of 718 =. Tons. This die-
tates & Grade U3 chein approximately 3-3/4% inch dia-
meter, larger than the 3 inech chocks commonly fuung on
VLCC class tankers. Additionally, OCIMF standards
for tanker deck fittings set maximum working loads well
below the maximm probable bov hawser force:

Vesael Size OCIMF Minisnm SWL for bitts,
and Smit Brackets

Less than 100,000 DWT 1 x 110 5. Tons
100,000 - 150,000 DWT 1 x 220 =. Tons
150,000 - 350,000 IWT 2 x 220 5. Tons
greater than 350,000 IWT 2 x 275 =. Tons

For these reasons, a dual hawser system wes
recommended for the LOOP SALM's. Each assembly con-
gists of a 180 . long, 19 inch eircumference nylon
grommet. The grommet was selected instead of a 21 inch
gingle line because the "eyes" at either end are essier
to handle.

The two hawser assemblies are completely autono-
mous, There are two sets of mooring brackets on the
buoy deck, each with its own quick change hawser coup-
ler and strain gauged mooring pin, and twin chafing
chains 25 ft, long at the tanker end, each connected
to its hawser via quick change thimble.

The structural components of the SAIM are de-
gigned to asaure that a load of 1.75 % max. operating
hawser load or spproximately T20 s. Tons will not
cause yielding in any component which might affect the
integrity of the product swivel or other eritical mem-
ters. Twin 3 inech chains (Gr, U3} acting in wnison
through closely spaced bow chocks could exert as much
as 970 8. tons, Thus, the chafing chain assemblies
were designed to incorporate an overload stress control
link. These machined links have s breaking strength
of 360 5. tons each and will be placed in each chafing
chain just outboard the bow fair lead. Should a fail-
ure occcur at this loeation (which would require loads
substantially in excess of the maximum predicted load)
the nylon hawser would spring back toward the buoy and
would not endenger tanker perscmnel. It is noted that
the hawsers themselves which are vulnerable to attri-
tion from salt water wetting and cyelic loeding each
have a new bresking strength of 600 s. tons for & com—
bined strength of about 3 times the maximum predicted
load,
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In the case of widely spaced bow chocks (10 ft.
or more apart)the hawsers will be unequally loaded a
majority of the time. In the extreme yaw position,
the angle between the hawser and the ship's longitu-
dinal axis mey be as large az 60°. In this position
with the maximm loeded hawser at its limit f.e., 360
6. tons with chafing chain overload safety link, the
least loaded hawser will be elongated about 8.7 feet
less and will pick up abouwt 140 s, tons for a totel
combined capacity of 500 s. tons.

The evaluation is based on the elastic charsc-
teristics of nylon hawsers which have been in use for
some time. Hewer hawsers would have substantially
higher elasticity and consequently smaller losd differd
entials would result between the two hawserz. In con-
sidering the probability of a condition which could
overstress the chafing chain, it should be recalled
from the discussion of model tests that the extreme
yaw position does not create the peak hawser loads.
Rather, the peak forces ococur at an intermediate
position where the load distribution between the two
hawzers will be nearly equal.

Congiderations for Fatigue

Dezign of welded Joints and structural compo=-
nents subject to significant stress variations was
based on consideration of fatigue effects. Preavious
S0FEC research has established allowable stress ranges
for varicus components of the SAIM terminal based on
conglderation of the cumulstive effects of the predic-
ted stress history during serviee life of the facility.

Bagically, peak load stresses dus to both mooring
loads and dynamic {hurricane) loads were computed and
a complete stress range history for a 20 year service
life wes established. The number of stress cycles
within each of a series of stress range groups was
then determined on the basis of wave statistics and
predictions of the average interval of cccurrence
of pesk loads during both mooring and survival con-
ditions. The cumulative effects of the computed
stress ra.nges were evalusted using a "dsmage factor"
technigue. Using this method, ratiocs of actual
stress cycles to stress cycles reguired for failure
for a given stress range are developed and a summation
of these ratios is then compiled. Values for the
stresg cyeles required for failure at a given stress
level in welded joints and structurel components were
derived from published data andTHEre used in establish-
ing the final design criteria. "?

DESCRIPTION OF MAJOR SALM COMPONENTS

Mooring Base & Pilings

The SALM meoring base is &4 compact, pile an-
chored seafloor foundation. It is an "open" square ,
steel structure b0 . cutside x 30 . inside dimen-
sions with a 13 ft. overall height. The sides of the
square are stiffened box beams 5 ft. wide x T ft. high
which connect to 6' o.d. pile sleeves at each corner.
Four (L) 5 ft o.d. x 90 ft. long piles will be driven
to TT ft. penetration to anchor the base to the sea-
floor. Connection between pile and pile sleeve will
bte achieved by pressure grouting.

The entire base will be recessed into the sea-
floor 7 feet. The mooring base is designed to form an
externally flush sealed unit when the fluid swivel is
in place. This design completely encloses the struc-
tural connections and the fluid swivel piping thersby
protecting them from zilt build-up.

The mooring base cover plate is flush with the
mud-line and is intended to be "selfl cleaning” by
the action of bettom currents as the gbsence of ex-
posed structural members and piping will prevent
excesgive silt build-up around the base. The struc-
tural comnnection between fluid swivel and base, and
the twin 30" sutlet piping may be readily accessed by
divers through large manways. While the environment
is wet, it is protected from silt build-up and jetting
will not be required in order to inspect these compo-
nents.

The roteting crude oil inlet chamber is located
Just above the mud-line, To prevent silt from bufld-
ing up against this swivel, a simple labyrinth-type
exclusion device was designed. This device utilizes
an air-pocket sesl and has no running parts to con-
tribute to torgue build-up.

Fluid Swivel Assembly

The fluid swiwvel allowe the hose assembly to
rotate 360 and follow the tanker as it swings around
the meoring in response to directional weather changes
The fluid swivel is designed as a complete seperate
modular unit which is set into the mooring base and
connected with sixteen (16) high strength boltz. This
arrangement presents a very low profile so that the
entire fluid swivel ipcluding the lower universal
Joint projects a total of only about 10 feet above the
mud=line,

The underwater location of the SALM's fluid
swivel dictates & design that provides long-life
maintenance free operaticn. SO0FEC-BALM fluid swivels
do not require periodic lubrication and the design
pogitively insures that no meoring forces are trans-
ferred into the awiwvels.

The fluid swivel assembly incorporates the
atationary crude oil outlet chamber i.e., the chamber
is built into the fluid swivel assembly unit and is
not an integral part of the mooring bese. This allows
the connection between the fluid swivel and the moor-
ing base to be strictly structural and thus not re-
quired to maintain any kind of seal in conjunction
with its structural load-carrying function. This type
design allows every pressure sSealing comnection to be
readily removed and brought to the surface in the
event maimtenance 1s required.

The rotating crode oil inlet chamber ie mounted
on two (2} rotary fluid swivels. Each swivel incor-
porates five (5) large volume seals; three (3) on the
orude oil side and two (2) on the seawater side. The
primery oil seal is a very large cross-sectlion, mul-
tiple contact, self-energized seal which is actually
three szeals in one. The secondary seal ig a large
J=type pressure energized seal, Additionally, on the
oll side apn "emergency" seal is incorperated which
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may be brought into service in the event of primary
and secondary seal failure.

This senl is normally in a passive (retracted)
position and mey be energized and externally set with
hydrauliec pressure. Onee set, this geal will allow
the swivel to continue to operate as usual until main-
tenence can be scheduled thus preventing an unantiei-
pated shut-down of the system.

The fluid swivel is designed to accommodate
erude oil flow rates of 175,000 barrels per hour at
operating pressures up to 277 psig.

Another important fluid swivel design consider-
ation is torque resistance. The LOOP fluid swivel
assemblies are designed to rotate under the influence
af the torgue created by small currents acting on the
hose string. Thus, in perisds of current reveraal
such as tide changes when the terminal i{s unoccupied
the swivel will rotate and prevent the hoses from
vrapping sround the SALM buey.

In order to insure the performance characteris-
ties and integrity of SOFEC-BALM fluid swivels, the
units are completely tested during three phases of
manufactire:

1. The ipdividual rotary fluid swivels are tested
prior to installation in the fInid swivel assembly,
Torque=-pressure curves are developed during these
tests. Two zeparate series of tests are conductedy
one series tests the emergency seal system only, the
second series tests the primery and secondery sealing
sysetem.

2. The completed fluid swivel assemblies are hydro-
statiecally and rotationelly tested to develop torque-
pressure characteristics. A total of elghteen (18)
separate rotational tests are condueted at different
pressures during which 312 torque readings are re=
corded.

3. After installation into the mooring base the
swivel along with all associated base piping is again
hydrestatically and rotationally tested.

The final acceptance testing which is a full
rotational and hydrostatic test series is conducted
subsequent to the installation and prior to commis-
sioning of the SALM.

In order to allew comprehensive maintenance, a
series of test ports are designed into the system.
Access to these ports is provided in & coovenlent lo-
cation so that a diver cen easily conduct maintenance
checks and on-site tests, if required.

Mooring Buoy

The SALM mooring buoy provides the Single Moor-
ing point to whieh the tanker is attached via bow
hawsers. The buoys' hull is 21 ft. o.d. x b6 ft. high
it bas a submerged net buoyancy of 350 s. tons. The
bucy is designed to maintain positive tension on the
anchor leg at all times including the event of the
maximum hurricane wave.

The buoy is designed as an externally loaded
ring-stiffened pressure vessel with & minimum design
factor against buckling of 2.5:1 at the meximum des=ign
submergence of T0 ft.

The imterior of the buoy is divided into sight
(B) watertight compartments by a horizontal deck =t
mid hull plus 2 verticel bulkheads 90° apart. In an
emergency, any four of these compartmente could be
flooded without causing the buoy to sink.

The extericr of the buoy is completely enclosed
by & structural framework which serves three (3) im-
portant functions:

1. It provides structural protection for the buoy hull
to prevent damsge by tanker-buoy collisien.

2. The framework serves as external ring-type hull
gtiffeners.

3. The framework provides s series of evenly spaced
flat surfaces on which to mount elastomeric fenders.
This type mounting assures full utilization of the
fenders energy absorbing capabilities.

Anchor Leg Assembly

The SAIM's single anchor leg assembly utilizes
f=1/2 inch grade ORQ (01 Rig Quelity) stud link an-
chor chain with s breaking strength of 19895 short tons.
At the maximum predicted operating load, the anchor
chain ig stressed to less then 33% of its bresking
strength. It is important to note that the proper
BAIM design insures that this chain is alwayes in ten-
glon 1.e., it is not subjected to impact loads even in
the event of the maximum hurricane wave passing the
buoy.

The assembly incorporates a universal joint at
each end and a chain swivel at one end. With this
grrangement , the universal Joints accommodsate lateral
displacements of the buoy and the chain swivel allows
rotaticnal moticn. Thus, relative movement between
the chain links and subsequent chain wear sannot occur.

The SQFEC wniversal Joints utilize full monel
averlay on the load carrying pins and on facing sur-
faces. Permenently lubricated aluminum-bronze bushings
and thrust washers are employed and the joints have
proven to provide long, maintenance free life.3d

Each chain swivel will employ five (5) rows of
angular contact bell bearings. The unite will be pull
tested to 1000 tons and rotational tests will be con-
ducted at incremental loads to develop load-torgue
curves. Following testing, the swivels will be com-
pletely disassembled and inspected prior to acceptance.

The swivels are grease filled and sealed against
intrusion of sea water. They do not require periodic
lubrication., Swivels of this design are proven, low

torgque units which offer exceptionally long life.3

The S0FEC-SALM design, which places the chain
gwivel directly Iin the anchor leg assembly, insures
that ne torque loads are transferred into anchor leg
components,
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Hose tem

The hose system for the LOOP SAIMa consists of
two parallel 24 inch i.d. hoses with a total horizon-
tal length from the buoy's statie center 1ine to the
tanker's mid-ship manifold of about 1100 fest .

The hose system consists of & submerged section,
a short transition section and a long floating seet-
ion.

The floating section will be made up of about
2k-L0 ft. lengths of integral float-type hoses such as
are in common use on SPM's throughout the world.

The submerged section of SAIM hose system will
consist typically of 5 = Y0 ft. lengths of specially
reinforced submarine hose. The stiffness or rigidity
is caleulsted via iterative technigue and must be
sufficient to cause this portion of the hose string to
assume a configuration that provides a "moment arm"
adeguate to rotate the fluid swivel when the floating
hose string iz acted upon by nominal surface currents,
Each hose manufastured will be subjected to a bending
test (along with other extensive pressure and vacuum
tests) to insure that it meets the stiffness require-
ments.

The profile of the submerged hose string is a-
chieved and maintained by integral in-line buoyancy
tanks mounted between the hose flanges. Each hose
length iz additionally supported by hose flotation
beads mounted onto collars that are made into the hose
carcass. This type of support providesz a very stable
hose profile which, due to its complete separation
from the mooring buoy, is not subjected to large ex-
ternal forces and provides very long service life,
Forces exerted by sea action on the floating hoses are
gradually dempened as they travel along the slightly
stiffer submerged hose seetion and the resultant mo-
tions {and forces) which oceur where the hose attaches
te the fluid swivel are relatively minor.

To add sdditional protection to the hose string,
the LOOP SAIM's will incorporate a specially designed
elastomeric Joint at the Juncture point of hoses to
the fluid swivel assembly. These flexible joints are
designed to provide a transition between the hose and
the rigid piping.

Eguipment for Operationsl Memitoring & Combrol

The LOOF SAIM terminals will be equipped with
remcte valve control systems and with & unique system
for monitoring forces in the bow hawsers which attach
the tanker to the buoy. This equipment will allow
remote observations of the tanker-buoy interaction
during unloeding cperaticns and will permit remote
shut-in of the erude oil transmission system between
the tanker and the pipeline to the central control
platform. Thus, the remote systems provide maximum
command over two potentisl operstional hazards; tanker
breakeuts and oll spills. A& third type of potentisl
operating denger, tanker/bucy damege due to collision,
is eliminated by the inherent safety of the SALM de-
sign which places critical fluid carrying components
below the keel of the tanker and allows the buoy to
be readily pushed aside by tanker contact.

Yalwve Control System

During unloading operations oil is pumped from
the tanker through the twin 2k inch i.4. hoses into
the SAIM's fluid swivel. The oil departs the fluid
swivel through twe thirty inch headers which lead to
the main fifty-six inch pipeline that comnects each
BAIM to the central pumping platform. Ball wvalves
are provided at the inlet and cutlet of the fluid
swivel. Additionally, thirty inch check walwves are
provided at the swivel outlets. Twenty-four inch
valves on the inlet side are locally controlled via
direct hydraulic operstors. The 30 inch ball valves
on the cutlet side are controlled via hydraulic
operators which are sctuated Yrom the central contrel
platform BODO feet away.

The primary considerations for selection of
the walve control system were relisbility as proven
by actual sub ses experience and response time.

Three basic types of control systems were
considered:

1. Electro-hydraulle - sub sea sccumulators pro-
vide fluid to valve operator through a solenoid
operated contral walve which is electrically con-
trolled frem the main platform.

2. Hydraulic- piloted - same as (1) except pilot
control wvalve is hydraulically actuated from the
platform.

3. Straight hydraulle - valve aperator only is lo-
cated at seafloor connected wia hydraulic hose
bundle to scoumulators snd centrels on platform.

System 1, electro-hydraulic- has the advantage
of very fast response time, less than 10 seconds,
tut has the disadvantage of dependence on electrical
cireuites in & sub sea enviromment. System 2, hy-
draulic piloted, sacrifices response time (aprox.

30 zeconds required to initiate the valve operator)
but its hydraulic components offer improved relis-
bility and have & substantial sub ses experience
record. System 3, straight hydrvaulie, offers the
best relliability (although actual experience is
lacking) because all major components except the
valve operator are loested on the platform. The
disadvantage of thie approach is longer response
time

Additionelly, difficulty was encountered in
accurately predicting response times due to a lack
of actual recorded test results of various hosee or
tubing products with different hydraulic fluid me-
diums.

After thorough investigation of advantages and
disadvantages of easch system and how the systems op-
eration would relate to terminal opersation, the
straight hydreulic concept was chosen as the most
suitable for the LOOP project. It's key advantage
wes gimplicity and the absence of sub Sea componemnt S

Surface eguipment required for the straight
hydraulic system consists of & hydraulic power unit,
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(HPU), main esntrol panel and remote control panel,
all located on the main platform. Provision is made
to integrate the contrel funetions into the platform
programmable controller. The HPU provides hydraulie
fluid at 3000 PSI for sub sea utilization. BSpecial
features are incorporated to insure that this fluid
iz free of impurities. Hydraulie fluid flows to the
sub sea SALM wvalve operators approximstely 8000 ft.
distant wia a sub gea hydraulie transmission bundle.
Two lines are used for operating each valve operator,
alternating as feed and return lines te form a closed
loop and return all hydraulie fluid back to the main
platform.

The sub sea components wutilized in this project
will be extensively tested and proven operaticnal in
a sub sea environment prior to instellation. The
completed assembly will be set up and functionally
tested, and all necessary adjustments made prior to
being installed offshore.

Load Monitor Sys temgl

The lgad monitor system will measiuvre, CcOmpare
and automaticslly transmit to the control platform
8000 feet away the peak loads which occur in each of
the two mooring hawsers during a preselected time
interval.

Knowledge of the mooring loads allows the op-
erator to observe the effects of worsening sea condi-
tions as the tanker unloads and thus provides him with
g means to make f reasoned decision to:

1. Cesse logding operations but lesve tanker on buoy.
2., Cesse loading operations and instruct tanker to
depart buoy.

Additicnally, & permanent record of the mooring
losds will show how many losd cycles each hawser ex-
periences at different percentages of rated break-
ing strength. This data which will provide a ration-
gl basis for hawser replecement decisions will be
stored in the LOOP main computer, available for call
back and comparison at any time.

The losd monitoring system provides hawser
forces to the comtrol platform operator and to the
mooring master on the tanker. The actual load on
each of the two mooring hewsers on each 3AIM buoy
will be continuously monitored by this system which
includes s primary data transmission system and a
back up secondary transmission system. The loed sen-
gors will consist of rugged strain gage arrangements
built into each of the two specially designed mooring
pins located on the buoy deck. The mooring pins are
stationary (non-rotating). Wire leads from the straim
gages are carried in watertight rigid conduits to a
watertight compartment contalning signal amplifiers
and seoustic telemetering equipment. Acoustic trans-
ponder units mounted under the mooring bucy will
tranemit signals from each strain gaged mooring pin
to seafloor relay units vie acoustic pulses. From
the seaflcor relay unit, which is located on the
SALM mooring base, signals will be transmitted to
the control platform via armored underwater ceble.
A11 electrical ceonnections in the sub sea enviromnment
are made with metal shell underwater mateable pin
connectors. At a control room conscle all strain

gage signels will be converted to calibrated load read
cut data, displayed on analog meters, and plotted by
strip chart recorders. A signal comparator will com-—
pare monitored loads from each separate hawser with

a preset load limit valus and will trigger auwdic and
visual alarms if the preset load limits are exceeded.
By cosmend from the platform, the buoy mounted Sensors
can be caused to transmit s signal on a selected time
interval ranging from two seconds to B0 seconds. The
signal which is then trapsmitted will be the maximum
load which was measured during that interval. This
will allow for limited access (and therefore limited
usage of stored battery power, strip chart paper, ete. |
during pericds of consistantly low mooring loads, but
closer, more exact monitoring as loads imcrease in
poor weather conditions.

This load monitoring system design was selected
to provide maximm integrity snd minimum meintenance.
A1l buoy mounted components are securely mounted and
nene of the components are subjected directly to the
enviromnment or to any severe motions or impact loads.
The acoustical link from buoy to seafloor is short
vhich allows for the use of wvery high frequency sig-
nels. Complete redundancy is provided om critical
functions of the system.

The processed data will be transmitted by radioc
link from the control platform to the tanker bridge
where loads on esch hawser will be displayed on a
hend carried receiver which also will contain load
limit alerm equipment.

As a back up primery transmission system, the
acoustic signal from the buoy mounted transponder
may also be received directly aboard the tanker
through & small portable display unit which receives
acoustic signels directly through a small hydrophone
lowered inmto the water over the side of the vessel.
The portsble unit provides a complete redundant back
up because it can interrogate the buoy directly and
iz totally independent of the control platform and the
sub sea cable. It will be used in the event of sub
sea cable dsmage snd as a trouble-shooting tool.

In addition to the basie load monitoring system,
a central control computer will collect, sort and
record all ineeming load data together with the cor-
responding sea state and wind and current velocities
and directions.

Thus, & complete correlation of tanker size and
environmental conditions with mooring loads will be
achieved which will provide wvalusble operating data
for the LOOF ferminal.

SAIM Clagsification - The Role of AES

The American Bureau of Shipping (ABS) is a tech-
nical, non-profit orgenization; which has published
rules and standards for building and classing Single
Point Mooring Systems. They have been given the re-
sponsibility of classing the LOOP Single Point Mooring
Systems, according to these rules. AS a pre-requisite
to classing these systems, ABS is responsible for re-
view of several areas affecting the design and opera-
tion of these systems. The specific sreas of ABS
are =28 follows:
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L} Review of environmental data and verification of
oredicted mooring loads.

2} Review of site survey data and leyout drawings
showing SALM location, spacing, tanker fairways and
anchorage locations.

3} Review of all design calculations
k) Approval of design drawings

5} Inspection and certification of various manufact—
ure of these SAIMs and witnessing of materisl physical
teat where applicable, inspection and observation of
fabrication procedures and fabrdication work in pro-
gress.

6] Review and interpretation of non-destructive test-
ing being performed on a complete fabrication, such
as x=ray, wltrasonic examinstion and mag particle.

7) Witneesing of sub-comporent functicnal testing

8) Review of installation procedures and actual
witness during offshore installation

9} Issuance of the ABS classification for each Single
Point Mooring

It should be noted that there are certain spe-
cifie aress wherein there are no ABS rules which are
applicable to the work being performed, such as valve
controls and the load monitoring system. TFor these
aress, independent inspection out=ide the scope of
ABS is being utilized, Additonally, and supplemental
to work being performed by ABS, LOOP has employed
Engineering Contractors (primarily Fluor Ocean Ser-
vices and Petro Marine Inc.) assigned the responsi-
bility of quality assurance for all work being per-
formed. Personnel of this guality assurance organi-
zation together with sub-contractor inspectors and
direct inspeetion by SOFEC supplement the inspection
services of ABES.

CONCLUSIONS

1. The utilization of Single Point Mcoring's (SPM's)
for the LOOP crude oil import terminal demonstrates
the complete ascceptance, and the importance of the
SFM coneept as a vital link in worldwide oil trans-
portation network.

2. The selection of the Single Anchor Leg Mocoring
(SALM) instead of the Cetenary Anchor Leg Mooring

{CALM), which has historically dominated terminal
wpplicetions far the past 20 years, indicates indus-
iry's recognition of the importance of the safety and
zaintenance features inherent in the SALM design for
use in the Gulf of Mexico environment.

3. The application of load monitoring and valve con-
trol equipment indicates the importance placed on
maximum control of the mooring and unloeding oper-
sticn. The load monitoring system will also provide
valuable feedback for comparison with model test
results and for correlating actual hawser experience
with industry test data. g
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