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This paper describes the main problems,

at

oomnleted successfullv in 1979 using for

semisubmersible

the first +ime the new generation
pipelayer SAIPEM CASTORO SEI, whose features are
mentioned in OTC 1979 paper 3502. Three 20 in.

lines have been laid- from Favazzina on the Italian
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mainiand to Sicily.
gasline system - under construction - from Algeria
through Tunisia, across the Mediterranean to Sicily

then to the Italian mainland northward to Bologna
for a total of about 2,500 km.. Problems faced
and solutions adpted contribute to feasibility of
future projects in deep waters, namely:

- fatigue stresses induced on free spans by oscil-
lations due %o currents require high quality
pipes and stricter welding specifications,

- extreme laying accuracy in deep waters has been
consistently achieved: + 5 mt. (at special points

only 1 mt.),

- manned submersible has been proven as laying
tool to monitor and guide touch-down,

~ effects of current layers on pipe being laid:
5 knots in 340 mt. W.D. with 1,300 mt. span-rele-
vant solutions,

- required high pulls cause residual tension on
the line: implications (longer free spans etc.).
This and other new findings suggest specific
tension limitations for future deep water pro-
Jjects. -

— Operational limits of advanced layvessels versus
those of supporting crafts: problems and solu-
tions in difficult environment,

References and illustrations at end of paper.

MESSINA CROSSING MAIN PARAMETERS

— length: 14 km. in a continuous bend

—~ 2 lines: longitudinally welded X65 grade, w.t.
17.48 mm. (and 5 cm. concrete coating) up to
280 mt. of water and 20.62 mm. (with 4 cm. con-—

crete) in deeper waters, with resulting sub-
merged weight of 126 and 137 kg/mt respectively;
10 cm. of concrete has been applied on the shore
approach sections, buried.

- 3rd line: seamless, X52, w.t. 23.83 mm., with
concrete coating on the shore approaches only,
thence bare pipe with polyethylene anticorro-
sion coating-submerged weight 86 kg/mt.

The maximum depth was 360 metres by far the deepest
sealine laid to date. The route profile has a
steep slope up to 22 degrees to reach the deepest
part when gradually raises towards the Sicilian
coast. The sea-bottom nature is extremely variable
from the initial rocky section to mixed rocks and
sand, then a long sandy section with sand waves,
caused by strong currents.

submarine telephone cables.
wrecks just off route interfering with anchor hand-
ling. Because of these hazards, six mooring cables
were broken during the first line, one during the
second and none on the third. The vageries of
the Sicilian winter season, albeit mild in tempe-

The route crosses many
There were also many
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control systems

Operational computing programmes

Similar fatlgue problems could arise

in free
or had

propagate.
with the pipeline remaining long enough,
VVVVV configuration in presence of currents
weather.
very restrictive,
ments. Semiautomatic CO

Castoro Sei. Thus 100% ultrasonic inspection has
been added to the usual x~-ray. Welding procedures

have been meticulously drawn up also to achieve
high impact resistance and low hardness. Consequent
retraining of welders and foremen was required.
Nevertheless the high specifications resulted at
in more frequent repairs, reducing
the productivity. This experience is invaluable
for future projeét with similar specifications.
The bet solution will certainly be a very good
quality automatic method.

As a consequence the welding specs were
largely exceeding API require-
has been used on board

the beginning

B) The difficult profile has required extreme
laying accuracy especially over some sections.
In the steepest parts of the Calabrian slope, the
rocky sea-bottom had to be blasted in order to clear
a narrow corridor in which to lay all three lines
and eventually a future fourth one. Maximum width
of the corridor is 45 metres only. Here pipelaying
has been guided by submarine using a previously
laid cable .as reference for the first line; the
latter served as reference for the following two
lines. In this section of one kilometre, the water
depth varied from 50 to 200 metres and the length
of the unsupported spans from 180 to 600 metres.

Well, such accuracy was achievable with a correct
computation of the ships movements with respect
to the touchdown points and with and extremely accu-
rate control of the ship's heading and position,

gned as follows:

1. The submarine retreated to a safe distance;
2. The pipe pull was increased to length and
3.
bottom;
4., Finally released again to the

the pipe was

This happened a
are now three

same corridor.

C) As previously noted, one of the most useful

tools for the success of the Messina Straits cros-

sing has been a manned submarine, the Perry PC
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water projects to perform a variety of functions
(installation of supports for the freespans, prepa-
rations for blasting). The submarine has also
performed conventional survey functions. It made
vertical and horizontal as built profiles, essen-
tial reference for later lines. When the submarine
has guided the bridge, the following procedure
was adopted: i

1. direct link between Castoro Sei and submarine

by hydrophonic telephone,

2., during welding the submarine went to the touch-
down point measuring the distance between the
pipe and the guide cable by means of its under-
water positioning system or sonar (for the
first line) or between the lines (for the se-

cond and third line),

if the position was acceptable, the submarine
stood off the line to await the next check,

if the touchdown point position had to be cor-
rected, the correction was made as already ex-
plained, with a subsequent re-check.

This experience suggested SAIPEM to add to its
spread a new submersible mother ship, the '"Ragno
Due', and an improved version of Perry submarine.
A further essential capacity of the Castoro Sei
system is to have the actual configuration computed
with the reaction between pipe and support so
knowing the stress on the pipe and to check it
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in 340 meters of water. a surface current of five
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{w.t. 20.62 mm.

water

- 277 kips for the second line in

on emergency,

without

causing any undesirable

Automatic pipelaying control

{BINIPS) ‘r ad series

Castoro Sei

at the same time,

last vertical roller of the external This
the only unexpected emergency causing some dama-
to the concrete because of the buffeting, as

+the done’ the following day;

apparent from the

apparent fro
no other pipelay system could have prevented major
mishaps under such extreme current conditions. That
night on board the old belief in the legendary mon-—
sters, Scilla and Cariddis almost revived. Mythology
has it that they inhabited the Straits and menaced
navigators. Nowadays,
tional techniques were perfected to minimize the
antics of Scilla and Cariddis; they have been no
longer able to cause any significant damage.

survey

modern eomputation and opera-

E) Another problem due to the difficult profile
was long freespans, with relevant implications. On
similar lines and identical seabed profile, different
laying tensions and residual tensions on the lines
will cause a variation on free span length and geo-—
metry, as apparent between the two X65 lines and
the third X52 line, where the longest freespans have
been found: this & point to be thouroughly conside-
red at engineering stage.

F)
Castoro Sei were soon in evidence in this first pro-
ject, but, unfortunately, the limits of the suppor-
ting crafts did not match. They were lower,
cially for anchor handling and supply vessels which
had to stop much earlier than Castoro Sei during
a storm with 17 ft. waves.

The high operational limits designed into

espe-

It
values applied during the job:

is worthwhile %o mention some tension

the reaction of the last vertlcal

G.1) Pipelaying
G.2) Sensors
G.23) Actuators.
G.1l) Pipelaying.
Accurate station keeping and moving-up soon have

been found not sufficient to insure good automatic
pipelaying control. Primarily the ship's velocity
must be controlled carefully during move-ups for
the operator to select the desired maximum speed.
This velocity control also enables the operator
to perform the following special operations care-
fully:

— pipe pull transfer from tensioners to the tensio-
ner winch and viceversa, and also pipe head motion
through the tensioners and over the ramp during
abandonment or recovery operations,

- small adjustments of pipe position on the ramp,
when pipe sections are not of uniform length,

- allowance for pipe sections with variable external
diameter to go carefully through the tensioners,

— reduction of move-up velocity when peculiar sea-
bottom might cause oscillation of pipe tension.

Furthermore, if exact positioning of the pipe with
respect to the ramp at the end of the move-up is
desired, it is not enough to command a ship's di-
splacement equal to the length of pipe to be layed.
The necessary ship's displacement may be signifi-
cantly different from the pipe length and this is
not known before move-up commencement, because it
is a function of E? friction between the pipe and
the ramp, and also_,the sea-bottom characteristics.
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led carefullv to produce smooth and

three interrelated levels of control:

- velocity control

- ship's position control

also ship's heading set point to keep pipe stres

at the desired value. During move-up , the pipe

at the begln—

off and on the ten51oners "dead zone"

sway and heading velocity, the velocity commands

may be given directly by the operator using a joy-—

i:EI

are generated by the nav

VEe4LOCLT

5u tion

section of the control system,
signals coming from the navigation sensors. The
ship's velocity controllers command correction forces

+o both the mooring and thruster sy

Lo COul L8 MOOT

m1x1ng and IlJ.'CeI‘lng

Position control.
The ship's position controller has either the task

of maintaining the centre of the ship at a desired
geographical position and ship's heading at the
desired value, or, of bringing the ship to a new
position. The position set points may be given
directly by the operator (with control in the navi-
gation mode), however they usually come from the
pipe controllers. The position feed-backs are com-
puted by the navigation section of the control sy-
stem. The ship's position controllers command
ship's velocity to the velocity control loops.
The velocity commands insure straight ship motion
and never exceed the limits imposed by the operator.
This mode has been very convenient for special ope-
rations, for example when all safety checks on the
pipe are taken over by the operator, or, when a
sharp route correction is needed.

Pipe control.
The pipe controllers have +to keep pipe tension,
lateral forces and pipe position with respect to
the ramp at the values requested by the operator.
Pipe controller output forms the ship position com-
mands for the position control system. During sta-
tion keeping, the pipe is held steady with respect
to the ramp by the tensioners, which allows the
pipe tension variation within given tension limits

("dead zone'); the pipe controllers adjust ship

- mooring line angle sensors

- mooring line length sensor

- pipe tension sensors

— ramp load cells

- pipe length and velocity sensors
- wind sensors

Some of these sensors presented quite a few problems
which had to be solved in order to achleve reliable
pipelaying control.

Radio navigation.

The radio navigation system used for the Strait of
Messina crossing was the Decca trisponder. A special
confidence test was designed for this device to igno-
re unreasonable measurements. In the event of a
too high percentage of unreasonable radio fixes
BINIPS automatically switches to other navigation
modes to return to the original mode as soon as
possible. The measurements of the radio systems
are always mixed with the doppler measurements in
order to use the better part of _both. This provides
stable ship's position and velocity information for
the control system.

Doppler system.
The doppler system, Sperry SRD-301, measures ship's
velocity with respect to the water. Any bias due
to water current is removed by mixing it with the
radio navigation system data. The doppler system
is capable of measuring high ship velocity; accurate
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at about 60 to
particular water depths and ship deck loads a reso-
nance effect may occur between mooring and ship roll
corrected with the

if radic n uremen are not corrected

vertical gyro. - - - R

G.3)

Up to twelve winches and up to four thrusters are
the actuators used by BINIPS. The winches are the
basis of the control system, with thrusters used as
an aid to the winches. BINIPS is also thought to be
quite effective using only thrusters for complete
pipelaying control, although such an application has
never been tested as under normal conditions, there
is a lack of back-up in emergency. The minimum
number of actuators is four winches (one per corner)
and two thrusters (any combination).

Winches.
The ship control by winches presents a few problems:
— response time is extremely variable with water
depth;
-~ tension regulation may be affected by problems
such as anchors dragging or cables snapping.
Tests capable of quickly and reliably detecting an-
chors dragging and snapped cables have been there—

fore made. BINIPS automatically reacts to these

problems by reallocating cable tensions and actuating

thrusters when they are in stand-by. The reaction
of the system is so fast that the ship's motion due
to a dragging anchor or a snapped cable is not more
than a few metres. Many measurements are supplied
by the winch system to BINIPS so that it was neces-
sary to design tests in order to avoid reaction to

to the pretension forces.

Thrusters.

use of thrusters as aid to the mooring system

the developments of computing programmes as tools
to meet every contingency likely to crop up on the

well as on
out earlier and later in 600 metres off the Cala-
brian coast, southern Italy. The computers were
instrumental in checking the criteria, the mathe-
matical models and instrumentation for controlling
the pipelaying. Experience so acquired has contri-
buted significantly to base the Sicilian Channel
project on reliable pipelaying assumptions.

crossing as the +trials carried

The serious difficulties encountered on the
rugged seabed of the Messina crossing suggested

special attention to:

a) The minimization of the maximum difference bet-
ween the actual strains and design strains on
each ramp roller, or in the sagbend, if in shal-
low water.

b) Pipe contact with as many rollers as possible.

¢) Maximum flexibility in adjusting (hydraulically)
the height of the rollers, especially those
at the ramp end, and this at all times.

d) Reduction of
rough seabed.

the length of freespans on the

As can be seen above, aim a) sets out to minimize
the pull of the tensioners and aim c) to maximize
the roller contact at all stages of the pipelay.
So in the preliminary stage the basic aim was to
determine the optimum geometric ramp/roller configu-
ration and the pull with the consequent strains
on the ramp along the pipeline profile. At the
operational stage it was esential to know the mini-
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was at

support

was

the

A/R
the rigidity of the ramps on Castoro Sei,
pipe entering or leaving the external ramp
an angle tangential to the ideal curve along
ops. In dangerous
ments, due to the llftlng of the pipehead, would
develop during the time in which the pipehead was
above the external rollers at the end of the ramp.
It has been possible to minimize the angle diffe-
rence between the pipehead and the cable. In this
operation, the pull in A/R is higher at every stage
than the corresponding one during pipelay (in Mes-
this difference reached 25% between the two
conditions), as the pipe does not feel the effect
of the bending moment imparted by the ramp. To
avoid this pull increase in Messina, as in the fol-
lowing trials in 600 metres depth, an alternative
was developed, in abandonment for example, by taking
the pipe head to the innermost support of the exter-
nal ramp and then, by lowering this ramp (holding
the pipe at pipelay pull value) the pipe curvature
passed from negative to positive. In geometrical
terms this showed as a change from an "s'" to a "j"
configuration. Right away the pipelay pull could
be further decreased to abandonment pull and opera—
tion was continued.
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The computer programmes for pipelay deal with
the pipe in the three dimensions and are based on
the numeric integration, by the finite difference
methods, of differential equations that tie the
curvatures of pipe. The differential equations
are so transformed in an algebric non-linear system:
the solution of this system, that guarantees the
equilibrium.of the pipe at every point, is solved

cable, in fact, is assumed as a

as with the pipelay
gives the possibility to evaluate the
This effect

stiffness. This programme too,
programme,
current effect during this operation.
can influence the final position of the pipe head
in very deep water. The connection between pipe
head and cable is assumed behaving as a spheric
hinge.

During the Messina job and other trials, tests
were done to validate design criteria and pipeline
control systems. Invaluable help was given by sub-
marine monitoring to depths of 360 meters. The
first was in 180 metres depth off Calabria on
a current - free flat bottom. Design pull was ap-
plied and roller reactions checked; the submarine-
both reported and recorded the pipe's elastic confi-
guration from seabed to ramp. The result was a
maximum error of one diameter of pipe in height.
Subsequently a series of tests on touchdown point
positions was done, while laying the first sealine.
This check was done to compare theoretical and ac-
tual freespans at the given pull. The test proved
the accuracy of the mathematical model to within
one to three pipe lengths, depending on depth invol-
ved. Additionally, these tests were used to deter-
mine the effect of ramp friction on the tensioner
pull. Owing to an irregular bottom the accuracy
was reduced.

Post check was constantly done to observe whether
any torsional effect was generated during pipelay- -
Lines painted on the top of each pipe-length
were checked on the seabed, and found always on
the top clear evidence of no rotation. Thus the
pipe is considered as having been in the elastic
condition, as intended.

ing.
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operations the correspon
r1

actual move-up

cable length has been constantly che-

Later the test was repeateu with a 20 in.

between the two operatlons

design, the angles of the ramps were

as were the heights

adjusted as well

a

heights.

Each change

if it was over—loaded,

then the pull was

the knowledge of precise shlp pos1t10n and touchdown
Henceforth,

ithout know vingo
i =1

points) revealed remarkable agreement.
~111A ha 4m anAd

the p'ull set point could be imposed wi
those two precise positions. These positions were,
in fact, kpown, but used solely as backup checks.
This was, and indeed is, extremely valuable when
laying in very deep waters, where the friction on
the ramp, the system's inertia, and any '"dead zone"

on the tensioner combined with the pipe's tremendous
flexibility in deep water, make it very difficult
for the tensioner to react to the vessel's movement.
Thus the tensioner sometimes remained inactive but
the ramp loadcells displayed reaction changes indi-
cative of a change of strain. So, at this point,
the movement of the ship was used as tensioner,
that means a change in vessel position set-point
in order to meet the design strain of the ramp.
This has been possible because of the outstanding
manouvrability and accuracy of Castoro Sei move-
ments.

The Messina crossing very steep slopes have

required great accuracy on pull and ramp reactions:

in fact, it was neccessary not only to keep ramp
strains within allowable +tolerances, but also to
be sure that the touchdown point strain was within
acceptable limits.

It has also been tried to shorten freespans when-—
ever possible, to reduce the number of supports
to be used during the testing of the pipe (the pipe-
line water filled is much heavier). For such condi-
tions the seabed has been simulated by computer
as a series of points with a known height and di-
stance in order to compute the contact points of
the pipe and their strain levels.

depends essentially

imparts to the pipe ar

The other,

depends not only

on the ramp extremity,

2. The movement of touchdown point and the maximum
handdwnmasa mAamand

Andnnansd Aan tha nidine

section re-—
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sting on the seabed beyond touchdown point.

3. The transverse reaction corresponding to the
This value is passed to
control ("pipe
as a transversal reaction set-

layvessel rotation.
the ship's
control mode")

point on the last support.

automatic system

This kind of operation on the Messina crossing per—
mitted to continue pipelaying with surging currents
of five knots and free configuration of 1,300 mt.
To be true, another phenomenon came out in a dra-
matic way due to currents inducing "vortex shedding"
with a great and extremely rapid oscillation of
the pipe, as described before.

The average pull was only partly affected by the
current running transversally to the pipe. Instead,
with these high levels of currents, the touchdown
point displacement was really sizable.
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Fig. 1 - Typical Castro Sei move-up (12 mt joint) in 320 mt of water during Messina Strait crossing.
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