14 CLAIMS 1. Meth I ayi i pel | R 5t
: od for 1aying a pipeline on a floor (6) |ocated *unddr AR
water, wherein a pipe string (5) is |owered fromthe pipe-beddi ng
installation (3) to the fl.oor (6), .wherein the part of the pipe string (5)
situated between 5 the water surface and the floer (6) is at |east -

partially supported by means bf bearing maans (18 THISMSHEETOg LS BEEN ans are

provi ded with buoyancy neans havi ng buoyancy  REPLACED
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- METHOD AND INSTALLATION FOR LAYING A PIPELINE ON A FLOOR

LOCATED UNDER WATER, BEARING MEANS AND TERMINAL

The invention relates to a method as according to the
preamble of claim 1. '

In the case piping is laid on a deep seabed, for
instance at a depth in the order of magnitude of 1-3 km, the
pipeline is heavy, on the one hand because it must withstand
crushing under the influence of the high hydrostatic
pressure, which requires a large wall thickness of the steel
pipes, and on the other hand because the pipe string
extending between the vessel and the deep seabed is long.
The draw benches situated on the vessel must then produce a
very large tractive force in order to hold the upper end of
the pipe string. In the case the pipe string is lengthened
in a lyiﬁg position on board a vessel by constantly welding
on pipes, a very large propulsion force is required of the
vessel..
| The invention has for its object to facilitate laying
of pipelines at greater depth;
to reduce the tractive force required on board the vessel to
hold the pipe string end;
to reduce the required propulsion'effort of the vessel;
to reduce the capacity and/or length of the draw benches on
board the pipe-bedding installation;
to reduce the constant tensile stress in the pipeline lying
on the floor; _
and/or to increase the possible pipeline bedding depth in
order to enable laying of pipelines at locations where this
was previously impossible. Proposed for this purpose
according to the invention are the method as according to
claim 1 and the installation of claim 2. The invention also
relates to a terminal as according to claim 19. Due to
application of the invention a terminal for transporting raw
material such as oil or gas to another country is possible
despite the gap of a very deep sea.



capacity, which engage on the pipe string (5), characteri- zed in that an
axi al displacenent is realized between the 10 bearing neans (10) on the one

hand and the pipe string (5) on the other, and tha ns (9)
are formed by a trunk (10) of trunk tubes (14) whi THKFSH nggggﬁgg round
a pipe string (5). 2. Installation (1) fog | aying flo

(6) located under water, conprising a pipe-bedding installation (3) mﬁth
securing neans fofhEUREEhGANEN@ Dh¥PEallation according to the invention
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will be elucidated in the description following hereinbelow
with reference to drawings on the basis of a number of non-
limitative preferred embodiments. In the drawings in
schematic form:

Flgure 1 shows a side view of the installation
according to the invention during performing of the method
according to the invention;

Figure 2 shows on larger scale detail II of figure 1;

Figures 3-6 show schematic views of successive steps in
performing the method according to the invention;

Figure 7 shows on larger scale a broken away view of
fraction VII of figure 1;

Figures 8, 9 and 10 each show a section corresponding
with figure 7 having a different relative position compared
to a pipe string with a thickening, for instance anode;

" Figure 11 shows on larger scale a perspective broken
away view of a fragment of the detail of figure 7;

Figure 12 shows a view corresponding with figure 11 of
an embodiment variant;

Figures 13, 15, 16, 18, 21, 26, 27 and 38 show in each
case a different installation according to the invention;

Figure 14 shows on larger scale detail XIV of figure
13;

Figures 17, 19, 23 and 24 each show a perspective view

of a fraction of another installation according to the invention;

Figure 20 shows on larger scale detail XX of figure 19;

Figure 22 shows on larger scale detail XXII of figure
21;

Figure 25 shows the fraction of figure 24 at a greater
water depth; :

Figures 28-30 show fraction XXX of figure 27 in
successive stages during performing of the method according
to the invention;

Figures 31-33 show on a larger scale fraction XXXI of
figure 27 in successive stages during performing of the
method according to the invention;



string (5) extending between the pipe-bedding installation (3) and the
floor (6) while it is lowered into the water, wherein said installation
conpri ses bearing neans (10) 20 which at |east partially_support the part
of the pipe string (5) situated between the water sdﬂﬁ&&@+ﬁﬂﬁfﬂ\e r (6)
and whi ch engage on the pipe string (5), which bearing eSS 4RAES :
wi th buoyancy neans havi ng buoyancy capacity, characteri-zed. -

figure 30; _ .

Figure 35 shows on larger scale the section XXXV-XXXV
of figure 30;

5 Figure 36 shows on larger scale a broken away per-
spective view of detail XXXVI of figure 30;
- Figure 37 shows a diagram of the drive means of a trunk
element of figure 36;

Figure 39 shows on larger scale fraction IXL of figure

10 38; _

Figure 40 shows on larger scale the section XL-XL of
figure 39 with a diagram of the drive means;

Figures 41-43 show on larger scale detail XLI of figure
38 in successive stages;

15 Figures 44~47 show the bottom end of a differently
formed trunk according to the invention in successive
stages; and

Figure 48 shows on larger scale detail IIL of figure 46
and figure 49 shows terminals with a pipe string laid in

20 deep sea.

The installation 1 of figure 1 comprises a per se known
pipe-bedding installation 3 which is driven in arrow
direction 2 by its propulsion screws and which has at its
rear end a so-called stinger 4 which guides a pipe string 5

25 from a lying direction to a steeply downward direction. The
pipe-bedding installation is for instance of the type
described in GB-A~2232740, the contents of which should be
deemed interpolated herein. The pipe String 5 is laid
according to the invention on a deep, for instance 1-3 km-

30 deep, seabed 6. On board pipe-bedding installation 3 the
pipe string 5 is lengthened by welding thereon one
subsequent pipe at a time or a plurality of pipes
simultaneously. The pipe string is moreover held on board
pipe-bedding installation 3 using draw benches, while the

35 pipe string is lowered into the water gradually or in steps.
The upper end 8 of pipe string 5 is preferably situated on
board pipe-bedding installation 3 in lying position,
although welding of pipes in upright position, wherein pipe



string direction between the pipe string (5) on the one hand and the
beari ng means (10) on the other, and that the buoyanc ans (9) are forned
by a trunk (10) of trunk tubes (14) which can be arra JHQ;SQ | pe
string (5). 30 o 3. Installation (1) as claingd inR%E
characterized in that the bearing neans aret provi ded W

string 5 is suspended, is conceivable, as is unwinding of a
pipe string 5 from a coil 42 as according to figure 26. In
the pipe-bedding installation 3 of figure 1 there would be
the danger in the case of laying pipes at great depth of the
5 bottom end 7 of stinger 4 being under too strong a bending
load. )
In the method according to the invention the part of
the pipe string 5 situated between pipe-bedding installation
3 and the seabed 6 is at least partially supported by means
10 of buoyancy means 9 which have a lifting power. In figure 1
the buoyancy means consist of a trunk 10 of light material
through which the pipe string 5 passes. Trunk 10 consists of
mutually coupled trunk tubes 14 which are for instance 6
metres iong and provided with contact means 15 which engage
15 on pipe string 5. The contact means 15 consist as according
to figures 7-11 of for instance air cylinders 16 which are
disposed radially in top brasses 21 of trunk 10 and in which
a piston 17 is slidable, under the influence of the local
hydrostatic pressure; counter to the air pressure prevailing
20 in air cylinder 16. The air pressure in air cylinder 16 is
preferably chosen such that it overcomes the hydrostatic
pressure as long as the trunk 10 is situated a small
distance a from the stinger end 7. In this case the air
cylinders 16 clamp the pipe string 5 fixedly against the
25 bottom brass 20 of trunk 10 via a train of diabolo rollers
19. The trunk 10 then moves downward with the pipe string 5
until the hydrostatic pressure approaches the air pressure
of air cylinders 16. The clamping pressure of the contact
means 15 is then too low to hold the pipe string 5 securely,
30 so that the trunk 10 shifts upward relative to pipe string
5. A balance is thus created wherein trunk 10 remains
practically in position and the pipe string is held fast
under a determined friction force. The pipe string 5 thus
undergoes a determined upward force which considerably
35 reduces the tractive force to be produced by the pipe-
bedding installation 3. This upward force can be increased
as required by lengthening the trunk 10 or by increasing the
buoyancy capacity per metre of trunk. In order for instance



15 contact neans (15) which clanp the pipe string (5) - Ow—aRax
novenent between the contact neans (15) on the one ha §bEﬁBHﬁSdEHm I ng
(5) on the other. 4. Installation (1) as clainmed in c ABED 5
characterized in that the contact neans (9) conprise at |east ong—

energi zing cylinder (16) which exerts a cl@nping force on the pipe string
(5. 5. Installation (1) as clainmed in claim4,
to lay pipelines of steel with a wall thickness of 4 cm and

a diameter of 60 cm, which pipeline weighs 300 kg/m
underwvater, an upward force is created of preferably a
minimum of 900,000 kg at a sea-depth of 3 km. For this
5 purpose a trunk 10 is then employed for instance with a
length of 600 m and with an upward force of 1000 kg/m. The
draw benches on board the pipe-bedding installation then
provide the rest of the required tractive force. The trunk
10 consists for instance of trunk tubes 22, each of two
10 brasses 20, 21 which are mutually joined by means of two
hinges 23 with mutually fitting hinge pieces 24 with an
axial rod 25. The brasses consist of a per se known plastic
with hollow glass beads known as "syntactic foam" and
commercially available for instance under the name "Hisyn".
15 This material retains its high buoyancy capacity at high
hydrostatic pressure and can be manufactured with a specific
gravity of 460-640 kg/m.
According to figure 3 an anchoring system, for instance
an anchor 11 on a cable 12, is let down to the seabed 6 from
20 pipe-bedding installation 3. This cable 12 is fixed to the
end 13 of the pipe string 5. |
The trunk tubes 22 are preferably attached round the
| pipe string on board the pipe-bedding installation 3 (figure
4), which is possible because they consist of half brasses
25 20, 21. Because the trunk tubes 22 clamp fixedly on the pipe
string 5 they will move therewith in the direction of the
seabed 6 (figuré 5) until the above mentioned balance of
figure 6 is achieved.
To prevent corrosion the pipe string 5 has anodes 26
30 which consist of local thickenings. In order to enable
passage of these anodes 26, the train 18 consists of frames
27 which hinge mutually at the coupling of the piston rods
29.
The brasses 20 and 21 have on their upper ends 31
35 coupling flanges 30 which fit into ring holes 32 of piston
rods 33.



characterized in that the clanping force of the energizi
Is influenced in a reducing sense by the | ocal hydrostatj
Installation (1) as clained in any of the clains 2-5, ch#ks
at | east one trunk tube (14) conprises at |east two brass parts
whi ch are 15 nutually conpleting substantiélly in peripheral dlrectlon of

the pipe string (5) and that preferably at | east two successive trunk tubes
(14) are nutual | y Beeipteankytyeeg2 of figure 12 has piston rods 29 each

directly supporting at their free ends 34 four rollers 35

which engage on the pipe string 5.
Figures 11 and 12 show openings 36 along which the
5 hydrostatic pressure enters the piston rod chambers of
cylinders 16. -

The installation 1 of figure 13 comprises'in addition
to pipe-bedding installation 3 a pontoon 37 which is pulled
along by pipe-bedding installation 3 by means of pulling

10 cables 38. This pontoon 37 forms buoyancy means and carries
winches 39 on which the pipe string 5 is suspended via
hoisting cables 40 and steel clamping tubes 41 engaging
round pipe string 5. Arranged on each clamping tube 41 are
air cylinders 16, pistons 17 of which clamp the pipe string

15 5 against the underside of tube 41 via rollers 19. The
winches 39 are paid out with set braking moment such that
they produce a considerable upward force. Tubes 41 move so
far downward that the hydrostatic pressure approaches the
clamping pressure of cylinders 16 and the clamping force is

20 insufficient to couple the tubes 41 to the pipe string 5, so
that the winches 39 then pull tubes 41 upward. Here again a
balance is achieved.

According to figure 15 the pontoon 37 is replaced by a
sturdy air tank 44 which is preferably under high pressure

25 so that it can if necessary withstand the high hydrostatic
pressure near the seabed. With its upward buoyancy capacity
the air tank 44 now supplies the required upward force with
which the pipe string 5 is partly supported. Two steel pipes
41 as according to figure 14 are suspended from the air tank

30 44. As according to figure 16 a plurality of small air tanks
44 is preferably used, each pulling upward a pipe 41 of
figure 14.

According to figure 17 a plurality of trunk tubes 14
are mutually coupled with chains 45, while cams 43 absorb

35 mutual pressure forces of the trunk tubes 14. The tubular
body 46 of syntactic foam has on its inside a tubular air
bag 47 which presses against the pipe string 5. a number of
abrasive strips 48 distributed over the periphery and



of conpl ementary coupling
any of the 20 clainms 2-6,

at | east one air bag (47) which is preferably received in a steel cylinder
(69). 8. Installation (1) as claimed in any of the clainms 2-7,
characterized in that the buoyancy neans (B) 25 conrise at |east one

forcing body (20, 21) which consists of a conposite material of plastic
with hol | ow @xtending axially along pipe string 5. The strips 48 are
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secured to the upper end 49 of the trunk tube 14. Under the
influence of increasing hydrostatic pressure the bearing
pressure of the strips 48 against pipe string 5 will
decrease and the'trunk tubes 14 will no longer move downward
with the pipe string. ‘

According to figure 19 a trunk 10 is suspended with
cables 57 in steeply upright position on the pipe-bedding
installation 3. In the case of a pipe~bedding installation 3
with a horizontal welding street the trunk 10 of figure 19
will be suspended with cables 57 on the stinger 4 or on a
pontoon 37.

The buoyancy means 9 of figure 19 consist of a trunk 10
of trunk tubes 14 which are mutually joined by means of
cables 50. The trunk tubes 14 of syntactic foam each contain
radially guided contact blocks 52 and 62 with oblique
contact surfaces 53 which are urged inward by pressure
springs 51 and which co-act with rings 55 arranged on the
oblique surfaces 54 of pipe string 5. The trunk tubes 14
each rise individually until contact block 52 or 62 engages
on a ring 55 or cannot rise any further because of the
limited length of cables 50. On the other hand the trunk 10
will not move any further downward than the length of cables
57 allows. If the tractive force in cables 57 is so high
that the uppermost contact blocks ar give way against their
springs 51, the contact surfaces 62b for instance come into
co-action with a ring 55 until the tractive force in
tightenéd cable 50a is so high that the contact blocks 62b
give way. The other trunk tubes 14 will meanwhile rise until
they are stopped by a ring 55 or cannot move any further
upward due to tightened cables 50. The trunk 10 will thus
move continuously downward over a distance until a series of
contact blocks 52 or 62 gives way and the trunk 10 or a part
thereof moves upward again.

If instead of by pressure springs the contact blocks
52, 62 of figure 19 can be displaced into the path of the
rings 54 and also retracted by hydraulic cylinders which can
be operated remotely from the pipe-bedding installation,

means (30, 33). 7. Installation (1) as clainmed in
characterized in that the buoyancy neans conpri se



beads. 9. Installation (1) as clainmed in any of the clains 2-8,
characterized in that brass parts (20, 21) of 30 at |east one trunk tube
(14) are nutually coupled by neans of at |east one axially oriented hinge
(23). 10. Installation (1) as clainmed in any of the clains 2-9,
characterized in that at |east one energizi8ng cylinder (16) engages on the

pi pe string (5% via roller 35 nmeans_(19, 35). _,
there results a controlled, step-like trunk movement,

wherein the axial forces can if desired be distributed over
the trunk length. _

Figure 20 shows that each spring 51 can consist of a

5 set of Belleville springs 58. The rings 55 can also form
anodes. f

The mentioned cylinders 16 are provided with air inlet
valves 68 along which they are placed under pressure, this
preferably such that the adjusted pressure is higher the

10 greater the depth at which the relevant cylinders 16 are
situated during operation, so that the force exerted on pipe
string 5 is roughly the same with all cylinders 16. The
setting of the air pressures is moreover so high that the
trunk 10 is situated at a small distance of for instance 10-

15 15 metres below the stinger 4.

In the variant of figures 13 and 14 shown in figures 21
and 22 hydraulic cylinders 76 are applied instead of air
cylinders, which cylinders 76 are fed from pontoon 37 by a
fluid pressure aggregate 77 via fluid lines 75 at a

20 determined set pressure which is so great that sufficient
friction force is applied to the pipe string 5 such that the
clamping tubes 41 are held at the desired depth. The
hydraulic pressure in cylinders 76 is herein adapted to the
local hydrostatic pressure.

25 It is possible to also arrange pressure springs in the
air cylinders 16 in order to decrease the required air
pressure.

The pipe string 5 contains no concrete jacket if it
consists of heavy steel pipes.

30 " Trunk 10 is also suitable for a pipe string with
concrete jacket. The inside of trunk 10 is optionally
provided with a lining with high coefficient of friction and
high wear resistance.

According to a variant the trunk 10 arranged round pipe

35 string 5 has at least at one location the contact means 15
of figure 23. These consist of hold-down rollers 19 mounted
in a frame 72 which press the pipe string 5 against friction
rollers 73 mounted on trunk 10 with an adjusted normal power



11. Installation (1) as claimed in claim 10, characterized in that at |east
one trunk tube (14) is 16 provided with a plurality of energizing
cylinders (16) which engage on the pipe string (5) via a train (18) of
rollers (19), which train (18) is preferably defornable.
9
of an air cylinder 16 or of mechanical springs or with a
pressure of hydraulic cylinders 76 which is adjusted at a
distance from the pipe-bedding installation 3. These rollers
73 are provided with a friction coupling 74, the normal
5 power of which is regulated by means of hydrostatic pressure
and/or pressure of pressure cylinders-75 which is adjustable
at a distance, for instance from pipe-bedding installation
3. The rollers 73 are provided with friction-increasing wear
layers 67. _

10 The installation of figure 24 has a trunk 10 corre-
sponding with figure 17, wherein the buoyancy means of the
trunk tubes 22 are replaced by air bags 47 received in steel
cylinders 69 which are inflated via valves 71 to a
determined pressure which is higher than the local water

15 pressure at high level. When the pipe string 10 is fully
lowered to the seabed in heavy weather a flange or the like
is welded onto its upper end such that trunk 10 cannot slide
off pipe string 5. The trunk 10 then moves therewith as far
as the seabed, wherein the air bags 47 shrivel under the

20 high water pressure without being damaged, as the pressure
inside and outside air bags 47 is then equal.

In all the above mentioned embodiments of the trunks 10
each tube 14 can be provided with contact means fixedly
clamping the pipe string 5. It is however also conceivable

25 for only one tube 14 or only a small number of tubes 14 to
be provided with clamping contact means. It is possible to
distribute the clamping contact homogeneously over the
length of trunk 10, for which purpose the applied pneumatic
and/or hydraulic clamping pressure is then adapted to the

30 local water depth, but it is also possible to clamp either
to a larger degree or only the upper end or lower end of
trunk 10 to the pipe string 5 so that trunk 10 is under
strain of pressure respectively under strain of tension.

"Trunk 10 can also be attached to the pipe-bedding

35 installation 3 or its stinger 4.

Instead of being provided with air cylinders 16 the
trunk 10 can be provided with mechanical springs which
provide normal power to create friction between trunk 10 and



12. Installation (1) as clainmed in any of the 5 clainms 2-11, characterized
|n that the pipe string (5) is provided with a plurality of thickenings
(26 55) distri- buted over its length and that contact neans (52) are
formed by cans (52) novable into and out of the path of these thickenings.
10 13. Installation (1) as clainmgg in any of the clainms 2-12,
characterized in that the contact neans engagi ng on the pipe string consi st
of rollers (7plipehstiting 5, while the trunk 10 is attached to pipe-

bedding installation 3, for instance by means of cables.

In a variant the trunk 10 provided with buoyancy means
has internal coupling elements which are remotely

5 controllable for example from pipe-bedding installation 3

and which can be placed into and out of the path of rings
fixed to the pipe string 5.

Used in another variant instead of air cylinders 16
adjusted to a determined pressure are pressure cylinders

10 which are remotely operated pneumatically or hydraulically,
for example from the pipe-bedding installation, and which
supply the normal power required for a desired friction.

According to figure 18 a trunk 10 disposed in lying
position is fixed to a short stinger 4 of pipe-bedding

15 installation 3. The trunk tubes 14 which have buoyancy
capacity support the pipe string without clamping means.
Only the friction between trunk and pipe string reduces the
tractive force of the draw benches disposed on board pipe-
bedding installation 3.

20 The longer the trunk 10, the less the tensile stress in
the pipe string becomes. The pipe string laid with less
tensile stress then lies with less tension on the seabed and
thereby adapts better to the seabed. This w1ll decrease
seabed correction operations.

25 The installations 1 of figure 27 and 38 differ from the
installation 1 of figure 1 in that the trunk elements 78, 79 .
of figure 27 respectively 38 clamp fixedly on the pipe
string 5 to a determined depth and then slide upward over
the trunk elements 78, 79 fixedly clamped to pipe string 5

30 and are clamped once again to pipe string 5 at the top.

According to figure 28 the trunk elements 78 move
downward with the downward moving pipe string 5 until the
lowest trunk element 78a of figure 29 reaches the depth
level 80 and then spreads itself such that as according to

35 figure 30 it slides upward due to its buoyancy over the
fixedly clamped trunk element 78 present thereabove.

Round the upper end of trunk 10, which according to
figure 31 strikes against a stop flange 81, the spread trunk



are braked by braking nmeans (74, 75). 14. Installation (1) as clainmed in
any of the 15 clains 2-13, characterized in that the contact neans conprise
abrasive strips (48). . 15. Installation (1) as clainmed in any of the
clainms 2-14, characterized in that the bearing neans conprise a plurality
of trunk elenents (78, 79) which are 20 adgpted for placing between an
engagi ng condition in which they engage on the pipe string (5 and a

rel ease positéebements 78b slide against each other (figure 32). The

uppermost trunk element 78c contracts when it is no longer
prevented from contracting by a trunk element 78 present on
the inside, then clamps onto pipe string 5 and then moves

5 downward therewith. The string of spread trunk elements 78b
then shifts one trunk element length upward.

Each trunk element 78 consists of a gear rim of
floating bodies 83 of light material, for instance syntactic
foam, which are mutually connected in peripheral direction

10 by means of pairs of links 82, this for instance in
accordance with the configuration of figures 34-36. The
links 82 are situated at a plurality of locations
distributed over the trunk element length and are each
hingedly connected on one side to floating bodies 83 at

15 hinges 84 and mutually by means of hinges 85. The floating
bodies 83 of trunk elements 78 are situated in their
clamping position on pipe string 5 at a small gear rim inner
diameter 4 which is equal to the outer diameter of pipe
string 5, while in the spread situation the floating bodies

20 83 are situated at an inner diameter D which is equal to the
outer diameter of the clamped together floating bodies 83.
The drive means for clamping together floating bodies 83
consist in fiqures 36 and 37 of a tension cable 86 which is
attached to a pin 87 and which is guided over discs 88

25 incorporated in floating bodies 83 and connected to the
piston 89 of a cylinder 90 received in lengthwise direction
in a floating body 83. The one cylinder chamber 91 under the
pressure of for instance 50 bar of an accumulator 92, for
instance nitrogen cylinder, tightens the tension cable 86.

30 A control device 94 arranged in a pressure vessel 93
comprises a pressure sensor 95 which via an integrator 96 or
a filter, and a comparator 97 opens a water valve 99 when a
determined outside water pressure, for example 100 bar at
1000 m depth, is exceeded, which determined pressure is

35 adjusted by a pressure adjuster 98, so that the water
pressure displaces the piston 89 in cylinder 90 and the
tension cable is slackened so that the floating bodies 83
are allowed to spread. This spreading is initiated in that



in which they are upwardly di spl aceable relative to the pipe string (5).
16. Installation (1) as clainmed in claim15 25 conprising at |east one
trunk element (78, 79) which conprises a gear rimof elongate floating
bodi es (83) which are nmutually connected in transverse direction and which
are displ aceable between two gear rim posii ons wherein they form gear
rims wwth a different inner diane- 30 ter (d, D).

the upper surfaces 100 and lower surfaces 101 of adjoining

trunk elements 78a and 78 mutually engage and the released
floating bodies 83 of the lowest trunk element 78a are
thereby urged outward such that the lowest trunk element 78a

5 shifts upward over the higher positioned trunk elements 78.

When a lower pressure, for instance 90 bar, is

detected, the sensor 95 sends the relevant signal via
integrator 96 to the comparator 97 which causes the valve 99
to close in the situation where the cylinder 90 is

10 practically wholly filled with water and the accumulator is
under considerable pressure. When the relevant trunk element
78b as uppermost trunk element 78c strikes with its spring-
loaded switch 102 against the fixed flange 81 the voltage of
a battery 104 is conducted via switch 102 to the valve 99 to

15 open this valve 99. The accumulator then drives the water
out of cylinder 90 and then tensions tension cable 86 so
that the uppermost trunk element 78c clamps onto the pipe
string 5 as soon as another trunk element 78 is no longer
situated inside it.

20 The trunk elements 79 of figures 38-40 consist of three
floating bodies; that is, a middle piece 106 and two
clamping jaws 107 which are placed in mutual hinged
connection by means of longitudinal hinges 108 to form a
gear rim clamped round pipe string 5. The clamping jaws are

25 fixedly clamped to pipe string 5 by means of a plurality of
cylinders 109 distributed over their length which are
energized as in the case of c¢ylinder 90 from an accumulator
92 with associated circuit 94. In the opened position the
clamping jaws 107 of trunk elements 79b grip under gquide

30 ridges 110 of trunk elements 79 still clamping onto pipe
string 5. Accumulator 92 and pressure vessel 93 are
accommodated in the middle piece 106. In order to catch the
upper ends of clamping jaws 107 of a spreading lower trunk
element 79a under guide ridges 110 the clamping jaws have

35 upward protruding teeth 111 which fit in the clamping
position into corresponding recesses 112 on the bottom end
of each trunk element 79. In order to catch the lower end of
trunk element 79a there are two alternatives. According to



17. Installation (1) as clained in claim16, characterized in that at |east
one trunk elenment (78, 79) can be opened in its longitudinal direction, in
cl osed position can engage clanpingly on a pipe string (5) and in 35 opened
posi tion can engage on another trunk element (78, 79). 18. Installation (1)
as clainmed in claiml15, 13 _
figures 41-43 a cylindrical floating body 113 slides on the
pipe string 5 under the trunk 10, the bottom end of which
body also slides with considerable clearance over _
thickenings of pipe string 5. The lower end of the spreading
5 trunk element 78a remains caught in cylinder 113. |

According to the alternative of figures 44-47 each
trunk element 79 has a separated bottom end 116 which is
designed in substantially the same manner as the described
trunk element 79 with teeth 111 and recesses 112 and with a

10_cy11nder 109 and associated accumulator 92 w1th circuit 94,
although it is not now controlled by a water pressure-
sensitive sensor 95 but by a pressure switch 120 which is
actuated by a lower end 121 of a still clamped trunk element
79'striking against it. _

15 The clamping jaws are formed such that they do not
clamp onto the pipe string 5 but they connect with their
surfaces 122 against the middle piece 106. Cables 123 hold
the lower end 116 fixed to the upper piece 124.

Figure 49 shows terminals 190 and 191, of which

20 terminal 190 is located for example in Oman and terminal 191
in India. Terminal 190 contains at least one pump 193 which
receives gas supplied via a pipe 194. A pipe 195 is
connected on one side to the.outlet of pump 193 and on the
other side to a pipe string 196 which is laid with use of

25 the method according to the invention.

A pipe 196 is likewise connected to a pump 192 which is
situated in a terminal 191 and which is connected at the
other side to pipe string 196. As a result of the invention
the terminals 190 and 191 can function to transport gas via

30 deep sea 197 with a depth of more than 1 km to another
country separated by the deep sea gap.

L X 2 1]



17 characterized in that at |east one trunk elenment (79) is clanping

] aw- shaped, conprises. two clanplng jaws (107) mhlch are novabl e by. dr|ve
nmeans (169%—rﬂ‘fﬁ”HTTEETTBE toward each other into an engagi ng posi
and away fr into a rel easi ng posi tion, wherLeis
jaws (107) Mﬁ\l}g‘eﬂmmage the ‘pi pe 'stzdng (5) and anqtid 5

over other nest s* ( 79)

CLAIMS

1. Method for laying a pipeline on a floor (6) located
5 under water, wherein a pipe string (5) is lowered from the
pipe-~bedding installation (3) to the floqr (6),
characterized in that the part of the pipe string (5)
situated between the water surface and the floor (6) is at
least partially supported by means of bearing means (10)

10 which engage on the pipe string (5),'wherein an axial
displacement is realized between the bearing means (10) on
the one hand and the pipe string (5) on the other.

2. Installation (1) for laying a pipeline on a floor
(6) located under water, comprising a pipe-bedding in-

15 stallation (3) with seCuring means for supporting a pipe

| string (5) extending between the pipe-bedding installation
(3) and the floor (6) while it is lowered into the water,
characterized by bearing means (10) which at least partially
support the part of the pipe string (5) situated between the

20 water surface and the floor (6) and which engage on the pipe
string (5), and which allow a possible relative movement in
the pipe string direction between the pipe string (5) on the
one hand and the bearing means (10) on the other.

3. Installation (1) as claimed in claim 2, charac-

25 terized in that the bearing means are provided with buoyancy
means (10, 37, 44) which have a buoyancy capacity.

4. Installation (1) as claimed in claim 2 or 3,
characterized in that the bearing means are provided with

" contact means (15) which clamp the pipe string (5) and allow

30 an axial movement between the contact means (15) on the one
hand and the pipe string (5) on the other.

5. Installation (1) as claimed in claim 2, 3 or 4,
characterized in that the contact means (9) comprise at
least one energizing cylinder (16) which exerts a clamping

35 force on the pipe string (5).

6. Installation (1) as claimed in claim 5, charac-
terized in that the clamping force of the energizing



19. Bearing neans (10) which are adapted to formtogether with a

pi pe- beddj ' ation (3) an installa- 10 tion (1) as clained in any of
t he cl ai n’Hlﬂl%@iﬂﬂM, uwnal conprising at |east one. pi pe connec= "

at least 0 l erized in that the pipe conne GREENEIAS B

the punp is connected on the other side tals pipe strin | CREPISAOERI d atla
depth of at 15 least 1 kmunder the water surface wth applicat of the

met hod accor deydindexr| §16) 1is influenced in a reducing sense by the local
hydrostatic pressure.
7. Installation (1) as claimed in any of the claims 2~
6, characterized in that the buoyancy means (9) are formed
5 by a trunk (10) of trunk tubes (14) which can be arranged
round a pipe string (5). .

8. Installation (1) as claimed in claim 7, charac~
terized in that at least one trunk tube (14) comprises at
least two brass parts (20, 21) which are mutually completing

10 substantially in peripheral direction of the pipe string (5)
and that preferably at least two successive trunk tubes (14)
are mutually coupled by means of complementary coupling
means (30, 33).

9. Installation (1) as claimed in any of the claims 2-

15 8, characterized in that the buoyancy means (9) contain at
least one air cylinder (44) but preferably a plurality of
air cylinders (44), wherein each cylinder (44) is connected
to contact means (41) engaging round the pipe string (5).

10. Installation (1) as claimed in any of the claims 2~

20 9, characterized in that the buoyancy means comprise at
least one air bag (47) which is preferably received in a
steel cylinder (69).

11. Installation (1) as claimed in any of the claims 2~
10, characterized in that the buoyancy means (9) comprise at

25 least one forcing body (20, 21) which consists of a
composite material of plastic with hollow glass beads.

12, Installation (1) as claimed in any of the claims 2-
11, characterized in that brass parts (20, 21) of at least
one trunk tube (14) are mutually coupled by means of at

30 least one axially oriented hinge (23).

13. Installation (1) as claimed in any of the claims 2-
10, characterized in that the buoyancy means comprise at
least one pontoon (37) from which are suspended means (41)
which grip the pipe string (5).

35 . 14. Installation (1) as claimed in any of the claims 2-
13, characterized in that at least one energizing cylinder
(16) engages on the pipe string (5) via roller means (19,
'35).
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15. Installation (1) as claimed in claim 14, charac-
terized in that at least one trunk tube (14) is provided
with a plurality of energizing cylinders (16) which
engage on the pipe string (5) via a train (18) of rollers
(19), which train (18) is preferably deformable.

16. Installation (1) as claimed in any of the claims
2-15, characterized in that the pipe string (5) is pro-
vided with a plurality of thickenings (26, 55) distribut-
ed over its length and that contact means (52) are formed
by cams (52) movable into and out of the path of these
thickenings.

17. Installation (1) as claimed in any of the claims
2-16, characterized in that the contact means engaging on
the pipe string consist of rollers (73) which are braked
by braking means (74, 75). _

18. Installation (1) as claimed in any of the claims
2-17, characterized in that the contact means comprise
abrasive strips (48).

19. Installation (1) as claimed in any of the claims
1-12, characterized in that the bearing means comprise a
plurality of trunk elements (78, 79) which are adapted
for placing between an engaging condition in which they
engage on the pipe string (5) and a release position in
which they are upwardly displaceable relative to the pipe
string (5).

20. Installation (1) as claimed in claim 19 compris-
ing at least one trunk element (78, 79) which comprises a
gear rim of elongate floating bodies (83) which are
mutually connected in transverse direction and which are
displaceable between two gear rim positions wherein they
form gear rims with a different inner diameter (d, D).

21. Installation (1) as claimed in claim 19, charac-
terized in that at least one trunk element (78, 79) can
be opened in its longitudinal direction, in closed posi-
tion can engage clampingly on a pipe string (5) and in
opened position can engage on another trunk element (78,
79) .

22. Installation (1) as claimed in claim 19, charac-
terized in that at least one trunk element (79) is clamp-
ing jaw-shaped, comprises two clamping jaws (107) which



-

10

_—

| . THIS SHEET HAS BEEN
| LI REPLACED
' 17

are movable by drive means (109) in the direction toward
each other into an engaging position and away from each
other into a releasing position, wherein the clamping
jaws (107) respectively engage the pipe string (5) and
are slidable upward over other trunk elements (79).

23. Bearing means (10) which are adapted to form
together with a pipe-bedding installation (3) an instal-
lation (1) as claimed in any of the claims 1-22.

24 . Terminal comprising at least one pipe connected
to at least one pump, characterized in that the pipe
connected on one side to the pump is connected on the
other side to a pipe string which is laid at a depth of
at least 1 km under the water surface with application of
the method according to the invention.
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