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METHODS FOR 9BAEED Pl STON CORI NG Field of the | nve®CrmuU9s/00639 The

i nvention relates to technol ogy used for taking core sanples fromthe
seabed using a drill that is |lowered and controlled renotely froma
shi p. 5 Background to the Inventio Conventionally taking core
sanpl es fromthe seabed has been achieved by either a t echni que known
as piston coring or di METHQDSFOR SEABED PIBTOMCORINGg i s achi eved by
usi ng conventional core barrels with dianond set bits, Commonly this

t echni quegsi qm H‘{E‘i rilling rock. 10 On the other hand piston coring
S parti?ulkgr y gﬁ. egiogo seabed operations where typically

The invention relates to technology used for taking core samples from the seabed using a

drill that is lowered and controlled remotely from a ship.
5 Background to the Invention

Conventionally taking core samples from the seabed has been achieved by either a

technique known as piston coring or diamond coring.

Diamond coring is achieved by using conventional core barrels with diamond set bits.

Commonly this technique is used when drilling rock.

16 On the other hand piston coring is particularly suited to seabed operations where typically
the seabed is covered with a layer of sedimentary material that is too soft to core

successfully using standard diamond coring system.

The current invention relates to improvements in this latter method and therefore the

- following description deals in detail with that type of prior system.

15 It is well known to take short samples with core sampling tubes such as the Shelby tube.
However, it has been found that the friction on the sample acting on the inner walls of the
tube quickly builds up to prevent the entry of new material. This means that the tube
becomes effectively a solid rod and displaces the sediment without any further winning of

sample.

20 This effect is particularly damaging when there are layers of very soft and harder material,
as the friction of the harder material prevents any, or at most little, of the soft material
entering the tube. The sample in the tube then consists almost entirely of the harder

material.

Other conventional sampling techniques for the seabed take advantage of the water
25  pressure at depth to take longer and more representative samples by use of tethered piston
coring technology. In such technology the drill frame located near the seabed by support

means and includes a hydraulic feed cylinder and rope and pulley system. The feed
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: reduced pressure under the tethered piston. The difference in pressure between that at the
bottom of the tube and that under the piston is then available as an additional force to

10  overcome the friction of the material in the tube.

The reduced pressure under the piston is self-regulating as it is generated by the friction in
the tube. and the pressure gradient down the tube is proportional to the friction in each part”

of the tube. This means that a complete sample of the seabed is obtained, complete with

soft and hard layers.

15 It will be apparent that this process becomes more effective with increasing water depth

because the available reduction in pressure increases. It is essentially ineffective on or near
the surface.

Whilst this system is effective, it has been difficult to apply this method to a drill that has a
segmented drill stri_ng made up of a variable number of drill rods. depending on penetration
20  depth, because there is no practical way of connecting the tether rope to the piston in the

core barrel at the bottom of the drill string.

Accordingly further investigations have been carried out in attempt to improve the

applicability of a piston based coring system.

Object of the Invention

25 ltis an object of the present invention to overcome the limitations of current piston coring

systems, more particularly, to obviate the need to use a structurally tethered piston.
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drawn into the core tube at substantially the same rate as the core tube penetrates the

seabed.

Preferably, the step of withdrawing fluid from the upper end of the core sample tube
10  comprises withdrawing the fluid through a conduit means connected at one end to the core

sampling tube and connected at its other end to a remote means for withdrawing fluid.

Preferably, the steps of urging the core sample into the seabed and withdrawing fluid from
above the seabed material is performed by a combination of remotely coordinated
hydraulic fluid power means. Typically, the coordination of the hydraulic fluid power
15 means combrises the steps of pumping hydraulic fluid into a first hydraulic means to urge
the core sampling tube into the seabed and simultaneously pumping hydraulic fluid into a

second hydraulic means to withdraw fluid from the upper end of the core sampling tube.

It will be understood that a freely movable piston may or may not be located in the core
sampling tube, It will be included where there is a significant risk that seabed material may

20  also be withdrawn from the sampling tube.

Accordingly, it is preferred to provide the core sampling tube further with a piston
bealingly engaging and movable within the cylindrical chamber above the seabed material
entering the core tube, and the step of withdrawing fluid is from above the piston such

that the piston is maintained substantially stationary.

25 Ina separate aspect of the invention which is adapted to be used with the method described
above, a core sampling tube is provided comprising a core barrel having an upper end with
a fluid inlet/outlet, an open lower end and a substantially cylindrical chamber extending

there between to receive seabed material.
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particularly, to obviate the need to use a structurally tethered piston.
Preferably, the core sampling tube further comprises an adaptation at the upper end to

5  provide sealing means to permit a leak free connection to the conduit connectable between <

the core sampling tube and the remote means for withdrawing fluid.

In a further separate aspect of the invention which is adapted to be used with the method

and core sampling tube described above, a seabed coring system is provided comprising:
(a)  acore sampling tube described above;
10 (b)  first hydraulic fluid power means to urge the core sampling tube into the seabed;

(¢)  second hydraulic fluid power means to withdraw fluid from the core sampling tube

above the seabed material; and

(d) - first conduit means connected between:the core sampling tube and the second

hydraulic fluid power means;

15 wherein the first hydraulic fluid power means and the second hydraulic fluid p.ower means
are coordinated such that the seabed material will enter the core sampling tube at

substantially the same rate as the core tube penetrates the seabed.

Preferably, the seabed coring system further comprises a piston healingly engaging and
movable within the cylindrical chamber of the core sampling tube above the secabed

20  material entering the core tube.

Preferably, the first hydraulic fluid power means comprises a substantially .cylindrical
chamber, a piston healingly engaging the cylindrical chamber and movable axially within
the cylindrical chamber to define a first chamber and a second chamber, and a piston rod
connected to the piston and extending through and from the second chamber so that

25  selective application of hydraulic pressure to the first chamber will urge the core sampling
tube into the seabed.
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substantially cylindrical chanmber extending there between, conprising the
steps of urging 5 the core sanpling tube into the seabed and

simul taneously withdrawing fluid from the upper end of the core
sanpling tube at a rate sufficient to cause the seabed material to be
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neans conpri s@garhhg; steps of punping hydraulic fluid into a first hydraulic
means to urge

(b)  a second sub hydraulic means comprising a substantially cylindrical chamber, a
piston healingly engaging the cylindrical chamber and movable axially within the
cylindrical chamber to define a fifth chamber, the piston rod of the first sub

10 hydraulic means having its other end connected to the piston; and

(c)  second conduit means connected between the second chamber of the first hydraulic

means and the fourth chamber of the first sub hydraulic means;

wherein, as the core sampling tube is urged into the seabed by the first hydraulic fluid
power means, hydraulic fluid is passed from the second chamber of the first hydraulic fluid
15 power means into the fourth chamber of the first sub hydraulic means via the second
conduit means to move the piston therein which inturn draws the piston of the second sub
hydraulic means away from the first conduit means to cause the withdrawal of fluid from

the core sampling tube.

Typically, the first conduit means consists in part of at least one hose with high collapse

20  capability.

In another typical arrangement, the first conduit means consists in part of at least one drill
rod with sealing means to provide a leak free joint between the drill rod and any preceding
drill rod.

It will be appreciated that three separate aspects of the invention have been disclosed,
25 namely, a method of acquiring a core sample from a seabed, a core sampling tube and a
system (apparatus) for acquiring a core sample, Whilst the description explains preferred
embodiments of each aspect in combination with one another, such aspects are not so

interdependent and should not be so construed.
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5 Figure 2A is a plan view of a drill useable with the invention.
Figure 2B is a side view of the drill of figure 2A.
Figure 3 is a more detailed side view of the d_r'ill of ﬁguré 2A.
Figure 4 is an end view of the drill of figure 2A.
Figure 5 is a more detailed plan view of the drill of figure 2A.
10  Figure 6A is a side view of the rotary drilling unit.
Figure 6B is a plan view of the rotary drilling unit of figure 6A.
Figuré 7 is a side sé;lﬁénﬁal :vi'ew- of the dnlhng éciﬁii)ment.
Figure 8 is a side view of the drilling procedure.
Figure 9 is an expanded side view of the rod and casing clamp area.
15  Figure 10 is a cross-sectional view showing part of the water circuit for rock coring.

Figure 11 is a schematic representation of the principle of operation of piston coring

according to the prior art.

Figure 12 shows in schematic, a preferred embodiment of a method of piston coring

according to the invention.

20  Figure 13 is a cross-sectional view of the sealed drill string for piston coring according to

the invention.
Figure 14 is a hydraulic circuit used with piston coring according to the invention.

Figure 15A to 15F depict the sequential operation of a piston core barrel in accordance

with the invention.
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5  Figure 17 is a cross-sectional view of the initial position of a further alternate form of core

barrel in accordance with the invention.

Geological samples on land are often obtained using core drills, typically with diamond
tipped drill bits. Similar drill rigs can be mounted on ships and used to take core samples
from the seabed, but with greater difficulty as ships move with the sea surface and the
10 water can be very deep. The drill string has to go through the water column before reaching
the seabed. The provision of a ship of adequate size capable of holding position with

sufficient accuracy adds considerably to the cost.

In recent years, drills capable of sitting on the seabed have been developed as they provide

a more stable drilling platform and can be used with a less sophisticated and cheaper ships.

15  Figure 1 shows a typical deployment of a seabed drill. A suitable ship 1-1 has carried the
drill to the site, swung it over the stern using an A-frame 1-2 and lowered it to the seabed

with a winch mounted on the deck of the ship.

The drill is powered by one or more electric motors driving hydraulic pumps so that all
mechanical operations are carried out hydraulically through the use of hydraulic motors,

20  rotary actuators and cylinders as appropriate. The drill is remotely controlled from the ship
as it is usually deployed in water depths beyond those accessible to a diver. Essential
functions are monitored with appropriate remote sensing devices such as pressure switches,
pressure transducers and proximity sensors. Undersea video cameras are used to provide
visual feed-back.

25  The cable 1-3 is preferably of a multi-purpose type with steel outer layers to provide the
required lifting capability and covering electrical conductors to provide the power for the
drill and a fibre-optic core for control and telemetry. However, it is possible to use a

normal wire cable for lifting, with power and communications achieved by a separate
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The drill itself 1-5 sits firmly on the seabed under the action of its own Weight on legs 1-6,”
possibly assisted by suction feet. Details of the drill construction will be discussed late in

this specification.

The location of the drill is established by reference to acoustic transponders mounted on
the drill, on the ship and on marker buoys 1-7. Acoustic receivers on the drill and on the

ship provide triangulated positioning information.

The following description is of a particular design of drill of the seabed type, but it will be

understood that the invention is not limited to use with such types of drills.

The basic operation is that the drill is lowered to the seabed with enough empty sampling
tools 'to acquire the penetration desired, typically less than 100m, and with sufficient drill
rods to place the sampling tools to depth, and sufficient casing to hold the hole open as
each sampling tool is removed and stored back on the drill. The drill can be loaded with
different combinations of several types of sampling and ground testing tools, drill rod and

casings to suit the particular conditions of the seabed being investigated.

Typically, the drill tools are 3m long, giving a total drill height of around Sm with a total

weight of about 7 tonne.

Figures 2A and 2B shows a plan view, at the top, and side elevation of a seabed drill,
consisting of the main body of the drill 2-1 and three legs 2-2 with feet 2-3. The elevation
shows one leg 2-4 fully extended by hydraulic cylinder 2-5 and another leg 2-6 fully

retracted to its stowed position and with its foot removed.

The legs are retracted to stowed position for lifting on and off the ship, and the feet are
removed for transport from ship to ship. The feet can be made in the form of suction cans

and connected to a source of reduced water pressure, such as the suction of a water pump,

Preferably, the seabed coring system
further conprises a piston healingly engagi ng and novable within the
cylindrical chanber of the core sanpling
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The multi-purpose lift/power/control cable 3-2 passes through a top guide 3-3 to an anchor

point 3-4 at the drill base. The power conductors, not shown, are connected to electric
10 motors 3-5 which drive hydraulic pumps 3-6 which power all the mechanical functions of

the drill through hydraulic control valves and actuators not shown.

Driiling tools are picked up from the magazines by loading arms 3-7 and presented to the
drilling centre line, where they are picked up by the rotary drilling unit 3-8 which is
mounted on vertically sliding carriage 3-9. The rotary drilling unit is described in more
15 detail later. The carriage is moved up and down the elev.ator mast 3-10 on slides 3-11 by a

hydraulic cylinder with a 2:1 rope and sheave system not shown.
A rod clamp 3-12 and casing clamp 3-13 are mounted in the base frame.

Figure 4 shows an end elevation of the drill. This view shows that this drill design has two
storage magazines, 4-1 and 4-2, and that each is rotated by a Geneva wheel pinion 4-3. The
20 Geneva wheels themselves 4-4 are not shown in plan, but have the same number of slots as
the magazine, see later, so that each full rotation of the pinion advances the magazine one

complete slot.

Figure 5 shows a more detailed plan view of the drill. The Geneva drive pinions 5-1
independently driving the two magazines 5-2 are shown with the magazine top swivel
25  bearings 5-3.

A plan view of the loading arms 5-4 shows the double jaw structure. The loading arm is
pivoted by rotary actuator 5-5 to move drilling tools between the magazines and the drill

centre line 5-6 as required for the drilling process.
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5  The top sheaves 5-9 are part of the 2:1 cable system on the carriage elevator.

One of the alignment guide arms 5-10 is shown. The other arm is symmetrical with the one
shown and on the other side, under the loading arm. They are both operated by hydraulic
cylinders to swing into the centre to clamp onto a drill tool in position on the drill centre

line.

10 Figures 6A and 6B show more details of the rotary drilling unit, which is mounted to the
carriage by means of pins and bolts through lugs 6-1. The drive power is provided by a
hydraulic motor 6-2 driving though a gearbox 6-3 which provides both a gear reduction

and an off-set drive.

The output of the gearbox drives the rotating chuck 6-4 which is operated hydraulically

15  through a hydraulic slip ring in stationary centre housing 6-5.

A hydraulically operated rack drive system for breaking out drill tool threads is enclosed in
housing extension 6-6. This rack system engages the output gear of the gearbox to provide

a direct high reverse torque,

The output shaft of the gearbox also protrudes through the top of the gearbox, and is
20 hollow, connecting the top to the inside of the rotating chuck. A rotary swivel coupling 6-7

is mounted on the top of the shaft for water connection to the drill string.

Figure 7 shows the main components used during the drilling process. 7-1 is the rotary
drilling unit just described. The upper and lower loading arms, 7-2 and 7-3 respectively,
which will be described in more detail later, fetch tools from the magazines and return
25  them after use. Alignment guide 7-4 and alignment guide spacer 7-5, again described in

more detail later, assist in the thread make-up between drill tools.

Rod clamp 7-6 is hydraulically operated and similar in design to the hydraulic chuck on the

rotary drilling unit. It is used to hold the drill string while a tool is added or removed from
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the rod clamp but is used to clamp the drill casing string. Bottom guide 7-9 also provxdes

location for the casing, in conjunction with the intermediate gmde and casmg clamp

5  The bottom of the drill 7-10 is normally positioned on or near to the seabed by adjustment -
of the drill legs.

Figure 8 illustrates a part of a typical coring cycle. Each core sample is taken and stored in
a separate core barrel. For each successive sample an empty core barrel is introduced into
the hole and lowered down to the previous finish depth by adding the required number of
10 drill rods to the drill string. The sample is then taken and the core barrel withdrawn, by
sequentially removing the drill rods, and stored back in the magazine. This process is

repeated into the deepening hole until the required maximum sample depth is achieved.’
Casings can be installed separately, but in similar manner, as required.

The sequence shown on Figure 8 starts at step A with a first core sample already taken, and
15 alength of casing 8-1 subsequently installed and held in casing clamp 8-2. A core barrel 8-

3 taken from a magazine and presented to the drill centre line by loading arms 8-4.

In step B, the rotary drill unit 8-5 has been lowered and its chuck grabbed the top of the
barrel. The alignment guide 8-6 locates the bottom of the barrel. The alignment guide
spacer 8-7 is deployed to hold the guide slightly open so that it does not clamp on the
20  barrel, but merely provides a sliding guide. Once the barrel is held, the loading arms are

moved out of the way.

As the barrel is lowered into the hole by the rotary drill unit, the alignment guide is

withdrawn. Step C shows the barre] lowered to the bottom of the hole where it is clamped

by the rod clamp 8-8. The rotary drill unit then retracts to its top position in Step D and a
25  drill rod 8-9 is brought into the centre line by the loading arms.

Step E shows the drill rod held by the chuck of the rotary drill unit at the top and by the
alignment guide at the bottom. The alignment guide spacer is retracted so that the
alignment guide clamps onto the top of the core barrel to provide guidance for thread

make-up,



Figure 8 is a side view of the drilling procedure. Figure 9 is an
expanded side view of the rod and casing clanp area. 15 Figure 10 is a
Cr oss- seMWQ 29994vi ew showi ng part of the water circuit foPCT/AURSSET ng.
Figure 11 is a schematic representation of the principle of operation of

pi ston coring according to the grl or art. Figure 12 shows in
schematic, a preferred enbodi rrent of a@2met hod of pi ston coring
according to the invention. Figure 13 is a cross sectional view of

the seal B wotary drilliunitiben 1@7”3,?35 @eicmtateém mgkep thedhsegd befween the dribradapdnt i on.
Fi gure 14oré§ax?elh¥ﬁiﬁ:$m e ﬁ S}EE%?%&‘{)%S%F %zggtg %\OI’I ng according to the

i nvent i of uénti al operat | on of a
pi ston core barrel in accordance with the invention.
Step G shows the core barrel at its full depth having taken the next sample. Thls is then

withdrawn from the hole by the reverse of the sequence described above and stored back in

5 the magazine.

The next operation would typically be to install a new length of casing to the ncw”dépth,
followed by another core barrel to the next depth.

Figure 9 shows an expanded view of the clamp area in Step E of Figure 8. The casing 9-1
is supported by the bottom guide 9-2 and intermediate guide 9-3 and is held by casing
10  clamp 9-4.

During diamond core drilling, the rock cuttings from the drilling process normally pass up
the inside of the casing and exit at the top of the casing into gallery 9-5 formed in the
intermediate guide. The suction of a suitable centrifugal pump is connected to outlet 9-6 to

remove the cuttings from the clamp area and discharge them into a pipe running along one
15  of the drill legs. | S '

The rod clamp 9-7 is shown holding a core barrel 9-11 with the alignment guide 9-8
deployed to clamp around the top of the barrel. A drill rod 9-9 is shown ready to engage its
thread with a mating thread in the tip of the barrel. The alignment guide spacer 9-10 is

shown in retracted position. It is operated by a small hydraulic cylinder, not shown.

20  On known method of coring is diamond coring using diamond set bits. This equipment is
commonly used for rock coring on land and the operation of this device will be well known

to those skilled in core drilling.

For operation, the drill has to provide rotation and downward force in a controlled manner

so that the diamond bit at the bottom cuts its way into the rock.

25 A supply of water is provided through the hollow drill rods to the top of the core barrel and
discharges, with the cuttings, up the outside of the barrel.



7 Figure 16A is a cross-sectional view of the initial position of an
alternate formof core barrel in accordance with the invention.

Fi gure 168/Q ¥/02% oss-sectional view of the final positionPOI/AUDRNESS er nat e
formof core barrel of figure 16A. 5 Figure 17 is a
cross-sectional view of the initial position of a further alternate form of
core barrel in accordance with t I nventi on. CGeol ogi cal
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5  within the housings 10-2 on bearings, not shown, and rotated by hydraulic motor 10-3 :
through gears, also not shown. Drive plate 10-4 is attached to the hollow shaft and supports
chuck assembly 10-5. One of three chuck cylinders is shown 10-6 with chuck jaw 10-7.
The chuck cylinder is connected through conduits 10-8 to a slipring incorporated in the

hollow shaft.

10 The drill water supply is delivered into flexible hose 10-9, through rotary coupling 10-10
into the centre of the hollow shaft, then through seal piece 10-11 which seals against the
end of the drill rod 10-12, which has a hole, not shown, through its length. This drill rod

' may be connected to other drill rods to make up the drill string, depending on the drill

depth, or to the core barrel 10-13 as shown.

15 The core barrel drills a slightly oversize hole so that the water can flow on the outside of -

the barrel and then past the drill rod and out of the top of the hole.

Another known coring system is piston coring. Much of the seabed is covered with a layer
of sedimentary material that is too soft to core successfully using standard diamond coring

systems as just described.

20  Short samples can be achieved using conventional soil sampling techniques such as the
Shelby tube, but the friction on the sample acting on the inner walls of the tube quickly
builds up to prevent the entry of new material, so that the tube becomes effectively a solid

rod and displaces the sediment without any further winning of sample.

This effect is particularly damaging when there are layers of very soft and harder material,
25 as the friction of the harder material prevents any, or at most little, of the soft material

entering the tube. The sample in the tube then consists almost entirely of the harder

material,

Conventional sampling on the seabed takes advantage of the water pressure at depth to take

longer and more representative samples by use of piston coring technology. Figure 11



In recent years, drills capable of sitting on the seabed have been
devel oped as they provide a nore stable drilling platformand can be

used W t hywa do@smmgsophi sticated and cheaper ships. 15 F ws a
typical deploynment of a seabed drill. A suitable ship 1- 1#%’5/?%3%%%?5& t he
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If the friction of the material in the tube creates enough force to overcome the hardness of
the material entering the bottom of the tube; the material in the barrel will try to move
10 down with the tube. Providing that the material is essentially impervious, this will create a
reduced pressure under the tethered piston. The difference in pressure between that at the
bottom of the tube and that under the piston is then available as an additional force to

overcome the friction of the material in the tube.

The reduced pressure under the piston is self-regﬁlating as it is generated by the friction in
15  the tube, and the pressure gradient down the tube is proportional to the friction iri each part
of the tube. This means that a complete sample of the seabed is obtained, complete with

soft and hard layers.

Referring again to Figure 11, the seabed is shown as two layers, with a high friction layer

11-7, perhaps stiff clayey sand, overlaying a low friction base 11-8 of say mud.

20  The graph 11-9 shows the distribution of reduced pressure down the inside of the tube. The
lowest pressure 11-10 is just under the piston, the pressure gradient 11-11 through the high
friction material is steeper than the gradient 11-12 through the low friction material. The
pressure at the mouth of the tube is substantially equal to the ambient pressure at that

water depth.

25  This process becomes more effective with increasing water depth because the available

reduction in pressure increases. It is essentially ineffective on or near the surface,

It is difficult to apply this method to a drill that has a segmented drill string made up of a

variable number of drill rods, depending on penetration depth, because there is no practical



8 bundl e of cables, typically incorporating floats along its length
to achi eve neutral or slightly positive buoyancy. The fl oat
1- 4 .hol dsWER)/083| e sl ack away fromthe drill and acts toPcTolusssodbe drill
from novenent of the ship due to sea swell and waves. 5 The drill
itsel'f 1-5 sits firmy on the seabed uHSer the action of its own weight on
| egs 1-6, possi bly assisted by suction feet. Details of the drill
construction will be djscussed late in . this specification. The
| ocat i on WA Phfonneqting the tethersaps tofbe pisjon inrthe eore damel afdthe bettem of thesgrilhder s
mount ed Qe the drill, on the ship and on marker buoys 1-7. Acoustic
receivers ‘or‘F the drill and on the 10 ship provide triangul at ed

posi tioning information. . The followi ng description is of a

parti cul dHigeresiZyshasrs ascheamatic afleemethadenf applying thet saite prindiples of operation

UraPT ST OHheldlR tne {Xe or'h ReMhaRital foehar for the pison. The 4Rl fame 121 nydedlic Tesd
5 cylinder 12-2, rope pulley system 12-3 and core sampling tube 12-4 remain the samé as "

described with Figure 12,

In this case the tether rope is not used, but the chamber above a floating piston 12-6, being

filled with water, is connected by conduit 12-7 to water cylinder 12-8. The piston 12-9 is

operated by a second hydraulic cylinder 12-10, called the coring cylinder, which is
10  interconnected to the feed cylinder by connection 12-11.

The water cylinder and coring cylinder are sized so that extension of the feed cylinder to
push the core tube into the seabed causes retraction of the coring cylinder, drawing water
into the water cylinder so that the ﬂdating piston is drawn into the core tube at the same
rate as the core tube penetrates the seabed. By this means the floating piston is held
15  stationary relative to the seabed, thus providing the same method of core sampling as is

achieved with the mechanically tethered system.

The floating piston has low friction so that there will be substantially equal pressures above
and below the piston. The pressure in conduit 12-7 is thus a direct measure of the frictional
resistance of the material being sampled, so that the use of a pressure transducer, for

20  example, provides information on the sediment characteristics.

The same result can be achieved without the floating piston at all, with the material in the
tube effectively acting as the piston, but the use of a piston is preferred as it minimises
disturbance to the water/sediment interface and prevents the sample being inadvertently

drawn up into the conduit.

25  The combination of components described above is called a "hydraulic tether" system as it

replaces the conventional mechanical piston tether,

The conduit 12-7 as applied to the seabed drill passes through a number of components as

will be described with reference to Figure 13.



The basic operation is that the drill is lowered to the seabed w th enough
enpty sanpling tools to acquire the penetration desired, typically

| ess t hayyoklfgiaosand wWith sufficient drill 15 rods to ppasavshsssanpl i ng
tools to depth, and sufficient casing to hold the hol e open as each
sanpling tool is renoved and stored back on the drill. The drill can be

| oaded with different conbinati dfs of several types of sanpling and
ground testing tools, drill rod and ' casings to suit the particular
condi t i offguey 13 ReimidaeFidwe bY usedfostockebrng but with sonde/impratahy/differencel i | |
tools are 3mlong, giving a total drill height_ of around,5m g#& g total 20
vei ght oThersskcore hagighs replaced witlrg pigtopsoredagghl 3 b inosmerating,# iRB®OR at t he

top, and,si,de el evation of .a b il i SL in
body of e s pamnsenchlyh 1 PG 13 hom b ol 1795 st 166k A0
shows ong;thegkidmd P&Hsédfe %ﬁ%ﬁ‘éﬂ%ﬁn Bitefhat rpatdsing, My RER4ge? wouRh deduidether | eg
2-6 fully retracted tTo its stowed position and wth its foot renoved.
25  Sheeffagivenass of therhydtaalic tathes tspsterd. Hdbsre iscnnvrober |of drillrgds theaawilbbe .t he
ship, and the feet are, . renoved for transport fromship to ship. The
f eet canﬂlﬂéla'FrﬁFiﬂ‘is 3t%a¢hQi%: or m of suction cans and connected to a
source of reduced water pressure, such as the suction of a water punp,

Similarly, the top of the drill string is sealed 13-5 in the chuck assembly.

As the drill will be used for both rock drilling and piston coring, the rotary coupling 13-6

has to withstand both moderate internal pressure and potentially higher external pressure,

10  depending on water depth and sediment friction characteristics. Similarly the hose 13-7 has

to withstand a high external collapse pressure.

As the drill will be used for rock coring as well as piston coring, the drill water has to be
valved to either the drill water pump or the hydraulic tether system, achieved by the use of
conventional poppet valves operated by small hydraulic cylinders, not shown. .-

15 Figure 14 shows a part of the oil hydraulic circuit illustrating the requirements for

engagement of the hydraulic tether system.

In the position shown the feed cylinder 14-1, refer also 12-2, is held stationary by the
closed centre of proportional solenoid valve 14-2, If solenoid b of this valve is energised,
the feed cylinder will be extended, with the return flow from the rod end directed to return
20 through over centre valve 14-3. The over centre valve acts to hold the weight of the rotary
drill unit, carriage and .drill string so that the lowering speed is controlled by the oil feed
into the feed cylinder. Check valve 14-10 prevents flow back to return though mode

selection solenoid valve 14-4 when it is in the neutral position shown.
If solenoid a is energised the feed cylinder is retracted, causing the drill string to be raised.

25  The mode selection valve provides additional functionality by selecting the destination of
the return flow from the rod end as the feed cylinder extends. With solenoid b of the mode
selection valve, the return flow is connected back into the feed cylinder to provide a

regenerative effect for faster cylinder operation. Check valve 14-5 prevents the return flow



9 effectively sucking the feet onto the bottom to provide a

positive hol d-down for the drill so that its stability may be
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mast  3- 10 miv &dts SeSprésside RYiefvalve to limit the maximum pressure to the coring cylinder.

Coring reset solenoid valve 14-8 is used to return the coring cylinder to the retract position

10  after the piston coring process. The orifice 14-9 limits the reset speed.

The hydraulic tether system can be used with a range of coring tools with two preferred

embodiments described in the following drawings.

Figure 15A shows a piston core barrel 15-1 in a éasing 15-2 ready to take another in a
series of samples. The casing has a bit 15-3 that allows it to ream out the hole as it is
15 advanced, described in more detail later. The core barrel has a cutting edge 15-4 E
incorporating a segment type catcher 15-5 attached to the bottom of core barrel tube by
means not shown, but typically a press fit, or small grub screws or rivets. A floating piston
15-6 starts at the bottom of the tube as shown, in this case positioned by the lip of piston
seal 15-7 catching on the edge of the top of the cutting edge assembly. It could be

20  positioned by other means such as a spring retaining ring.

A liner 15-8, typically plastic, is fitted to the majority of the length of the barrel. A washer
24-9 is positioned at the top of the liner which is used to assist in extracting the sample
from the barrel when the drill is unloaded when back on board ship. After removal of the
cutting edge and catcher, the washer is pushed down by a suitably sized rod, which then
25  pushes the sample and liner out of the tube. The sample is normally left in the tube and
either cut along its axis to split the sample into longitudinal halves or into shorter lengths

for testing and other investigations.



hydraulic cylinder with a 2:1 rope and sheave system not shown. A
rod clanp 3-12 and casing clanp 3-13 are nounted in the base frane:

Figure 4 n end elevation of the drill. This view shysas hi s
drill desﬁg%%%é“tm storage nmagazi nes, 4-1 and 4-2, anﬁﬁ#ﬁg‘t@each S
rotated by a Geneva wheel pinion 4-3. The 20 Geneva wheel s thensel ves 4-4
are not shown in plan, but have the sang nunber of slots as t he
magazi ne, see later, so that each full rotation of the pinion advances the
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5 sediment.

In operation, the hydraulic tether system is connected and the barrel pushed down. The
tether system holds the floating piston stationary by drawing water out of the barrel
through the check valve. As the tube extends_down over the piston, the seal engages inside

the liner to produce a leak proof seal.

10  The barrel is pushed down quickly, typically a few seconds for the whole length, because
the effectiveness of the hydraulic tether system is dependent on the low porosity of the
material being sampled, so that faster operation allows successful sampling of materials
with some degree of porosity. Normally the speed of operation is limited by the output of
the hydraulic pumps acting on the feed cylinder, but faster operation can be achieved,

15  about one second, by the use of energy stored in a differential hydraulic accumulator.

Figure 15B shows the barrel fully extended, now full of sampled sediment 15-17, ‘with the
floating piston 15-6 now close to the top of the barrel in the same position as in Figure
15A.

The hydraulic tether pressure would be recorded during this process so that the
20  performance can be monitored. The actual pressure change during penetration provides
information on the friction characteristics of the material. The pressure should rise
progressively during the penetrations with a pressure plateau indicating that the material is
too porous for a complete sample to be obtained, that water has flowed through the
material to collect under the piston. A sudden rise in pressure may indicate that the piston

25  has reached the end of its stroke for some reason.

The barrel is now pulled out and stored back on the drill. The sampled sediment 15-17 is
held in the barrel, see Figure 15C, by the combined action of the segmented catcher 15-5
and the check valve 15-10 preventing the piston 15-6 from moving down the tube. The
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The casing is now advanced to the bottom of the hole, using feed down, rotation and

drilling water. Normally this operation will flush the loose material out of the hole, up the

outside of the casing with the drill water discharge, but sometimes this will be ineffective

so that there is still loose material 15-15 inside the casing as shown on Figure 15E. This
10 occurrence will usually be apparent by the lack of drill water flow during the process of -

setting the casing.

In this case, a cleaning out tool 15-16, Figure 15F, can be deployed to clean out the hole to
the bottom of the casing. The hole is now ready for the next core barrel, starting again as in
Figure 15A.

15  Figures 16A and 16B show another type of piston core barrel that can used without casing.
The basic construction of the barrel is similar to that of the previous type, with barrel 16-1,

cutting edge 16-2, segmented catcher 16-3, liner 16-4 and washer 16-5.

In this case the floating piston 16-6 is held in place by tension strap 16-7, which could be a
cable or chain, attached by pins 16-8 and 16-9.

20 In operation, drill water pressure is applied to extend the piston to the position shown on
the left side view. The water in the barrel and sealed drill string is then locked off with
suitable valving, not shown, to hold the piston in the extended position as the barrel is

pushed to the required sampling depth.

Once the sampling depth is reached, the top of the piston is connected to the hydraulic
25 tether and the barrel extended as with the previous scheme, to the position on the right

hand view where the piston is near the top of the barrel.

The sample is extracted by first removing the cutting edge and catcher, then disconnecting

the strap by removal of pin and pushing out the washer, liner, piston and sample, as before.



A hydraulically operated rack drive systemfor breaking out drill tool
threads is enclosed in housi ng extension 6-6. This rack system

engages t gear of the gearbox to provide
reverse {»@@aﬂgﬂzw The output shaft of the gearbox al s%i‘/ﬁrﬁg%m?%gs

t hrough the top of the gearbox, and is 20 hol | ow, connecting the top to
the inside of the rotating chuck. A r@amary sw vel coupling 6-7 S
nounted on the top of the shaft for water connection to the drill string.

Fi gure 7pighey Eﬁ&vﬂ'sﬁg&%ﬂ&%ﬁ Fi%ﬁé 18kheére tﬁé‘ﬁlsﬁ')h' 17-1 19 rdiiAEEHSjts 7-1 1S
the rotary l'ing unit just described. The upper and |ower |oading
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more detail later, assist in the thread nmake-up between drill tools.

Rod cl anThis s€hente ﬁas(idﬂaﬁtigeﬁhhkat(ipﬁém\ack the fittiigniflaccheclovales 198 widchball
hydraullc chuck on the rotar¥ drilling unit. It _is used to hold {he
dri |15 stproMidedmpraved retension;of thessample,during-retragtion eg storage, but the check valve ©

removes the possibility of using drill water pressure to push the piston down to its starting
point should it be inadvertently moved out of position. The retaining ring can be used

without a check valve.

In operation, the barrel is pushed to depth as before, then connected to the hydraulic tether
10 and the barrel advanced. As the barrel passes over the piston, the retaining ting will be
pushed back into its groove by the bottom edge of the liner contacting the upper chamfered

face of the ring.

The word ‘comprising’ as used in this description and in the claims does not limit the
invention claimed to exclude any variants or additions which are obvious to the person’

15  skilled in the art and which do not have a material effect upon the invention.

Modifications and improvements to the invention will be readily apparent to those
skilled in the art. Such modifications and improvements are intended to be within the

scope of this invention.



the string. Internediate guide 7-7 provides location for the drill casing
whi ch contributes to the positioning of the drill on the seabed.
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| ocat'ion for the casing, in conjunctiopn with the internediate guide and
casi ng cl anp. 5 The bottom of the dtill 7-10 is normal | y positioned on
or near to the seabed by adjustnent - of the drill Iegs. Fi gure
8 i1l ust "EHECEBAIMS!DEFINING THE INVENTION WRE ASTROLLOWS: sanpl e i s taken
and stored in a separate core barrel. For each successive sanple an

or ot ous i nr b Eiethet SERFRENE Bec konl, of seaped, mibkafal RS s Rriammmpig s £
the drill strlnagm Téaﬁuppdﬂéna baotvaeapé@&@aadla SubQamlly fnaﬁbalvwam@m

by sequentlally renoving the drill rods, and stored back in the

magazi ne. Thi sxpmdmgsthenesbetween ccaxmmﬂlerﬁtmpstdfelrgmgphmcmy mrlpémgrtubé t he
requi red maxi num a th i s achi.eve f%% n can be,i gtﬁal | ed
separately, buRo; hiipneously matligramipg fluid rom Hieounhes 4Bt 0

on Figure 8 stg n&n@&hﬁ%@% %a"i‘aﬁe@uﬁieﬁérﬁ?& éﬁlessgﬁ%' f}ﬁﬁé ﬁatgléetd?d%ﬁfmt@”d 15

a length of casi uently 1 nsta I'n casing C
A core barrel tBe core tube at substantxally the same rate as the core tube penetrates the seabed.

-

2. The method of claim 1 wherein the step of withdrawing fluid from the upper end of
the core sample tube comprises withdrawing the fluid through a conduit means
10 connected at one end to the core sampling tube and connected at its other end to a

remote means for withdrawing fluid.

3. The method of either claims 1 to 2 wherein the steps of urging the core sample into
the seabed and withdrawing fluid from above the seabed material is performed by a

. combination of remotely coordinated hydraulic fluid power means.

15 4. The method of claim 3 wherein the coordination of the hydraulic fluid power means
comprises the steps of pumping hydraulic fluid into a first hydraulic means to urge
the core sampling tube into the seabed and simultaneously pumping hydraulic fluid
into a second hydraulic means to withdraw fluid from the upper end of the core

sampling tube.

20 5. The method of claims 1 to 4 wherein the core sampling tube further has a piston
healingly engaging and movable within the cylindrical chamber above the seabed
material entering the core tube, and the step of withdrawing fluid is from above

the piston such that the piston is maintained substantially stationary.

6. A core sampling tube for the method of claims 1 to 5 comprising a core barrel
25 having an upper end with a fluid inlet/outlet, an open lower end and a substantially

cylindrical chamber extending there between to receive seabed material.

(e



3 taken from a nmagazi ne and presented to the drill centre line by |oading

arns 8-4. In step B, the rotary drill unit 8-5 has been | owered and
its chuckﬂg%%??ﬂ the top of the barrel. The alignnment guide 8-6
| ocates the Bottom of the barrel. The alignment guide PCTATRRA638_ 7 i s

depl oyed to hold the guide slightly open so that it does not clanp on the
20 barrel, but nmerely provides a sligihng guide. Once the barrel is held,
the |l oading arnms are noved out of the way. As the barrel is

| ower ed imi'o ke Bl Guink ebd 6 it €'birtler Wbbrisitd1% AlibARGARIE Mg
wi thdrawn. Step C shows the barrel“ﬂomerggl toh?sﬁﬁeé]bo@t ogno Hg ol eg\?\,here
it is clanpedthe cylindricat blamlied andanpvabls axidle wittiarthe dylindricahicharhbernin

retracts to its to L{Lon in Step.D and a 25 drill rod 8-9 is brought
into the cent F%SPPP%etggﬁu‘ih‘éwlﬂ%}'%ﬁ *§e§5 utlet. Step E shows the drill rod

hel d by the chuck of the rotary driII_u"ni't at ‘the top and by the
al i gnment8. gui dtheaord suenpling ttebe of ldithe A1y ® 6f 7 Furtide coPPAsihg iah adgpthadeii &d SO
t hat the al i gnnment guide clanps onto the top of the core barrel to

provi de gui datk®uppar enfriezpfovide sealingkweans.to permit a leak free connection to the
conduit connectable between the core sampling tube and the remote means for
withdrawing fluid. |

9. A seabed coring system for the method of claims 1 to 5 comprising:
(a) a core sampling tube according to claims 6 to 8;

10 (b) first hydraulic fluid power means to urge the core sampling tube into the

seabed;

(¢) second hydraulic fluid power means to withdraw fluid from the core sampling

tube above__ the seabed material; and .

(d) first conduit means connected between the core sampling tube and the second

15 bydraulic fluid power means;

wherein the first hydraulic fluid power means and the second hydraulic fluid power
means are coordinated such that the seabed material will enter the core sampling

tube at substantially the same rate as the core tube penetrates the seabed.

10.  The seabed coring system according to claim 9 further comprising a piston
20 sealingly engaging and movable within the cylindrical chamber of the core

sampling tube above the seabed material entering the core tube.

11.  The seabed coring system according to either claims 9 or 10 wherein the first
hydraulic fluid power means comprises a substantially cylindrical chamber, a piston
sealingly engaging the cylindrical chamber and movable axially within the

25 cylindrical chamber to define a first chamber and a second chamber, and a piston
rod connected to the piston and extending through and from the second chamber so

that selective application of hydraulic pressure to the first chamber will urge the

I

core sampling tube into the seabed.



12 The rotary drill unit then lowers and rotates to nake up the
thread between the drill rod and core barrel. The alignnment guide then
retracts wooslomd in Step F. Step G shows the core REWAUIRANN6IX s f ul |
dept h having taken the next sanple. This is then wi t hdrawn fromthe
hol e-by the reverse of the sequence des%%i bed above and stored back in 5

t he magazi ne. The next operation uld typically be to install a new
| ength of casing to the new depth, foll owed by another core barrel to
t he next Xept hThe seabed quriggspstemgaceqrdingrio claims Qo 1} ivéherein thersscondahysiranlisa i n
Step E of Fi g;ﬁe 8. The casing 9-1 I's supported by the bottom guide
9-2 and inter ‘Bfigf’gebﬁ'ﬁeﬂés@- ™F i s hel d by casing 10 clanp 9-4.

During dianmond core drilling, the rock cuttings fromthe drilling process
normal |y pass @p a first keb hydravléic mleagshinclndinignaysubstintialiyt cylindribal dhambed, at he
casing into gallery ,9-5 forned i.n the jiaéer di gte Hi de. .The suction
of a suitable cent rRf@R8e ngagiyg Hibe  eiingrcal ghapbey agd, movable axally,

the cwttings fromt el n hachar oL Nt ' rL.UBRLAG
ol Ong%gne I th‘gﬁ‘riﬂgp‘fﬁﬁ’ﬁﬁegs. c@Néhathtif 6" difint NP Thikd) cBmﬁbéPR{?d a fodird
chamber, a piston rod connected to the piston at one end thereof and

extending through the fourth chamber;

(b) a second sub hydraulic means comprising a substantially cylindrical

chamber, a piston sealingly engaging the cylindrical chamber and movable

10 axially within the cylindrical chamber to define a fifth chamber, the piston
rod of the first sub hydraulic means having its other end connected to the

piston; and

(©) second conduit means connected between the second chamber of the first

hydraulic means and the fourth chamber of the first sub hydraulic means;

15 wherein, as the core sampling tube is urged into the seabed by the first hydraulic
fluid power means, hydraulic fluid is passed from the second chamber of the first
hydraulic fluid power means into the fourth chamber of the first sub hydraulic
means via the second conduit means to move the piston therein which inturn draws
the piston of the second sub hydraulic means away from the first conduit means to

20 cause the withdrawal of fluid from the core sampling tube.

13, The seabed coring system according to claim 12 wherein the first conduit means

consists in parf of at Jeast one hose with high collapse capability.

14, The seabed coring system according to claim 12 wherein the first conduit means
consists in part of at least one drill rod with sealing means to provide a leak free

25 joint between the drill rod and any preceding drill rod.

0



The rod clanp 9-7 is shown holding a core barrel 9-11 with the alignnent

gui de 9-8 depl oyed to clanp around the top of the barrel. Adrill rod
9-9 is sh to engage its thread with a mati hy In the
tip -of thgwgg%ggﬁy The al i gnnment gui de spacer 9-10 is ngc@hgﬁﬂ&*#’
retracted position. It is operated by a small hydraulic cylinder, not
shown. 20 On known net hod of coring is wanond coring using dianond set
bits. This equipnent is commonly used for rock coring on |Iand and the
operation of this device will be well known to those skilled in core
drilling. For operation, the drill has to provide rotation and
downward force in a controlled manne so that the dianond bit at the
bottomcuts its way into the rock. supply of water is provided

t hrough the hol |l ow drill the core barrel and

di scharges, with the cuttings, qhe bqfrel. '
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13 This water is supplied by a water punp, driven by a hydraulic

nmotor, nounted on the drill. The delivery fromthis punp connects
with a fl¥2B02Mose to the rotary drilling unit to POTAHIRNI6I% it S
vertical novenent. Figure 10 shows a part sectional view of a rotary
drill unit. ow shaft 10-1 is supported,,,5 wthin the housings 10-2 on
bearings, n own, and rotated by hydraulic notor 10-3 t hr ough
gears, also shown. Drive plate 10-4 is attached to the holl ow shaft and
supports huck assenbly 10-5. One of three chuck cylinders is shown
10-6 with chuclyy aw 10-7. The chuck cylinder is connected through
conduits 10-8 a slipring incorporated in the hol | ow shaft. 10
The drill water pply is delivered into flexible hose 10-9, through rotary
coupling 10-10 into the centre of the hollow shaft, then through seal
pi ece 10-11 whic eal s agai nst the end of the drill rod 10-12, which
has a hol e, not wn, through its length. This drill rod may be
connected to othe rill rods to nake up the drill string, depending on the
drill depth\\dy to the core barrel 10-13 as shown. 15 The core
barrel drills a sl tly oversize hole so that the water can flow on the
out si de of t arrel and then past the dril| _rod and out of the top
of the hole. ot her /known_ cori ng systemiﬁﬂgﬂéﬁﬁﬁgﬁpring. Much of
t he seabed is cover 3 | yer
oﬁ;\ ;
u
HEDIES
¥ I\ R 2

({+)

FIGURE 2B



of sedinmentary material that is too soft to core successfully usi ng

st andard di anond cori ng systens as just descri bed. Short
sanmples ¢ §1 ‘?ieved usi ng conventional soil sanpling t such as
t he - %%H 9%§8 ube, but the friction on the sanple acting gbﬂ%ﬁawlnner
wal | s of the tube quickly builds up to prevent the entry of new
material, so that the tube becones effectisely a solid ‘rod and

di spl aces the sedinment without any further w nning of sanple. ' Thi s
effect is particularly damagi ng when there are |ayers of very soft and
harder material, 25 as the friction of the harder material prevents any,
or at nost little, of the fA materi al glng the tube. The sanple
in the tube then consists B rder . material.
Conventional sanpling on ant age of the water pressure

at depth to take Io = ¢nt at |3/e sanpl es by use of
pi ston coring technol ogy. =50 oW N

10

—

~

i

I— 3
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14 shows a schematic of a piston coring system Adrill frame 11-1
I's held near the seabed by support neans not shown and includes a
hydr.aul i cMRBPIRA i nder 11-2 and rope and pul | ey sy RIAYIB086395 o t hat
extending the feed cylinder causes the core sanpling tube 11-4 to be

pusheéd into the seabed. A piston 11-5 is jmstalled inside the sanpling tube

and includes 5 seal s to prevent | eakage past the piston. The
pi ston is supported fromthe frame by ffether rope 11-6, so that, as the
tube is pushed into the seabed jiflhe piston is constrained to renmain

stationary. If the friction
enough force to overcone the hard
bottom of the tube, the materi al
with the tube. Providing that th
will create a reduced presg et hered piston. The
difference in pressure between t i bottom of the tube-and
that under the piston is theh avhll/ablelids an additional force to
overcone the friction of : The reduced
pressure under the pisto s generated by the
friction in 15 the tube, 3 : ] :
proportional to the f fliCl ks w_.,___N___,__V___Elzth_e tube. This neans
that a conplete sanpl F~ is |& g srpHete with soft
and hard | ayers.

Mle ety al in the tube creates

i e material entering the
Il try to nove 10 down
is egsentially inpervious, this

i
4
H
1

4

|

s bttt Y e e A—— i St

FIGURE 4



Referring again to Figure 11, the seabed is shown as two |layers, with a
high friction | ayer 11-7, perhaps stiff clayey sand, overlaying a | ow
friction RASGG9sbe$ Of say mud. 20  The graph 11-9 shows I;W ?’B . bution
of r’educed pressure down the inside of the tube. The 8 essure
11-10. i s just under the piston, the pressure gradient 11 -1 through the”

hi gh friction mterial is steeper tis&a the gradient 11-12 through the
low friction material. The pressure at the nouth of the tube is
substantially equal to the anbient pressure at that wat er depth. 25
Thi s process becones nore effective with increasing water depth because the
avai |l abl e reduction in pressure increases. It is essentially

i neffective on or near the surface. It is difficult to apply this
method to a drill that has a segnented drill string nmade up of a

vari abl e nunber of drill rods, depending on penetration depth, because
there is no practi cal

15

=g

FIGURE 5



way of connecting the tether rope to the piston in the core barrel at the
Figure 12 shows a schematic of a
met hod of W8P%93%g t he same principles of operation ROTVANRSI00639e USe

bottom of the drill string.

of a mechanical tether for the piston.
5 cylinder 12-2, rope pulley systemely223

renmain the sane as descri bed w

tether rope is not used, but the chanber 3
bei ng filled with water, is connecis¥

cylinder 12-8. The piston 12-9 is
cylinder 12-10, called the coring cyl

the feed cylinder by connection 12-11

cylinder are sized so that extenspon
core tube into the seabed causes retr
wat er into the water cylinder s
into the core tube at the sane

seabed. By this nmeans the floating pi§
to the seabed, thus providing thg

achi eved with t HGURRESAal |y t|

The drill

th Fid

frame 12-1, hydraulic feed

a~Second hydraulic
interconnected to

20 push the

TG o\h of t he C“r|ng cylinder, draw ng

Q. tHat the floaffing piston is drawn

¢ tube penetrates the
, Stationary rel ative
anpling as is

the fl oating piston

has low friction so that there W " es b$tant|atby eq@nl pressures above
and bel ow the piston. The prq;sﬂ( frm—Tondgit 12-7 is tH di rect measure
of the frictional [ ——
: ]
i II_J J
[l
3 o l
T I
1 gﬁx_______J

FIGURE 6B




resi stance of the material being sanpled, so that the use of a pressure
transducer, for 20 exanpl e, provides information on the sedi nent
characterjstd The sane result can be achieved “ﬁkﬁ? - @%

. i : . . . 9
fl oating %ﬁsg@gmé‘t all, with the material in the t ube eﬁg{?.\?ew_
acting as the piston, but the use of a piston is preferred as it mnim ses
di sturbance to the water/sedi nent ipterfagezand prevents the sanple being

i nadvertently drawn up into aﬁﬁlconduit. 25 The conbi nati on of
conponent s descri bed above is calqﬁi| "hydraulic tether" systemas it
repl aces the conventional nechani &dlL _bi ston tether. The conduit 12-7

as applied to the seabed drill €8 ¥ hrough a nunber of conponents as
wi |l be described with reference§ Igure 13.
16 :

./1

FIGURE 7



Figure 13 is simlar to Figure 10 used for rock coring but with sone

i nportant ‘differences. The rock core barrel is replaced with a piston
core bar r¥Q99/8%2294| ncor porating a seal ed piston 13- 2. PUTZAGISI00639t | On
with the drill rod 13-3 now has a seal 13-4 to ensure a leak free joint

Wi th ‘external pressure higher than intern€+ pressure. Any | eakage woul d
reduce the 5 ef fecti veness of the hydra %c tether system |If there is a
nunber of drill rodséd . simlar seals at each join.
Sinilarly, the top ofilhe 4 i
assenbl y. As Thaldr fYFwi || bd IRk
coring, the rotary E£589| iffE13-6 ==iths &£B b
i nternal pressure akl Balfal |y hildhér ernpressure, 10 dependi ng
on wat er depth and s diff | friction char§algrigga=rs. Sinilarly the hose
13-7 has to wit a hi gh extgrnalzsel | GIYE pressure. As the
drill will be used ffgr rogk coring as fBlon coring, the dril

wat er has to be val vafl to either Wat er punp or the hydraulic
tet her system achi byl t he use of conventi onal poppet val ves
operated by snal 4 | ifc cyl i nder t [jshown 15 Figure 14 shows a
part of the oil hydrgulicigircuit illjustraffi ng tihe requirenents for-
engagenent of the hygdraul ilf tetheé syt em [i In the position shown the
efer fpl so 12¥2, |I s helld stgtionary by the. cl osed

al sollenoi d val vg] 14-24 | f sPIenoid b of this valve is

ener gi sed,

FIGURE 8




the feed cylinder will be extended, with the return flow fromthe rod end
directed to return 20 through over centre valve 14-3. The over centre

val ve a | d the weight of the rotary drill i page and
sf@?’%’a%%? %muys@wsb

dri-ll that the lowering speed is controlled by the oil feed

intqQ the feed cylinder. Check valve 14-10 prevents flow back to return

t hough node sel ection solenoid val y@214-4 when it is in the neutral
position shown. If solenoid a is energised the feed cylinder is
retracted, causing the drill string to be raised. 25 ~ The node sel ection

val ve provides additional functionality by selecting the destination of
the return flow fromthe rod end as the feed cylinder extends. Wth

sol enoid b of the node sel ection valve, the return flow is connected
back into the feed cylinder to provide a regenerative effect for
faster cylinder operation. Check valvle 14-5 prevents the return flow

17 passi ng back through the proparticgal val ve. Counterbal ance val ve
14-6 acts to hold the -

e

FIGURE 9



wei ght in the sanme nmanner as the over centre val ve. Ener gi si ng of
sol enoid a of the node sel ection valve directs the return flow fromthe rod
end -of th&¥Q&UeP2%4| i nder to the coring cylinder 14-7, refePChiaves/ddsd0, so
that the, coring 5 cylinder is retracted at a speed proportional to the
speed of extegsion of the feed cylinder, o with a ratio depending on

their rel ati
operates th
centre valv

maxi mum pregsyre to the coring

14-8 is usedq tlo return the cor
after the pilstpbn
The hydraul i
two preferre

another in a
it to reamout t

ring process<=

pi ston and rod sizes. The cdring cylinder then
ter cylinder as described with reference to Figure 12. Over

- 3 nOMlaCtsﬂi—‘ﬁ—w essure relief valve to limt the
. < % 4 Coring reset solenoid valve
o

td the retract position 10
fe"orifice §4-9 linmits the reset speed.
T a range of coring tools with
;0 the fol 'owi ng draw ngs.

15-1¥in a casing 15-2 ready to take
The gasing has a bit 15-3 that all ows
advanc~€d‘3 described in nore detail

| ater. The core barrel has a Tl

no\ edge 15-4 i ncorporating a

segnent type catcher 15-5 gttacfet—+8 the QOtton1of core barrel tube by
means not shown, but typicdl IV PV Y 3S flt or small grub screws or rivets.
A floating piston 1546 stqrts *Fpt t om of the tube as shown, in
this case positioned Qy_The; |p #Hi\STO — 1 seal 15-7 catching on the
edge of the top of the cutt ﬁdge|. 5 S Iy. t could be 20 posi tioned
by ot her neans such gs a spyli rettI i ring"“"2
| e—
) ]
|
I — T |
i { A1
! ‘.'
_ __], i - 'l_ 8
4 — I e

— - —
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A liner 15-8, typically plastic, is fitted to the magjority of the |ength of

the barrel. A washer 24-9 is positioned at the top of the |iner which
Is used t ' in extracting the sanple fromthe obbn the
drili is ﬁﬁ§§§g§%4mhen back on board ship. After renoval J?ﬁﬂ%?w

cutting edge and catcher, the washer is pushed down by a suitably sized
rod, which then 25 pushes the sanple and |iner out of the tube. The

sanple is normally left in the tube and either cut along its axis to
split the sanple into |ongitudinal halves or into shorter |engths for
testing and ot her investigations. 22 _—
18 Check val ve 15-10, which ca re d—for the sanpl e extraction
descri bed above, all ows water to]pg the barrel byt .then acts
to prevent the floating piston going Hagk d again.> . ' (Drill rod
11 is shown attached to the top of thd Harrdl, |rleddy to push the barrel
into the L
6—— (®)id
\\JK
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12/ t._:.-'-‘_. ...... o e v mmm s b e e ——. e e —-—
g T TIT I8
| e m—

FIGURE 11




5 sedi nent . In operation, the hydraulic tether systemis connected
and the barrel pushed down. The tether system holds the floating

pi ston st MO WY by drawi ng water out of the barrel ROW/ANA$I0063%e check
val ve. As the tube extends down over the piston, the seal engages inside
the l'iner to produce a | eak proof seal. éﬁ The barrel is pushed down
quickly, typically a few seconds for the Bl e | engt h, because t he

ef fectiveness of the hydraulic tether systemis dependent on the | ow

porosity of the mat eri al being sanpled, so that faster operation
al  ows successful sanpling of materials wi th sone degree of porosity.
Normal |y the speed of operation is limted by the output of t he

hydraul i ¢ punps acting on the feed cylinder, but faster operati-on can be
achi eved, 15 about one second, by the use of energy stored in a

differential hydraulic accunul at Fi gure 15B shows the barre

fully extended, now full of sampfed s S-47, with t he floating
pi ston 15-6 now close to the tgp of the barre/Xin the sanme position as in
Fi gure 15A. The hjyd ic tethef firessuré would be recorded
during this process so that t (64 [ can be nmonitored. The

br oyi d i nformation on the

Th ssure should rise

a pregsure plateau indicating
cipnpk e sanpl e to be obtained,

actual pressure change during
friction characteristics of t mat e
progressively during the penetjfdtion
that the material is to or ou
that water has fl owed throughT e

7___—-—-
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material to collect under the piston. A sudden rise in pressure nmay
indicate that the piston 25 has reached the end of its stroke for sone

reason. e barrel is now pulled out and stored ba ril
The -sanpl e899/°g12-5?rent 15-17 is held in the barrel, Sg’g:'r ngg&@@s%c b

t he conbi ned action of the segnented catcher 15-5 and the check valve
15-10 preventing the piston 15-6 from nomrppg down the tube. The

19 mat eyhal bel ow t he catcher 15-12 nmay fall out and be | ost, or nmay
remain due tofifs own friction and suction. Fi gure 15D shows the
hole left behind after the barrel i ed. Commonly the hole woul d
slunp due to |thle softness of th rial \w | oose material 15-13 filling
the 5 bot tio cw7the hol e and voi d ppearing at the top.

HE
j

i
|
|
|
L
L

| P ——— |
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The casing is now advanced to the bottom of the hole, using feed down,

rotation and " drilling water. Normally this operation will flush the

| oose nat eWOM/0BM of the hole, up the out si de of the RGHAHES/M6IN t he
drill water discharge, but sonetines this will be ineffective so t hat
there’is still |loose material 15-15 inside _the casing as shown on Figure
15E. This 10 occurrence wll usually bé4§ﬁparent by the |ack of dril

wat er flow during the process of setting the casing. In this
case, a cleaning out tool 15-16, Figure 15F, can be depl oyed to cl ean out
the hole to the bottom of the casing. The hole is now ready for the
next core barrel, starting again as in Figure 15A. 15 Fi gures 16A
and 16B show anot her type of piston core barrel that can used w thout

casi ng. The basic construction of the barrel is simlar to that of

the previous type, with barrel 16-1, cutting edge 16-2, segnented
catcher 16-3, |iner-l6-4 and washer 16-5. = . IT—ahis case the floating
piston 16-6 is helfd {n place by tension strap 16-7,} which could be a

cable or chain, atfaghed by pins 16-8 and 16-9. 20 |Ln operation, dril

wat er pressure is ip)rTEa;EO extend the piston to}theg jposition shown on

the left side view The er in the barrel d segled drill string is then
| ocked off with sui tpbl e val ving, not shown| {tq haold the piston in

t he extended posift{ohias the barrel is pushed tjol t he required

sanpl i ng dept fi—

R

!

FIGURE14



Once the sanpling depth is reached, the top of the piston is connected to
the hydraulic 25 tether and the barrel extended as with the previous

schene, t ition on the right hand vi ew where Lston is
near’ t he %%Bg/?ﬁtgﬁe barrel. The sanple is extract edpggﬁflﬁ@‘ﬁﬁg
renoving the cutting edge and catcher, then di sconnecting the strap
by renoval of pin and pushing out the washspz |iner, piston and sanple, as
bef ore. ' 20

Figure 17 shows a slight variatio here the piston 17-1 is
retained inits | ower positzﬂ a spring retaining ring

k-t i-ng -edge.

arrel or |iner. :
ey of a check

on of the sanple during
enoves the possibility of
| to—+t-s-starting

17-2 acting agai nst the top—surf#d
Al ternatively, a groove coul d bel/f
Thi s schene has advantagé in fha
valve 17-3 which will 5 provid
retraction and storage, but the

using drill water pressure-t-o-pu
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poi nt should it be inadvertently noved out of position. The retaining ring

can be used " w thout a check val ve.

In operation, the barrel is

pushed to WMePPMI284 before, then connected to the hydraul i cPCEiAUDSHdB? and
passes over the piston, the retaining

the barrel advanced. As the barrel

ring will be pushed back into its grﬁgﬁe by the bottom edge of the
| iner contacting the upper chanfered ace of the ring. The word
‘conprising' as used in this descpypti nd in

t he i nvention clainmed to ex
obvious to the person 15 skiflt
material effect upon the inventi.
the invention will be readily ap
Such nodifications and i nprov.ene!

scope of this invention.
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THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWE: 1. A net hod of
acquiring a core sanple of seabed nmaterial into a core sanpling tube

havi ng an d, a |ower open end and a substantially cyli %éi I
chanber wlbhiboz5d! extendi ng there between, conprising tﬂg%é?g im%% urgi ng
the core sanpling tube 5 into the seabed and simul taneously
withdrawing fluid fromthe upper end of time core sanpling tube

at a rate sufficient to cause the seabed material to be drawn into
the core tube at substantially the sane rate as the core tube penetrates

t he seabed. 2. The met hod of claim 1l wherein the step of
wthdrawing fluid fromthe upper end of the core sanple tube
conprises withdrawing the fluid through & conduit neans 10

connected at one end to the core I'ing tubf4and connected at its other
end to a renot e neans r wi{hdrgpfing fluid. 3. The
nmet hod of either clains 1 to 2 wh ; he—stpfls of urging the core sanple
into t he seabed and wj fiWi d from above the seabed

material is perforned by a
hydraulic fluid power neans. 15

coordi nation of the hydraulic fl up
steps of punping hydraulic fluidiji
the core sanpling tube into the de
fluid into a second RHy®
upper end of the core

on of renotely coordinated

ﬁ/fﬁ/@bclaHnS wherein the
' conprises the

draulic neans to urge

t aneousl y punpi ng hydraulic
to wwthdraw fluid fromthe

Yo

///6

177

12—

| /
FIGURE 15C




sanpling tube. 20 5. The nethod of clains 1 to 4 wherein the core
sanpling tube further has a piston heal i ngl y engagi ng and
movabl e WW®PHIRKe cylindrical chanber above the seabed  PCT/AU98/00639
material entering the core tube, and the step of withdrawing fluid is from

above t he piston such that tgg?giston I s mai ntai ned
substantially stationary. 6. A sanpling tube for the nethod
of clainse 1 to 5 conprising a core_bartel 25 havi ng an upper end

with a fluid inlet/outlet, an

Hen | o 7&1 a substantially
her e be‘ ween td/feceive _seabed material .

o 22 7.
6 furt i:e’r comﬁ/;si ng—a-pi s+on sealingly
rical chanber dpfd novabl e axtal lly-within the
resPonse td/flTrd flrow through the

i

- e em—— e e

WO 99/ 09294
The core sanpl.ihg—t ube—of . cl
engagi ng the cyli
cylindrical chamber =n- - — -
inlet/outlet.
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8. The core sanmpling tube of either clains 6 or 7 further conprising an
adapt ati on at the upper end to provide sealing neans to permt

5
a leak fr ction to the conduit connect n the
core sanﬁﬁ?ﬁ%ﬁgﬁge and the renote neans for m??%§9§§ﬁ%§8flu@d.

9. . A seabed coring systemfor the nethod of clains 1 to 5 conprising:
(a) a core sanpling tube according to clams 6 to 8, 10 (b)
first hydraulic fluid power neans to urge the core sanpling tube into the
seabed; (c) second hyddaulic fluid power nmeans to w thdraw
fluid fromthe core sanpling ! t ube above the seabed
material; and (d St {condui t _nmeans connected between the
core sanpling tube and the g€rond 15! hydraulic fluid power
means; —-— - . — Wherein e firsﬂ hydralfdc fluid power_ neans and the
second hydraulic fluid powet ! megng are coordi nated. such that
the seabed naterral ~w k|- ertfglr the cére sangfgng — - - — - - t ube at

A e— s 4 emeemm s e

substantially the sanme ratef#s the cTre t ube
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10. The seabed coring system according to claim9 further conprising a

pi ston 20 - ' seal ingly engagi ng and novable within the cylindrica
chanber oWO9389294r e sanpl i ng tube above the secRGBAUIRMOEII al
entering the core tube. 11. The seabed coring system according t.o
either clainms 9 or 10 wherein the first hydraulic fluid power

: . : : 20?2 :
means conprises a substantially cylindrical” chanber, a piston
sealingly engaging the cylindrical chanbger and novable axially within the
25 cylindrical chanber to def i rst chanmber and a second
chanmber, and a piston S ed to the piston and extendi ng
t hrough and fromthe second chanb¢ that selective
application of hydraulic pressursg hanber will urge the
core sanpling tube into the seabe -
23 12. The seabed coring
wherein the second hydraulic

|

gtoclains 9 or 11

b e — e e

o ——— e w5 b

FIGURE 158F
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fluid power neans conpri ses: (a) a first sub hydraulic neans

I ncl udi ng a substantially cylindrical chanber, a . pi st on
seal i ngly_engaqgi ng the cylindrical chanber and novabl e axigall y.
Wi t hin tﬁgoegwgﬁﬁrical chanber to define a third chamber an ”ém?o&??h

chanmber, a piston rod connected to the piston at one end thereof and
extendi ng through the fourth chanber; 21/22 (b) a second sub
hydraul i ¢ means conprising a substantially cylindrical

chanber, a piston sealingly engaging the cylindrical chanber and novable 10
axially within the cylindrical chanber to define a fifth chanber, the

pi st on rod of the first sub hydraulic nmeans having its
ot her end connected to the pi ston; and (c)
second conduit ne tween the second chanber of the first
hydraul i ¢ means andi\t he fourth anber of the first sub hydraulic neans;
15 wher eij\\ as the co sanpling tu s urged 1 fifYb t he seabed by
the first hydrauli | ui d power &ns, hydr au fluid is
passed fromthe s d chanber the first faulic fluid
power nmeans into r of the f t -sub hydr I C
nmeans via the sec conduit ng¢ to nove t pi ston thef diym which inturn
dr aws b piston o e cond $ hydraul i c ns away from
the first conduit hns _1o 20 . causé¢/tfle withdravgd/pf fLluid from
the core sanplingNfube. 71& 5 / /K
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13. The seabed coring system according to claim12 wherein the first

conduit neans consists in part of at |east one hose with high
col | apse ®apoduiokd4 v. 14. The seabed coring syst enPer/atingldossd t o
claim12 wherein the first conduit neans consists in part of- at
| east- one drill rod with sealing neans tq ovide a leak free 25

joint between the drill rod and any prec g drill rod.
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