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Description
FIELD OF THE DISCLSOURE

[0001] The present invention generally relates to off-
shore geotechnical tools. More specifically, the present
invention provides a system for ballistically inserting a
geotechnical tool into a seafloor.

BACKGROUND OF THE DISCLOSURE

[0002] Geotechnicalinformation of the seaflooris often
needed for proper engineering design of structures such
as fixed leg jacket structures, tension leg platforms,
spread moorings, gravity based structures and pipelines.
The cone penetrometer is an in situ testing tool that can
be used to perform cone penetrometer test ("CPT") to
gather geotechnical engineering properties of seafloor.
For most offshore applications, a large deployment sys-
tem is needed to deliver the cone penetrometer to the
seafloor. Typically, the cone penetrometer gathers data
as its cone shaped tip is pushed into the soil at a near
static or static rate of speed. The standard push velocity
is ~2 cm/sec (= 25%) according to industry accepted
American Society for Testing and Material (ASTM) pro-
tocol. Readings are taken continuously every 1 cm to 5
cm or so to obtain continuously sampled static data. The
length of the cone rod determines depth of push and var-
ies typically from about 1.5 m to 4.5 m depending upon
which system or specific tool is employed. In general,
static CPT requires large and expensive equipment that
can provide a stable platform at the seabed. Utilized from
the stable platform, the cone penetrometer can then be
inserted with a steady pressure at a controlled rate.

[0003] Various tools have been developed to deploy
cone penetrometers in offshore environments. For deep-
water investigations, a cone penetrometer can be oper-
ated in conjunction with wire-line drilling techniques with
equipment mounted on alarge drill vessel. Since the cone
penetrometer is pushed at a constant rate, any drill string
that secures the cone penetrometer to the vessel must
remain immobilized so that the tool is essentially unaf-
fected by vessel motion during the push. Immobilization
of the drill string can be accomplished using a weighted
seabed frame (SBF) that is designed to allow the drill
string to be attached to the heavy weighted seabed frame
(e.g., ~20,000 Ibs). The SBF is normally lowered to the
seabed prior to spudding a borehole from a large winch
on the deck of the vessel. The SBF is lowered through a
large center well through the vessel. The drill rig is usually
positioned over the large center well. Drilling heave com-
pensators are used for both the drillstring and SBF to
reduce influence of sea waves. When the drill string is at
a desired depth, hydraulic rams on the SBF are activated
and clamp onto the drill string. Once the clamps grip the
drill pipe firmly, weight of the SBF is added onto the drill
string and allows the drill pipe to be essentially motionless
(since it is now tied to the seafloor). The added weight
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of the SBF on the drill pipe provides the heave compen-
sators with enough resistance to allow the drill string and
SBF to remain motionless during the insertion of the cone
penetrometer into the seabed.

[0004] A recently developed offshore cone penetrom-
eter tool is "allowed to free fall" into the seafloor to gather
both static and dynamic CPT data. As used herein, the
term "static CPT data" refers to CPT data collected when
a cone penetrator is pushed at a static rate (typically at
~2 cm/s). As used herein, the term "dynamic CPT data"
refers to collection of CPT data at a non-static rate (much
faster than 2 cm/s). An example of an offshore cone pen-
etrometer system was described in a paper entitled "CPT
Stinger’ - An Innovative Method to Obtain CPT Data for
Integrated Geoscience Studies" presented at Offshore
Technology Conference (May 2-5, 2011).

[0005] In this offshore cone penetrometer system, the
cone sensor portion is installed using a large piston corer
weight-head and allowed to free-fall and penetrate into
the sediment to about 20 m. During this time, dynamic
CPT data is gathered. Once the offshore cone penetrom-
eter tool is embedded, the cone tip can be pushed down
to about 40 m at a static push rate (~2 cm/s). The offshore
cone penetrometer tool is designed to quickly assess soil
properties by converting the dynamic CPT data to static
CPT data using velocity algorithms. One of the main
drawbacks of the offshore cone penetrometer tool is that
the tool requires the use of a large seabed frame and
heave compensator system. One primary limitation of
the Stinger CPT tool is that it cannot measure CPT data
beyond ~40 m (~20 m of dynamic data and ~20 m of
static data).

[0006] US5777242A describes apparatus for deliver-
ing a tool for subsea soil analysis and sampling, wherein
the tool is mounted to a hydraulic piston in a cylinder
mounted to drill string. The cylinder is steadily pressu-
rized resulting in a controlled, slow or "static" delivery of
the tool into the ground.

SUMMARY OF THE DISCLOSURE

[0007] According to the invention a system is provided
as described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIGS. 1A-1B illustrates a dynamic delivery system
with cone penetrometer before (FIG. 1A) and after
stroke (FIG. 1B).

FIGS. 2A-2B illustrates a dynamic delivery system
with soil sampler before (FIG. 2A) and after stroke
(FIG. 2B).

DETAILED DESCRIPTION

[0009] Turning now to the detailed description of the
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preferred arrangement or arrangements of the present
invention, it should be understood that the inventive fea-
tures and concepts may be manifested in other arrange-
ments and that the scope of the invention is not limited
to the embodiments described or illustrated.

[0010] Thefollowing examples of certain embodiments
of the invention are given. Each example is provided by
way of explanation of the invention, one of many embod-
iments of the invention, and the following examples
should not be read to limit the scope of the invention.
[0011] The present invention provides offshore dy-
namic delivery systems and methods for deploying geo-
technical tools in an offshore environment. Certain test-
ing tools take measurements (e.g., tip resistance, sleeve
resistance, pore pressure, friction, etc.) in situ while soil
samplers (e.g., piston sampler) collect soil samples that
are analyzed above water. The geotechnical tools can
be in situ testing probe (e.g., cone penetrometer), soil
sampler, or any other compatible tool that can be inserted
into seafloor. The dynamic delivery system includes
mechanisms that allow the geotechnical tool to be bal-
listically inserted into the soil during a stroke action. As
such, the offshore dynamic delivery system allow soil
samples or geotechnical data to be collected very rapidly
atgreater depths without compromising quality of sample
or data.

[0012] The dynamic delivery system also allows in situ
testing or sampling of soil without the need for a large
drill vessel equipped with a heave compensator, center
well, or SBF. The collected CPT data can include, for
example, pore pressure data with depth prior to conduc-
tor/casing installation, accurate heat flow measurements
for hydrate assessment, cost effective data for accurate
foundation concept evaluation, as well as geotechnical
data for temperature profile measurements, soil shear
strength, and the like. Other advantages of the present
invention include, but are not limited to, the following:

e Dynamic CPT data is collected from within a bore-
hole deployed tool without using a reaction mass
(e.g., sea bed frame) to immobilize the drill string

e Smaller vessels without a large center well or heave
compensation system can be used to deploy the tool
system

e Heave compensation system is not needed due to
the speed in which the tool is activated

e Equipment cost is significantly reduced

* Time associated with obtaining soil sample (e.g., ex-
plorationrigs can run triple stands of drill pipe instead
of a single joint of pipe that is typically deployed from
geotechnical drill ship) is significantly reduced

e System allows other sensors/tools to be deployed

e  Any drilling fluid introduced into the drill string can
be used to build up fluid pressure

[0013] FIGS. 1A-1Billustrate the dynamic delivery sys-
tem of the present invention featuring a cone penetrom-
eter 10 before (FIG. 1A) and after stroke (FIG. 1B) action

10

15

20

25

30

35

40

45

50

55

of its hydraulic piston 6. The dynamic delivery system
includes a carrier tube 1 that serves to house some key
elements of the dynamic delivery system. These ele-
ments include a fixed rod 7 that runs along the axial length
of the carrier tube 1 and an inner tube 4 that is concentric
to the carrier tube 1 and disposed between the carrier
tube 1 and the fixed rod 7. The cone penetrometer 10 is
outfitted at the bottom portion of the inner tube 4. The
drillhead 11 is installed at the bottom portion of the carrier
tube 1.

[0014] The hydraulic piston 6 and inner tube 4 rests
inside a hydraulic cylinder 5 that is defined by the inner
diameter of the carrier tube 1. The hydraulic piston 6 sits
above the inner tube 4 and the two are moveabile in uni-
son (upward or downward) along the fixed rod 7. The
fixed rod 7 may include anti-spiral grooves that prevents
rotational movement of the cone penetrometer 10. Ver-
tical movement of the hydraulic piston 6 is restricted by
shear pins 8 which locks the hydraulic piston in place
before the stroke. As shown, the shear pins 8 are installed
into the slots for the shear pins. Shear pin bushings 13
are installed on either side of the piston to help ensure
repeatable shoot off pressures.

[0015] As shown, the top portion of the carrier tube 1
is connected to an extension tube 2 (e.g., drill string). An
upward seal 3 (e.g., packer) covers the extension tube
2 with an opening in the seal that allows fluids to be in-
troduced into the system. In one embodiment, fluids can
be introduced into the system (bolded arrow indicates
direction of fluid) via a compression device (e.g., a pump)
that compresses fluids under the upward seal 3. The
compressed fluid can build up pressure inside the system
that leads to the eventual failure of the shear pins 8 and
ballistic firing of the hydraulic piston 6. At predetermined
pressure, the piston is instantaneously accelerated and
forces the cone penetrometer 11 into the soil at the bot-
tom of the borehole. The velocity of the firing is regulated
by built up fluid pressure, which can be controlled by
number of shear pins and/or material of the shear pins.
Landing sub 9 can also be fashioned or installed at or
near the top portion of the carrier sub 1. The landing sub
9 has an inner diameter smaller than the carrier tube 1
and essentially provides shoulders that allows certain
housed elements to be seated.

[0016] Initially, the dynamic delivery system is posi-
tioned slightly above seafloor and then fired to obtaine a
cone penetrometer measurement that starts at the sea-
floor interface. The carrier tube is then advanced into the
seafloor by the length of the initial CPT embedment. As
shown in FIG. 1A, a portion of the carrier tube 1 is
drilled/inserted into the soil before stroke takes place.
During the stroke, the cone penetrometer 10 and at least
aportion oftheinnertube 4 are ballistically inserted deep-
er into the soil. This ballistic insertion is possible because
the drill head 11 has an opening that allows elements
housed inside the carrier tube 1 to thrust into the soil in
coordination with movement of the hydraulic piston 6
(FIG. 1B).
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[0017] A speed control device 12 allows fluid under
pressure to pass into the hydraulic cylinder 5 at varying
flow rate in order to control descent velocity rate of the
hydraulic piston 6. Vent sub 15 and snubber 16 prevent
damage to the dynamic delivery system if the system is
accidently fired above the seafloor or without sufficient
sediment to retard the driving force before reaching end
of the stroke. Quick release mechanism 14 allows the
system to be easily and repeatedly broken down into at
least two main parts for improved handling. A cup type
or spear type control knob 17 is used to latch onto a
wireline overshot to catch and recover the geotechnical
tool back to the surface. This process is repeated for
each advancement of the CPT.

[0018] Because the CPT is not controlled in its ad-
vancement rate, it does not require a seabed frame to
provide reaction for a heave compensator since insertion
of the CPT is < 2 sec. (i.e., less than typical ocean wave
length period). Since the CPT is inserted so fast, it is
unaffected by vessel heave cause by the sea state at the
time of operation.

[0019] FIGS. 2A-2B illustrate a dynamic delivery sys-
tem featuring a soil sampler 18 in place of the cone pen-
etrometer 11 shown in FIGS. 1A-1B. The soil sampler 18
includes a sampler vents 19 and sampler valve 20 de-
signed to help collect a soil sample. During ballistic in-
sertion, soil flows through the soil sampler 18 and out of
the sampler vents 19. As soon as the sampler enters the
soil at a high acceleration from the stored energy within
the drill pipe, the sampler de-accelerates as it advances
into the virgin soil.

[0020] In one embodiment, the soil sampler 18 can be
configured into various lengths. Because the soil sampler
is not controlled in its advancement rate, it does not re-
quire a seabed frame to provide reaction for a heave
compensator since insertion of the sample barrel is < 2
sec. (i.e., less than typical ocean wave length period).
Since the soil sampler is inserted so fast, it is unaffected
by vessel heave cause by the sea state at the time of
operation.

[0021] When the system stops at a pre-set depth, the
soil at that depth inside the sampler is captured by the
sampler valve 20 at the top of the soil sampler 18. Valve
closure is accomplished by upward movement of the soil
sampler 18 when the drill string (i.e., extension tube, car-
rier tube and drill bit) are raised above the bottom of the
hole or when the system is lifted with a wireline retrieval
tool.

[0022] Referring to both embodiments shown in FIGS.
1A-2B, the carrier tube 1 may be lowered into the sea
from a vessel via connection to a series of extension
tubes (i.e., drillstring). The housed elements are lowered
into the carrier portion (carrier tube 1) via a wireline or
allowed to free fall with the extension tubes resting on a
landing shoulder (landing sub 9) within the carrier portion
of the tool. A compression system 18 (e.g., pump)is con-
nected to the top of the extension tube so that a seal is
formed between the top of the extension tubes and the
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inner portion of the tool when properly seated in the car-
rier. No external locking arrangement is needed to hold
the inner tube in place. This sealing allows fluid in the
extension tubes to be compressed with the introduction
of additional fluid which results in a pressure build up.
The inner elements are then fired into the formation under
this pressure buildup of fluid in the extension tubes. The
actual firing pressure (i.e. force) is dependent the type
of material that are used in the selection of the shear
pins. A number of firing pressure combinations are avail-
able based in the type and strength of shear pins used.
[0023] Upon reaching the maximum shear force of-
fered by the available shear pins selected, the inner el-
ements are instantaneously accelerated into the forma-
tion where the soil resistance eventually slows the tools
advancement rate with a decreasing acceleration until it
reaches the lessor of its maximum penetration or a short-
er length based on the amount of resistance that the soil
achieves with side wall contact from the probe or sample
barrel. A hydraulic cylinder constitutes part of the carrier
tube so that the piston forms a seal directly against the
inner wall of the carrier tube. The seal is provided on the
outer circumferential portion of the inner tube with the
carrier tube which seals the hydraulic cylinder to allow
the analysis to take place.

[0024] Upon recovery to deck, raw data file generated
from the ballistic insertion can be analyzed and proc-
essed into acceleration, velocity, and depth measure-
ments using the same electronic memory module that is
deployed with the CPT. The soil sample collected is iden-
tical to industry standard 3" Shelby tubes.

[0025] Inclosing, it should be noted that the discussion
of any reference is not an admission that it is prior art to
the present invention, especially any reference that may
have a publication date after the priority date of this ap-
plication. At the same time, each and every claim below
is hereby incorporated into this detailed description or
specification as additional embodiments of the present
invention.

[0026] Although the systems and processes described
herein have been described in detail, it should be under-
stood that various changes, substitutions, and alterations
can be made without departing from the scope of the
invention as defined by the following claims. Those
skilled in the art may be able to study the preferred em-
bodiments and identify other ways to practice the inven-
tion that are not exactly as described herein. It is the
intent of the inventors that variations and equivalents of
the invention are within the scope of the claims, while the
description, abstract and drawings are not to be used to
limit the scope of the invention. The invention is specifi-
cally intended to be as broad as the claims below and
their equivalents.

Claims

1. An offshore system for in situ testing of soil or col-
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lection of soil samples comprising:

a) a carrier tube (1) comprising an upper end
and a lower end, wherein the carrier tube com-
prising an outer diameter and an inner diameter
and wherein the inner diameter of the carrier
tube defines a hydraulic cylinder;

b) a drill bit (11) shaped or installed at or near
the lower end of the carrier tube (1);

c) a series of extension tubes (2) extending up-
ward from the upper end of the carrier tube;

d) an upward seal (3) that seals top portion of
the extension tubes;

e) a compression system (18) for introducing
compressed fluid under the upward seal;

f) a fixed rod (7) that runs through the hydraulic
cylinder;

g)a hydraulic piston (6) disposed in the hydraulic
cylinder, wherein the hydraulic piston is move-
able along the fixed rod;

h)aninner tube (4) disposed between the carrier
tube and the hydraulic piston, wherein lower por-
tion of the inner tube includes either a cone pen-
etrometer (10) or soil sampler (18) having a
valve (20) that allows collection of a soil sample
after the insertion; characterized by

i) alanding sub (9) shaped or installed at or near
the upper end of the carrier tube, wherein inner
diameter of the landing sub is smaller than the
inner diameter of the carrier tube (1);

j) one or more shear pins (8) configured to re-
strict displacement of the hydraulic piston (6) un-
til a sufficient fluid pressure is built up, wherein
sufficient fluid pressure leads to failure of the
one or more shear pins (8), whereby the cone
penetrometer (10) or soil sampler (18) is ballis-
tically inserted into the soil during downward dis-
placement of the hydraulic piston.

The offshore system of claim 1, wherein the hydraulic
cylinder includes a passage for buildup of fluid pres-
sure above the hydraulic piston (6).

The offshore system of claim 1, further comprising
a speed control device that allows fluid under pres-
sure to pass into the hydraulic cylinder at varying
flow rate that controls descent velocity rate of the
hydraulic piston (6).

The offshore system of claim 1, further comprising
hardened shear pin bushing.

The offshore system of claim 1, further comprising
a venting device that retards driving force during
stroke of the hydraulic piston (6).

The offshore system of claim 1, wherein the system
includes a cone penetrometer (10), and wherein the
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10.

1.

12.

13.

hydraulic piston is keyed with anti-spiral grooves to
prevent rotation of the cone penetrometer.

The offshore system of claim 1, wherein the system
includes a cone penetrometer (10), and further com-
prising a processor for converting dynamic data pa-
rameter measurements into electrical signals.

The offshore system of claim 1, wherein the system
includes a cone penetrometer (10), and further com-
prising:

a battery; and
memory configured to store measurement data
obtained from the cone penetrometer.

The offshore system of claim 1, wherein the system
includes a cone penetrometer (10), and wherein the
cone penetrometer comprises:

an electronic data processing system that sum-
marizes dynamic data from the cone penetrom-
eter; and

a display that converts dynamic data into one or
more parameters selected from the group con-
sisting of: acceleration, velocity, and depth.

The offshore system of claim 1, wherein the system
includes a soil sampler (18) having a valve (20) that
allows collection of a soil sample after the insertion,
and wherein the soil sampler has an outer diameter
of about 3 inches.

The offshore system of claim 1, wherein the system
includes a soil sampler (18) having a valve (20) that
allows collection of a soil sample after the insertion,
and wherein the valve allows soil to flow through the
soil sampler during downward movement the soil
sampler.

The offshore system of claim 1, wherein the system
includes a soil sampler (18) having a valve (20) that
allows collection of a soil sample after the insertion,
and wherein the valve closes during upward move-
ment of the soil sampler.

The offshore system of claim 1, wherein the system
includes a soil sampler (18) having a valve (20) that
allows collection of a soil sample after the insertion,
and further comprising a processor for processing
data generated from the ballistic insertion into accel-
eration, velocity, or depth measurement.

Patentanspriiche

1.

Offshore-System zum in-situ Priifen von Boden oder
zur Sammlung von Bodenproben, umfassend:
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a) ein Tragerrohr (1), umfassend ein oberes En-
de und ein unteres Ende, wobei das Tragerrohr
einen Auflendurchmesser und einen Innen-
durchmesser umfasst und wobei der Innen-
durchmesser des Tragerrohrs einen hydrauli-
schen Zylinder definiert;

b) einen am oder in der Nahe vom unteren Ende
des Tragerrohrs (1) geformte oder installierte
BohrmeiRel (11);

c) eine Reihe von Verlangerungsrohren (2), die
sich von dem oberen Ende des Tragerrohrs
nach oben gerichtet erstrecken;

d) eine nach oben gerichtete Dichtung (3), die
Oberabschnitt der Verlangerungsrohre abdich-
tet;

e) ein Kompressionssystem (18) zum Einleiten
komprimierten Fluids unter die nach oben ge-
richtete Dichtung;

f) eine fixierte Stange (7), die durch den hydrau-
lischen Zylinder hindurch verlauft;

g) einen in dem hydraulischen Zylinder ange-
ordneten hydraulischen Kolben (6), wobei der
hydraulische Kolben entlang der fixierten Stan-
ge beweglich ist;

h) ein zwischen dem Tragerrohr und dem hy-
draulischen Kolben angeordnetes Innenrohr
(4), wobei unterer Abschnitt des Innenrohrs ent-
weder ein Kegelpenetrometer (10) oder Boden-
probenehmer (18) beinhaltet, das/der ein Ventil
(20) aufweist, das nach dem Einbringen Samm-
lung einer Bodenprobe ermoglicht; gekenn-
zeichnet durch

i) einen am oder in der Nahe von dem oberen
Ende des Tragerrohrs geformten oder installier-
ten Anlandestutzen (9), wobei der Innendurch-
messer des Anlandestutzens kleiner ist als der
Innendurchmesser des Tragerrohrs (1);

j) einen oder mehrere Scherstifte (8), konfigu-
riert, um Verschiebung des hydraulischen Kol-
bens (6) einzuschranken, bis ein ausreichender
Fluiddruck aufgebaut ist, wobei ausreichender
Fluiddruck zum Ausfall des einen oder der meh-
reren Scherstifte (8) flhrt, wobei das Kegelpe-
netrometer (10) oder der Bodenprobenehmer
(18) wahrend nach unten gerichteter Verschie-
bung des hydraulischen Kolbens ballistisch in
den Boden eingebracht wird.

Offshore-System nach Anspruch 1, wobei der hy-
draulische Zylinder einen Durchgang zum Aufbau
von Fluiddruck oberhalb des hydraulischen Kolbens
(6) beinhaltet.

Offshore-System nach Anspruch 1, weiter umfas-
send eine Temposteuervorrichtung, die Fluid unter
Druck ermoglicht, bei variierender Durchflussrate,
die die Abstiegsgeschwindigkeitsrate des hydrauli-
schen Kolbens (6) steuert, in den hydraulischen Zy-
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10.

1.

linder Uberzugehen.

Offshore-System nach Anspruch 1, weiter umfas-
send gehartete Scherstiftbuchse.

Offshore-System nach Anspruch 1, weiter umfas-
send eine Beliftungsvorrichtung, die Antriebskraft
wahrend Hubs des hydraulischen Kolbens (6)
hemmt.

Offshore-System nach Anspruch 1, wobei das Sys-
tem ein Kegelpenetrometer (10) beinhaltet und wo-
bei der hydraulische Kolben mit Anti-Spiralkerben
verkeilt ist, um Rotation des Kegelpenetrometers zu
verhindern.

Offshore-System nach Anspruch 1, wobei das Sys-
tem ein Kegelpenetrometer (10) beinhaltet, und wei-
terumfassend einen Prozessor zum Umwandeln dy-
namischer Datenparametermessungen in elektri-
sche Signal.

Offshore-System nach Anspruch 1, wobei das Sys-
tem ein Kegelpenetrometer (10) beinhaltet, und wei-
ter umfassend:

eine Batterie; und

einen Speicher, konfiguriert, um Messungsda-
ten, die von dem Kegelpenetrometer erhalten
wurden, zu speichern.

Offshore-System nach Anspruch 1, wobei das Sys-
tem ein Kegelpenetrometer (10) beinhaltet, und wo-
bei das Kegelpenetrometer umfasst:

ein elektronisches Datenverarbeitungssystem,
das dynamische Daten von dem Kegelpenetro-
meter zusammenfasst; und

eine Anzeige, die dynamische Daten in ein oder
mehrere Parameter umwandelt, ausgewahlt
aus der Gruppe, bestehend aus: Beschleuni-
gung, Geschwindigkeit und Tiefe.

Offshore-System nach Anspruch 1, wobei das Sys-
tem einen Bodenprobenehmer (18) beinhaltet, der
ein Ventil (20) aufweist, das Sammlung einer Boden-
probe nach dem Einbringen ermdglicht, und wobei
der Bodenprobenehmer einen Au3endurchmesser
von etwa 3 Zoll aufweist.

Offshore-System nach Anspruch 1, wobei das Sys-
tem einen Bodenprobenehmer (18) beinhaltet, der
ein Ventil (20) aufweist, das Sammlung einer Boden-
probe nach dem Einbringen ermdglicht, und wobei
das Ventil Boden ermdglicht, wahrend nach unten
gerichteter Bewegung des Bodenprobenehmers
durch den Bodenprobenehmer hindurch zu flieRen.
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Offshore-System nach Anspruch 1, wobei das Sys-
tem einen Bodenprobenehmer (18) beinhaltet, der
ein Ventil (20) aufweist, das Sammlung einer Boden-
probe nach dem Einbringen ermdglicht, und wobei
sich das Ventil wahrend nach oben gerichteter Be-
wegung des Bodenprobenehmers schlief3t.

Offshore-System nach Anspruch 1, wobei das Sys-
tem einen Bodenprobenehmer (18) beinhaltet, der
ein Ventil (20) aufweist, das Sammlung einer Boden-
probe nach dem Einbringen ermdglicht, und weiter
umfassend einen Prozessor zum Verarbeiten von
aus dem ballistischen Einbringen erzeugten Daten
in Beschleunigung, Geschwindigkeit oder Tiefen-
messung.

Revendications

1.

Systeme en mer pour le test in situ d’'un sol ou la
collecte d’échantillons de sol comprenant :

a) untube porteur (1) comprenant une extrémité
supérieure et une extrémité inférieure, dans le-
quel le tube porteur comprend un diameétre ex-
terne et un diameétre interne et dans lequel le
diamétre interne du tube porteur définit un vérin
hydraulique ;

b) un trépan de forage (11) mis en forme ou ins-
tallé au niveau ou prés de I'extrémité inférieure
du tube porteur (1) ;

c) une série de tubes d’extension (2) s’étendant
vers le haut depuis I'extrémité supérieure du tu-
be porteur ;

d) un joint ascendant (3) qui scelle la partie su-
périeure des tubes d’extension ;

e) un systéme de compression (18) pour intro-

duire un fluide comprimé sous le joint
ascendant ;
f) une tige fixe (7) qui traverse le vérin
hydraulique ;

g) un piston hydraulique (6) disposé dans le vé-
rin hydraulique, dans lequel le piston hydrauli-
que peut se déplacer le long de la tige fixe ;

h) un tube interne (4) disposé entre le tube por-
teur et le piston hydraulique, dans lequel la par-
tie inférieure du tube interne inclut soit un péné-
trometre a cone (10), soit un échantillonneur de
sol (18) présentant une valve (20) qui permet la
collecte d’'un échantillon de sol aprés I'insertion ;
caractérisé par

i) unraccord de pose (9) mis en forme ou installé
au niveau ou pres de I'extrémité supérieure du
tube porteur, dans lequel le diamétre interne du
raccord de pose est inférieure au diamétre in-
terne du tube porteur (1) ;

j) une ou plusieurs goupilles de cisaillement (8)
configurées pour restreindre le déplacement du
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piston hydraulique (6) jusqu’a ce qu’une pres-
sion de fluide suffisante se soitaccumulée, dans
lequel une pression de fluide suffisante conduit
a la rupture des une ou plusieurs goupilles de
cisaillement (8), selon lequel le pénétrométre a
céne (10) ou I'échantillonneur de sol (18) est
inséré de maniére balistique dans le sol pendant
le déplacement descendant du piston hydrauli-
que.

Systeme en mer selon la revendication 1, dans le-
quel le vérin hydraulique inclut un passage pour I'ac-
cumulation d’'une pression de fluide au-dessus du
piston hydraulique (6).

Systeme en mer selon la revendication 1, compre-
nant en outre un dispositif de commande de vitesse
qui permet a un fluide sous pression de passer dans
le vérin hydraulique a un débit variable qui comman-
de la vitesse de descente du piston hydraulique (6).

Systeme en mer selon la revendication 1, compre-
nant en outre une bague durcie de goupille de ci-
saillement.

Systeme en mer selon la revendication 1, compre-
nant en outre un dispositif de purge qui retarde la
force motrice pendant la course du piston hydrauli-
que (6).

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un pénétrometre a céne (10),
et dans lequel le piston hydraulique est claveté avec
des rainures anti-spirales pour empécher la rotation
du pénétrométre a cone.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un pénétrometre a céne (10),
et comprenant en outre un processeur pour convertir
des mesures de parametres de données dynami-
ques en signaux électriques.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un pénétrometre a céne (10),
et comprenant en outre :

une batterie ; et

une mémoire configurée pour stocker des don-
nées de mesure obtenues a partir du pénétro-
meétre a cone.

Systeme en mer selon la revendication 1, dans le-
quel le systéme inclut un pénétrometre a céne (10),
et dans lequel le pénétrométre a cobne comprend :

un systeme électronique de traitement de don-
nées qui résume les données dynamiques pro-
venant du pénétrométre a cone ; et
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un affichage qui convertit les données dynami-
ques en un ou plusieurs paramétres sélection-
nés dans le groupe consistant en : 'accéléra-
tion, la vitesse et la profondeur.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un échantillonneur de sol (18)
présentant une valve (20) qui permet la collecte d’'un
échantillon de sol aprés l'insertion, et dans lequel
I'échantillonneur de sol présente un diameétre interne
d’environ 3 pouces.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un échantillonneur de sol (18)
présentant une valve (20) qui permet la collecte d’un
échantillon de sol apres I'insertion, et dans lequel la
valve permet au sol de s’écouler a travers I'échan-
tillonneur de sol pendant le mouvement descendant
de I'échantillonneur de sol.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un échantillonneur de sol (18)
présentant une valve (20) qui permet la collecte d’'un
échantillon de sol apres I'insertion, et dans lequel la
valve se ferme pendantle mouvement ascendantde
I’échantillonneur de sol.

Systeme en mer selon la revendication 1, dans le-
quel le systeme inclut un échantillonneur de sol (18)
présentant une valve (20) qui permet la collecte d’un
échantillon de sol aprés linsertion, et comprenant
en outre un processeur pour traiter des données gé-
nérées par linsertion balistique dans en mesure
d’accélération, de vitesse ou de profondeur.
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