EP 3 584 404 B1

(19)

(12)

(49)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (1 1) EP 3 584 404 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: E21B 43/34 (2006.01) E21B 43/017 (2006.01)
13.01.2021 Bulletin 2021/02 E21B 37/00 (209597 E21B 41/00 (200597
Application number: 19190811.0

Date of filing: 16.05.2016

(54)

SOLID PARTICLE SEPARATION IN OIL AND/OR GAS PRODUCTION
FESTPARTIKELTRENNUNG IN DER OL- UND/ODER GASPRODUKTION
SEPARATION DE PARTICULES SOLIDES DANS LA PRODUCTION DE PETROLE ET/OU DE GAZ

(84)

(30)

(43)

(62)

(73)

(72)

Designated Contracting States: * BRUNTVEIT, Joergen
AL AT BE BG CH CY CZ DE DK EE ES FI FR GR 5073 Bergen (NO)
HRHUIEISITLILT LULV MC MK MT NL NO PL ¢ LYNGBOE, Karl Ole Daviksnes
PT RO RS SE SI SK SM TR 5216 Lepsoey (NO)

¢ MCCANN, Dominic Patrick
Priority: 22.05.2015 GB 201508818 Romsey, Hampshire SO51 9LN (GB)
Date of publication of application: (74) Representative: Jenkins, Peter David
25.12.2019 Bulletin 2019/52 Page White & Farrer

Bedford House

Document number(s) of the earlier application(s) in John Street
accordance with Art. 76 EPC: London WC1N 2BF (GB)

16722683.6 / 3 292 269
(56) References cited:

Proprietor: Fourphase AS WO-A2-2011/154919 GB-A-2 412 674
5211 Os (NO) US-A1-2004 104 030 US-A1-2010 230 107
Inventors:

AREFJORD, Anders
5217 Hagavik (NO)

Note:

Within nine months of the publication of the mention of the grant of the European patent in the European Patent

Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 584 404 B1 2

Description

[0001] The present invention relates to a method of
removing solids from an oil well using a solids removal
system. In particular, this invention relates to a method
for the removal of solids from a well in order to increase
its production and allowing the comingling of its produc-
tion with the production of other wells on the same oil
and/or gas production platform. The method also allows
for the solid separation and washing of the removed sol-
ids.

[0002] Many offshore oil and gas fields are developed
and produced using a multi-well platform. In general a
template is placed on the seabed, which comprises slots
and awellis drilled through each slot. Itis not uncomment
to have 10 to 20 wells drilled from a single template. Each
well will be drilled to hit a particular reservoir target or
targets. The trajectory of the wells can be very different
but care is taken to make sure that the wells do not collide
with each other.

[0003] The production performance for the individual
wells can be very different as each well targets a different
geological horizons or reservoirs or different parts of the
same reservoir. As production from the field continues
over many years, the production from some wells may
drop more rapidly than from others as the target reser-
voirs of each depletes at different rates. The production
from all the wells on the template will be collected and
processed with a single platform. Therefore this platform
needs to deal with differing production pressures and
flowrates over the life of the wells it is handling. In some
cases, the production from one or more wells is extremely
low having a much lower production pressure than other
wells on the same template. A common cause of this is
the build-up of solids in these low producing wells. Often
after many years of productions and as the reservoir be-
comes more depleted, the formation pressure is reduced
and as a result the production flow rate is likewise re-
duced. In addition, sand production from such depleted
reservoir can increase as the stress state in the reservoir
changes because of changes in the reservoir pressure.
With the flow rate also decreasing the produced sand is
not fully removed from the well and so collects and
chokes the production even further. In some cases when
the pressure in the reservoir reduces water is injected
into offset wells to increase the reservoir pressure and
'sweep’ the oil towards the production well(s). It is not
uncommon for this injected water to also increase the
sand production in the producing well. Methods exist to
remove this sand from the well(s) but in many cases the
sand is collected and shipped onshore for processing.
Also, even after removal of the sand the well(s) flow rate
and pressure can be a lot less than other wells producing
on the same platform. As a result, the production from
this well(s) cannot be handle in the same way and is
generally collected in tanks and is periodically dealt with
in a 'batch’ mode, e.g., shipped on shore. This requires
large tanks on the platform that take a lot of space (or
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have a large footprint), which in turn increases the plat-
form size and cost.

[0004] WO-A-2011/154919 discloses a drilling rig for
drilling into a particulate surface such as a sea floor. The
drilling rig includes a drilling arrangement that fluidises
particles in the particulate surface using high pressure
water jets, and conveys them to the sea surface by use
of the buoyancy of air bubbles that are bubbled into a
conveyancing conduit.

[0005] The presentinventors have worked to establish
technical solutions to the above restrictions associated
with technology presently used in the industry or dis-
closed in the prior art.

[0006] The present invention provides a method of re-
moving solids from an oil well according to claim 1.
[0007] Typically, the first and second elongate con-
duits are coaxial. Optionally, the first elongate conduit
surrounds the second elongate conduit.

[0008] Preferably, in step b the fluidising head is locat-
ed at a first vertical position in a solids bed and after the
solids content of the mixture has diminished the fluidising
head is lowered to a second vertical position in the solids
bed.

[0009] Typically, the fluidising liquid is supplied to the
fluid outlet nozzles at an absolute pressure of from 0.5
to 2.5 bar. Typically, the fluidising liquid is supplied to the
fluid outlet nozzles at a flow rate of from 50 to 250 I/min.
The pressure and flow rate of the fluidising liquid may
vary depending on the well depth, pipeline size, etc.
[0010] Typically, the fluidising liquid is water.

[0011] The preferred embodiments of the present in-
vention accordingly provide methods that can integrate
the flushing of low production well(s), the separation of
solids removed, the separation of the produced gas from
the oil, and the collection and boosting of the oil/gas pro-
duced from these wells so that it is co-mingled automat-
ically with the production from other wells. Such a system
can offer significant improvements over the prior art and
allows improved production from a platform that is sup-
porting a broad range of individual well production per-
formance.

[0012] The preferred embodiments of the present in-
vention provide method using a system comprising a well
solids flushing or cleanout unit, a three-phase separator
with storage and a pressure boosting unit.

[0013] The well solids flushing or cleanout may com-
prise dual coil tubing with an inner coil and an outer coil
arranged concentric to each other. A single coil tubing
could be used by reverse circulating down the annulus
between the coil tubing and the well production tubing or
casing. The dual coil tubing may have a fluidising jetting
head that is at one end and fluid pumped down the an-
nular space between the inner and outer coil tubing pass-
es through the jetting head. In operation, the dual coil
tubing is lowered into a well from which solids are to be
flushed. Thereafter, the fluid pumped through the fluidi-
sation jetting head fluidises the solids in the well and the
mixture of solids and fluid are flushed out of the well
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through the inner coil tubing to the surface. The flushed
mixture is directed to a solids separation and washing
plant.

[0014] The preferred embodiments of the present in-
vention also provide a method which uses a three-phase
separator with storage and a pressure boosting unit,
which can be connected to the well solids flushing or
cleanout unit. In these embodiments, oil produced from
a low pressure well or wells can be treated by a three-
phase separator to remove solids, generally sand, and
gas and the oil is then collected in a fluid storage tank.
The fluid storage tank can be equipped with a level sensor
that provides a measure of the level of the fluids therein.
The output of the level sensor can be connected to a
controller that in turn is used to control a booster pump.
The controller can maintain the level of collected fluid at
some pre-determined level, e.g., at the mid-point in the
tank, by adjusting the pump flow rate from zero to some
maximum rate or start/stop the pump. A pressure sensor
may be provided that measures the pressure of the oil
production from the wells connected to a production man-
ifold. The pressure sensor is connected to the controller
and is used to adjust the booster pump output pressure
so that the oil exiting is at a pressure just above the pres-
sure in the production manifold so that oil passing through
the three-phase separator is co-mingled with the oil pro-
duced by other wells on the platform. A non-return valve
may be provided after the booster pump that prevents
production fluids from returning into the storage tank. The
non-return valve may also perform the function of ensur-
ing the oil entering the production manifold is at the cor-
rect pressure above that of the flow in the production
manifold.

[0015] The preferred embodiments of this invention
can provide a method of flushing a well of solids, sepa-
rating and washing said solids, collecting and boosting
the cleaned produced oil/gas that comprise the steps:

1) Lowering a dual, outer and inner concentric coiled
tubing with a fluidising jetting head into the well.

2) Pumping a fluid down the annulus between the
outer and inner concentric coiled tubing to fluidise
the solids into which the fluidising jetting head is low-
ered.

3) Collecting the flushed solids and fluidising fluid
that exit up through the inner coiled tubing and di-
recting them to a solids separation and washing
plant.

4) Once the well has been cleaned of solids and be-
gins flowing oil again, remove the coiled tubing from
the well and direct the produced oil (which will contain
some solids) to the three-phase separator with a
storage tank.

5) Collecting the produced oil that has been cleaned
of solids and gas in the storage tank.

6) Using a measurement of the fluid level in the tank
to switch on a booster pump that moves oil from the
storage tank once the level has risen above a pre-
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determined level in the tank and stops pumping once
the fluid level has dropped below a predetermined
level.

7) Using a measurement of the pressure in the main
oil production manifold to control the booster pump
output pressure of the oil from the storage tank to
that above the pressure in the manifold so that oil
moved from the storage tank can be co-mingled with
the main production from the platform.

[0016] Embodiments of the present invention will now
be described in more detail by way of example only with
reference to the accompanying drawings, in which:

Figure 1 schematically illustrates a side view of an
oil and/or gas production platform for use with the
method of the present invention;

Figure 2 schematically illustrates a side view of a
solids removal system for use in a method according
to an embodiment of the present invention;

Figure 3 schematically illustrates an end view of a
fluidisation jetting head in the solids removal system
of Figure 2; and

Figure 4 schematically illustrates a side view of a
three-phase separator and pressure boosting appa-
ratus for use in a method according to an embodi-
ment of the present invention.

[0017] Referringto Figure 1thereis shownaschematic
of an oil and/or gas production platform, 103, with a four
well template, 104, which has four wells, 105, drilled into
various producing reservoirs 106 and 109. The seabed
is labelled 101 and the sea surface is shown as 102. In
Figure 1 all four wells are producing; however well 107
has depleted more rapidly than the others and as a result
the flow rate from it is lower and solids produced, com-
monly sand, have not been fully removed from the well
but have settled as illustrated by the solids bed labelled
108. Without some intervention to cleanout these solids,
the well 107 will stop flowing completely resulting in lower
production from the platform as a whole. In addition, as
well 107 has depleted more rapidly, the pressure in the
reservoir 109, is lower than in the other reservoirs 106,
so that oil produced from well 107 is at a lower pressure.
As a result the production from this well 107 cannot be
directly co-mingled with the production from the other
wells producing from 106 as this would result in flow from
them flowing down well 107 and into the depleted reser-
voir 109.

[0018] Described hereinafter are various embodi-
ments of the present invention which can overcome or
resolve such limitations.

[0019] Referring to Figures 2 and 3 there is shown a
schematic of a solids removal system 200 that may be
used to remediate the well 107 in Figure 1.
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[0020] The system 200 comprises a fluidisation jetting
head 204 adapted to be located in a solids bed 203 at a
bottom of the well 201. A first elongate conduit 207 ex-
tends from the head 204 and is connectable to a supply
(not shown) of a fluidising liquid, such as water. A second
elongate conduit 208 extends from the head 204 and is
connectable to a solids separation unit (shown in Figure
3) located above the well 201. The head 204 comprises
a plurality of fluid outlet nozzles 209 in fluid communica-
tion with the first elongate conduit 207 and an inlet 206
for a fluidised mixture of solids in the fluidising liquid in
fluid communication with the second elongate conduit
208. The first and second elongate conduits 207, 208 are
coaxial, and the first elongate conduit 207 annularly sur-
rounds the second elongate conduit 208.

[0021] In Figure 2 the well 201 has a reduced produc-
tion rate so that solids are no longer removed in the flow
and have built up into a solids bed 203 over a period of
time. A coiled tubing 202 consisting of two concentric
tubes defining the first elongate conduit 207 and the sec-
ond elongate conduit 208 is lowered into the well 201 so
that the fluidisation jetting head 204 at its lower end is
located within the solids bed 203. In this embodiment as
show in Figure 2 the end of the jetting head 204 typically
has eight fluid outlet nozzles 209. It will be appreciated
by those skilled in the art that the number of nozzles 209
can be greater or less than this number and their sizes
can be defined to provide appropriate jetting and fluidi-
sation properties.

[0022] The dual concentric coiled tubing 202 has the
outer annular conduit 207 defining an input flow channel
and the inner circular conduit 208 defining an output flow
channel. Fluid, generally water, is pumped down the an-
nular conduit 207 and is jetted through the nozzles 209
into the solids bed 203 as illustrated by arrows 205. This
fluidises the solids in the vicinity of the jetting head 204.
The fluidised mixture of jetting fluid and solids exits
through the inner circular conduit 208 of the dual coiled
tubing 202 as illustrated by arrows labelled 206.

[0023] The fluidisation jetting head 204 is located at a
first vertical position in the solids bed 203. After the solids
content of the mixture has diminished, the fluidisation
jetting head 204 can be is lowered to a second vertical
position in the solids bed 203.

[0024] Typically, the fluidising liquid is supplied to the
fluid outlet nozzles 209 at an absolute pressure of from
0.5 to 2.5 bar and/or at a flow rate of from 50 to 250 I/min.
The pressure and flow rate of the fluidising liquid may
vary depending on the well depth, pipeline size, etc.
[0025] As the solids bed 203 is removed, the coiled
tubing 202 is progressively lowered further into the well
201 until the solids bed 203 is removed. The solids re-
moved from the well 201 may be coated in hydrocarbons
so must be separated and cleaned before they can be
disposed of appropriately. Preferably, this is achieved
using the apparatus and methods disclosed in UK patent
application 1420257.6.

[0026] Once the solids bed 203 has been removed,
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the well 201 is no longer choked and can be brought back
online so that is can produce more oil than before the
remediation process. However, it will be understood by
those skilled in the art that the production from this well
will be at a lower pressure, because of the depletion of
the reservoir, than other wells on the same production
platform. Therefore, solids will likely start to build again
but this may take some time and in the meantime eco-
nomically viable additional oil production is achieved. In
addition, further remediation can take place repeatedly
using the same process as described herein.

[0027] Figure 4 shows a schematic of a three-phase
separator and boosting apparatus for use in a method
that represents another embodiment of this invention.
[0028] InFigure 4 thereis shown an apparatus for sep-
arating solid particles from a hydrocarbon-containing flu-
id produced from an oil and/or gas production facility.
The facility comprises three wells 300, called wells 1, 2
and 3, connected to a primary production conduit in the
form of a common manifold 309. It will be appreciated
that there can be a larger or smaller number of wells 300
in any particular implementation.

[0029] The primary production conduit 309 having an
upstream portion 320 and a downstream portion 322. At
least one three-way valve 301 is connected to the up-
stream portion 320. The valve 301 has a first outlet 324
in fluid communication with the primary production con-
duit 309, a second outlet 326 in fluid communication with
a solid particle separation unit, designated generally as
328, and an inlet 330 connectable to an oil and/or gas
production well 300. The first and second outlets 324,
326 of the valve 301 are selectively connectable to the
upstream end 320 or the solid particle separation unit
328. The or each valve 301 is actuatable to select be-
tween the respective first and second outlets 324, 326.
[0030] The atleast one valve 301 comprises a plurality
of three-way valves 301 connected to the upstream por-
tion 320. Each three-way valve 301 has a first outlet 324
in fluid communication with the primary production con-
duit 309, a second outlet 326 in fluid communication with
the solid particle separation unit 328, optionally via an
on/off valve 302, and an inlet 330 in use connected to an
oil and/or gas production well 300. The first and second
outlets 324, 326 of each three-way valve 301 are selec-
tively connectable to the upstream portion 320 or the solid
particle separation unit 328, and the plurality of three-
way valves 301 are individually actuatable to select be-
tween the respective first and second outlets 324, 326.
[0031] A pressure sensor 344 may detect fluid pres-
sure in the valve inlet 330. A valve control 346 may be
provided for switching the inlet 330 into fluid communi-
cation with the second outlet 326 when the detected fluid
pressure is below a pre-set pressure threshold or when
apressure difference between the detected pressure and
pressure in the primary production conduit 309 is above
a pre-set minimum pressure difference.

[0032] The solid particle separation unit 328 has a
common manifold 310 to which each second outlet 326
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is connected either directly or by an intermediate conduit
and/or valve connecter system.

[0033] The solid particle separation unit 328 comprises
at least one solid separator 303, 304 and having a first
output for solids 306 and a second output 332 for fluids.
The second output 332 is in fluid communication with an
input 334 of a fluid separator 305 having a liquid output
336 and a gas output 338. The liquid output 336 is in fluid
communication with the downstream portion 322 by a
return conduit 340.

[0034] A controller 313 is provided for controlling liquid
flow from the fluid separator 305 to the downstream por-
tion 322 along the return conduit 340.

[0035] A pressure boosting pump 308 is located in the
return conduit 340 for pressurising liquid in the return
conduit 340 and pumping the pressurised liquid in the
return conduit 340 in a direction from the fluid separator
305 to the downstream portion 322.

[0036] The controller 313 is adapted to control any one
ormore, in any combination, of any of an output pressure
of the pump 308; a flow rate of the pump 308; and an
on/off function of the pump 308.

[0037] In this embodiment, the controller 313 is adapt-
ed to control the output pressure of the pump 305 so as
to be above the liquid pressure in the primary production
conduit 309, preferably by a pre-set minimum pressure
difference.

[0038] A pressure sensor 312 for measuring liquid
pressure in the primary production conduit 309 is con-
nected to the controller 313 to output a pressure signal
to the controller 313 to control the output pressure of the
pump 308.

[0039] Areservoir sensor 311, preferably a liquid level
sensor, measures a liquid amount in a reservoir 342 of
the fluid separator 305. The controller 313 outputs a con-
trol signal to control liquid flow from the fluid separator
305 to the downstream portion 322 along the return con-
duit 340 when the liquid amountis above a pre-set thresh-
old. The control signal is adapted to cause or permit liquid
flow from the fluid separator 305 to the downstream por-
tion 322 when the liquid level in the reservoir 342 of the
fluid separator 305 is above a pre-set threshold level.
The control signal may maintain the liquid level in the
reservoir 342 of the fluid separator 305 above a pre-set
minimum threshold level and/or below a pre-set maxi-
mum threshold level.

[0040] The pump 308 may be configured to restrict lig-
uid flow from the downstream portion 322 to the fluid
separator 305 along the return conduit 340, for example
by having a non-return construction. In the illustrated em-
bodiment, a non-return valve 314 is located in the return
conduit 340 between the pump 308 and the primary pro-
duction conduit 309 to restrict, preferably to prevent, lig-
uid flow from the downstream portion 322 to the fluid
separator 305 along the return conduit 340. The non-
return valve 314 may be self-regulating to open to provide
flow therethrough in a forward direction at a pre-set pres-
sure difference across the non-return valve 314. Alter-
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natively, the controller 313 may be adapted to control the
non-return valve 314 to open to provide flow therethrough
in a forward direction at a pre-set pressure in the return
conduit 340 upstream of the non-return valve 314 or at
a pre-set pressure difference across the non-return valve
314. The controller 313 may be adapted to control the
non-return valve 314 to open to provide flow therethrough
in a forward direction when the pre-set pressure in the
return conduit 340 upstream of the non-return valve 314
is above the liquid pressure in the primary production
conduit 309 by a pre-set minimum pressure difference.
[0041] A gas compressor 316 is optionally coupled to
the gas output 338 of the fluid separator 305 for providing
a supply of compressed gas from the fluid separator 305.
Typically, an outlet 307 of the gas compressor 316 is
coupled to a gas production conduit (not shown) of the
gas production facility. The controller 313 may be adapt-
ed to control the output pressure of the gas compressor
316 so as to be above the gas pressure in the gas pro-
duction conduit, optionally by a pre-set minimum pres-
sure difference.

[0042] Accordingly, thereis provided sets of three-way
valves 301 and on/off valves 302 that allows flow from
any well or group of wells 300 to be directed either to the
main production manifold 315 or through a second man-
ifold 310 to the three-phase separator and booster. The
pressure in the manifold 310 can be lower, for example
at atmospheric pressure, than the pressure in the pro-
duction manifold 309. If flow from well 1 is from a depleted
reservoir producing at a lower pressure and is also pro-
ducing sand as described in other embodiments of this
invention, then the flow from this well is no longer directed
into the main production manifold 309 but is directed
through manifold 310 into the separator and boosting
system. This is achieved by adjusting valve 301 at well
1 and opening valve 302 at well 1 so that flow from well
1 no longer enters main production manifold 309 but is
directed to manifold 310.

[0043] Flow from the manifold 310 is first directed into
afirstsolids separation apparatus 303 as shown in Figure
4. Preferably the separator is as described in UK patent
application 1420257.6, however, it will be appreciated by
those skilled in the art that this can be another type of
solids separator. The fluid that has had the solids re-
moved exits the top of 303 and is directed into a second
solids separator 304. In some implementations a single
solids separator will suffice but in others more than two
may be required but preferable a system of two solids
separators is used. The solids separated from the flow
by 303 and 304 are collected at the bottom of the sepa-
rators and exit the system as shown by arrow 306. The
fluid further cleaned of solids exits 304 and is fed into an
oil/gas separator and fluid storage tank 305 in Figure 4.
[0044] Gas separated from the flow will exit 305 at the
top as labelled 307 and will be collected or flared in a
manner well known. Optionally, a compressor 316 is
used to raise the pressure of the gas to that of other
produced gas on the platform so the collected gas is co-
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mingled with the main gas production.

[0045] The separated oil will collect in the bottom of
the tank 305 which is fitted with a level sensor 311 as
described in other embodiments of this invention and is
schematically illustrated. Also the pressure in the main
production manifold 309 is measured using a pressure
sensor 312. Both the fluid level in oil/gas separator and
fluid storage tank 305 and the pressure measured in man-
ifold 309 are connected to a controller 313. Additionally
there is provided a booster pump 308 also connected to
the controller 313. The controller is programmed to use
these measurements to maintain the level in the storage
tank 305 at some predefined level, e.g., half way up the
tank. Once the fluid level in storage tank 305 reaches
some defined level above the mid-pointthe controller 313
activates the booster pump 308 and fluid pumped from
storage tank 305 is increased to a pressure above that
of the main production flow in manifold 309 and as meas-
ured by pressure sensor 312. The booster pump 308
continues to reduce the level of the fluid in storage tank
305 untilitreaches a predefined level below the mid-point
at which time the booster pump 308 stops pumping. Non-
return valve 314 prevents production fluid returning back
towards the three-phase separator. This non-return func-
tion may be a feature of the booster pump 308 itself. With
the booster pump 308 switched off, the level in storage
tank 305 starts to increase again as production from well
1 continues and is passed through separators 303, 304.
Once the liquid level in storage tank 305 increases to the
predefined level over the mid-point again, the booster
pump 308 is activated and the cycle is repeated. The
controller 313 can be linked to a display, not shown,
where the measured parameters and pump status can
be displayed. Preferably the booster pump 308 is acti-
vated automatically as described but it could be switched
on and off manually by an operator who is acting in re-
sponse to the measured data displayed.

[0046] In a simpler form, the pressure sensor 312 is
not required and the booster pump 308 increases the
pressure of the oil removed from the storage tank 305
by pumping against non-return valve 314. Once the pres-
sure of this oil is above that of the oil in the production
manifold 309, the non-return valve 314 opens and the
boosted oil from storage tank 305 enters the main pro-
duction stream 315. In this case the booster pump 308
is controlled using the controller 313 that only uses the
measured fluid level in storage tank 305 provided by the
sensor 311. In this embodiment the pressure sensor 312
is absentfrom Figure 4 and the controller 313 has a single
input from sensor 311 and the output signal from 313 will
switch the booster pump 308 on and off or controls its
speeds as illustrated in Figure 4 and described earlier
using the fluid level in storage tank 305.

[0047] The collected production in storage tank 305
from the low pressure well 1 is first cleaned of solids and
gas as described and then boosted to a pressure so that
it may be co-mingled with the production from the other
wells, e.g., wells 2 & 3, to contribute to the overall pro-
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duction from the platform as illustrated by 315.

[0048] Using the apparatus and method of the pre-
ferred embodiment described herein, a low producing oil
well or group of oil wells, that have been impacted by the
build-up of solids within the well or wells can be remedi-
ated to have the solids removed and cleaned. In extreme
situations the well or wells may even stop producing oil
because of this build-up and after remediation can return
to producing some oil. The production from this low pro-
duction well orwells can then be cleaned of any produced
solids, which is generally sand, and any produced gas.
Thereafter the produced oil is collected then boosted to
a higher pressure so that it can be co-mingled with the
oil produced from other wells on the same platform. Such
a system will allow these wells to continue to produce oil
albeit at a low rate and to contribute to increasing the
overall production of the platform. This also extends the
life of the platform and provides significant advantages
over present day practice.

[0049] The presentinvention as defined inthe append-
ed claims may be embodied in many different forms and
should not be construed as being limited to the embod-
iments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the concept of the invention,
the scope of which is defined in the appended claims, to
those skilled in the art.

Claims

1. A method of removing solids from an oil well using
a solids removal system, the method comprising the
steps of:

a. providing a solids removal system (200), the
system comprising a fluidisation jetting head
(204) adapted to be located in a solids bed (203)
at a bottom of an oil well (201), a first elongate
conduit (207) extending from the head (204) and
connected to a supply of a fluidising liquid, a
second elongate conduit (208) extending from
the head (204) and connected to a solids sepa-
ration unit (328), wherein the head (204) com-
prises a plurality of fluid outlet nozzles (209) in
fluid communication with the first elongate con-
duit (207) and an inlet (206) for a fluidised mix-
ture of solids in the fluidising liquid in fluid com-
munication with the second elongate conduit
(208), wherein the plurality of fluid outlet nozzles
(209) surround the inlet (206);

b. locating the fluidisation jetting head (204) in
a solids bed (203) at a bottom of the well (201),
wherein the plurality of fluid outlet nozzles (209)
are downward facing;

c. supplying the fluidising liquid at an absolute
pressure of from 0.5 to 2.5 bar and a flow rate
of from 50 to 250 I/min to the fluid outlet nozzles
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(209) from the first elongate conduit (207) ex-
tending upwardly from the head (204);

d. jetting the fluidising liquid out of the fluid outlet
nozzles (209) downwardly to fluidise solids in
the vicinity of the head (204) within the fluidising
liquid to form a fluidised mixture of the solids in
the fluidising liquid;

e. removing the fluidised mixture from the solids
bed (203) through the inlet (206) of the head
(204) surrounded by the plurality of fluid outlet
nozzles (209), the inlet (206) being in fluid com-
munication with the second elongate conduit
(208) extending upwardly from the head (204);
and

f. conveying the fluidised mixture along the sec-
ond elongate conduit (208) to the solids sepa-
ration unit (328) located above the well (201).

A method according to claim 1 wherein the first and
second elongate conduits (207, 208) are coaxial.

A method according to claim 2 wherein the first elon-
gate conduit (207) surrounds the second elongate
conduit (208).

A method according to any one of claims 1 to 3
wherein in step b the fluidising head (204) is located
at a first vertical position in a solids bed (203) and
after the solids content of the mixture has diminished
the fluidising head (204) is lowered to a second ver-
tical position in the solids bed (203).

A method according to any one of claims 1 to 4
wherein the fluidising liquid is water.

Patentanspriiche

1.

Verfahren zum Entfernen von Feststoffen aus einer
Olbohrung unter Verwendung eines Feststoffentfer-
nungssystems, wobei das Verfahren die Schritte
aufweist:

a. Bereitstellen eines Feststoffentfernungssys-
tems (200), wobei das System einen Fluidisie-
rungsspulkopf (204), der ausgestaltet ist, um in
einem Feststoffbett (203) an einem Boden einer
Olbohrung (201) angeordnet zu werden, ein ers-
tes langliches Rohr (207), das vom Kopf (204)
aus verlauft und mit einer Zufuhr einer Fluidisie-
rungsflissigkeit verbunden ist, und ein zweites
langliches Rohr (208), das vom Kopf (204) aus
verlauft und mit einer Feststofftrennungseinheit
(328) verbunden ist, aufweist, wobei der Kopf
(204) mehrere Fluidauslassdiisen (209) in Flu-
idverbindung mit dem ersten langlichen Rohr
(207)und einen Einlass (206) firr eine fluidisierte
Mischung von Feststoffen in der fluidisierenden
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Flussigkeit in Fluidverbindung mit dem zweiten
langlichen Rohr (208) aufweist, wobei die meh-
reren Fluidauslassdisen (209) den Einlass
(206) umringen;

b. Anordnen des Fluidisierungsspulkopfes (204)
in einem Feststoffbett (203) an einem Boden der
Bohrung (201), wobei die mehreren Fluidaus-
lassdiisen (209) nach unten gerichtet sind;

c. Zufiihren der Fluidisierungsflissigkeit mit ei-
nem absoluten Druck von 0,5 bis 2,5 bar und
einer Flussrate von 50 bis 250 I/min vom ersten
langlichen Rohr (207), das vom Kopf (204) aus
nach oben verlauft, zu den Fluidauslassdiisen
(209);

d. Spulen Fluidisierungsfliissigkeit aus den Flu-
idauslassdiisen (209) nach unten, um Feststoffe
in der Nahe des Kopfes (204) in der Fluidisie-
rungsflussigkeit zu fluidisieren, um ein fluidisier-
tes Gemisch der Feststoffe in der Fluidisie-
rungsfliussigkeit zu bilden;

e. Entfernen des fluidisierten Gemisches durch
den Einlass (206) des Kopfes (204), der von den
mehreren Fluidauslassdisen (209) umgeben
ist, aus dem Feststoffbett (203), wobei der Ein-
lass (206) in Fluidverbindung mit dem zweiten
langlichen Rohr (208) steht, das vom Kopf (204)
aus nach oben verlauft; und

f. Beférdern des fluidisierten Gemisches entlang
des zweiten langlichen Rohrs (208) zu der tiber
der Bohrung (201) liegenden Feststofftren-
nungseinheit (328).

Verfahren nach Anspruch 1, bei welchem die ersten
und zweiten langlichen Rohre (207, 208) koaxial
sind.

Verfahren nach Anspruch 2, bei welchem das erste
langliche Rohr (207) das zweite langliche Rohr (208)
umringt.

Verfahren nach einem der Anspriiche 1 bis 3, bei
welchem in Schritt b der Fluidisierungskopf (204) in
einer ersten vertikalen Stellung in einem Feststoff-
bett (203) positioniert wird und der Fluidisierungs-
kopf (204) in eine zweite vertikale Stellung im Fest-
stoffbett (203) abgesenkt wird, nachdem der Fest-
stoffgehalt des Gemisches abgenommen hat.

Verfahren nach einem der Anspriiche 1 bis 4, bei
welchem die Fluidisierungsflissigkeit Wasser ist.

Revendications

Procédé d’élimination de solides d’un puits de pé-
trole en utilisant un systeme d’élimination de solides,
le procédé comprenant les étapes consistant a :
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a. fournir un systeme d’élimination de solides
(200), le systéme comprenant une téte de jets
de fluidisation (204) adaptée pour étre située
dans un lit de solides (203) au fond d’un puits
de pétrole (201), un premier conduit allongé
(207) s’étendant depuis la téte (204) et connecté
a une alimentation en liquide de fluidisation, un
deuxiéme conduit allongé (208) s’étendant de-
puis la téte (204) et connecté a une unité de
séparation de solides (328), dans lequel la téte
(204) comprend une pluralité de buses de sortie
de fluide (209) qui sont en communication flui-
dique avec le premier conduit allongé (207), et
une entrée (206) pour un mélange fluidisé de
solides dans le liquide de fluidisation qui est en
communication fluidique avec le deuxiéme con-
duitallongé (208), dans lequel la pluralité de bu-
ses de sortie de fluide (209) entourent I'entrée
(206) ;

b. placer la téte de jet de fluidisation (204) dans
un lit de solides (203) au fond du puits (201),
dans lequel la pluralité de buses de sortie de
fluide (209) est tournée vers le bas ;

c. fournir le liquide de fluidisation a une pression
absolue de 0,5 a 2,5 bar et a un débit de 50 a
250 1/min aux buses de sortie de fluide (209) a
partir du premier conduit allongé (207) qui
s’étend vers le haut depuis la téte (204) ;

d. projeter le liquide de fluidisation hors des bu-
ses de sortie de fluide (209) vers le bas pour
fluidiser des solides au voisinage de la téte (204)
alintérieur du liquide de fluidisation, pour former
un mélange fluidisé des solides dans le liquide
de fluidisation ;

e. retirer le mélange fluidisé du lit de solides
(203) a travers l'entrée (206) de la téte (204)
entourée par la pluralité de buses de sortie de
fluide (209), I'entrée (206) étant en communica-
tion fluidique avec le deuxiéme conduit allongé
(208) qui s’étend vers le haut depuis la téte
(204) ; et

f. acheminer le mélange fluidisé le long du
deuxiéme conduit allongé (208) vers 'unité de
séparation de solides (328) située au-dessus du
puits (201).

Procédé selon la revendication 1, dans lequel les
premier et deuxieme conduits allongés (207, 208)
sont coaxiaux.

Procédé selon la revendication 2, dans lequel le pre-
mier conduit allongé (207) entoure le deuxiéme con-
duit allongé (208).

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel, a I'étape b, la téte de fluidisation
(204) est située a une premiere position verticale
dans un lit de solides (203), et dans lequel, aprées
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que la teneur en solides du mélange a diminué, la
téte de fluidisation (204) est abaissée a une deuxie-
me position verticale dans le lit de solides (203).

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel le liquide de fluidisation est de
I'eau.
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