Office de la Propriéeté Canadian CA 2452045 A1 2003/03/13
Intellectuelle Intellectual Property

du Canada Office (21) 2 452 045
n organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de dépot PCT/PCT Filing Date: 2002/09/04 (51) CL.Int.”/Int.Cl.” E21B 21/06, B65G 53/04
(87) Date publication PCT/PCT Publication Date: 2003/03/13| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2003/12/23 VARCO /P, INC., US

86) N° demande PCT/PCT Application No.: GB 2002/004044| (72) Inventeur/inventor:
%) and PRSEES BURNETT, GEORGE ALEXANDER, GB
(87) N° publication PCT/PCT Publication No.: 2003/021074
e (74) Agent: MCFADDEN, FINCHAM
(30) Prioritée/Priority: 2001/09/04 (0121353.7) GB

(54) Titre : APPAREIL ET PROCEDE DE TRANSPORT DE DEBRIS
(54) Title: APPARATUS AND METHOD FOR TRANSPORTING WASTE MATERIALS

Ny (
’—V‘? o -\ 1 —3 [ ] -
=i —— }ﬁ ﬂuu,l
K E = i -
| — =, 5[ R V)~ S— .
‘:!f/ =1 *—Frim_—.f,; i
\ \
’ \

Ul
i
)
D
»
)

[
I
I

VFD L - -3

<
E \ 244 24A
l
| 26A < .

(57) Abrége/Abstract:

In a first aspect the invention provides a method and apparatus for transporting solid waste material, the apparatus comprising:
an upstream waste supply means (4); feed means (10) to transport waste from the waste supply means (4) to a pneumatic
conveyancing means (9); which pneumatic conveyancing means (9) comprises a tube (14) within which waste material Is
transferred from the feed means (10) to a downstream waste collector (22A,22B); whereln said tube (14) Is associated with at
least one blockage sensing device (30), and electronic dataprocessing means to process data output from the blockage sensing
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(57) Abréege(suite)/Abstract(continued):

device (30). In a second aspect the invention provides a method and apparatus for transporting solid waste material, the
apparatus comprising: an upstream waste supply means (4); feed means (10) to transport waste from the waste supply means
(4) to a pneumatic conveyancing means (9); which pneumatic conveyancing means (9) comprises a tube (14) within which
waste Is transferred from the feed means (10) to a downstream waste collector (22A,22B), wherein the downstream waste
collector comprises a level sensing device (24A,24B) to sense the amount of waste accumulated in the downstream waste
collector (22A,22B); and electronic data processing means to process data output from the level sensing means (24A,24B).
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(§7) Abstract: In a first aspect the invention
provides a method and apparatus for transporting
solid waste material, the apparatus comprising:
an upstream waste supply means (4); feed means
(10) to transport waste from the waste supply
means (4) to a pneumatic conveyancing means
(9); which pneumatic conveyancing means
(9) comprises a tube (14) within which waste
material is transferred from the feed means (10)
to a downstream waste collector (22A,22B);
wherein said tube (14) is associated with at
least one blockage sensing device (30), and
electronic dataprocessing means to process

data output from the blockage sensing device

—

(30). In a second aspect the invention provides
a method and apparatus for transporting solid
waste material, the apparatus comprising: an
upstream waste supply means (4); feed means
(10) to transport waste from the waste supply
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means (4) to a pneumatic conveyancing means
(9); which pneumatic conveyancing means
(9) comprises a tube (14) within which waste
is transferred from the feed means (10) to a
downstream waste collector (22A,22B), wherein
the downstream waste collector comprises a
level sensing device (24A,24B) to sense the
amount of waste accumulated in the downstream
waste collector (22A,22B); and electronic data
processing means to process data output from
the level sensing means (24A,24B).
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APPARATUS AND METHOD FOR TRANSPORTING WASTE MATERIALS
Field of the Invention
The present invention relates to an apparatus and
method for transporting solid waste materials. The
apparatus and method are particularly, but not
exclusively, for transporting drill cuttings and other

waste resulting from the drilling of a borehole or a

tunnel.

Background of the Invention
A drill bit arranged on the end of a drill pipe

string is used to drill a borehole or tunnel 1in the
formation of an oil or gas well or the like. A drilling
fluid known as “drilling mud” is pumped through the drill
string to the drill bit to lubricate the drill bit. The
drilling mud is also used to carry the cuttings produced
by the drill bit to the surface through the annulus
formed between the drill string and the borehole or
tunnel. The drilling mud contains expensive synthetic
oil~based lubricants and it 1is normal therefore to
recover the used drilling mud, but this requires the
cuttings to be removed from the drilling mud. Typically
this is achieved by processing the drilling fluid with a
vibratory screening machine (e.g. of the type disclosed
in US 5,265,730 or WO 98/16328), which separates the
cuttings from the drilling fluaid.

In the past, on o1l platforms out at sea, such
cuttings were simply thrown overboard but this practice
has been discontinued, as being environmentally damaging.
It is known to pass the recovered cuttings into a “ditch”
(i.e. a duct or channel), from which the cuttings are
removed by the application of suction from a vacuum hose,
the cuttings being transported along the vacuum hose and
deposited in a collection hopper. Such a method 1is labour
intensive, typically requiring three people to perform

the operation: one person to guide the hose along the

CONFIRMATION COPY



CA 02452045 2003-12-23

WO 03/021074 PCT/GB02/04044

10

15

20

25

30

35

- 2 -

ditch, one to monitor the collection hopper, and a third
person to clear any blockages in the hose.
Summary of the Invention

In a first aspect the invention provides an
apparatus for transporting solid waste materials, the
apparatus comprising: an upstream waste supply means;
feed means to transport waste from the waste supply means
to a pneumatic c¢onveyancing means; which pneumatic
conveyancing means comprises a tube within which waste
material is transferred from the feed means to a
downstream waste collector; wherein said tube 1is
associated with at least one blockage sensing device, and
electronic data processing means to process data output
from the blockage sensing device.

In a second aspect the invention provides an
apparatus for transporting solid waste materials, the
apparatus comprising: an upstream waste supply means;
variable rate feed means to transport waste from the
waste supply means to a pneumatic conveyancing means;
which pneumatic conveyancing means comprises a tube
within which waste is transferred from the feed means to
a downstream waste cocllector, wherein the downstream
waste collector comprises a level sensing device to sense
the amount of waste accumulated in the collector; and
electronic data processing means to process data output
from the level sensing means.

The level sensing device may  be entirely
conventional of the type known to those skilled in the
art (e.qg. an optical-type sensor, an electrical
conductivity/resistivity-type sensor or the 1like). The
level sensing device may provide a continuous
“quantitative” read-out, or may simply provide a
“qualitative” read-out (e.g. being triggered to provide a
signal when the amount of waste in the collector reaches

a predetermined level).
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The tube of the pneumatic conveyancing means may
comprise a flexible hose or if conditions allow, a solid
walled pipe. |

The apparatus 1is preferably suited to handle waste
material comprising cuttings produced in the formation of
a borehole. Most preferably, in the formation of an oil
or gas well.

Advantageously, the feed means 1is a variable rate
feed means and preferably the apparatus further comprises
control means to control the rate of the variable rate
feed means. In certain circumstances, this will be
rasponsive to the output of the blockage sensing device.

Preferably, the apparatus further comprises an
upstream hopper arranged between the upstream waste
supply means and the pneumatic conveyancying means. In
this way, the waste supply means, which generally
comprises a screw thread conveyor, can be maintained at a
constant speed, or one which is solely dependent on the
quantity of waste being discharged from the shale
shakers. It is preferable to have a conveyor arranged
beneath said hopper for feeding said pneumatic
conveyancing means, which is preferably of the screw
thread type and advantageously, controllable so as to be
able to adjust the rate at which waste 1is fed into the
pneumatic conveyancing  means and most preferably
controlled by a wvariable frequency drive means so that
the speed of rotation of a screw-threaded conveyor.

The rate at which solid waste is generated depends
upon the speed of penetration of the drill bit. This can
be highly wvariable and may often fluctuate considerably
depending on the resistance of the material being
drilled, such that if the drill bit encounters (for
example) a weaker rock stratum the rate of drill
penetration will significantly increase and there will be

a sudden surge of drill cuttings produced. The use of an
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upstream waste supply means in the form of a hopper ox
similar relatively large volume device prevents an
equivalent surge in the rate of cuttings progressing
downstream in the épparatus of the invention.

Advantageously, the apparatus further comprises at
least +two downstream waste collectors, each downstream
waste collector being provided with a level sensing
device. In this way, the apparatus may be operated
continuously if desired: a first waste collector is used
to collect the waste initially. When the level sensing
device detects that the collector is nearly full a valve
can be closed, cutting off the supply of waste to the
first collector and (typically) another valve opened so
as to direct the waste to a second waste collector. The
first waste collector may then be emptied whilst the
second collector is in use, and vice versa.

The pneumatic conveyancindg means preferably
comprises means to provide a positive pressure, such
that, in use, the positive pressuxe pushes the waste
through said tube. Although it ais most advantageous tTo
provide a negative pressure, such that, in use, the
negative pressure pulls the waste through said tube. The
means may comprises an impeller, preferably a Roots type
fan.

The preferred range of negative pressure is between
-14 to =24 inches of mercury (Hg) (-47.4 kPa to 81l.3
kPa) . A negative pressure of this magnitude is capable of
causing air to move within the pneumatic pipe or hose at
a velocity of at least 40 metres/sec, which the inventor
considers +to be the minimum velocity desirable to
transpoxrt waste of the type typically found in drill
cuttings.

The pneumatic pipe or hose will typically be of the
order of 50-100m in length and most typically about 50-
75m. A suitable pneumatic pipe will typically be formed
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from stainless steel, whereas a suitable flexible hose

will normally be formed from a synthetic plastics

material.

Preferably, the apparatus comprises an electronic
control means, such as a programmable control means
comprises a programmable logic controller (PLC) orx
personal computer (PC).

The electronic control means preferably controls the
rate of the feed means feeding waste to the pneumatic
conveyancing means, responsive to data received from the
level sensing device and/or the blockage sensing device.

For example, where the feed means comprises a Screw
thread conveyor, the speed of rotation thereof may
conveniently be determined by the control means, acting
through (for example) a variable frequency drive (VFD)
means, or an inverter.

Advantageously, the blockage sensor will
conveniently take the form of a pressure Sensoxr to
determine the pressure within the tube. Preferably, the
tube will comprises a plurality of blockage sensors,
positioned at intervals (regqular or otherwise) along said
tube.

If a blockage occurs, this causes a decrease in
pressure (i.e. greater vacuum) between the blockage and
the fan or other suction-generating means.

Data from the blockage sensing devices will indicate
to the control means the approximate Ilocation of the
blockage, and its severity. The control means may then
instigate one or more changes to the operation -of the
apparatus in order to clear the blockage.

Preferably, the electronic control means reduces the
rate of feed of waste into the pneumatic conveyancing
means, by slowing or even stopping entirely the variable
+rate feed means when a blockage is sensed by said

blockage sensor.
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Advantageously, an inlet valve is provided to allow
a flow of flushing 1liquid through said tube of said
pneumatic conveyancing means, typically the flushing
liguid is water or oil. Preferably, control means may be
provided in the form of computer control for monitoring

flushing of the pneumatic supply means.

Preferably, at least one relief valve in said tube
of said pneumatic conveyancing means.

Relief valves may be may be positioned at a
plurality of locations along the 1length of the tube
(especially just downstream of locations in a fixed pipe
where turbulent air flow may cause deposition of solid
waste - such as after a series of bends or other
irregularities). The relief valve(s) nearest to the
blockage may be opened in response to a command from the
control means and/or may open automatically should the
pressure at the site of the valve fall below a
predetermined value. Opening of the relief wvalve will
allow a sudden ingress of air into the pipe near the
blockage which may facilitate its clearance.

Whilst a greater vacuum will increase the velocity
of air within the pneumatic conveyancing means, the
reduced air density will reduce the efficiency of
transport of the solid waste. Accordingly, it is
generally desirable that the negative pressure within the
pneumatic conveyancing means should not become lower than
18 inches of mercury (Hg) (61 kPa). Accordingly it 1is
desirable that the density of waste in the apparatus
should not exceed a level which requires a greater vacuum
than -18 inches Hg (61 kPa). And the feed rate should
therefore be slow enough to comply with this parameter.
Equally however, the feed rate must be high enough to
prevent the upstream waste collector from over~filling.
Accordingly it is generally preferred to provide a level

sensing device for the upstream collector so that, if the
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collector~starts to get too full, the feed rate from the
collector to the pneumatic conveyancing means can be
increased.

The upstream waste supply means may comprise shale

S shakers.

Preferably, the firxst aspect of the invention
further comprises a level sensing- device to sense the
amount of waste accumulated in the downstream waste
collector; and electronic data processing means to

10  process data output from the level sensing means.
| The first aspect of the invention also provides a
method for transporting solid waste, comprising the steps
of supphlying solid waste material frlom an upstream waste
supply means; transporting :Was%::e from the waste supply
15 means using feed means to a pneumatic conveyancing means;
which pneumatic conveyvancing means comprises a tube
within which waste material is transferred from the feed
means to a downstream waste collector; wherein said tube
1s associated with at least one blockage sensing device,
20 and electronic data processing means to process data
output £f£rom the blockage sensing device, the mesthod
further compriéing the step of sensing a blockage with
said at least one blockage sensing device.

The second aspect of the invention also provides a

25 method for transporting solid waste, comprising the steps
of supplyving soclid waste material f£rom an upstream waste
supply means; transporting waste £rom the waste supply
means using feed means to a pneumatic conveyancing means;
which pneumatic conveyvancing msans comprisss a tube

50 within which waste 1s transferred from the feed mesans t©o
a downstream waste collector, whersein the downstream
waste cecllector comprises a level sensing device, and
electronic data processing means the method further
comprising the steps of sensing the amount of waste

35 sacoumulated in the downstream waste collsesctor with the

AMENDED SHEET
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level sensing‘ device (244, 24RB); and processing data

ocutput from the' level sensing means (24A,24B) with the

electronic data processing means.

AMENDED SHEET
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The invention will now be described by way of
example with reference to the accompanying drawings in
which Figures 1A and 1B, is a schematic representation of
an apparatus in accordance with the invention.

Figures 1A and 1B show an apparatus in accordance
with the invention which 1is suitable for processing of
waste solids such as drill cuttings which might be
produced at an oil well.

Vibratory screening machines 2A, 2B and 2C separate
solid cuttings from drilling fluid, and the cuttings are
passed to a conventional screw threaded cuttings conveyor
4. The screw threaded cuttings conveyor 4 is known as a
“"ditch”. The conveyor 4 conveys the cuttings to an
upstream hopper 6. The upstream hopper 6 is provided with
a level sensing device (“"LS”7) 8. Data from the level
sensing device is input to electronic data processing
means comprised within a programmable logic contrcller
(PLLC) (not shown), which PLC is a control means which
controls the operation of the apparatus.

Waste solids are taken from the upstream hopper 6 to
a pneumatic conveyancing means 92 by a variable rate feed
means 10, which comprises a “cuttings feed conveyor”
driven by a variable frequency drive means 12.

The pneumatic conveyancing means 9 comprises: a
pneumatic line (in the form of a pipe or hose) 14, an air
inlet 16, a Roots type blower 18, an air filter 20, and
an air outlet (not shown).

The pneumatic conveyvancing means 9 transports the
waste by suction, in the direction shown by the arrows,
along the pneumatic line to one of two downstream waste
collectors 22A and 22B (“Discharge Hopper No.l1l” and
“Discharge Hopper No. 27 respectively). Each waste
collector 223 and 22B is provided with its own level
sensing device 24A and 24B. The pneumatic line 14

comprises a respective hopper feed valve 26A and 26B for
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each collector 222 and 22B. Thus, when collector 22A is
full, feed valve 26A closes and feed vwvale 26B opens,
diverting further waste to collector 22B. Collector 22A
can be emptied (by waste outlet 28A) whilst collector 22B
i1s in use, and likewise collector 22B can be discharged
via outlet 28B whilst collector 22A is in use.

The pneumatic line 14 is provided with a plurality
of blockage sensing devices (pressure transducers “pT")
30. These detect blockages in the pneumatic line 14 by a
strengthening of the partial vacuum downstream of a
blockage. Data from the blockage sensing device 30 is
input ainto the data processing means of the PLC, which
can command: (i) alteration of the speed of the wvariable
frequency drive means 12; and/or (ii) £flushing of the
pneumatic line 14 with water or oil from a respective
water or oil inlet 32/34; and/or (iii) opening of one or
more relief wvalves (not shown) 1located along the
pneumatic line 14. If these procedures fail to clear the
blockage the control means can generate a wvisible and/or
audible alarm signal (e.g. 1in response to the pressure
falling below a certain threshold for a defined period of
time; and/or falling below a minimum desirable operating
threshold). In addition the control means can cause an
increase in the feed rate into the pneumatic conveyancing
means 1if the level sensing device 8 associated with

upstream waste collector indicates that the hopper 6 is

becoming too full.
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the apparatus comprising: an upstream waste supply means
(4) ; feed means (10) to transport waste from the waste
supply means (4) to a pneumatic conveyancing means (9);
which pneumatic conveyancing means (9) comprises a tube
(14) within which waste material is transferred from the
feed means (10) to a downstream waste collector
(22A,22B) ; wherein said tube (14) is associated with at
least one blockage sensing device (30), and electronic
data processing means to process data output from the
blockage sensing device (30).

2 . An apparatus for transporting solid waste material,
the apparatus comprising: an upstream waste supply means
(4) ; feed means (10) to transport waste from the waste
supply means (4) to a pneumatic conveyancing means (9);
which pneumatic conveyancing means (9) comprises a tube
(14) within which waste 1is transferred from the feed
means (10) to a downstream waste collector (22A,22B),
wherein the downstream waste collector comprises a level
sensing device (24A,24B) to sense the amount of waste
accumulated in the downstream waste collector (22A,22B) ;
and electronic data processing means to process data
output from the level sensing means (24A,24B).

3. An apparatus as claimed in Claim 1 or 2, whereln
said tube of said pneumatic conveyancing means (9)
comprises a flexible hose (14).

4. An apparatus as claimed in Claim 1, 2 or 3, wherein
said tube of said pneumatic conveyancing means (9)
comprises a solid walled pipe (14).

5. An apparatus as claimed in any preceding claim,
wherein said waste material comprises cuttings produced
in the formation of a borehole.

6. An apparatus as claimed in any preceding claim,

wherein said feed means (10) 1is a variable rate feed
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comprising control means to control the rate of the
variable rate feed means (12).

8. An apparatus as <claimed in any preceding claim,
further comprising an upstream hopper (6) arranged
between the upstream waste supply means (4) and the
pneumatic conveyancying means (9).

9. An apparatus as claimed in Claim 8, wherein said
feed means (10) comprises a conveyor arranged beneath
said upstream  Thopper for feeding said pneumatic
conveyancing means (9).

10. An apparatus as c¢laimed in Claim 9, wherein said
conveyor is of the screw thread type.

11l. An apparatus as c¢laimed in Claim 10, wherein the
conveyor 1is controllable so as to be able to adjust the
rate at which waste i1is fed into the pneumatic
conveyancing means.

12. An apparatus as claimed in Claim 10 and 11, wherein
the convey is provided with a variable frequency drive
means so that the speed of rotation of a screw~-threaded
conveyor can be controlled.

13. An apparatus as claimed in any preceding clain,
wherein upstream waste supply means (4) comprises a

conveyor.
14. An apparatus as claimed in Claim 13, wherein said

conveyor (4) comprises a screw thread conveyor.

15. An apparatus as claimed 1in any preceding claim,
further comprising at least +two downstream waste
collectors (22A,22B), each downstream waste collector
being provided with a level sensing device (243,24RB).

16. An apparatus as claimed 1in any preceding claim,
wherein said pneumatic conveyancing means (9) comprises
means (18) to provide a positive pressure, such that, in

use, the positive pressure pushes the waste through said
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tube (14).
17. BAn apparatus as claimed in any preceding claim,

wherein said pneumatic conveyancing means (9) comprises
means (18) to provide a negative pressure, such that, in
5 use, the negative pressure pulls the waste through said
tube (14).
18. An apparatus as claimed in Claim 17, wherein the
negative pressure is between -14 to -24 inches of mercury
(Hg) (-47.4 kPa to 81.3 kPa).
10 19. An apparatus as claimed in any of Claims 16, 17 and
18, wherein the means (18) comprises an impeller.
20. An apparatus as claimed in any of claims 16 to 19,
wherein said means (18) is of a Roots type fan.
21. An apparatus as claimed in any preceding Claim,
15 further comprising an electronic control means.
22. An apparatus as claimed in Claim 21, wherein said
programmable control means comprises a programmable logic

controller (PLC) or personal computer (PC).

23. An apparatus as claimed in Claim 21 or 22, whereiln
20 said control means controls the rate of the feed means
feeding waste to the pneumatic convevancing means (9),
responsive to data received from the level sensing device
(24A,24B) and/or the blockage sensing device (30).
24. Bn apparatus as claimed in Claim 1 or any claim
25 dependent on Claim 1, wherein said blockage sensor (30)
will conveniently take the form of a pressure sensor to
determine the pressure within the tube (14).
25. An apparatus as claimed in Claim 1 or any claim
dependent on Claim 1, wherein said tube will comprises a
30 plurality of blockage sensors (30), positioned at
intervals (regular or otherwise) along said tube.
26. An apparatus as claimed in Claim 1 or any claim
dependent thereon and Claim 21, 22 or 23, wherein, 1in
use, said the electronic control means reduces the rate

35 of feed of waste into the pneumatic conveyancing means



\ 26“02'2003 . CA 0?452045 2003—12—‘23! | l - GB0204044

L

i

- 13 -~

(3), by slowing or even st0pping”entirely the Varia.ble"
rate feed means when a ‘blockage is sensed by séid
blockage sensor (30). : :
27. An apparatus as ~claimed in any pre"ceding’ claim,
5  further comprising an inlet wvalve (32,34) (to allow a
flow of <flushing ligquid through' said tube of said
pneunatic convevancing means.
28. An zapparatﬁs as claimed in Claim 1 or any claim
dependent theréon and Claim 21, 22 or 23, further
10 comprising electronic control means for flﬁshing of the
apparatus, |
29. An apparatus as claimed in any preceding colaim,
further comprising at least one relief valve in said tube
of said pnemﬁatic conveyancing means (9). |
15 30. An apparatus as fcla.imed in any preceding claim,
whére:il’_n said upstream waste supply means “(4) comprises
- shale shakers (2A,2B,2C). |
31. An apparatus as cla;i.med in Claims 1 or any claim
dependent thereon, wherein the downstream waste collector
20 comprises a level sensing device (24@,243) to sense the
amount of waste accumulated in the downstream waste
collector (22A,22B); and electronic data processing means
to process data  cutput from the level sensing means
(242, 24B) .
25 32. A method for transporting solid waste, comprising
the steps of supplying solid waste material from an
upstream waste supply means (4); transporting waste from

.

the waste supply means (4) using feed means (10} to =z

1.0

i

TI=TOTE

s 23 %
vin which

I-{j
et

PReumatic | conveyanging means {23y ; which

o

30 convevancing means (9) comprises a tube (14) wit

3

waste material is transferred from the feed means {(10) to
a downstream waste collector (222,22R); wherein said itubs
(14) is associated with at least omne blockage sensing
device (30), and electronic data processing means to

35 process data output from the blockage sensing device

“'I

Il
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(30) , the method further compi*ising the step of s.ensing a
blockage with said at least one blockage sensing device
(30) .

33. A method for transporting scolid waste ;  comprising

- (

5 the steps of supplying solid waste material from an
uﬁstream waste supply means (4); transporting waste from

the waste supply meané | (4) using feed means (10) to a
pneumatic convevancing means (2); wﬂich pneumatic

. convevancing means {9.) comprises ‘a tube (14) within which

10 waste is transferred from the feed means (10)Y +to a
downstream waste collector (224 ,22B) , wherein - the
downstream waste collector comprises a ’leve‘l senéing
device (242,24B), and electronic data processing means

the method further comprising the steps of sénsiné’ the

15 amount of waste accumulated in the downstream waste
collector (22ZA ,22B) with the level sensing device

(24A ,24B) ; and processing data output Irom thé level
’sensinj means (241 ,24R8) with the electronic data.

processing means.
20
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