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C(57) Abstract: An apparatus and method for conveying drill cuttings, the 5 apparatus comprising a vessel (1103) for receiving drill 
Cuttings to be conveyed, a metering screw (1107) and a discharge line (1014), the metering screw (1107) for moving the drill cuttings 

from the vessel (1103) into said discharge line (1014), and at least one gas inlet 10 (1109) for providing positive pressure to facilitate 
movement of the material through the discharge line (1014) characterised in that the apparatus further comprises a pressure sensor 
(1 109c) for sensing pressure in the discharge line (1014), and control apparatus (PD) 15 for automatically controlling the metering 
screw (1107) in response to a pressure sensed by the pressure sensor apparatus.
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APPARATUS AND METHOD FOR CONVEYING DRILL CUTTINGS 

The present invention relates to an apparatus and 

method for conveying drill cuttings and particularly, but 

not exclusively, for moving wet drill cuttings produced 

5 in the construction of an oil or gas well or drying wet 

drill cuttings before the drill cuttings are moved a 

substantial distance and subsequently moving the dry 

drill cuttings.  

The following should be noted: this application is a 

10 continuation-in-part of U.S. Application Ser. Nos.  

10/392,285 filed 03/19/2003, 10/764,825 filed 01/26/2004 

and 10/875,083 filed 06/22/2004, which applications are 

incorporated fully herein for all purposes.  

In the drilling of a borehole in the construction of 

15 an oil or gas well, a drill bit is arranged on the end of 

a drill string, which is rotated to bore the borehole 

through a formation. 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 

20 to carry the cuttings produced by the drill bit and other 

solids to the surface through an annulus formed between 

the drill string and the borehole. The density of the 

drilling mud is closely controlled to inhibit the 

borehole from collapse and to ensure that drilling is 

25 carried out optimally. The density of the drilling mud 

effects the rate of penetration of the drill bit. By 

adjusting the density of the drilling mud, the rate of 

penetration changes at the possible detriment of 

collapsing the borehole. The drilling mud contains 

30 expensive synthetic oil-based lubricants and it is normal 

therefore to recover and re-use the used drilling mud, 
but this requires the solids to be removed from the 

drilling mud. This is achieved by processing the drilling
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fluid. The first part of the process is to separate the 

solids from the solids laden drilling mud. This is at 

least partly achieved with a vibratory separator, such as 

those shale shakers disclosed in US 5,265,730, WO 

5 96/33792 and WO 98/16328. Further processing equipment 

such as centrifuges and hydrocyclones may be used to 

further clean the mud of solids. The solids are covered 

in contaminates and residues.  

The resultant solids, known herein as "drill 

10 cuttings" are processed to remove substantially all of 

the residues and contaminates from the solids. The solids 

can then be disposed of in a landfill site or by dumping 

at sea in the environment from which the solids came.  

Alternatively, the solids may be used as a material in 

15 the construction industry or have other industrial uses.  

The solids are usually processed on land using methods 

disclosed, for example in our co-pending PCT Application, 

Publication No. WO 03/062591. This processing equipment 

may be arranged near to an oil or gas rig. Alternatively, 

20 the processing equipment may be situated on land away 

from a marine based oil platform or distant from a land 

based rig. Therefore, the solids have to be conveyed from 

the exit point of the shakers, centrifuges and 

hydrocyclones to the solids processing equipment. In 

25 certain prior art systems oily drill cuttings are loaded 

into vessels, skips or cuttings boxes which are lifted by 

a crane onto a supply boat. Alternatively, this may, in 

part be carried out by using a ditch provided with a 

driven screw to convey the wet solids to storage vessels.  

30 Such a system is disclosed in our co-pending PCT 

Application, Publication No. WO 03/021074. Drill cuttings 

having been processed by a shale shaker can contain 

approximately 10% to 20% moisture (oil, water) by weight,
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although this can vary significantly.  

It is now often desirable and/or legislatively 

required to transport recovered drill cuttings to a 

processing site on shore to remove substantially all of 

5 the oil and contaminates therein so that the drill 

cuttings can be disposed of or used in an environmentally 

safe and friendly way. Environmental agencies around the 

world are moving towards a "zero discharge" policy from 

offshore rigs. Continuous drilling on an offshore oil 

10 rig is common and drill cuttings are stored on the rigs 

until they can be transported by ships known as supply 

boats which collect the oily drill cuttings and take them 

to another site for further processing. There is a need 

to efficiently and effectively store the oily drill 

15 cuttings on the rig and also a need to efficiently and 

effectively store the cuttings on supply boats. The 

solids may have a fluid, such as water, added to them to 

form a slurry. The slurry may be pumped into ships, 

lorries, skips or bags to be moved to the processing 

20 site. Alternatively or additionally, the wet solids from 

the storage vessels may be moved using a compressed gas, 
as disclosed in PCT Publication No. WO 00/76889 through 

pipes.  

The prior art discloses various methods for 

25 transporting low slurry density and low particle density 

dry solids and non-continuous high slurry density 

transport of high particle density wet material using 

continuous positive pneumatic pressure. Many low density 

slurries typically have particles mixed with air with a 

30 specific gravity less than 1.0. The prior art discloses 

various methods that employ the vacuum transport of high 

particle and low particle density solids.  

Thus tackling the problem of transporting, buffering
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and storing low slurry density, high particle density 

material, and particularly, but not exclusively, oilfield 

drill cuttings or other oily/wet waste material using 

continuous positive pneumatic pressure.  

5 WO 00/76889 discloses a system for transporting 

drill cuttings in the form of a non-free flowing paste, 
the system comprising a pressure vessel having a conical 

hopper discharge portion having a cone angle sufficient 

to induce mass flow. The drill cuttings are stored on a 

10 rig and supply boat in ISO sized storage vessels which 

have a conical hopper discharge portion, such that the 

ISO sized container vessels can be discharged between 

each other on the rig and ship and between the ship and 

port. These ISO containers are very tall and the quantity 

15 of drill cuttings stored in them is limited due to the 

lower converging portion of the vessels.  

German Patent No. DE 40 10 676 discloses an 

apparatus for conveying sewage sludge or concrete. The 

apparatus comprises a pressure vessel having a feed 

20 opening and a screw conveyor therebelow. Paddles act as 

a stirrer and forcibly fill the screw conveyor through an 

opening in the pressure vessel. The sewage sludge or 

concrete is moved by the screw conveyor into a nozzle 

into which compressed air is applied to move the sewage 

25 sludge or concrete along a pipe in a continuous stream 

United Kingdom Patent No. GB-A-2,330,600 discloses a 

system for transporting oil drill cuttings from a rig to 

shore. The system comprises the steps of mixing the oily 

drill cuttings with a mud to form a slurry, storing the 

30 slurry in retention tanks on the rig and subsequently 

pumping the slurry to retention tanks on a ship for 

transportation to shore.  

WO 03/021074 discloses inter alia an apparatus for
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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 conveying means; which pneumatic conveying 

5 means comprises a tube within which waste material is 

transferred from the feed means to a downstream waste 

collector; wherein said tube is associated with at least 

one blockage sensing device, and electronic data 

processing means to process data output from the blockage 

10 sensing device.  

WO 82/03066 discloses a method for unblocking 

conveying pipes for particulate material, comprising 

feeding air to the pipe at spaced-apart positions 

therealong in order to reduce the length of the blocking 

15 material.  

In accordance with the present invention, there is 

provided an apparatus for conveying material, the 

apparatus comprising a vessel for receiving material to 

be conveyed, a metering screw and a discharge line, the 

20 metering screw for moving the material from the vessel 

into the discharge line, and at least one gas inlet for 

providing positive pressure to facilitate movement of the 

material through the discharge line characterised in that 

the apparatus further comprises a pressure sensor for 

25 sensing pressure in the discharge line, and control 

apparatus for automatically controlling the metering 

screw in response to a pressure sensed by the pressure 

sensor apparatus. Preferably, the gas inlet is provided 

with a valve to selectively allow gas into the discharge 

30 line.  

Preferably, the gas inlet is arranged in the 

discharge line. Advantageously, the gas inlet comprises 

an annular gap about the discharge pipe. Preferably, the
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gas inlet is arranged in a collar surrounding a pipe stub 

or cowl covering the metering screw through which the 

material is conveyed, an annular gap formed between the 

pipe collar and the pipe stub, the annular gap for 

5 facilitating entry of the gas into the discharge line.  

Advantageously, the apparatus further comprises a reducer 

in the discharge line having a first diameter at a first 

end and a second diameter at a second end, the diameter 

of the first reducer gradually decreasing from the first 

10 end to the second end, the first end closer to the vessel 

than the second end. Preferably, the diameter at the 

first end is substantially equal to the diameter of a 

cowling surrounding the metering screw and the diameter 

at the second end, equal to the size of a valve.  

15 Preferably, the apparatus further comprises a 

further gas inlet in the vessel for allowing gas into the 

vessel to inhibit material from being blown from the 

discharge line across the metering screw and into the 

vessel. Preferably, the further gas inlet is provided 

20 with a valve for selectively allowing gas into the 

vessel. The balancing pressure is preferably equal to the 

pressure in the box, but the balancing pressure may be 

slightly less than or greater than the pressure in the 

box.  

25 Advantageously, the apparatus further comprises an 

outlet valve for selectively opening and closing the 

discharge line. Preferably, the gas inlet is arranged 

between the metering screw and the outlet valve.  

Alternatively or additionally, a further gas inlet is 

30 arranged downstream of the outlet valve. Preferably, the 

further gas inlet is provided with a valve for 

selectively allowing gas to pass into the discharge line.  

Preferably, the gas inlet comprises at least two orifices
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and at least one valve for selecting between each of the 

at least two orifices. Advantageously, the at least two 

orifices are of different sizes. Preferably, the orifices 

may be in the form of a pipe or located in flow-lines, 

5 the flow opening area of the first line or orifice 

therein sized for facilitating the flow of wet material 

through the discharge line, and the flow opening area of 

the second line or orifice therein is sized for 

facilitating the flow of dry material through the 

10 discharge line. Advantageously, each of the at least two 

orifices are arranged in a pipe each having a valve for 

selectively allowing gas to pass through one of the at 

least two orifices. Preferably, the control apparatus 

includes selection apparatus for selecting a air to flow 

15 through one of the at least two orifices or a the other 

of the at least two orifices. The flow through one of the 

orifices induces a fast velocity at low pressure and flow 

through the other of the orifices induces slow velocity 

at high pressure. Advantageously, at least one of the at 

20 least two orifices exit directly into the discharge line.  

Preferably, both of the orifices exits directly into the 

discharge line. Advantageously, the each orifice exits 

directly into the discharge line and into an annular gap 

formed between the discharge line and a collar.  

25 Preferably, the vessel is provided with an inlet valve 

for selectively allowing material to be conveyed into the 

vessel. Advantageously, the apparatus further comprises a 

hopper arranged above the vessel for receiving material 

to be conveyed. Preferably, the apparatus further 

30 comprises a vibrating device for vibrating the hopper.  

Advantageously, the hopper is isolated from the vessel.  

Preferably, a rubber skirt, expansion or isolation joint 

is arranged between the bottom of the hopper and the
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vessel or the inlet valve to inhibit material from 

spilling over the vessel. Advantageously, the hopper has 

a gate valve to isolate material held therein from the 

vessel.  

5 Preferably, the apparatus further comprises a load 

sensor for monitoring the weight of the vessel. The load 

sensors monitor the weight of the vessel, from which the 

quantity of material therein can be calculated. The gate 

valve isolates the weight of the cuttings on the inlet 

10 valve from the vessel.  

Advantageously, a motor drives the metering screw.  

The motor may be of any suitable type including 

hydraulic, pneumatic or electric.  

Preferably, the apparatus further comprises movement 

15 apparatus having a movement member within the vessel and 

movable adjacent an opening in the vessel to facilitate 

passage of the material to the metering screw.  

Advantageously, the movement member comprises a frame 

comprising a control shaft connected to a generally 

20 circular shaped outer perimeter portion and at least one 

cross-member. Preferably, the vessel has a substantially 

planar, flat bottom. Alternatively, the vessel has two 

sides which slope toward each other. Preferably, to form 

a chisel plane type vessel.  

25 Preferably, the vessel has a conical hopper portion, 

wherein the conical hopper portion has a cone angle and 

forms a lower section of the vessel and the cone angle is 

below a critical value required to achieve mass flow of 

the drilling cuttings material.  

30 Advantageously, the pressure sensor is arranged 

close to the exit of the metering screw. Preferably, the 

pressure sensor is arranged at the at least one gas inlet 

of in the pipe leading to the at least one gas inlet. The
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sensor is arranged between the end of the metering screw 

and before the outlet valve.  

The present invention also provides a method for 

conveying drill cuttings from a vessel, the method 

5 comprising the steps of loading a vessel with drill 

cuttings, activating a metering screw to move drill 

cuttings from the vessel to a discharge line, and 

applying a gas to the drill cuttings to facilitate 

movement of the drill cuttings along the discharge line 

10 characterised in that pressure of the gas is measured in 

the discharge line in response to which the speed of 

rotation of the metering screw is adjusted. The gas is 

preferably air, although may be of any suitable type such 

as an inert gas like nitrogen. The pressure in the gas 

15 may be measured at any point along the discharge line, 
although is preferably close to the exit of the metering 

screw and preferably by the gas inlet in the discharge 

line.  

Preferably, the speed of rotation of the metering 

20 screw is increased when the pressure is below a 

predetermined pressure level. Advantageously, the speed 

of rotation of the metering screw is decreased when the 

pressure is above a predetermined pressure level.  

Preferably, the predetermined pressure level is set at a 

25 first value when conveying wet drill cuttings and the 

predetermined pressure level is set at a second value 

when conveying dry drill cuttings. The first value may be 

4 bar for conveying wet drill cuttings and the second 

value may be 1.5 bar for conveying dry drill cuttings.  

30 Preferably, the moisture sensor measures the 

moisture content of the drill cuttings which moisture 

content value is relayed to a control apparatus which 

receives the moisture content value and sets the



WO 2007/036680 PCT/GB2005/050261 

- 10

predetermined level according to whether the drill 

cuttings are dry or wet.  

Advantageously, the gas applied to the drill 

cuttings to convey the drill cuttings through the 

5 discharge line is introduced through one of at least two 

orifices, one of the orifices smaller than the other, 

such that one provides gas at a high pressure and slow 

speed and the other at low pressure and high speed. The 

gas at high speed suitable for conveying dry drill 

10 cuttings and the gas at low speed suitable for conveying 

wet drill cuttings.  

* * * 

The present invention also provides a method of 

conveying drill cuttings using a gas to convey the drill 

15 cuttings along a pipe, the method comprising the steps of 

assessing if the drill cuttings to be conveyed are dry or 

wet and activating a valve to divert the gas through an 

appropriate size orifice to provide the gas at an 

appropriate pressure and velocity.  

20 Preferably, a sensor carries out the step of 

assessing if the drill cuttings to be conveyed are wet or 

dry. Advantageously, the sensor measures the moisture 

content. Preferably, the moisture reading is compared 

with a defined moisture content loaded into a controller.  

25 Advantageously, the controller activates the valve in 

response to the reading obtained by the sensor.  

Preferably, the drill cuttings are loaded into a hopper 

above a vessel for loading the pipe, wherein the sensor 

is arranged to measure the moisture content of the drill 

30 cuttings in the hopper.  
* * * 

The present invention also provides an apparatus for 

injecting a gas into a pipe to move drill cuttings
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material therealong, the apparatus comprising a pipe with 

at least one aperture therein and a supply of gas, 

wherein the aperture circums a substantial part of the 

circumference of the pipe, and a collar about the pipe 

5 defining an annulus through which the gas passes into the 

pipe through the aperture.  

Preferably, the pipe is of circular cross-section.  

Advantageously, the pipe is of square, triangular, 

oval, rectangular, oblong, pentagonal, hexagonal or any 

10 other shape.  

* * * 

The present invention also provides an apparatus for 

conveying drill cuttings, the apparatus comprising a 

pressure vessel for holding drill cuttings, an inlet 

15 valve for selectively allowing drill cuttings into the 

pressure vessel and a screw conveyor arranged in the 

pressure vessel to selectively transfer the drill 

cuttings from the pressure vessel to a discharge line, 
the pressure vessel provided with a gas inlet to allow 

20 gas under pressure to be held in the pressure vessel 

characterised in that a reducer is arranged between the 

screw conveyor and the conveying pipe.  

25 

The discharge line may be a rigid pipe or a flexible 

30 pipe or hose, preferably between 50mm and 200mm in 

diameter, more preferably 100mm to 150mm and most 

preferably approximately 125mm in diameter.  

Preferably, the vessel is a pressure vessel.
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Advantageously, the pressure vessel has been tested to 

withstand a working pressure of at least 2 Bar, more 

preferably, at least 4 Bar and most preferably, at least 

7 Bar. Preferably, the apparatus further comprises a vent 

5 valve to prevent the vessel from being over pressurized.  

A discharge line (conveying conduit) is maintained 

substantially full thereby facilitating consistent 

feeding or dosing rates. The conveying conduit may, in 

certain aspects, be dosed with drill cuttings in such a 

10 way that the conveying conduit is full so that the drill 

cuttings move along the conveying conduit in one long 

slug. Alternatively, the drill cuttings may form a 

plurality of slugs along the conveying conduit separated 

by pockets of pneumatic fluid. This is controlled by the 

15 rate at which the drill cuttings are released or pushed 

into the conveying conduit, which is known as the "dosing 

rate". The dosing rate is dictated by, among other 

things, the consistency of the drill cuttings, the 

pneumatic pressure applied to the drill cuttings, and the 

20 diameter of the conveying conduit in order to achieve a 

predetermined conveying rate. In a preferred embodiment, 

a conveying rate of thirty metric tons of drill cuttings 

per hour are moved along from the storage vessel into the 

conveying conduit and on to a destination.  

25 The drill cuttings stored in the storage vessel may 

be dry or may be wet. Wet cuttings contain water and/or 

oil. Wet drill cuttings may be free flowing, non-free 

flowing, or pasty. Drill cuttings are often wet after 

having been processed with shale shakers. The drill 

30 cuttings may be dried by a vortex dryer, as described 

herein to produce substantially dry drill cuttings which, 

in some aspects, may be free flowing solids which abide 

by the laws of Newtonian flow.
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Advantageously, the movement apparatus further 

comprises power apparatus connected to the movement 

member for moving the movement member. Preferably, the 

second opening has a length and the movement member 

5 comprises an elongated member preferably, having a length 

substantially equal to or greater than the length of the 

second opening. Advantageously, the elongate member has 

an edge shaped for facilitating movement of the drill 

cuttings material to the second opening. Preferably, the 

10 elongate member has a leading edge, which is chamfered to 

facilitate movement of the elongate member under a pile 

of drill cuttings and an trailing edge designed to catch 

drill cuttings to move them towards the second opening, 
thus the trailing edge is preferably perpendicular to the 

15 direction of movement of the elongate member, may be 

stepped and/or may be concave advantageously a scooping 

edge for scooping the drill cuttings into the opening and 

most preferably is a sliding frame.  

Preferably, the second opening has a width and the 

20 movement member is movable back and forth across the 

width. Advantageously, the movement member comprises a 

frame having a control shaft connected to at least one 

curved outer perimeter portion. Preferably, the movement 

member comprises a frame having an outer perimeter 

25 portion generally eye-shaped. Alternatively, a rack and 

pinion system may be employed or a rotating disk having 

an arm located on the perimeter thereof to translate 

rotational motion into forwards and backwards motion, in 

a similar way to a crank in a car engine. Such a sliding 

30 member may be used in a variety of tanks, including, but 

not limited to, a mass flow hopper, core flow hopper, 
flat bottom hopper, a chisel plane flow-type tank, or a 

conical tank.
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Preferably, the movement apparatus comprises or also 

comprises an auger. The auger may form part of a screw 

conveyor and may be any form of screw, which moves drill 

cuttings. Preferably, the auger is arranged beneath the 

5 second opening. Preferably, the auger is arranged in a 

ditch. The ditch may have a cover for inhibiting ingress 

of drill cuttings into the ditch when the apparatus is 

not being used for a long period of time. The cover may 

be movable with the movement member. The cover may be 

10 perforate or imperforate. Preferably, the box is located 

at the discharge end of the auger. Advantageously, the 

apparatus further comprises a motor for rotating the 

auger. Advantageously, the apparatus further comprises 

fingers or which may be blade like located at the end of 

15 the auger for facilitating release of the drill cuttings 

from the auger and preferably facilitate breaking up 

clumps of drill cuttings. Preferably, the auger comprises 

at least one blade of constant pitch. Advantageously or 

alternatively, the auger comprises at least one blade 

20 having a variable pitch.  

Advantageously, the apparatus as claimed in any 

preceding claim, further comprising a cover to 

selectively cover the second opening. Preferably, the 

cover pneumatically seals the second opening.  

25 Advantageously, the cover is made from a screen, and thus 

allows gas to pass therethrough. Preferably, the cover is 

connected to the movement apparatus and moves therewith.  

Preferably, the apparatus further comprises a 

central stem and a plurality of fingers or bristles 

30 extending therefrom. Preferably, the stem is movable with 

a valve located in the first opening to selectively allow 

drill cuttings into the vessel.  

Preferably, the vessel has a substantially planar
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internal base. The base of the vessel may be planar 

and/or substantially horizontal. By using a non-conical 

hopper or vessel in certain embodiments in accordance 

with the present invention, bridging is inhibited and 

5 reduces as compared to bridging that can occur in certain 

conical vessels. In one aspect, the sliding member (s) 

is/are substantially flat for sliding over a planar base.  

In certain aspects the sliding member is rigid.  

Preferably the planar base is circular and is between 1.5 

10 and 4 meters in diameter, and in one particular 

embodiment is 2.7 meters in diameter. The planar base or 

the lower portion of the vessel may be provided with a 

plurality of small aeration ports to allow compressed sir 

therethrough to aerate the drill cuttings to facilitate 

15 conveying the drill cuttings through the second opening 

or into a ditch if provided.  

Advantageously, the vessel has at least one 

substantially vertical wall. Preferably, the vessel has a 

domed top. Advantageously, the vessel is generally 

20 cylindrical with a generally circular base, the second 

opening extending through the generally circular base.  

Advantageously, the first opening has a valve 

therein for controlling ingress of drill cuttings. The 

valve may be of the type disclosed in GB-A-1,539,079 or 

25 US-A-3,586,383.  

Preferably, the first opening has a non return valve 

for inhibiting drill cuttings from exiting through the 

first opening.  

Advantageously, the vessel has two sides which slope 

30 toward each other. The vessel may be of wedge, plane 

flow, transition, chisel, plane-flow, pyramid, square or 

any other suitable type.  

Preferably, the vessel has a conical hopper portion.
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Advantageously, the conical hopper portion has a cone 

angle and forms a lower section of the vessel and the 

cone angle is below a critical value required to achieve 

mass flow of the drill cuttings material.  

5 Advantageously, the vessel has a capacity of between 

0.15 cubic metres and 1 cubic meter, such that 

preferably, the apparatus is not used for storing drill 

cuttings, but is used in the continuous conveying of 

drill cuttings. The apparatus may be as small as 0.05 and 

10 0.2 cubic metre.  

Preferably, the vessel has a capacity of at least 

three cubic metres, such that preferably, this is used 

for storing drill cuttings, either on a rig, on a barge, 
boat, lorry, train or in a storage area on shore. Most 

15 preferably, the vessel is between ten and thirty cubic 

metres and even more preferably between twelve and 

sixteen cubic metres.  

Advantageously, the apparatus further comprises a 

moisture-content sensor for sensing moisture content of 

20 drill cuttings. Preferably, the apparatus further 

comprises a hopper wherein the moisture-content sensor is 

located in the hopper. Advantageously, the moisture

content sensor is located within the vessel. Preferably, 
the apparatus further comprises a controller for 

25 gathering data from the moisture-content sensor and means 

to divert the drill cuttings in response to the data.  

Preferably, the means comprises a diverter valve for 

diverting the drill cuttings. Advantageously, the means 

comprises a screw conveyor, which preferably has a motor 

30 driving the screw conveyor which can rotate the motor 

selectably in a clockwise and counter clockwise direction 

in order to reverse the conveying from a first direction 

to a second opposite direction.
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Preferably, the apparatus further comprises a 

storage vessel for storing dry drill cuttings.  

Advantageously, the apparatus further comprises a storage 

vessel for storing wet drill cuttings. Advantageously, 

5 the storage vessel for storing dry cuttings is the 

internal bulk storage vessel of a drilling rig.  

Preferably, the storage vessel for storing dry cuttings 

is the internal hold of a boat or barge. Preferably, the 

storage vessel for storing dry cuttings is a further 

10 apparatus of the invention. Advantageously, the storage 

vessel for storing wet cuttings is a further apparatus of 

the invention. Advantageously, the storage vessel in 

accordance with the present invention is fed using a blow 

tank. Alternatively, a pump, for example a positive 

15 displacement pump or a cement pump (or pumps) are used in 

addition to or in place of blow tank(s) to move the drill 

cuttings, for example from shakers or a ditch or vortex 

dryer to the storage vessels. The floor area and overall 

space around shale shakers is often limited and so the 

20 storage vessels or skips for containing the drill 

cuttings are often placed relatively far, for example a 

tens or hundreds of metres (a few hundred feet), from the 

shale shakers.  

Preferably, the apparatus is skid mounted.  

25 * * * 

The invention also provide a method for conveying 

drill cuttings, the method comprising the steps of 

loading a conveying line with drill cuttings and applying 

a positive pressure to move the cuttings therealong, 

30 characterised in that the step of loading the conveying 

line is carried out by a mechanical movement apparatus.  

The drill cuttings may be free-flowing paste or a non 

free-flowing paste, dry clumps, dry free flowing
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particles, damp, a slurry or in any other form.  

Preferably, the conveying line is provided with a 

compressed gas inlet, the method comprising the step of 

supply compressed gas through the compressed gas inlet to 

5 facilitate movement of the drill cuttings along the 

conveying line. Advantageously, the mechanical movement 

apparatus comprises an auger, the auger rotated to load 

the conveying line with drill cuttings. Preferably, the 

auger is located in a pressure vessel, the method further 

10 comprising the step of loading the pressure vessel with 

drill cuttings whereupon the auger is rotated to load the 

conveying line with drill cuttings from the pressure 

vessel. Advantageously, the step of pressurizing the 

pressure vessel to inhibit drill cuttings from passing 

15 from the auger or conveying line back into the pressure 

vessel.  

Advantageously, the pressure vessel has an inlet 

opening and a valve located in the inlet, the method 

further comprising the step of activating the valve to 

20 selectively allow drill cuttings into the pressure 

vessel.  

Preferably, the pressure vessel has an inlet opening 

and a non return valve located in the inlet, the method 

further comprising the step of allowing the drill 

25 cuttings into the pressure vessel, the gas under pressure 

and drill cuttings therein prevented from escaping 

through the non return valve.  

Preferably, the method is accomplished on a boat, or 

on an offshore drilling rig.  

30 Advantageously, all cuttings movement apparatus is 

in controlling communication with control apparatus, the 

method including controlling with the control apparatus 

the cuttings movement apparatus.
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* * * 

The invention also provides a method for storing 

drill cuttings in a storage vessel and discharging the 

drill cuttings therefrom into a pressurized conveying 

5 line, the method comprising the steps of loading the 

drill cuttings into a storage vessel, the method further 

comprising the steps of activating mechanical movement 

apparatus to move the drill cuttings toward an opening in 

the substantially in the storage vessel to facilitate 

10 discharge of the drill cuttings. Preferably, the storage 

vessel is pressurized, most preferably, with a pneumatic 

gas.  

Advantageously, the storage vessel has a 

substantially planar base, the opening located in the 

15 substantially planar base. Preferably, the mechanical 

movement apparatus comprises a wiper, the method further 

comprising the step of moving the wiper to move at least 

some of the drill cuttings toward the opening.  

Advantageously, the wiper forms part of a frame, the 

20 method comprising the step of moving the frame to move at 

least some of the drill cuttings toward the opening.  

Preferably, the wiper comprises finger or bristles to 

move at least some of the drill cuttings toward the 

opening. Advantageously, the mechanical movement 

25 apparatus further comprises a piston and cylinder, the 

method further comprising the step of activating the 

piston and cylinder to move the wiper. The piston and 

cylinder may be activated by a hydraulic or pneumatic 

supply.  

30 * * * 

Prior art methods use a cuttings dryer which, when 

coupled with a pneumatic cuttings conveying system 

reduces waste volumes and liquid content, leading to an
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overall reduction in storage volume required and 

transportation and disposal costs are also reduced. Due 

to dried cuttings tending more towards lead phase when 

using a positive pressure pneumatic conveying system, it 

5 is important in certain aspects that any change in dryer 

output is acted upon at the earliest opportunity. It is 

known to be problematic to convey a product when its 

consistency is not uniform. To have a storage tank with 

a mixture of dried cuttings and wet cuttings can require 

10 a conveying system to alternate between various modes of 

flow, between continuous and discontinuous phase flow.  

The flow regime of cuttings within a pipe does not lend 

itself to this change as wet cuttings tend towards dense 

phase with either a shearing type or plug type flow 

15 whereby the slugs of cuttings act as a pulsatile 

regular/irregular moving bed which may fill the entire 

cross section of pipe; and dried cuttings tend towards 

suspended flow. The transfer rate is required to be 

substantially reduced should this "mixture" of modes of 

20 flow transfer be required. Reduced transfer rates are 

not desirable while a vessel is alongside a rig taking on 

a load. In order to maximize transfer rates, it is 

beneficial to maintain a cuttings consistency within the 

storage vessel.  

25 The cuttings discharge from a dryer with a screen 

may be significantly altered should the screen "blind," 

hence not allowing the liquid to pass through resulting 

in a wet discharge. This is known to happen on occasions 

when a change in drilled formation results in a change of 

30 particle size generated at the drill bit.  

In certain systems in accordance with the present 

invention a wetness meter is used to continuously 

monitor dryer discharge. The wetness meter may be based
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on the Near Infrared (NIR) principle, where it is known 

that several molecular bonds absorb infrared light at 

well defined wavelengths. Common bonds are O-H in water, 

C-H in organics and oils and N-H in proteins. The light 

5 absorbance level at these specific wavelengths is 

proportional to the quantity of that constituent in the 

sample material. Infrared filters within the instrument 

sensor generate a sequence of light pulses, one of these 

pulses is selected to be at the specific absorbance 

10 wavelength for the constituent required to be measured 

while the other pulses are selected so as to determine 

the reflectance properties of the material. The light 

pulses illuminate the sample being measured with the 

reflected light being collected and focused onto a 

15 detector, the electrical signals from the detector are 

processed into a ratio to provide a value that is 

proportional to the constituent concentration - this 

being in percent or other engineering units, water 

content and oil based mud content can thereby be 

20 monitored. This technology is well defined and provides 

high accuracy and speed of response to facilitate on-line 

measurement and control of the dryer process.  

Alternative methods in accordance with the present 

invention of obtaining a "wetness" value include passing 

25 the product through an open mesh and measuring the 

pressure drop generated. A rise in pressure drop 

indicates product adhering to the mesh most likely due to 

a rise in the "wetness" value. Dielectric constant based 

instrumentation or vibratory sensitive instrumentation 

30 may also be used to monitor change in consistency.  

Use of information can minimize the "mixing" of 

cuttings with storage vessels. In one aspect a dedicated 

storage tank is used if a desired "wetness" value is
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exceeded. In one such system a bank of storage vessels 

are filled with drill cuttings of a satisfactory 

consistency and oily if the desired wetness value is 

exceeded, then the flow is diverted to a "wet" storage 

5 tank and an alarm raised such that the operator can then 

resolve the situation. In another system in accordance 

with the present invention a screw conveyor being used to 

feed the conveying system after the dryer may be 

immediately reversed in order to feed a dedicated "wet" 

10 tank. In another system in accordance with the present 

invention two dryers are used each fitted with a screen 

with a different mesh size. Should one dryer blind or 

malfunction resulting in a "wet" cuttings discharge, then 

the cuttings can be redirected by actuating an 

15 appropriate valve below the dryer feed conveyor in order 

to use the alternative dryer. In another system in 

accordance with the present invention overall height 

required is reduced through the use of screw conveyors.  

The invention also provides a method for processing 

20 drill cuttings, the method comprising obtaining drill 

cuttings from at least one of a shale shaker, 

hydrocyclone, centrifuge or drill cuttings dryer, 

measuring the moisture content of the drill cuttings to 

obtain a moisture value, comparing the moisture value to 

25 a predetermined threshold and conveying the drill 

cuttings in a dry cuttings route if the moisture value is 

below the predetermined threshold or conveying the drill 

cuttings in a wet cuttings route if the moisture value is 

above the threshold.  

30 Preferably, the dry cuttings route comprises a 

feeder apparatus and a pneumatic conveying line, the 

method further comprising the steps of loading the drill 

cuttings into the feeder apparatus, which feeder
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apparatus feeds the pneumatic conveying line with the 

drill cuttings. Advantageously, the pneumatic conveying 

line is a positive pressure pneumatic conveying line. The 

positive pneumatic pressure is applied to push the drill 

5 cuttings through the conveying line. Thus preferably, the 

pressure behind the drill cuttings is higher than the 

pressure in front of the drill cuttings in order to move 

the drill cuttings through the conveying line. The 

conveying line may be a rigid pipe or a flexible tube.  

10 Preferably, the pneumatic conveying line leads to a 

storage vessel, the method further comprising the step of 

conveying the drill cuttings through the pneumatic 

conveying line to the storage vessel. The storage vessel 

is preferably of the type disclosed and claimed herein.  

15 Advantageously, the pneumatic conveying line leads to a 

bulk storage tanks of an oil or gas rig, the method 

further comprising the step of conveying the drill 

cuttings through the pneumatic conveying line to the bulk 

storage tanks. Preferably, the pneumatic conveying line 

20 leads to a hold of an oil or gas rig, the method further 

comprising the step of conveying the drill cuttings 

through the pneumatic conveying line to the hold. The 

hold may be pressure tight and have its own positive 

pressure pneumatic conveying apparatus for removing the 

25 drill cuttings from the hold or the hold may not be 

pressure tight and may use a stand alone blow tank, 

apparatus of the invention as disclosed herein or vacuum 

apparatus, such as that manufactured and sold by The 

Fuller Company (now called FL Smidth) for sucking the 

30 drill cuttings from the hold and transferring them to 

other transportation means on the port, such as tanks or 

storage vessels on trains, barges or lorries. Preferably, 

the step of measuring the moisture content of the drill
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cuttings is carried out with a moisture sensor located in 

the feeder apparatus. Advantageously, the feeder 

apparatus comprises a hopper and a pressure vessel, the 

step of measuring the moisture content of the drill 

5 cuttings is carried out with a moisture sensor located in 

the hopper.  

Preferably, the wet cuttings route comprises a 

feeder apparatus and a pneumatic conveying line, the 

method further comprising the steps of loading the drill 

10 cuttings into the feeder apparatus, which feeder 

apparatus feeds the pneumatic conveying line with the 

drill cuttings. Advantageously, the pneumatic conveying 

line is a positive pressure pneumatic conveying line. The 

positive pneumatic pressure is applied to push the drill 

15 cuttings through the conveying line. Thus preferably, the 

pressure behind the drill cuttings is higher than the 

pressure in front of the drill cuttings in order to move 

the drill cuttings through the conveying line. The 

conveying line may be a rigid pipe or a flexible tube.  

20 Preferably, the pneumatic conveying line leads to a 

storage vessel, the method further comprising the step of 

conveying the drill cuttings through the pneumatic 

conveying line to the storage vessel. The storage vessel 

is preferably of the type disclosed and claimed herein.  

25 Advantageously, the pneumatic conveying line leads to a 

cuttings dryer for further drying, such as a vortex dryer 

or a dryer of the type disclosed in GB-A-2,297,702.  

Preferably, the drier drill cuttings are then returned in 

the method to have the moisture measured. Advantageously, 

30 if a mesh is used in the cuttings dryer, a mesh size 

different from the ones used in the apparatus from which 

the cuttings were previously processed i.e. shale shaker, 

hydrocyclone, centrifuge or drill cuttings dryer in case
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the high moisture content of the drill cuttings was 

caused by near particle blinding. Preferably, the step of 

measuring the moisture content of the drill cuttings is 

carried out with a moisture sensor located in the feeder 

5 apparatus. Advantageously, the feeder apparatus comprises 

a hopper and a pressure vessel, the step of measuring the 

moisture content of the drill cuttings is carried out 

with a moisture sensor located in the hopper.  

Advantageously, the drill cuttings from the at least 

10 one of a shale shaker, hydrocyclone, centrifuge or drill 

cuttings dryer, are feed into a feeder apparatus 

whereupon moisture content of the drill cuttings is 

measured to obtain a moisture value with a moisture 

sensor located therein, the feeder apparatus feeding the 

15 drill cuttings into a pneumatic conveying line, the 

conveying line having a diverter valve therein, the 

method further comprising the steps of diverting the 

drill cuttings using the diverter valve into a dry 

cuttings route if the moisture value is below the 

20 predetermined threshold or conveying the drill cuttings 

in a wet cuttings route if the moisture value is above 

the threshold.  

Preferably, a screw conveyor is located beneath the 

at least one of a shale shaker, hydrocyclone, centrifuge 

25 or drill cuttings dryer to receive the drill cuttings, 
the screw conveyor comprising a drive such that the screw 

conveyor is reversible to convey the drill cuttings in 

one direction for a dry cuttings route and in a second 

direction for a wet cuttings route.  

30 Advantageously, the predetermined threshold is 1%, 
3% or 5% moisture content. Moisture content is comprised 

water content and oil content. The ratio of oil to water 

on drill cuttings varies greatly, but is often found in
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the region of half water and half oil.  

The invention also provides an apparatus for 

carrying out the above method. The apparatus preferably 

comprises a moisture sensor and means for directing the 

5 drill cuttings in a wet cuttings route or a dry cuttings 

route. Advantageously, the apparatus further comprises a 

controller for obtaining data from the moisture sensor 

and comparing the data to a predetermined value and 

activating the means according to the data.  

10 * * * 

The invention also provides a method for moving 

drill cuttings, the method comprising the steps of 

loading a conduit with drill cuttings, applying positive 

pneumatic pressure to the drill cuttings to push the 

15 drill cuttings through the conduit characterised in that 

the positive pressure is applied through inlets at spaced 

apart intervals along the conduit for facilitating 

movement of drill cuttings therethrough.  

Preferably, the pneumatic pressure in the conduit is 

20 measured at spaced intervals therealong, the pressure 

measurements reported to a controller, the controller 

controlling the application of pneumatic pressure through 

said inlets at spaced apart intervals along the conduit.  

Advantageously, the controller switches each inlet at 

25 spaced apart intervals on or off in response to the 

pressure measurements. Preferably, the pressure applied 

at each subsequent inlet is less than the pressure of the 

previous inlet. Advantageously, the tubes to the inlets 

at spaced apart intervals along the conduit, wherein the 

30 tubes comprise non-return valves to inhibit ingress of 

drill cuttings into the inlets.  

Preferably, the pressure to each inlet at spaced 

apart intervals is variable, the pressure applied thereto
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varied in accordance with the pneumatic pressure in the 

conduit is measured at spaced intervals.  

Advantageously, the pressure to each inlet at spaced 

apart intervals is fixed. For example, the pressure at 

5 the first inlet is 4 bar, 3.5 at the second inlet, 3 bar 

at the third inlet, 2.5 bar at the fourth inlet, 2 bar at 

the fifth inlet and 1.5 bar at the sixth inlet. Each 

inlet may be spaced at a fixed distance along the 

conduit, for example every 25m. The distance may decrease 

10 to for example every ten metres across a bend in the 

conduit. The inlet may be placed at the elbow of the 

conduit.  

The invention also provides a feeding apparatus for 

loading drill cuttings into a positive pressure conduit 

15 comprising a pressure vessel, an inlet, a valve for 

selectively allowing drill cuttings into the pressure 

vessel and an outlet leading into a conduit, the outlet 

comprising a bend therein beneath the pressure vessel 

characterised in that the bend has a compressed air inlet 

20 in the bend for supplying a positive pressure to push the 

drill cuttings therethrough. Preferably, the inlet is 

directed horizontally, advantageously in line with the 

conduit. Preferably, a further valve is located between 

the pressure vessel and the outlet. Advantageously, the 

25 outlet converges through the bend, for example a circular 

cross-section outlet converges from 150mm to 125mm 

diameter.  

30
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For a better understanding of the present invention, 

reference will now be made, by way of example, to the 

accompanying drawings, in which: 

Figure 1 is a schematic representation showing a 

5 drilling rig provided with a system incorporating a 

dosing apparatus and storage vessels in accordance with 

the present invention; 

Figure 2 is a side view partially in cross-section 

of a dosing apparatus of the system shown in Figure 1; 

10 Figure 2A is a schematic view of an alternative part 

of a dosing apparatus or storage vessel disclosed herein; 

Figure 3 is an end view of part of the dosing 

apparatus shown in Figure 2; 

Figure 4 is a schematic side view of part of the 

15 dosing apparatus shown in Figure 2, with some hidden 

parts shown; 

Figure 5 is a schematic view in cross-section of a 

storage vessel of the system shown in Figure 1, the 

storage vessel having drill cuttings stored therein; 

20 Figure 6 is a view in cross-section taken along line 

6-6 of Figure 5, with parts omitted for clarity; 

Figure 7 is a view in cross-section of an 

alternative part for the dosing apparatus shown in Figure 

2 or for the storage vessel shown in Figure 5; 

25 Figure 7A illustrates the shape of a cross-sectional 

view of part of the part shown in Figure 7; 

Figure 7B to 7D illustrate alternative shapes to the 

shape shown in Figure 7; 

Figure 8 is a view in cross-section of an 

30 alternative part of the dosing apparatus shown in Figure 

2 or storage vessel shown in Figure 5; 

Figure 9 is a schematic view of part of a system in 

accordance with the present invention;



WO 2007/036680 PCT/GB2005/050261 

- 29

Figure 10A is a schematic view of a dosing apparatus 

in accordance with the present invention; 

Figure 10B is a schematic view of a dosing apparatus 

in accordance with the present invention; and 

5 Figure 10C is a schematic view of a dosing apparatus 

in accordance with the present invention.  

Referring to Figure 1, drill cuttings material in a 

slurry produced from drilling a well is feed to a bank of 

shale shakers 1002 situated on a drilling rig DRG. The 

10 shale shakers 1002 separate the fluid in the slurry from 

drill cuttings which fall into a ditch 1003. Optionally, 

the ditch 1003 has an auger or other conveyor (not shown) 

running therealong to move the material to a distal end 

of the ditch 1003. The wet drill cuttings material falls 

15 directly into a vibrating hopper 1015 of a dosing 

apparatus 1000. The dosing apparatus 1000 feeds a 

pneumatic conveying line 1006 through which the material 

is blown by compressed air provided by a compressed air 

supply 1008. The pneumatic conveying line 1006 leads to a 

20 bank 1007 of storage vessels 1019. In one aspect the 

dosing apparatus 1000 includes components as described 

with reference to Figure 2 and the storage vessel 

described with reference to Figure 5 below.  

Alternatively, the drill cuttings material is re-injected 

25 directly in to a well (CRI) from the dosing apparatus or 

from the bank 1007 of storage vessels 1019. The drill 

cuttings material is kept in the storage vessels 1019, 
which act as a buffer storage, until a supply boat SBT 

arrives and is ready to receive the drill cuttings 

30 material. A flexible pneumatic line 1009 is attached to 

the bank 1007 of storage vessels 1019 and to a bank 1010 

of storage vessels 1013 on the supply boat SBT.  

Optionally, a screw or other conveyor associated with the
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storage vessels 1019 doses the flexible pneumatic line 

1009 with drill cuttings material. Positive pneumatic 

pressure (supplied, for example by a rig pressure system 

or a dedicated pressure system) in the flexible pneumatic 

5 line 1009 blows the drill cuttings material into a 

further storage vessel 1010 of the bank of storage 

vessels 1013 on the supply boat SBT.  

The supply boat SBT then transports the bank 1010 of 

storage vessels 1013 to another location, such as a 

10 harbour. The storage vessels 1013 may be lifted off the 

supply boat SBT and placed on train cars, flat bed trucks 

or lorries, or directly into a processing plant.  

Alternatively, further storage vessels (not shown) are 

located on shore and the drill cuttings are discharged 

15 from the bank 1013 of storage vessel on the supply boat 

SBT to the storage vessels located on shore, in any way 

as described above herein in relation to moving cuttings 

from an offshore rig to a supply boat. Any control 

system or apparatus described herein may be used with the 

20 vessels, apparatuses, and systems in accordance with the 

present invention.  

Referring to Figures 2 to 4, in one aspect the 

dosing apparatus 1000 has a valve 1101, which may be a 

spherical dome valve with an inflatable seal supplied by 

25 Roto Disc Co. or of the type disclosed in GB A 1,539,079, 

arranged between the hopper 1015 and a chisel plane 

pressure vessel 1103 having for example, a capacity of 

approximately 0.33 cubic meters, although the capacity 

may typically be between 0.1 and 1 cubic meter. Vibrator 

30 apparatus 1015a selectively vibrates the hopper 1015, 

which inter alia inhibits bridging of the drill cuttings 

material about or across an opening at the lower end of 

the hopper 1015. The vessel 1103 is a chisel plane type
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vessel having two converging walls 1104 and 1105. An air 

inlet 1106 is arranged in an upper part of a wall of the 

vessel 1103 for selectively receiving air under pressure 

through a conduit 1106a from an air inlet AI. The air 

5 under pressure may be obtained from a compressor (not 

shown). A screw feeder or metering screw 1107 is 

arranged at the bottom of the converging sides 1104 and 

1105 in a housing 1102 integral therewith, which leads 

into a reducer 1108. The reducer 1108 is provided with 

10 an air inlet 1109 in an outer wall 1110. Valve apparatus 

1124a selectively controls air flow through the inlet 

1109. The air inlet 1106 facilitates pressure 

equalization across the screw when pressure is generated 

within the transfer line by the conveying air through the 

15 valve 1124a.  

The air inlet 1109 is in fluid communication with an 

annulus 1111 formed by a flanged pipe stub 1112 and the 

outer wall 1110. The flanged pipe stub 1112 has, in 

certain aspects, an inner diameter substantially equal to 

20 the inner diameter of the housing 1102 for the screw 

1107, which, in one particular aspect, is about 30cm 

(twelve inches). The annulus 1111 has an annular opening 

1113 formed by the end of the pipe stub 1112 and a 

converging wall 1113a of the reducer 1108. A valve 1114 

25 at the converged end of the converging wall 1113a is an 

on/off isolation valve. The inner diameter of the 

converged end of the converging wall 1113a, in certain 

aspects, is 20cm (eight inches) in diameter.  

A further air inlet 1115 is provided in an outer 

30 wall 1116 having a substantially concentric flanged pipe 

stub 1117 forming an annulus 1118 therebetween. Valve 

apparatus 1124b controls air flow in a conduit 1115a and 

through the inlet 1115. The flanged pipe stub 1117 has
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an inner diameter substantially equal to the inner 

diameter of the converged end of the converging wall 

1113. The annulus 1118 has an annular opening 1119 

formed by a converged end of the pipe stub 1117 and a 

5 converging part 1120 of outer wall 1116. The inner 

diameter of the end of the converged outer wall, in 

certain aspects, is 125cm (five inches), which is 

connected to a conveying line 1014 which has, in one 

particular aspect, an internal diameter of 125mm (5 

10 inches) and may be a hose or rigid pipe. The conveying 

line 1014 may be in communication with storage apparatus 

and/or additional flow conduit(s).  

In use, drill cuttings material from the ditch 1003 

fall into the hopper 1015. Valve 1114 is closed and the 

15 inlet valve 1101 is opened. The drill cuttings material 

falls from the vibrating hopper 1015 into the vessel 

1103. Inlet valve 1101 is then closed after a 

predetermined time or when the weight of the vessel 1103 

has increased to a predetermined weight or when the 

20 height of the wet drill cuttings in the hopper 1015 has 

decreased by a predetermined amount, which, in one aspect 

is measured by a measuring device, for example an 

ultrasonic device, a radar device, or laser measuring 

device LM (shown schematically) , which continually 

25 monitors the height of the wet drill cuttings in the 

hopper 1015.  

The vessel 1103, in one aspect, now contains 

approximately 0.33 cubic meters of wet drill cuttings.  

Air enters the inlet 1106 and inlet 1109 from conduits 

30 1106a, 1106b and 1128. A valve 1106c controls flow to 

the air inlet 1106. The screw 1107 is then rotated by 

activating a motor 1122 through a gear box 1123. Valve 

1114 is opened and air inlet 1115 at an end of the
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conduit 1115a is closed. Drill cuttings material is then 

dosed by the screw 1107 into the reducer 1108 and blown 

through the valve 1114 and into the conveying line 1014 

by positive pressure applied through inlet 1109. A 

5 pressure monitoring device 1109c monitors the pressure at 

the inlet 1109. A pressure monitoring device 1115c 

monitors pressure at the inlet 1115. A control system PD 

(shown schematically; in communication with the pressure 

sensors) , in one aspect, maintains the pressure at the 

10 inlet 1109, in one aspect at between 3.5 to 4 bar by 

altering the speed of rotation of the screw 1107 for 

conveying drill cuttings material. If the pressure 

reading is too high, the speed of rotation of the screw 

1107 will be decreased; if the pressure is too low, the 

15 speed of rotation of the screw 1107 will be increased.  

The drill cuttings material is conveyed along a conveying 

line (discharge pipework) 1014 in slugs by the screw 

1107. In one aspect, slugs are between 0.5m and 10m 

long. In certain aspects, one lug equal to the entire 

20 content of the vessel 1103 is discharged, alternatively, 
the entire contents of the vessel 1103 is discharged in 

several discrete slugs or up to fifty slugs. The 

formation of slugs may simply be due to air under 

pressure forming pockets between the material to form 

25 slugs, which may happen randomly, such that fifty slugs 

may form or only five slugs may form. This may, at least 

in part, be dictated by the consistency of the drill 

cuttings, which may vary considerably from relatively dry 

metal cuttings through to wet earth, sticky clays and 

30 slurries. Once the vessel is empty, which is known by a 

monitoring the pressure at the sensor 1109a or waiting a 

predetermined time period, or by measuring a 

predetermined decrease in weight of the vessel 1103,
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valve 1114 is closed, the air supply through inlets 1106 

and 1109 is stopped, and the air is diverted through the 

inlet 1115 to maintain pressure in the conveying line 

1014 and/or to assist in moving any still-remaining 

5 material into and down the line 1014. Air pressure in 

the vessel 1103 is allowed to vent to atmospheric 

pressure through a line 1125 by activation of a valve 

1126. The inlet valve 1101 is opened allowing more drill 

cuttings material to fall into the pressure vessel 1103 

10 and the cycle is repeated.  

The vessel 1103 is weighed using load cells 1127 and 

1128 located under lugs 1129 and 1130, which support the 

entire weight of the vessel 1103. The vibrating hopper 

1015 is supported by a frame 1131, which is supported by 

15 a further frame 1132 mounted on a skid 1133. An 

expansion or isolation joint (not shown) or a rubber 

skirt 1134 is arranged between the vibrating hopper 1015 

and the inlet valve 1101, which isolates the vibrating 

hopper 1015 from the vessel 1103. A valve 1135 (for 

20 example a gate valve or slider valve) is located at the 

bottom of the hopper 1015 and above the rubber skirt 1134 

to isolate the weight of cuttings in the hopper 1015 from 

the vessel 1103. The valve 1135 is closed after a 

predetermined time period, and a measurement is taken by 

25 the load cell 1127, which is indicative of how full or 

empty the vessel 1103 is. The valve 1135 is then opened.  

The inlet valve 1101 is fully open during a fill cycle 

and is closed whilst dosing the conveying line 1014. A 

further load cell 1136 is located between the hopper and 

30 the further frame 1132 so that the weight of cuttings in 

the hopper 1015 can be monitored to ensure that the 

hopper 1015 is not overfilled.  

In one aspect, the conveying line 1014 leads to an
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inlet of the storage vessels 1019. The storage vessels 

are arranged on the offshore rig or if it is a land based 

rig, near the rig, for example within 300 meters although 

may be up to three or four kilometres away.  

5 Figure 2A shows an alternative part for a part of 

the dosing vessel shown in Figure 2. It should be noted 

that the part shown in Figure 2A may be used solely in 

flow line 1109a or in any one or more or all flow lines 

1109a, 106b, 1115 carrying compressed air to drill 

10 cuttings to be conveyed through conveying conduit 1014.  

It should also be noted that the part shown in Figure 2A 

may be used in any or all of the flow lines 1218, 1206, 
1225 of the storage vessel shown in Figure 5. To 

accommodate both wet and dry cuttings and to provide 

15 adjustment for different cuttings, the position of 

selectively operable valves 1151 and 1152 determines 

whether air from the line 1109a flows through an orifice 

1153 or through an orifice 1154. The open area of the 

orifice 1153 is greater than the open area of the orifice 

20 1154. When the system is processing dry cuttings, i.e. , 

when greater air velocity is needed to maintain material 

in suspension in an air flow, the valve 1152 is closed 

and air flows through the line 1150, through the open 

valve 1151, through the orifice 1153 and to the inlet 

25 1109 so that an appropriate air flow to move dry material 

is achieved (for example at between a pressure of 1 to 

1.5 bar). When the system is processing wet cuttings, 
i.e. when lesser air velocity is needed to achieve solids 

accumulation and flow in the exit lines, the valve 1151 

30 is closed and air flows through the line 1109a, through 

the open valve 1152, through the orifice 1154, and to the 

inlet 1109 so that an appropriate air flow for wet 

material is achieved (for example at a pressure of about
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4 bar) . The orifices 1153 and 1154 are shown to merge 

into one line before entering the annulus 1111 (see 

Figure 2) . However, the orifices 1153 and 1154 may be 

arranged directly in the outer wall 1110 of the reducer 

5 1108, such that air under pressure passes directly from 

the orifice 1153 and/or 1154 into the annulus 1111 and/or 

into the reducer 1108. The system as shown in Figure 2A 

may be used in the dosing apparatus shown in Figure 2 

(and in other systems described below) and, as shown in 

10 Figure 2A, the line 1115a and its associated apparatus, 
valve, inlet, etc. is optional for systems in accordance 

with the present invention. In one particular aspect, to 

convey material through the system, the valves 1101, 

1126, and 1124b are closed; the valves 1124a and 1106c 

15 are open (to equalize pressure across the screw 1107) ; 

and the screw 1107 is turned at a selected speed (for 

example appropriate for wet cuttings or dried cuttings) 

to move cuttings material to the reducer 1108. The 

control system PD which may be connected to each sensor, 
20 operable apparatus, motor, and item in the system (which 

may be a PID control system or a PLC system) is 

programmed to handle wet or dry cuttings and to control 

all valves, including the valves 1151, 1152 when present.  

In one aspect, following the fill sequence a convey 

25 sequence is initialized whereby inlet valve 1101, vent 

valve 1126 and the flush air valve 1124b are closed, 

outlet valve 1114, conveying air valve 1124a and pressure 

equalization valve 1106 are opened. This facilitates air 

flow from the compressor through the discharge pipework 

30 1014. The pressure attained by this air is a function of 

the pipe length, configuration, bore, internal surface 

finish and air flowrate. An orifice 1154 is sized such 

that the volummetric flow rate of air is such that a
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predetermined air velocity is achieved suitable for the 

transfer of drill cuttings. Typically this velocity 

would be around 20 meters per second for dried drill 

cutting i.e. powder/granular composition whereby the mode 

5 of transfer within the line 1014 is termed dilute phase.  

Dilute phase transfer is such that the material is 

transferred through the pipe at a velocity above that of 

the saltation velocity of the material. Air velocity at 

around 10 meters per second is utilized when transferring 

10 drill cuttings as taken direct from a shale shaker, from 

the shale shaker the drill cuttings will have a drill mud 

constituent thus resulting in a cohesive agglomerative 

substance for which the optimal transfer regime within 

the line 1014 is known to be dense phase. Dense phase 

15 describes the flow of material through the pipe as being 

set off in waves/slugs. Dilute phase transfer may be 

achieved at a lower pressure, in one aspect, around 1.5 

Bar compared to dense phase which, in one aspect, 

utilizes 4 Bar. As such the appropriate pressure setting 

20 is generated by the air conveyor by introducing material 

into the line 1014 at the appropriate rate. The cuttings 

are carried/suspended in the airflow thus conveying in a 

uniformly dispersed phase during lean phase transfer.  

During dense phase the cuttings create a bed on the 

25 bottom of the pipe and as further material is added into 

the pipe a critical volume occurs whereby the cuttings 

spontaneously create a moving layer or wave slug or 

discrete slug of cuttings. On startup the compressed air 

flows through the conveying air valve 1124 and, in one 

30 aspect, a pressure drop across the transfer line 1014 of 

around 0.3 Bar is achieved, i.e. this is the pressure 

generated by the compressor to facilitate the appropriate 

flow rate of air through the pipe. The metering screw
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1107 is then rotated in order to feed the cuttings into 

the transfer line 1014; the addition of cuttings into 

this transfer line then generates a back pressure which 

the control system can use as the basis for determining 

5 the rotational speed of the metering screw 1107. In one 

aspect the PLC based control system utilizes a standard 

PID (proportional integral and derivative) control loop 

based on a set point of either 1.5 Bar or 4 Bar depending 

on the cuttings being transported. As the pressure 

10 equalization valve 1106 is open, this facilitates any 

pressure generated at the transfer line 1014 to be 

equalized into the hopper 1103 which nullifies any 

adverse pressure gradient that may effect the performance 

of the metering screw 1107. An orifice is located within 

15 the pipe connection 1106 in order that the air flow into 

the hopper 1103 is minimized. This conveying cycle may 

be terminated manually, automatically via a timer, via a 

loss in weight system or alternatively based upon 

pressure feedback; i.e., it is understood that if the air 

20 pressure generated at line 1014 approaches that of the 

empty line pressure drop and the metering screw 1107 is 

rotating over a period, then it is known that the hopper 

1103 is then empty and thus the transfer cycle should be 

stopped. In one aspect, the convey stop procedure 

25 includes: closing of the pressure equalization valve 

1106c, the conveying air valve 1124a and outlet valve 

1114; opening of the flush air valve 1124b to further 

purge the transfer line 1014 until the pressure drop 

achieved approaches that of an empty pipe for a nominal 

30 time period of around one minute. At the same time as 

the flush air valve 1124b is opened, the vent valve 1126 

is opened in order to ensure that no pressure is 

contained within hopper 1103. Following this, the inlet
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valve 1101 is opened in order to accept into hopper 1103 

a new charge of cuttings from hopper 1015. In this 

state, the vibratory motor 1105a is activated in order to 

assist the transfer of charge.  

5 In certain particular aspects the valves 1124a and 

1124b may be standard butterfly valves.  

Referring to Figures 5 and 6, the storage vessels 

1019 include a generally cylindrical vessel 1202 of 

circular cross section. The vessel, in one aspect, has 

10 an internal capacity of approximately 13.5 cubic meters.  

The vessel 1202 has a substantially circular planar base 

1203 and a domed cap 1204. The planar base 1203 and the 

domed cap 1204 may be formed integrally or be welded to 

the wall of the vessel 1202. The vessel 1202 may be made 

15 of steel of the type defined by British Standard 1501 224 

49B and is designed, in certain aspects, to withstand a 

working pressure of between 1 and 20 Bar, preferably 7 

Bar. The domed cap 1204 has an air inlet 1205, having a 

52mm (two inch) diameter air supply hose 1206 attached 

20 thereto. The domed cap 1204 is also provided with a 

cuttings inlet pipe 1207 provided with a valve 1208, such 

as a flap valve or butterfly valve which may be operable 

remotely using a stepper motor. The cuttings inlet 1201 

has, in certain aspects, an internal diameter of 125mm (5 

25 inches). The planar base 1203 has a generally 

rectangular opening 1209 arranged along the diameter of 

the planar base 1204. A tube 1210 has a rectangular 

opening corresponding to and fixed to the perimeter of 

the opening 1209 in the planar base 1204 to form a 

30 pressure tight seal. The tube 1210 may be welded or 

otherwise formed with the planar base 1203. The tube 

1210 houses a screw conveyor 1211 driven by a variable 

speed hydraulic motor 1212 through a gear box 1213. The
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motor 1212 may alternatively be electric, petrol, 

pneumatic or otherwise powered motor.  

The screw conveyor 1211 is, in certain aspects, a 

ribbon screw having no shaft or, as shown in Figure 5, is 

5 a shaft 1214 and a helical blade 1215. The helical blade 

1215, in one aspect, has a diameter of between 150mm and 

600mm (6 and 24 inches), and may have a diameter of about 

300mm (twelve inches) . The pitch of the screw may be 

constant or may reduce in pitch away from the discharge 

10 end. The shaft 1214 has a first end coupled to the 

variable speed hydraulic motor 1212 and a second end 

rotatably arranged in a bearing (not shown) in a 

discharge end of the tube 1210. The helical blade 1215 

extends along substantially the entire diameter of the 

15 planar base 1203 and extends into a portion of a flanged 

pipe stub 1216. A discharge set up is very similar to 

the arrangement for the dosing apparatus 1000 in that it 

has a reducer 1217 provided with a air inlet 1218 in an 

outer wall 1219. The air inlet 1218 is in fluid 

20 communication with an annulus 1220 formed by the flanged 

pipe stub 1216 and the outer wall 1219. The flanged pipe 

stub 1216 has, in one aspect, an inner diameter 

substantially equal to the inner diameter of the tube 

1210 for the screw 1211, which is about 30cm (twelve 

25 inches). The annulus 1220 has an opening 1221 formed by 

the end of the pipe stub 1216 and a converging wall 1222 

of the reducer 1217. A valve 1223 is located at the 

converged end of the converging wall 1222. The inner 

diameter of the converged end of the converging wall 

30 1222, in one aspect, is 20cm (eight inches) in diameter.  

An air inlet 1225 is provided in an outer wall 1226 

having a substantially concentric flanged pipe stub 1227 

forming an annulus 1228 therebetween. The flanged pipe
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stub 1227 has, in one aspect, an inner diameter 

substantially equal to the inner diameter of the 

converged end of the converging wall 1222. The annulus 

1228 has an opening 1229 formed by a converged end of the 

5 pipe stub 1227 and a converging part 1230 of outer wall 

1226. The inner diameter of the end of the converged 

outer wall, in one aspect, is 125cm (five inches) which 

is connected to a conveying line which has an internal 

diameter of 125mm (5 inches) and may be a hose or rigid 

10 pipe. The cuttings outlet 1231 has an internal diameter 

of 125mm (5 inches) and is attached to a cuttings 

conveying line (not shown) of the same internal diameter, 

which may be a flexible hose or a rigid pipe. A valve 

apparatus 1250 controls flow to the inlet 1218 and a 

15 valve apparatus 1251 controls flow to the inlet 1225.  

This system can operate as a system utilizing the 

apparatuses in Figure 2 and in Figure 2A and these valves 

can act as do the valves 1124a, b, Figure 2.  

A sliding frame 1232 is arranged inside the vessel 

20 1202 on the planar base 1203 about opening 1209. The 

sliding frame 1232 has two symmetrical curved members 

1233 and 1234 forming an eye shape which is has a central 

member 1235 passing through the center of the planar base 

1203 and arranged perpendicular to the opening 1209 and 

25 in line with a hydraulically actuated piston and cylinder 

1236 is joined at one end to the wall or planar base 1203 

of the vessel 1202 and the other to the center of the 

central member 1235 of the sliding frame 1232, to induce 

movement of the sliding frame 1232 over the planar base 

30 1203 backwards and forwards as indicated by the arrow 

within the confines of the vessel 1202. The curvature of 

the two symmetrical curved members 1233 and 1234 is the 

same or slightly less than the curvature of the perimeter
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of the planar base 1203. The outer edges 1237a and 1237b 

of the two symmetrical curved sections 1233 and 1234 are 

chamfered, whereas the internal edges 1238 and 1239 

facing the opening 1209 are at right angles to the plane 

5 of the planar base 1203. The curved members 1233 and 

1234 have flat bottoms. The angle of the chamfer is, in 

certain aspects, between 45 and 20 degrees from the flat 

bottom.  

The curved members 1233 and 1234 may have various 

10 profiles to accomplish the function of sliding underneath 

the drill cuttings when moving away from the opening 1209 

and acting as a scoop to scoop the drill cuttings into 

the opening 209 for discharge.  

The storage vessel 1019 is, optionally, attached to 

15 a skid 1240 to facilitate transport of the storage vessel 

on trucks, lorries, supply boats, train cars and on 

offshore and onshore rigs. The height of the storage 

vessel when mounted on the skid is, in one aspect, 3.26m, 

the length of the skid is 3.95m and the width of the skid 

20 is 2.9m.  

A pressure relief valve 1241 is provided in the 

pressure vessel 1202, which is set to between 10% and 20% 

above the normal working pressure of up to 7 Bar. A 

hatch (not shown) is also provided in the wall of the 

25 pressure vessel 1202 to allow access for inspection, 

servicing and cleaning.  

In use, the storage vessel 1019 is vented to 

atmosphere, either using a valve or by disconnecting the 

air supply line 1206 from the air inlet 1205. Doses of 

30 drill cuttings enter the storage vessel 1019 through the 

feed line 1014 from the apparatus 1000 and gradually fill 

the storage vessel 1019. The storage vessel 1019 can 

store up to preferably, twelve cubic meters of drill
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cuttings, but may be sized to store between five and 20 

cubic meters. Vessel capacity is indicated via load 

cells to determine mass capacity or a level sensor is 

used to do this. Once the storage tank 1019 is full or 

5 near full, a valve (not shown) in the feed line is 

operated to divert the doses of drill cuttings to another 

storage vessel, like the vessel 1010. Alternatively, the 

feed line is disconnected from cuttings inlet 1201 and 

connected to the cuttings inlet on a further storage 

10 vessel 1019.  

At a convenient time when the supply boat or vehicle 

to transport the drill cuttings is in close proximity to 

the bank 1010 of storage vessels 1019, for example when 

the supply boat is moored to or within three or four 

15 hundred meters of the offshore rig, one end of a flexible 

hose 1009 is connected to one of the storage vessels 

1019. The other end of the flexible hose is connected to 

at least one storage vessel 1013 in a bank 1010 of 

storage vessels 1013 on the supply ship. The storage 

20 vessels 1013 are, in one aspect, of the type described 

with reference to Figures 28 and 29 herein. Floatation 

collars FC may be provided on the flexible hose to 

inhibit the hose from sinking into the sea. Air enters 

the inlet 1205 in the pressure vessel 1202 and through 

25 inlet 1218 to equalize the pressure across the screw 

1211. Valve 1223 is opened and air inlet 1225 is closed.  

The screw 1211 is then rotated by activating motor 1212 

through gear box 213. The drill cuttings 1249 are dosed 

by the screw 1211 into reducer 1217 and blown through the 

30 valve 1223 and into conveying line 1009. A pressure 

monitoring device 1250 monitors the pressure at the inlet 

1218. In one aspect, a PID control system maintains the 

pressure at the inlet 1218 at between 3.5 to 4 bar (dense
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phase) or to 1/5 bar (lean phase) by altering the speed 

of rotation of the screw 1211 for conveying the drill 

cuttings material. If the pressure reading is too high, 

the speed of rotation of the screw 1211 will be 

5 decreased; if the pressure is too low, the speed of 

rotation of the screw 1211 will be increased. The drill 

cuttings are conveyed along the conveying line 1009 in 

slugs. In certain aspects, the slugs will be between 

0.5m and 10m long. The hydraulic piston and cylinder 

10 1236 is activated to move the sliding frame 1232 

backwards and forwards to facilitate movement of the 

drill cuttings into opening 1209. The chamfered edges on 

the sides of the members 1236, 1237 of the sliding frame 

1232 ensure that upon movement away from the opening 1209 

15 the components of the sliding frame slide under the drill 

cuttings and upon movement towards the opening 1209, the 

opposed right angle or scoop profile surfaces pull the 

drill cuttings towards the opening 1209. The drill 

cuttings move through opening 1209 into the screw 

20 conveyor. Thus the first drill cuttings to enter the 

pressure vessel 1202, are the first drill cuttings to be 

removed from the pressure vessel 1202. Once the storage 

vessel 1200 is empty valve 1223 is closed, the 

pressurized air supply through inlets 1205 and 1218 is 

25 stopped and the pressurized air is diverted through inlet 

1225 to maintain pressure in the conveying line 1009.  

Air pressure in the pressure vessel 1202 is allowed to 

vent to atmospheric pressure through vent 1241 or by a 

diverter valve (not shown).  

30 In one aspect, the pressurized air supply on a rig 

is set at 7 bar.  

Figure 7 shows an alternative form of reducer 1308 

to the reducers described above. Reducer 1308 has a
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lower wall collinear with the lower part of the outer 

wall 1310 and a portion which slopes from the top of the 

outer wall 1310 to the top of the valve 1314, such that 

the center of the valve 1314 is off center from the axis 

5 of the screw 1307. The opening to the screw 1307 may be 

circular (see Figure 7D) , oval, square (see Figure 7A) , 
rectangular (see Figure 7B) or any polygon shape (for 

example see Figure 7C) and the reducer may reduce to a 

smaller opening which may also be circular, oval, square 

10 or any polygon shape the diameter of the valve 1314. The 

floor of the reducer 1308 is substantially horizontal, 
which facilitates the conveying of liquid along the 

conveying line. Like numerals in Figures 5 and 6 

indicate like parts as in Figure 2. Preferably, the 

15 reducer 1308 is provided with an inlet having two 

differently sized orifices: one small orifice for high 

pressure, low speed transfer of wet, conglomerated drill 

cuttings; and a large diameter orifice for low pressure, 
high speed transfer of dry drill cuttings, such as the 

20 arrangement shown in Figure 2A.  

Figure 8 shows an alternative position for a valve 

1314a (like the valve 1314, Figure 7). The valve 1314a 

is located at the exit of the screw, which may be 

substantially the same diameter as the screw 1107 and the 

25 reducer 1108 may be located external the valve 1314a.  

Optionally, there is a gap 1307a between the conveyor and 

the valve 1314a.  

In one aspect, when a system in accordance with the 

present invention, for example as shown in Figures 1 and 

30 9, deals with relatively dry cuttings, the pressure in 

the dosing apparatus (for example in the dosing apparatus 

1000, Figure 3 or apparatus 1330, Figure 9) and in 

storage vessels (for example a storage vessel 1019,
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Figure 5) can be maintained at a level less than that 

used in storage vessels of systems that process 

relatively wet drilling cuttings material; for example, 
in certain aspects a pressure of 3.5 to 4 bars is used 

5 with the relatively wet material whereas a pressure of 

1.2 to 2 bars is used for the relatively dry material.  

Also, with the relatively dry material, the speed of air 

and material in conveying lines and conduits can be 

greater than the speed of air and relatively wet 

10 material. In certain aspects, therefore, air inlet 

orifices can be larger when processing relatively dry 

material.  

Figure 9 shows a system 1320 in accordance with the 

present invention for conveying drill cuttings from shale 

15 shakers 1322 (shown schematically) which flow in a 

conveyor 1324 (any ditch herein may have a conveyor) to 

cuttings dryer apparatus, for example one, two, three or 

more dryers. Any suitable dryer apparatus or system may 

be used. As shown in Figure 9 two vortex dryers 1326 

20 (any as described or referred to herein and, in one 

aspect, as described in Great Britain Patent No. 2, 

297,702 A) receive the drilling cuttings material and the 

material flows from the dryers 1326 to a dosing apparatus 

1330 (like any described herein, for example as in 

25 Figures 2, 2A, and/or 4). Material exits the apparatus 

1330 in a conduit 1334.  

The dryers 1326 remove moisture from the material 

and, in certain aspects, remove a substantial amount of 

moisture. In certain aspects, the total moisture content 

30 by weight of the material is reduced to about 3% and, in 

certain particular aspects, it is reduced to between 1% 

and 3% by weight. Such relatively dry material is 

relatively free flowing, is not a paste, is not a free
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flowing paste, and is not a non-free flowing paste.  

Thus, in certain aspects, for example speeds of for 

example 30 m/sec dry are achieved with the relatively dry 

material while speeds of for example 10 - 12 m/sec wet 

5 are achieved with the relatively wet material.  

Figures 10A - 10C show alternative flow paths and 

circuits of a system in accordance with the present 

invention as in Figures 2 and 2A and like numerals 

indicate like parts.  

10 The system as shown in Figure 10B has a valve 1124r 

(like the valve 1124b) downstream of an orifice 1154r 

(like the orifice 1154). A valve 1124s is downstream of 

the orifice 1154. The conveying air valve 1124a is 

downstream of an orifice 1154t. As shown in Figure 10B, 
15 and as is true for the other embodiments with an upstream 

connection 1109 and a downstream connection 1115, air is 

supplied to the upstream connection 1109 when the hopper 

1103 is being emptied in a material conveyance mode and 

the pressure equalization valve 1106c is open so that the 

20 pressure across the metering screw is equalized (and the 

valve 1106c is closed when filling the hopper 1103 since 

the hopper 1103 is then open to atmosphere via the valve 

1101). Air is supplied to the downstream connection 1115 

while the hopper 1103 is being filled so that conveyance 

25 can continue (or to blow through the discharge pipe for 

cleaning). By choosing which valves (1124a, 1124b, 

1124r, 1124s) to open or close a particular line with a 

particular orifice is chosen for particular material (wet 

or dry).  

30
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CLAIMS: 

1. An apparatus for conveying material, the apparatus 

comprising a vessel (1103,1202) for receiving material to 

be conveyed, a metering screw (1107,1215) and a discharge 

5 line (1014,1009), the metering screw (1107,1215) for 

moving the material from the vessel (1103,1202) into said 

discharge line (1014,1009), and at least one gas inlet 

(1106,1109,1218,1205) for providing positive pressure to 

facilitate movement of the material through the discharge 

10 line (1014,1009) characterised in that the apparatus 

further comprises a pressure sensor (1109c) for sensing 

pressure in the discharge line (1014), and control 

apparatus (PD) for automatically controlling the metering 

screw in response to a pressure sensed by the pressure 

15 sensor apparatus.  

2. An apparatus as claimed in Claim 1, wherein said gas 

inlet (1109) is arranged in said discharge line 

(1014,1112).  

3. An apparatus as claimed in Claim 2, wherein said gas 

20 inlet (1109) comprises an annular gap (1113) about the 

discharge pipe (1112).  

4. An apparatus as claimed in Claim 1, 2 or 3, wherein 

said gas inlet (1109) is arranged in a collar (1110) 

surrounding a pipe stub (1112) through which said 

25 material is conveyed, an annular gap (1113) formed 

between said pipe collar (1110) and said pipe stub 

(1112), said annular gap (1113) for facilitating entry of 

said gas into said discharge line.  

5. An apparatus as claimed in any preceding claim, 

30 further comprising a reducer (1108,1120,1222,1226) in the 

discharge line having a first diameter at a first end and 

a second diameter at a second end, the diameter of the 

first reducer gradually decreasing from the first end to
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the second end, the first end closer to the vessel than 

the second end.  

6. An apparatus as claimed in any preceding claim, 

further comprising a further gas inlet (1106,1205) in 

5 said vessel (1103,1202) for allowing gas into the vessel 

(1103,1202) to inhibit material from being blown from the 

discharge line (1014,1009) across the metering screw 

(1107,1211) and into the vessel (1107,1202). [Preferably, 

the further gas inlet is provided with a valve for 

10 selectively allowing gas into the vessel] 

7. An apparatus as claimed in any preceding claim, 

further comprising an outlet valve (1114;1314a,1223) for 

selectively opening and closing the discharge line 

(1014,1009).  

15 8. An apparatus as claimed in Claim 7, wherein said gas 

inlet (1109,1218) is arranged between said metering screw 

(1107,1211) and said outlet valve (1114,1223).  

9. An apparatus as claimed in Claim 7, wherein a 

further gas inlet (1115) is arranged downstream of said 

20 outlet valve (1114).  

10. An apparatus as claimed in any preceding claim, 

wherein said gas inlet (1109) comprises at least two 

orifices (1153,1154) and at least one valve (1151,1152) 

for selecting between each of said at least two orifices 

25 (11,53,1154).  

11. An apparatus as claimed in Claim 10, wherein said at 

least two orifices (1153,1154) are of different sizes.  

12. An apparatus as claimed in Claim 10 or 11, wherein 

each of said at least two orifices (1153,1154) are 

30 arranged in a pipe (1109a,1150) each having a valve 

(1151,1152) for selectively allowing gas to pass through 

one of said at least two orifices.  

13. An apparatus as claimed in any of Claims 10 to 12,



WO 2007/036680 PCT/GB2005/050261 

- 50

wherein said control apparatus (PD) includes selection 

apparatus for selecting a air to flow through one of the 

at least two orifices (1153,1154) or a the other of said 

at least two orifices (1153,1154).  

5 14. An apparatus as claimed in any of Claims 10 to 13, 
wherein at least one of said at least two orifices 

(1153,1154) exits directly into said discharge line 

(1112,1014).  

15. An apparatus as claimed in any of Claims 10 to 14, 
10 wherein said each orifice (1153,1154) exits directly into 

said discharge line (1112,1014) and into an annular gap 

formed between said discharge line (1112) and a collar 

(1110).  

16. An apparatus as claimed in any preceding claim, 

15 wherein said vessel (1103,1202) is provided with an inlet 

valve (1101,1208) for selectively allowing material to be 

conveyed into said vessel (1103,1202).  

17. An apparatus as claimed in any preceding claim, 

further comprising a hopper (1015) arranged above the 

20 vessel (1103) for receiving material to be conveyed.  

18. An apparatus as claimed in Claim 17, further 

comprising a vibrating device (1015a) for vibrating said 

hopper (1015).  

19. An apparatus as claimed in Claim 17 or 18, wherein 

25 said hopper (1015) is isolated from said vessel (1103).  

20. An apparatus as claimed in Claim 19, wherein said 

hopper (1015) has a gate valve to isolate material held 

therein from the vessel (1103).  

21. An apparatus as claimed in any preceding claim 

30 further comprising a load sensor (1128) for monitoring 

the weight of said vessel (1103,1202).  

22. An apparatus as claimed in any preceding claim, 

wherein the metering screw (1107,1211) is driven by a
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motor (1123,1213).  

23. An apparatus as claimed in any preceding claim, 

further comprising movement apparatus (1232,1236) having 

a movement member (1232) within the vessel (1202) and 

5 movable adjacent an opening (1209) in the vessel (1202) 

to facilitate passage of the material to the metering 

screw (1211).  

24. An apparatus as claimed in Claim 23, wherein the 

movement member (1232) comprises a frame comprising a 

10 control shaft (1236) connected to a generally circular 

shaped outer perimeter portion (1237a,1238) and at least 

one cross-member (1235).  

25. An apparatus as claimed in any preceding claim, 

wherein said vessel (1202) has a substantially flat 

15 bottom (1203).  

26. An apparatus as claimed in any of Claims 1 to 24, 
wherein the vessel (1103) has two sides which slope 

toward each other.  

27. An apparatus as claimed in any preceding claim, 

20 wherein the vessel has a conical hopper portion, wherein 

the conical hopper portion has a cone angle and forms a 

lower section of the vessel and the cone angle is below a 

critical value required to achieve mass flow of the 

drilling cuttings material.  

25 28. An apparatus as claimed in any preceding claim, 

wherein the pressure sensor (1109c) is arranged close to 

the exit of the metering screw.  

29. An apparatus as claimed in any preceding claim, 

wherein the pressure sensor (1109c) is arranged at the at 

30 least one gas inlet (1109) of in the pipe leading to the 

at least one gas inlet (1109).  

30. A method for conveying drill cuttings from a vessel, 

the method comprising the steps of loading a vessel
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(1103,1202) with drill cuttings, activating a metering 

screw (1107,1215) to move drill cuttings from the vessel 

to a discharge line (1014,1009), and applying a gas to 

the drill cuttings to facilitate movement of the drill 

5 cuttings along the discharge line (1014,1009) 

characterised in that pressure of the gas is measured in 

the discharge line (1014,1009) in response to which the 

speed of rotation of the metering screw (1107,1215) is 

adjusted.  

10 31. A method in accordance with Claim 30, wherein the 

speed of rotation of the metering screw (1107,1215) is 

increased when the pressure is below a predetermined 

pressure level.  

32. A method in accordance with Claim 30 or 31, wherein 

15 the speed of rotation of the metering screw (1107,1215) 

is decreased when the pressure is above a predetermined 

pressure level.  

33. A method in accordance with Claim 31 or 32, wherein 

the predetermined pressure level is set at a first value 

20 when conveying wet drill cuttings and the predetermined 

pressure level is set at a second value when conveying 

dry drill cuttings.  

34. A method in accordance with claim 33, wherein a 

moisture sensor measures the moisture content of the 

25 drill cuttings which moisture content value is relayed to 

a control apparatus which receives the moisture content 

value and sets the predetermined level according to 

whether the drill cuttings are dry or wet.  

35. A method in accordance with any of Claim 30 to 34, 
30 wherein the gas applied to the drill cuttings to convey 

the drill cuttings through the discharge line (1014,1009) 

is introduced through one of at least two orifices 

(1053,1054), one of the orifices smaller than the other,
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such that one provides gas at a high pressure and slow 

speed and the other at low pressure and high speed.  

* * * 

36. A method of conveying drill cuttings using a gas to 

5 convey the drill cuttings along a pipe, the method 

comprising the steps of assessing if the drill cuttings 

to be conveyed are dry or wet and activating a valve to 

divert the gas through an appropriate size orifice to 

provide the gas at an appropriate pressure and velocity.  

10 37. A method as claimed in Claim 36, wherein the step of 

assessing if the drill cuttings to be conveyed are wet or 

dry is carried out by a sensor.  

38. A method as claimed in Claim 37, wherein the sensor 

measures the moisture content.  

15 39. A method in accordance with Claim 38, wherein the 

moisture reading is compared with a defined moisture 

content loaded into a controller.  

40. A method as claimed in Claim 39, wherein the 

controller activates the valve in response to the reading 

20 obtained by the sensor.  

41. A method as claimed in Claim 40, wherein the drill 

cuttings are loaded into a hopper (1015) above a vessel 

(1103) for loading the pipe, wherein the sensor is 

arranged to measure the moisture content of the drill 

25 cuttings in the hopper (1015).  

* * * 

42. An apparatus for injecting a gas into a pipe to move 

drill cuttings material therealong, the apparatus 

comprising a pipe with at least one aperture therein and 

30 a supply of gas, wherein the aperture circums a 

substantial part of the circumference of said pipe, and a 

collar about said pipe defining an annulus through which 

said gas passes into said pipe through said aperture.
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43. An apparatus as claimed in Claim 42, wherein said 

pipe is of circular cross-section.  

44. An apparatus as claimed in Claim 42, wherein said 

pipe is of square, triangular, oval, rectangular, oblong, 

5 pentagonal, hexagonal or any other shape.  
* * * 

45. An apparatus for conveying drill cuttings, the 

apparatus comprising a pressure vessel for holding drill 

cuttings, an inlet valve for selectively allowing drill 

10 cuttings into the pressure vessel and a screw conveyor 

arranged in the pressure vessel to selectively transfer 

the drill cuttings from the pressure vessel to a 

discharge line, the pressure vessel provided with a gas 

inlet to allow gas under pressure to be held in the 

15 pressure vessel characterised in that a reducer is 

arranged between the screw conveyor and the conveying 

pipe.  

46. An apparatus as claimed in Claim 45, wherein a 

further gas inlet is provided in said reducer to 

20 facilitate movement of drill cuttings along said 

conveying pipe.  

47. An apparatus as claimed in Claim 42, wherein the 

reducer is arranged at one end on a sheath surrounding 

the screw conveyor and preferably at the other end to a 

25 conveying pipe.
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