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Titie: Method of and Apparatus for Drilling a Subterranean Borehole 

Field of the Invention 

The present invention relates to a method of drilling a subterranean borehole. 

5 Description of the Prior Art 

The drilling of a borehole or well is typically carried out using a steel pipe 

known as a drill pipe or drill string with a drill bit on the lowermost end. The drill 

string comprises a series of tubular sections, which are connected end to end. 

The entire drill string may be rotated using a rotary table, or using an over-

10 ground drilling motor mounted on top of the drill pipe, typically known as a 'top-

drive', or the drill bit may be rotated independently of the drill string using a 

fluid powered motor or motors mounted in the drill string just above the drill bit. 

As drilling progresses, a flow of mud is used to carry the debris created by the 

drilling process out of the borehole. Mud is pumped down the drill string to 

15 pass through the drill bit, and returns to the surface via the annular space 

between the outer diameter of the drill string and the borehole (generally 

referred to as the annulus). The mud flow also serves to cool the drill bit, and 

to pressurise the borehole, thus substantially preventing inflow of fluids from 

formations penetrated by the drill string from entering into the borehole. Mud is 

20 a very broad drilling term and in this context it is used to describe any fluid or 

fluid mixture used during drilling and covers a broad spectrum from air, 

nitrogen, misted fluids in air or nitrogen, foamed fluids with air or nitrogen, 

aerated or nitrified fluids to heavily weighted mixtures of oil and or water with 

solid particles. 

25 Significant pressure is required to drive the mud along this flow path, and to 

achieve this, the mud is typically pumped into the drill string using one or more 
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positive displacement pumps which are connected to the top of the drill string 

via a pipe and manifold. The rate of mud circulation down the drill pipe and up 

through the well bore is thus determined by the speed of operation of these 

pumps. 

5 The pressure of the mud at the bottom of the weii bore (the "bottom hole 

pressure" or BHP) is usually monitored in an effort to ensure that it is sufficient 

to minimise or eliminate the risk of formation fluid from entering the well bore in 

an uncontrolled manner generally known as a "kick", and aiso to ensure that it 

is not so high that there is a risk of fracturing the formation and / or forcing 

10 mud into the formation. 

Whilst the main mud flow into the well bore is achieved by pumping mud into 

the main bore at the very top end of the drill string, it is also known to provide 

the drill string with a side bore which extends into the main bore from a port 

provided in the side of the drill string, so that mud can be pumped into the 

15 main bore at an alternative location to the top of the drill string. 

For example, as drilling progresses, and the bore hole becomes deeper and 

deeper, it is necessary to increase the length of the drill string, and this is 

typically achieved by disengaging the top drive from the top of the drill string, 

adding a new section of tubing to the drill string, engaging the top drive with 

20 the free end of the new tubing section, and then recommencing drilling, it will, 

therefore be appreciated that if pumping of mud down the drill string takes 

place solely via the main bore at the very top end of the drill string, it would be 

necessary for pumping to cease during this process. 

Stopping mud flow in the middle of the drilling process is problematic for a 

25 number of reasons, and so it has been proposed to facilitate continuous 

pumping of mud through the drill string via the side bore in each section of drill 

string. This means that mud can be pumped into the drill string via the side 
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bore whilst the top of the drill string is closed, the top drive disconnected and 

the new section of drill string being connected. 

In one such system, disclosed in US2158356, at the top of each section of drili 

string, there is provided a side bore which is closed using a plug, and a valve 

5 member which is pivotable between a first position in which the side bore is 

closed whilst the main bore of the drill string is open, and a second position in 

which the side bore is open whilst the main bore is closed. During drilling, the 

valve is retained in the first position, but when it is time to increase the length 

of the drill string, the plug is removed from the side bore, and a hose, which 

10 extends from the pump, connected to the side bore, and a valve in the hose 

opened so that pumping of mud into the drili string via the side bore 

commences. A valve in the main hose from the pump to the top of the drili 

string is then closed, and the pressure of the mud at the side bore causes the 

valve member to move from the first position to the second position, and 

15 hence to close the main bore of the drill string. 

The main hose is then disconnected, the new section of tubing mounted on the 

drill string, and the main hose connected to the top of the new section. The 

valve in the main hose is opened so that pumping of mud into the top of the 

drill string is recommenced, and the valve in the hose to the side bore closed. 

20 The resulting pressure of mud entering the top of the drill string causes the 

valve member to return to its first position, which allows the hose to be 

removed from the side bore, without substantial leakage of mud from the drill 

string. 

The side bore may then be sealed permanently, for example by welding a plug 

25 onto the side bore, before this section of drill string is lowered into the well. 

The drill string may also be provided with a side bore in what is known as a 

"pump in sub", which is used in the event of an emergency, for example to 

facilitate the provision of additional mud pressure required to control a sudden 
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surge in well-bore pressure due to fiuid inflow from a formation penetrated by 

the well entering the well in what is known as a "kick". 

This type of drilling is generally known as continuous circulation drilling. 

Summary of the invention 

5 This invention comprises a method of continuous circulation drilling in which 

the rate of circulation of drilling mud is linked to the speed of rotation of the drill 

pipe. 

According to a first aspect of the invention, there is provided a method of 

drilling a subterranean bore hole comprising: 

10 a) pumping a drilling fluid down a drill string, the drill string having a drill bit at 

an end thereof, 

b) rotating the drill string about its longitudinal axis to that the bit forms bore 

hole in the ground, 

the method further comprising the steps of: 

15 c) changing the rate of pumping of the drilling fluid into the drill string in 

response to a change in the speed of rotation of the drill string, and / or 

changing the speed of rotation of the drill string in response to a change in the 

rate of pumping of the drilling fluid into the drill string, characterised in that the 

rate of pumping of the drilling fluid is increased as the speed of rotation of the 

20 drill string is decreased, and the rate of pumping of the drilling fluid is 

decreased as the speed of rotation of the drill string is increased, and / or the 

speed of rotation of the drill string is increased as the rate of pumping of the 

drilling fluid is decreased and the speed of rotation of the drill string is 

decreased as the rate of pumping of the drilling fluid is increased. 
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There is also provided a method of drilling a subterranean bore hole 

comprising: 

a) pumping a drilling fluid down a drill string, the drill string having a drill bit 

at an end thereof, 

5 b) rotating the drili string about its longitudinal axis to that the bit forms 

bore hole in the ground, 

the method further comprising the steps of: 

c) changing the rate of pumping of the drilling fluid into the drill string in 

response to a change in the speed of rotation of the drill string, and / or 

10 changing the speed of rotation of the drili string in response to a change in the 

rate of pumping of the drilling fluid into the drill string. 

The mud pressure at the bottom of the well bore (the BHP) depends on 

various factors. When there is no mud flow, it is determined by the pressure 

from the static weight of the column of mud in the well bore. When mud is 

15 pumped down the drill pipe into the well bore, there is an increase in BHP due 

to frictional effects from the circulating mud. It has also been discovered that 

commencement of drilling gives rise to a further increase in BHP arising from 

additional frictional effects caused by the rotation of the drill pipe. This effect is 

significant as it makes up a large percentage, nominally 10% to 40% of the 
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previously described friction effect. Thus, by linking the rate of circulation of 

drilling mud to the speed of rotation of the drill pipe, the increase in BHP 

caused by an increase in the speed of rotation of the drill pipe can be 

countered by the decrease BHP caused by a reduction in the rate of circulation 

5 of drilling mud, or vice versa. As a result, improved control of the BHP may be 

achieved. This is critical requirement for drilling well with a small drilling 

window as determined by the pore pressure gradient, fracture gradient and 

collapse pressure of the borehole, which are dictated by the physical 

properties of the formation being drilled. 

10 As mentioned in the first aspect of the invention, the rate of pumping of the 

drilling fluid is increased as the speed of rotation of the drill string is 

decreased, and the rate of pumping of the drilling fluid is decreased as the 

speed of rotation of the drill string is increased, and I or the speed of rotation of 

the drili string is increased as the rate of pumping of the drilling fluid is 

15 decreased and the speed of rotation of the drill string is decreased as the rate 

of pumping of the drilling fluid is increased. 

The method may further include the steps of: 

d) stopping the rotation of the drill string, 

e) pumping drilling fluid into a side port adjacent the uppermost end of the 

20 drill string, 

f) ceasing pumping of drilling fluid into the uppermost end of the drill 

string, 

g) connecting a new section of drill pipe to the uppermost end of the drill 

string, 

25 h) commencing pumping of drilling fluid into the uppermost end of the new 

section of drill pipe, 
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t) ceasing pumping of drilling fluid into the side port, and 

j) recommencing rotation of the drill string. 

In this case, preferably the rate of pumping of fluid into the drill string is 

increased as the speed of rotation of the drill string is decreased in step d, and 

5 the rate of pumping of fluid into the drill string is decreased as the speed of 

rotation of the drill string is increased in step j. 

In one embodiment of the invention, the method further comprises directing 

drilling fluid leaving the bore hole along an annulus return line, and varying the 

fluid pressure in the well bore by varying the degree of restriction of fluid flow 

10 along the annulus return line. 

in one embodiment of the invention, the method further comprises measuring 

the pressure of fluid at the bottom of the bore hole, and altering the rotational 

speed of the drill string or the rate of pumping of drilling fluid into the drill string 

to bring the measured pressure to a desired level. 

15 In one embodiment of the invention, the method further comprises 

automatically changing the rate of pumping of the driiling fluid into the drili 

string in response to a change in the speed of rotation of the drill string, or 

automatically changing the speed of rotation of the drill string in response to a 

change in the rate of pumping of the drilling fluid into the drill string. 

20 According to a second aspect of the invention we provide an apparatus for 

drilling a bore hole comprising a drill string, a driver operable to cause rotation 

of the drill string along its longitudinal axis, a pump operable to pump drilling 

fluid into the drili string, a driver controller which is operable to control the 

driver to vary the speed of rotation of the drill string, and a pump controller 

25 which is operable to control the pump to vary the rate of pumping of drilling 

fluid into the drill string, characterised in that the driver controller and pump 

controller are in communication so that the pump controller automatically 
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Increases the rate of pumping of the drilling fluid into the drili string In response 

to a decrease in the speed of rotation of the drill string, and automatically 

decrease the rate of pumping of the drilling fluid into the drill string in response 

to an increase in the speed of rotation of the drill string and / or the driver 

5 controller automatically increases the speed of rotation of the drill string in 

response to a decrease in the rate of pumping of the drilling fluid into the drill 

string, and automatically decreases the speed of rotation of the drill string in 

response to an increase in the rate of pumping of the drilling fluid into the drill 

string. 

10 In one embodiment of the invention the driver controller is an electronic driver 

controller, and the pump controller is an electronic pump controller, there being 

an electrical connection between the driver controller and the pump controller, 

to provide for the transmission of a control signal between the top drive 

controller and the pump controller. 

15 The pump controller is programmed to monitor this signal, and automatically to 

alter the speed of operation of the pump in accordance with the instruction 

given in the control signal. In one embodiment of the invention, the top drive 

controller would be programmed to send a control signal instructing the pump 

controller to reduce the speed of operation of the pump as the speed of 

20 rotation of the drill pipe increases, and to increase the speed of operation of 

the pump as the speed of rotation of the drill pipe decreases. 
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In this case, the driver controller Is programmed to transmit to the pump 

controller a control signal instructing the pump controller to either increase or 

decrease the speed of operation of the pump depending on whether the 

rotational speed of the drill pipe is decreasing or increasing. 

5 The pump controller may be programmed to monitor this signal, and 

automatically to alter the speed of operation of the pump in accordance with 

the instruction given in the control signal. 

The driver controller may be programmed to send a control signal to the pump 

controller instructing the pump controller to reduce the speed of operation of 

10 the pump as the speed of rotation of the drill pipe increases, and to increase 
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the speed of operation of the pump as the speed of rotation of the drill pipe 

decreases. 

The pump controller may be provided with an input for receipt of a signal 

indicative of the speed of rotation of the drill pipe, 

5 The pump controller may be programmed to respond to a signal indicating that 

the drill pipe speed is decreasing by increasing the speed of operation of the 

pump, or where more than one pump is provided, one or more of the pumps, 

and vice versa. 

in one embodiment of the invention, the driver controller and pump controller 

10 are integrated to comprise a single electronic controller which is operable to 

control the speed of operation of the pump and the speed of rotation of the drill 

string. 

In one embodiment of the invention, the controller or one or both of the 

controllers has a pressure input for receipt of a signal from a pressure sensor 

15 located on the drill string which transmits a signal indicative of the fluid 

pressure in the bore hole to the or each controller to which it is connected. 

In this case, the or each controller having said pressure input is programmed 

to use this pressure signal to determine if the fluid pressure is at a desired 

level, and, if not, make further adjustments to the pump speed and/or speed of 

20 rotation of the drill string to bring the fluid pressure to the desired level or to 

within an acceptable range. 

In one embodiment of the invention, the controller or one or both of the 

controllers has a flow input for receipt of a signal from a flow meter which 

transmits a signal representative of the rate of flow of drilling fluid down the 

25 drill string to the or each controller to which it is connected. 
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Alternatively a flow measurement of the fluid flow down the drillpipe by a pump 

stroke counter can be used as a measurement to provide input to the 

controller. 

In one embodiment of the invention, the apparatus further includes an annulus 

5 return iine which connects the annular space in the bore hole around the drill 

string with a reservoir for pressurised fluid, an adjustable choke in the annular 

return line, and an electronic choke controller which controls operation of the 

adjustable choke to vary the restriction of flow of fluid along the annulus return 

line. 

10 In other words, the invention can be used in conjunction with existing systems 

that control the bottom hole pressure by backpressure control with a choke, 

such as the system shown in US 7,395,878. in such a system, operation of 

the back-pressure control choke may be used in addition to the control of the 

pump speed described, above, to achieve the desired BHP. 

15 Description of the Drawings 

Embodiments of the invention will now be described, by way of example only, 

with reference to the following drawings of which: 

FIGURE 1 is a schematic illustration of an embodiment of drilling rig operable 

in accordance with the invention, 

20 FIGURE 2 is a schematic illustration of an embodiment of control apparatus 

which may be used in operating the drilling rig shown in Figure 1 in 

accordance with the invention, and 

FIGURE 3 is a schematic illustration of an alternative embodiment of drilling rig 

operable in accordance with the invention. 

25 Description of the Preferred Embodiments of the Invention 
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Referring now to Figure 1, there is shown a drilling rig 10 with a top drive 12 

connected to a drill string 14 which extends from the drilling rig 10 down into a 

well bore 16. A bottom hole assembly (BHA) 18 is provided at the lowermost 

end of the drill string 14. The BHA 18 comprises a drill bit and various sensors 

including at least a pressure sensor which is operable to transmit a signal 

representative of the pressure of the fluid around the BHA 18. The BHA 18 

may also include a downhole motor for driving rotation of the drill bit as is 

known in the art. 

There is also shown in Figure 1 a manifold 20 which is mounted on the 

uppermost end of the drill pipe 14 and which is connected to a mud pump 22 

via an outlet pipe or hose 22a. The mud pump 22 is connected to a mud 

reservoir 24 via an inlet pipe or hose 22b such that operation of the mud pump 

22 causes mud to be pumped from the mud reservoir 24 along the inlet pipe 

22b and the outlet pipe 22a and into the main bore of the drill pipe 14 via the 

manifold 20. A conduit (not shown) is provided to return the mud to the 

reservoir 24 after circulation down the drill string 14, and back up the annuius 

15. 

The drill pipe 14 is also provided at its uppermost end with a side bore and a 

continuous circulation valve assembly 26 which is movable between a first 

position in which the main bore of the drill pipe 14 is open and the side bore is 

substantially closed, and a second position in which the main bore is 

substantially closed and the side bore is open. Examples of such valve 

assemblies are disclosed in US2158356, GB2426274, and GB2427217. The 

side bore is provided with a connector 28 by means of which an auxiliary outlet 

hose (not shown for clarity) from the mud pump 22 may be connected, to 

facilitate pumping of mud into the main bore of the drill pipe 14 via the side 

bore during connection of a new tubular to the uppermost end of drill pipe 14. 

The top drive 12 is operable to rotate the drill string 14 about its longitudinal 

axis, and various embodiments of suitable top drives 12 are well known in the 
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art. Such a top drive 12 is disclosed in US 6,050,348, for example, and 

invention will be described with reference to this type of top drive. 

This type of drilling rig 10 can be used in open hole drilling. 

An alternative embodiment of drilling rig 110 which may be used to implement 

5 the invention is illustrated in Figure 3. As in the Figure 1 embodiment, a top 

drive 112 is connected to driil string 114 which extends from the drilling rig 110 

down into a well bore 116. A bottom hole assembly (BHA) 118 is provided at 

the lowermost end of the drili string 114, In this case the manifold 120 which is 

connected to the mud pump 122 via an outlet pipe or hose 122a is mounted at 

10 the uppermost end of the drill string 114, with the top drive 112 connected to 

the drill string 114 below the manifold 120. The mud pump 122 is connected 

to a mud reservoir 124 via an outlet pipe or hose 122b such that operation of 

the pump 122 causes mud to be pumped from the mud reservoir 124 along the 

inlet pipe 122b and the outlet pipe 122a and into the main bore of the driil 

15 string 114 via the manifold 120. 

The drill string 114 in this embodiment of the invention is also, 

advantageously, provided at its uppermost end with a side bore and 

continuous circulation valve assembly, but these are not included in the 

illustration, for clarity. 

20 in this embodiment of drilling rig 10, the well bore 116 is capped with a well 

head 146, and a closure device 144 such as a rotating blow out preventer 

(BOP) or rotating control device (RCD). The driil string 114 extends through 

the well head 146 and closure device 144, the closure device 20 having seals 

which close around the exterior of the drill string 114 to provide a substantially 

25 fluid tight seal around the exterior of the drill string 114 whilst allowing the drill 

string to rotate about its longitudinal axis, and to be moved further down into 

the well bore 116. Together, the well head 146 and closure device 144 



WO 2012/066325 PCT/GB2011/052232 

12 

contain the fluid in the annular space around the drill string 114 (the annuius 

115). 

The well head 146 includes a side port 146a which is connected to an annuius 

return line 148, and which provides an outlet for fluid from the annulus 115. 

5 The annulus return line 148 extends to the reservoir 124 via an adjustable 

choke or valve 150 and a flow meter (such as a Coriolis flow meter) which is 

downstream of the choke / vaive 150. Filters and/or shakers (not shown) are 

generally provided to remove particulate matter such as driil cuttings from the 

drilling fluid prior to its return to the reservoir 124. 

10 For both embodiments of drilling rig 10, 110, during drilling, the top drive 12, 

112 rotates the drill string 14, 114 about its longitudinal axis so that the drili bit 

cuts into the formation 11, 111, and the pump 22, 122 is operated to pump 

drilling fluid from the reservoir 24, 124 to the manifold 20, 120 and into the drill 

string 14, 114 where it flows into the annulus 15, 115 via the BHA 18, 118. 

15 In the embodiment of drilling rig illustrated in Figure 3, the mud and drill 

cuttings flow up the annulus 115 to the well head 146, and into the annulus 

return line 148, and the adjustable choke or valve 150 may be operated to 

restrict flow of the drill fluid along the annulus return line 148, and , therefore, 

apply a back-pressure to the annulus 115. This back-pressure may be 

20 increased until the fluid pressure at the bottom of the well bore 116 (the bottom 

hole pressure) is deemed sufficient to contain the formation fluids in the 

formation 111 whilst minimizing the risk of fracturing the formation or causing 

drilling fluid to penetrate the formation. The rate of flow of fluid out of the 

annulus 115 is monitored using the flow meter 152, and compared with the 

25 rate of flow into the driil string 114, and this data may be used to detect a kick 

or loss of drilling fluid to the formation. 

This type of drilling is known as managed pressure drilling (MPD) and is 

disclosed in US6,575,244, US7,044,237, and US7,395,878, for examples. 
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The invention provides a means of control of the BHP using the open hole 

drilling rig shown in Figure 1, and an additional means of control of the BHP in 

managed pressure drilling as described above in relation to Figure 3. 

Figure 2 shows a schematic illustration of an embodiment of control apparatus 

5 which may be used in controlling the operation of either of the drilling rigs 10, 

110 shown in Figures 1 or 3. In these embodiments of the invention, the 

operation of the top drive 12, 112 is controlled by means of an electronic 

control unit (ECU) 30 which in this example comprises a microprocessor 32, 

an input device 34 such as a keyboard, or joystick and a display device 36 

10 such as a monitor. 

There Is also provided a rotational speed sensor 38 which is operable to 

provide an electrical signal representative of the speed of rotation of the drill 

string 14, 114. The rotational speed sensor 38 may, for example, be an 

inductive sensor as described in US 6,050,348, but any other device which 

15 detects and measures the speed of rotation of an object may be used instead. 

The speed sensor 38 is electrically connected to the microprocessor 32 so that 

the electrical signal generated by the speed sensor 38 which is representative 

of the speed of rotation of the drill string 14, 114 may be transmitted to the 

microprocessor 32. 

20 The microprocessor 32 is programmed as described in US 6,050348 to vary 

the speed of rotation of the drill string 14.114, and an operator may use the 

input device 34 to instruct the microprocessor 32 to alter the speed of rotation 

of the drill pipe string 14, 114. For example, an operator may use the input 

device 34 to stop the rotation of the drill string 14, 114 when it is desired to 

25 connect a new portion of tubular to the top of the drill string 14, 114. 

There is also provided a further electronic control unit (the pump ECU) 40 by 

means of which the speed of operation of the mud pump 22, 122 is controlled. 

Such electronically controlled pumps are also well known in the art. 
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in this embodiment of the invention, the microprocessor 32 of the top drive 

ECU 30 is electricaily connected to the pump ECU 40, and is programmed to 

transmit to the pump ECU 40 a control signal instructing the pump ECU 40 to 

either increase or decrease the speed of operation of the pump 22, 122. The 

5 pump ECU 40 is programmed to monitor this signal, and automatically to alter 

the speed of operation of the pump 22, 122 in accordance with the instruction 

given in the control signal. In this embodiment of the invention, the 

microprocessor 32 of the top drive ECU 30 is programmed to send a control 

signal instructing the pump ECU 40 to reduce the speed of operation of the 

10 pump 22, 122 as the speed of rotation of the drill string 14, 114 (as determined 

using the signal from the speed sensor 38) increases, or to increase the speed 

of operation of the pump 22, 122 as the speed of rotation of the drill string 14, 

114 decreases. 

in an alternative embodiment of the invention the microprocessor 32 of the top 

15 drive ECU 30 may have a further input for an electrical pressure signal from a 

pressure sensor provided on the BHA 18, 118. In this case, the 

microprocessor 32 could be programmed to monitor the pressure signal, and 

modify the control signal in accordance with the pressure signal. For example, 

if, when the speed of rotation of the drill pipe 14 is decreasing, and the 

20 microprocessor 32 is transmitting to the pump ECU 40 a control signal 

instructing the pump ECU 40 to increase the pump speed, if the pressure 

signal from the pressure sensor indicates that the BHP is actually decreasing 

the microprocessor 32 could be programmed to modify the control signal to 

instruct the pump ECU 40 to increase the pump speed at a faster rate, 

25 Alternatively, if the pressure signal from the pressure sensor indicates that the 

BHP is actually increasing, the microprocessor 32 could be programmed to 

modify the control signal to instruct the pump ECU 40 to increase the pump 

speed at a slower rate. Similarly, if, when the speed of rotation of the drill pipe 

14 is increasing, and the microprocessor 32 is transmitting to the pump ECU 

30 40 a control signal instructing the pump ECU 40 to decrease the pump speed, 
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if the pressure signal from the pressure sensor indicates that the BHP is 

actually decreasing the microprocessor 32 could be programmed to modify the 

control signal to instruct the pump ECU 40 to decrease the pump speed at a 

slower rate. Alternatively, if the pressure signal from the pressure sensor 

5 indicates that the BHP is actually increasing, the microprocessor 32 could be 

programmed to modify the control signal to instruct the pump ECU 40 to 

decrease the pump speed at a faster rate. 

It should be appreciated that the invention could be implemented in other 

ways. For example, the pump ECU 40 could be electrically connected to the 

10 speed sensor 38 so as to receive directly the signal indicative of the speed of 

rotation of the drill pipe 14. in this case, the pump ECU 40 would be 

programmed to reduce the speed of operation of the pump 22 as the speed of 

rotation of the drill pipe 14 (as determined using the signal from the speed 

sensor 38) increases, or to increase the speed of operation of the pump 22 as 

15 the speed of rotation of the drili pipe 14 decreases. Alternatively, the top drive 

ECU 30 and pump ECU 40 may share a common microprocessor which is 

programmed to operate as described above. 

For implementing this invention algorithms can be developed that calculate the 

effect that pipe rotation friction F(pr) has on the total friction factor F(T). The 

20 other component of friction is the wellbore friction factor F(wb). 

These friction factors are not linear and to reliably model such a system is a 

complex process as there are many variables like pipe geometry, wellbore 

geometry, drillpipe roughness, wellbore roughness, mud properties 

(Newtonian vs non-newtonian fluids, viscocity, etc.), temperature which effect 

25 the frictional forces present. 

A relatively simple method for one skilled in the art of drilling wells is to carry 

out a calibration exercise with the system to determine the relationship 

between the pipe rotational speed and its effect on BHP. This calibration can 



WO 2012/066325 PCT/GB2011/052232 

16 

be carried out at intervals while drilling down the well, usually just after the last 

casing (steel pipe) isolating the wellbore has been placed and cemented. 

The procedure would require a pressure measurement near the bottom as is 

commonly used and termed in the industry as PWS (Pressure While Drilling) 

5 With a steady pump rate of fluid being pumped, a series of stepped 

measurements are made with drilipipe rotation increased in steps of 20 

revolutions per minute (rpm) from 0 to the maximum (usually 200 rpm). 

These ten steps can be repeated for 5 to 10 different pump rates from 0 

gallons per minute (gpm) to the maximum planned for drilling that section. 

10 This would produce a series of calibration data that can be entered into the 

microprocessor 32, and with this information the system can determine how to 

adjust the speed of operation of the pump in response to changes in pipe 

rotation to and still achieve the desired BHP. 

Alternatively, mathematical models linking the drill pipe rotational speed to the 

15 BHP, such as those disclosed in SPE 135587 ("The Effect of Drillstring 

Rotation on Equivalent Circulation Density: Modeling and Analysis of Field 

Measurements", Ramadan Ahmed et al) or SPE 20305 ("Reduction of the 

Annular Friction Pressure Drop Caused by Drilipipe Rotation", Yuejin Luo and 

J. M. Peden) may be used by the controller to determine how a change in drill 

20 pipe speed will effect the BHP, and therefore what change in pump speed is 

required to counterbalance this. 

It should be appreciated, that when applied during managed pressure drilling 

as described above in relation to Figure 3, this method control of the BHP can 

be used in addition to the control provided by the operation of the adjustable 

25 choke or valve 150. Typically control of the adjustable choke or vaive 150 is 

carried out electronically using an ECU, and this ECU may be combined with 

the top drive ECU 30 and/or the pump ECU 40. 
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it will be appreciated that control of the BHP by linking the speed of rotation of 

the drili string 14, 114 with the pumping rate is particularly advantageous in 

continuous circulation drilling. As described above, rotation of the drill string 

14, 114 is stopped during the connection of a new section of drill pipe, and so, 

5 according to the invention, the pump speed can be increased as the speed of 

rotation of the driil string 14, 114 is decreased, in order to maintain the BHP at 

the desired level. After the connection has been made, the pump speed can 

be decreased as rotation of the drill string 14, 114 recommences. 

Whilst in these embodiment of drilling rig 10,110, the use of a top drive 12, 

10 112 is disclosed, it should be appreciated that the principles of this invention 

apply to any system for driving rotation of the drill string 14, 114, including a 

rotary table, for example. Moreover, although this invention has been 

described with reference to the use of a single mud pump 22,122, a plurality 

of mud pumps may be used with one or more than one of these being 

15 controlled in accordance with the invention. 

This invention cm be enhanced by any device or coating that increases or 

decreases the friction factor F(pr), For example, a Teflon TM coated pipe 

could be used to reduce the frictional effects of the rotating drili pipe on the 

BHP, or vanes on the drilipipe body could be used to increase the frictional 

20 effects of the rotating drill pipe. 

When used in this specification and claims, the terms "comprises" and 

"comprising" and variations thereof mean that the specified features, steps or 

integers are included. The terms are not to be interpreted to exclude the 

presence of other features, steps or components. 
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CLAIMS 

1. A method of drilling a subterranean bore hole comprising: 

a) pumping a drilling fluid down a drill string, the drill string having a drill 

bit at an end thereof, 

b) rotating the drill string about its longitudinal axis to that the bit forms 

bore hole in the ground, 

the method further comprising the steps of: 

c) changing the rate of pumping of the drilling fluid into the drill string in 

response to a change in the speed of rotation of the drill string, and / or 

changing the speed of rotation of the drili string in response to a change in the 

rate of pumping of the drilling fluid into the drill string, characterised in that the 

rate of pumping of the drilling fluid is increased as the speed of rotation of the 

drill string is decreased, and the rate of pumping of the drilling fluid is 

decreased as the speed of rotation of the drill string is increased, and / or the 

speed of rotation of the drill string is increased as the rate of pumping of the 

drilling fluid is decreased and the speed of rotation of the drill string is 

decreased as the rate of pumping of the drilling fluid is increased. 

2. The method of claim 1 further including the steps of: 

d) stopping the rotation of the drill string, 

e) pumping drilling fluid into a side port adjacent the uppermost end of the 

drili string, 

f) ceasing pumping of drilling fluid into the uppermost end of the drili 

string, 

g) connecting a new section of drill pipe to the uppermost end of the drill 

string, 

h) commencing pumping of drilling fluid into the uppermost end of the new 

section of drill pipe, 
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i) ceasing pumping of drilling fluid into the side port, and 

j) recommencing rotation of the drill string. 

3. The method of claim 2 wherein the rate of pumping of fluid into the drili 

string is increased as the speed of rotation of the driil string is decreased in 

step d, and the rate of pumping of fluid into the drill string is decreased as the 

speed of rotation of the drill string is increased in step j. 

4. The method of any preceding claim further comprising directing drilling 

fluid leaving the bore hole along an annulus return line, and varying the fluid 

pressure in the well bore by varying the degree of restriction of fluid flow along 

the annulus return line, 

5. The method according to any preceding claim, the method further 

comprising measuring the pressure of fluid at the bottom of the bore hole, and 

altering the rotational speed of the drill string or the rate of pumping of drilling 

fluid into the drill string to bring the measured pressure to a desired level. 

6. The method according to any preceding claim comprising automatically 

changing the rate of pumping of the drilling fluid into the drill string in response 

to a change in the speed of rotation of the drill string, or automatically 

changing the speed of rotation of the drili string in response to a change in the 

rate of pumping of the drilling fluid into the drill string. 

7. An apparatus for drilling a bore hole comprising a drill string, a driver 

operable to cause rotation of the drili string along its longitudinal axis, a pump 

operable to pump drilling fluid into the drill string, a driver controller which is 

operable to control the driver to vary the speed of rotation of the drill string, 

and a pump controller which is operable to control the pump to vary the rate of 

pumping of drilling fluid into the driil string, characterised in that the driver 

controller and pump controller are in communication so that the pump 

controller automatically increases the rate of pumping of the drilling fluid into 

the drili string in response to a decrease in the speed of rotation of the drill 

string, and automatically decrease the rate of pumping of the drilling fluid into 

the drill string in response to an increase in the speed of rotation of the drili 
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string and / or the driver controller automatically increases the speed of 

rotation of the drill string in response to a decrease in the rate of pumping of 

the drilling fluid into the drill string, and automatically decreases the speed of 

rotation of the drill string in response to an increase in the rate of pumping of 

the drilling fluid into the drill string. 

8. An apparatus according to claim 7 wherein the driver controller is an 

electronic driver controller, and the pump controller is an electronic pump 

controller, there being an electrical connection between the driver controller 

and the pump controller, to provide for the transmission of a control signal 

between the top drive controller and the pump controller. 

9. An apparatus according to claim 8 wherein the driver controller is 

programmed to transmit to the pump controller a control signal instructing the 

pump controller to either increase or decrease the speed of operation of the 

pump depending on whether the rotational speed of the drill pipe is 

decreasing or increasing. 

10. An apparatus according to claim 9 wherein the pump controller is 

programmed to monitor this signal, and automatically to alter the speed of 

operation of the pump in accordance with the instruction given in the control 

signal. 

11. An apparatus according to claim 10 wherein the driver controller is 

programmed to send a control signal to the pump controller instructing the 

pump controller to reduce the speed of operation of the pump as the speed of 

rotation of the drill pipe increases, and to increase the speed of operation of 

the pump as the speed of rotation of the drill pipe decreases. 

12. An apparatus according to claim 8 wherein the pump controller is 

provided with an input for receipt of a signal indicative of the speed of rotation 

of the drill pipe. 

13. An apparatus according to claim 12 wherein the pump controller is 

programmed to respond to a signal indicating that the drill pipe speed is 
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decreasing by increasing the speed of operation of the pump, or where more 

than one pump is provided, one or more of the pumps, and vice versa 

14. An apparatus according to anyone of claims 8 to 13 wherein the driver 

controller and pump controller are integrated to comprise a single electronic 

controller which is operable to control the speed of operation of the pump and 

the speed of rotation of the drill string. 

15. An apparatus according to any of claims 8 to 14 wherein the controller 

or one or both of the controllers has a pressure input for receipt of a signal 

from a pressure sensor located on the drill string which transmits a signal 

indicative of the fluid pressure in the bore hole to the or each controller to 

which it is connected. 

16. An apparatus according to claim 15 wherein the or each controller 

having said pressure input is programmed to use this pressure signal to 

determine if the fluid pressure is at a desired level, and, if not, make further 

adjustments to the pump speed and/or speed of rotation of the drili string to 

bring the fluid pressure to the desired ievel or to within an acceptable range. 

17. An apparatus according to any of claims 8 to 16 wherein the controller 

or one or both of the controllers has a flow input for receipt of a signal from a 

flow meter which transmits a signal representative of the rate of flow of drilling 

fluid down the drill string to the or each controller to which it is connected. 

18. An apparatus according to any one of claims 8 to 17 further including 

an annuius return iine which connects the annular space in the bore hole 

around the drill string with a reservoir for pressurised fluid, an adjustable 

choke in the annular return line, and an electronic choke controller which 

controls operation of the adjustable choke to vary the restriction of flow of fluid 

along the annuius return line. 


