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characteristic of the drilling system, before recalculating the safety score of the 

set of field devices. 

The controller may be programmed such that the importance level assigned to 

each field device depends on the type of drilling operation in progress at the 

time. 5 

In one embodiment, the controller is programmed to alert an operator if the 

aggregate safety score falls to a first predetermined level, and, if the aggregate 

safety score falls even further to a second predetermined level, automatically 

to operate the drilling control devices so as to implement an emergency shut-

down procedure whereby drilling is stopped to allow for replacement or 10 

maintenance of the faulty field devices.  In one example, the first 

predetermined level is 2 and the second predetermined level is 1. 

There is provided a controller for controlling a drilling system for drilling a 

subterranean well bore, wherein the controller is programmed to process 

signals received from a plurality of field devices, each of which is operable to 15 

measure a physical characteristic of the drilling system and to transmit to the 

controller a signal representing the measured value of the physical 

characteristic, to determine if the measured values represented by the signals 

indicate that there might have been an influx of formation fluid into the well 

bore, and automatically to control drilling by effecting operation of a drilling 20 

control device is response to a determination that there has been an influx of 

formation fluid into the wellbore. 

The controller may have any of the features or any combination of the features 

of the controller of a first aspect of the invention.  

According to the first aspect of the invention we provide a system for drilling a 25 

subterranean well bore, the system comprising a controller, and two sets of 

field devices, each of which is operable to measure a physical characteristic of 

the drilling system and to transmit to the controller a signal representing the 
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measured value of the physical characteristic, wherein the controller is 

programmed to use a first set of algorithms to process the signals received 

from a first set of field devices to determine if the measured values 

represented by the signals indicate that there might have been an influx of 

formation fluid into the well bore, and to use a second set of algorithms to 5 

process the signals received from a second set of field devices to determine if 

the measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, and wherein the controller is 

programmed to assign a numerical importance level to each of the field 

devices, to use the importance levels of the field devices in each of the first or 10 

second set of field devices to give a safety score for each set, and to subtract 

from the safety score the importance level of any sensor determined to be 

faulty. 

There is also provided a system for drilling a subterranean well bore, the 15 

system comprising a controller, and three sets of field devices, each of which 

is operable to measure a physical characteristic of the drilling system and to 

transmit to the controller a signal 

  





24

sensor, and bottom hole temperature and pressure sensors, a shaker gas 

analysis sensor, or any combination thereof. 

The first, second and third set of field devices may each be different but each 

set may include one or more field devices which measures the same physical 

characteristic of the drilling system as one or more of the field devices of one 5 

or both of the other sets.  Preferably each field device is included in only one 

of the first, second, or third sets of field devices. 

The controller may further be programmed such that if one of the sets of 

algorithms determines that there might have been an influx of formation fluid 

into the well bore, the controller automatically analyses the signals received 10 

from one of the other sets of field devices to corroborate this determination.  In 

this case, if the set of field devices used by one of the other sets of algorithms 

includes a common field device which measures the same physical 

characteristic of the drilling system as the field device whose signal resulted in 

the determination that there might have been an influx of formation fluid into 15 

the well bore, the controller is advantageously programmed to analyse the 

signals received from the common field device to corroborate the 

determination.    

As per the first aspect, the controller is programmed to assign a numerical 

importance level to each of the field devices, to use, for example by adding, 20 

the importance levels of the field devices in each of the first, second or third 

set of field devices to give a safety score for each set, and to subtract from the 

safety score the importance level of any sensor determined to be faulty.   

In this case, the controller may also be programmed to determine an 

aggregate safety score for the system by adding a first value to the aggregate 25 

safety score for each set of field devices with a safety score greater than a 
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predetermined value, and adding a second value to the aggregate safety score 

for each set of field devices with a safety score less than the predetermined  
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value, the aggregate safety score being reevaluated each time the safety 

score for any of the sets of field devices changes.  In a preferred embodiment, 

the first value is one and the second value is zero.  In this example, where 

three sets of field devices are provided, the maximum aggregate safety score 

is three, and the aggregate safety score falls by one each time the safety 5 

score of one of the sets of field devices falls below the predetermined level.  

The predetermined level need not be the same for each set of field devices.   

The controller may be programmed such that, when a field device is 

determined to be faulty, the controller determines whether or not there is 

another active field device which measures the same physical characteristic of 10 

the drilling system, assigns the faulty field device with a higher importance 

level if there is no such other field device and with a lower importance level if 

there is another active field device which measures the same physical 

characteristic of the drilling system, before recalculating the safety score of the 

set of field devices. 15 

The controller may be programmed such that the importance level assigned to 

each field device depends on the type of drilling operation in progress at the 

time. 

In one embodiment, the controller is programmed to alert an operator if the 

aggregate safety score falls to a first predetermined level, and, if the aggregate 20 

safety score falls even further to a second predetermined level, automatically 

to operate the drilling control devices so as to implement an emergency shut-

down procedure whereby drilling is stopped to allow for replacement or 

maintenance of the faulty field devices.  In one example, the first 

predetermined level is 2 and the second predetermined level is 1. 25 

According to a second aspect of the invention, we provide a controller for 

controlling a drilling system for drilling a subterranean well bore, wherein the 

controller is programmed to process signals received from two sets of field 

devices, each field device being operable to measure a physical characteristic 
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of the drilling system and to transmit to the controller a signal representing the 

measured value of the physical characteristic, wherein the controller is 

programmed to use a first set of algorithms to process the signals received 

from a first set of field devices to determine if the measured values 

represented by the signals indicate that there might have been an influx of 5 

formation fluid into the well bore, and to use a second set of algorithms to 

process the signals received from a second set of field devices to determine if 

the measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, and wherein the controller is 

programmed to assign a numerical importance level to each of the field 10 

devices, to use the importance levels of the field devices in each of the first or 

second set of field devices to give a safety score for each set, and to subtract 

from the safety score the importance level of any sensor determined to be 

faulty. 

15 

There is also provided a controller for controlling a drilling system for drilling a 

subterranean well bore, wherein the controller is programmed to process 

signals received from three sets of  
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field devices, each field device being operable to measure a physical 

characteristic of the drilling system and to transmit to the controller a signal 

representing the measured value of the physical characteristic, wherein the 

controller is programmed to use a first set of algorithms to process the signals 

received from a first set of field devices to determine if the measured values 5 

represented by the signals indicate that there might have been an influx of 

formation fluid into the well bore, and to use a second set of algorithms to 

process the signals received from a second set of field devices to determine if 

the measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, and to use a third set of 10 

algorithms to process the signals received from a third set of field devices to 

determine if the measured values represented by the signals indicate that 

there might have been an influx of formation fluid into the well bore.  

The controller may have any of the features or any combination of the features 

of the controller of a third aspect of the invention.  15 

According to a third aspect of the invention we provide a controller for 

controlling a drilling system for drilling a subterranean well bore, wherein the 

controller is programmed to process signals received from two sets of field 

devices, each field device being operable to measure a physical characteristic 

of the drilling system and to transmit to the controller a signal representing the 20 

measured value of the physical characteristic, wherein the controller is 

programmed to use a first set of algorithms to process the signals received 

from a first set of field devices to determine if the measured values 

represented by the signals indicate that there might have been an influx of 

formation fluid into the well bore, and to use a second set of algorithms to 25 

process the signals received from a second set of field devices to determine if 

the measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, and wherein the controller is 

programmed to assign a numerical importance level to each of the field 

devices, to use the importance levels of the field devices in each of the first or 30 
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second set of field devices to give a safety score for each set, and to subtract 

from the safety score the importance level of any sensor determined to be 

faulty. 

There is also provided a method of operating a drilling system comprising a 5 

controller, and three sets of field devices, each of which is operable to 

measure a physical characteristic of the drilling system and to transmit to the 

controller a signal representing the measured value of the physical 

characteristic, the method comprising the steps of using a first set of 

algorithms to process the signals received from a first set of field devices to 10 

determine if the measured values represented by the signals indicate that 

there might have been an influx of formation fluid into the well bore, using a 

second set of algorithms to process the signals received from a second set of 

field devices to determine if the measured values represented by the signals 

indicate that there might have been an influx of formation fluid into the well 15 

bore, and using a third set of algorithms to process the signals received from a 

third set of field devices to determine if the measured values represented by 

the signals indicate that there might have been an influx of formation fluid into 

the well bore. 

  20 
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Preferably, if one of the sets of algorithms determines that there might have 

been an influx of formation fluid into the well bore, the method includes 

automatically analysing the signals received from one of the other sets of field 

devices to corroborate this determination.   

If the set of field devices used by one of the other sets of algorithms includes a 5 

common field device which measures the same physical characteristic of the 

drilling system as the field device whose signal resulted in the determination 

that there might have been an influx of formation fluid into the well bore, the 

method may include analysing the signals received from the common field 

device to corroborate the determination.    10 

As per the third aspect, the method includes assigning a numerical importance 

level to each of the field devices, using the importance levels of the field 

devices in each of the first, second or third set of field devices to give a safety 

score for each set, and subtracting from the safety score the importance level 

of any sensor determined to be faulty.   15 

The method may further includes determining an aggregate safety score for 

the system by adding a first value to the aggregate safety score for each set of 

field devices with a safety score greater than a predetermined value, and 

adding a second value to the aggregate safety score for each set of field 

devices with a safety score less than the predetermined value, the aggregate 20 

safety score being reevaluated each time the safety score for any of the sets 

of field devices changes.  In a preferred embodiment, the first value is one and 

the second value is zero.  In this example, where three sets of field devices 

are provided, the maximum aggregate safety score is three, and the aggregate 

safety score falls by one each time the safety score of one of the sets of field 25 

devices falls below the predetermined level.  The predetermined level need not 

be the same for each set of field devices.   
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When a field device is determined to be faulty, the method may include 

determining whether or not there is another active field device which measures 

the same physical characteristic of the drilling system, assigning the faulty field 

device with a higher importance level if there is no such other field device and 

with a lower importance level if there is another active field device which 5 

measures the same physical characteristic of the drilling system, before 

recalculating the safety score of the set of field devices. 

The importance level assigned to each field device may depend on the type of 

drilling operation in progress at the time. 

The method may include alerting an operator if the aggregate safety score falls 10 

to a first predetermined level, and, if the aggregate safety score falls even 

further to a second predetermined level, automatically operating drilling control 

devices so as to implement an emergency shut-down procedure whereby 

drilling is stopped to allow for replacement or maintenance of any faulty field 

devices.  In one example, the first predetermined level is 2 and the second 15 

predetermined level is 1. 

According to a fourth aspect of the invention we provide a computer readable 

medium having instructions stored thereon that, when executed, cause a 

controller to operate in accordance with the method of the third aspect of the 

invention. 20 

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

and with reference to the accompanying drawings of which  

FIGURE 3 shows a schematic illustration of a drilling system according to the 

invention, 

Figure 4 shows a flow chart diagram illustrating the progression of kick 25 

detection data monitoring, data quality control, and critical equipment 



































45 

Claims 

1. A system for drilling a subterranean well bore, the system comprising a 

controller, and two sets of field devices, each of which is operable to measure 

a physical characteristic of the drilling system and to transmit to the controller 

a signal representing the measured value of the physical characteristic, 5 

wherein the controller is programmed to use a first set of algorithms to process 

the signals received from a first set of field devices to determine if the 

measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, and to use a second set of 

algorithms to process the signals received from a second set of field devices to 10 

determine if the measured values represented by the signals indicate that 

there might have been an influx of formation fluid into the well bore,  

and wherein the controller is programmed to assign a numerical importance 

level to each of the field devices, to use the importance levels of the field 

devices in each of the first or second set of field devices to give a safety score 15 

for each set, and to subtract from the safety score the importance level of any 

sensor determined to be faulty.  

2. A system according to claim 1 wherein the controller is programmed to 

use a third set of algorithms to process the signals received from a third set of 

field devices to determine if the measured values represented by the signals 20 

indicate that there might have been an influx of formation fluid into the well 

bore. 

3. A system according to claim 1 or 2 wherein the controller includes a 

microprocessor, or a plurality of microprocessors using a common clock 

signal, which receive(s) the signals from the field devices and which record(s) 25 

the time of receipt of each signal. 

4. A system according to claim 1, 2 or 3 wherein the controller further 

includes a memory and is configured to record in the memory each signal 

received from the field devices and the time of receipt of the signal. 
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5. A system according to claim any one of claims 1 to 4 wherein each set 

of field devices is different. 

6.  A system according to claim 5 wherein each set of field devices include 

one or more field devices which measures the same physical characteristic of 

the drilling system as one or more of the field devices of one or both of the 5 

other sets.   

7. A system according to any one of claims 1 to 6 wherein each field 

device is included in only one of the sets of field devices. 

8. A system according to any one of claims 1 to 7 wherein the controller is 

programmed such that if one of the sets of algorithms determines that there 10 

might have been an influx of formation fluid into the well bore, the controller 

automatically analyses the signals received from one of the other sets of field 

devices to corroborate this determination.   

9. A system according to claim 8 wherein, if the set of field devices used 

by one of the other sets of algorithms includes a common field device which 15 

measures the same physical characteristic of the drilling system as the field 

device whose signal resulted in the determination that there might have been 

an influx of formation fluid into the well bore, the controller is advantageously 

programmed to analyse the signals received from the common field device to 

corroborate the determination.    20 

10. A system according to any preceding claim wherein the controller is 

programmed to determine an aggregate safety score for all sets of field 

devices by adding a first value to the aggregate safety score for each set of 

field devices with a safety score greater than a predetermined value, and 

adding a second value to the aggregate safety score for each set of field 25 

devices with a safety score less than the predetermined value, the aggregate 

safety score being reevaluated each time the safety score for any of the sets 

of field devices changes.     
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11. A system according to any preceding claim wherein the controller is 

programmed such that, when a field device is determined to be faulty, the 

controller determines whether or not there is another active field device which 

measures the same physical characteristic of the drilling system, assigns the 

faulty field device with a higher importance level if there is no such other field 5 

device and with a lower importance level if there is another active field device 

which measures the same physical characteristic of the drilling system, before 

recalculating the safety score of the set of field devices. 

12. A system according to any preceding claim wherein the controller is 

programmed such that the importance level assigned to each field device 10 

depends on the type of drilling operation in progress at the time. 

13. A system according to any preceding claim wherein the controller is 

programmed to alert an operator if the aggregate safety score falls to a first 

predetermined level, and, if the aggregate safety score falls even further to a 

second predetermined level, automatically to operate the drilling control 15 

devices so as to implement an emergency shut-down procedure whereby 

drilling is stopped to allow for replacement or maintenance of the faulty field 

devices.   

14. A controller for controlling a drilling system for drilling a subterranean 

well bore, wherein the controller is programmed to process signals received 20 

from two sets of field devices, each field device being operable to measure a 

physical characteristic of the drilling system and to transmit to the controller a 

signal representing the measured value of the physical characteristic, wherein 

the controller is programmed to use a first set of algorithms to process the 

signals received from a first set of field devices to determine if the measured 25 

values represented by the signals indicate that there might have been an influx 

of formation fluid into the well bore, and to use a second set of algorithms to 

process the signals received from a second set of field devices to determine if 



48

the measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore, 

and wherein the controller is programmed to assign a numerical importance 

level to each of the field devices, to use the importance levels of the field 

devices in each of the first or second set of field devices to give a safety score 5 

for each set, and to subtract from the safety score the importance level of any 

sensor determined to be faulty. 

15. A controller accordingly to claim 14 wherein the controller is 

programmed to use a third set of algorithms to process the signals received 

from a third set of field devices to determine if the measured values 10 

represented by the signals indicate that there might have been an influx of 

formation fluid into the well bore.  

16. A method of operating a drilling system comprising a controller, and two 

sets of field devices, each of which is operable to measure a physical 

characteristic of the drilling system and to transmit to the controller a signal 15 

representing the measured value of the physical characteristic, the method 

comprising the steps of using a first set of algorithms to process the signals 

received from a first set of field devices to determine if the measured values 

represented by the signals indicate that there might have been an influx of 

formation fluid into the well bore, using a second set of algorithms to process 20 

the signals received from a second set of field devices to determine if the 

measured values represented by the signals indicate that there might have 

been an influx of formation fluid into the well bore,  

and wherein the method further includes assigning a numerical importance 

level to each of the field devices, using the importance levels of the field 25 

devices in each of the first, second or third set of field devices to give a safety 

score for each set, and subtracting from the safety score the importance level 

of any sensor determined to be faulty.  
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17. A method according to claim 16 wherein the method further comprises 

using a third set of algorithms to process the signals received from a third set 

of field devices to determine if the measured values represented by the signals 

indicate that there might have been an influx of formation fluid into the well 

bore. 5 

18. A method of operating a drilling system according to claim 16 or 17 

wherein if one of the sets of algorithms determines that there might have been 

an influx of formation fluid into the well bore, the method includes automatically 

analysing the signals received from one of the other sets of field devices to 

corroborate this determination.   10 

19. A method according to claim 18 wherein, if the set of field devices used 

by one of the other sets of algorithms includes a common field device which 

measures the same physical characteristic of the drilling system as the field 

device whose signal resulted in the determination that there might have been 

an influx of formation fluid into the well bore, the method includes analysing 15 

the signals received from the common field device to corroborate the 

determination.    

20. A method according to any one of claims 16 to 19 wherein the method 

further includes determining an aggregate safety score for all sets of field 

devices by adding a first value to the aggregate safety score for each set of 20 

field devices with a safety score greater than a predetermined value, and 

adding a second value to the aggregate safety score for each set of field 

devices with a safety score less than the predetermined value, the aggregate 

safety score being reevaluated each time the safety score for any of the sets 

of field devices changes.     25 

21. A method according to any one of claims 16 to 20 wherein when a field 

device is determined to be faulty, the method includes determining whether or 

not there is another active field device which measures the same physical 
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characteristic of the drilling system, assigning the faulty field device with a 

higher importance level if there is no such other field device and with a lower 

importance level if there is another active field device which measures the 

same physical characteristic of the drilling system, before recalculating the 

safety score of the set of field devices. 5 

22. A method according to any one of claims 16 to 21 wherein the 

importance level assigned to each field device depends on the type of drilling 

operation in progress at the time. 

23. A method according to any one of claims 20, 21 or 22 wherein the 

method includes alerting an operator if the aggregate safety score falls to a 10 

first predetermined level, and, if the aggregate safety score falls even further to 

a second predetermined level, automatically operating drilling control devices 

so as to implement an emergency shut-down procedure whereby drilling is 

stopped to allow for replacement or maintenance of the faulty field devices.   

24. A computer-readable-medium having instructions stored thereon that, 15 

when executed, cause a controller to operate in accordance with the method 

disclosed in any one of claims 16 to 23. 

  




