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a b s t r a c t 

In the oil and gas industry, the operation of drilling is a process which has been manually controlled. Well con- 

trol is a safety critical function, and it is used to enable safe management of pressures and fluids encountered 

whilst drilling. Losing well control resulting in an uncontrolled flow of reservoir fluids to surface and subsequent 

blowout, or fuel fed fire, can occur. The process of controlling this major accident hazard has also been manually 

controlled and is therefore subject to significant human factors’ issues. Each year multiple blowouts and several 

fatality events happen due to a loss of well control. Traditionally, well control has been completely reliant on a 

human to identify and react to an influx. However, the human condition means the driller can be distracted, or 

suddenly influenced by extraneous factors. Overreliance on humans in well control poses a danger to the safety in 

well operations, because of the inherent and constant exposure to human factors risk. Tasks that require sustained 

periods of cognitive awareness and reaction can be best performed by an automated process. Other industries 

have successfully implemented automation to reduce the risks and produce more consistent and efficient out- 

comes; however, automation of well control has not yet been fully applied. The oil and gas industry can improve 

from a personnel safety, environmental and reputational perspective. As in other industries, automating the 

function of well control represents a significant improvement in process safety for drilling operations. With the 

rapid advancement of technologies associated with simulators and cyber-rigs over the past 20 years, several new 

technologies have emerged. One of them is a technology which enables automated well control whilst in drilling 

mode. The Automated Well Control system has been designed to fully automate influx detection and shut-in se- 

quences. Once the system detects the influx, it performs a series of automated operations by taking control of 

the drilling rig equipment. The drill string is spaced out, top drive and mud pumps are stopped, and the BOP 

is closed. The system is currently designed for the drilling phase, which also covers initial tripping off bottom 

and back-reaming, and has been substantially tested against drilling simulators with real drillers. Additionally, 

a full field trials has been conducted using a conventional land rig which demonstrated the effectiveness of the 

standard system, proving up the functionality under different operational requirements. A technology qualifica- 

tion exercise was conducted, and the system has received a Technology Qualification Certificate for cyber and 

traditional rigs. To date, there are around 100 potential modules that can be developed using the same tech- 

nology to cover every aspect of well construction and decommissioning operations. Existing systems in use on 

rigs, such as Managed Pressure Drilling (MPD) and Early Kick Detection Systems (EKDS), can also benefit from 

linking directly with the Automated Well Control system to facilitate a fast and effective re-establishment of the 

secondary barrier. The Automated Well Control and a MPD systems have recently been combined to create the 

first integrated package to deliver both pressure control and well control in an efficient and less error prone 

manner. A full rig trial was successfully performed to demonstrate and verify the integration and functionality 

of both systems. The Automated Well Control technology referred to above has been patented by the UK Patent 

Office, which recognises its ability to detect the presence of a fluid influx condition in a wellbore, make a decision 

against criteria to shut-in, and then automatically initiate a well control protocol that results in the safe shut-in 

of the well. The paper aims to describe the Automated Well Control technology and explain why the system was 

designed and how it works, highlighting the benefits of automating this safety critical process. 
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Well control refers to the technique employed while drilling to bal-

nce the hydrostatic and formation pressures and prevent the influx of
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ater, gas, or hydrocarbons that would ultimately result in an uncon-

rolled flow to the surface ( Magana-Mora et al. 2021 ). 

Loss of well control is widely acknowledged as one of the major haz-

rds in the oil and gas industry with far-reaching consequences. Well
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Nomenclature 

BHP Bottomhole Pressure 

BOP Blowout Preventer 

HMI Human-Machine Interface 

HEP Human Error Probability 

MPD Managed Pressure Drilling 

MVP Minimum Viable Product 

PLC Programable Logic Controller 

SBP Surface Back Pressure 

SHERPA Systematic Human Error Reduction and Prediction Ap- 

proach 

TRL Technology Readiness Level 

ontrol incidents have substantial negative impacts, including loss of

ife, environment impact, loss of capital and reputation. Many of the

orst incidents have been attributable to human factors. 

Handling well control incidents is not an easy task. The need to man-

ge the well control risk safely and efficiently is crucial to mitigate risks

uring operations. Technologies are transforming different industries,

eflecting on workforce development, productivity, and safety. Well con-

rol can also be improved by using automation. The advent of automa-

ion in this area has the potential to reduce personnel exposure that is

ssociated with conventional well control. Therefore, the automation of

ell control could lead to more consistent and efficient results. Further-

ore, an efficient well operation can reduce operating cost. A technol-

gy, known as Automated Well Control, has been developed to address

he main safety issue of human factors. Its ability to fully automate in-

ux detection and shut-in sequences dramatically reduces the influx size

nd prevent major accident hazards. 

This paper briefly summarises the challenges of well control, and the

ole of human factors in well control incidents in section 2. Section 3

nd 4 evaluate automation and provide a comprehensive overview of

utomated Well Control system, highlighting rig trials results and the

enefits of implementing this technology in well operations. In section

, the outcomes of a comparative human factors analysis for the use

f the Automated Well Control system against traditional well control

ethods are presented, followed by conclusions. 

ackground 

ell control 

The function of well control falls into primary and secondary

ell control, a high-risk consideration during well construction oper-

tions. In drilling, primary well control is the hydrostatic pressure ex-

rted by the drilling fluid in the well ( Vujasinovic 1986 ). The use of mud

ensity is typically employed to control primary well control. When

 formation cannot be controlled by primary well control, secondary

ell control is used to prevent blowouts. Well control systems at sur-

ace prevent the uncontrolled flow of formation fluids from the wellbore

y providing an effective and reliable secondary barrier. A safe shut-in

nvolves controlling the drilling equipment and the Blowout Preventer

BOP) equipment to affect a pressure tight seal at the top of the well.

ubsequently, the fluid flows into the well bore until a natural balance

f pressure occurs between the donor formation and the pressure within

he well bore. Once the well has stabilised, a plan is formulated to re-

ume operations. Usually this involves restoring the primary barrier by

irculating in a higher density fluid. The secondary barrier is a com-

ination of several elements: effective pressure control equipment and

ensors, process safety, human factors, competency in the areas of influx

etection, equipment maintenance and effective operation. Throughout

he secondary barrier process, there are two key elements which are

afety critical and extremely time sensitive: influx detection and shut-in.
2 
ailure to identify an influx or kick can result in an uncontrolled flow

f oil and gas from the reservoir to the rig. With an ignition source,

he subsequent fuel fed fire can have catastrophic effects on the rig

nd its operating personnel. When this system fails, the resulting im-

act on personnel, the environment, assets, and reputation can be dis-

strous. Clearly there are strong economic and social drivers to prevent

r minimize the frequency and impact of well control incidents (Bryan

tchison 2021 ). 

Due to the uncertain nature of the geological landscape that forms

he reservoirs selected for hydrocarbon exploitation, it can be assumed

hat well control events are somewhat inevitable. A full loss of control

s a combination of processes that include technical and human factors

hat are applied in an emergency and stressful situation. It is well-known

hat each year the oil and gas industry experiences multiple events due

o a loss of well control. In the US Gulf of Mexico, for instance, there

s one loss of well control event for every 167 exploration wells drilled.

his fact is stressed by the events of April 20th, 2010, in the Gulf of

exico, when a loss of well control on the Deepwater Horizon resulted

n 11 tragic fatalities, 15 personnel injuries, the total loss of a rig and

he largest marine oil spill in history, an estimated 4.9 million barrels

f spilt crude. Such massive environmental and economic impacts in

he affected area, including the subsequent litigation and compensation,

osting in the order of $65bn brought into sharp focus the huge negative

mpact of well control mistakes. 

The operation of drilling is a process which has traditionally been

anually controlled. Well control relies on a human, the driller, to reli-

bly and accurately detect an influx and shut-in the well. The driller is

he member of the crew who operates the drilling equipment on the rig

oor and is in charge of the drilling operations. Well Control requires a

igh cognitive workload on an individual job position with multiple job

oles. It is acknowledged that the human condition means the driller can

e distracted in many ways by extraneous factors. A challenging envi-

onment, where unforeseen events can have catastrophic effect, makes

 huge impact on his performance. He can be surprised and startled by

hese events and, as result, can be vulnerable to error. Therefore, recog-

ising and controlling hazards can be hard. 

With the complexity of the tasks required and several issues affecting

he well construction team and the driller, it is understandable that most

lowouts are caused by human factors. 

uman factors 

Human factors can be defined as all physical, psychological, and so-

ial characteristics of humans that influence their actions with socio-

echnical systems or are influenced by them. The term is very broad

nd encapsulates different sub-disciplines. Human factors research has

argely evolved through the analysis of accidents that provide an im-

ortant window into understanding how people perform their work and

ow things might go wrong ( Thorogood et al. 2015 ). 

In complex work environments, as in the oil and gas industry, hu-

an factors are a significant contributor to many of the worst incidents.

s mentioned in the previous section, well control is a safety critical

rocess that requires a high cognitive workload of the driller. This indi-

idual can be exposed to multiple demands on their attention, often with

ompeting drivers, followed by extended periods of repetitive tasks. The

ature of well construction with long hours, constant weather exposure,

eriods of intense physical activity and irregular and fatiguing shift pat-

erns tends to be unsafe. Taking these circumstances into consideration,

he driller’s ability of evaluating an unexpected event and taking ap-

ropriate action can be threatened. Therefore, decision-making can be

ignificantly impaired. 

It is well-documented that in up to 67% of blowouts, human factors

layed a key role in the impairment of barriers and subsequent blowout

vents ( Holand 2017 ; OESI 2016 ). Recently, an analysis of published

ncidents from the International Association of Oil and Gas Producers

IOGP) showed that between 2014 and 2021 there were 43 reported
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Fig. 1. Key Contributing Factors (IOGP) (after Gillard and Abbas Bhatti 2021 ). 

Fig. 2. Key Contributing Factors (after Gillard and Abbas Bhatti 2021 ). 
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ell control events ( Gillard and Abbas Bhatti 2021 ). Fig. 1 describes

he categorization of the key contributing factors for these events. 23%

f incidents were directly attributable to technology failure, 35% were

ttributable to organisational issues and the remaining 42% involved a

ailure related to human factors. 

Gillard and Abbas Bhatti (2021) consider that incidents that are not

irectly attributable to technology failure could have been minimized in

mpact or completely avoided by the deployment of an Automated Well

ontrol system. In the analysis, they concluded that 21 of the 43 IOGP

elated well control incidents could have benefitted from automation. 

Data from other sources, such as The Bureau of Safety and Envi-

onmental Enforcement (BSEE), show that only 20-35% of well control

ncidents can be attributed to Technology Failure. The remainder are

ttributed to either organisational issues or human factors as shown in

ig. 2 . 

Further analysis of the IOGP database carried out by IOGP indi-

ates that the main contributing factor to 71% of well control events
3 
s human factors related and 37% could be attributed to system failure

 IOGP 2021 ). 

Observing the data above, overreliance on humans in well con-

rol can be dangerous, because of the inherent and constant expo-

ure to human factors risk. Organizational and human failures could

ave been prevented by using robust management systems and Auto-

ated Well Control systems. This underpins the fact that tasks that

nvolve continuous periods of cognitive awareness and reaction can

e best performed by an automated process ( Gillard and Abbas Bhatti

021 ). 

he use of automation to reduce risk 

utomation in other industries 

Automation of processes enables the influence of human factors to

e better controlled and almost eliminated. While automation cannot
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Fig. 3. Evolution of automation in the automotive industry. 

Table 1 

Levels of automation in automotive industry (after NHTSA 2021 ). 

Levels of Automation Who does what, when 

Level 0 The human driver does all the driving 

Level 1 An advanced driver assistance system (ADAS) on the vehicle can sometimes assist the human driver with either steering or braking/accelerating, 

but not both simultaneously 

Level 2 An advanced driver assistance system (ADAS) on the vehicle can itself actually control both steering and braking/accelerating simultaneously under 

some circumstances. The human driver must continue to pay full attention ( “monitor the driving environment ”) at all times and perform the rest of 

the driving task. 

Level 3 An automated driving system (ADS) on the vehicle can itself perform all aspects of the driving task under some circumstances. In those 

circumstances, the human driver must be ready to take back control at any time when the ADS requests the human driver to do so. In all other 

circumstances, the human driver performs the driving task. 

Level 4 An automated driving system (ADS) on the vehicle can itself perform all driving tasks and monitor the driving environment – essentially, do all the 

driving – in certain circumstances. The human need not pay attention in those circumstances. 

Level 5 An automated driving system (ADS) on the vehicle can do all the driving in all circumstances. The human occupants are just passengers and need 

never be involved in driving. 
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Table 2 

Statistics in the automotive industry in the USA (after National Safety Coun- 

cil 2021 ). 

Year Statistics (Deaths and Motor Vehicles Death Rates) 

1923–1950 42% reduction 

1950–1990 66% reduction 

1990–2019 42% reduction 
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ompletely replace human intervention, it is believed that automation

an greatly improve the overall safety and efficiency of operations by

emoving operational and human factors failure. 

Engineering based industries, as aviation and automotive, have em-

raced automation to produce a more consistent outcome and minimize

he chance of human error. There are clear advantages and benefits in

mplementing automation on high-risk operations. With the reduction of

he need for human interference over the automation processes to under-

ake tasks, the chances of errors are also minimized. Also, the workers

an focus on other functions. 

Over the years, the performance of the automotive industry has been

nhanced with the advancement of automation as illustrated in Fig. 3 . 

The levels of automation in the automotive industry are described in

able 1 . 

The automotive safety in the United States, for instance, has im-

roved dramatically since the early 1900s due to driver attitudes and

ehaviors, road safety and automation as depicted in Fig. 4 and Table 2

 National Safety Council 2021 ). 

Based on data described in Figs. 3 and 4 and Table 2 , one can in-

erpret that 42% reduction in deaths and motor vehicles death rates be-

ween 1923 and 1950 could be driven by driver competence and road

afety. From 1950 until 1990, there were 66% reduction, probably due

o general car safety improvements, while automation could be inter-

reted as a driver of the 42% reduction in the rates presented between

990 and 2019. 
u  

4 
In the aviation industry, automation plays a vital part in the op-

rations and has substantially changed the role of the pilots. Aircrafts

ave become sophisticated and automated, more than ever before. Mod-

rn airplanes are now equipped with automated systems, and increas-

ngly reliant on automation for safe and efficient operations. The ad-

ances in cockpit automation technology can relieve pilots’ workload,

ncreasing the precision of routine procedures to reduce the opportu-

ity for errors and the associated risks to the safety of the flight. The

bility of computers to perform faster, more consistently and more

ccurately than a human as well as to perform more complex func-

ions is extensively exploited. Although the pilots continue to con-

rol an aircraft, to manage the flight and make decisions, the com-

uter technology helps them and brings some degree of safety ad-

antage. As the future path of an aircraft is known in advance, any

nsafe condition can be detected before it becomes a safety issue.
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Fig. 4. Deaths and motor vehicles death rates in automotive industry in the USA (after National Safety Council 2021 ). 
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light management systems represent the highest level of automation

n this industry and are designed to be the primary means of dur-

ng all phases of flight. Automation has also contributed substantially

o the sustained improvement of flight safety in the helicopter com-

unity ( EASA 2013 , EASA 2021 , Thorogood 2012 , Thorogood et al.

009 ). 

utomation in the oil and gas industry 

In drilling operations, the risk of hazards is also high and imminent.

lear parallels can be drawn with other industries as aviation. Like an

ircraft pilot, the driller works in an extremely challenging environment,

here critical decision-making skills and fine motor skills are required.

his suggests that the oil and gas industry could learn from other indus-

ries and employ automation to help to overcome human errors in well

ontrol. Automating processes allows well operations to be more reli-

ble and consistent, effectively improving the performance of drillers.

onsequently, the implementation of automation within the well con-

rol envelope is expected to contribute significantly to enhance safety

nd efficiency. 

Within the last 20 years, significant advances have been made in rig

esign to reduce manual handling, exposure, and risk to the drill floor

peratives. The technology advancement in the areas of pneumatic and

ydraulic machinery, automated and semi-automated equipment has

ombined with the requirement for larger components to be handled.

hese powerful tools are controlled using computers and electronics.

ithin the last decade, several new technologies have been introduced,

esulting in significant risk reduction and cost savings. However, full au-

omation of well control has not yet been applied within the industry.

o fill this gap, the requirement to develop an Automated Well Control

ystem in drilling operations has increased. 

utomation in well control 

A system, known as Automated Well Control, has been designed to

ully automate influx detection and shut-in sequences during drilling
5 
perations. Developed to address the main safety issue of human factors,

he Automated Well Control system has the potential to improve safety

nd efficiency in drilling operations by reducing the chance for human

rror and helping to ensure consistency in processes. 

The sensitivity of Automated Well Control technology enables rapid

esponse; fast identification, decision-making, and reaction to well con-

rol events, dramatically reducing the influx size and mitigating risk to

eople and the environment. 

One of the key functions required in the process is that of moving

he drill string to ensure there is not an incompatible pipe connection

cross the BOP. This is known as spacing out, and facilitates a safe BOP

losure. 

This system enables continuous real-time monitoring of the well and

anages influx flow automatically. Once an influx is identified, the Au-

omated Well Control system will actively control the rig, performing

 series of commands to space out, stop the top drive, shut down the

umps and shut-in the BOP ( Atchison 2021 ). 

The system footprint on the rig is a Programmable Logic Controller

PLC) and a Human Machine Interface (HMI) screen. The HMI screen can

e incorporated into the rig’s existing HMI screen and is operated by the

riller. Using control algorithms, the controller accurately monitors the

arameters from the existing sensor package and controls the existing rig

quipment. Fig. 5 illustrates the topology of this system ( Atchison and

arpangal 2022 ). 

Prior to commencing drilling operations, the space out parameters

re set up by the driller. The driller also selects the equipment that the

utomated Well Control system will function; top drive, mud pumps,

rawworks, and BOP. Using automation, the Operator or Drilling Con-

ractor policy can be implemented, so that the Operator and Drilling

ontractor can be assured that a robust assurance process is in place for

ell control for the duration of the well ( Atchison 2021 ). 

In the case of an influx, the driller is alerted visually and audibly

t the HMI by the system, indicating that the automated well con-

rol sequence has commenced. The system then takes control of sev-

ral pieces of equipment that the human operator would normally

ontrol. 
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Fig. 5. Topology of the Automated Well Control system ( Atchison and Sarpangal 2022 ). 
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Automated Well Control is designed as a tool to help the drillers

o fulfil their role and perform their tasks more efficiently. The pur-

ose of the system is to reduce the driller’s workload, although the

rillers are accountable for the operation and remain in full control

ith the ability to interrupt the automated sequence progressing at any

ime ( Atchison 2021 ). According to levels of automotive automation de-

cribed in Table 1 , the Automated Well Control would be level 2. 

pplication of Automated Well Control technology 

The system has been extensively tested on drilling simulators. Sim-

lated well data was used to test how this technology functioned in

 wide range of scenarios. Additionally, the Automated Well Control

as demonstrated at a well control training event for a large group of

rillers. With a particular well programmed into the well control simu-

ator, each driller performed a manual shut in. Even though each driller

new a kick was about to happen, the smallest volume of influx shut-in

as ∼ 1.27 m 

3 and the largest ∼ 5.08 m 

3 , with the typical volume be-

ng about 3m 

3 . When the Automated Well Control system automatically

hut-in the same influx, the shut-in volume was under 0.32 m 

3 , an order

f magnitude less than the human driller. 

In October 2019, a full field trial was successfully conducted in Ab-

rdeen, UK, where the Minimum Viable Product (MVP) system was in-

erfaced with a conventional land rig and performed automated well

ontrol. A series of 20 tests were performed to test full functionality,

ormal drilling ahead operations and effects of incorrect set up. The trial

emonstrated the effectiveness of the standard system, proving up the

unctionality under different scenarios and operational requirements. 

Furthermore, the Automated Well Control system has been inter-

aced with a MPD system. MPD has evolved as a drilling method that

an enable drilling through narrow by using the application of Surface

ack Pressure (SBP) in order to manipulate the Bottomhole Pressure

BHP) within the confines of the pore and fracture pressures. The com-

ined system was tested remotely in March 2021, where a series of 27

ests were performed on a conventional rig. This integration provides

utomated primary and secondary well control, which allow wells to

e drilled and constructed with the highest level of efficiency and in-

egrity ( Atchison and Wuest 2021 ). 

The Automated Well Control system is currently designed for the

rilling phase. The MVP is at Technology Readiness Level (TRL) 8 in
6 
he 9-step scale, and the technology possesses a Technology Qualifica-

ion Certificate to operate on a cyber rig and traditional rig. In January

021, the technology was granted its first patent. The UK patent rec-

gnizes the ability of Automated Well Control to detect the presence of

 fluid influx condition in a wellbore, make a decision against criteria

o shut-in, and then automatically initiate a well control protocol that

esults in the well being safely shut in. The flexibility of automation en-

bles the development of additional modules that can be implemented

sing the same technology to cover every aspect of well construction

nd decommissioning operations. To date, almost 100 potential mod-

les have been identified. 

omparative human factors analysis & results 

In 2020, a comprehensive and unique comparative human factors

nalysis was carried out by an independent risk consultancy company.

he study provides a qualitative and quantitative assessment of the hu-

an failure modes associated with the operation of Automated Well

ontrol, and a comparison against the equivalent human failure modes

ssociated with traditional well control methods employed in the oil

nd gas industry. This study examines the opportunities for human

ailure to impact upon the successful identification and shut-in of an

nflux. 

The objectives of the comparative analysis include: to identify and

ecord the task steps for the identification and shut-in of an influx; to

dentify all human failure modes associated with each task step and as-

ess their consequences; and to quantify the overall Human Error Prob-

bility (HEP) for each task failure mode. 

A Systematic Human Error Reduction and Prediction Approach

SHERPA), a methodology for qualitatively modelling human error in

he context of nuclear power generation safety analyses, was used to

rovide the basis for subsequent quantitative assessments of human re-

iability ( Marex 2020 ; Atchison and Sarpangal 2022 ). 

Having followed a process and looked at multiple datasets, the

oftware processed the results of the comparison. The blowout anal-

sis found that the Automated Well Control system reduced the hu-

an probabilities failures by 94%. Additionally, Automated Well Con-

rol could achieve a 96% chance of reducing the shut-in influx vol-

me as per Table 3 and Fig. 6 ( Marex 2020 ; Atchison and Sarpangal

022 ). 
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Fig. 6. HEP results comparison (after Marex 2020 ; Atchison and Sarpangal 2022 ). 

Table 3 

Results – Human error probabilities (HEP) (after Marex 2020 ; Atchison and 

Sarpangal 2022 ). 

Failure to shut 

in onan influx 

Delay in shutting 

in on an influx 

Traditional well control 0.4411 0.5528 

Automated well control 0.0250 0.0246 

Reduction in HEP for automated well 

control vs traditional well control 

94% 96% 
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onclusions 

This paper presented a summary of well control and described the

ole of human factors in well control incidents. Moreover, it provided a

omprehensive overview of Automated Well Control technology, high-

ighting the results of the trials in drilling simulators and rigs. Finally,

he outcomes of a comparative human factors analysis for the use of the

utomated Well Control system against traditional well control methods

ere given. Based on information presented, the following conclusions

an be drawn. 

• From a safety perspective, it is imperative to continue efforts to re-

duce risks associated with well control. Automation has an impor-

tant role to play in this. The right use of automation would help to

eliminate errors which can lead to catastrophic blowouts. 
• Automation in well control can almost remove the biggest variable

of human factors; hence, the Automated Well Control system can

enhance safety and efficiency in well operations. 
• The Automated Well Control system has the potential to deliver a

substantial increase in productivity and increase the likelihood of

delivering the objectives of challenging wells. In addition, there are

several benefits that will reduce well construction costs: less time

spent on recovery and remediation, and potentially an enhanced well

design leading to reduced well costs. 
• Environmental benefits can be attained using Automated Well Con-

trol. The benefits of smaller influx sizes, due to the efficiency and
7 
speed that the Automated Well Control system secures a well, can

lead to a reduction in carbon footprint and potential impact to the

environment. 
• A rigorous comparative human factors analysis carried out by an in-

dependent company provides a clear demonstration of the reduction

in the human failure risks that the Automated Well Control system

brings to the conventional well control method. The results reinforce

the importance of automation in drilling operations. 
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