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Abstract

Purpose: The ability to monitor and detect anomalous change an oil well is a
fundamental aspect of an offshore driller’s job,asoto maintain well control, the safety of
the surrounding rig and minimize risk. Drillers asguired to have a high level of situation
awareness in order to recognize and interpret atolis that suggest that hazardous
hydrocarbons may have entered the well bore (ede as kick detection), allowing them to
take the best actions to deal with the situatidme @&im was to use cognitive task analysis
methods to identify the expert SA skills requiredthe complex task of kick detection.
Method: An Applied Cognitive Task Analysis (ACTA) of theASomponents required for
kick detection was conducted. 1. A technical taskcdiption was produced, using material
extracted from well control manuals and a five tlaning course. 2. The SA components
required for the kick detection task using the ipralary Drillers’ SA model. 3. The ACTA
data were validated by three drilling experts.

Results: The specific cognitive skills associated with ntaining SA that were required for
accurate kick detection were: attending to andgei@ing changes in the drilling parameters,
understanding their significance as kick indicatorshe context of a mental picture of the
well state, and anticipating what could result ikiek, necessitating flow checking and/or
shutting in actions.

Limitations: ACTA methods are prone to research bias howeveorscwere taken to
minimize this.

Practical Implications: Training and work design recommendations baseth®@®ACTA are
outlined for supporting driller SA for effective Wecontrol and consequently to improve
process safety. The study also illustrates how AGnéhods can be used to examine and

support cognition in the workplace.



1. Introduction

A fundamental aspect of an offshore oilfield dribejob is the ability to monitor and detect
changes in the well state, which could indicate domtrol of the hazardous hydrocarbons has
been compromised, so as to take the best actiomsitigate any adverse consequences.
Should well control be lost (i.e. the downward rogtatic pressure of the column of drilling
fluid is exceeded by the upward formation presswe)uncontrolled influx of fluids into the
wellbore can occur with the potential to escalate & kick, such as happenedDeepwater
Horizon Gee Report to the President, 2011; Chemical S&etrd, 2015 Consequently,
kick detection (i.e. the task of detecting chanigesell state that indicate a kick could occur)
is a safety critical aspect of not only well cohttaut of the safety of the (approximate 120)
crew on board the drilling rig. The ability to remavigilant for changes in the well state, to
recognise and understand the significance of kidicators for the unfolding situation refers
to Situation Awareness (SA). SA is the state ofvking what is going on during task
execution and using that understanding to predist lSituations may develop (Endsley,
1995). Research has indicated that drillers redugk level SA, particularly during complex
tasks such as well control (Roberts, Flin & Clela2@l5a).

Given the importance of maintaining well controkjlldcrew are required to complete

mandatory, certified well control courses with exaation on both theoretical and practical
components including kick detection (IOGP, 2012pwedver, despite the importance of SA
and other cognitive skills for kick detection, welbntrol courses tend to focus on the
technical aspects (e.g. managed pressure drilthgpre, Medley & Goodwin, 2014). It is

positive to note that IOGP (2014, a, b) have oatirguidelines for conducting a Crew
Resource Management (CRM) training program for wpbrations which includes SA (e.qg.
SA skills, symptoms of SA problems and how to cotmtb@&m) but these require further

research.

Coupling the expansion of the drilling industry anincreasingly hazardous high-pressure
high-temperature and deep water wells, with a deapidc shift of large numbers of

experiencing drilling personnel retiring (Johnsdreuchtenberg, Petrie & Cunningham,
2014), the importance of understanding the SA digeerequired for kick detection becomes
ever more important for maintaining safety. Cogmitiask analysis methods have previously
been used in other process industries (e.g. nugewer plants; Carvalho, dos Santos,

Gomes, Borges & Guerlain, 2008) to examine expeds as to develop interventions that
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support the operator’s cognition (e.g. interfacsigie for nuclear power plant control rooms,

Kim, Suh, Jang, Hong & Park, 2012) and consequemiyyove process safety.

This paper utilizes the Drillers’” SA model (Roberiin & Cleland, 2015a) as the basis for
an applied cognitive task analysis to identify tkey SA components required for the
offshore drillers to complete the safety criticakk of kick detection. It illustrates how
cognitive task analysis methods can be used tormfoterventions that support the operator,
such as training, accident analysis, error managear& design of the working environment

and technology.

1.1. Kick detection

Faster recognition of kick indicators is vital fan effective response to reduce the risk of
adverse consequences (Fraser, Lindley, Moore & ¥asiaak, 2014). Should a kick be
recognised, the driller is required to remotelyseldhe blow out preventer equipment on the
sea floor to prevent the highly pressurised hyditomas from travelling up to the rig and
resulting in a blowout, referred to ahutting in Similarly should a kick indicator be
recognised, the driller is required to assessritegyrity of the well by observing whether the
flow from the well is stable, referred to asflaw check Thus, the driller's ability to
constantly monitor, recognise and comprehend inolissfrom the wellbore is vital for kick

detection and should a well control situation octlue best decisions and actions are taken.
1.2 Situation awareness

Situation Awareness (SA) is the awareness of whdtappening in the work environment,
understanding what the information means, and ugirg anticipate how situations will
develop (Endsley, 1995; 2015). The disastrous apresgces that SA failures (e.g. missing
indicators) can through poor decision making anchegessary risk taking have been
recognised in process safety (Kaber & Endsley, 198§lor, Wijk, May & Carhart, 2015)
(e.g. Deepwater Horizon Roberts et al., 2015bTexas City Khan & Amyotte, 2007;
explosion at the chemical production facillyest Virginia Institute Naderpour, Nazir &
Lou, 2015). A range of SA theories has been prapdsey., Smith and Hancock, 1995;
Stanton, Salmon, Walker & Jenkins, 2009; Wicker@)2). Despite a continuing theoretical
debate on SA (e.g. see Dekker, 2015; Endsley, 2@E%)sley’s (1995) three level model of
SA currently remains the mostly widely applied ilbr@ad range of high risk domains (e.g.

nuclear power plants, Lee, Park, Kim & Seong, 20d@jing, Sneddon, Mearns & Flin,
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2006). SA is described by Endsley as a cognitivedpet of three hierarchical levels,
perception (Level 1), comprehension (Level 2) aretljgtion (Level 3), identifying task and
environmental factors (e.g. interface design anaplexity), as well as individual factors
(e.g. goals and experience) that can influenc&At.is supported through operators’ tacit
mental models of the systems and environment tet work in, allowing them to develop
mental pictures of the current situation, as bagedtheir experience/expertise (e.g. see
Endsley & Garland, 2000).

1.3 Situation awareness research for kick detection

There is a minimal body of research examining SAlritling, identifying problems such as
failures to monitor or observe data (Sneddon, Meagn Flin, 2006), drillers’ poor
concentration, and difficulties with interpretatiof information (Stanton & Wilson, 2001),
as well as with poorly designed aspects of the wanmiironment (Sawaryn, Pickering &
Whitely, 2008;Woodcock & Toy, 2011). The self-rep@vork Situation Awareness rating
tool was employed to examine the impact on strasgp disruption and fatigue on SA, as
well as the relationship between SA and unsafe \neba and incident involvement in
drilling (Sneddon, Mearns & Flin, 2013). Interviewsith drill crew members and
observations of well control scenarios in a higlefity simulator were conducted and
utilized to develop the Drillers’ SA model (Robedsal., 2015b) (see Figure 1), as based
upon Endsley’s (1995) three level model. It reffeat cyclic process of attending to and
gathering information from the surrounding envir@mt) recognizing patterns from available
indicators; interpreting their significance andlimithg mental simulations of how the

situation may develop so as to take preparatoigract
Insert Figure 1 approximately here.

More recently, the Drillers’ SA model has also besed to examine process safety in the
drilling industry as an accident analysis framewaok examine the drill crew’'s SA on
Deepwater Horizon (Roberts et al.,, 2015b). It pled insight into the crew’s likely
cognitive processes in the lead up to the blowadtwhy the crew erroneously believed that
the well was stable despite indicators to the eoptrWhilst these studies are valuable for
examining drillers’ cognition, they discuss the gext cognitive skills associated with well

control, rather than kick detection specifically.

1.4 Cognitive task analysis
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Cognitive Task Analysis (CTA) methods can be useti¢ntify the cognitive processes and
goal structures that underpin how experts perfoompex tasks (Militello & Hutton, 1998).,
such as kick detection This commonly includes catidg a Task Analysis (TA) in which
task data (e.g. document analysis) are gatheréddoment what an operator is required to
do to successfully complete a specified task withisystem, producing a task description,
(e.g. steps and actions; Stanton, 2005). HieraatHAiask Analysis (HTA) is a popular form
of TA as it provides a straightforward method oédking down a task into increasingly
smaller nested tasks to investigate the minuteildeth task actions, goals and associated
decisions (Stanton, 2005). The method is valuaBleha task description and output of
HTA'’s can be used for other activities such as catidg CTA, risk assessment, human error
identification and Systematic Human Error Reductom Prediction Approach (SHERPA;
Stanton, 2004).CTA is an extension of traditional TA methods, ekang cognitive
expertise, using techniques including interviewssasvations and questionnaires, such as
were used to develop the Drillers’ SA model. Robet al. (2015a) previously used CTA
methods to examine drillers’ SA; however, theirdstudentified the generic SA skills used
while drilling rather than explicitly outlining thprecise SA steps for the particular task of
kick detection. Similar to HTA, CTA requires sigodnt time and resources. Applied
Cognitive Task Analysis (ACTA) is a streamlinedsien of CTA, providing the practitioner
with a set of data extraction methods that aregiesi to support interventions, such as
training programmes or work design recommendat{gas Militello & Hutton, 1998). This

technique was the most relevant for the curremtystu

2. Aim

The aim of the study was to identify the SA compuaaequired for kick detection by (1)
producing a task description from technical infotioa (access to well control manuals,
attendance on a training course and Subject M&igrerts (SMEs)) and (2) apply the
preliminary Drillers’ SA model (Figure 1) to idefytithe SA components, using the Applied
CTA method (ACTA; Militello & Hutton, 1998). Aftecompletion, this could determine if
the Drillers’ SA components were present and ifreheere additional cognitive skills not
present in the Drillers’ SA model.

3. Method
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The ACTA of SA for kick detection was produced owerseven month period (April —
September 2014) with three SMEs and the processsisibed below in Figure 2.

Insert Figure 2 approximatley here.

3.1. Expert feedback

Expert feedback was sought on the technical taskrgition and later on the SA components
(see section 3.4.) using a method adapted fromkCkeldon, van Merrienboer, Yates and
Early (2008) and Militello and Hutton (1998). Thr&MEs were contacted through the
sponsoring company and a drilling school. All werale with over 25 years’ experience in
the drilling industry. For practicality, feedbaclasvgiven face to face from two SMEs and for
one via email, with their feedback being used tinesthe task description and cognitive

steps.

3.2 Technical task description

As there are different steps for kick detectionadegping on the location of the well (e.g. on
land or sub-sea well) and the activity (e.g. ddli tripping or making a connection), the
specific task of drilling a sub-sea well was seddcas based upon the severe consequences

of a kick on a sub-sea well (Ismalil et al., 2014).

As outlined in Figure 2, three technical well cohtmanuals from the sponsoring company
and a well control school were consulted and th& fiuthor took part in a five day well

control course. Feedback was then sought from tBkEs on the technical task description.

3.3 Experts disagree

A disagreement arose between the SMEs regarding adtians should be taken if a change
in active pit volume was recognised (whether toetaiction to flow check or to take
alternative actions e.g. check for mud transfehe @isagreement needed to be resolved to
complete the CTA. Domain experts frequently disaghaving developed their own methods
and mental processes for completing complex taskspme cases using different reasoning
to solve the same problem (Shanteau, 2001; Webaxinyl Roth, Henrigson & Dekker,
2014). As it was not the researcher’s position amment on technical steps or industry
guidelines, advice was sought from a further tH8®4Es, one of whom was from another
drilling company and two were from an operating pamy, specifically regarding the active

pit volume issue via email. The additional SMEsialependently supported the argument
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that the driller should flow check the well ratliban take alternative actions and therefore

this is represented in the ACTA account of SA fiekldetection in Figure 3.



3.4. Identifying SA components

Once the technical task description was deemedetadrurate by the SMEs, the SA
components in the technical description were idiexti The Drillers’ SA model (Roberts et
al., 2015a), as well as the prior interview andeoiation data that the model was developed
from, was used as the coding framework to identiy cognitive steps. These prior data
consisted of 18 interviews with experienced driéwe and 24 hours of observations (live and
in-vivo) of drill crew taking part in well contradcenarios in a high fidelity simulator. For
example, the coding framework included Drillers’ $8mponents such as attending to the
situation, gathering information and recognisingxurhe SA components were identified
for the full technical task description and givea three SMEs for feedback. The
identification of the SA components for the enttesk description produced the ACTA

account of the cognitive components required fok kietection.
3.5 Final ACTA for kick detection

Feedback was then sought again from all three StfEse full ACTA of SA kick detection
data. With regard to ensuring a level of objecyivid support the validity of the model,
during the population of the task description WA components, the researcher remained
open to non-fitting cognitive components/steps explicitly considered how her background
and biases may impact on the production of the #@etiection CTA, such as prior knowledge

of well control procedures.
3.6 Further model evaluation

A supplementary aim was to evaluate the Driller& 1&odel using Miles, Huberman and
Saldana’s (2014) guidance on testing the validitgualitative models. As this was a further
evaluation, the criterion was that the cognitivenponents of the Drillers’ SA model should
be present in the data. Consequently the Drill8/s'model was evaluated to determine if the
key Drillers’” SA components were present, if anyiddnal aspects of drillers’ SA not
included in the model were present or if there wemmponents that did not merit inclusion.
Miles et al. (2014) recommend that expert feedlsuld be obtained to verify the CTA as
was done for both the technical and SA steps irCtha.
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4. Results

The ACTA account of the SA components required Kimk detection was produced as
described above and is shown in Figure 3. It oeglithe SA components for the technical
steps in the task of identifying and responding tkick indicator (including the associated

decisions and actions.)

Insert Figure 3 approximately here or include aipent section for illustration (and make

the whole kick detection CTA available as an e-appe.

The ACTA for kick detection and frequency data shawTable 1 illustrate that to recognise
a kick indicator is present utilizes a similar pres across all the indicators and action steps,
namely recognising a cue from the environment, tstdading its significance and
anticipating the consequences of the indicator.céfgual (total frequency = 73) and
comprehension components (total frequency = 59doenore frequently identified than
anticipation components (total frequency = 43). edgnition had a low frequency count
(total frequency = 2) which may be because the taslysis represents the ideal situation
whereas meta-cognition was found to be associatéddifficult, ambiguous or distracting
situations (e.g. Sethumadhavan, 2011). Howevehatld be noted that the frequencies may

relate to the weighting of the technical stepsionetl in the course and manuals.

The results in Figure 3 and frequency data in Tdb&how that all the Drillers’ SA model
components were identified, no components were edissut or additional components
identified. The ACTA provides a level of consistgnwith the previous interviews,
observations and accident analysis (Roberts eR@l5a, b), supporting triangulation and

consequently tentatively supporting the prototyp#ldds’ SA model.
Insert Table 1 approximately here.

The perceptive skills of attending to the situatisach as the drilling parameters on the
control screens, gathering information about th# state and surface activity (e.g. making
calculations) and recognising relative changefiéndrilling parameters (e.g. increase in the
percentage of return flow from the well) were vifiait the initial stages of kick detection, as
reflected in the frequency data (level 1 SA). Imsoinstances, the cues may be present in

combination rather than isolation, requiring vigitea for change.
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For changes in the drilling parameters to be undedsas kick indicators requires their
significance to be interpreted in the context o tiriller's mental model (Level 2 SA).
Comprehension that an influx or kick could be ingress occurred in collaboration with the
driller’'s prior understanding of the situation, kaspecific mental picture, expectations and
experiences. The number of times that mental mestuvere identified in the ACTA (total
frequency = 28) during both the kick indicator ¢foency = 17) and action steps (frequency =
7) highlights the importance of accurately maintagnand updating the current on-task
mental picture for subsequent cycles of SA, denisiaking and actions. It is likely that the
on-task mental pictures would direct attention anmge recognition, strongly influence
interpretation and would be utilized for mental siation, supporting the functional

relationships between the components.

Anticipation of how the situation may develop watahfor accurate decision making and
taking the correct actions (e.qg. to flow checkgamjunction mental simulations, such as what
may be causing the kick indicator (e.g. the wel lh@come underbalanced or a piece of
equipment has failed) or mentally preparing a gaae of how to cope with the kick (e.qg.
using experience and procedures to prepare a fanlds the well need to be killed).
Anticipation could also guide subsequent understande.g. estimating how long a mud
transfer will impact on the active pit volume wouhdfluence comprehension of the situation)
and vigilance for indicators (e.g. anticipatingtthanew formation is coming, may result in a

heightened attention for any changes in rate oéation).

Whilst sharing information and awareness between dhller and drill crew was not
mentioned as frequently (total frequency = 8;)s tl@flects the procedure wherein the driller
is instructed that the priority is to flow checksdut in, with calling other crew members as a
secondary task. It is likely that sharing informatwould impact the driller's SA at all levels
of SA, impacting on where attention is focused, Wway that the situation is interpreted and

how it is anticipated to progress.

5. Discussion

The ACTA account of SA components shown in Figuresgcifically highlights the
importance of SA in kick detection and maintainimgll control for process safety (i.e. if a
driller misses a kick indicator or fails to undarsd that an influx is occurring, this can result

in a kick or even a blowout). The cognitive accoprdvides valuable insight into how expert
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offshore drillers develop and maintain SA duringkkdetection by (1) explicitly outlining the
critical SA requirements for kick identification @rthe subsequent actions of flow check
and/or shutting in the well, building upon the geriakills identified by Roberts et al.’s prior
interview and observation study. It also providesigations of the weighting of these
components for kick detection (e.g. the significamtportance of cue detection and
developing an accurate mental picture of the wtlte§. (2) It tentatively supports the
preliminary Drillers’ SA model (Roberts et al., B#) and consequently supports the fit of
Endsley’s (1995) model in the relatively unexplodrdling domain. The ACTA reflects the
SA skills identified in IOGP’s (2014a) preliminawyell operations CRM program, such as
seeking relevant information, comprehension of ¢iteation and risk status as well as
foreseeing how the situation may develop. It alsboes their emphasis on monitoring for
early kick detection and rapid, effective shut OGP, 2012b). These findings extend
existing knowledge on kick detection and can belethe basis for effectively developing
training interventions and work design recommerutesti for supporting drillers’ SA and

consequently safe working practices (see below).

The analysis reflects the findings of Sneddon é$ #2006) drilling accident analysis with
perceptive skills frequently identified in the kidetection task, echoing the misperception
errors they identified. The account also identifisdecific perceptual skills including
monitoring, information gathering, vigilance andecuecognition that may have been
involved in the analysed drilling accidents. In éidd, the ACTA identified mental pictures
and comprehension as important SA components &br detection, reflecting the level 2 SA
errors discussed by Sneddon et al. (2006) and@tarid Wilson (2001), such as the use of
poor or incorrect mental models. Previous reseainfing to support drillers’ SA through
work design (e.g. Woodcock & Toy, 2011; Sawarymlgt2008) can be reinforced using the
ACTA findings by identifying specific areas thatncaupport drillers’ SA (e.g. assisting cue
recognition and supporting interpretation of cusse below recommendations). The SA
components in the account mirror those identifiedther high-risk, high reliability domains,
e.g. nuclear power control operators (Patrick, Jamdmed & Halliday, 2006), aviation
(Lini, Vallespir, Hourlier, Labat & Favier, 2013hd surgery (Wauben et al., 2011).

The ACTA provisionally suggests that Endsley’s @P®nodel of SA is suitable for the
drilling domain. The task analysis in this studgcakhows the sharing of information and
awareness between the crew members, suggestingateonship between an individual

driller's SA and the team (drill crew), which isflected in a number of theories of team SA
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(Endsley & Jones, 2011; Salas, Prince, Baker & Shee 1995), as well as the more recent
socio-technical theory of distributed situation asveess (Stanton et al., 2009;). Given that
there is a continuing debate over the concept of (Sée special issues @ognition
Technology & Work(2015) andJournal of Cognitive Engineering and Decision Makin
(2015)) and whether SA models (e.g. Endsley’'s three levetlat) can be deductively
validated (i.e. falsified), future research thatpensmentally tests the model would be

valuable.
5.1 Limitations and future research

CTA methods are valuable for eliciting explicit ainaplicit knowledge from experts that can
guide user-centred training programmes and workgdesecommendations (Jones, 2015;
Militello & Hutton, 1998). However, conducting a &Tis time consuming and can be prone
to researcher bias which has the potential to skewdata analysis (DeWalt & DeWalt,
2010). As it was not possible to have a secondareBer complete the training, only one
researcher produced the task description and ctuedechnical knowledge (e.g. training
course and manuals), raising the issue of reseabid® To address this issue, the researcher
attempted to take an open-minded approach to thlngoof the kick detection task,
considering how potential expectations and biasag imfluence the analysis. As the SMEs
had no prior knowledge of the SA models, they ptedirelatively objective feedback on the
ACTA account. It should be noted that a study’seobiyes will determine the most
appropriate TA methods to use, which can resuldifferent outcomes. Further studies
examining driller expertise may benefit from usiagd comparing multiple TA methods

depending on study’s intended deliverables.

The ACTA tentatively confirms Roberts et al.’s (3®) Drillers’” SA model and supports the
fundamental information processing steps of rewiggi key indicators, interpreting that
information and projecting of how the situation migvelop, as outlined in Endsley’s model.
However, further testing will be required to exaemthe underlying components and linearity
of the model. For example, sequential analysis ccdd used to test the sequence of the

cognitive components (e.g. a sequential analysise@-Hatton, Butler & Honey, 2015).

A quantitative performance measure of driller SAickhis less prone to research bias is an
online simulated monitoring task that is being deped on the basis of the ACTA. It will
have the potential to train and formatively ass#rdters’ cognitive skills (Roberts, Flin &

Cleland, in prep). Drillers monitor well controlestarios on a computer with cue recognition,
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comprehension and decision making data being use@tidormance measures. A limitation
of the SA kick detection account was that the mficing factors on SA were not examined,;
however the performance measure could be utilizedinvestigate factors such as
expectations, distractions or work design, on aspecSA. If successful, the tool could also

been used to evaluate changes in drilling procesmsesirill cabin computer systems design.

The ACTA results could also be used as the bass lafizard analysis to further examine
human performance in relation to the safety ciitteak of well control, such as has been
done using the petroleum Human Reliability Analywsl (PetroHRA; Van De Merwe,
Hogenboom, Rasmussen, Laumann & Gould, 2014). &uxhthe influencing factors and
their impact on subsequent decision making andom&twould be beneficial (e.g. how

drilling software layout impacts on kick indicat@cognition).
5.2 Recommendations

The findings extend existing knowledge on the SMponents required for kick detection
outlined by Roberts et al. (2015b) which can baduseform the basis of interventions such
as effective training and work design recommendatiohat support the operator and

consequently improve safety.
5.2.1 Accident Investigation

Despite research indicating the significant rolat tuman factors play, in drilling and well
intervention incidents (e.g. Roberts et al., 201Saeddon et al., 2006; Smith, Kincannon,
Lehnert, Wang & Larrafiaga, 2013) as well as mooadily within the process industries (e.g.
Antonovsky, Pollock & Straker, 2014; Broadribb, 20Cox, Carpenter & Ogle, 2014), there
does not appear to be a standard tool for invdsigahese factors in drilling. The outcome
of the ACTA could be used to support accident itigasion as a method of understanding
why operators missed kick indicators or took cer@decisions, rather than blaming them for
their actions (Dekker, 2015). For example, thelensl SA model has been used to provide
insight into why the drill crew erroneously believihat the well was stable on the Deepwater
Horizon drilling rig (Roberts et al., 2015a). Thetailed analysis could be used to augment an
existing well control investigation system (e.g. mvale, 2014) or human factors
investigation tool (e.g. Human Factors Investigafimol, Gordon, Mearns & Flin, 2005) so
as to increase the effectiveness of incident legraind prevent further incidents. Given the

sparseness of evaluated human factors investigtdme in drilling, it may be worthwhile
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developing this for industry wide use, giving thgportunity for a standardised method of

accident investigation and the possibility of comnigun.
5.2.2 Situation Awareness Training

A number of simulation centres in the drilling irstity already conduct training that includes
technical, social and cognitive skills with debmgf on these aspects of performance.
However, given the importance of maintaining kiekettion for process safety, the detailed
ACTA could be used to inform the training of spacBA scenario training for well control,
as has been done in other (e.g. police fire araisifg simulator, Saus et al., 2006). For
example, drillers could take part in well controhslations (e.g. recognising kick indicators
and making the decision to take no action, flowcg&her shut in) with debriefing feedback on
their SA and performance. The training programmeldalso include information on
specific SA skills for kick detection that wouldpgport safe working practices. This could
include: how to interpret combinations of kick iodiors; methods for gathering information
effectively; or mentally simulating possible anpated outcomes of different well control
situations. The ACTA could also be used to supptgnsarrent human factors training such
as that which has been conducted in other prooesstries (e.g. tactical decision games for
emergency response training in refineries; Crichfofrlin, 2001). With limited time for
training and as less experienced personnel aregteainit may be advantageous to use the
ACTA results to develop a new type of well contnhnual. It could include both technical
guidance/steps and SA skills for kick detectiorghsas providing possible interpretations of
indicators alongside technical guidance (e.g. asedor fire fighters, Crandall, Klein &
Hoffman, 2006). The examination of other cognitreguirements necessary for effective
kick detection would also be beneficial for nonkteical skills training, particularly as the

results highlights the vital role of decision makin
5.2.3 Drill Cabin & Software Design

The ACTA results can also be used to inform worlsigie that supports drillers’ SA,

particularly for kick detection, advancing previowsrk design research (e.g. Woodcock &
Toy, 2011). With the increase in automation inlihg systems, there is the opportunity to
design software systems that support SA, rather tbsulting in the performance problem of
operators being out of the loop (Endsley & Kiri®9%). For example, the drilling system
display screens could be designed to support ezegnition of indicators, as emphasised in

the ACTA (e.g. when a parameter goes above or baltweshold, the relevant section of the
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trend line could flash). The ergonomic layout oé timformation on the screens could be
arranged to assist information gathering and supiher best or ideal mental model (e.qg.

displaying readings on a 3D visual representatiotih@ well that could be easily navigated).

During flow checking and/or shutting in, the softeaould inform other crew members that
the actions are taking place, rather than theediilaving to make a phone call as outlined in
the ACTA (e.g. either a message button or programgntito recognise a sequence of actions
and automatically sending a message). It wouldangyt be advantageous that before any
new software is installed, it is tested to exanita@mpact on the drillers’ SA as is done in

other high risk domains (e.g. nuclear power plamtl| rooms, Yang, Yang, Cheng, Jou &

Chiou, 2012; maritime ship navigation, Sauer et2402).

6. Conclusion

The ACTA specifically outlines the key SA comporentquired during the safety critical
task of kick detection, building upon Roberts etsal2015a) Drillers’ Situation Awareness
model. The cognitive components required to sufolgsdetect a kick were explicitly
identified, including attending to the situatiorcognising and interpreting the cue as a kick
indicator, as well as anticipating that this magadste into a kick or even a blowout. Flow
checking and shutting in similarly require vigilanbnitoring of the situation with a dynamic
mental picture of down-hole and surface activiti@ensidering the increasing importance of
SA for well control in maintaining process safetgdathe changing demographics of
personnel, it would be highly valuable for the ldrd industry to consider training and work

design recommendations that support driller SA.
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Table 1. Frequency of the componentsin the task analysis, kick indicator and action steps.

Theme No. of times No. of timeoccurred in  Total No. of times

occurredin kick  actions (Flow check &  occurred in the

indicators Shut-in) task analysis

Level 1 SA - Perception 52 21 73
1A. Attention 10 5 15
1A.1 Vigilance 8 5 13
1B. Gathering Information 24 4 28
1C. Cue Recognition 10 7 17
Level 2 SA - Comprehension 52 15 59
2A. Understanding 20 2 22
2A.1 Meta-cognition 2 0 2
2B. Mental Pictures 17 11 28
2C. Mental Models 6 1 7
Level 3 SA - Anticipation 29 14 43
3A. Projection 18 7 25
3A.1 Mental Simulation 2 9
3A.2 Preparation 5

Shared Information & 1 8

Awar eness




Figure 1. Roberts et al.’s (2015) Driller’s SituatiAwareness (DSA) model.
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Figure 2. Method of producing the ACTA for kick detection. The thick arrows represent the
process and the thin arrows represent the data used for each of the stages.
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Figure 3. ACTA account of kick detection and sulsey actions of flow checking and shut-in wtdthnical steps kick indicators, the
cognitive steps and associated cognitive comporaamtactions and decisions.

1. Observe kick indicator warning
1.1.Change in flow rate
Cognitive process:
- Attend to flow rate trend line or snap shot tthga information on the current state of the well
1.1.1. Increase in flow rate
- Recognised increase in flow rate:
- Interpret as a positive kick indicator
- Update_current mental picture of the situatiothvimcreased flow rate information
- Anticipate that increase in flow rate could be thsult of an influx occurring
1.1.2. Decrease in flow rate
- If decrease in flow rate_is recognised:
- Interpret that losses could be occurring and kiskaindicator
- Update_current mental picture of the situatiothwdecreased flow rate information
- Anticipate that decrease in flow rate could bersult of losses occurring e.g. porous formatatiponing or fractured formation and
prepare for it e.g. reconsider pump strokes (catingd pressure), mud weight or LCM
1.1.3. Flow check(Decision)
1.1.4. Gauge rate of gain/loss
1.1.4.1. Check change in active pit volume
- Attend to active pit volume trend line or trertest
- Gather change in volume data from last X min(¢eg. volume from 5 minutes ago and volume now)
1.1.4.2. Calculate rate of gain/loss — bbls/mir{Action)
- Use readings gathered_to calculate rate of gas/hnd interpret severity of gain/loss
- Update mental picture with rate of gain/loss
- Anticipate rate of gain/loss as situation progess




1.2.Change in active pit volume
- Attend to active pit volume trend line or snaptsbn drilling screens to gather information on therent state of the well
1.2.1. Gain in active pit volume
- Recognise increase in pit volume
- Confirm gain by checking screens, trend sheeBF®'’s (Drilling Fluids Operator) (information gathng) (Action)
- Interpret cue as gain in the active pit volumd as a positive kick indicator
- Update current mental picture that gain is ogngrr
- Anticipate that gain could be the result of aftuix
1.2.1.1. Flow check(Decision)
1.2.1.2. If flowing, shut-in.
- Interpret that the well is flowing and a kickdscurring
- Update current mental picture that an influxasuring
1.2.1.3. If the well is static, continue monitoring and lofmk sources of gai{Decision & Action)
- Interpret that the gain is not caused by an influ
- Update current mental picture that an influxas eccurring
- Mentally simulate what could be causing the geaimg_experience and expectations and gather furif@mation to find out e.g. a
mud transfer?
1.2.1.4. Check for mud transfer
- Check_memory for giving permission for mud transf(expectations and current mental picture)
- Gather information about mud transfers by cal(imgAD calling) DFO (Action)
- If mud transfer occurred:
- Interpret gain as result of mud transfer intavacsystem or error in transfers (using knowledbhe mud system in mental
model)
- Update_current mental picture that mud transteuaed
- Estimate the quantity and for how long the maahsfer will affect the active pit volume, adjustwoe totalizer as required
(using_information gathered and knowledge of mustesy in mental model)
- Update _current mental picture with estimatiorotv the mud transfer will affect active pit volume
- Continue_monitoring whilst remaining vigilant flow rate increase




-If no mud transfer has occurred or no surfacefjcation for the pit gain, consider other optiamsng_stored mental models and

experience
1.2.2. Loss in active pit volume

- Recognise decrease in pit volume
- Confirm decrease by checking the screen, treredtstor DFO’s notes (information gatherigggtion)
-_Interpret cue as losses occurring in the actitvegbume and as possible kick indicator
- Update _current mental picture that losses areraog in the formation
- Anticipate that this could result in loss in hgsiratic pressure and could result in a subseqo#uax iand mentally prepare for it e.g.
reconsider mud weight, pump strokes and circulgtiegsure
1.2.2.1. Flow check(Decision)
1.2.2.2. If flowing, shut-in.
- Interpret as the well flowing and a kick is oatug
- Update current mental picture that an influxasuring
1.2.2.3. If well is static, continue monitoring and look for sources of losse@ecision & Action)
- Interpret that the losses are not caused byfaxin
- Update current mental picture that an influxas eccurring
- Mentally simulate what could be causing lossésguexperience and expectations e.g. fractureddtam, ballooning and gather
additional information to find ouAction)
1.2.2.4. Check for leaks, spills, washout, etc.
- Use_mental models of the mud system and rigeatity possible causes and locations of the lo&sagnental simulation)
- If leaks found, interpret as leaks causing lossesupdate mental picture for where leaks anéssgh occur
- If no leaks found, consider other options usittgexi mental models and experience

1.3. Drilling rate increases (Drilling Break)

- Attend to drilling rate trend sheet or snap shrodrilling screens

- Recognise increase in ROP

- Confirm increase by checking with logging unitfirmation gathering(Action)
- Check to see whether change in formation is ergetom_shared information




- Interpret cue as drilling break
- Update_current mental picture that drilling imew formation
- Anticipate that the new formation may containh@gpressures, porous formations and could rasuiflux

1.3.1. Drill further 3-5ft

1.3.2. Pick up off bottom with pumps still on

1.3.3. Flow check

1.3.3.1. If not flowing, continue drilling whilst monitoring unless instructed to circulate bottoms up.
- Remain.vigilant for any further changes

1.4.Gas or_water cut drilling fluid
1.4.1. Gas cut drilling fluid
- Attend to gas percentage (%) on screens to gatftgmation on the current state of the well ordogger calls to share this
information
- Recognise increase in % or re-focus attentioresslt of alarm sounding (work environment)
- Confirm increase is above background gas trarably attending to drilling screens (gatheringlinfation) or have AD check by
calling mud loggefAction)
- Interpret that this is an early kick indicator
- Check whether the formation is porous (gathemfigrmation & expectation)
- Update _current mental picture that gas has ehtéeewellbore
- Mentally simulate that the gas could be the tesfudirilling into formation containing gas, swabgior the well going into under-
balance and gather additional informat{éwation)
1.4.1.1. Other Kick indicator?
- Gather additional information about the situatiometermine whether other kick indicators areseng by attending to drilling
screens
1.4.1.1.1. Yes — Flow checkDecision)
- If other kick indicator recognised:
- Interpret that a kick may be occurring and gasédretered the well bore
1.4.1.1.2. - No — Continue monitoring whilst drilling (Decision)




- If no other kick indicator recognised:
- Interpret that a kick is not in progress
- Update_current mental picture that gas has emtbeewell bore but experience says that it iskehyi to reduce the bottom hole
pressure substantially
- Anticipate that gas will expand as it is circeldtup the well bore which may result in belching.
- Remain vigilant for any further changes with éhgectation that drilled gas should only be pretamnthe time taken to
circulate out the cuttings if drilled gas.
1.4.1.2. Ensure de-gassing occurs to prevent re-circulatiofAction)
- Gather information on the current % of gas inrdgterning mudAction)
1.4.1.2.1. Ensure that degassers can cope with the level ofggeeturning
- Anticipate whether current amount/% of gas wdlremoved by degassers by comparing current %soingeturning mud and
working limit of the degasser.
- If unsure (meta-cognition) of working limit, g&hinformation from crew membe¢&ction)
14122 If not, circulate until the level of gas becomes aeptable(Decision & Action)
- If % of gas in returning mud exceeds working limt of the degasser, take action to circulating rateantil level acceptable
- Monitor % of gas in mud during circulation andn@&n vigilant for anticipated acceptable level asgn mud.
1.4.1.2.3. Check whether the level of returning gas is causday too fast a drilling rate
- Anticipate that drilling too fast could be caugithe gas cut mud
- Attend to drilling rate on drilling screen andiger additional information on pre-determined rate
- Experience will also inform whether drilling ragetoo fast for current task but if unsure seedistance from Tool Pusher
(meta-cognition & sharing information)
— Determine if rate is too fast (understanding)
1.4.1.2.3.1. If so, then drill at a controlled rate (so that thegas doesn’t break out belching§Action)
- Monitor % of gas for anticipated decrease aftélimy rate reduced.
- Anticipate that drilling too fast could resultlelching
1.4.2. Water cut drilling fluid
- Mud logger or mud engineer shares with drill@ttteturning mud contains water (sharing infornraioawareness)
- Update current mental picture that water hasredtthe drilling fluid




- Mentally simulate that water could be leakingpittie drilling fluid through from water in the foation
- Check for any expected porous formations or &gslif
- Anticipate that this could reduce mud weight,seduent hydrostatic pressure and that an influx Ineaynderway.
- Gather additional information about the flow ragetive pit volume and returning mud weight.
1.4.2.1. Check active flow rate 1. 1 and pit volume 1.2
1.4.2.2. Check mud weight for reduction
- Call Shaker Floorman to check for reduction indmeeight in mud returns and to call back promptithva result (sharing
information)
- Anticipate that the reduction in mud weight coaftect hydrostatic pressure, resulting in an xflu
- Take action to determine where the water sowtecatedAction)
- Consider whether the mud weight should be ine@é3ecision)

1.5.Decrease in pump pressure or Increase in pump stres
- Attend to pump pressure or pump strokes on digilicreens to gather information on the currem¢ sththe well
- Recognise decrease in circulating pressure oease in pump strokes
- Interpret that decrease in pump pressure oraserén pump strokes could be the result of lighyeirocarbons entering the well bore,
reducing the circulating pressure or equipmentifaike.g. mud pump or drill string failure.
- Anticipate that hydrocarbons may have enteredvisiebore and a kick may be occurring
1.5.1. Stop pumps(Action)
1.5.2. Flow check(Decision)
1.5.3. If static:
-Interpret that not experiencing an influx
1.5.3.1. Consider whether anything could be leaking in the dwn hole or surface equipment
-Mentally simulate what could be causing it (exprde & stored mental models) e.g. a hole in thestring or a washed out
drill bit nozzle down hole or washed out valvest@n or liners on surface
-Have the crew check for washed out equipment andider taking action for down hole equipmégitdtion & Decision)
- Remain vigilant for any further changes in purtrplses/pump pressure
1.6.- Hole not taking correct amount of fluid during trip ping




- Before tripping calculate (preparation) the expd@amount of fluid required to replace the remopip@ using trip sheets (work
environment)
- Attend to trip tank volume (flow in versus flowt)
- Recognise that the hole is not taking the cormewbunt of fluid i.e. more or less than expected
- Interpret that something is going on in the weither fluid is coming out from the formation arigg into the formation
- Confirm that the correct amount of extra fluidsy@epared beforehand (gathering information)
- Mentally simulate that something is occurringhe well, possibly an influx or swabbing.
1.6.1. Flow check(Decision)
1.6.2. Inform supervisors (secondary to flow check)Action)
1.6.3. If not flowing:
- Remain vigilant for any further indicators duritsgpping

1.6.3.1. Running in, return in the hole to bottom

1.6.3.1.1. Circulate bottoms up
1.6.3.2. Pulling out, return to bottom and circulate bottomsup (remain vigilant)

1.7.Heaving Shale
1.7.1. Have Mudlogger check for increase in volume or s&zof cuttings and cavings

- Mud logger calls driller to share information cuttings or cavings

- Interpret that the heaving shale could indicdeoamal pressure zones

- Gather_additional information on whether thigipected

- Anticipate that this could be an indicator ofiarderbalanced well

1.7.2. Check for other kick indicators and remain aware ofcuttings loading up the annulus
- Gather_additional information on the situatior aamain_vigilant for further indicators

2. Flow check (Action)
2.1. Pick up off bottom and space out string/Action)



- Utilize mental picture of the string and jointsthe well located near the BOP to calculate trstiom of the joints for spacing out
- Update _current mental picture of the positiohaf drilling string in the BOP
2.2. Shut pumps down and maintain slow rotation(Action)
- Update_mental picture that pumps off
- Prepare for flow check by gathering finger pngtigraphs (if HPHT well) to provide additional infieation on expected flow back
2.3. Utilize finger printing graphs if available
2.4.Line up returns to trip tank (Action)
- Utilize stored mental model of the pipe systenirte up to trip tank to effectively monitor flow
2.5. Switch on trip tank pump
2.6.Record time, active pit and trip tank volume
2.7.Record time and trip tank volume every minute for mnimum for 15 minutes
- Attend to trip tank volume and monitor flow ows@rale shakers
- Update _current mental picture of any changeseg occur
- Remain vigilant for any changes
- Remove any distractions and delegate secondsky ta other crew members
- Mentally prepare to shut in should flow be redagd
2.8.Inform mud loggers, DSV and Drilling Section LeadefToolpusher (Action)
- Share information with drill crew members, partarly mud logger that flow checking is occurrirgg have the AD call)
2.9.Flow?
2.9.1. If flowing — stop rotation and go to shut in 3 (Decision & Action)
- Recognise flow from trip tank volume increasdlow over shale shakers
-Interpret that the well is flowing and update natmpicture that experiencing a kick
- Anticipate that this kick could result in a blomto
2.9.2. If no increase in flow, monitor for minimum of 15 minutes, or as long as deemed necessary. (30 minuifedPHT)
- Remain vigilant for indications that the wellfiswing
- If flow is recognised, interpret that the welfliswing and update current mental picture thatezigmcing a kick
- Anticipate that kick could result in a blowout
2.9.2.1. |If still no flow, cautiously resume drilling whilst monitoring (remain vigilant)(Decision & Action)




- Remain vigilant for further kick indicators whildrilling
- Update_mental picture that well was flow checketidid not flow (experience)
- Mentally simulate/discuss why these indicatorseaariginally seen to understand what happened

. Shut in (hard)
3.1.Close annular preventer(Action)
3.2.0pen choke HCR valve against a fully closed choké (sing the hard shut-in procedure)(Action)
- Check that choke fully closed beforehand (gattiemformation)
3.3.Read shut in DPP and CSG pressure every minute uhstabilised
- Attend to DPP and CSG pressure on screens arairegilant for pressures stabilising (cue rectigni
- Once stabilised, update mental picture of shgr@ssures for completing well kill sheets (meptaparation)
3.3.1. If float installed, establish drill pipe pressure
- Attend to pump pressure on screens and remailanvidor small decrease (cue recognition)
3.3.1.1. Pumping down the string until a small decrease inymp pressure is seeifAction)
- Once small decrease recognised, update mentatgiof SIDPP for completing kill sheets (prepamali
3.3.1.2. Note the pressure at this point as the SIDPP
3.4.1f RIH with casing confirm closing pressure on anntar according to collapse pressure of the CS@Action)
- Gather/calculate collapse pressure of the CSG
- Attend to annular closing pressure during adjesthaccording to CSG collapse pressure (cue rewoghi
3.5. Adjust motion compensator to string weight (floates only) (Action)
- Anticipate that the motion compensator will néedbe adjusted for change in string weight
3.6.Ensure space out of string
- Gather_additional information and utilize curreméntal picture to check that joints are not inBi@P
3.7.Close middle pipe ram and equalise pressure priomotopen annular preventer (floaters onlyYAction)
3.8.Hang off drill pipe on upper pipe rams using motioncompensator (floaters only)Action)
- Update current mental picture that upper pipesralosed
3.9. Monitor riser on trip tank (floaters only)
- Attend to the trip tank volume and monitor foaolges in volume




3.10. Well kill procedure — drillers method preferred but other options can be used if the situation requirg(Decision)
- Interpret that the well is now shut in
- Mentally simulate and prepare for the well kilbpedure




Highlights:

1. An Applied Cognitive Task Analysis (ACTA) identified the cognitive steps required
for expert offshore drillers to develop and maintain Situation Awareness (SA) for the
well control task of kick detection.

2. The Driller Situation Awareness model, developed from interviews and observations,
was utilized to identify the cognitive steps in the ACTA, and was found to be a
suitable fit for the drilling domain.

3. The cognitive components required to successfully detect and respond to a kick were
explicitly identified: vigilance, recognising and interpreting the cue as a kick indicator
in conjunction with a dynamic mental picture down-hole and surface activities, as
well as anticipating that this may escalate into a kick or even a blowourt.

4. The ACTA account highlights the importance of SA for kick detection and
maintaining well control. The findings can be used to inform training and work design
recommendations that support driller SA and consequently, supporting process saf ety
in drilling operations.
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