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The tasks they spend the most time on during a shift are the tasks performed
in the control room and preventive work such as verification of the equipment,
checking that everything is working according to the requirements and testing.
The operators do also perform the mentioned tasks in Chapter 2.2.

As the operators are experienced in using these kind of systems, they will have
skill-based behaviour (mentioned in Chapter 3.5) in most of the tasks. They seemed
to have good understanding of what was going on and performed their tasks
naturally without thinking to much before they decided on what to do. As their
understanding of what was going on is good, it is assumed that their SA is
somewhere between level 2 and 3 (fom Chapter 4), at least for normal situations.
In new abnormal situations the level might be lower due to less experience and
therefore less ability to simulate future status. In abnormal situations the
behaviour mentioned in Chapter 3.5 also be at a lower level than skill-based
behaviour.

The automation system used at Åsgard A is estimated to be something between
level 6 and 7, using Table 3.1 in Chapter 3.3. According to this table, the degree of
automation is high and the system will do some things automatically (the system
will only notify the operator if it is necessary and not for every little thing), but
the operators will have to do some things themselves as well. In the case of high
alarm the operators will sometimes get some time to fix the problems, but if the
emergency alarm is reached (e.g. if the operators are not able to fix the problem
or did not fix it fast enough) the system will start a process to solve the problem
or shut down the process to secure the process.

6.3 Interview with operator from Draugen

To get some more input on control room work, an operator working at the oil
platform Draguen was interviewed. Draugen is an oil field located in the Norwegian
Sea, about 150 km north of Kristiansund and at 250 m depth (Norge, 2015a). The
production started in 1993 and the platform is still operative, even tough the life
time estimate was 17-20 years.

The interviewed operator had a certificate of completed apprenticeship in chemical
processing after being an apprentice in Shell. After this he had worked on Draugen
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Figure 6.6: Draugen, from (Norge, 2015b)

for 10 years working as a process operator, and he is now being re-educated as a
simulator instructor.

Like the operators on Statoil, the operators on Shell work a 2-4 rotation. The
control room operators at Shell have one week in the control room and one week
out on the platform during their working periods. This arrangement is also used
in the operators training periods, and gives broader understanding of the whole
process from the start.

The platform produces oil, gas and condensate. The oil is exported on the Åsgard
line and the gas is sent to Kårstø through a pipeline. The process at Draugen is
very complex, and the main objective is to produce as much oil as possible. The
platform is at the end of its life line, and the oil reservoir is near an end. They
have demands on the oil and gas – the oil has to fulfil certain specification and the
gas has a specified content of water and H2S values.

The control room at Draugen is furnished similar to the one at Åsgard A, but it
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has five operator station instead of two - but still only two operators a time. The
operator interviewed said that it was practical in that manner that they could have
a different picture up on the different stations and then move between them. The
operator did also mentioned that it would have been nice to be three operators
instead of two.

When a new operator starts, he or she starts working out on the platform first
under his or her training period. After that, the operator is trained both inside
the control room and outside to get a better understanding of the process.

The operators at Draugen starts the day with a morning meeting where the
operators that finish their shift updates the new shift about what they have done
during their shift and gives an update of the current situation. Each shift consists
of two operators. The meeting room is located next to the control room.

Since the process is automated, it will stop if some of the values move close to
the upper or lower level. And the operators have procedures to follow in these
situations. These procedures are gathered in a ring binder.

Draugen got new and better HMI last year, that follows a Shell standard. The old
interface had stronger colors, and the new interface had calmer colors. The new
interface required more clicks to get to the right place – it has been fewer things
to remember but it takes some more time to get to the right place. This solution
reduces the key hole effect, but will again lead to the operator using longer time
in critical situations.

They have procedures for temporary replacement of work task in order of illness
etc. Because of the training process the outdoor and indoor control room operators
know each others jobs. In addition, the operators do exercise drills for emergency
situations, such as fire drills, every week. This is in order to prepare the operators,
and gain mental models and schemata of how to handle a situation that need the
right reactions in order to have a good outcome.

Temporary instructions in the process is given on paper, and has to be remembered
by the operators during the work day. To reduce the memory load for the operators,
there could have been placed a flag in the process picture where these temporary
instructions were.
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Since Draugen also uses the solution with large screen displays, and work stations
for the operators, a lot of the factors mentioned in the chapter about Åsgard A
(Chapter 6.2) will be the same for the operators at Draugen, such as the challenge
with the key hole effect and a high requirement on their memory. The automation
level at the platform is also estimated to be almost the same as at Åsgard A.

6.4 From An Engineers Perspective

To get another perspective on control room, a person not working in a control
room, but with a lot of knowledge on the subject, was interviewed.

An engineer working with integrated operations was interviewed, he had some
inputs on how the operators in a control room should work to make the process
better. He explained that there is a lot of focus on the understanding of the
alarms on the platform, but more focus is needed on the usability of the system.
The understanding of the process and control of the system need more focus during
the training process. Because of the lack of usability knowledge, the operators do
sometimes find their own solutions to problems. These solutions aren’t really good
solutions, but they may work well enough to fix the current problem. However,
this solution may be dangerous if the operators do not know what they are really
doing. This solution will be used over and over again by the operators, because it
is stored as a mental model in the memory and remembered as a good solution.
It should therefore be more focus on understanding the basis on what is going on
in the training process. To make the operators aware of what happens if they set
one control to auto. To make the operators understand better, the HMI should
display more information to the operators.

Two examples on typical process pictures are given in Figure 6.7 and Figure 6.8.
The first one shows the concepts of sequences in a process, where the picture to
the left shows an informative sequence, while the figure on the right shows a less
informative sequence. The green lights means that the conditions are fulfilled. For
a person understanding the process, the left picture, will give good information
of what conditions are fulfilled and which are not. The information provided by
this sequence picture allows the operator to find out where in the process, what
conditions are not fulfilled and then fix the problem.
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Figure 6.7: Sequences

The sequence picture on the right, does on the other hand, not provide the operator
with good information. If one of the twelve conditions in this sequence should not
be fulfilled, it is hard to find out what went wrong from this picture. As a new
operator it is close to impossible to get some meaning of of this picture.

Figure 6.8: Valve
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Figure 6.8 shows a typical process picture of a valve. In some HMI a white valve
means that it is closed (by PAS/PSD process Shutdown), and the operators or
logic are not allowed to open it. In other HMI it means that it is an interlock that
hinders the operator or logic from opening it. Either way, the operators do not
know the reason for this - there is no information informing the operator on why
it is closed.
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Chapter 7

Evaluation
As concluded in Chapter 5, large screen displays, GIGA-maps and 360 degree
control rooms are considered as appropriate solutions which can support high SA.
However, some drawbacks and limitations were found as well. The two latter may
e.g. have the ability to decrease the key hole effect, while they at the same time
may provide the operators with an information overload.

The operators interviewed in this thesis use large screens displays, and they stated
that this was a good solution. The large screens in control rooms have both pros
and cons. The large screens provide the operators with a common picture, which
makes it easier for the operators to discuss a situation. It is important that the
screens contain the right amount amount of information to the operators. Too
much information causes information overkill, while information distributed over
to many screen levels may cause the key hole effect. For experienced users, who
know the system in and out, a lack of information might not be a problem. To
find the right balance of how much information is needed, is an important factor
when designing a user interface.

GIGA-mapping may contain too much information and can be confusing if that is
the only solution used in the control room, especially if the map is not structured
following the mental models inside control room operators head. Using GIGA-
maps in a training process would be a good idea as it can help operators understand
what is going on everywhere in the process. If the GIGA-maps were designed as
an interactive map the operators could have used it to zoom in and out to see
the whole process or just parts of it. As the GIGA-maps contain a lot of details,
these overview could have included symbols for where the alarms was located in
the system, and e.g. a flag for where the temporary instructions belonged to,
that could have improved the operators understanding and memory load. The
biggest concern for using GIGA-maps in control room is that they might provide
the operators with too much information, which could confuse the operators and
give information overkill.
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360 degree control rooms, as the one developed at Høyskolen in Buskerud and
Vestfold, is evaluated to be better suited for use in a training programme than in
a control room situation, at least for the time being. With some more development
and testing it might be a better solution in the future. For use in control rooms, it
is proposed to deploy some of the same solution as for large screen displays, but as
these screens are even larger it has the potential of containing more information.
More information may decrease the key hole effect, but on the other hand it could
give information overload as well. The line between these two factors have to be
found in collaboration between the users and the designers.

In order for the operators to have good SA, the information presented to them
must be accurate and given in an appropriate amount. Regardless of what kind
of information presentation solution is used, it is important that information is
presented in a consistent way, so that the operators can concentrate on his or her
task instead of trying to understand the interface. Even if the operator adjust
to it after a time, it may make poor mental models for later use. The balance
between too much and too little information might be hard to find, and how much
information needed depends on how experienced the operator is. As people only
process a restricted amount of information it is important not to put too much
information on the screens.

When designing an alarm system it is important to make the design such that the
operators attention gets directed to the right place. Misplaced salience will hinder
the SA , while right use of attention will promote the SA. The use of flashing
lights, red symbols and high noises should therefore be limited to where it is really
needed.

Some of the interfaces could ideally have been modified with respect to colors and
placement of information. The interface used at Statoil had numbers placed too
far from where they belonged to, making it sometimes hard to understand, which
could potentially lead to the operator misunderstanding the situation.

The reason the usability of the HMI is poor might be that the people working with
the commissioning of the plant lack insight in what the control system consists of.
In addition to this, the projects is under a though time schedule, where a lot of
activities happens in parallel - it is a lot of modifications and the pressure on
getting the project finished at time is extremely high. In the engineering process
the focus lies on the application, and that it should be easy for the operator to
understand the alarms, where they come from and what the consequences for the
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security of the plant could be. The control system is the last part started under
the commissioning, which leads to the persons closest to this process do not get
enough time to change factors. Generally, the usability of the process control on
the plant should get more attention in a project to secure a better SA among the
operators.

There is also a good idea to have meetings on a regular basis on the platforms
and ships, this is in order to ensure that the operators are up to date on the work
situation. There should e.g. be morning meetings to let the operators going on a
shift know what has been done during the previous shift.

From observation and interviews, the focus on SA is also directed to the training
of the operators in addition to what kind of system they use. The focus in the
training process should not just be on what you should do in different situations,
but why you should do this. This kind of training of operators will lead to an
improved mental model, a higher level of SA (Chapter 4) and change the way
operators behave in situations (Chapter 3.5).

Training sessions in between work periods are also important in order to make the
process in the control room more efficient. It is important to practice what to do
in abnormal situations in order to handle correct and develop a mental model to
use in these situations. There could be a good solution to pair up an
operator without much experience and a more experienced one in training
situation, because transfer knowledge from experienced to new operators is
important in working environments such as control rooms. Training session will
also increase the operators SA level (Chapter 4) and behaviour (Chapter 3.5).

Rotation between the working teams is also important because it forces the opera-
tors to have knowledge about the whole process. As mentioned in Chapter 3.2, it is
important that the operators have knowledge about everything - it is not sufficient
that one only knows a lot about one part of the process and a little about the rest.

The impression from the visit at Statoil Stjørdal was that the operators had a
very good SA and that they knew what to do in both situations where they were
informed of what could happen and situations where they were not informed. With
three screens each and a space of 1 meter between them, good communication is
required to have a good team work and team SA, and the communication between
the observed operators was good.
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As there where not observations, only a interview outside the control room with
one operator from Shell, it is hard to evaluate the behaviour at this platform.
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Chapter 8

Discussion
Before deciding on which solution to use in the control rooms it is important to
remember that new solutions require a lot of training of new and old operators, in
addition to a high cost from e.g. developing the new solution, testing it, training
sessions and new equipment. New solutions may also require new mental models,
and there may occur new problems that has never been thought of before. It
is important to have a throughout testing of the system, because the safety on
the plant is one of the most important matters. After the testing process, and if
decided to go with the new solution, all the operators have to go through a training
programme to get the best outcome as possible.

Users that have used one solution for a long time, may have a hard time adjusting
to the new system. People have natural reluctance to new systems, even when
they will perform better. In the interview process the other solutions, GIGA-
mapping and 360 degree control room was mentioned for the operators, without
getting a lot of positive response. The operators interviewed have worked with the
large screen solution all their working career, and for them it is hard to imagine
a solution that could be better. New systems based on different technology are
therefore challenging to implement, gain acceptance from experienced users and
eventually being used as expected.

New solutions should only be introduced if it brings a positive value to the opera-
tors and helps them do a better job. In a design process, the users of the system,
here the operators, should be included. The operators interviewed mentioned that
some of the new solutions suggested by design engineers did not work very well,
probably because these engineers did not see it from a operators point of view.
When designing, it is therefore important to include the users. They are going to
use this system on an everyday basis, and it should be usable from their point of
view.

New control room solutions may require a lot of reconstruction on the platform,
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as the control room built on the platform is made to meet the requirements sat
for the room at an earlier point of time. For that reason new solutions may not
be built in the platform before the companies decide to build a new platform.

The solution best suited for control room as for now, will be the existing large
screens, as the other two solutions are more designed to give an insight in a design
process and thereby may give an information overload to the operators. Large
screen displays provide the operators with a more appropriate amount of informa-
tion.

Last, but not least, it is important to remember that one solution that works
perfectly for one team may not work at all for another. All teams are different,
and finding a solution that fits all perfectly is not possible.
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Conclusion and Further Work
To have high situation awareness and understanding of what is going on in a
situation is important when working in a control room. As the operators work in
teams, it is important that the operators have some of the same understanding
and a common mental model of situations. For providing the operators with
common information, factors like training and how the information in the control
rooms is presented are important. This thesis evaluated three different information
presentation solutions, large screen displays, GIGA-maps and 360 degree control
room, in light of how they could support situation awareness.

As for now, it is the present used large screen displays, that is the best suited
solution for control rooms in the oil and gas industry. The main reason for that is
that the large screen displays provides the operators with an appropriate amount
of information on a common screen which gives the operators a better opportunity
for making a shared mental model and better conditions for cooperation. Some
study should on the other hand be done on how and what information is presented
on the screens, in order to increase the situation awareness.

Even though the information presentation solution has an impact on the situation
awareness, the training of the operators will have a larger impact. Using large
screen displays in the control room, naturally implies that the large screen displays
are used in the training process to teach the operator to use the system. The
two other solutions reviewed, GIGA-maps and 360 degree control room, are more
suited for use in training of operators than for the control room work. Both of
these solutions are developed in order to share information and get more insight
in a design process, and would therefore be good tools to give the operators more
insight in the process on the plant. This is very important in order to teach the
operators what happens and why, not just how to fix a problem.

Regardless of the information presentation solution, there are some common factors
for all solutions to ensure a better situation awareness. The information should
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be presented in a consistent manner, there should be an appropriate amount of
information on the screen (to avoid information overkill and the key hole effect)
and the interface should be designed to avoid misplaced salience.

Even though the conclusion of this thesis is that the large screen display are the
best suited solution, the applicability of these above mentioned technologies is
still open for question and current topic of investigation by the human factors
community in Norway. More field work is needed in order to define all requirements
from the industry (and control room workers) before these solution start being
developed.

As further work one could make a GIGA-map for use in training of the operators.
The solution should be developed in corporation with people with insight in process
control and tested on the operators to see if this a solution suited for training. For
the large screen displays, investigating the information displayed on the screens
could be done, in order to assure that the displays give the right amount and
well describing information. 360 degree control rooms should also be investigated
further. As a start the group working on the SimSam project at Høyskolen in
Buskerud and Vestfold could be visited in order to discuss more about the use of
this room in oil and gas industry.

In addition to these three solutions, there might be other information processing
solutions suited for this industry that could be explored further as well.
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Appendix A

Spørsmål brukt i observasjon og
intervju
Introduksjon:

• Hvem er jeg, og hva er bakgrunnen for og målet med besøket

Intervjuobjekt:

• Utdannesle
• Hvor mange års erfaring fra dette anlegget?
• Hvor mange års erfaring fra lignende anlegg?

Bakgrunn for å forstå anlegget:

• Hva er hensikten/formålet med anlegget?
• Beskriv prosessen
• Hvor komplekst er systemet?
• Hva er main objectives/hovedmålet som anlegget styres etter (en viss mengde,

kvalitet, forespørsel, . . . )?

Teamsituasjonen:

• Hva er oppgavene til operatørene? / Hvilke oppgaver har operatørene?
• Hvor mye tid bruker operatørene på XX, YY og ZZ? (f.eks. de tre oppgavene

som tar mest tid)
• Hvilke andre grupper/team samarbeider du med?
• Hvordan ser teamet ut – hvilke disipliner er involvert?
• Hvor befinner de andre teamene seg? Hvordan foregår kommunikasjonen? I

faste/sporadiske møter, når det trengs, videokonferanse, . . . ?
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• Hva fungerer best? Hvilke oppgaver fungerer best/er enklest å gjennomføre?
• Hvilke oppgaver/kommunikasjon er tungvinte og vanskelige å få til?
• Er det noen oppgaver som burde tatt kortere tid enn det tar i dag?
• Er alle opplært i alle deler, kunne de tatt over hverandres oppgaver?
• Har alle et helhetlig overblikk over hva som skjer overalt i prosessen?
• Hvordan skjer kommunikasjon med både hverandre og ledelse?
• Øker løsningen interaksjon mellom operatørene?
• Hva slags tools blir brukt for å jobbe sammen?

Til løsningen (for eksempel large screen displays):

• På hvilken måte er løsningen nyttig i arbeidssituasjonen? (Gir den riktig
oversikt, korrekt mental modell, hjelper den på teamwork, oversikt over prob-
lemer i prosessen)

• Gjør den samarbeidet i teamet bedre?
• Fornøyd/ikke fornøyd – noen elementer som er vanskelige å lese av?
• Noen tanker om designet, eventuelt ønsker for endringer?
• Pålitelig informasjon på skjermen?
• Jacob Nielsens liste
• Gestaltprinsippene
• Hvordan ser feilmeldingene ut?
• Må man ha mye bakgrunnskunnskaper for å kunne forstå bildene?
• Hva vises på storskjermen? Informasjon som er felles for alle? Informasjon

som gir overblikk over hva som skjer?
• Er det det samme bildet på storskjermen hele tiden, eller kan man bytte det

ut? Hvem har i så fall «makt» til å gjøre det?
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