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Abstract

According to Oliver (2002) the success of turnatbumintenances is measured in terms of the

cost of completion, time, safety performance ardpgérformance of the plant afterwards.

The Escravos gas plant (EGP) is a gas processmng fthat converts associated gas from
Chevron owned crude oil wells to liquefied petrofegas, natural gas and gas condensate

(Chevron intranet. Website assessed on Septemb20Q0%).

According to the EGP plant operations coordinat®eq interview Appendix A), the plant
undergoes a turnaround maintenance exercise oecg ®vo years. The major tasks done during
these turnaround maintenances are

1. Change-out of three molecular sieve beds.

Servicing of three compressor turbines.

Servicing of expander turbo-machinery.

Clean-out of fired gas heater tubes and burners.
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Tie-ins for major upgrades.

The EGP management does not involve the contrgei@onnel that carry out the tasks in the
management of the turnaround maintenance. Theawtatis personnel simply follow the work

plans and instructions developed by the EGP managem

The EGP turnaround management team consists otdbedinator who is the head of the
turnaround maintenance team, shift supervisorsnte@@nce supervisors (rotating equipment
maintenance supervisor, instrumentation and etattrmaintenance supervisor, and static
equipment maintenance supervisors), safety sumesyismaintenance planners, process

engineers and construction supervisors.

All these listed personnel in the preceding parnalgr@and the supervisors of the contractor teams
participate in the pre-turnaround meetings whicppesa once a month for the first 10 months of
the 12 months leading to the turnaround. The mgdti@quency increases to once every two

weeks during the last two months leading to thearound maintenance. The meeting is held



daily during the turnaround maintenance and onegyetwo weeks for the first month after the

turnaround maintenance.

During the preceding months to the turnaround neaemce, the work scope is defined, the job
sequence outlined and schedules are developed.uiResorequirements are detailed and
procured. During the turnaround maintenance thadadf the turnaround meeting is to discuss
potential deviations, observe at-risk behaviors hkely challenges. Plans are then made to
address these deviations, challenges and at-riskvims. After the turnaround maintenance,

“lessons learnt” are captured and the turnarounidteraance is closed out.

According to the EGP coordinator (see interviewappendix A), the success of its turnaround
maintenance is measured by the time used to coenghet turnaround maintenance, the total
recordable incident rate during the turnaround teai@nce, the days away from work, the lost

time injury(LTI) and the cost incurred.

Poling et al noted that it is difficult to rate m@round maintenance projects because no two
turnaround maintenances strategies are exactlgdhee. They iterated that the most common
tactics used is benchmarking and that benchmaskiadples a company to measure and compare
its performance against peer companies in a carsteuand confidential manner. They pointed
out that the quantitative differences computed betwa plant and other similar plants using
detailed data taxonomy can provide invaluable miation regarding improvement
opportunities. This is a way of effectively extemglia “lessons learned” exercise across multiple
companies. According to then however a criticailaite of effective reliability and maintenance
benchmarking is the ability to compare disparate®s but even small differences for similar

plants can alter the value of the comparison.

Existing literature indicate that the parameteesdhs plant management use to rate the safety of
its turnaround maintenance (i.e. the total recdedairident rate, the days away from work and
the lost time injury)are reactive in nature. Theg atherwise called lagging indicators. Lagging
indicators are safety performance metrics thatracerded after the accident or incidents has

occurred. For example lost time injury is any weekated injury or iliness which prevents that



person from doing any work day after accident (E&hsultancy Associates. Website assessed
on June 15, 2009). In contrast the other group efrios called pro-active metrics or leading
indicators such as at-risk behaviors, near misedspaeventive maintenance not completed are

parameters that measure safety performance befoideat occurs.

Leading indicators gained popularity in the 193@fter Heinrich postulate his iceberg theory
(Wright, 2004). Heinrich’s used the iceberg analtgyexplain reactive (lagging) and proactive
(leading) indicators. Heinrich likened accident atdisk behaviors to two parts of an Iceberg;
the part you see above water and the part hidddaruhe water. The size of the iceberg above
water is relatively small compared to that undetenal he iceberg starts to grow under the water
and only after they reach a certain size doesqgfdlte ice begin to appear above water. Heinrich
believed that accidents are the result of root esussich as at-risk behaviors, inconsistencies,
wrong policies, lack of training and lack of infaation. When the number of accidents that
occur in an endeavor is measured you get relatsmlgller numerical quantities when compared

to the number of at-risk behaviors.

Heinrich suggested that to eliminate accidents dlcatr infrequently, organizations must make
effort to eliminate the root causes which occuryviéequently. This makes sense because
imagine a member of personnel coming to work irdated every day. Binging intoxicated at
work is an at-risk behavior. The employee is vékgll to be involved in an accident at some
time as a result of his drinking habit. The numbktimes he is intoxicated if counted will be

huge when compared to the impact of the accideenvithdoes occur.

The iceberg theory is supported by work from Bid®80) and Ludwig (1980) who both
attempted to establish the correct ratio of acdglemroot causes in different industries. Heinrich

suggested a ratio of three hundred incidents totiyva@ine minor injuries to one major injury.

This researcher chose to use the number of athdkavior exhibited by the turnaround
maintenance teams to rate the safety performantaské despite criticism from individuals like
Robotham (2004) who said that from his experiengenincidents do not have the potential to

become major accidents and Wright et al (2004).



Leading indicators are convenient to analysis beeanf their relative large quantity. In a
turnaround environment, the numbers of accidenéd tccur are relatively few unlike the
number of near misses (Bird, 1980). It is easytatistically analyze thirty at-risk behaviors than
four accidents. In addition Fleming et al (2001)eabthat data from industry show much success
by companies in the reduction of accidents by &ffat reducing the number of at-risk behaviors,
increase the number of safety audits, and redueentimber of closed items from audits etc.
Phimister et al made similar claims when they dd&hr miss programs improve corporate

environmental, health and safety performance thrdhg identification of near misses.

Existing literature also reveals many theories alnoanagement styles and their possible impact
on performance. The theories are grouped into thaibries, situational theories and behavioral
theories. The trait theories tries to explain mamagnt styles by traits of the managers like
initiative, wisdom, compassion and ambitious. Sitrel theories suggest that there is no best
management style and managers will need to determimch management style best suit the
situation. Behavioral theories explain managemertceass by what successful managers do.
Behavioral theorists identify autocratic, benevtleonsultative and participatory management
styles. Vroom and Yetton (1973) identified variabtbat will determine the best management
style for any given situation. The variables are;

1. Nature of the problem. Is it simple, hard, compbexlear?

Requirements for accuracy. What is the consequencestakes?

Acceptance of an initiative. Do you want peoplei$e their initiative or not?

Time-constraints. How much time do we have to frtise task?
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Cost constraints. Do we have enough or excesdhie\acthe objective?

A decision model was developed by Vroom and Ya@88)to help managers determine the best

management style for different situations basethervariables listed above (See figure six).

They also defined five management style could adanely the;
1. Autocratic | style
2. Autocratic Il style.
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3. Consultative | style
4. Consultative Il style

5. Group Il style

The autocratic | management style is a managentget\shere the leader solves the problem
alone using information that is readily availakdehim/her, is the normal management style of
the Escravos gas plant management in all turnasopndr to 2009. However the Vroom and
Yago model recommends the Consultative Il managéstgle for the type of work done during

the Escravos gas plant turnaround maintenance

According to Coye et al (1995), participatory mag@agnt or consultative style Il creates a sense
of ownership in organization. In this managemegtesthe leader shares problem with group
members individually, and asks for information andluation. Group members do not meet
collectively, and leader makes decision alone (Wirand Yago, 1988). Coye et al believe that
this management styles instills a sense of pridenantivate employees to increase productivity.
In addition they stated that employees who parigign the decisions of the organization feel
like they are a part of a team with a common geal] find their sense of self-esteem and

creative fulfillment heightened.

According to Filley et al (1961), Spector and Suttld not find any significant difference in the

output of employees under autocratic and partioyat management style.

This research studies if and how the Escravos lgai furnaround maintenance can be improved
by changing the management style from autocrasiyle to consultative Il style. Two tasks in
the turnaround were studied; namely the chang®filite molecular sieve catalyst beds and the

servicing of the turbine engines.

The turnaround contractor Techint Nigeria Limitedvides the work group into teams
responsible for specific tasks. Six teams (teamBA,C, D, E and F) were studied. EGP
management will not allow the researcher to studyenthan these six teams for fear of the

research disrupting the work. The tasks completethbse teams are amongst those not on the
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projects critical path so delays caused by thearekewill not impact the entire turnaround
project provided the float on these activities weoé exceeded. They also had the fewest number

of personnel, so cost impact of the research woukdcbe easier to manager.

Teams A, B and C are different maintenance teamspasing of eight personnel each. They
were responsible for changing the EGP molecularedieds A, B and C respectively in the 2007
and 2009 turnaround. Their tasks are identical i@z #he molecular sieve beds are identical.

Teams E, D and F are also maintenance teams cangpo$ six personnel each. They were
responsible for servicing the EGP turbine engingsBAand C during the 2007 and 2009
turnaround maintenance. Their tasks are also icliecause the turbine engines are identical.

Consultative management style 1l is exercised byolring team A and team D in the

development of the procedures, processes and jeby sanalysis of all tasks that they were
assigned to complete during the 2009 turnarounchtex@@nce. They were also permitted to
participate in the turnaround maintenance meetamgsto make contributions in the meetings. In
the 2007 turnaround maintenance team A and teamlypaarried out their tasks. They did not
participate in the development of procedures abdsgfety analysis neither did they participate

in the turnaround maintenance meetings.

The other four teams; team B, team C, team E aad € are used as experimental controls for
the research. They did not participate in the dgwakent of the procedures, processes nor the job
safety analysis for the tasks in either of the awwbnnd maintenance. They were also not
permitted to attend the daily turnaround meetingsey only completed their tasks based on

instructions given to them during the 2007 and 2@@8around maintenance.
It was necessary to study the experimental comdahs as the researcher was not sure whether

task repetition, increased knowledge or improveasnteohesion would lead to a reduced time or

a reduced numbers of at-risk behavior.
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The research tested the hypothesig ahd 1H and 2Hand 2H at the 0.025 and 0.05 level of

significance as follows;

Null hypothesis, 1H: There is no significant difference in the time dpley team A and team
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they did@, =0).

Alternate hypothesis, 1H: There is a significant difference in the time rspley the team A and
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they did;{4,70).

Null hypothesis, 2H: There is no significant difference in the numberabfrisk behaviors
observed to have been exhibited by the team A @artd D in 2007 when they did not participate

in the development of the procedures and procesgleshe number in 2009 when they did{p

H2=0).

Alternate hypothesis, 2H: There is a significant difference in the numbeabrisk behaviors
observed to have been exhibited by the team A @t D in 2007 when they did not participate
in the development of the procedures and procesgeshe number in 2009 when they didi{p
H270).

The student t test was used to analyze these amgsiumber of at-risk behavior. At the 0.025
and the 0.05 level of significance, the data shioat there is no difference in the times all the
teams used to complete their task in 2007 and @®20he researcher concludes that a change in
the management style from autocratic | style tosadtative 1l style did not lead to a reduction in

the time used by any team to complete their task.

However at the 0.025 and the 0.05 level of sigarite, there is a significant difference in the
number of at-risk behaviors of the research teaand team D. There is however no significant
difference in the number of at-risk behavior of doatrol team B, team C, team E and team F at

the same level of significance. The researcherlades that a change in the management style



from autocratic | style to consultative Il styleate to a reduction in the number of at-risk

behavior of team A and team D.

In addition the reduction in the number of at-fhavior of team A and team D could not have
been because of task repetition, increased knowledgmproved team cohesion since there is
no significant difference in the number of at-riskhavior exhibited by team B, team C, team E

and team F.

The research can be used by the Escravos gasmtardagement and the management of any
similar process plant to fashion out more costaotiffe, time effective and safer methods for
carrying out their turnaround maintenance. A changmanagement styles may just be a better
approach to improving productivity than giving fir@al incentives to contractors and personnel.

Changes in management style will have to be manafjeel change must be gradual because
sudden change can be detrimental as people maygadtto understand and adapt to the change.

The turnaround personnel must also understandtéetiso as to prevent conflicts.
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1. At-risk Behavior- behaviors that key stakeholdessetimes engage in, knowing on some
level that it could risk safety (E&P Consultancysasiates. Website assessed on June 15,
2009).

2. Autocratic | management style (Al) leader- A leadeat solves the problem alone using

information that is readily available to him/herr¢ém and Yago 1988).

3. Autocratic Il management style (All) leader- A leadhat obtains additional information
from group members, and then makes decision alBneup members may or may not be

informed.(Vroom and Yago 1988).
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from them and there is great punishment for fai(lwgindo, 2007).
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reward. He allows a little amount of decision makat the level directly next to his. He has

full understanding of these decisions and they rhasvhat he wants to hear (Lupindo 2007).

6. Consultative | management style (Cl) - A leadelt S$tzares problem with group members
individually, and asks for information and evaloati Group members do not meet

collectively, and leader makes decision alone (Vir@nd Yago, 1988).
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members collectively, but makes decision alone ¢#r@and Yago, 1988).
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organization. Feedback from the subordinate formagor part of the managers decision. He
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asks for the feedback and encourages it. He daegehdimself involved in the basics of the
work (Lupindo, 2007).

9. Group Il management style (Gll) leader- She/he megth group to discuss situation. The
leader focuses and directs discussion, but doesnpaise will. Group makes final decision
(Vroom and Yago, 1988).

10.Incident-An unplanned event or chain of events whas or could have caused injury or
illness and / or damage or loss to environmentdtparties or assets (E&P Consultancy

Associates. Website assessed on June 15, 2009).

11.Job safety analysis- A process of systematicalpluating certain jobs, tasks, processes or
procedures and eliminating or reducing the risksamards as low as practicable (ALARP) in
order to protect workers from injury or illness.eTBSA process is documented and the JSA
document is used in the workplace or at the jabtsitguide workers in safe job performance.
The JSA document is also a living document thatadgusted as conditions warrant
(Wikipedia JSA. Website assessed on October 29)200

12.Lost time injury-Any work related injury or illnesshich prevents that person from doing
any work day after accident (E&P Consultancy Ass®s. Website assessed on June 15,
2009).
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14.Participatory manager- The participatory managesduwot just ask for feedback from them
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(Lupindo 2007).
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15. Performance-Process or manner of functioning oraipe (The free dictionary. Website

assessed on May 7, 2008).

16.Procedures-A way of doing something, especiallyu$igal or correct way (Oxford Advance

Learner’s dictionary, 2010).

17.Recordable Injuries- They include occupational kdeaonfatal occupational illness, and
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August 27, 2011).

18. Standard Operating procedure-A Standard Operatmogedure (SOP) is a set of written
instructions that document a routine or repetitadivity followed by an organization

(United State Environmental Protection Agency 2009)

19.Total Recordable Incidence Rate (TRIR) - A measfr¢he rate of recordable workplace
injuries, normalized per 100 workers per year. Taetor is derived by multiplying the
number of recordable injuries in a calendar yea®§,000 (100 employees working 2000
hours per year) and dividing this value by theltatan-hours actually worked in the year
(Liberty Insurance Agency. Website assessed on stu@jiy 2011).

20. Turnaround Maintenance- This is a periodic mainteegrocess by which a process plant is

shut down for inspections, overhauling, modificaioand tie-ins(American petroleum

institute. Website assessed on December 11, 2007).
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Chapter 1

Introduction

This chapter introduces the research. The reseacthext is
described to provide background for the researctieutaken.
The goals of the research and the research metbggol
adopted are presented. Finally, the thesis striectig

outlined.




1.1. Introduction.

A turnaround maintenance activity is a plannedquici maintenance activity in which process
plants, which are normally always in operation @tder emergencies, are shut down to carry
out certain tasks. According Zulkipli et al (20@Xamples of tasks carried out during turnaround

maintenance are.

Inspections,

Tie-ins for plant expansions,
Modifications and upgrades,
Overhauls,

Replacements and

o a0k~ 0w N PE

Maintenance.

Zulkipli et al (2009) also noted that turnaroundsinbe completed in the shortest possible time
because during the period of the turnaround, priogluopportunity is lost since the whole plant

or at least a major portion of it is shut down

The Escravos gas plant (EGP) is one of Chevron @atijon’s joint venture investments in
Nigeria with the Nigeria National Petroleum CompafNNPC). It is a multi billion naira
investment that processes some of Nigeria gasvesén the Niger delta to produce liquefied
petroleum gas (LPG) and gas condensate(Escravoplgast intranet. Website assessed on
August 22, 2007).

The Escravos gas plant consist of a feed separaftidrfiltration section, a dehydration section

using molecular sieves, a cooling section usingld box and turbo-expander, a fractionation

section, a lean gas compression and metering seetibquefied petroleum gas product storage
and shipping section, and a condensate stabilizagation (Escravos gas plant intranet. Website
assessed on August 22, 2007).



Like any other process plant, EGP undergoes around maintenance activity every two years.
The major tasks done during the turnaround maimiemaare the change-out of the two
molecular sieve beds, the servicing of the two c@sgor turbines, the servicing of the expander
turbo-machinery, the clean-out of the fired gastéretubes and burners and tie-ins for major

upgrades.

According to Escravos gas plant operations cootdingsee interview in appendix A) who
manages the EGP turnaround maintenance, it takeg &8ko weeks to complete and 1.2 million
U.S. dollars to complete the items that are regeateevery turnaround (the other costs are non
reoccurring tasks) and there is an average of @8&8 recordable incidents per turnaround

(Interview with the EGP coordinator. See Appendjx A

Prior to the 2009 turnaround maintenance, only @glas plant operation coordinator (see
interview in appendix A) with the shift supervisprsafety supervisors, process engineer,
maintenance planner, construction supervisor aedntaintenance (instrument and electrical,
rotating equipment and fixed equipment) supervisiengelops the procedures, processes and job
safety documents for the turnaround maintenanbey Ho not normally involve the contractor
personnel who directly perform the tasks in adgggitike the development of the procedures, Job

safety and analysis and in the turnaround maint@nareetings.

1.2. Problem statement.

The cost incurred during turnaround maintenancesredude;

1. The cost of tools and equipment,

2. The cost of paying contractors for work such asladiding catalysts from vessels, cleaning
the reactors and reloading the catalyst,

3. The cost of any accident that arises during theege®. This include the cost of treating
injured personnel, the cost of investigating thedant, the cost of repairs of damaged assets,
the cost of insurance payout, the cost of delays disect and indirect result of the accident
and so on,

4. Loss of Revenue because the plant is not operatidren the change-out is taking place and



5. Labor cost in the form of overtime payouts to engples.

Cost 4 and 5 above are directly dependent on tecause;

1. The longer the plant is shut down for maintenam&rore it loses income from sales of
product.

2. Turnarounds are so labor intensive because of ieuat of work to be done in the time
which is usually short. Many turnaround manager agertime to complete these task (G
Gono (2001)). So the costs of turnaround maintezgmndgll increase as the time taken to

complete the turnaround increases.

Cost 3 depends on the knowledge and skill of warkamd their behavior to safety. The
researcher will think that the more people becoraméd to understand the impact of at-risk

behaviors, the more they would work safe.

The Escravos gas plant coordinator (see intervieppendix A) acknowledges that apart from
cost and time, the number of incidents and accgdtat occur in the plant as a whole normally
increases during turnaround. According to Gono {2@bis is due to the intensity and nature of

work during the turnaround.

For example, the cost of the 2005 gas plant tutradavas 1.2million dollars (see interview with
gas plant coordinator). This is about 36% of therall gas plant annual operating expense (see
figure one). In addition the total recordable iremit rate during the period where turnaround is
taking place is between 2.5 to 3.5 times the ratenvno turnaround work is occurring (see

figure two).

The total recordable incidence rate (TRIR) is a suea of the rate of recordable workplace
injuries, normalized per 100 workers per year. Tdator is derived by multiplying the number
of recordable injuries in a calendar year by 200,0000 employees working 2000 hours per
year) and dividing this value by the total man-fsoactually worked in the year (Liberty

Insurance Agency. Website assessed on August 27).20
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Figure two. Escravos gas plant comparison of TRIRReference EGP website)

Two problem statements of this research are:
1. Isit possible to reduce the cost of the Escrawasspdant turnaround maintenance?
2. Is it possible to reduce the number of incidentt tccur during the Escravos gas plant

turnaround maintenance?



The Escravos gas plant applies an autocratic mamagestyle for its turnaround maintenance
but the researcher having studied the works of Wraod Yago (1988) knows that there are

other management styles. The researcher conslaefellowing additional problem statements:

1. Will applying other management styles improve ihees used to complete the turnaround
maintenance, its cost and safety performancesi®type of turnaround maintenance?

2. What type of management style do other researemergxperts proffer as the best
management style for the type of work performedridputhe EGP turnaround maintenance?

1.3. Research Objectives.

The general aim of this research work is to

1. Understand the current EGP turnaround maintenamoaigh the stages of planning, pre-
shutdown, shutdown, execution and start up.

2. Conduct literature survey on different managemenés and how to measure the success of
turnaround maintenance in the processing industry.
Identify the management styles the EGP uses foualiteround maintenance.

4. Determine the best management style the Escrawglgat (EGP) should adopt based on
the literature survey conducted.

5. Reach agreement with the EGP management on hasttithe management style selected or
the modification to improve the turnaround maintere

6. Conduct research and determine if the change oageanent style or the modification of the

existing style will improve the turnaround mainteoe.

The specific objectives of the project are as fefio

1. Determine if a change in management style couldaedhe duration of activities in the
EGP turnaround maintenance project.

2. Determine if a change in management style couldigedhe safety performance of the

EGP turnaround maintenance project.



1.4. Dissertation organization.

The thesis is organized into the following chapters

Chapter 1: Research Introduction.
The research is introduced. The research congegéscribed to provide a background for the

research. The objective of the research and tpen@ation of the dissertation are presented.

Chapter 2: Literature survey

The literature survey is conducted by the researtheassess experts’ opinion on how to

measure the performance of turnaround maintenakeéehat of the EGP and on the managerial
styles prescribed by expert for work like that pemied during the Escravos gas plant turnaround

maintenance.

Chapter 3: Empirical investigation.

The scientific method used in carrying out the aesle is enumerated.

Chapter 4: Results.

The data from the research is presented and &taligtanalyzed to determine the effect that a
change in management style has on the time to @enfile selected tasks and the number of at-
risk behaviors exhibited by the teams while compéethese tasks.

Chapter 5: Discussions and interpretations.

An interpretative discussion and outcomes of tseaech is made in this chapter.

Chapter 6: Conclusions and recommendations
The overall dissertation is concluded. Suggestiares made for any one conducting further

research based on the findings and experiencesi@archer gained while conducting the study.

In the next chapter the experts’ opinions on thmdround maintenances, the dimensions of
measuring performances of turnaround maintenanodstltee preferred method of managing

turnaround maintenances will be discussed.



Chapter two

Literature survey

The literature survey is conducted by the researsioeas to
assess experts’ opinion on managerial styles anchanm to

measure the performance of turnaround maintenances.




2.1.  Turnaround maintenance

Like conducting a regular service on a vehiclenamound maintenances are an essential activity
of any process plants (Duffuaa, 2004). They havegetoarried out because certain equipments or
parts of equipments in the plant only have a lichitde span in comparison to the plant.
According to the Escravos gas plant operationsdioator (see interview in appendix A), the
Escravos gas plant (EGP)molecular sieves are dasiggnlast for 30 months based on the EGP
feed rate and composition. It is around this litota that the EGP turnaround maintenance is

planned.

In their book “Handbook of Maintenance Managemertt Bngineering”, Ben-Daya et al (2009)
purported that turnarounds management’s potentialcbst saving is drastic, and it directly
contributes to the company’s bottom line profithey also wrote that controlling turnarounds
cost and duration represents a definite challeAgeording to Ben-Daya et al maintenance
planning and scheduling is one of the most importdements in maintenance management and

it can play a key role in managing complex turnaasi

Ben-Daya et al listed six possible objectives oh&mound maintenances. They are;
To improve efficiency and throughput of plant bytallle modification,

To increase reliability of equipment during opevati

To make plants safe to operate till next turnaround

To achieve the best quality of workmanship,

To reduce routine maintenance cost and

o a0k 0w NP

To upgrade technology by introducing modern equipina@d techniques.

Lenahan (2006) in his book titled “Turnaround, slewin and outage management: effective
planning and step” identified the performance iedithat can be used to rate the performance of

turnaround maintenance as safety, cost, duratfbaieacy and quality.

In his write up in the oil and gas journal of Ap2i002, Rod Oliver identified 12 performance
criteria some of which are duration, total costesa start-up incident, environmental incidents,

unscheduled shutdowns etc. These criteria anddesuription are defined as



Criterion Description

Duration Oil out to on-spec product. Days or dggar
Total cost Turnaround and routine maintenance
Turnaround costs Actual and annualized by plamttion
Frequency Run length, months

Predictability Actual vs. planned work hours, @alion and cost
Safety Accident number and rates

Start-up incidents Days lost due to rework

Unscheduled shutdowns Days lost during the run

Mechanical availability Time available %

Additional work Actual vs. contingency

Environmental incidents Impact of incidents atttémlito a shut down
Savings Money saved resulting from changes t@lioze indices

He further iterated that the organization must measturnaround performance and observe
trends. As with all measurements, a single indiceam mislead. It is, therefore, necessary to

design a number of criteria to provide a balanogdcation of performance.

2.2.  Safety during turnaround maintenance
There is a greater probability for incident andi@ents to occur during turnaround than under

normal operating circumstances largely for theolelhg reasons.

1. Often the task carried out during turnarounds argerroutine,
Personnel who are not always very familiar with phent are often employed,

3. The intensity of the work carried out during tumands is high. So much to do so little
time to do it and

4. The complexity of the work done.
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According to keesing (2009), the cost, both disedd indirect that is incurred as a result of poor
safety performance during a turnaround directly aotp the bottom line and can mean the

difference between being under, or over estimatetybt cost.

CAM (Website assessed on August 2, 2008) notedalttadugh many maintenance planners are
beginning to include critical support services tbah keep turnarounds on schedule, many still
do neglect them. CAM also argued that not includingport services such as safety training and
management, industrial hygiene monitoring, lead astbestos testing, and environmental
monitoring as part of turnarounds or maintenancgept can have serious impact on scheduling
activities, and unanticipated delays can push timeptetion dates out further and further. So any
research into how safety can be improved duringatmund maintenances is beneficial to the

managers of the turnaround maintenance.

Poling et al noted that it is difficult to rate maround maintenance projects because no two
turnaround maintenances strategies are exactlgdhee. They iterated that the most common
tactics used is benchmarking and that benchmaskiadples a company to measure and compare
its performance against peer companies in a cansteuand confidential manner. They pointed
out that the quantitative differences computed ketwa plant and other similar plants using
detailed data taxonomy can provide invaluable mfaion regarding improvement
opportunities. This is a way of effectively extemglia “lessons learned” exercise across multiple
companies. According to then however a criticaitaite of effective reliability and maintenance
benchmarking is the ability to compare disparate@s but even small differences for similar

plants can alter the value of the comparison.

2.3. Measuring safety
According to Ben Daya et al (2004), safety is oh¢he key measures used to determine the
success of turnaround maintenance. Jump (Websiéssed in January 6, 2008) pointed out that

measuring safety is a complex problem.
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In his article posted on the web and titled “A Remvi of Commonly-Used Performance
Indicators” Spear (Website assessed on Februa2@d8) identified the following classification
of measures of safety; trailing or leading indicatanput or output, outcome or process oriented,
results or activity-based measures, downstreanorfactr upstream factors, and/or qualitative or

guantitative metrics. The researcher has partiéntarest in the first two classifications.

2.3.1. Proactive (leading) and Reactive (lagging or traihg)

Just like Spear, Jump (2008) identified two catesggoof measure of safety;

1. Proactive (Measurement of safety performance pgadoss or potential events. That is the
accident has not happened but could have happédnednditions had been different).

Examples include at-risk behaviors personnel exhitd the number of audit completed.

2. Reactive (Measures that determine performance basddss events. i.e. the accident has
happened). For example measuring Total recordabldent rates, number of investigations

completed, and lost time injuries.

Spear is in agreement with Baldauf (2008) who gh@mt businesses use key performance
indicators (KPIs) to measure progress toward spebiéalth and safety goals or simply to
monitor trends associated with corporate and tgaictivities or special projects. These KPIs he
said are used as a means to collect data and cocateitirends, which can then be used to

indicate where further improvements and resourceseguired.

He further postulated that KPIs that represent wies already happened are referred to as
“lagging indicators” and that lagging indicatore aommonly used in company communications
to provide an overview of performance, such as tteking of injury statistics, exposure
incidents, and regulatory fines. On the other hBattlauf said that “Leading indicators” are

more predictive of future performance results.

Leading indicators are viewed as proactive measemésn These might include, among other
things:

1. Number of audits or inspections performed.

2. Number and types of findings and observations.

12



Time frame to close action items.
Training completed.
Near miss incidents.

Timely preventive maintenance tasks performed.

N oo o A~ W

Safety committee meetings.
In either case, KPIs must be quantifiable and tieesbecific targets.

The consultnet.ie (Website assessed in Augustd?)28numerated the advantages of these two

methods over one another.

Advantages of lagging indicators (Reactive)

1. Motivate management. Management will respond torawg safety performance if the
values of lagging indicators are high where they i@viously been slow to respond.

2. An accepted standard. Many safety regulators amtlatds authorities still use the lagging
indicators to rate performance.

3. Long history of use. These have been the earliesssare of safety performance

4. Used by government agencies, industry associations.

5. Easy to calculate. The numbers of actual incidkkesinjuries and death are small compared
to the parameters they are measured against ltké tan hours and number of days. All
these parameters are easy to obtain.

6. Indicate trends in performance.Measures like lmsetinjuries, total recordable injury rate
and so on can be compared yearly to indicate a wéperformance.

7. Good for self comparison. They are good comparisonly when an organization or
industries is ranking itself against itself becassme organizations and industries are more
prone to accidents and injuries than others. Famgte a refinery is more prone to accidents

than a car manufacturing plant.

Advantages of leading indicators
1. Proactive.Leading indicators like number of at-rigkehaviors, risk assessments

recommendations that were not closed out, prevemtigintenance not completed, delayed
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inspections are measured before incidence hapges.nieans that trends can identify the
root cause of accidents and manage them befoeppens.

2. Not easily manipulated.The motivation to manipulliiese parameters is not as much as that
for lagging indicators.

3. Usually is unbiased (management attitude to résttiovork, Doctor influence/worker
attitude to light duties/compensation system/sad@tgrds and competitions).

4. Easier to analyze statistically because of théatineely larger numbers.

5. Figures measured are typically high, making it ¢asgstablish trends.

6. Unlike lagging indicators where the incident occansl then managers/safety specialists put
it down to a ‘once off/freak’ event, leading indices are records of possible events that

could lead to the ‘once off/freak event'.

2.3.2. Output against input
Gittleman et al (2006) proffered a quite differapiproach from the usual method of measuring
safety against the inputs of labor (the number ofkers and hours worked) but rather related to

labor outputs (the amount of production generateddrkers.)

In their article titled “A Different Approach to Meuring Workplace Safety: Injuries and
Fatalities Relative to Output”, they enumerated ldteer approach, calculating trends in injury
and fatality rates using a "value-added" measumigdut as the denominator.

The article describes the derivation of output dhtd can be used for this approach and points
out some of the related issues and caveats. Arsabfsgork-related injury and fatality risks may
differ, depending on whether the measure is injuper hour worked or injuries per unit of

output.

The article also showed a possibility that someustides or sectors that appear to be relatively

safer by one measure may appear to be less stéyroeasures.

According to Furst (2006), in general, there issnogle reliable measure of safety and health
performance. It is not a one-size-fits-all proposit One may decide on three, four, five, six, or

even more perspectives for measurement purposerixfire of both outcome-oriented and
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process-oriented measures are needed to effecevelyate performance. Furst suggested that

the type of metrics used should be different faleating different levels of the organization.

Petersen (1996) postulated that only process-ademtetrics be used at the lower management
or unit levels and activity measures (with someconte measures) primarily used for the
middle-upper management levels. Pure outcome memsinould be reserved for the executive

level.

This researcher is of the opinion that it is ardeatmat the inputs and output of any two
turnarounds are the same. Although the task malgdbsame their quality which on its own is an
output are most likely not to be the same, eveihénpresence of standardization by procedures,
tools, processes and so on. The output of no tahwitglual can exactly be the same. The output

of an individual on two separate occasions canadhb same.

2.4. Iceberg theory and accident triangle
SAFETY'S HIDDEN DEFECT: ACCIDENT INVESTIGATION

ACCIDENT
INVESTIGATION'S
0BYIOUS
PROBLEMS

LITIGATION

ACCIDENTS

ACCIDENT
INVESTIGATION'S
HIDDEN

PROBLEMS

Figure three: Iceberg effect. B. Ludwig (1980)

The iceberg effect is a common analogy that has beed to describe the root cause of many

accidents. Proponents of the iceberg effect likarige, Jr. (1980) say the real causes or what is
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commonly called root causes of major accidentseaggained in the organization and often like
the big chunk of ice under the sea it not verybleswhen compared with the relatively smaller
number of accidents that occur. They believe thatsimall chunk of ice (accidents) is the result
of the large number of factors hidden in the orgations and repeated so much that they

become cultures and accepted norms.

The root causes include at-risk behaviors, inctascses, wrong policies, lack of training, lack
of information, improper management of change ooces etc. These root causes are not
readily visible to most people. The subtle onesliaesthe bottom of an iceberg. They are there,
and they create lots of difficulties, but they hréden. Benner especially argued that inadequate
investigations or investigation failures are in@ddn the hidden factors.

L. Wright et al (2004) linked the idea of a comnmmause hypothesis to Heinrich (1931) in his
seminal book “Industrial Accident Prevention”.

The implication of this analogy today is that itshaecome a widely accepted way of thinking
that if you prevent minor damage, you will autoroalfly prevent major ones. Accident ratio
studies (insisting on set ratios between near mjsaeor accidents and serious accidents based

on Heinrich’s hypothesis) are common like Bird (@p8nd Ludwig (1980).

Another implication of Heinrich’s theory according Fleming et al (2001) many companies
invest heavily on programs aimed at eliminatingt lobse injuries so as to prevent major
accidents. Phimister et al in the Risk Analysisrdalj Volume 23, No. 3 of 2003 made similar
claims when they said Near miss programs improvparate environmental, health and safety
performance through the identification of near msssAccording to Robotham (2004), George

McDonald believes the iceberg analogy and Heinsichtio hypothesis are flawed.
Robatham argued that from his personal experiemeeaniajority of minor damage incidents do

not have this potential. He made his conclusiorabglyzing the nature of the energy that was

available to be exchanged in the incident.
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Robatham highlighted that all organizations hawatéd resources to devote to safety, it seems
more efficient to him to prevent one incident réisgl in paraplegia than to prevent twenty
incidents where people have a couple of days ofkwide said that somewhere in the push to
reduce L.T.I's (Lost time injury), reduce the LTIF@Rost time injury frequency rate) and
consequently achieve good ratings in safety progradits the focus on serious personal damage
tends to be lost. He said he knew of companieshtha¢ made great reductions in LTIFR, yet
they are still seriously injuring their people. Hewever did not mention the names of the

company.

McDonald’s opinion is that the vast majority of tmeishaps can never get to be minor
occurrences and which in turn can never get to @@moccurrences. According to him minor
incidents and mishaps can form part, but only &, para predictive base. He warned that
concentrating on them in the past seriously misti safety efforts and resources and has been
instrumental in bringing safety into disrepute. Siie furthered buttressed by saying “the

common cold is not indicative of heart, stroke,azror AIDS deaths.”

Finally he believed that the iceberg theory andabigef there are set ratios between incidents of
various types are responsible for the concentratio@lass 11 and Class 111 occurrences in

many companies in Australia today.

Wright et al (2004) analyzed many of the researotkwhat linked minor incidents to major
accidents and three cases analyzed in their résean& confounded the iceberg theory and four
did not.

They pointed to the fact that two of the cases tbafounded the theory confuses ratio of minor
to major incidents as being the same as causalanerhs of major and minor incidents. They
said another showed confusion over activity beiaggymed prior to incident and the causes of
incident. They did not give explanation about tweé that did not confound the iceberg theory.

Wright et al (2004) enumerated that it appearet résearchers have not differentiated between

the causes of severity and frequency and the cadisexidents and incidents. Thus, if a ratio is
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established and the data follow the pattern ofréitie found by Heinrich (1931) or Bird (1980),

it is suggested that the similar cause hypothesislidated. Where the ratio is invalidated i.e.
severe incidents do not occur at the expected émguwhen compared with minor or no injury
incidents the similar “cause hypothesis” is disdedn These positions fail to take into account
the fact that the ratio model (whether validatednot) has no bearing on the similar “cause
hypothesis”. A valid test of the common “cause hiipsis” should be based solely on causal
patterns and not ratio data. Such a test shouttetegmined by using data that has been analyzed
for “causal factors” and not be based simply oqudencies of accident severity. Causality has no

bearing on the ratio relationship propounded byiceberg model and vice versa.

There has not been real concession about the aatiabut studies by some other researchers
that support the ratio theory show there is somd kif mathematical relation.

1
Major
Injury

29
Minor
Injury
300

Incidents
(near miss)

Figure four: Heinrich safety pyramid

Heinrich initial study showed a ratio of one majgury to twenty nine minor injuries to three
hundred cases analyzed. In 2003, ConocoPhillipsndaronducted a similar study. They found
that for every single fatality there are at ledseé hundred thousand at-risk behaviors, defined

as activities that are not consistent with safebgpmms, training and components on machinery.

Bird (1980) determined the actual reporting reladltp of accidents for the entire average
population of workers. He conducted a survey 00Q,000 accidents and devised his "accident
ratio” which, although not identical to Heinrichshowed that the same pattern applied. His

study indicated a ratio of approximately 600 incitsefor every reported major injury.
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Figure five: Bird’s safety Pyramid

In the internet write up on Preventing Serious Aeaits with the Human Performance
Philosophy in the Nuclear Weapons Journal, Issu20D7 (Website assessed on August 1,
2007), it was enumerated that near misses or kabebkaviors as they are sometimes called are

probably the best data that industries receivehendliability of safety systems.

The safety performance of the EGP turnaround nyaamees will be rated by the number of at-
risk behaviors the workers are observed to exhbile completing their tasks instead of the

usual lagging indicators like the TRIR and the DAB®&tause of the following reasons:

1. Leading indicators like at-risk are statisticallgseer to analyze because of their relatively
larger numerical quantity than lagging indicat@s\ly a few accidents or incidents occur for
each task in comparison to the numerous at-riskviers.

2. Based on my experience in the oil and gas indusgignning over 17 years, the iceberg and
pyramids model which forms the basis for recordamgl analyzing leading indicators are
generally accepted theories.

3. According to Fleming et al’'s many organizations énauccessfully reduced the number of
incidents and accident by making efforts to rediheeat-risk behaviors.

4. The advantages of leading indicators listed inise@.3.1. above

5. The fact that EGP management already captures afathe at-risk behaviors exhibited

during its turnaround maintenance.
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2.5. Standard operating procedures

Standard operating procedures are organizationalirdents that enumerate the companies
approved method for carrying out tasks. They akeldped out of the fact that different people
have different ways of doing things. Also differgregople have different ways they like to do
things. SOPs standardize the way organizations it activities to be conducted. From the
researchers experience the factors they considgivelop SOPs include:

1. The one which is most efficient,

The one which is most effective,

The safest methods,

The most convenient and

a kb 0N

Restrictions by regulatory organizations.

Writers on SOPs like Edelson and Bennett, (19983gi, (1986); Monden, (1983); and Suzuki
(1993) agree that SOPs are developed in line witmes other developed standards and
regulations for the purpose of;

1. Improving output,

Obtaining consistency,

Removing chances of errors,

Removing the chances of injury or accidents,

o kb 0N

Designing work to fit some other work structure.

Adler (1993) believes that SOPs can lead workets 10 a feeling of being controlled like
machines or not being empowered depending on hay t@ire developed and adopted.
According to Adler (1993) and Klein (1991), whennkers participate in the development of
SOPs they are motivated to accept and use thers.i because workers get a feeling of making
an impact which they are willing to pursue posityve whatever end. Klein is of the opinion
that when SOPs are shoved upon workers, they fgetiag of being controlled and that workers
will generally resist this feeling of control orlatst find hard to follow.

In their paper on SOPs and motivation, De Trewlteal (2005) suggested that the impact of
SOPs will be positive as long as the SOPs are atwand generate workers’ competency.
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Conversely in the event that SOPs are inaccuttad, tequired use will be negative. In addition

they made the following conclusions on the impddhe use of SOPs on intrinsic motivations:

1.

The availability of accurate SOPs moderate thetioglebetween SOP use and the sense of
competence experienced by workers,

Required SOP use will be positively related to veorkense of competence and self efficacy
belief,

Workers participation in SOP development and refieet moderates the relationship
between SOP use and the sense of impact experibgcedrkers,

4. Required SOP use will be positively related togbese of impact experienced by workers,

5. Workers participation in SOP development and refieet moderates the relation between

required SOP use and the sense of meaning expedidéryovorkers,

Required SOP will be positively related to the geosmeaning experienced by workers,

7. Workers participation in SOP development and refiaet moderates the relation between

required SOP use and the sense of self-determmexiperienced by workers,
Required SOP use will be positively related togbese of self determination experienced by
workers and

Effective leadership behaviors are positively o workers intrinsic motivation.

If 3, 5, 6, 7 and 8 above may be true for the wrkmvolved in the EGP turnaround

maintenance. The time the workers spend on aetsvaind the number of at-risk behavior they

are observed to exhibit may greatly reduce wheny theticipate in the development of the

procedures needed for the turnaround maintenance.

Chevron has developed plant instructions (P1) wlaich SOPs on their own to guide operations

personnel on working safe (Chevron intranet). Tinelude plant instruction for;

1.

Bypassing critical equipment such as safety sw#chshutdown switches and alarms.
Shutdown switches, safety switches and alarm avtegive devices for the process plant
equipment. They notify operators of the plant afigierous levels of process parameters such
as pressures and temperatures. They should be atti@ll times to protect personnel, the
equipment and the environment in the case of anrganey. Bypassing switches are

necessary only for maintenance work and start-upgses. This Pl establishes processes for
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ensuring bypasses are recorded, communicated amded back after maintenance work is
completed and after start-up.

Isolation of energy sources. (Lock out and tag.olie intent is to ensure electrical energy,
mechanical rotation, stored spring energy or endrgsn falling objects are completely
removed from the equipment before work is perforroedt.

Incident and near miss reporting. The intent igdentify the root cause of all accident,
ensure the accident causes and lessons are conatashitco others and to prevent
reoccurrence.

. Confined space entry. This PI provides guidelinmsentry into environments that are not
normally designed for continuous occupancy or hdaegerous atmosphere such as oxygen
deficient atmospheres where oxygen level is ledsar 18.5%. At this level human beings
cannot breathe. It requires personnel to use di@cial respirators or self contained
breathing apparatus when working in dangerous gihesss. It also specifies how long one
can work in such an atmosphere and who authoriggy @éto such atmosphere amongst
others restrictions.

. Connection to live plant utility. Utilities includastrument air, fire water line, portable water
and nitrogen. The intent of this plant instructisrto maintain the integrity of the utility. It
will be dangerous to connect a gasoline line tdra Water line for example so the PI
specifies what must be done before workers andractiors can connect their equipment to
the utilities.

. Waste reduction and management. The intent ofRhis to enumerate the guidelines for
waste reduction, monitor waste generation and ertbigrsafe disposal of waste.

Handling hazardous chemicals. The Pl specifiesrémgirement for communicating the
hazards associated with the use of certain chemmrchhow these hazards can be controlled.
Plant entry procedure. It specifies what contragtaraintenance personnel and people who
do not normally operate the plant need to do betfoeg can enter the facility.

Permit to Work System. It specifies the kinds ofmpi¢ like hot work permit, confined space
entry permits etc, that workers must obtain befmexmencing work. It defines role and

responsibilities for all parties involved in the ko

10.Hot work. It specifies what must be done before aork that generates heat such as

welding and cutting may commence.
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11.Excavation. This Pl describes what must be donerbefigging more than half a meter into
the ground to prevent excavating live pipe netwbve, electrical cables etc. It also specifies
what must be done to prevent people falling intg ttenches and preventing the collapse of
trenches.

12. Lifting and rigging. Prescribes what must be damedfely lift objects over live plants. Lifts

involving cranes, and objects heavier that 100kgpissidered a critical lift.

These plant instruction cover the most frequent fatal causes of accidents in the industry.
These are mostly based on data and informationigedvby regulatory authority like OSHA
(Occupational health and safety authority data, dd@pent of petroleum resources (DPR)
(Chevron. Website assessed on September 14, 2007)

2.6. Management styles

Management style describes how managers perforinftiretions. Henry Fayol (1930) stated
the function of managers are forecasting, plannanganizing, commanding, coordinating, and
controlling. Managers have to perform many rolesam organization and how they handle
various situations will depend on their style ofmagement. Management styles belong to a
group of management theory called the behaviombrih of management, the other being the

classical theory and the open system theory.

Tannenbaum et al (1958) first muted the idea ofesbf management in their article in the

Harvard Business review of 1958 titled “How to chke@ Leadership Pattern”. They argued that
the style of management is dependent upon the iirgvaircumstance and that a manager’'s
performance is dependent on the selection of giig management style to the right situation.
They linked earlier work such as the “Great margaity by Thomas Carlyle (1888) and trait

theory by Gordon Allport (1937)

The work done by Tannenbaum et al led to the deweémt of many other theoretical models
about management styles. These models can be grmtpethe trait theory, the behavior theory

and the situation theory.
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2.6.1. Trait theory

The trait theory is one area in the study of peain The trait theory suggests that individual
personalities are composed of broad dispositiolisccéraits Saul Kassin (2003) defined traits
as habitual patterns of behavior, thought, and emoShe further went on to impress that these
traits are relatively stable over time; they difeaross individuals; and also influence behavior.
The trait theory studied the difference betweenividdals and uses traits to explain their
behaviors. They conclude that these differences wilee result of the complex interactions
between the finite amounts of traits.

Trait theory is the successor of the Thomas Caslyléreat Man” theory of leadership (1888).
The “Great Man” theory supposes that great merbare with innate abilities that make them
great leader. In contrast, the trait theory follawe belief that leadership traits can be learned

and developed through experience and learning tfkaie2000).

Edwin Ghiselli et al (1981) listed the traits oftiative, self-assurance, individuality, supervigor
ability, and intelligence. He suggests that thebphility that managers are successful will

depend largely on the individual's intelligence.

Allport (1937) cited 4500 trait like words and ongged them into three concentric levels
namely:

1. Cardinal traits

2. Central traits

3. Secondary traits

Eysenck (1992) enumerated that the most commoicisnits of trait theory are that traits are
often poor predictors of behavior because somelpdwve a certain trait but they still behave
differently under different circumstance. He alsonped out that critics say trait theories do not
address how or why individual differences in pesdity develop or emerge. Stogdill (1948)
found little or no positive relationship betweenmanager's traits and his success. Eugene

Jennings (1961) concurred with this conclusion.
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Delmar (2000) argues that the bulk of the subjseduor the research on traits theories are US
based. He also argued that management attribieesulitre dependent and that the trait theory
is obsolete. McCrae et al (1989) states that factdrs are enough to describe human trait but
Saucier et al (1998) proffered that more factor aeeded to completely describe human
behavior. The factors McCrae referred to are:

- Openness — Emotion, adventure, diversity, variaetysual ideas, curiosity.

« Conscientiousness — Self-discipline, act dutifuliglf projection, respect for others, seeking
relevance, seeking achievement, planned rather spantaneous behavior, beauty, pays
attention to detail, orderliness.

- Extraversion —Energy, positive emotions, vibrarmmytgoing, urgency, and the tendency to
seek stimulation in the company of others.

« Agreeableness- Friendly, loving, helpful, compasate and cooperative rather than
suspicious and antagonistic towards others.

« Neuroticism — Anger, moody, suicidal, anxiety, degsion, disturbed or vulnerability.

Supporters of trait theory believe that it doesy@arole in predicting human behavior. In fact
Fagenson (1987) calls for more research to furtledéineate the traits for the theories to give
constructive information about leadership. Suppgrtestulate that the trait theory can be applied
by people at all levels in all types of organizatio They believe that managers can use the
theory to evaluate their position in the organatand determine how it can be made stronger.
The trait theory is a very good reference for peniog SWOT (strength, weaknesses,

opportunity and strength) analysis on managers.

2.6.2. Situational theory

Situational theory presupposes that behaviors auwisidn of managers are dependent on the
circumstances surrounding a situation. This mehas there are no real right answers to the
guestion “what is the best way for manager?” Heysdred Blanchard (1972) see the manager's
leadership process as a function of the leaderstberdinates, and the situation. According to
them, behavior becomes a function not only of tharacteristics of the leader, but of the

characteristics of followers as well (the followleeing the situation). Herbert Spencer (1884)

said that the times make the person and not trex athy around obviously confirming his belief
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that we are constantly changing based on our expess and knowledge. D. Katz and R. L.
Kahn (1966) feel that leadership acts are all ciffié for different organizations, management

levels, and situations.

Situational theory includes Fred Fiedler's contimgge model and Martin Evans and Robert

House’s path-goal model.

The model of Hershey and Blanchard (1972) desctibesnanager’s behavior as dependent not
only on his abilities and personality but also twse of the subordinates. They stated that
effective management style must match the apprepiexel of followership development. They

postulated four management-styles and four stafyeslmrdinates-development. The stages are
numbered stage one to stages four, and stage dhe iswest level and stage four the highest

level.

They described the stages of subordinate developasdollows:

Stage one: Followers are unwilling and unableke tresponsibility for performing tasks.
Stage two: Followers are unwilling and unable éof@rm tasks.

Stage three: Followers are able but unwilling éofgrm tasks.

Stage four: Followers are willing and able to penf tasks.

They described the management styles as followWsigenanagement style for stage one, selling

for stage two, participatory for stage three andgkging for stage four.
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Figure six: Hershey and Blanchard situational theoy reference from Kasch associate
[online] (2008)

Victor Vroom in collaboration with Yetton (1973) msidered more situational variables to

develop a decision model shown in figure two beldnoom and Yago (1988) developing this

theory further by defining five styles of managemand eight different processes that can be
used for decision. Vroom and Yago’'s managemenesigte:

The autocratic | (Al) leader who solves the problalone using information that is readily
available to him/her,

The Autocratic Il (All) leader who obtains additedninformation from group members, then
makes decision alone. Group members may or malgenotformed,

The consultative | (CI) leader who shares probleith \yroup members individually, and asks
for information and evaluation. Group members domeet collectively, and the leader makes
decision alone,

The consultative 1l (Cll) leader who shares probiegitihh group members collectively, but makes
decision alone and

The group Il (Gll) leader who meets with group tscdss situations before making decision.
Leader focuses and directs discussion, but doesnpatse will. Group makes final decision.
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The eight criteria and the questions asked for eatérion are:

1.
2.

Quality Requirement (QR) - How important is thehieical quality of the decision?
Commitment Requirement (CR) - How important is sdbwate commitment to the
decision?

Leader's Information (LI) - Do (the leader) havéisient information to make a high quality
decision on her/his own?

Problem Structure (ST) - Is the problem well stouetl (e.g. defined, clear, organized, lend
itself to solution, time limited, etc.)?

Commitment Probability (CP) - If you the leader wasnake the decision by yourself, is it
reasonably certain that your subordinates woulddmemitted to the decision?

Goal Congruence (GC) - Do subordinates share thenarations goals to be attained in
solving the problem?

7. Subordinate conflict (CO) - Is conflict among sutioates over preferred solutions likely?

Subordinate information (SI) - Do subordinates hswiicient information to make a high

guality decision?

Gl

Figure seven: Vroom and Yago deterministic model fomanagement style Vroom et al
(1988)

28



2.6.3. Behavioral theory

The behavioral theory which was prominent in th&éd®and 1960 came as a result of the
criticism of trait theory. These theories focusedwhat leaders do by attempting to observe and
describe the leader's style of behavior and linkimgt style to their level of success. Wilfred
Sellars (1963) noted that a person may qualify bshaviorist, loosely or attitudinally speaking,
if they insist on confirming “hypotheses about pgsylogical events in terms of behavioral

criteria”.

Graham (2010) inferred that the doctrine of behasfo is committed in its fullest and most

complete sense to the truth of the following trsets of claims:

1. Psychology is the science of behavior. Psycholegyot the science of mind,

2. Behavior can be described and explained withoutimgakltimate reference to mental events
or to internal psychological processes. The soumkdehavior are external (in the
environment), not internal (in the mind, in the ¢theand

3. In the course of theory development in psycholafjy\somehow, mental terms or concepts
are deployed in describing or explaining behaviben either (a) these terms or concepts
should be eliminated and replaced by behaviorahgeor (b) they can and should be

translated or paraphrased into behavioral concepts.

Behavioral theories comprise several approachesnanuum of styles, independent styles, and

two-dimensional models of styles.

Continuum of StylesRobert Tannenbaum and Warren Schmidt (1958)degdl@pcontinuum
of leadership behavior to describe a range of beravpatterns available to a manager. They
defined two extreme ends of a continuum of managémst/les namely the boss centered
management and the subordinate centered managemetitis continuum they related the
leader's actions to the degree of authority usetitmyand the amount of freedom he gives his
subordinates. They advised managers not to opatatiher end of the spectrum but to apply a

combination of the two extremes dependent on thatsbn at hand.
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Figure eight: Tannenbaum and Schmidt continuum oféadership behavior. (1958)

Two-Dimensional StylesThese theories focuses on defining manager’s befsaand success
based on two dimensions. Roger M. Stogdill etl848) management model is based on the
dimensions of "consideration" and "initiating stwe." According to them, a leader with a high
degree of "consideration” created a work environneérmutual trust, respect for subordinates’
ideas, and consideration of their feelings. Howeadeader with a high degree of "initiating
structure” was one who established unit goalsctitrad his role and those of his subordinates,

planned and scheduled work activities, and comnat@ipertinent information.

Blanchard and Hershey (1972) concluded those whekavior was high in both "consideration”

and "initiating structure,” is the most effectiveeo

Moulton and Blake (1964) developed a manageria griwhich they classified manager into 5

types depending on their relative concern for wanmld concern for people.
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Figure nine: Moulton and Blake managerial grid. Bleke et al (1965)

They ranked managers on a horizontal grid from toneine to represent the varying degree of

their concern for production and did same on aicadrgrid for their concern for people. The

result is the managerial grid. On the grid theykadrout five points (see figure nine above) to

define five types of managers namely:

1. Point 1, 1 on the scale is the “Impoverished mariagko has a very low degree of concern
for people and a low degree of concern for producti

2. Point 1, 9 on the scale is the “Country club marfagéo has a high degree of concern for
people but a low degree of concern for production.

3. Point 5, 5 on the scale is the “Middle of the rmadnager” who has an average concern for
people and an average concern for production.

4. Point 9, 1 on the scale is the “Produce or periginager” who has a low degree of concern
for people and a high degree of concern for pradoct

5. Point 9, 9 on the scale is the “Team manger” ttzet & high degree of people and a high
degree of concern for production.

Mouton and Blake argued that the best manager wmailthe one who couples the two concerns

to provide the highest level of contribution and@oplishment.
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Critics of their model points out that concern does necessary define behavior. However it's
the researcher opinion that the accuracy of Moudtoth Blake survey is further validated by the
fact that the both superiors and subordinateseofrihnager participated in it.

Independent StylesMany researchers over the years have studied endrated a list of
independent styleKurt Lewin (1939) led a team of researchers taidig three styles namely
autocratic, democratic and Laissez-Faire. Rengkerti(1967) examined different types of
organization and management styles and he conchhdédo maximize profit and productivity
there must be highly effective work groups linkededther in an overlapping pattern by similar
effective groups. He identified four managementestyirom these organizations namely the
autocratic, the benevolent-autocratic, consultadive participative.

The autocratic manager is one who gives out instnud¢o his subordinates and expects them to
complete it without questioning. He rarely seeksdfgack from them and there is great
punishment for failure. He is only concerned abputduction and has no interest in people’s
problems. He uses threat to get his workers toopartheir job and he does not expect workers
personal challenges to affect their work. Many pedgate autocratic leaders and see them as
slave drivers but M. E. Shaw (1955) iterated timatproblem-solving situations, autocratically
supervised persons used less time and made fewms ¢han did democratically supervised

subjects.

The benevolent-autocratic manager motivates employith reward. He allows a little amount
of decision making at the level directly next ts.hHe has full understanding of these decisions

and they must be what he wants to hear and nossaky the truth.

The consultative manager is somewhat democratigartty participative in style. He makes big
decisions and form general policies that direcéesdfganization. Feedback from the subordinate
form a major part of the managers decision. He &skthe feedback and encourages it. He does
not get himself involved in the basics of the woHte is only interested in the overall

performance of the organization and does not didtatv it is achieved specifically as long as
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they are in line with the general philosophies awmdr bearing principles he has chosen for the

organization.

The participatory manager takes it up a notch elerconsultative managers. He does not just
ask for feedback from the subordinate but invohezspnnel in the formulation of policies,
procedures and goals. In some cases participatanagers have allowed workers to partly own
the business directly or indirectly. Sometimes reates a feeling of ownership. This on its own
can motivate the employees to higher performance.

Chris Doucouliuagos (1995), an industrial relatiaesearcher, analyzed the results of 43
published studies to investigate the effects ondgpetivity of various forms of worker

participation: Workers participation is decisiondimg, profit sharing, worker's ownership and
so on. Not surprisingly, he found out that all bése factors were positively associated with

productivity, quality, and employees’ morale antisaction.

Squelch and Lemmer (1994) argue that people whe baen allowed a voice in the decision
that affect them are more likely to accept and eslie these decisions. Noncemba (2007)
suggests that a team that is allowed to participateanagement makes a far better decision than
one that does not have a say. This researchewbeslibat better decision may have a positive
impact on the time spent on tasks and the numbet-otk behaviors observed to have been
exhibited by the worker. Likert (1967) believestteenployee centered supervisors tend to have
higher producing groups than job-centered supersjsosubmission that Stogdill (1948) agreed
with.

Challenge (1995) pointed to data from recent fognassp interviews by the Princeton Survey
Research Center which show hourly workers, professi and technical employees, and
supervisors consistently stated that among thegshthey value most in a job are variety and
freedom to decide how to do their work without elasupervision. In addition they valued
information and communication regarding things th¢ct their work, and evidence that their

employers seek value and act on their suggestarimproving the workplace.
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However Filley et al (1967) stated that Spector &udtle found no significant difference in
output between autocratic and participatory styRegchen (1962) noted close supervision does
not necessarily reduce a subordinate's freedomubecthe subordinate may perceive close

supervision as interest in his welfare.

According to Filley et al (1967), varying ideas liit and between these three independent
approaches to leader behavior were never recontiledever, independent approaches such as
these did help to provide the groundwork for theeligoment of subsequent two-dimensional

behavioral models.

2.7. Causes of deviations Chevron Nigeria found fro it incident study

2.7.1. Causes of at-risk behaviors

Records from Jan. 2007 to June 2009 shown in amtbelow show that not following SOPs
and safe work practices are the two most frequamse of accident in Chevron Nigeria.
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Chart one: Chevron 2007 June year to date root caescategories (Chevron intranet.

Website assessed on September 12, 2009)
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In addition to the plant instruction listed in sent2.5., Chevron administers an “Operational
Excellence” program in which its employees arengdito always obey ten tenets as they carry

out their work. The ten tenets are:

Always Operate within design and environmental tiani
Always operate in a safe and controlled condition,
Always ensure safety devices are in place and iumaig,
Always follow safe work practices and procedures,
Always meet or exceed customer’s requirement,
Always maintain the integrity of dedicated systems,
Always comply with applicable rules and regulations
Always address abnormal conditions,

© © N o g s~ wDdhPE

Always follow written procedures for high risk onwsual situations and
10. Always involve the right people in decisions thteet procedures and equipment (Chevron

intranet. Website assessed on September 14, 2007).

Chart two below shows that the operational exceeienet most violated is “follow safe work
practices and SOPs”. One question that this relsea answer is, “will involving employees
who do the actual work in the development of SORd arocesses help reduce at-risk

behaviors?”
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Tenets Violated YTD June '09
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Chart two: Tenets of operations violated year to die June 2009(Chevron intranet. Website

assessed on September 12,2009)

2.7.2. Causes for delays

The researcher is of the opinion that the time ¢maployees spend on tasks may depend on how
much they understand the task. A time and motiodystonducted by the researcher on the
2007 turnaround identified the reason for delaysvork task. Insufficient knowledge of the
work ranked the highest cause of delay followedibgvailability of tools or spares in both the
number of times it caused delays (chart three)s Tésearch may answer the question “would a
change in the management style reduce the timerplete task during the EGP turnaround

maintenance”
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The reason for delays in the 2007 EGP
TAM

[y
D

[y
N

o

(o]

H

B Number of Delays

Number gf delays,.

OHN
n
=
N

\J ) © S <
S S & 2 Z ™
& & & K & &
Q Q&O & 2 K B
N N & £ & \s
ge’ @o <>> > &
o & N b‘?}\
> \& o (\% K
<3 S & . N
< <
N \)éo Reason for delay

Chart three: Reason for delays in the 2007 EGP turaround maintenance

If the conclusions of De Treville et al (2005) aathers about how involving people in the
development of SOPs improves their performancethiamge of the management style used by
the Escravos gas plant management for its turndrauaintenance to a consultative 1l or
participatory management style can lead to an irgam@nt in the time and the number of at-risk

behavior exhibited by the teams in the Escravoptsad turnaround maintenance.

2.8. Summary of the Chapter
Analysis of existing literature studies how to meas the performance of turnaround

maintenance. It indicates that no two turnaroundntemances are the same. However the
dimensions of time, cost and quality are typicakgd to match turnaround maintenances against
each other. One factor that can affect the tworatimeensions is the safety performance of the

turnaround. In order words accidents have their oast and time implications.
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Existing literature shows safety performance arasueed using namely leading and or lagging
indicators. The advantages of both methods wereritbesl and the researcher indicated his
preference for rating the safety performance of H@&P turnaround maintenances using the
number of at-risk behaviors the workers exhibiteailevcompleting their task instead of the
usual Total recordable incident rate and Days dway work because:

1. Leading indicators like are statistically easieratmalyze because of their relatively larger
numerical quantity than lagging indicators. Onlfea accidents or incidents occur for each
task in comparison to the numerous at-risk behavior

2. Based on my experience in the oil and gas indwsgianning over 17 years, the iceberg and
pyramids model which forms the basis for recordamgl analyzing leading indicators are
generally accepted theories.

3. According to Fleming et al(2001) many organizatibase successfully reduced the number
of incidents and accidents by making efforts tauedthe at-risk behaviors.

4. The advantages of leading indicators listed inise@.3.1. above

5. The fact that EGP management already takes ddkee @it-risk behaviors exhibited during its

turnaround maintenance.

Existing literature on the management styles aed tmpact of performance are also discussed.
The classification of management style by differtrgorist is fairly the same. They include
autocratic, democratic, participatory and benevateanagerial styles.

There is no agreement between different schooteasfagement on which type of management
style is the best. Scientific theorists believet ttieere is one best way of doing things but
situational theorists believe that the best managerstyle will depend on the situation that

surrounds the work.

One group of situational theorist Vroom and Yag888) developed a deterministic model that
can be used to determine which is the best managestyde based on factors such as the nature
of work and the quality required, the amount ofomfation available to the leader and the
workers, to mention a few. They identified the daling type of management styles, autocratic I,

autocratic Il, consultative |, consultative 1l a@doup IlI.
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In the next chapter the investigative methods amtbgor this research and the reason for
adopting them will be described. The research hg®is will also be defined and the method of
presenting data and the tools and technique of/sisakill be described.
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CHAPTER THREE

Empirical investigation

Research methodology describes the approach entptoye
systematically solve a research problem.
“It is the science of studying how research is done

scientifically” (Kothari, 2005).
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3.1. The Escravos gas plant

Chevron’s Escravos gas plant or the gas plantiasiten called in Escravos is a gas processing
plant that gathers and processes the majority @fgds that is produced along with crude oil
from the crude oil wells that chevron operateshm Niger Delta area of Nigeria. These gases are
called associated gas and are first separated ptoaiucing platforms close to the oil well and
then transported by compression through pipelinga¢ogas plant. The plant also collects gases
from purely gas wells called non associated gasitmlar means (Escravos gas plant intranet.
Website assessed on August 22, 2007).

The gas plant was commissioned in 1997 and is tabjgocess two hundred and ten million

standard cubic feet of gas per day by the followinacesses:

1. Separation and filtration. Gas condensate and wa#erflow through the pipelines from the
wells are removed.

2. Dehydration. The moisture content of the gas isiced to less than one part per million by
passing the gas through molecular sieve beds wtheremoisture is adsorbed by the
molecular sieves particles contained in the redmtols.

3. Liquefaction. The dehydrated gas is cooled to -§@deemperature by passing it through a
cold box heat exchanger and a turbo-expander.

4. Fractionation. The gas is separated into fractiondistillation columns. The fractions are
liquefied petroleum gas (LPG), gas condensate eand hatural gas.

5. Compression. The lean natural gas is compressetlirbjne drive gas compressors and
transported through a pipeline to the Nigerian gaspany (NGC). NGC sells the gas to
users like the electricity power company in Nigewaich uses the gas to drive turbine
generators to produce electricity.

6. LPG Shipping. The LPG is pumped to an off-shoresgkfor export to Europe and South

America.

3.2.  The Escravos gas plant turnaround maintenance
The turnaround maintenance is done over a thre&syseriod once every two years. The major

tasks done during the turnaround maintenance &elhnge-out of the two molecular sieve
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beds, the servicing of the two compressor turbirigs, servicing of the expander turbo-

machinery, the clean-out of the fired gas heateestand burners and tie-ins for major upgrades.

The molecular sieves are one of the major equipneérthe plant. There are three similar

molecular sieve beds A, B and C and three simildbines A, B and C. The work done on these
sets of equipment are exactly the same duringuadarounds. The molecular sieves particles in
the molecular sieve beds are offloaded and replactdfresh ones and the turbine engines are
overhauled. The life span of the molecular sieveigas in the molecular sieve beds is about
thirty months(based on the feed rate and compasitidhe gas plant). This life span is the basis

for the timing of the EGP turnaround maintenance.

Prior to the EGP management does not involve tidractor personnel that carry out the tasks
in the management of the turnaround maintenance cohtractor’s personnel simply follow the

work plans and instructions developed by the EGRagament.

The EGP management includes the EGP coordinator whthe head of the turnaround

maintenance team, the EGP shift supervisors, thetemance supervisors (rotating equipments
maintenance supervisor, instrumentation and etattrmaintenance supervisor, and static
equipment maintenance supervisors), the safetyrgigpe the maintenance planner, the process

engineer and the construction supervisor.

All these listed personnel in the preceding panaly@nd the supervisors of the contractor teams
participate in the pre-turnaround meetings whicppes once in a month for the first 10 months
out of the 12 months leading to the turnaround. Meeting frequency increases to once every
two weeks during the last two months leading to tthearound maintenance. The meeting is
held daily during the turnaround maintenance arck@very two weeks for the first month after

the turnaround maintenance.

During the preceding months to the turnaround neaemce, the work scope is defined, the job
sequence is outlined and plans and schedules g®ekto complete all work. Resources needed

are also detailed and procured by the EGP cooainBuuring the turnaround maintenance the
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focus of the turnaround meeting is to discuss piatietieviations, observed at-risk behaviors and
likely challenges. Plans are then made to addriesset deviations, challenges and at-risk
behaviors. After the turnaround maintenance, “lass@arnt” are captured and the turnaround

maintenance is closed out.

The turnaround contractor, Techint Nigeria Limitéigides the work group into teams. Each
team is responsible for certain tasks. Six teae®n{ A, team B, team C, team D, team E and
team F) were studied. The EGP management will llmt&dhe researcher to study more that this
six teams for fear of the research disrupting threaround maintenance and increasing its cost.
The tasks managed by these teams are amongst ribbsm the project’s critical path. EGP
manages the turnaround as a project and its opesatoordinator (see interview in appendix A)
is the project manager.

Team A, team B and team C are mechanical maintentamms of 8 personnel each and were
responsible for changing the EGP molecular sieveBakd C in the 2007 and 2009 turnaround.
The tasks are very similar because all the molecigxe beds are identical.

Team D, team E and team F are also mechanical emainte teams of 6 personnel each and
were responsible for servicing the EGP Turbine Bagh,B and C during the 2007 and 2009
turnaround maintenance. Their tasks are also viemjas because all the turbine engines are

identical.

According to the gas plant coordinator (see ingmin appendix A), the plant management uses
incentives to motivate early and safe completiothefturnaround maintenance. However there
has not been a considerable improvement in safetfoqpnance since the 2003 and 2005
turnaround. For example the total recordable intdidate for the 2001, 2003 and 2005

turnaround maintenance was 0.31, 0.30 and 0.3@casgely

Question 39 to 46 of the interview with the gashpleoordinator provides the answers required
for the Vroom and Yetton’s model in section 2.9.8e model suggests a consultative 1l type of

management strategies be applied to the EGP tuwmdnmaintenance as against the autocratic |
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style the gas plant currently applies. The reseatghnvestigates if a change in management
style from autocratic | style to the consultativestyle can improve the completion times and
safety performance of the 2009 turnaround by comgait with the data from the 2007

turnaround maintenance.

3.3. Research hypothesis
The research hypothesis is as follows:

3.3.1. The effect of change in management style time

The effect of change in management style from Amatibc | to consultative Il on time is tested
by analyzing the time steam A and team D used toptete their tasks in the 2007 turnaround
with the times they spent doing the same task§en2009 turnaround. Team A’s tasks was to

change out of molecular sieve bed A. Team D sedvidbe turbine A engine.

An autocratic | style was used by the gas plantrdioator to manage the 2007as well as
previous turnaround maintenances. A consultativetyile was tested on the team A and team
Din the 2009 turnaround maintenances based onett@mmendation from Vroom and Yago's
model. Consultative Il management style was coretldby involving both teams in the
development of the job safety analysis and thequoces for their tasks. They also attended the

daily turnaround maintenance meetings.

The researcher was not sure whether task repetitgneased knowledge or improved team
cohesion would account for improved completion 8m& team A team D in the 2009
turnarounds maintenance. To research these passshilthe 2007 and 2009 turnaround
maintenance times for Team B, team C, team E aard teis also analyzed against each other.
Team B and team C changed out mole sieve bed Beahd respectively. Team E and team F
serviced turbine engine B and C respectively.
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Null hypothesis, 1H: There is no significant difference in the time dpley team A and team
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they didd, =0).

Alternate hypothesis, 1H: There is a significant difference in the time rspley the team A and
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they did {1, #20).

3.3.2. The effect of a change in management styfethe number of at-risk behaviors

The effect of change is management style on thebeurof at-risk behaviors exhibited by the
teams is tested by analyzing the number of atbedkaviors observed to have been exhibited by
team A and team D in the 2007 turnaround with tivalmer of at-risk behavior they exhibited in
the 2009 turnaround.

The researcher was not sure whether task repetitgneased knowledge or improved team
cohesion would lead to a reduced numbers of athetkaviors exhibited by team A and team
Din 2009 so the number of at-risk behavior exhibibg team B, team C, team E and team F in

2007 and 2009 turnarounds maintenances are alpzadagainst each other.

Null hypothesis, 2H: There is no significant difference in the numberabfrisk behaviors
observed to have been exhibited by the team A @t D in 2007 when they did not participate
in the development of the procedures and processis the number in 2009 when they

participate in developing the procedures and pseEsefd- 2 =0).

Alternate hypothesis, 2H: There is a significant difference in the numbeabrisk behaviors
observed to have been exhibited by the team A @t D in 2007 when they did not participate
in the development of the procedures and processis the number in 2009 when they
participated in developing the procedures and meEs(- 12 #0).
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3.4. Research methodology.
Research is a systematic method of finding solstida problems. It is essentially an

investigation, a recording and an analysis of evtégfor the purpose of gaining knowledge.

According to Aakard et al (2008) Clifford Woody ddhat, “research comprises of defining and
redefining problem, formulating hypothesis or swglgd solutions, collecting, organizing and
evaluating data, reaching conclusions and testomglasions to determine whether they fit the

formulated hypothesis”.

The methods applied to this research are explasddllows:

3.4.1. Sampling design
A sample design is a finite plan for obtaining anpée from a given population. Hedayat A.S.
(2003).

The sample selected for this research are the meésiumbers of at-risk behaviors exhibited by
team A that was responsible for the molecular sfewdange-out in 2007 and 2009 and team D
that was responsible for the servicing of turbinedéing the 2007 and 2009. The times and
number of at-risk behaviors exhibited by team BanteC, team E and team F are the
experimental controls to investigate the effecttask repetition, increased knowledge or

improved team cohesion on the times and numbetrridlabehaviors.

Limitations of cost and time are the major reasamsklecting this sample instead of analyzing
more turnaround teams. In addition restrictionsemglaced on the research by the gas plant
management because of the possible negative impfache research on the turnaround
maintenance time, cost and quality. According te ¢fas plant coordinator (see interview in
appendix) the turnaround maintenance costs 1.2omidollars, takes about 3 weeks and has a

total recordable incident rate of 0.30.

Also the nature of the research itself limits tkesearcher to tasks that are exactly similar and

will be repeated in both turnarounds. Hence thestmtto analyze the molecular sieves change
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out and the servicing of the engines. Finally ths glant coordinator limited the researcher to
those activities that are not on the critical pattihe turnaround project plan (see interview in

appendix A).

3.4.2. Universe
The universe chosen for the research is the EGRariound maintenance team for 2007 and
20009.

3.4.3. Sampling procedure
The procedure adopted in the research is convemigampling sometimes known as “grab and

opportunity” sampling.

Convenience sampling is a type of non-probabilgynpling which involves the sample being

drawn from that part of the population close to chamhat is, a sample population selected
because it is readily available and convenient. Tésearcher using such a sample cannot
scientifically make generalizations about the tg@bulation from this sample because it would

not be representative enough.

For example, if the interviewer was to conduct vey at a shopping center early in the morning
on a given day, the people that he/she could irterwould be limited to those present there at
that given time. This might not represent the viek®ther members of the society in such an
area if the survey was to be conducted at diffetieme of the day and several times per week.

This type of sampling is most useful for pilot tegt

According to Kothari (2005) several important qumss this researchers using convenience

samples should consider are:

1. Are there controls within the research design greexnent which can serve to lessen the
impact of a non-random convenience sample wherabyrang that the results will be more
representative of the population?

2. Is there any good reason to believe that a paaticcbnvenience sample would or should

respond or behave differently than a random sain@he the same population?
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3. Is the question being asked by the research ortecimaadequately be answered using a

convenience sample?

In the case of the EGP turnaround maintenance d@eraion 2 and 3 are true with respect to the
EGP turnaround maintenance. This is why this metiwdelected especially within the

constraints stated in 3.4.1above.

3.4.4. Methods of data collection
The data were collected through primary and seagrstaurces.

Two primary sources of data is the time used to pileta tasks and the number of at-risk
behavior observed to have been exhibited by teateam B, team C, team D, team E and team
F during the 2007 and 2009 turnaround. The EGRysaféicers collected these data and they

were recorded in their daily turnover reports.

Another primary source of data is the interview hwihe Escravos gas plant coordinator
(Appendix A). The researcher’s thinking is that thenber of at-risk behaviors observed by the
different safety officers will depend on their knleadge and experience. The interview focuses
on establishing this. However the EGP coordinatimas that there is no much difference in the
experiences of the safety officers and in theilitgtio identify at-risk behavior. According to the
gas plant operations coordinator they were empl@tethe same time, with the same area of
expertise and qualification, they have all undesgtie same training and have been doing the
same job since employed. He further said that drelias an extensive list of clearly defined at-
risk behaviors that are explained in its manualsabé operations, it plant instruction documents.

In addition the safety officers are guided by cleis tenet of operation.

Finally the interview provided the answers for gedection of the proffered managerial style
based on Vroom and Yago’s model outlined in seci&n?.

48



The secondary data are in the form of finished pctgl as they have already been treated
statistically in some form or another. The secopdtata consists of information from records,

company websites.

3.4.5. Variables of the research

The variables of a research are those elementseofeisearch that are under study. They can
change either as a result of time or as a reswdbofe other element. Hence, they are classified
as dependent and independent variables respectively

The variable for the research are:
1. The time to complete task,
2. Number of at-risk behavior observed and

3. Change in management style from autocratic | $tyl®nsultative Il style.

The change in management style from autocratiglé $6 consultative 1l style is the independent
variable, while the others are the dependent viasab

For the purpose of the research, improvement iseléfas a reduction in time used to complete
tasks and a reduction in the number of at-risk eha@xhibited by the teams in completing their
task. Although the gas plant measures safety padoce based on the total recordable incident
rate, the researcher used the more pro-active methoneasuring safety of number of at-risk

behavior based on the arguments and discussidhe section 2.2 to 2.5 of the literature survey.

3.4.6. Presentation of data
The data are presented through charts and tabtgmpter four.

3.4.7. Tools and techniques for analysis

Analytical and comparative descriptive statistioadthods are used to test the hypothesis and
draw inferences. In specific the student t testsmple differences is used to test the research
hypothesis. All hypotheses were tested at the &1@650.025 significance level. The collated data
from the research is analyzed in the next chapter.
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In the next chapter the result of the investigatwti be presented in tables and charts. The

statistical analysis will also be presented.
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Chapter four

Results

The data from the research is presented and stzlkt
analyzed to determine the effect that a changeainagement
style has on the time spent in the turnaround aritié
number of at-risk behaviors exhibited by the tearhie

completing the tasks
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4.1.

maintenance using Vroom and Yago’s model

Determination of the proffered management stg for the gas plant turnaround

To determine the proffered management style folBb@&avos gas plant turnaround, question 36
to 42 of the interview of Escravos gas plant camaithr (see Appendix A) provides the answers

to the eight criteria required by Vroom et al amiimerated in section 2.6.2. The answers are

provided in the table below.

Criteria | Criteria Area Question EGP
Number coordinators
response
1 Quality Requirement (QR) How important is the technicglality of the High
decision youequire with respect to the EGP
turnaround maintenance?
2 Commitment RequirementHow important is subordinammitmentto | High
(CR): the decision you make in respect to the EGP
turnaround maintenance?
3 Leader's Information (LI):| Do you as the turnaround maintenatezder Yes
have sufficieninformation to make a high
quality decision on your own?
4 Problem Structure (ST): | Is theproblem well structured (e.g., defined, | Yes
clear, organized, lend itself to solution, time
limited, etc.)?
5 Commitment Probability | If you were to make the decision by yourself, idNo
(CP): it reasonably certainthat your subordinates
would becommitted to the decision?
6 Goal Congruence (GC): | Do subordinates share the organizagoalsto | No
be attained in solving the problem?
7 Subordinate conflict (CO)[ Is conflict amongsubordinates over preferred | No
solutions likely?
8 Subordinate information | Do subordinates have sufficientnformation No
(sh: to make a high quality decision?

Table one: Answers to the deterministic question & Appendix A)
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The criteria number column in table one above é&sgdhme as the number written in figure ten
below. The criteria area is shown as squares ifighee. An acronym is used for each criterion.
For example QR is the acronym for the criteria afeguality requirement. The criteria areas are
denoted by boxes in figure ten. Each box (critaneas acronym) must lie directly below its

criteria number.

High

Figure ten: Vroom and Yago's for the EGP turnaround maintenance

Starting from the first criteria area (i.e. QR)etEGP coordinators response to the question for
each criterion will determine the direction the idem will go. His response to criteria QR
(which is “How important is the technicqlality of the decision youequire with respect to the
EGP turnaround maintenance?”) is High hence thanexv on “High” from “QR” to “CR”. CR

is the acronym for the second criteria area whsctoimmitment requirement and his response to

the question in this area (which is “How importasubordinateommitment to the decision
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you make in respect to the EGP turnaround mainta® is “High”, so the High route is

followed with a red arrow to the next criteria. Thame pattern is repeated for successive
decisions till the last decision which leads to @lreached. It is concluded thus that the
management style Vroom and Yago's model proffertf@ EGP turnaround maintenance is a

consultative Il management style.

4.2. Determining the effect of change in managemestyle on the time

Table two and chart four shows the times team Al usecomplete the different activities in the
molecular sieve A change outs during the 2007 @9 ZGP turnarounds. The total time was
observed to reduce from 80.4hrs to 65.3hrs. Thasresduction of 19%.

Team A’s time in hrg

Activity 2007 2009
Depressurize 6.3 5.9
Drain 2.1 2.1
Purge 5.6 6.2
Offload catalyst 23.1 16.5
Inert 2.4 1.8
Steam wash 5.7 4.7
Screen inspection 2.3 1.1
Load Fresh catalyst 16.9 13.4
Pressurize 4 3.5
Regenerate 11.4 9.2
Bottle ready to be put in service 0.6 0.9
Total time 80.4 65.3

Table two: Team A’s times for molecular sieve A chage out
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Team A's times for molecular sieve A change out
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Chart four: Team A’s times for molecular sieve A clange out

Similarly table three and chart five shows the snuised by team B to complete the change out
of molecular sieve B during the 2007 and 2009 E@Rarounds. The time reduced from 82.7hrs
to 82.hrs. This is a change of just 0.4%.

Team B’s times in hrs

Activity 2007 2009
Depressurize 6.7 6.5
Drain 1.8 1.9
Purge 5.4 5.7
Offload catalyst 23.5 22.6
Inert 4.5 4.4
Steam wash 4.2 4.2
Screen inspection 2 1.9
Load Fresh catalyst 18.9 19.2
Pressurize 3.5 3.3
Regenerate 11.9 12.2
Bottle ready to be put in service 0.3 0.5
Total time 82.7 82.4

Table three: Team B’s times for molecular sieve Brange out
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Chart five: Team B’s times for molecular sieve B cange out

Finally table four and chart six shows the timedubg team C to change molecular sieve C
during the 2007 and 2009 EGP turnarounds. The tedaced from 82.7hrs to 81.hrs. This is a
change of just 1.2%.

Team C’s times in hr
Activity 2007 2009
Depressurize 6.0 6.4
Drain 1.9 1.7
Purge 5.3 5.3
Offload catalyst 23.0 25.6
Inert 5.0 4.2
Steam wash 4.2 4.6
Screen inspection 2 1.8
Load Fresh catalyst 19.9 17.3
Pressurize 4.2 3.7
Regenerate 10.9 10.6
Bottle ready to be put in service 0.3 0.5
Total time 82.7 81.7

Table four: Team C’s times for molecular sieve C cange out
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Team C's time for molecular sieve C change out
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Chart six: Team C'’s times for molecular sieve C chage out

Table five and chart seven shows the time team € ie complete the service of turbine A
during the 2007 and 2009 EGP turnarounds. Thereawveeduction in times from 22.8hrs to
18.6hrs which is a 22.6% reduction in time.

Activity Team D’s times in hrs
2007 2009
Drain lube oil 3.4 2.7
Replace filter 0.5 0.5
Fill in fresh oll 5.6 4.2
Engine steam wash and dry out 7.2 5.6
Engine cooler steam out & dry out 2.4 2.3
Start-up 3.7 3.3
Total time 22.8 18.6

Table five: Team D’s times for servicing turbine A
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Chart seven: Team D’s times for servicing turbine A

Similarly table six and chart eight shows the tinused by team E which service turbine B
during the 2007 and 2009 EGP turnarounds. Thereawaduction from 22.2hrs to 21.7hrs. This
is a reduction of just 2.2%.

Activity Team E’s times in hrs
2007 2009

Drain lube oil 3.7 3.5

Replace filter 1.1 0.8

Fill in fresh oil 5.4 5

Engine steam wash and dry out 6.5 6.7

Engine cooler steam out & dry out 2 2.4

Start-up 3.5 3.3

Total time 22.2 21.7

Table six: Team E’s times for servicing turbine B




Team E's time for servicing turbine B
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Chart eight: Team E’s times for servicing turbine B

Finally table seven and chart nine shows the tiose=d by team F which service turbine C
during the 2007 and 2009 EGP turnarounds. Theeerisduction in the time from 23.4hrs to

20.6hrs. This is a percentage reduction of 11.9%.

Activity Team F’s times in hrs
2007 2009

Drain lube oll 3.9 3.2

Replace filter 1.6 0.4

Fill in fresh oll 5.6 5.1

Engine steam wash and dry out 6.3 6.3

Engine cooler steam out & dry out 2.5 2.2

Start-up 3.5 3.4

Total time 23.4 20.6

Table seven: Team F’s times for servicing turbine C




Team F's time for servicing turbine C

Times

W 2007
m 2009

Drain lube Replace Fillinfresh Engine Engine Start-up
oil filter oil steam cooler
wash and steam out
dryout &dryout

Activity

Chart nine: Team F’s times for servicing turbine C

Considering:

Null hypothesis, 1H: There is no significant difference in the time dpleyteam A and team
Din 2007 when they did not participate in the depehent of the procedures and processes with
the time in 2009 when they didsf, =0).

Alternate hypothesis, 1H: There is a significant difference in the time rspley the team A and
Din 2007 when they did not participate in the depehent of the procedures and processes with

the time in 2009 when they did {1, #0).

Applying the usual formula for the t - test

df = +mp - 2 e ——meee- ----(4.1)
S = (M-1)S;” + (Mpr1)S* ---------m-e--- rememmmennnee ---(4.2)
M +p -2
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--(4.3)

n; = number of samples before (2007)
n, = number of samples after (2009)

df = degree of freedom and
S = the standard deviation of the common sample

S, -standard deviation of the before (2007)
S, -standard deviation of the data after (2009)

~. = mean of data before (2007)

X1

X, W of data after (2009)

S = standard error of the differemceample means
Xi X

t* = computed t - test statistic.

a = is the significance level (0.025and 0.05 araldsethe whole research).
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Cases Team A Team B Team C Team D Team E Team F
times times times times times times

ny 11 11 11 6 6 6

n, 11 11 11 6 6 6

Df 20 20 20 10 10 10

SEM 2.63 3.24 3.23 0.883 0.867 0.876

t* 0.552 0 0.03 0.79 0.095 0.3

t at 0.025

level of

significance | , g6 2.086 2.086 2.228 2.228 | 2228

tat 0.05

level of

significance | 1 755 1.725 1.725 1.812 1.812 1.812

%

reduction

In imes 19% 0.4% 1.2% 22.6% 2.2% 11.9%

Conclusion

s Reject Reject Reject Reject Reject Reject
alternate alternate alternate alternate alternate alternate
hypothesis | hypothesis | hypothesis | hypothesis | hypothesis | hypothesis
at both at both at both at both at both at both
significance | significanc | significance | significance | significance | significance
level e level level level level level

Table eight: Statistical analysis for the times théeams spent to complete their tasks

The statistical analysis says that we should refextalternate hypothesis for all the teams. This

means change in the management style from auttieeithto autocratic Il will not lead to a

change in the times the teams use to completetdskr

What is interesting however is the relatively higbercentage reduction in the times the teams

who experienced consultative 1l style in the 20@$around used to complete their tasks. Team

A and C respectively spent 19% and 22.6% less tinlike the team B, team C, team E and

team F who showed a percentage reduction were A 2%, 2.2% and 11.9% respectively.
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4.3. Determining the effect of change in managemerdtyle on the number of at-risk
behavior

Table nine and chart ten shows the number of kthrehaviors team A was observed to have
been exhibited while changing out the moleculavesid during the 2007 and 2009 EGP
turnaround. There was a 60% lesser number of oédextsrisk behavior from the initial value of
87in 2007 to 35 in 2009.

Number of at-risk

behavior for team A
Activity 2007 2009
Depressurize 3 1
Drain 5 2
Purge 0 1
Offload catalyst 16 9
Inert 13 4
Steam wash 19 6
Screen inspection 11 3
Load Fresh catalyst 9 4
Pressurize 4 1
Regenerate 2 2
Bottle ready to be put in service 5 2
Total 87 35

Table nine: Number of at-risk behavior by team A
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Number of at-risk behavior by team A while
changing molecular sieve bed A
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Chart ten: Number of at-risk behavior by team A

Table ten and chart eleven shows the number athaslavior team B was observed to have
exhibited while they changed the molecular siev@ B number reduced from 92 to 76, which

is a 17.4% reduction.

Number of at-risk
behavior for team B
Activity 2007 2009
Depressurize 4 4
Drain 4 2
Purge 1 1
Offload catalyst 18 15
Inert 12 15
Steam wash 16 14
Screen inspection 16 11
Load Fresh catalyst 9 5
Pressurize 4 2
Regenerate 3 S
Bottle ready to be put in service 5 2
Total 92 76

Table ten: Number of at-risk behavior by team B
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Number of at-risk behavior by team B while
changing molecular sieve bed B

At-risk behavior

Activity

Chart eleven: Number of at-risk behavior by team B

Table eleven chart twelve shows the number ofsktfsehavior team C exhibited while changing

out molecular sieve C. There was a reduction frOno971. This represents a reduction of 21%

Number of at-risk
behavior for team C
Activity 2007 2009
Depressurize 5 3
Drain 3 2
Purge 1 0
Offload catalyst 18 16
Inert 11 11
Steam wash 14 14
Screen inspection 16 11
Load Fresh catalyst 10 5
Pressurize 4 2
Regenerate 2 3
Bottle ready to be put in service 6 4
Total 90 71

Table eleven: Number of at-risk behavior by team C
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Number of at-risk behavior by team C while
changing moleular sieve C

At-risk behavior

Activity

Chart twelve: Number of at-risk behavior by team B
Table twelve and chart thirteen shows the numbeatafsk behaviors observed to have been
exhibited by team D while servicing turbine engiéduring the 2007 and 2009 EGP turnaround

maintenance. There was a reduction from 44 to 1i6hwik a 66% reduction

Number of at-risK
Activity behavior for team D
2007 2009
Drain lube oil 2 4
Replace filter 4 0
Fill in fresh oll 7 1
Engine steam wash and dry out 14 5
Engine cooler steam out & dry out 12 4
Start-up 5 1
Total time 44 15

Table twelve: Number of at-risk behavior by team D
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Number of at-risk behavior by team D while
servicing turbine A
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Chart thirteen: Number of at-risk behavior by team D

Table thirteen and chart fourteen shows the nurfdreat-risk behavior team E who serviced
turbine B was observed to exhibit. There was omgdaiction of 13.5% from 37 to 32

Number of at-risk
Activity behavior for team H
2007 2009
Drain lube oll 2 1
Replace filter 4 2
Fill in fresh oll 5 3
Engine steam wash and dry out 13 15
Engine cooler steam out & dry out 9 8
Start-up 4 3
Total time 37 32

Table thirteen: Number of at-risk behavior by teamE

67



Number of at-risk behavior by team E while
servicing turbine B
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Chart fourteen: Number of at-risk behavior by teamE
Finally table fourteen chart fifteen shows the nemaf at-risk behavior team F was observed to
exhibit while changing out molecular sieve C. Thees a reduction of 15% from 40 to 34.

Number of at-risk
Activity behavior for team F
2007 2009
Drain lube oll 3 2
Replace filter 4 3
Fill in fresh oll 4 3
Engine steam wash and dry out 16 15
Engine cooler steam out & dry out 7 8
Start-up 6 3
Total time 40 34

Table fourteen: Number of at-risk behavior by teamF
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Number of at-risk behavior by team F while servicing

Considering:

turbine C
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Chatrt fifteen: Number of at-risk behavior by team F

Null hypothesis, 2H: There is no significant difference in the numberabfrisk behaviors
observed to have been exhibited by team A and {2am2007 when they did not participate in

the development of the procedures and processhghetnumber in 2009 when they did (.

Alternate hypothesis, 2H: There is a significant difference in the numbeabrisk behaviors
observed to have been exhibited by the team A @t D in 2007 when they did not participate
in the development of the procedures and procesgleshe number in 2009 when they did{p
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Applying the usual formula 4.1, 4.2, 4.3 and 4 Athe t — test:

Team A at- | Team B at- | Team C at- | Team D at- | Team E at- | Team F at-
risk risk risk risk risk risk

Cases behaviors behaviors behaviors behaviors behaviors behaviors

Ny 11 11 11 6 6 6

n, 11 11 11 6 6 6

Df 20 20 20 10 10 10

SEM 2 2.5 2.4 2.104 2.73 2.8

t* 2.36 0.056 0.71 2.4 0.24 0.35

t from table at

0.025 level of

significance 2.086 2.086 2.086 2.228 2.228 2.228

t from table at

0.05 level of

significance 1.725 1.725 1.725 1.812 1.812 1.812

% reduction 60% 17.4% 21% 66% 13.5% 15%

Reject Reject Reject Reject

Reject null | alternate alternate Reject null | alternate alternate
hypothesis af hypothesis af hypothesis at hypothesis aj hypothesis af hypothesis a
all all all all all all
significance | significance | significance | significance | significance | significance

Conclusions level level level level level level

Table fifteen: Statistical analysis for the numberof at-risk behaviors.

The statistical analysis shows that a change iragement style from autocratic | to consultative
Il style led to a significant reduction in the nuentof at-risk behaviors team A and D was
observed to have exhibited. It also shows thatettgerimental control teams (team B, team C,
team E and team F) did not show a significant redndgn the number of their at-risk behavior.

This is proof that task repetition, increased kremgle or improved team cohesion was not
responsible for the reduction in the number ofigik-behavior team A and team D were observed

to have exhibited.
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Still interesting is also the high percentage réiduan the number of at-risk behaviors the teams
who experienced consultative 1l style in the 20@$&round exhibited. Team A and D displayed
60% and 66% less at-risk behaviors respectivelikerthe team B, team C, team E and team F

whose percentage reduction were 17.4%, 21%, 13rksPd B%respectively.

In the next chapter the results enumerated indahapter will be discussed and interpreted to

clarify them. The results will be explained to dliaite misinterpretations
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Chapter five

Discussion and interpretations

The results and outcomes of the research are discus
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Prior to the 2009Escravos gas plant turnaround texa@mce, all the contractor task teams who
actually do the work in the Escravos gas plantadtoand maintenance were not consulted in the
development of the job safety analysis and the ldpweent of the procedures for the work. They
also did not participate in the turnaround meetingsre these procedures and potential
deviations in the turnaround maintenance plansd&éeussed. They only had to follow well
documented and well defined procedures and ingtngto complete their assigned tasks. These
procedures and instructions were developed by (BB Bperations team, the process engineer,
the EGP maintenance team, and the contractor sgpesv This type of management where
others develop work instruction for other to follsaligiously is defined by Vroom and Yetton

(1988) as Autocratic | type of management style.

The safety officers and the operations team wemngure the contractor task teams follow the
instructions at all times. The safety officers wewenote all at-risk behaviors exhibited by the
task teams to complete their tasks and the timed tes complete the tasks are recorded. These
at-risk behaviors were discussed in the daily gafeteting and the safety officers and contractor

supervisors were to communicate decisions to th&a&ctor task teams.

However based on Vroom and Yago’'s model, the cdatbesd 11 management style was
prescribed for the type of work done during th@&wmound maintenance based on the complexity
of the work, the amount of information availablehe leader and worker, and the likelihood that

they would follow instruction amongst other criteri

Consultative II management style is a managememe sthere employees are consulted in
decisions that impact their work. There are manysathis can be applied however for the
purpose of this research study it was applied tg tgam A and team D in the 2009 turnaround
as the involvement of these teams in the developwfahe procedures, processes and job safety
analysis for the tasks they completed during theaitound. In addition team A and team D also
participated in the turnaround maintenance meetihgre the turnaround plans are discussed.
Like all other teams in the turnaround maintenameam A and team D only completed their

tasks during the 2007 turnaround.
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Four other teams B, team C, team E and team F stadéed as experimental controls for team A
and team D respectively. The researcher was nat wirether task repetition, increased
knowledge or improved team cohesion would lead tedaced time or a reduced numbers of at-
risk behaviors exhibited by the team hence the rieethe experimental control. The control

teams only completed their tasks during the two E@Raround maintenances.

Four hypotheses 141H;, 2H,, 2H,, are tested using the student t test at the (a@#3.05 level

of significance. The first two hypotheses wastfa test of the effect of change in management
style from Autocratic | management style to coredive Il type on the time used by the team to

complete their tasks and the last two on the nurobat-risk behaviors exhibited by the teams

while completing their task.

The data from the times team A, team B, team GntBateam E and team F used to complete
their tasks in the 2007 turnaround where measuwathst the times in the 2009 turnaround. The
student t value is 0.552, 0.0, 0.03, 0.79, 0.009b G3respectivelyas against the standard value
from the table of 2.086, 2.086, 2.086, 2.228, 2.2P8 2.228respectively at 0.025 level of
significance and 1.725, 1.725, 1.725, 1.812, 1.84@ 1.812respectively at the 0.05 level of
significance (see table seven). This finding sufgptite null hypothesis 1Ho for all the teams
that there is no significant difference in the tispent by team A and team Din 2007 and in 2009
(see table eight).

When the data from the number of at-risk behavidaserved to have been exhibited by team A,
team B, team C, team D, team E and team F whilgtzimg their tasks in the 2007 turnaround
where measured against the number of such obsmmnviatithe 2009 turnaround maintenance.
The student t values are 2.36, 0.056, 0.71, 224, &nd 0.35respectively as against the standard
values of 2.086, 2.086, 2.086, 2.228, 2.228, aBd&respectively at 0.025 level of significance
andl1.725, 1.725, 1.725, 1.812, 1.812 and 1.812ctisply at the 0.05 level of significance(see
table fifteen).

This finding is against the null hypothesis 2Ho feam A and team D. It however supports the

null hypothesis for team B, team C, team E and tEam
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The statistical outputs from the test indicate ttree number of at-risk behaviors observed
reduced when consultative style Il management péieghfor team A and team D and it does not
when consultative style Il management is not agpks indicated by the results from the
experimental control for the research (team B, t€rream E and team F). It also means that the
team B, team C, team E and team F did not exhilbiver number of at-risk behaviors in the
2009 turnaround maintenance. It follows that tagbetition, increased knowledge or improved
team cohesion was not responsible for the reductidhe number of at-risk behaviors by team
A and team D. All teams (team A, team B, team @md, team E and team F) did the same
work in 2007 and 2009.

The reduced number of at-risk behaviors observethen2009 turnaround for team A and D
however can also be attributed to many reasong thla@ management styles. The researcher

would have loved to test these if not for the latiiitns mentioned in section 3.3.1.

It could have been due to better supervision orptre of the EGP management team; although
the researcher was lucky that the same supervsasnprovided for both turnarounds. However
the researcher supposes that there is a possitalitpeople to behave safer as people gather
more experience, repeat tasks and share more s&somother incidents as done in the chevron
organization on a regular basis. They may alsobecmore aware of their surroundings. They
may better understand what is safe or unsafe. appties to both the teams and the supervisors.
While the researcher tested this possibility fog task teams, he could not do same for the

supervisors.

Another possible explanation for the reduced numierobserved at-risk behavior is the
provision of better work tools and better plannifigne researcher observed better models of
tools such as A-frame ladders and quick pipe canmece used in the 2009 turnaround as
against the standing ladders used in 2007. Anatkample is the lift carriage for moving tools
from one level to another used in 2009 as agdmestdpe and bucket method used to lift tools in
2007.Yet another example is the use of barrieingetd restrict movement to work area in 2009

as against the use of caution tapes which coukhbgy breached in 2007.
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Finally the number of at-risk behavior observedtliy safety teams and operations personnel is
also based on their knowledge and understandinthefturnaround processes and what is
considered as at-risk behavior. What is safe top@reon may be unsafe to another. The safety
officer and operations team used the Chevron’st$emfeoperation listed in 2.5.1, Chevron plant

instructions mentioned in section 2.4 and its sajek practices as a basis for determining what
is considered as at-risk behavior. The EGP safetggnnel captured this data as they normally

do in all turnaround maintenance by constantly nlisg what work was being done.

There were four different observers selected frivea EGP team; one for each of the four
different task teams. The EGP operations coordingge interview in appendix A) in Jan 2007
confirmed the observers were employed the samefsesdr from school, have worked the same
number of years in the plant in the same roles.yThed also received the same number of
training. In addition they were also trained by @o& to use Chevron’s tenets of operation
listed in 2.5.1, Chevron plant instructions mengidrn section 2.4 and its safe work practices as
a basis for determining what is considered assitiyehavior. Based on this, it was assumed that
they had the same level of skill when it comeshisenving safety and has the same definition of

safe and at-risk behaviors.

However no two people have exactly the same skilell or maintain the same level of
concentration on the job at all times. People awmally distracted by personal issues and
different things that happen in their environmesu. the researcher agrees that the assumption

made in the last paragraph is arguable.

Also no two sets of activities can be exactly tlens, weather changes, economic changes,
changes in people personal lives, just to mentitawawill effect performance and behavior. No

two turnaround maintenance is the same eithes. lioiwever not practical for the researcher to
analyze all the factors largely because they wbeldoo many and many factors cannot produce

mutually exclusive results.
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Finally careful examination of the data mathemétiaserages, show a reduction in the
mathematical mean times and mathematical mean nuoiflmbserved at-risk behavior despite
the results of the t test. This may mean that assimple number increases the likelihood that
the null hypothesis for the times diHay fall into the acceptable region. This does shioat

there may be benefits to change in managementistithés turnaround maintenance.

In chapter 6 conclusions are made about the rdsemmd recommendations made for any

possible future study of this nature.
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Chapter six

Conclusions and Recommendations

Conclusions about the research are made and
recommendations for further study and users oféisearch

are discussed.
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6.1.Conclusions

The first objective of this research is to underdtahe Escravos gas plant turnaround
maintenance through the stages of planning, predetwn, shutdown, execution to start up. This
was achieved through several visits to the Escrgasdlant.

The researcher was given a general overview ofBbe&ravos gas plant operations on two
occasions. The researcher sat in on the turnaroumathly planning meetings for the 2007
turnaround maintenance from May to September 200i&. meeting is attended by the shift
supervisors, the production planner, the maintemgianner, the maintenance supervisors, the
lead safety officer, the contractor lead represesgs and the Escravos gas plant operations
coordinators. The scope of work was decided in mhéeting and plans were developed. The
schedule was developed by the planner and agreby &i. The scope of work was frozen in
June. During the months of October, the meetingvedd weekly.

A formal interview was conducted with the coordarapn the 18of September (see Appendix
A). The researcher read previous of the gas plantatound maintenance reports. The
organization did not permit that the documents lgiphed. The researcher also read Chevron’s
safety reports, manuals and instructions and he tbadeceive permission from the EGP

management to quote some parts of these docunmetiis research work.

He discovered that the gas plant used incentivelit® performance but over the years there
had not been any improvement. For example the tetairdable incident rate did not change
from 0.3 over the last two turnaround maintenanog laad only moved marginally from 0.35
since the first turnaround in 1999. In addition tost of the turnaround was presently 1.2million
US dollars which represents about 35% of the plantsual operating expense. The turnaround
is done every other year and it is normally planfegdhe October to November period. This is
after the rains have stopped and before the widdyand the dusty harmattan season begins in
Nigeria.
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The second objective of the research is to conallitdrature survey on measuring the success of
turnaround maintenances and the different managesigas that can be applied to turnaround

maintenance work like that of the Escravos gastplan

Existing literature also reveals that it is notye&s compare any two turnaround maintenances
because no two plants are exactly the same bechutserences internal and external to them.

In addition no two turnaround maintenances are texdte same because of difference in the

task that will be completed.

However according to Rod Oliver (2002), Tom Lenali2d06), and the EGP coordinator, the
most common indices of measuring the performandaraofround maintenances are cost, safety,

time and quality.

Existing literature argues the benefits of measuteading safety indicators instead of lagging
safety indicators. Leading indicators are indicattbiat can be measured before accidents occur.
According to Heinrich iceberg theory, leading iratmrs are a sure sign that accident would
occur. They include at-risk behaviors, near misgasgported incidents, uncompleted audits etc.
Lagging indicators measure actual accidents. Thelude Total recordable incident rate (TRIR),
motor vehicle accidents, lost time injuries and ioenber of days employees were away from
work because of accident. The benefits of both gypkindicators are enumerated in section
2.3.1.

The researcher chose to measure the safety ofitheround maintenance by the number of at-
risk behavior the safety officer observed the woskammit while completing their tasks. This

is because of the benefits of leading indicatorsesrated in section 2.3.1. In addition Fleming
et al (2001) noted that many organization claimeadcsss in efforts to reduce accidents by
focusing on eliminating lagging indicators likeragk behaviors. Also the gas plant captures this
indicator but do not really report it for the turaand maintenance. Finally leading indicators are
statistically more convenient to analyze becaust®flarge quantities of at-risk behaviors that

occur in a turnaround environment when compardtdamumber of accident (Bird 1980).
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Existing literature reveals that many theories cmnagement style existed. The theories are
grouped into trait theories, situational theory dmdhavioral theories. The trait theories tries to
explain management styles by traits of the manaljegsinitiative, wisdom, compassion and
ambitious. On the other hand situational theorygests that there are no best management styles
and managers will need to determine which managersigte best suits the situation and
behavioral theories explain management successhay successful managers do. Behavioral
theorists identify autocratic, benevolent, consivéa and participatory management styles.
Vroom and Yetton (1973) identified variables thatl wWetermine the best management style

based on eight variables namely:

1. Nature of the problem- Is it simple, hard, compbexlear?
Requirements for accuracy- What is the consequehicestakes?

3. Acceptance of an initiative- Do you want peopleus® their initiative to develop a solution
or not?

4. Time-constraints- How much time do we have to hrtise task?

5. Cost constraints- Do we have enough or excesdiieaethe objective?.

A decision model was developed by Vroom and Yadi88) to help managers determine the
best management style for situations based on tersables. They defined five management

styles that could be applied namely the:

1. Autocratic | leader who solves the problem alonegisnformation that is readily available
to him/her,

2. Autocratic Il leader who obtains additional infotiiea from group members, then makes
decision alone. Group members may or may not werreéd,

3. Consultative | leader who shares problem with grongmbers individually. He also asks for
information and evaluation. Group members do noetnllectively, and leader makes
decision alone,

4. Consultative Il leader who shares problem with granembers collectively, but makes

decision alone,

81



5. Group Il leader who meets with group to discussasion. Leader focuses and directs

discussion, but does not impose will. Group makes tiecision.

The third objective is to identify the managemeytes the EGP uses for its turnarounds. This
objective was achieved through the interview wihbk gas plant coordinator and by observing

how the tasks and information needed to perforrmthas developed.

The shift supervisors developed the proceduresJabhdsafety planning tools such as the Job
safety analysis. The contractor supervisor andetheé safety officer had to endorse the job safety
analysis. The coordinator had to endorse the proesd The contractor only communicated the

procedures and plans to the workers once it has dgeed.

The conclusion was that the autocratic | managestgtg was applied by the Escravos gas plant

management in all turnarounds prior to 2009.

The fourth objective of the research is to detearihie best management style the Escravos gas

plant should adopt based on the literature sureagacted.

There was no real agreement in the literatures emated in chapter two on management styles
about which management style was the best. Manyn siee agree that the situation will

determine the best management style to use.

Many models for management style exist but the ¥Wr@md Yago deterministic model stands
out most. By answering a set of questions (seéoseétl.) enumerated by Vroom and Yago and
plotting the results on the model it can be seeat ¥Mroom and Yago recommends the

Consultative management style 1l for the managemgtite Escravos gas plant turnaround

According to Coye et al (1995), participatory magragnt and consultative style Il creates a
sense of ownership in organization. Coye et aklelthese management styles instill a sense of
pride and motivate employees to increase produgtivn addition to these they stated that

employees who participate in the decisions of tigawization feel like they are a part of a team
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with a common goal, and find their sense of seié@® and creative fulfillment heightened.
However writers like Patchen (1962) disagree wiihse postulations and found nothing to

support these conclusions.

In addition according to Wall et al (1977) the cepicof employee involvement in organizational
decision-making is not a new global concept. Branfi®83) confirmed that particularly since
the early 1960s, interest in, and support for, @yge participation has been rapidly increasing
globally. According to Wright (1944) this participen had been called many different names
such as participatory management, democratic mamagfeor Consultative management. Based
on these arguments, the researcher decided tthéestfect of a change in the management style

on the performance of the turnaround maintenance.

The fifth objective of the research is to reacheagment with the EGP management on how to
test the change in management style selected tmwaghe turnaround maintenance. The gas
plant coordinator said they were willing to allogsts to be conducted only on tasks that did not
fall on the critical path of the turnaround mairdeoe project plan. The tasks also had to be one
that would be repeated in subsequent turnarouneba@dn which a ready research control could

be established. The change out of mole sieve baddAhe servicing of turbine A was chosen.

The EGP management also agreed to allow the allbeesrof team A and team D to attend the

daily turnaround meetings from May to 2009 andhe tlevelopment of the procedures and
safety plans provided the cost implication will reotceed 500 thousand naira. The contractor
Techint Nigeria limited agreed not to charge thePHGr the times their personnel would spend

doing this because it provided a training oppotiufar their employees and would be beneficial

to them too. EGP only had to provide Lunch anddpamtation for them.

The specific objective of the research was:

1. Determine if a change in management style couldaedhe duration of activities in the
project.

2. Determine if a change in management style couldiagedhe safety performance of the

project.
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This is achieved by analyzing the data from theaesh. The hypothesis for the study is as

follows:

Null hypothesis, 1H: There is no significant difference in the time dpley team A and team
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they did {4, =0).

Alternate hypothesis, 1H: There is a significant difference in the time rspley the team A and
Din 2007 when they did not participate in the depetent of the procedures and processes with
the time in 2009 when they did {1, #£0).

Null hypothesis, 2H: There is no significant difference in the numberabfrisk behaviors
observed to have been exhibited by the team A @artd D in 2007 when they did not participate
in the development of the procedures and procesgeshe number in 2009 when they didi{p
H2=0).

Alternate hypothesis, 2H: There is a significant difference in the numbeabrisk behaviors
observed to have been exhibited by the team A @ard D in 2007 when they did not participate
in the development of the procedures and procesgeshe number in 2009 when they didi{p
M2 #0).

Statistical analysis of the research data usingstbhdent t test for standardized difference of
means shows that the time used by both team Aeard D to complete their 2009 tasks was no
lesser than the time they used to complete the dasks in 2007. This was measured at the

0.025 and 0.05 significance levels. There was hewaweduction in the average times.
Using the same statistical approach, the numbet-okk behaviors exhibited by both team A

and team D in 2009 tasks was lesser than the 28l0@s: There were no changes in number of

at-risk behaviors by the experimental control teafiss confirms that task repetition, improved
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team cohesion and knowledge had nothing to do thithreduced number of at-risk behaviors

team A and team D was observed to exhibit.

The main conclusion is that while a change in manant styles from authoritative | style to
consultative 1l style did not lead to reductiontire time used by the teams to complete their
tasks; it lead to an improvement of the safetygremince of the turnaround maintenance teams

by reducing the number of at-risk behaviors thelyilgix

A summary of the main conclusions are:

1. A change in management style from autocratic ldosaltative Il styles did not reduce the
times workers used to complete their tasks.

2. A change in management style from autocratic laiesaltative || management styles lead to
a reduction in the number of at-risk behavior ekbibby task teams while completing their

tasks.

6.2. Recommendations

‘Empowerment’ is now widely used in business anchaggment as well as in development.
‘Participative management’, such as that proposedikert's ‘System 4’, is an increasingly

popular approach to management. Beardwell et @419 rote that lot of organizations have
successfully applied employee participation. Thiestude Nissan, Daewoo, Hyundai, Honda,

Mitsubishi and Toyota.

Measuring the effect of change in management dtglm autocratic | style to a consultative
management style Il in turnaround maintenance tsanoeasy task. Turnaround maintenances
are very intensive and well focused activities. yrhave a direct effect on the profitability of
many companies that operate process plants likeaththe Chevron Nigeria’'s Escravos gas
plant. The costs implication and the fact thatwo turnaround strategies are exactly the same

do not help the researchers cause either.
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The degree to which an organization involves emgsoy making organization decisions and
plans is limited and largely dependent on othetuies internal and external to the organization.
Ultimately, consultative management is at best idral type’, providing the inspiration for
many models, all manifesting to various degreesl @ndifferent forms, a commitment to

improving organizational impact through the greateolvement of staff in decision-making.

Applying Consultative management style Il has itg8nocost implication and this must be
measured against the benefits there off. For exanmmpblving workers who are paid hourly to
develop procedures and job safety analysis may rntegnspend more time at work. They will

need to be compensated for these extra work hours.

In some other cases the contributions of theseindiwiduals in these exercises may extend the
time to complete these exercises. For example theussion during the development of
procedures may take longer because of the largmbeuof participants. This will take other

participants away from their usual work for thatipé.

However these times may be gained from the timealired to explain the procedures and

requirements to the group.

The benefits with regards to safety are visibleisTis particularly important as from the
researcher’s experience many process plant managdike the Escravos gas plant claim that
safety is their number one priority and not produrctlf this is true, they will definitely test thi

management style in their turnaround maintenances.

Finally, the fact that there is no one model ohsidtative management is not necessarily a
constraint. Indeed, one of the strengths of coasu#t management is that there is no one way of
doing it, and therefore no ‘right’ way of facilitag greater staff involvement. Consultative
management, therefore, presents real choices fanaation, and real opportunities to improve
effectiveness. At the same time, it is appropriat@ote that participation in management has
been, and continues to be, important in many orgdions even though they may not be

explicitly committed to consultative management.wdger, as organizations respond to the
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challenges now before them, the degree to which &ne willing to develop existing, informal
patterns of consultative may be a crucial factodétermining whether or not organizations, in

the words of Edwards and Hulme (1992), can reatigke a difference’.

Change in itself can impact an organizations negbtiinitially before the benefits of that
change begins to show. This is why every orgaromathust decide what will work best for it.
What is certain is that in a turnaround environnat@nge must be gradual because too sudden a
change could have negative implications. The re&sochange and the methodology to be used
must be well communicated to all necessary parfibs. cost implication of the change must be

estimated and managed so as not to lead to a negafpact.

Recommendations for the managers of turnaroundterances because of this research could

be summarized as follows:

1. Involve the contractor workers who would perforre th the development of the procedures,
processes and in the turnaround maintenance medtimg will improve them a sense of
ownership and relevance and in turn reduce the puoftat-risk behaviors they exhibit.

2. There are many other ways that participatory mamage can be implemented other than
involving workers in the development of procedumsd in attending the turnaround
maintenance meetings. Manager will have to invagignd determine what works best for

them and then systematically implement it.

The following recommendations are made with regéwdature research of the same nature:

1. Researchers will need to get the full support ftbBmmanagement of any process plants they
want to analyze. Because the variable that impaoatound maintenance are so many and
because of the intensive nature of turnaround reaarices.

2. The more number of turnarounds the researcher zgmhne more accurate the result of the
research will be. This researcher was limited tiy two turnaround because of time and cost
limitations,

3. Further research should include the financial casalysis of applying Consultative 1

management style and the benefit and
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4. Researcher should fully understand the environrient are studying as this will determine

how change in management style will be implemented.
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Appendix A

Interview with E

scravos gas plant coordinator

Date-September 15, 2007

Interviewer - Isaac Ishekwene

Location-EGP coordinators office

Interviewee- Adeola Johnson

S/N | Question Answer

1 Who manages the EGP turnaround? The EGP opesatimmdinator.

2 What does the turnaround entalil The major taskshe change-out of the two molecular
sieve beads, the servicing of the two compressbimes,
the servicing of the expander turbo-machinery Idaated
the clean out of the fired gas heater tubes anaebsiiand
tie-in for major upgrades.

3 Which teams support the operationdhe construction group, maintenance, safety group,
coordinator to complete the logistics and the contractors who do the changebilte
turnaround maintenance? molecular sieves and servicing of the compressgines.

4 How do you ensure the tasks are | The Safety group appoints one safety officer who
completed safely? supervises all task teams. Chevron uses a conttaeadth

safety program to ensure the contractors understadd
comply with all safety regulations.

5 By what parameters do you measur@€ost, completion type and the safety parametets asic
the performance of the turnaround total recordable injuries rate (TRIR), lost timeléx, days
maintenance? away from work and motor vehicle accident.

6 How much does the turnaround | The 2005 turnaround maintenance costs 1.2 milligh U
maintenance cost? dollars. The total tasks will depend on what tasks

performed.

7 What percentage of the overall This is 35%percent of the overall annual operating
annual operating expenditure is | expenditure.
this?

8 What are the typical safety indices The total recordable injury rate was 0.35, 0.33100.30,

for the turnarounds?

and 0.30 for the 1997, 1999, 2001, 2003 and 2005
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turnaround maintenance.

1)

9 Do you involve the contractor team®nly the contractor supervisors.
in managing the turnarounds?

10 Do you think there can be benefits | am not very sure. Some people in the EGP managem
derived from involving the task think so and others don't.
team members in the management
of the turnaround maintenance?

11 What will the constraint be in The cost of involving them and the increased coripl®f
involving them in the turnaround | managing them.
maintenance?

12 | Will you be interested in a project | Yes.
like mine to see if there are benefits
to involving the contractor team
members in the management of the
turnaround maintenance?

13 What measures do you take to The TAM is treated as a project. Project plans are
ensure the costs are kept under | determined early, | ensure everyone understandribies.
control? Contracts are developed. The contracts specifié a

bonus for jobs completed in 90% of the time or and
penalty of 5% for any task completed in 110% oftthe
provided the delays is the fault of the contractére EGP
coordinator monitors progress against plan.

14 What measures do you take to Costs are planned. Everyone understands the fdiages.
control the cost? duration and the number of incidents do affect gosatly

S0 we try to minimize these.

15 How effective are these measure§?  They yieldet sesults at first but there have not bee
significant changes in the performance indices tvetast
two turnarounds.

16 How do you appoint your safety | Twenty safety officers were employed in 1995 wien t

officers?

construction of the plant started. They are resptefor

the turnarounds.
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17 What is the qualification of the Higher National Diploma.
safety officer?

18 In what field? Engineering.

19 Is there much difference in the No, because of their similar career. They are é&chitme
safety officer’s ability to identify at{ same way, have the same experience and humbearsf ye
risk behavior? in service.

20 How is the safety officers trained? A standarditraining plan is drawn for all of them. They
have to complete all elements of the training whintude
chevrons emergency response, process safety maeage

21 When is the next turnaround December 2009.
scheduled for?

22 How long does it take to plan for it? We essdigtistart planning for the next turnarounds
immediately the current one ends. So it takes agead a
half.

23 Is it possible that some at-risk Yes because you cannot be there all the time.

behaviors will go un-noticed?

24 How do you ensure that safety is | We offer safety incentives. 5% if the contractaa ¢
adhered to all the time even when| achieve 95% of our targets and a fine of 5% if they
you are not there? above 110%. We use our contractor safety program to

ensure contractor workers are trained to knowskt-ri
behavior and for them to follow all applicable mile

25 Has this been working? Yes up till 2003. Thesaperformance has not changed
since 2003.

26 Do you have pro-active measures|ofes we record the amount of at-risk behaviors utlieg

safety? company'’s icare process, and the number of idenqtifi
incidents reported from audit processes.

27 What is icare? It is the company’s behavioral safety program where

employees are observed for unsafe behaviors irt eigh
categories namely body position, tools and equigmen
work area, procedures, PPE, ergonomics and body use

transportation and other. Employees are required to

observe each other at least once a month and ctaaple
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reporting card without including the names of tieespns
or team being observed. The data is captured anusfthe
basis of decisions on directing company safetyegjias.

It's a proactive safety tool.

28 Have you heard of management | Yes.
styles?
29 Do you think workers will work Most likely, yes.
safer if they are involved in
developing the safety plans for thejir
tasks?
30 Do you think workers will complete Yes as long as they understand the work plans.i$lailso
their task earlier if they are involvedgood training tool.
in developing the work plans?
31 Would you support this research tpYes provided the research does not affect the touamna
see if a change in management styleegatively.
would improve the performance of
your turnaround maintenance?
32 What type of training do you give | Training in safe work practices, confined spacedtfiag
your safety officers? hazardous chemicals, hot work, Isolation of hazasdo
equipment, fire and safety watch and radiationtgafgant
instructions and manuals of safe operation.
33 What are the chevron tenets of The tenets are a list of over bearing statemeats th

operation?

determines how chevron operates to drive operations

performance. There are ten namely:

I.  Always operate within design and
environmental limits.
ii.  Always operate in a safe and controlled
condition.
iii.  Always ensure safety devices are in place
and functioning.
Iv.  Always follow safe work practices and

procedures.
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Vi.

Vil.

viii.

Always meet or exceed customers’
requirements.

Always maintain integrity of dedicated
systems.

Always comply with all applicable rules and
regulations.

Always address abnormal conditions.
Always follow written procedures for high-
risk or unusual situations.

Always involve the right people in decisions
that affect procedures and equipment.

34 How many turnarounds have you A- Four.
undertaken since inception?

35 How frequently do you conduct the Every two years.
turnarounds?

36 Is there any particular reason you|dées. The molecular sieve beds contain beads tihabmly
turnarounds every two years? adsorb impurities for 30 months at most. This nunitbe

based on the plant feed rate and feed charaatstisti

37 What is the duration of the The first one was 21 days. It dropped to 19 dayZ0bil.
turnarounds? There was no change in 2003 and 2005.

38 If you agree to involve the task We can try using them in the development of the
teams in managing the TAM, in procedures, the Job safety analysis, in self angsaudits
what areas will suit you? and allow them participate in the daily turnaround

meetings.

39 | How is the cost of running the plantThe cost of running the plant during normal operaand
and the safety record when the plarthe number of incidents are much lower when compare
is in normal operation compared | with the periods of turnarounds because of thengde
with during turnarounds? nature of the work done during turnarounds.

40 Rate the important of the technical High.
guality of the decision. High or
Low?

41 Rate them commitment requirement  High.
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for the turnaround High or Low?

42

Do you (the leader) have sufficien
information to make a high quality

decision on your own?

I Yes.

43

Is the turnaround well structured (
it well defined, clear, organized,
lend itself to solution, time limited,

etc.)?

sYes.

44

If you were to make decisions
regarding the turnaround tasks by
yourself, is it reasonably certain th
your subordinates would be

committed to the decision?

No.

45

Do subordinates share the
organization goals to be attained i

solving the problem?

46

Is conflict among subordinates ov¢

preferred solutions likely?

47

Do subordinates have sufficient
information to make a high quality

decision?
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