Maintenance Strategy Selection as a Multiple Criteria Decision Making problem
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Maintenance Strategy Selection as a Multiple Criteria Decision Making problem

failure/tripping of gas compression train “A”, Atoll gas can be processed as Free Flow
without production loss. So, it can be considered that three gas compression trains
are redundant to each other in the case of Ha’py and Taurt Gas. And for Atoll gas the
free flow line is redundant to compression Train “A”. The current normal operation
mode is to operate one gas turbine to process Ha’py and Taurt gas continuously
(24hrs), and to process Atoll gas through compressor “A” if well pressure increased,

due to pipe line blockage (seven days per month).

3.2.1 Gas Compression Train “A&B” AHP Calculation Example:

When performing the pairwise comparison between the criteria level. A
question may be asked “how important is the damage factor (damage caused by
adopting a certain maintenance strategy) compared to the cost factor (cost incurred
by applying this strategy) with respect to maintenance strategy selection? The answer
to such question is as shown in figure (11), the damage criteria has a very strong
importance (value of 7) when compared to the cost criteria for gas turbine “A”. Also it
can be said that the damage is seven times more important than the cost. Figure (12)
represents the pairwise comparison for the sub criteria of Damage. It can be said that
the equipment damage (caused by maintenance strategy) for gas turbine “A” has a
moderate importance (value of 3) when compared to the production loss caused by
the effect of implementing this strategy on gas turbine “A”. Detailed calculations can

be found in Appendix “B”

In order to have a sense of the values shown in the calculations, one can think
of it as follows. For example, the production loss caused by implementing PM strategy
on Gas turbine “A” is seven times less than the loss caused when implementing CM

strategy.
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Gas Turbine "A" Damage Applicability Cost
Damage 1.00 5.00 7.00
Applicability 0.20 1.00 3.00
Cost 0.14 0.33 1.00
Summ 1.34 6.33 11.00
Gas Turbine "A" Damage Applicability Cost Criteria Weight
Damage 0.74 0.79 0.64 0.723506057
Applicability 0.15 0.16 0.27 0.19318606
Cost 0.1 0.05 0.09 0.083307883
Gas Turbine "A" Damage Applicability Cost WSV Criteria Weight | WSVICW
Damage 0.72 0.97 0.58 227 0.723506057 | 3.141081563
Applicability 0.14 0.19 0.25 0.59 0.19318606 | 3.042719129
Cost 0.10 0.06 0.08 0.25 0.083307883 | 3.01365532
3.06581867
0.032909335
0.056740233
Figure 11: Level 1 Criteria comparison
Gas Turbine "A" Production Loss | Equipment Damage | Environmental Damage | People Damage
Production Loss 1 0.333333333 3 0.25
Equipment Damage 3 1 4 0.333333333
Environmental Damage 0.333333333 0.25 1 0.2
People Damage 4 3 5 1
Summ 8.333333333 4583333333 13 1.783333333
Normalized Gas Turbine "A" | Production Loss | Equipment Damage | Environmental Damage | People Damage | Criteria Weight
Production Loss 0.12 0.072727273 0.230769231 0.140186916 | 0.140920855
Equipment Damage 0.36 0.218181818 0.307692308 0.186915888 | 0.268197503
Environmental Damage 0.04 0.054545455 0.076923077 0.112149533 | 0.070904516
People Damage 0.48 0.654545455 0.384615385 0.560747664 | 0.519977126
Gas Turbine "A" Production Loss | Equipment Damage | Environmental Damage | People Damage WSV Criteria Weight WSVICW
Production Loss 0.140920855 0.089399168 0.212713548 0.129994281 | 0.573027852 | 0.140920855 4.066309794
Equipment Damage 0422762565 0.268197503 0.283618064 0.173325709 | 1.147903841 | 0.268197503 4.280069076
Environmental Damage 0.046973618 0.067049376 0.070904516 0.103995425 | 0.288922935 | 0.070904516 4074817112
People Damage 0.563683419 0.80459251 0.35452258 0519977126 | 2.242775636 | 0.519977126 4313219803
Amax 4.183603946
Cl

Figure 12: Level 2: Sub-criteria Comparisons

One might ask, why PM is 7 times more important than CM when compared

with respect to the production loss sub criteria, while it's only 4 times more important
when compared with respect to the equipment damage?. The answer to such question
is the core idea for AHP method that makes it flexible and suitable for a variety of
situations. As AHP pairwise comparisons are done to simplify the complexity of such
problems, so it is not wise to compare between the pairwise comparisons. That
comparison is done by the consistency ratio check. Consistency Check detects any
contradictions in the matrix. An example for these contradictions, let's assume we
have three alternatives (A, B& C). (A) is two times more important than (B), while (B)
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is three times more important than (C). Can option (C) be more important than (A)? Of
course not, as it will be inconsistent with the first two arguments. So it should be (A) is

more important than (C).

For the sake of argument, the answer to the above mentioned question is that
the difference in the values is related to both the nature of the sub criteria and the
equipment itself. In other words, when implementing CM on gas turbine “A” the
damage impact on the machine will not be as high as the production loss caused, due
to the multi-layer protection installed to protect the turbine (temperature, pressure,
vibration sensors), so the equipment will either trip or the performance will degrade (in

case of compressor fouling), both will affect the production and cause production loss.

For the applicability criteria only has two sub-criteria, there is no need to do
pairwise comparison. According to a survey done in site by maintenance personnel, it
was agreed that investment required to apply the maintenance strategy has a weight

of (0.4) compared to (0.6) for the reliability of the strategy regarding gas turbine “A”.

The final map with the global weights (shown in Appendix “B”) indicated that
Predictive maintenance strategy is ranked as the first alternative to be followed, while
the corrective maintenance strategy is the last. This map is only applicable for Gas
Turbine “A” and for the current operation mode. Due to the difference in operation
mode between gas turbine “A” and gas turbines “B&C”. Calculation was done for both
separately. Gas turbine “B” calculation can be found in appendix “E”. However AHP
ranking results for both systems are similar to each other, due to the similarity in many

other aspects.
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3.3 Nitrogen Generation Backup Compressors background:

As done in gas compression train “A”, a brief introduction for the Nitrogen (N2)
system criticality will be presented before the calculation. The only use of Nitrogen gas
at PHPC Processing plant is to act as buffer gas in the Dry Gas Seal (DGS) (figure
13) installed on each gas compressor. The DGS plays an important role in preventing
the compressed gas from escaping around the shaft and also prevents any possible
mixing between lubrication oil for shaft bearings and compressed gas. Each
compressor has two DGS’s installed on its shaft, one at the turbine side (Drive End
DE) and the other at the non-drive end side (NDE). It should be noted here that in case
of failure of any of the DGS’s installed on the compressor, the whole compression train
is tripped immediately and considered out of service till the replacement of the failed
DGS is performed by the maintenance team. One of the main reasons that can cause

the DGS to fail is the absence of the Nitrogen gas.

2% stage

D

Seal Gas from

Process Gas = 3 - Bearing
Side T Side

tandem dry gas seal with interstage labyrinth,
process labyrinth and Circpac separation seal

Figure 13: Dry Gas Seal (DGS) working Principle (courtesy of Flowserve Cooperation)
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PHPC operates three Nitrogen generation packages (figurell), all of the three
are working continuously to provide N2 to the DGS’s, whether the compression train
is running or standby. In case of Electricity blackout, all running gas turbines will be
tripped as well as the N2 generation packages. The shaft of the gas turbine will not
come to a complete stop after the shutdown immediately, it takes four hours running
on slow roll mode to prevent bowing of the shaft. As the shaft is running, the lubrication
is supplied by the means of the DC backup pump (running on Batteries). This means
that there will be lubrication without N2 to buffer it. Such a case will cause the DGS to
be damaged due to the lubrication oil going inside the seal, which will damage the seal

faces.

For this emergency case, PHPC commissioned the N2 Backup compressor (N2
B/up). The N2 B/up Compressor main purpose, as mention earlier, is to compress N2
Gas generated by the N2 generation packages and store it at a pressure of 100 bar in
the Bullet. In case of blackout, the DGS N2 supply is sourced from the bullet, which
can supply the three compressors for the whole slow roll time period. After the black
out, when the electricity is back, the N2 compressor is operated to charge the bullet.
PHPC has two identical N2 compressors. Both are reciprocating diaphragm type. In
normal operation, the bullet is fully charged, and the compressors are in standby
mode. It should be noted here that the frequency of the black starts per year is from 1
to 2 times base on the last four years. Also, in case of black start two air compressors
and two nitrogen packages are connected to port said national electricity grid and can

be operated normally.

After performing the AHP calculation on N2 Backup compressor, it was found
that the Corrective maintenance is the best to follow for such an equipment.
Calculations can be found in Appendix “C”
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3.4 Air Compressors & Dryers operational background:

PHPC currently have seven screw compressors, all the compressors are
connected on a sequencer controller that is responsible for starting and stopping the
compressors based on the compressed air network pressure. Normal Air consumption
in the plant requires three to four compressors running, the remaining units are in

standby.

As mentioned earlier, the use of air compressors in the plant is to provide the
instrument air at 8 bar for all instrument devices such as Air actuated valves (Shut
down valves SDV, Blowdown valves BDV,...etc.). This is very critical to continuous
operation, as in case of air loss, each valve will take its failsafe action. For example
the BDV on the gas turbine will open 100% releasing all compressed gas to the flare.
And the SDV for the suction and discharge will be closed 100%, as well as the fuel
supply SDV. Any of those situations will cause the compression train to be tripped

immediately and will cause production deferral.

Also the failure of multiple air compressors might cause a failure to the N2
generation package, depending on the arrival air pressure to the package. Another
usage for the instrument compressed air is the Huff& Puff System that is installed on
the Air intake filters for the three Gas Turbines. The Huff & Puff system uses the
instrument air to self-clean the air intake filters every day and is activated also in case

of high differential pressure across the filters.

The Air Dryer assures the removal of any moisture or water existing in the air,
to protect the instrument devices such as pressure regulators, oxygen sensors ...etc.

PHPC operates four air dryers that uses adsorbent such as activated alumina or silica
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gel to remove any moisture from the compressed air. Normal operation requires only

two dryers in operation, while the others two are in standby.

Although air dryer is very important to remove the moisture in air, in case of
their failure operation team can bypass the dryers till the problem is rectified by
maintenance team. Most of the application has its own filters that will reduce the
amount of any moisture existing in the compressed air. Calculation for Air dryer and

Air Compressors can be found in Appendix “D” and “F” respectively.
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4- Results &Analysis

AHP approach showed that, predictive maintenance is the first alternative for both
gas turbines, Air compressors and Nitrogen generation packages. Corrective
maintenance was found to be the most suitable for the both Nitrogen compressor and
air dryer. Figure (14) represents graphically the final results for the AHP. From the
point of view of available resources, it does make sense that the available resources
used to adopt PM for the six studied systems is almost the same for adopting PDM for
four systems and CM for the other two systems. This is can be seen as resources

allocation and utilization.

It was not a surprise that PDM is the most suitable for Gas turbines. As they are
very critical to the production, and also due to their high asset cost. Any type of
equipment damage cannot be tolerated for such an equipment, and PDM is the only
strategy that can predict the failures and prevent them. Also, the cost of implementing
such a system for the gas turbines will not be that costly, as the system infrastructure

is already installed.

When comparing the value of the global weight of the PDM for all studied
equipment, one can wonder why the nitrogen generation package has a higher value
than the gas turbines? The answer to this question is the redundancy of the equipment
and the implementation cost. One of the advantage of using AHP for this problem is
integrating the redundancy into the final decision. Redundancy was represented inside
the applicability criteria under the reliability sub-criteria, also integrated under the
production loss sub criteria. Nitrogen generation package mode of operation is
continuous for the three existing packages, so no redundancy at all, while gas turbines

mode of operation is only one running continuously and the other two are in standby
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condition (For Ha’py gas) and in case of atoll gas, the free flow line represent a
redundant production method. Also for such a small system as the N2 package, low
investment is needed to adopt PDM unlike a huge system as the gas compression
train. So predictive maintenance is highly favorable to be adopted regarding the N2

generation package.

Corrective maintenance was chosen by AHP for N2 backup compressor, which do
make sense. As since the commissioning of the system back in 2016, it has only been
used twice, given also the existence of standby compressor (redundancy) and also
the fully charged bullet vessel. An extra redundancy for this system, is that even in
cases of power failures, two Nitrogen generation packages can be operated by Port

Said national electricity grid.

When checking the ranking generated by AHP for the N2 backup compressor, one
can’t help to notice that the second alternative is the predictive maintenance. The
reason for favoring PDM over PM is that the implementation cost for PDM is much
lower than PM spare parts cost. Also, the complexity of the system associated with its

high asset cost compared to the N2 Package.

Air dryer was actually expected to have the preventive maintenance as the first
alternative, while AHP selection was the corrective maintenance. One of the reasons
behind such a selection is related to the weight of the cost criteria (0.54) when
compared to the weight of the damage criteria (0.3). For such a simple system (low
asset cost) with no rotating parts, and with two units standby (redundancy), the

damage to production, people or environment is highly unlikely.

Although air dryers is connected to the air compressors (process wise), and both

are considered utility facilities, not production, air compressor results recommended
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the adoption of predictive maintenance. This can be explained by the different nature
of each equipment, as the compressor contains rotating parts, which make the

equipment damage expensive.
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Figure 14: AHP Final Results
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5- Conclusion

The definition of the best maintenance strategy for an oil and gas company such
as PHPC requires developing a well-defined decision support systems. The selection
of the maintenance strategy and the maintenance plan for each equipment can be
very confusing, due to the complexity of such a problem. This complexity is due to
Data collection difficulties, how many factors to be taken into account? And how to

measure and judge each factor?

The Analytic hierarchy process (AHP), showed a great flexibility and robustness in
solving such a complex problem. Not only that the Mathematical optimization models’
creation would be very difficult in such a problem, but also it will not be able to account
for all factors especially the qualitative ones. AHP shows a perfect integration between

both qualitative and quantitative data.

In this project report, AHP was used to help maintenance managers at PHPC to
select the best maintenance strategy for each equipment. The decision was based on
criticality to production, redundancy existence, safety compliance, applicability of the
proposed strategy, cost associated with the implementation and the equipment
availability. AHP results indicated that the current followed strategy is not the best, and
recommended the adoption of predictive maintenance strategy for gas turbines, air
compressors and nitrogen packages, while recommended corrective maintenance

strategy for the air dryer and nitrogen compressor.

Following the recommendation of AHP analysis would have a huge impact not only
on the total maintenance cost but also on the production rates as well as process
safety. Cost savings can be represented in spare parts inventory reduction, also it can

be sensed in utilizing company’s resources. As the current followed system (TBPM)
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generates unnecessary maintenance work for all factory equipment. The production
rates will increase as the unplanned shutdowns decrease due to shifting to the

proposed strategies.
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