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Abstract

TAM is the largest maintenance activities for any a processing plant run continuously under harsh operating
conditions. TAM event is usually a costly in term of time and cost due to plant downtime to execute their activities.
The present study aimed at presenting a framework to prolong interval of TAM. The proposed framework in this study
included three stages: Applying Risk-based Inspection (RBI) to select the most critical drums that constituted the
highest risk on the plant performance, applying Failure Distributions (FDs) of the most critical drums and comparing
an Estimated Risk (ER) with a Tolerable Risk (TR) to determine an optimum interval of TAM. This framework is
characterized with the application of methods and techniques to reduce cost of TAM and production losses, and to
improve all aspects associated with in reliability and availability of a plant to eliminate potential failures and prolong
equipment life. The results of application of the framework proven its ability in the increase of interval of TAM of the
processing plant without any threat to operational performance of plants. The improvement of TAM interval also
revealed further in the reduction of TAM costs and production losses and the consequent income of millions of dollars.
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1. Introduction

Processing plants consist of thousands pieces of equipment that operated continuously under harsh operating
conditions resulting from overpressures and fluctuated temperatures. Some pieces of equipment usually subject to
various maintenance strategies during the normal operation of plant. However, there are critical pieces of equipment
that can't be inspected and maintained during the regular operation of plant unless plant facilities are totally shut
downed in order to execute TAM event. In general, TAM activities of some oil and gas companies is based on
recommended periods of the Original Equipment Manufacturers (OEMs). However, this suggestion is not the most
optimum strategy in the long-term due to operating conditions and economic conditions that vary significantly from
company to another [1]. Lawrence [2] reported that oil and gas plant facilities that operated continuously under
overpressures and fluctuated temperatures must be shut downed operations to subject essential maintenance,
modification and inspection work every few years to avoid any extreme consequences may impact production and
production units. Therefore, TAM is one of major activities to oil and gas companies to avoid any a decrease in the
availability of operating facilities and to lose in the profitability [3] due to a rise in the cost of the TAM event and a
decline in the revenue which may be amounting to millions of dollars. Duffua and Daya [4] reported that TAM is a
periodic maintenance during a certain period to perform inspections, repairs, replacements and modifications that can
be executed only when the entire plant facilities are shutdown. If plant shutdown interval between TAM cycle is too
long. This will result a decrease in the production loss and a decrease in the inspection and maintenance cost. However,
the expected risk will be high. Therefore, this work presents a framework to determine an optimal interval of TAM

for processing plants based on the pressure drums to increase reliability and availability of plants.
2. State-of-the-art on the TAM scheduling

In this study, a framework can be classified into three main stages, as shown in Fig 1:
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e An application of Risk-Based Inspection approach (RBI) to select the most critical drums at a processing
plant,
e Anapplication of Failure Distributions (FDs) to determine reliability R(t) and unreliability function F(t) and
Comparison of an Estimated Risk (ER) against a Tolerable Risk (TR) to identify the optimum interval of TAM at a
processing plant.
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Figure.1 Framework to prolong TAM interval at processing plants

2.1 Stage I: Risk-Based Inspection (RBI) Approach

The risk assessment plan for each drum at of a processing plant is deemed necessary to replace at-risk equipment. This
is usually a costly solution in term of time and cost, also requires justification to determine damages in each equipment.
Therefore, RBI was an ideal technique to determine the residual life of each equipment. RBI is a technical that used
for prioritizing an inspection and managing the maintenance efforts from risk perspective.

A risk matrix must reflect a company's risk criteria as it differs significantly from a company to other. Inspection,
operation and maintenance experts should be included in performing risk assessment in order for a good understanding
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of failures, hazards, their effects on operations and the consequences if the TAM is delayed beyond a certain period
[4]. Risk Assessment is to determine the most critical drums that represent really meaningful risks on the production,
operating assets and environment issues based on the Probability of common Failure (PoF) and Consequences of
common Failure (CoF), which is written mathematically as:

Estimated Risk (ER) = POF X COF (pL+ AD + ED) (1)
Where, PL is production losses, AD is asset damage and ED is environment damage.
2.2 Stage I1: Failure Distribution (FD)

The Stage 11 highlight the most drums extracted from Stages I. The Weibull distribution was presented due to its
inherent flexibility of modelling the behaviour for other distributions based on the shape parameter (B) to determine
reliability function R(t).

Rs (1) =TI}, Ri (V) (2)
t\Bi

Ri(t) = e ® where i = 1,2, ..n of equipment 3)

RO +F)=1 (4)

2.3 Stage I111: Comparison of Estimated Risk (ER) with Tolerable Risk (TR)

It is the level of acceptance with mitigating that starts with pre-shutdown of plant facilities to execute TAM event. In
general, tolerable risk varies from a company to another due to operating conditions and economic aspects. Based on
the economic aspects, each processing company has its own tolerable risk criteria can be used in the estimation of
TAM scheduling associated with RBI [6].

A tolerable risk criterion for a processing plant is assumed to be between 250%/h and equal or lower than 500%/h [6].
Any criterion is higher than this, the risk is considered an unacceptable as shown in Fig 2. A comparison of an
operational risk of plant to a tolerable risk also contribute in the determination the optimum interval of TAM.

In order to accept risk, should be taken tolerable risk into consideration to compare with the estimating risk
according to Equation (5) that subjects to the following constraint:

Estimated Risk (ER) < Tolerable Risk (TR) 5)

Estimated Risk (ER) < 500 $/hr

Risk level

.

$ 250 $500 [Economic Consequences per hr

Figure 2. Tolerable risk of processing plant [6]
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3. Results and Discussions

Corrosion is one of common failures in drums that represent the highest risk on the processing plant. Corrosion is
considered the destructive attack of drums by reaction with its environment [7] and dangerous outstanding materials
to oil and gas production and transportation facilities [8]. Aqueous environment also plays dangerous role in the
enhancement of corrosion rate that occurs due to complex operating conditions of the production and manufacturing
of oil and gas. Therefore, natural gas contains several impurities which can cause corrosion. Corrosion in the drums
is one of the outstanding challenges in the gas industries. Reports around the world have confirmed that most oil and
gas plants have expended billions of dollars due to corrosion catastrophes, which no doubt produce lost in production,
environmental mess and asset damage. A corrosion effecting can be considered a probabilistic phenomenon that
occurred permanently in the oil and gas industries.

Fig 3 shows a distribution of thirty two drums on the risk 5 x 5 matrix based on Probability of Frequency of
corrosion (PoF) and Consequences of Failure (CoF). Two out of thirty two drums were rated in high risk zone that
consisted of two drums (D-704 and D-409). These drums were rated in the highest risk zone due to corrosion
resulting from corrosive products, especially through welding area and flanges in the bottom part of drum.
Therefore, these pieces of equipment located in the high zone should be taken into consideration during TAM
activities to avoid increasing in the PoF and CoF.

ED | Noeffect | Minor | Moderate Major Massive

Consequnces Rating
PL | Less5% [5-10 % | 10-30% | 30- 60 % |More 60 %

Failure Frequency AD | Very Low Low Moderate High | Very High

COF 1 2 3 4 5
Failure Level Range/Mth | P(t) POF A >
High Probable t>108 1 5
Probable 81<t< 108 | 0.65 4
Possible 54<t< 81| 035 3
Unlikely 27<t< 54 | 0.15 2
Very Unlikely 0<t<27 | 005 1

Figure 3. Estimated risk ranking matrix of 32 drums

Table 1 shows shape () and scale (1) parameters of each drum extracted from Fig 3 (previous stage). Based on these
parameters can be identified failures behavior for each equipment in order to select the best-fitted the probability
distribution using Minitab software based on Time to Failure (TTF) resulting from inspection and maintenance
records.

Table 1. Shape and scale parameters of (D-704, D-409)

Equipment Code Description Shape Parameter Scale Parameter
B n (hr)
D-704 Reflux/Surge drum 5.52 76141
D-409 Regeneration drum 4.65 82853.7

D-704 Results

Table 2 shows a sample of results associated with reliability function R(t), unreliability function and hazard rate h(t)
of D-704.
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Table 2. Scenario of R(t), F(t) and h(t) results of D-704

TAM Int. ER
(hrs) R(t) F(t) h(t) D-704
50,000 0.906 0.093 1.083E-05 122.3
60,000 0.764 0.235 2.469E-05 256.89
70,000 0.533 0.466 4.957E-05 436.47
72,000 0.479 0.520 5.630E-05 473.02
73,000 0.452 0.547 5.992E-05 490.83
73,500 0.439 0.560 6.180E-05 499.57 <500
73,600 0.436 0.563 6.218E-05 501.31
74,000 0.425 0.574 6.372E-05 508.20
75,000 0.398 0.601 6.771E-05 525.05
80,000 0.268 0.731 9.065E-05 598.38

Table 3. Economic consequences of failures

Critical Equipment  ECP - ECOA ECEI Sum CoF
($) ($) ($) (%)
Drum-704 10,698,000 51,067,767 3,703,000 65,468,767
Drums-409 1,248,1000 55,048,950 4,025,690 71,555,640

ER o704 (S) = [1 — R(t) p70a] X [$10,698,000 + $51,067,767 + $3,703,000]
ER b704 (S) = 0.560 x $65,468,767 = 499.57 $/hr.

Therefore, the estimated risk of a plant is 499.57 $/hr. This means that ER is acceptable when compare with an
assumed TR. Consequently, 73500 hrs is the actual hour to commence in the TAM event based on D-704, included
inspection, repairs, modifications and improvement of a plant facilities, which cannot be inspected or maintained
during the normal operation of plant and to avoid unexpected risks, which may occur on the plant assets, environment
damage and production losses resulting from melting trays and caps, and disappearing bolts due to overpressure and
increase feed temperatures. However, implementation of TAM event is a feasible means to avoid these consequences,
which justifies the widespread adoption of TAM in real maintenance of drums. This means that, it is prudent to make
total shutdown of the plant every 73500 hrs based on the most critical drums.

4. Conclusions

The purpose of the work was to present a framework to prolong the interval between TAMs of processing plants that
operate continuously under harsh conditions. This framework is divided into three stages; RBI of heat exchangers,
failure distributions, comparison of ER with TR to identify the most critical drums at processing industries. Results
showed that two of thirty two pieces of drums were identified to determine the optimum interval of TAMs at 73500
hrs every cycle TAMs based on production losses, damage of company assets and environmental issues resulting from
corrosion effect in the pressure drums. An increase of interval between TAMSs contributes in an improvement of
reliability and availability of a processing plant.

The proposed framework in this work can be implemented to any processing plant operated continuously under harsh
conditions, however, proper attention must be identified according to the most critical pieces of equipment which
cannot be inspected or maintained during the normal operation of a processing plant.
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Abbreviations

OEMs Original Equipment Manufacturers B Shape parameter

ER Estimated risk of system n Scale parameter

TR Tolerable Risk RBI Risk-Based Inspection
TAM  Turnaround Maintenance F(t) Unreliability Function
PL Production Losses R(t) Reliability function

AD Asset Damage h(t) Hazard rate

ED Environment Damage PoF Probability of Failure
CWo  Scope of Work CoF Consequences of Failure
CSE  Critical Static Equipment Rc Risk Criteria

ECPL Economic Consequences of Production Losses ECEI  Economic Consequences of Environment Issues
ECOA Economic Consequences of Operating Assets Damage
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