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ABSTRACT

Accident is one of the big issues that occur repeatedly in the process industries
today though there is numerous application of the variety safeguarding measures that
have been introduced. Equipment failure is identified as one of the root causes of these
major accidents. One of the established standards that address the above issue is
Mechanical Integrity (MI) element of Process safety Management System (PSM) 29
CFR 1910.119 (j). It is believed that most of the process industries already recognized
the standard but unavailability of effective technique to implement the PSM elements
had delay the implementation of this standard. This research study is conducted to
introduce a systematic technique to implement MI elements of PSM in process
industries to achieve high level of safety in workplace as well as to prevent any accident.
This study covered analysis of requirements of the standard, development of framework
and prototype tool as well as concept validation through case study from real process
plant data. Implementation of this technique will help employer to control the hazards
and minimize process hazards that could prevent major accidents such as fire, explosion

and toxic release and compliance with the PSM standard simultaneously.
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CHAPTER 1
INTRODUCTION

11 BACKGROUND OF STUDY

Most of the reported accidents in industries resulted from human factor. Humans
are the one who govern and accomplish all of the activities necessary to control the risk
of accidents. Human not only cause accidents (unintentionally) by making errors related
to the process itself, but they also contribute to error by creating deficiencies in the
design of the equipment and the implementation of management systems. Because of
that, it may contribute to the equipment failure and consequently lead to accident.
Process safety is all about controlling risk of failures and errors; the concern of
controlling risk is primarily about reducing the risk from human. All elements in Process
Safety Management (PSM) in return help to reduce the chance of human error or else
help to limit the impact of human error in order to prevent catastrophic releases of

hazardous substances that lead to any accident.

PSM standard has 14 specific interrelated management elements that need to be
implemented to prevent catastrophic releases of hazardous substances. These include
Process Hazard Analysis (PHA), Pre-Startup Safety Review (PSSR), Operating
Procedures (OP), Mechanical Integrity (M), Process Safety Information (PSI), and
Management of Change (MOC), Training, Hot Work Permit, Employee Participation,
Contractors, Incident Investigation, Emergency Planning & Response, Trade Secrets and
Compliance Audits. This project is focusing only on Mechanical integrity (MI) 29 CFR
1910.119(j) element of PSM. Though PSM has been introduced, in particular time, the
accidents still happen in the process industries. Deficiency in implementation of the Ml
element of PSM had contributed to the highlighted issue. Thus there is a need to develop
a systematic system for easy implementation of MI element in order to provide a safe

workplace in process industries.



1.2 PROBLEM STATEMENT

1.2.1 Problem ldentification

Unexpected thing never alarmed us. Many cases of unexpected releases of
flammable liquids and gases, reactive materials, and toxic in processes that involve
highly hazardous chemicals that killed workers and cause injuries have been reported for
many years. Regardless of the industry that uses these highly hazardous chemicals, there
is a possibility for an accidental release at any time if they are not properly managed and
controlled. In return, it creates the possibility of disaster. Before it brings in the

unwanted tragedy, prevention is better than cure.

PSM 29 CFR 1910.119 has been introduced in the process industries to ensure
the process facilities that have hazardous chemicals on site are operated safely.
However, a major challenge is unavailability of easy technique for industries to
implement PSM and comply with the requirements. PSM standard was not properly
understand and followed by employer. In addition the identified hazards information
was not accessible by effected personnel. Thus the implemented safety program was

misleading to control and minimize the hazards and risk within process plant.

1.2.2 Significance of the Project

This project is significant to assist the process industries in order to have a better
implementation technique of PSM in preventing the catastrophic accidents that lead to
loss of life, significant property loss, as well as damage to the environment. The
introduced well-structured technique hopefully can benefit the end users priority to the

safety at the workplace.



1.3  OBJECTIVE AND SCOPE OF STUDY

The objectives of the project are stated as below:

i. To analyze the requirements for Mechanical Integration (MI) 29 CFR
1910.119(j)
ii.  To establish framework of Ml
iii.  To develop prototype tool for easy explanation and implementation based on the
framework and model.

iv.  To conduct case studies for concept validation.

1.4  SCOPE OF STUDY

This project is a comprehensive research study about the development of Process
Safety Management System (PSMS) for implementation in process industries focusing
on the MI element of PSM. Analyze on the MI of PSM has been done through the study
of the requirements and identifying a necessary documentation. This is followed by
development of framework and model for the focused element. Then, the develop
concept is transformed into computer database prototype system. To prove the validity

of the system, case study is conducted using real process plant data.

1.5 RELEVANCY &FEASIBILITY OF THE PROJECT

The project is relevant to the process industries out there as the result that will be
yielded from this project can be utilized by the industries to enhance the safety
management system by implementing the introduced techniques approach to the
elements of PSM in order to reduce the frequency of accidents in the workplace and
perhaps to prevent the world's worst industrial disaster involving life of workers like one
that occur in Bhopal, India. It is believed that with a strong will, this project is able to

come into completion with a successful result.



CHAPTER 2

LITERATURE REVIEW

Major accidents have been defined as “an occurrence such as a major emission,
fire or explosion resulting from uncontrolled developments in the course of the operation
of any establishment and leading to serious danger to human health and/or the
environment, immediate or delayed, inside or outside the establishment, and involving
one or more dangerous substances” [1]. The recent major accidents or disasters that have
been reported include the 1984 Bhopal, India which resulting in more than 2,000 deaths;
the October 1989 Phillips Petroleum Company, Pasadena, TX incident resulting in 23
deaths and 132 injuries; the July 1990 BASF, Cincinnati, OH incident resulting in 2
deaths, and the May 1991 IMC, Sterlington, LA, incident resulting in 8 deaths and 128

injuries [2].

Definitely, there are the reasons behind all the accidents that happen in the
process industries. Most of the studies stated that the main factors that lead to major
accidents are equipment failure [3, 4] and human factor [5]. Figure 1 shows the
immediate causes of accidents notified to Major Hazards Bureau in petrochemical sector
for the 17 years period from 1985 to 2002. It represented that equipment failure was the
major cause of the accidents with 44%. 40% of the major accidents notified have causes
either exclusively (19%) or partially (21%) attributed to human factor. Natural
phenomena like floods or thunderstorms and environment conditions like low
temperature or humidity were the 7% of causes either directly (3%) or in combination
with equipment failure (4%). In 9% of the cases, immediate causes have not yet been
defined [6]. Same figure which indicate that equipment failure contribute to the highest

factor in Petroleum industries is display in the Figure 2 [4].
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Figure 1: Immediate causes of accidents in the petrochemical industry for the period
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Figure 2: Different causes of failures leading to reported petroleum incidents

(1994-2009).

In response to the major accidents that repeatedly occur worldwide,
Occupational Safety & Health Administration (OSHA) has issued the Process Safety
Management (PSM) of Highly Hazardous Chemicals standard (29 CFR 1910.119) in
1992 to help ensure safe and healthful workplaces. PSM is known to be a collection of

management systems and their implementation with the purpose of controlling the risk
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of major accidents; PSM focuses on preventing the accidents that originate from process
hazards such as release and explosion of flammable gases or liquids, release of toxic,
etc. [7].

In addition, a major accident in an industrial plant or in the transportation of a
hazardous material is always originated by a loss of containment. The loss of
containment possibly due to the catastrophic collapse or the explosion of a tank, the
rupture of a pipe, a leak trough a flange, a hole or a safety valve, etc. [8]. Both
equipment failure and loss of containment related to one of the elements of PSM which
IS Mechanical Integrity (MI). MI is the programming implementation of activities
necessary to ensure that important equipment will be suitable for its intended application
throughout the life of operation [9]. OSHA believes it is important to maintain the
mechanical integrity of critical process equipment to ensure it is designed and installed
correctly and operates properly. There is a great advantage for industries to comply with
PSM regulation to prevent those accidents.

The PSM Standard states in 29 CFR 1910.119(j) (1) that the MI element is
applicable to the following process equipment: i) Pressure vessels and storage tanks , ii)
Piping systems (including piping components such as valves), iii) relief and vent
systems and devices, iv) emergency shutdown systems, v) controls (including
monitoring devices and sensor, alarms, and interlocks) and vi) pumps. The other 5 sub
elements of MI that should be address are written procedures, training, inspection and

testing, equipment deficiencies and Quality assurance (QA).

Nevertheless, the results of PSM audits show that Ml receiving a large number of
citations at most facilities which indicate that it has been a difficult element facility to
implement. In some cases, it has been the last PSM element to be fully addressed [10].
Chemical national emphasis program (NEP) has tabulated the most cited PSM elements
as in Table 1 below [11]. It shows that the MI element of PSM is the most frequently

violated. The data gives indication that inadequate technique was apply in the industry



which contribute to the violation of the MI element. It is undeniable that MI programs
have already existed in the process industry but there is some lacking where the
complete integrated MI management system programs that address all of the sub-
elements of MI cannot be achieved. Furthermore, the performance-based regulatory and
voluntary consensus of the MI element of the PSM standard presents their requirements
in very broad and hard-to-interpret language [12].

Table 1: Chemical national emphasis program (NEP) most frequently cited PSM
elements [11].

Element Description Percentage of Total Violations (%)
J Mechanical integrity (MI) 225
b Process safety information (PS1) 21.6
E Process hazard analysis (PHA) 17.8
F Operating procedures (OF) 121
5 Operator training 44
L Management of change (MOC) 4.3
H Contractors 35
0 Compliance audits (CA) 35
C Employee paricipation 3.0
M Incident investigation (1) 25
M Emergency planning and response 23
| Prestartup review 16
K Hot waork 0.7

Most of the industries attempt to enhance the MI program but the problem is
there is no proper technigue introduced to them to establish and implement the program.
For example, one case study has outlined the process used at the Super Octanos/ MTBE
for the development of a highly successful MI. The major goal of the initiative was to
develop an effective, reliable and practical mechanical integrity program in support of
the company's overall asset management objectives. However, they have faced the
major challenges which included the lack of existing guidelines for the development of a
mechanical integrity program [13].



Typically, there are systems that already existed in managing the MI program.
Computerized maintenance management system (CMMS) is one of the computer
systems that are being used to manage the MI program in the industries [9]. CCMS used
to accomplish the individual Inspection, testing and preventive maintenance (ITPM) task
and equipment repair and replacement task. Besides, CCMS also frequently used to
assist facilities with the QA of spare parts and maintenance material. Other additional
features of CMMS that helpful are failure coding, cost tracking and report generation. In
addition to the CCMS, there is other software that used to manage the aspect of Ml;
training management software, document management software and risk management

software.

Besides, a number of sophisticated methods have been developed for managing
the inspection program in the process industry since 1990s. These methods are known as
risk-based inspections (RBIs) [14]. RBI method estimates a risk value for each
equipment item resulting from the combination of the consequences of the failure and
likelihood of the failure. RBI also required an adequate risk analysis. It should be
implemented by a professional team and will not work well and not yield any advantage
if the personnel are unskilled. Unfortunately, RBI gives benefits to the major industries
only and not suitable to minor one since it is difficult to implement when there is
unskilled personnel and poor understanding and evaluation of the risks. Furthermore
CCPS 2006 [9] stated that RBI is not applied to other MI program activities.

The existent of systems in industries focus on certain sub-standard of the Ml
requirements only. Thus, a system that covers all the subs-standards in the M1 should be
implemented in a better way in order to comply with the PSM requirements since none

of the above tools cover all the requirements of M.



CHAPTER 3
METHODOLOGY

3.1 PROJECT ACTIVITIES

Assigned for project

Study the standard requirements of the element

Develop framework/ process flow based on the element

Develop model based on the framework

Develop prototype tool (FYP II)

Conduct case study for concept validation (FYP II)

Is the system
compliance
with PSM?




Stage | (Compliance with PSM standard)

Basically, the project is started with analyzing the requirements of the MI
element of PSM standard. Analyzing MI requirements of PSM is important to discover
the minimum requirements to comply with the MI standard. Once the requirements are
properly interpreted, the framework or process flow has been developed compliance
with the M1 of PSM regulation. The framework illustrates step by step process that need

to be perform according to the MI requirements.

Stage |l (Development of PSMS for M1)

A model has been created using Microsoft Office Excel that represents the
framework. Instead of Microsoft Excel, other computerized software which is Microsoft
Office Access has been used in development of the database prototype tool for easy
explanation of the developed concept and implementation of MI element. In this
research study, Piping & Instrumentation Diagram (P&ID) is used as the basis to
manage and trace the data related to MI. Using P&ID as an interface for this technique

also could enhance end users' acceptance since it is commonly used in a process plant.

Stage 111 (Concept validation of study)

A case study was conducted to optimize and verify the develop system. A prove
for the concept validation is required in encouraging the end users to implement this
system. To have more impactful results in validating the concept, the real data from the

process plant was used.

10



3.2 TOOLS REQUIRED

The main tools required in completing the project are as the following:

i.  Microsoft Office
This software is used to present the framework and for the purpose of report

writing.

ii.  Microsoft Office Excel
This software is used for the development of the model as the main interface

according to the framework/ process flow of the Ml element.

iii.  Microsoft Office Access
For the purpose of the database prototype system development, this software has
been applied and used instead. This software is more practicable as it can import
or link directly to data stored in other applications and databases. It is also
flexible as it enables any changes for latest information provided by the end

USers.

11



3.3 GANTT CHART & KEY MILESTONES

For Final Year Project I (FYP 1), the main activities are focusing on the searching for related resources for PSM
implementation. Other than that, it is aiming on the 2 objectives of the project which are analyzing of the requirements of M1
PSM as well as development of framework and the model. Table 2 shows the suggested milestone for the first semester of Final

Year Project.

Table 2: Gantt chart for semester 1

Activities / Week

First meeting with coordinator and
supervisor

Preliminary research work
(background, literature review,
methodology)

Submission of Extended

Proposal Defence

Proposal Defence

Analyze the requirements of the
MI element

Development of framework and
model for Ml

Submission of Interim Draft
Report

Submission of Interim Report

Mid semester break

12



For second semester, the project is more details on developing the prototype tool using Microsoft Access and concept
validation through the case study conducted from real process plant data. Table 3 represents the Gantt chart for second

semester.

Table 3: Gantt chart for second semester

Activities / Week

Develop prototype tool
using Microsoft Access

Collect industrial data

Validate case study

Submission of progress
report

Project work expansion
e Analyze case study
e Optimize prototype

Pre-EDX

Submission of draft report

Submission of dissertation
(soft bound)
Submission of technical

paper
Oral presentation

Submission of project
dissertation (hard bound)

Mid semester break

13



CHAPTER 4

RESULTS & DISCUSSION

4.1 REQUIREMENTS FOR MI OF PSM

PSM standard has outlined 6 sub-elements of MI that need to be applied by
process industries in managing the ongoing integrity of the industries. Table 4 shows the
requirements of the MI element.

Table 4: Requirements of Mechanical Integrity (M) element based on Process Safety
Management (PSM) standard

Sub — elements Requirements
Application - Apply to:
CFR 1910.1199 (j) (1)(i-vi) i.  Pressure vessel & storage tank

ii.  Piping systems

iii.  Relief and vent systems and device
iv.  Emergency shutdown systems

v.  Controls (alarm, interlocks)

vi.  Pumps

Written procedures - Should be established and implemented by
CFR 1910.1199 (j) (2) employer to maintain on-going integrity.

Training for process - Employer shall train each employee involved in
maintenance activities _
o an overview of that process

o its hazards

o Procedures applicable to job task
to assure that the employee can perform the
job tasks in a safe manner

CFR 1910.1199 (j) (3)

14



Inspection & testing

CFR 1910.1199 (j) (4)(i-iv)

Should be performed on process equipment
Procedures follow RAGAGEPs

Consistent frequency of inspections & test
Proper documentation

1) Date of inspection

2) Inspectors name

3) Serial no. of equipment

4) Inspection methods

5) Inspection results

Equipment deficiency

CFR 1910.1199 (j) (5)

Correct deficiency before further use or in a safe

and timely manner

Quality assurance

CFR 1910.1199 (j) (6)(i-iii)

In the construction of new plant/equipment,
assure that equipment as it is fabricated is
suitable for process application.

Appropriate check and inspection performed
during installation.

Assure maintenance materials, spare parts and
equipment suitable for process application

15




4.2 FRAMEWORKS FOR MI OF PSM

4.2.1 Compliance with Mechanical Integrity (MI) 29 CFR 1910.119(j).

The frameworks of the project indicate that the process flow that need to be
addressed in order to achieve the minimum requirements of the Ml element of PSM
standard. By having these frameworks, they provide a correct pathway for the
development of model or prototype of the proposed technique. The framework in Figure
3 summarized the important information and strategy necessary to implement Ml as
required by CFR 1910.119(j).

As refer to the framework of MI implementation strategy, for the first step we
need to check the application of the process equipment. Then, the equipment has to be
identified whether it is existing or new equipment. For the existing equipment it has to
follow CFR 1910.119(j) (2) until CFR 1910.119(j) (5). Meanwhile for new equipment, it
has to pass the Quality Assurance requirement first before it can be installed in the plant.
For the next cycle or next inspection, it has to undergo the same process as existing

equipment.

16



Check application of process equipment CFR 1910,119(j) (1) (i-vi) covering:
(i} pressure vessel & storage tank

(ii}) Fiping system

[iii) Relief and went systems & devices

[} Emergency shutdown systems

(v} Controls
[wi) Pumps
]
Existing equipment l Mew equipment (&

v

Upd ate/review Cuality Assurance [0A) CFR
1910.115 (j) (&) (i-ii) covering:
i) Assure that equipment as fabricated is suitable
for process application
(i) Appropriate check and inspection performed
(iiiy Assure maintenance materials, spare part and
equipment are suitable for process application

'

YES

Is QA acceptable?

Is I written procedure
available?

Develop M1 written
procedures
CFR 1910.11%9 (j) (2)

Update/review training for
process maintenance activities to €
employees CFR 1910.119 (j) (3)

Vi

Update/ review inspection & testing involved CFR 1910.119 (]} (4) (i-v) covering:
(i) Parformed on process equipment

(i) Procedures follow RAGAGEPs

[1ii) Freguency shall consistent with manufacturers’ recommendations

(iv) Each inspection and test performed shall be decumented.

15 frequency fulfilling
the recommendaticns?

Update/ review equipment
deficiencies CFR 1910.119 (j) (5)

NC Is the equipment in
good condition?

YES

Figure 3: Framework of Mechanical Integrity (MI) Management based on CFR 1910.119 (j)
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4.2.2 Using P&ID as Foundation for Data Management

P&ID is used as a foundation in managing and tracking the data for the concept
validation of the MI implementation. For the ease of accessing the required data, the
P&ID is divided into several nodes. The node is divided into the intended function of the
unit. In the node itself, there will be several equipment or streams that need to be
considered. Choose an equipment or stream and then perform the MI program. Once the
information regarding the equipment or stream within the selected node has been
reviewed or updated, the end users might choose another node. This process will
continue until all nodes in the P&ID are completed.

The significant of using P&ID is that it prevents missing of data or MI program

for the related equipment. Figure 4 shows the frameworks on how to apply or utilize
P&ID in managing the MI element within the process plant.

18
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Figure 4: Framework of Mechanical Integrity (MI) using P&ID as a basis for the study.
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43 CASE STUDY

For Final Year Project Il (FYP Il), the work continued with the development of
prototype database management system named Mechanical Integrity Management
System (MIMS) using Microsoft Access. For concept validation and demonstration, 2
case studies have been conducted utilizing real process plant data from refinery X

involving existing and new equipment.

4.3.1 Case Study 1: Activated Carbon filter (V-5)

For demonstration, a case study for Activated Carbon Filter (V-5) using MIMS is
illustrated. As referred to Figure 4, the P&ID is divided into several nodes according to
design intention. Figure 5 shows the selected nodes for this case study, which consist of
Activated Carbon Filter (V-5). The function of the V-5 is to remove free chlorine or
organic compound in the water from the Feed Water Buffer Tank (T-5). The organics
should be removed from the water to prevent common organic acids from reacting with
the chlorine to form trihalomethanes which is a class of known carcinogens. The outlet

of the filter will undergo another step of treatment before being used or discharged.

20
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Figure 5: Part of overall P&ID diagram showing the Activated Carbon Filter (V-5)

21



4.3.1.1 Ml application 29 CFR 1910.119(j)(1)(i-vi)

Under 29 CFR 1910.119(j)(1) provision, MI element is applicable to 6 process
equipment including pressure vessel and storage tanks, piping systems, relief and vent
systems and devices, emergency shutdown systems, controls, and pumps. However,
when the standard mentions pressure vessels and storage tank, it no doubt that it
included much more. Surely the standard means to include reactor, filters, furnaces,
boilers, other heat exchangers, knock-out pots, and other smaller miscellaneous
containers common within the industry though they were below 15 psig (104 KPa
gauge) or not a storage tank [15]. Hence, the prototype has included the name of
equipment as well as the equipment code as there would be different equipment under
the designated sub-standard. Figure 6 shows the MI Application interface for MIMS

which includes ‘Sub-standard’, ‘Application’, ‘Equipment name’ and ‘Equipment code’

columns.

M1 application is the main interface for the MIMS since it is the first requirement
that needs to be checked regarding MI of the PSM. In this case, Activated Carbon Filter

with tag no.V-5 is categorized under Pressure vessel and storage tank, thus it is obliged to
comply with 29 CFR 1910.119(j)(1)(i).

@' H [z MIMS : Database (Access 2007) - Microsoft Access o @

Home  Create  Edernal Data  Database Tools Fields ~ Table b @
Al | ZJ Miapplication 5
5enl 0 Sub-standard Application ~  Equipmentname - Equipmentcode - 4

T4 1)(i)  Pressure vessel and storage tanks Activated Carbon Filter V-5

B

29CFR 1910.119 (j)(1)(ii) Piping systems

4 29CFR1910.119 (j)

I
il
I

29CFR 1910.119 (j)(1)(iii) Relief and vent systems and devices

29CFR 1910.119 (j)(1)(iv) Emergency shutdown systems

29CFR 1910.119 (j)(1){v) Controls (monitoring devices, sensor,alarms,interlock etc.

L 29CR1910.119()(1)(vi) Pumps -
4 |Record: 4 4 70f7 H { No Filter | Search

Datashest View Num Lock | (B & @ 4

O e e =

Figure 6: MI Application in MIMS for V-5
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In MIMS, MI data management is comes afterward once MI application is
determined. This is to make sure that the process equipment satisfies the entire
requirement of the PSM standard. Based on the framework of structured technique in
Figure 3, it is possible that all the sub-standards of MI can be assessed and monitored
easily using data captured through computerized system that can be stored in a
centralized database. MI Data management interface shows the overall status of the
compiled data of selected node. Figure 7 illustrates the MI data management interface
which consists of ‘Sub-standard’, ‘Description’, ‘Complete’, ‘Incomplete’ and

‘Remarks’ column.

@' =] |= MIMS : Database (Access 2007) - Microsoft Access = | B %
Home Create External Data Database Tools Fields Table @ @
Al .. |f| MI data management X
Sea O Sub-standard v Description » | Complete « Incomplete - Remark -
Ta~ |29CFR1910.119 (j)(2) Ml written procedures
2 B
B 29CFR 1910.119 (j)(3) Ml training Data for training not completed (gap)
- a
= 29CFR1910.119 [j)[4)(ivi] MIinspection & testing
- O
= 29CFR 1910.119 (j)(5) Ml equipment deficiencies Mot applicable. No defect/ deficiency found
_ 0 during inspection performed.
= 29CFR 1910.119 (j)(6){i-iii) Ml guality assurance {QA Not applicable since V-5 is existing equipment
= M|
4/M |Record: 4 4 6ofb H | Search 1 »
Datasheet View | Num Lock | i i 8

Figure 7: MI data management in MIMS for V-5

In this case, only one out of six sub-standards of Ml is not complying due to data
for training is not completed. If the sub-standards are complying as outlined by PSM,
end users can hit the ‘Complete’ column and otherwise they can tick in ‘Incomplete’
column with the issue as refer to ‘Remark’ column. From here, the gap that hinders the
compliance to the standard is identified and further action can be initiated in order to
comply with all the MI requirements. It shows that this systematic checklist system
capable in identifying the gap and the end users would always be alerted of insufficient
M1 information that need to be compiled to ensure the accomplishment of hazards

control and risk reduction program.
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4.3.1.2 MI Written Procedures 29 CFR 1910.119(j)(2)

M1 procedures should be written in adequately detail in order to maintain the on-
going integrity of process equipment throughout its life span. Procedures must be there
to control overwhelming safety critical systems. Before the system can be taken out of
service for any length of time, there must be appropriate authority, communication and
detailed contingency planning to avoid any unwanted accident happen [15]. MI written
procedures can be managed by allocating respective personnel to provide the procedures
document sheet for easy reference to employee in handling any MI activity in the
process plant. Figure 8 shows the MI written procedures in MIMS consists of
‘Document name’, ‘Document no.’, ‘Review date’, ‘Verified by, ‘Evidence location’,

‘Complete °, ‘Incomplete’, ‘Remarks’, ‘Action by’ and * Due date’ columns.

‘Document Name’, Document no.” and ‘Review Date’ in conjunction with
‘Verified by’ information are needed to ensure the accuracy of the documented
procedures. The written procedures have to be reviewed so that the latest or updated
procedures are kept on the track for affected employees, PSM team reference and
auditing purpose as refer to ‘Evidence location’ column. The end users ensure
completeness of written procedure through ‘Complete’ and ‘Incomplete’ checkboxes.
These columns are important as they specify which task is yet to be completed and
therefore requires further action to be taken. For any incomplete tasks, the solution is to
assign the qualified person to provide the required data through the ‘Action by’ and
‘Due date’ columns. Therefore the tasks is properly monitored and completed within the

given time.

In this case, MI written procedure for vessel is located at C:\MIMS\Database\V-
5\20511 Guideline_Pressure_Vessel.doc. Basically this document explained the need
for the inspection, testing, and maintenance of pressure vessels as established by

recognized and generally accepted good engineering practices (RAGAGEPS).
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@Microsoftl\ccess-MIMS:Database[AccessZOUT] o8 X

Al =] Miwiten procedures ;
g0 Documentname - Documentno - Reviewdate-  Verifiedby | Evidencelocation - Complete - Incomplete « Remarks - Actionby - Duedate - 4

Taa CEouipmentguideline  PSMAMRIOSIL  4/21/2014  Head Asset ntegrity C:\MIMS\Database\V-

== forpressure vessel (Is5ue no. 1) Management (AIM) 5120511 Guideline fr

_lv inspection and testing Department  assure Vessel.doc v
M Record M 4 20f2  » M| Search { 4
Datashest View | Hum Lock || B & & %

Figure 8: Ml written procedure in MIMS for V-5.

4.3.1.3 Ml Training 29 CFR 1910.119(j)(3)

Training is said to be an important ingredient of an effective MI program. By
having a proper and adequate training program, it ensures that only qualified personnel
perform MI tasks. Consistent training that assigned to the personnel is capable in
reducing the human errors that lead to catastrophic accidents. Each existing and new
hired employees should attend the training program to ensure the task is done in a
correct and safe manner. Once the MI training is conducted to the employees, evaluation
for the training should be performed to evaluate the skills/ knowledge gain by the
employees in handling any required task in the process plant. Training can be a
successful platform in determining the skill and knowledge areas required for

improvement.

By having this system, the end users can monitor the training required for
process maintenance for all the employees involved. It can be monitored by listing out
all the required trainings depend on the focus groups and trace all the attended and yet to
attend training for each employee. The interface of Ml training is displayed in the Figure
9. The first layer of the training interface consist of ‘Staff no’, ‘Name’, ‘Required
training by’, ‘Complete’, ‘Incomplete’, ‘Remarks’ and ‘Schedule’ column. ‘Required
training by’ column is filled with the position of the trainee and it is hyperlink to the list

of required training to that particular position.
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(A] Microsoft Access - MIMS : Database (Access 2007) e
p | Staffno - MName - | Requiredtrainingby ~ | Complete - Incomplete - Remarks -~ Schedule - =
Ta & 1000101 Rosdi Ariff bin Maintenance engineer - _ DRAPV and RBI not yet attended E
E Abdul Rahman
== 1000260 Che Omar bin Ayop Maintenance technician PVI and RBI not yet attended
’
Eﬂa /7 El
Record: [ <
4 seor @| Ha-0-|: / Table Tools MIMS : Database (Access 2007) - Microsoft Access [‘Elﬁu
Datasheet View /
File Home  Create Exterr;lﬁata Database Tools Fields  Table v 9
P Requirement - List of training ~ | Approved by - Evidence location -~ Complete = Incomplete - Frequency - Remarks - N
Tah.. |ProcessOverview Overview of Boiler Feed Water System Manager  C:\MIMS\Database\Training\Mainte When new process
= (OBFWS) nance Technician\Process added orthree
QOverview\OBFWS.doc years, which ever is =
= less
B |
B |
5 | Related hazards  SOP of activated carbon filter (V-5) (SOP- Manager Annually No document
m | V5), Environmental Accident Spill Control for training
(EASC),Permit to Work (PTW), Energy conducted
=l isolation {LOTO), Authorised Entrant &
H Stanby Person (AESP), Authorised gas
m | tester (AGT)
g | |Mechanical Pressure Vessel Inspection (VPI) , Risk- Manager  C:\MIMS\Database\Training\Mainte When new Not all the
integrity and Based Inspection (RBI) nance Technician\Mechanical procedures are documents
Maintenance Integrity and Maintenance issued or old for training
procedure Procedure'Risk Based Inspection procedures are conducted
Methods.ppt revised available
4[> Record: 4 4 4of4  + M| FNoFilter | Search [4] [ | [
Datasheet View | NumLock |8 & %

Figure 9: Ml Training in MIMS for V-5
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Based on Figure 9, list of training tab consists of ‘Requirement’, ‘List of
training’, ‘Approved by’, ‘Evidence location’, ‘Complete’, ‘Incomplete’, ‘Frequency’
and ‘Remarks’ column. This tab is to manage what kinds of training needs to be
attended by affected employees and the materials of the trainings have to be available in
‘Evidence location’ for the ease of managing the training process. PSM has outlined 3
category of MI training to maintain the mechanical integrity of the equipment. The
category of the training is listed in the ‘Requirement’ column. The trainings are divided
into Process Overview, Related Hazards and Mechanical integrity and Maintenance
procedure. Since there are several trainings organized for each category, the function of

‘List of training’ column is to identify the related training to that specific category.

For demonstration, list of training for maintenance technician is tabulated in
Figure 9 as referred to Maintenance technician tab. Generally, training related to Process
Overview involved plant process and chemistry. The training need to be refreshed when
the new process is added or every three years, whichever is less. For Related Hazards,
the scope of the training covers hazard exposure and control measure, personnel
protective equipment, emergency response and basically related to Health, Safety &
Environment Management System (HSEMS) training. Some of the training needs to be
revised on annual basis according to the plant practices. For Mechanical integrity and
Maintenance procedure, it covers overview of MI program, detail M1 procedures and
specific procedures for the performance of MI. For this plant, all these trainings are

refreshed when new procedures are issued or existing procedures are revised.

In this case study, some of the documents for the training organized to the
maintenance technicians are not available. This system helps to discover the identified
gaps for training element using the checklist method. Once the gaps are identified, the
end users can overcome the gaps by providing all the documents so that the training
program are effectively conducted and easily meet its objectives. Besides, availability of

all this documents in the system helps to ease the MI auditing process.
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According to 29 CFR 1910.119(j)(3), the employer should train each employee
involved in maintaining the on-going integrity of the equipment. Hence, MIMS is
designed to trace all the training needed for every each employee as shown in Figure 10.
MI documentation interface consists of ‘Attended training’, ‘From date’, ‘To date,

‘Evaluation description’ ‘Evidence location’ ‘Remarks’ and ‘Refresh date’.

For this case, the compiled MI training information is assessed to one of the
maintenance technician. Overall status of attended the required training is directly
identified from checkbox system and lacking of accomplishment is noted at ‘Remarks’
columns. He has another two mandatory training need to be completed including
Pressure Vessel Inspection (PVI) and Risk- Based Inspection (RBI) trainings. For any
incomplete training, the employee should be prohibited to attend any equipment by
himself to avoid any unwanted accident happen. The ‘Schedule’ column in Figure 9
functioned to inform the affected personnel on the date of training to be attended. By
having the schedule embedded within the MIMS, problem of absenteeism due to

overlook of the date of training can be prevented.

The proof of the attended training is compiled and tracked as refer to ‘evidence
location’ column either in softcopy or hardcopy version. The training documentation for
staff no. 1000260 is referred to Figure 10. Out of 7 attended trainings, only 3
documentations are available. Figure 11 shows Standard Operating procedure (SOP)
evaluation and certification for Authorised Entrant & Stanby Person (AESP) and
Authorised gas tester (AGT) is shown in Figure 12. The 'Refresh date' column in the
training documentation of MIMS in Figure 10 makes the planning process easier by
providing the latest update on attended trainings. Then, the training scheduler can
automatically refer to the refresher date to plan and create training schedules for each

employee.
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v-lv

MIMS : Database (Access 2007) - Microsoft Access

BIE)

Home Create External Data Database Tools Fields  Table W 9
Al muairing\I\E Maintenancetecnnman\ X
p Staffno = Name Required trainingby + | Complete ~+ Incomplete « Remarks = Schedule ~ ClicktoAdd - -
b 1000101 Rosdi Ariff bin Maintenance engineer DRAPV and RBI not yet attended
=l Abdul Rahman O
=l 1000260 Che Omar bin Ayop  Maintenance technician a PVI and RBI not yet attended
B |
= | Attended Training - Fromdate -| Todate - Evaluation description - Evidence location + Remarks - |Refreshdate « |+

Overview of Boiler Feed 4f9/2012 4/9{2012 8/26/2015
=1 Water System (OBFWS)
=) SOP of activated carbon af23/2012  4/23/2012 RefertotheSOP  C:\MIMS\Database\Training\Maintenance =
= filter (V-5) (SOP-V3) evaluation Technician\1000260\50P evaluation.docx
=) Environmental Accident 7/9/2012 7/9/2012
=l Spill Control (EASC)
= Permit to Work (PTW) 8/15/2012  8/15/2012
Energy isolation (LOTO) 8/16/2012 g/16/2012
Authorised Entrant & Stanby ~ 9/3/2012 9/4/2012 Refer to certification  C:\MIMS\Database\Training\Maintenance Refreshtraining  8/25/2014
Person (AESP) given to the employee  Technician\1000260\AESP & AGT cert.docx  every 2years
Authorised gas tester (AGT)  10/3/2012 10/4/2012  Referto certification  C:\MIMS\Database\Training\Maintenance Refreshtraining  9/24/2014
given tothe employee  Technician\1000260\AESP & AGT cert.docx  every 2years ==
4| F|Record: M 4 3of8 H [ Mo Filter | Search
Datasheet View | Num Lack |ﬁ @

Figure 10: MI Training documentation in MIMS for V-5
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Other

Figure 11: Evaluation on Standard Operating Procedure (SOP) Training




Figure 12: Sample of ‘Certification for Authorised Entrant & Stanby Person
(AESP) and Authorised gas tester (AGT)’
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4.3.1.4 Ml Inspection & Testing 29 CFR 1910.119(j)(4)(i-iv)

Referring to the framework in Figure 3, there are several sub-standards of MI
inspection and testing that need to be fulfilled in order to comply with the PSM standard.
Figure 13 shows the interface of MIMS for inspection & testing with ‘Sub-standard’,
‘Requirement’, ‘Description, ‘Evidence location’, ‘Complete’, ‘Incomplete’, ‘Remarks’,
‘Action by’ and ‘Due date’ columns. The listed sub-standards CFR 1910.119 (j) (4)(i-iv)
in this interface provide guideline to end users about important information that need to
be compiled. MIMS gives flexibility to the end user on how they would carry out the
inspection and testing to the equipment as long as they comply with the standard by
performing the inspection on process equipment, procedures of the inspection followed
RAGAGEPs, frequency of the inspection and test consistent with manufacturer
recommendations and RAGAGEPs and last but not least each of performed inspection is

documented as described in the ‘Description’ column.

In this case, all four sub-standards of MI inspection and testing for V-5 complies
with the PSM requirement as indicate by the ‘Complete’ checkbox. ‘Action by’ and
‘Due date’ columns work similarly like in other interfaces as to convey solution for any
incomplete  tasks. Inspection Reference Plan document is located at
C:\MIMS\Database\V-5\Inspection reference plan.pdf stated that the inspection and
testing is carried out to the filter which categorized under pressure vessel and storage
tank process equipment. The Reference Plan for V-5 is illustrated in Figure 14. The
procedure for the inspection follows the established Internal Technical Standard (ITS) of
plant X which is one of the RAGAGEPs.

The frequency of the inspection is following API 510 for internal and external
inspection. According to API 510, the period between internal inspections shall not
exceed one half of the remaining life of the vessel or 10 years, whichever is less
meanwhile the interval for external inspection does not exceed the lesser of 5 years or
the required internal inspection. The frequency is believed to be consistence with the

RAGAGEPs as the previous inspection is done for about 2 %2 years beforehand which
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means that it is still not exceeded the recommended interval. On the other hand, the
inspection and testing is documented in title ‘Inspection Report Summary’ which
available at C:\MIMS\Database\V-5\Inspection report summary.pdf as shown in Figure 15
and Figure 16 respectively.

r@‘ lﬂ d i MIMS : Database (Access 2007) - Microsoft Access | — ‘ B ﬁ‘
Home Create External Data Database Tools Fields Table @ e
Al |ﬁ Mlinspection & testing X
Seq 2 Sub-standard - | Reguirement - Description - | Evidence location - Complete - |Incomplete - | Remarks - | Action by ~ |Due date - |+
| Tala 29CFR1910.119 Performed on Refer to inspection  C:\MIMS\DatabaselV-
= (j)(4)(i) process equipment reference plan  5\Inspection reference ] L
- plan.pdf 1
| 29CFR1910.119 Procedures Refer to PTS C:\MIMS\Database\V-
= (iMapii) followed RAGAGEPs standard 5420511 Guideline Pre [l
=R ssure Vessel.doc
B 29CFR1910.119  Frequency shall Referto inspection  C:\MIMS\Database\V-
= (i) (4 (iii) consistent with reference planand 5\Inspection reference [
_ manufacturer's API510 plan.pdf
_ 29CFR1910.119 Eachinspectionand Referto inspection C:\MIMS\Database\V-
) (j)(a)(iv) test performed shall  report summary S\Inspection report ]
Ev be documented summary.pdf -
L Record: 4 4 50f5 M { Mo Filter | Search 1 1] 3
Datasheet View | Num Lock |ﬁ i

Figure 13: Ml inspection & testing in MIMS for V-5
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on (mem) [Sheil 1903 Head : 9.0
i) b Logend : N = Negligible, L = Low, M = Medium, MH = Medium High, H = High and E = Extreme
Damage Mechanism Strategy Table Focus Area
Mode /L CL 5101 |Genecal Corrosion .72 Shetl
Deterioration
NDT INSPECTION REQUIREMENT (ick if required)
Intervet Date METHOD (Tiek i required) [LOCATION E’ Dete METHOD (!
625 | 01082009 [MSUAL X s ewiin ss pic MiShickint CON: RepLICA TEST
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Figure 14: Inspection Reference Plan for V-5
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Mt INSPECTION REPORT SUMMARY
ASSET INTEGRITY MANAGEMENT DEPARTMENT
To : DOSH REPORT NO :
THROUGH : AIM TA TEAM LEADER PMT/PMD NO : MK PMT 1482
EQUIPMENT TAG & DESCRIPTION : V5 Activated Carbon Filter Internal Inspection

+ CF Renewal m External Inspection

Reason for

EXTERNAL VISUAL INSPECTION SUMMARY
DESCRIBE FINDINGS ON THE FIXED EQUIPMENT COMPONENT / ITEM CONDITION & PROBLEMS FOUND (if any). Provide sketch(es) where appropriate
START TIME: 1000 END TIME : 1100

v | Nameplate & DOSH Reg. No Condition No evidence of damage or abnormalities found

Protective Coating Failure (Specify)  Still intact with no evidence of failure

Foundation (Cracking, Settling, etc)  No evidence of crack or settling observed

v | Anchor Bolts No evidence of abnormalities found and still tight

v  Conduit, Cable, Hose Connections No evidence of losseness and still intact

Skirt Internal and External Condition

Fire Proofing Condition

Bottom Outlet Pipe No evidence of abnormalities found

¥ | Davit Support Evidence of general surface corrosion was observed

v | Reinforcement Pad, Weep Holes No evidence of abnormalities found

v | Flange Boltings, Flange Mate Ratings  No evidence of abnormalities found and flang mate rating

v | Flange Leak, Stain Mark No evidence of leak observed

v | Adjacent Pipes & Fittings No evidence of abnoramlities found

Vv | Pressure Gauges, Site Glass No evidence of leak observed

v | Handrails, Structural Attachment No evidence of abnormalities found

Insulation Damage, Broken Sealant

v | Shell External (Dent, Distortion, etc)  No evidence of dent or distortion

Rellef Valve, Clear Inlet Outlet Pipe

Zero Pressure on Rupture Disc

v | Dish Head (Top, N-S, E-W), Knuckle  No evidence of abnormalities found

v | Dish Head (Bot, N'S, E-W), Knuckle  No evidence of abnormalities found

Others (Please Specify)

B. NDT REPORT REVIEW SUMMARY  (To be filled up if pre-Turnaround or pre-Shutdown NDT data is available) - DESCRIBE FINDINGS & PROBLEMS FOUND
UTTM Others (Specify)
Other (Specify) Others (Specify)
C. REQUIREMENT FOR REPAIR EWR / WORK ORDER NO ISSUED PROCEDURE NO
Please update the status of issued EWR(s) / Work Order(s) and QAQC | [
results in Section 'J' | [ J
D. RECOMMENDED ACTION(S)
1. To perform maintenace painting as per PTS for item no. 9
2.
| HEREBY CERTIFY THAT THIS IS A TRUEREPORT AT TIME OF 2 AN
INSPECTION MOHD 1ZWAN'XI AHMAD AZMIR B. N ‘llh'\f.l[l AMIN -
Pt !
. OHP. NIZAM OMAR

(STAMP, SIGNATURE)

hsset Integity Management

REVIEWED
(STAMP, SIGNATURE, DATE)

DATE 14/10/2011

PREPARED BY : MIHA (STAMP, SIGNATURE, DATE)

VESSEL

INSPECTION REPORT SUMMARY o REACTOR
ASSET INTEGRITY MANAGEMENT DEPARTMENT

AlM-1 Form

E. PRE-CLEANING INSPECTION SUMMARY DESCRIBE FINDINGS ON THE CONDITION & PROBLEMS FOUND (if any). Provide sketch(es) as appropriate

Tiex [ ECTION START TIME: 1000 ENDTIME: 1030 Repair Required?
3. [: ] F.E Pre-cleaning Condition, Anomaly  Yellowish layer covered on internal shell I Y ] N ]
. [] Evidence of Deposit, Sample Taken I Y [ N ]
F. REQUIREMENT FOR REPAIR EWR / WORK ORDER NO ISSUED PROCEDURE NO
Please update the status of issued EWR(s) / Work Order(s) and QAQC | | |
results in Section 'J' | | |
G, RECOMMENDED ACTION(S)
1. Proceed Cleaning
2.
il
| HEREBY CERTIFY THAT THIS IS A TRUE REPORT AT TIME OF AZMIR B. N I'l:"-fj".l‘? AMIN (
INSPECTION 04D QUAH O 7
A Mo /Nizam OMAR
ul

1 [
Asset Infhgrit
APPROVED

(STAMP, SIGNATURE, DATE)

(STAMP, SIGNATURE)

snagement DET
REVIEWED
(STAMP, SIGNATURE, DATE)

T
DATE 1571072011

PREPARED BY : HMD

H. AFTER-CLEANING INSPECTION SUMMARY DESCRIBE FINDINGS ON THE CONDITION & PROBLEMS FOUND (if any). Provide sketch(es) as appropriate
STARTTIME: 1130 ENDTIME: 1245 Repair Required?

Sign of scratch mark noted at flange face with length 100mm and 0.5mm depth vid)

BI
@]

8. [/ l Dish Head Internal (Bottom, N-S, E-W) General corrosion was noted near flange face suspected due to paint failure, Other part still in good l y } N I

Manhole Gasket Face, Inner Bore

Generally internal part covered with internal coating. Sign of paint blister noted at some area.

_I Shell Plate Internal Condition

( please refer photos report for detail )

2. {/ | Dt Head ntermal(Top, 5, EW)  Sign of paint blster . Other part sl in good conditon.

condition

Shell Longitunal Welds, HAZ Seen still intact with no sign of abnormalities observed

Shell to Head Welds (Top, N-5, E-W)  Seen still intact with no sign of abnormalities observed Y @
Shell to Head Welds (Bot, N-S, E-W)  Seen still intact with no sign of abnormalities observed Y @
Liquid / Vapor Level Corrosion YN
Cladding / Lining (Coating) Condition  Paint blister noted on internal shell ( please refer photos for detail ) Y @
Clad-Non Clad Interface Condition vi| ®
Nozzle Welds & Inner Bore In satisfactory condition Y @
Demisters, Filters, Screens, Grids Mushroom and nozzle plate still intact and secured position. Y d
Impingement Plate YIN
Vortex Breaker In good condition. Sign of hard scale was noted covered at bolt & nuts area Y
Distributor Pipes In satisfactory condition. Sign of paint blister noted at external pipe. Y m
Spargers, Injection Pipe YN
COLUMN

al Top Tray Surface YinN

2| | sottom Tray Surface YiN

4. Tray Collapse, Distorted, etc (Qty) YiN

Figure 15: Parts of Inspection Report Summary (a) for V-5

35




ASSET INTEGRITY MANAGEMENT DEPARTMENT

Awifen  INSPECTION REPORT SUMMARY

DESCRIBE FINDINGS ON THE CONDITION & PROBLEMS FOUND (if any). Provide sketch(es) where appropriate

A1 Form Jabatan Pengurusan Integriti Asset,

LAPORAN PEMERIKSAAN JKKP

NO PERALATAN

NO PENDAFTARAN

PERIHAL PERALATAN

TARIKH PEMERIKSAAN
PERALATAN BARU
PEMBAIKAN
PEMBAHARUAN PERAKUAN KELAYAKAN
PEMASANGAN

CATATAN PEGAWAI JKKP

= VT _Vapod) Y iewd-

~Whetdn Vopevh \avitind k do acdvn \use 0w

vlédw\wu,h’(‘\w: \7\A\ \{aa\‘\mwm-

'\\.\\WV\U\\ awd ex\uw\\ ‘w@\{u&\\w s Qﬂ&\s—%\cbm\

Repair Required?
44, Bubble Caps Missing (Qty) YIN
5. i Tray Support Rings, Clips YiN
46. ~ Chimney to Chimney Welds o L]
B Downcomers YiN
Reactor Center Pipes YIN
. Catalyst Transfer Pipes YIN
50. Scallops YIN
51, -~ Scallop Support Rings YIN
52. - Others (Please Specify) YIN
53, . A L
54. - YIN
I. NDT REPORT REVIEW SUMMARY  DESCRIBE FINDINGS AND PROBLEM FOUND (if any)
NDT REPORT NO FINDINGS NDT REPORT NO FINDINGS
Ut | AT -1 336 | N0 S R eant sl tet) oPT
uTFD weT
TOFD otHers [, (wYT-wu- ol N0 Ineli cnbora.
ucs OTHERS

DATE:

J. REPAIR & ALTERATION INSPECTION SUMMARY
EWR / WORK ORDER NO ISSUED PROCEDURE NO

DESCRIBE THE STATUS AND RESULTS OF REPAIR. Provide sketch(es) as required

Equipment / parts replaced? Briefly describe for Y |

ALTERATION DESCRIPTION RESULTS
ITP:
HT:

|:| Inspection and NDT Test reports (per ITP) reviewed and compiled NDT Report(s) No :

INSPECTED / REVIEWED BY (STAMP & SIGNATURE) :

DATE :

&

RECOMMENDED ACTION(S)
1. Maintenance painting on affected area ( please refer painting spec on IRP )

2

3.

4.

PEGAWAI PEMERIKSA JKKP

NAMA

T/TANGAN

TARIKH

AIM TURNAROUND AREA SUPERINTENDENT

TINDAKAN SUSULAN OLEH PIHAK PP(M)SB (jika ada)

| HEREBY CERTIFY THAT THIS IS A TRUE REPORT AT TIME OF
INSPECTION

HAFIZA ouu
(STAMP, SIGNATURE) Prarf ibsp:
Ast

MOHD“WAM OMAR

(STAMP, SIGNATURE, DATE)

Technica
DATE : 15/1942061
PREPARED BY : HMD

RESETIETY:
APPROVED
(STAMP, SIGNATURE, DATE)

NO| PERKARA EWR / M.O No
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Figure 16: Parts of Inspection Report Summary (b) for V-5




4.3.1.5 MI Equipment Deficiencies 29 CFR 1910.119(j)(5)

A deficiency is noted when an observed condition is outside the established

limits (acceptance criteria) that define equipment integrity. According CCPS, 2006 [9],
deficient equipment condition can be discovered; (1) during acceptance testing for new
equipment fabrication or installation, (2) during performing inspection, testing and
preventive maintenance activities, or (3) while measurements are taken when the
equipment is accessible during a repair. The equipment deficiency can be managed
effectively by allowing the following action to occur [16]:

I.  Identify deficient conditions

ii.  Ensuring proper responses to deficient

iii.  Communicating the equipment deficiencies to affected personal

iv.  Ensuring timely correction of deficient conditions
To illustrate the requirements, Figure 17 shows the equipment deficiencies interface in
MIMS for 29 CFR1910.119(j)(5) consists of ‘Status’, ‘Deficiency’, ‘Required Action’,
‘Action by’, ‘Verified by’, ‘Date assess’, ‘Date return to service’, ‘Complete’,

‘Incomplete’ and ‘Remarks’ columns.

‘Status’ column is created in the MIMS to distinguish in what mode the
equipment is whether in online or offline (shutdown) mode before proceeding with any
action. The MI equipment deficiency is also monitored by figuring out the deficiency of
the equipment during inspections performed and assigning the respective personnel to
correct the deficiency. Any action assigned to the employee should be verified by
qualified authorities in most of the cases is Engineer Manager. ‘Date access’ and ‘Date
return to service’ columns can notify the responsible personnel to ensure the equipment
is corrected and it is available to handover to the operation side or its normal service

within the specified time.

Based on the inspection report there is no abnormalities of V-5 that identified as
outside acceptable limit. According to this kind of situation, the end users can tick in

‘Complete’ column with remark as not applicable as shown in Figure 17.
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Figure 17: MI equipment deficiencies in MIMS for V-5

4.3.1.6 Ml Quality Assurance (QA) 29 CFR 1910.119(j)(6)(i-iii)

Quality Assurance (QA) considers the quality of equipment from the time it is
designed until the time it is taken out of service; for retirement or reuse [9]. QA
specifically refers to new equipment [17]. The QA can be addressed at various stages in
process life which means that it can be classified into three principals area; i) fabrication,
i) installation and iii) maintenance materials, spare parts and equipment [18]. Figure 18
shows the interface of MI Quality Assurance (QA) of MIMS with ‘Sub-standard’,
‘Requirements’, ‘Description’, ‘Evidence location’ and ‘Remarks’ columns. The 29
CFR 1910.119(j)(6)(i-iii) sub-standard in the interface act as guideline to end users

about vital action and documentation that need be done.

There are 3 sub-standards that needed to be fulfilled in managing the MI quality
assurance of new equipment. The listed sub-standards determined the requirement that
needed to be access to the new equipment so that they are suitable or acceptable to be
used for process application. In this case, V-5 is determined as existing equipment,
therefore there is no requirement to check for the QA as stated in framework in Figure 3.
Once the equipment is defined as existing equipment; means it is already in service for
any years, it does not has to go through QA but it needs to fulfill the other outlined Ml
sub-standards by PSM. QA is applicable only for new equipment that wishes to be
installed or introduced in the process industries. For this case, the end users will notified
the affected plant personnel by fill in the ‘Description’ column as not applicable with

remark V-5 is an existing equipment as demonstrated in Figure 18.
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Figure 18: MI Quality Assurance (QA) in MIMS for V-5

4.3.2 Case Study 2: Desalter Water Booster Pump (P-2)

Another case study was conducted involving Desalter Water Booster Pump with
tag no. P-2. P-2 is a centrifugal pump and it was designated to transfer liquid, inversely
with compressor as the medium is normally in the form of vapor or gas. In this plant, the
crude oil will undergo a refine process to remove salt from the crude oil through one of
the process unit called as desalter. In removing the salt, it needs to be dissolved in the
water in the crude oil. For the 2" stage of desalting, the water used is stripped sour water
from Sour Water Treatment Unit (SWTU), which is pumped by P-2 under flow control
in the Desalter Water Surge Drum, V-2. The discharged from the Pump P-2 will undergo
heat exchange before entering 2™ Stage Desalter, V-2-1. The study node in P&ID is

shown in Figure 19.

This case is the example of process application that fall under new equipment
category. Since it is categorized as the new equipment, it must covered 2 sub-standards
which is CFR 1910.119(j)(1) and CFR 1910.119(j)(6) (i-iii) highlighting process
application and QA respectively. However, for the next cycle of inspection, it has to
undergo the same process with the existing equipment and complete all the requirements

of MI element.
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Figure 19: Part of overall P&ID diagram showing Desalter Water Booster Pump P-2
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4.3.2.1 Ml Application 29 CFR 1910.119 (j) (1)

‘Pumps’ is included in the PSM-covered process application of 29 CFR
1910.119(j)(2)(vi) sub-standard. However ‘Pumps’ absolutely do not focus on the
pumps only. It includes all rotating machinery like compressors, fans, blowers as well
as agitators. Basically, the function of MI application interface is similar to the previous
case study (section 4.3.1.1) except the P-2 is grouped under ‘Pumps’ process
application. The interface for M1 application of the pump P-2 is shown in Figure 20.

il
|u|n|n|n|n|n#|a

4

0

29CFR 1910.119 (j)(1)(ii)
29CFR 1910.119 (j)(1)(iii)
29CFR 1910.119 (j)(1)(iv)
29CFR 1910.119 (j)(1)(v)
29CFR 1910.119(j)(1)(vi)

@4 5 MIMS_P-2: Databese (Access 2007) - Microsoft Access SRIC R
Home Create External Data Database Tools Fields Table bl @
All... | =] Miapplication b
p Sub-standard - Application - Equipment name - Equipment code +
| 29CFR 1910.119 (j}(1)(i)  Pressure vessel and storage tanks

Piping systems

Relief and vent systems and devices

Emergency shutdown systems

Controls (monitoring devices, sensor,alarms,interlock etc.

Pumps

Desalter water booster pump

Record: M 4 7of7

M

Search

Datasheet View

P2

»
Wum Lock || 6B i 4

Figure 20: Ml application in MIMS for P-2

4.3.2.2 Ml Quality Assurance (QA) 29 CFR 1910.119(j)(6)(i-iii)

The framework of MI management to fulfill 29 CFR 1910.119(j) in Figure 3 is
applicable for any equipment under specified process application. According to
framework, once the identified equipment is covered in one of the process application,
the next step is to justify whether it existing or new equipment. For this case, the pump
is categorized as new equipment. For any new equipment, it has to undergo QA check
before it can be installed in the process plant. Ultimately, this case study is to emphasize
more on QA as it is applicable for new equipment only and to show how interface for
QA works since it does not applicable in the previous case study. Figure 21 shows QA
interface of MIMS.
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and inspection jnspection.docx
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= fabricated is suitable for pump datasheet 2\QA P-2 datasheet.docx [ r
i process application
~1= | 29CFR 1910.113 (j)(6)(ii) Appropriate check and RefertoQA  C:\MIMS\Database\P-
K inspection performed pump check  2\QA P-2 check and O

spare partand equipmentare  part document 2\QA P-2 spare parts.docx (]
v suitable for process application for pump b
4| [Record: 4 4 40f4 H { Filter | Search 1 }
Datasheet View | Num Lock | & i &

Figure 21: MI Quality Assurance (QA) in MIMS for P-2

In this case study, all the QA requirements of the P-2 are comply with the PSM
requirements. The employers have the responsibility to ensure that the PSM-covered
equipment is designed, purchased, fabricated and commissioned properly and these
processes are controlled and documented for good. Generally, QA documents can be
obtained from the suppliers or manufacturers once the new equipment is bought. The
first QA requirement which is to assure equipment as fabricated is suitable for process
application was identified in P-2 datasheet. The documentation is located at
C:\MIMS\Database\P-2\QA P-2 datasheet.docx. Part of the document is disclosed in
Figure 22. According to the document, it stated that the P-2 is fabricated almost
completely same with the order specification and indicate that the pump is suitable for
process application for which it may be used.

In addition, appropriate QA check and inspection shall be performed as required
in CFR 1910.119 (j) (6) (ii). MIMS captured written information of check and
inspection, and spare part record for P-2. The information is stored at
C:\MIMS\Database\P-2\QA P-2 check and inspection.docx, and C:\MIMS\Database\P-
2\QA P-2 spare part.docx. as shown in Figure 23 and Figure 24 respectively. From the
data assessment it is found that the requirement is adhere to the PSM standard.
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4.3.3 Overall findings of case studies

Table 5 shows the overall findings of the case studies conducted at Refinery X
based on the MI requirements. It represents the identified gaps and actions to be taken
by the end users for every each of MI sub-standards starting from CFR 1910.119 (j) (1)
until CFR 1910.119(j) (6). From the table, it shows that only one of the MI sub-
standards of the company which is MI training CFR 1910.119 (j) (3) did not comply
with PSM standard. Details of the findings are presented in the Table 5.

Table 5: Overall findings of case studies

Sub-standard Reference CFR Gaps Action to be taken
MI process CFR 1910.119 None - Maintain to access MI
application (G) (1)(-1v) (comply) program to PSM-

related equipment
MI written CFR 1910.119 None - Maintain as per
procedures () ) (comply) practices
MI training CFR 1910.119 - Some documents - Provide documents of
G) (3) are not available the training conducted

- Incomplete - Provide schedule to
training the every employee so that

employees they are aware about
the training.
Ml inspection  CFR 1910.119 None - Maintain the inspection
& testing (G) (4)(i-1v) (comply) & testing conducted as
per practices
MI equipment  CFR 1910.119 None None
deficiency (G) (5) (comply)
MI Quality CFR None Maintain as per
Assurance 1910.119(3) (comply) practices
(QA) (6)(i-1i)
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CHAPTER 5

CONCLUSION & RECOMMENDATIONS

5.1 CONCLUSION

This present study introduced a structured technique for easy implementation and
management of mechanical integrity at a process plant in order to comply with MI 29
CFR 1910.119(j) requirements. The framework was developed as a guide for the
employer to manage the MI and determine the gaps and solutions in a systematic ways.
The technique uses P&ID as a foundation in tracking and managing the data as it
prevents missing of MI program perform to the related equipment since the P&ID

contain details of any equipment involved in the process plant.

MIMS is a developed prototype database management system based on the
proposed concept for easy implementation and explanation. Following all the systematic
approach as described in the system, the end users are capable to determine the gaps for
improvement in term of safety as well as for smooth plant operation. By knowing where
the weakness exists allows a facility to develop or address the greatest MI needs.
Implementation of this technique will help industries to ensure the equipment integrity
and control process hazards that could prevent major accidents such as fire, explosion
and toxic releases and compliance with PSM regulation. Besides, a well implemented
MI system ensures that the people, assets and surrounding environment are not adversely
affected by inadequate evaluation of hazards, threats and other potential undesired

events related to failure of facilities.
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5.2 RECOMMENDATIONS

For future recommendation, in upgrading the system, continuous research of Ml
program should be done within a longer time frame so that it provides more impactful
result to the system and discover full ability or strength of the system. Once the database
system is proven to be manageable by the end users, it can be implemented in process
industries as the best way to manage the M1 of the company in order to assure high level

of safety is practiced as intended and lead to no accidents.

Besides, other elements of PSM are encouraged to follow the introduced
technique used by MIMS in order to comply with overall PSM requirements. Last but
not least, to integrate the other 13 PSM elements into a centralized database system to
obtain complete integration of PSM program and completely prevent any hazards related
to the accidents in process industries.
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