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ABSTRACT

This report is prepared as the final documentation for the proposed final year project
entitled ‘Development of Process Safety Management Expert System (PSMES) for
UTP Mini Plant of High Gravitational Natural Gas Dehydration Unit’. Process Safety
Management (PSM) is a standard promulgated by the United States Occupational
Safety and Health Administration (OSHA) in 2000 intended to prevent major
accidents hazards from occurring. This standard comprises of fourteen (14) main
elements to manage the hazards associated with highly hazardous chemical (HHC).

The main objective of this research is to develop an expert system named PSMES
to be used in process plants and other companies which will ensure that they comply
with OSHA regulations and requirements. For this project, PSM elements are divided
into two (2) major categories; Process Flow Diagram (PFD) Elements and Block
Diagram (BD) Elements. The author chose UTP mini plant of High Gravitational
Natural Gas Dehydration Unit as the project case study. Furthermore, for this project,
the author is developing only 7 (seven) out of 14 (fourteen) PSM elements. These
elements are Process Safety Information, Training, Operating Procedures,
Management of Change, Hot Work Permit, Incident Investigation, and also
Compliance Audit.

The development PSMES utilizes tools such as Microsoft Visual Basic for
programming purposes. The concept of the system is initially represented by the

frameworks constructed in flow chart forms, designated for each element.

The results show how the expert system is executed using the approved frameworks
constructed earlier. The development of this PSMES is expected to assist the company

in managing its operation in an effective and convenient manner.
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CHAPTER 1

INTRODUCTION

1.1 Background

In the past 20 years, there are numerous major disasters happened including the
Bhopal incident in India which killed more than 2,000 human lives, followed by the
Phillips Petroleum Company, Pasadena, Texas in October 1989 incident which caused
in 23 deaths and 132 injuries. Although these major disasters involving highly
hazardous chemicals (HHC) drew worldwide attention to the potential for major
catastrophes, the public record is replete with information concerning many other less
notable releases of highly hazardous chemicals (HHC). Hazardous chemical releases
continue to pose a significant threat to employees and provide awareness drive,
internationally and nationally, for authorities to develop or consider developing

legislation and regulations to eliminate or minimize the potential for such events.

To prevent such unfortunate events from re-occurring, the U.S. Occupational
Safety and Health Administration (OSHA) has taken an initiative to issue the Process
Safety Management (PSM), a regulation which contains requirements for the
management of hazards associated with processes using highly hazardous chemicals

(HHC) to help assure safe and healthy workplaces.

PSM clarifies the responsibilities of employers and contractors involved in
work that affects or takes place near covered processes to ensure that the safety of both
plant and employees is considered. The standard also mandates written operating
procedures; employee training; prestart up safety reviews; evaluation of mechanical
integrity of critical equipment; and written procedures for managing changes. PSM

specifies a permit system for hot work; investigation of incidents involving releases or


http://en.wikipedia.org/wiki/U.S._Occupational_Safety_and_Health_Administration
http://en.wikipedia.org/wiki/U.S._Occupational_Safety_and_Health_Administration

Final Year Project (1) Final Report July 2009 Semester

near misses of covered chemicals; emergency, action plans; compliance audits at least

every three years; and trade secret protection.

PETRONAS, the national oil and gas company is the pioneer in assuring the
PSM implementation is being executed in Malaysia. PETRONAS recommends its
HCU/OPUs to apply PSM in every oil and gas production facilities, refineries, gas
processing plants, chemical plants, marketing facilities, or any other such facility, and

thereby to achieve maximum technical and economic benefit from the standardization.

1.2 Problem Statement

Nowadays, there are several companies that already implement PSM at their
work places. However, some issues arise pertaining on how to fully implement all the
fourteen (14) elements of PSM in a process plant and how to relate them to each other.
The current implementation of PSM is not feasible and user-friendly. This is because
for instance, a company tends to keep their important documents such as PFD, P&ID,
HAZOP report and training schedule in multiple locations and in multiple folders.
Therefore, it is tedious for an employee to search for the documents everywhere in the
plant if he or she were to use the P&ID and HAZOP report at the same time. In other
words, the documents are not being grouped based on the PSM elements they belong
to. By far, the current practice of PSM implementation does not fully involve all of its
fourteen (14) elements and there are still no tools that can integrate all the PSM
elements into one (1) practical and effective system where all the information of the
company is available at one time. This is the main reason of introducing the PSM
Expert System (PSMES) which will benefit not only the employees, but also the

employers, contractors, vendors and clients.
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1.3 Objectives and Scope of Study

The main objective of this project is to develop an expert system named PSMES to
be applied in process plants and other companies which will ensure that they comply
with OSHA regulations and requirements. However, the scope of the project is
narrowed in terms of the application whereby in order to demonstrate the effeciencies
of the system, the author selects UTP mini plant of High Gravitational Natural Gas
Dehydration Unit as the project case study. Furthermore, for this project, the author is
developing only 7 (seven) out of 14 (fourteen) PSM elements. These elements are
Process Safety Information, Training, Operating Procedures, Management of Change,

Hot Work Permit, Incident Investigation, and also Compliance Audit.

The work scopes of this project include constructing the concept of the expert
system by developing the selected framework for each PSM elements extracted from
OSHA regulation. Next is to develop the expert system by using the frameworks that
have been approved by the supervisor. The expert system that has been developed is
expected to demonstrate at least one working example for each category of PSM

elements.
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CHAPTER 2

LITERATURE REVIEW AND/OR THEORY

As stated in the Process Safety Management (PSM) publication by U.S
Occupational Safety and Health Administration (OSHA) in 2000, PSM comprises of

fourteen (14) main elements namely as follow '*):

Process Safety Information
Process Hazard Analysis
Operating Procedures
Employee Participation
Training

Contractors

Pre-Start-up Safety Review
Mechanical Integrity

Hot Work Permit

© 00 N o g bk~ wDhPE

=
o

. Management of Change

-
-

. Incident Investigation

[ERY
N

. Emergency Planning and Response

=
w

. Compliance Audit

H
S

. Trade Secrets

The standard mainly applies to manufacturing industries—particularly, those
pertaining to chemicals, transportation equipment, and fabricated metal products.
Other affected sectors include natural gas liquids; farm product warehousing; electric,
gas, and sanitary services; and wholesale trade. It also applies to pyrotechnics and
explosives manufacturers covered under other OSHA rules and has special provisions

for contractors working in covered facilities. 1!
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The following paragraphs are the citations obtained from various resources

regarding the weakness of current PSM implementation.

Blcurrently, the PSM standard is applied only to installations containing more than a
threshold amount or either flammable or toxic chemicals; the threshold is typically
10,000 pounds of flammables, usually somewhat fewer pounds of toxic chemicals.
Most of the time, installations used in process development activities fall below the
thresholds outlined in the PSM standard, so legally, strict adherence is not required.
Although the quantities of materials may be smaller than the OSHA thresholds, most
process development activities have the potential for serious injury or fatality, even if

the extreme numbers envisioned when the PSM standard was crafted are not possible.

“IThere are insufficient data due to incomplete record keeping. Some companies
began incorporating PSM as part of their culture many years ago. For some of these
companies, much of the labor and other cost data were not being tracked until

recently.

BIOSHA is experiencing similar "start-up” difficulties regarding enforcement of the

standard. Some of the more difficult challenges facing OSHA are listed as follows:

e consistent interpretation of the standard
e ashortage of trained and qualified inspectors
e ashortage of sufficient resources to conduct inspections

e complexity due to other state and proposed federal process safety regulations

“JA number of recent devastating process safety failures have been ascribed to poor

process safety management (PSM) systems, inadequate process safety culture, and weak
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corporate oversight. This has been validated by both the BP North American Refineries
Independent Safety Panel and the Hertfordshire Oil Storage Terminal Report.

[ISeveral problems commonly occur with companies attempting to meet the audit

requirements of the standard:

e auditing the PSM system is often a new experience for managers

e little guidance is available on specifically how to evaluate compliance

e even less guidance is available on how to evaluate effectiveness

e no commonly accepted ranking system is available to rate performance

e since the standard is performance-based, it is difficult to conduct an audit

unless specific goals have been set to measure performance against
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CHAPTER 3

METHODOLOGY/PROJECT WORK

3.1 The Development Process

In order to develop PSMES, the first task is to study and comprehend each PSM
element and note the OSHA regulations they should comply with. It is observed that
some of the PSM elements have connection with the other element. It is important to
ensure that there will be no redundancy occurs once the expert system is developed.
Next, the author proceeds with developing the concept of the expert system by
constructing the framework for selected PSM elements. This is the most vital task as
frameworks will be the back bone of the expert system. The frameworks are similar to
flow charts constructed from OSHA regulations of each PSM elements. The purpose
of constructing the frameworks is to demonstrate the engineering point of view on
how the expert system should operates without violating any OSHA regulations. Then,
the frameworks are to be reviewed and checked by the supervisor, AP Dr Azmi M
Shariff in order to clarify that they are valid to be executed into an expert system.
After making some adjustments and modifications, the frameworks are then approved
by the supervisor. Once the frameworks are approved, the author starts to develop the
expert system using computer programming aid. The following flow chart (Figure 1)

simplifies the process of PSMES development.
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Study and understand each PSM element and
the OSHA regulations they should comply with

Develop the concept of the tool by constructing the framework
for each PSM elements. The frameworks are ideas from
engineering point of view on how the tool should operates

Start to develop the tool using computer
programming aid to produce the expert system

Figure 1: The Process of PSMES Development

3.2 Separation of Elements

All PSM elements are divided into two (2) categories based on the characteristics

of each element. The purposes of dividing the PSM elements into two (2) groups are

to differentiate each element as well as to give convenience while developing the

expert system. Process Flow Diagram (PFD) elements are referring to any PSM

element that can be accessed via the PFD of the plant. On the other hand, the Block

Diagram (BD) elements are referring to any elements that cannot be accessed via the

PFD of the plant and they are separately placed on the Homepage of the expert system

unlike the PED elements.

Table 1. Categories of PSM Elements

e Process Safety Information
e Process Hazard Analysis

e Operating Procedures

e Pre-Start-up Safety Review
e Mechanical Integrity

¢ Management of Change

e Employee Participation
e Training

8
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e Contractors

e Hot Work Permit

e Incident Investigation

e Emergency Planning and Response
e Compliance Audit

e Trade Secrets

*The elements in bold are developed by the author.

The author develops only 7 (seven) out of 14 (fourteen) PSM elements. The elements
constitute 3 (three) Process Flow Diagram (PFD) element and another 4 (four) Block
Diagram (BD) elements.

3.3 Tools Required

In order to develop the PSMES, several tools are used to assist the author. Listed

below are the tools required for developing the entire PSMES.

1. Microsoft Office Word — To develop frameworks

2. Microsoft Visual Basic — To develop system software

3.4 Project Activity and Schedule

Last semester, the project activities basically focus on finding the related
journal/thesis regarding the flaws of current PSM implementation. These activities
include books review and online journal research. The proofs of study are important to
ensure the project of developing PSMES will be unique, cost-effective and beneficial
in the future. Furthermore, literature reviews help in developing the understanding of
PSM as well as give ideas to the author so that the system can be developed
efficiently. Next, the author has started to construct the framework for PFD elements
which are Process Safety Information, Operating Procedures and Management of

Change. The frameworks will assist the system development in the future.
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For this semester, the project activity continues within the first 3 (three)
months by constructing the frameworks for rest of the Block Diagram (BD) elements

which include Training, Work Permit, Incident Investigation and Compliance Audit.

The author has already met one of the researchers of High Gravitational Natural
Gas Dehydration Unit, Ms Nurhayati to get a clear explanation on the mini plant flow
sheet. The flow sheet of the plant will be the main component mostly utilized in the
development of the expert system. Furthermore, the author has also visited the mini
plant and has better understanding on the equipment arrangement and the processes
that take place. Then, the author has discussed with the mini plant contractor, ABA
Gas Technologies Sdn. Bhd. and Ms Nurhayati to obtain more information for

developing the expert system.

Once all the required information has been collected, the author starts to develop
the expert system using Microsoft Visual Basic. The system is expected to show at

least one element of each PSM category is successfully developed.

Table 2: Suggested Milestone for the Second Semester of Final Year Project

No. |Detail/Week 1 2 3 4 5 6 7 8 9 10 | 11 | 12

13

14

[y

Project Work Continue

Submission of Progress Report 1 ‘

5]

w

Project Work Continue

4|Submission of Progress Report 2 .

5|Seminar (compulsory)

5|Project work continue

Poster Exhibition .

=]

Submission of Dissertation (soft bound) .

=~

[=2]

Oral Presentation

[X:]

Submission of Project Dissertation (Hard Bound)

10
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CHAPTER 4

RESULTS AND DISCUSSION

This section is divided into two (2) parts. The first part will discuss the results
in terms of the frameworks that have been developed for the selected elements
including the framework for Homepage while in the second part the results discuss the
expert system execution. In the Homepage framework, there is no separation of
elements being shown to avoid confusion among the readers. The frameworks are

developed based on the requirements by OSHA !,

4.1 Part I: Frameworks

11
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4.1.1 PSMES Overall Framework

BD

( Start PSMES )

\ 4

A 4

Choose Block Diagram (BD)
/Process Flow Diagram (PFD)

July 2009 Semester

PFD

Select PSM-BD Elements

-Employee Participation
-Training

-Contractor

-Incident Investigation

-Audit

-Trade Secret

-Emergency Response and Plan
- Permit System

A

Update other
PSM-BD element?

A A

'

Choose PFD

> Node*

v

Choose

v

Equipment/Stream

A 4

Select PSM-PFD Elements

-Operating Procedure
-Process Safety Information
-Mechanical Integrity
-Process Hazards Analysis
-Pre Start-Up Safety Review
-Management of Change

Update other PSM-
PFD element?

Update another
Equipment/Stream?

Choose Other PFD
Node?

Choose

BD?

No
b4
Choose ves
PFD?
No Summary of PSM elements
> (refer to individual PSM
elements)
A 4

( Stop PSMES )

12
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4.1.2 PSMES Homepage Framework

Yes
Check user

level

Administrator?

Update*
PSMES

Choose Block
Diagram/PFD

Block Diagram

Select PSM Elements

-Employee Participation
-Training

-Contractor

-Incident Investigation
-Emergency Response and Plan
-Trade Secret

- Permit System

-Audit

( Start )

A 4

Login Page

Login
Successful?

Others

July 2009 Semester

Error Dialog
Explaining that
Username/
password
combination is
incorrect.

e

Has user
tried more
than 3 times?

Dialog that ask

user to contact the
administrator and
termination.

Process Flow
Diagram
(PFD)

Yes

Footnote
*Update- Update also covering for

viewing facilities

*Node-An area covering part of the
plant section

Elements updated

v
View Process Safety
Management (PSM)
R Choose -Block Diagram
”| Node* (Refer Fig. 2)
-PFD (Refer Fig. 3)
A
A 4
Log Out
v
Select PSM Elements Stop
) PSMES
-Operating Procedure
-Process Safety Information
-Mechanical Integrity A
-Process Hazards Analysis End

-Pre Start-Up Safety Review
-Management of Change

Update any
other PSM
elements?

Summary of PSM
elements (refer to
individual PSM
elements)

Yes

Update
Completed?

13
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4.1.3 Block Diagram (BD) Frameworks
4.1.3.1 Audit Framework

From PSM-BD
elements

No

Is audit system
available?

Develop audit system

Yes

o Update/view certification that have been evaluated compliance with the
provisions of this section to verify that the procedures and practices developed
under the standard are adequate and are being followed. [1910.119(0)(1)]

o Update/view at least one person involved and knowledgeable in the process.
[1910.119(0)(2)]

A

A

Conduct audit No Audit PSM system

v

at least 3years?

Yes

No Develop report

Is report finding > findi t
7| finding system

system available?

Yes

o Update/view report finding that have been developed [1910.119(0)(3)]

o Update/view document an appropriate response to each of the findings of the
compliance audit, and document that deficiencies have been corrected. [1910.119(0)(4)]
o Update/view retention of the two recent compliance audit reports. [1910.119(0)(5)]

A

Back to PSM-BD

elements

14
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4.1.3.2 Permit Framework

From PSM-BD
elements

Is Permit system

No

July 2009 Semester

available?

Yes

o Update/View permit system that has been issued by
employer for hot/cold work, electrical or confined space
entry operation conducted on or near a covered process.
[1910.119(K)(1)]

e For hot work permit, update/view document in the hot
work permit such as:- [1910.119(k)(2)]

-fire prevention and protection requirements

-indicate the date(s) authorized for hot work

-identify the object on which hot work is to be performed.

Y

Develop Permit system

Back to PSM-BD

elements

15
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4.1.3.3 Incident Investigation Framework

From PSM-BD

elements

\ 4

o Update/view investigation of each incident which resulted
in, or could reasonably have resulted in a catastrophic release
of highly hazardous chemical in the workplace.
[1910.119(m)(1)]

o Notes: Investigation initiated promptly but not later than 48
hotire 11910 119(mMY(2\1

\ 4
Update/view an incident investigation team that consist of:-
[1910.119(m)(3)]

- at least one person knowledgeable in the process involved
-contract employee if the incident involved work of the contractor
-persons with appropriate knowledge and experience to thoroughly
investigate and analyse the incident.

v

Update/view reports at the conclusion of investigation which include:-
-Date of incident [1910.119(m)(4)(i)]

-Date investigation began [1910.119(m)(4)(ii)]

-Description of incidents [1910.119(m)(4)(iii)]

-Factors that contribute to incidents [1910.119(m)(4)(iv)]

-Any recommendation resulting from the investigation [1910.119(m)(4)(v)]

A 4

o Update/view documented system that have been establish to
promptly address and resolve the incident report findings and
recommendations. [1910.119(m)(5)]

e Update/view reports that have been reviewed with all affected
personnel whose job tasks are relevant to the incident findings
including contract employees where applicable. [1910.119(m)(6)]
o Reports retained for five years [1910.119(m)(7)]

A 4

Back to PSM-PFD

elements

16
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4.1.3.4 Training Framework

A 4

Final Report July 2009 Semester

From PSM-BD
elements

Initial or Refresh
training?

A\ 4

Update/ view training employee involved in operating Update/ view refresher training provide to

process and newly assign process in:-
[1910.119(g)(1)(D)]

-Emphasis on specific HSE hazards
-Emergency operation

-Safe work practices applicable to job task

employee involved in process:-
[1910.119(g)(2)]

-at least every three years

-More often if necessary

-Assure employee understands and adhere to
current operating procedure of process.

Y

required in operating process. After the

as specified in the operating procedures.
[1910.119(g)(1)(ii)]

Update/ view initial training that employees v

completion of the training, an employer may
certify in writing that the employee has the
required knowledge, skills, and abilities to
safely carry out the duties and responsibilities

Employer determine frequency of
refresher training required in
consultation with the employee
involved in operating process

Update/ view record which contain: -
[1910.119(g)(3)]
-ldentity of employee

-Date of training
-Means used to verify employee
understood training

A 4

A

Return to PSM-

BD elements

17
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4.1.4 Process Flow Diagram Framework

4.1.4.1 Management of Change Framework

From PSM-PFD
elements

July 2009 Semester

Develop written
procedure of

Written No | Management Of
MOC "| Change
[1910.119(1)(2)]
Yes
Update/View written procedure of MOC to:-
-Process chemicals
-Technology
-Equipments <
-Procedures
-Changes of facilities affect covered process
-‘Replacement in kind’ are exempted
A 4
Update/View procedure that consider changes to:-
-Technical basis for proposed change [1910.119(1)(2)(i)]
-Impact of changes on safety and health [1910.119(1)(2)(ii)]
-Modification to Operating Procedure [1910.119(1)(2)(iii)]
-Necessary time period for changes  [1910.119(1)(2)(iv)]
-Authorization requirements for proposed changes [1910.119(1)(2)(v)]
Informed of, and trained
in, the change prior to
start-up of the process or
Yes affected part of the process
Ar?y eerlg})/ee »| to the employee involved.
Involved: [1910.119(1)(3)]
No

Update/View changes to information that

result in a change in the PSI [1910.119(1)(4)]

Update/View changes to procedures or
practices that result in a change in the OP
[1910.119(1)(5)]

Back to PSM-PFD

elements

18
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4.1.4.2 Operating Procedure Framework

From PSM-PFD
element

No Develop written
OP [1910.119(F)

Written OP
available?

\ 4

Yes

o Update/View information for each operating phase covering to:
-Initial start up [1910.119(F)(1)(i)(A)]
-Normal Operation [1910.119(F)(1)(i)(B)]
-Temporary operations [1910.119(F)(1)(i)(C)]
- Emergency Shutdown [1910.119(F)(1)(i)(D)]
- Emergency operations [1910.119(F)(1)(i)(E)]
- Normal shutdown [1910.119(F)(1)(i)(F)]
- Start up following a turnaround, or after an emergency shutdown |
[1910.119(d)(1)(vii)] h

A

A 4

Update/view operating limit referred to:

- Consequences of deviation [1910.119(F) (1) (ii) (A)]
- Step to correct or avoid deviation
[1910.119(F)(1)(i(B)]

o Update/View information for safety and health consideration:

-Properties of hazard presented by chemical used in process
[1910.119(F)(1)(i)(A)]

-Precaution to prevent exposure [1910.119(F)(1)(i)(B)]
-Control measure to be taken if physical contact or airborne
exposure occur [1910.119(F)(1)(i)(C)]

- Quality control for raw material and control of hazardous
chemical inventory levels [1910.119(F)(1)(i)(D)]

- Any special or unique hazard [1910.119(F)(1)(i)(E)]
Update Safety system and their function [1910.119(F)(1)(i)(E)]
OP can be assessed to employees [1910.119(F)(2)]

|

Update/view SWP for control hazards such as: [1910.119(F) (4)]
- Lockout/Tag out

- Confined Space Entry

- Opening process equipment or piping

-Control over entrance by maintenance, contractor or other
support personnel

No
No Certified OP
ertirie every
7 | -
OP > 1 year? ”| year [1910.119(F)
es (3N

(Back to PSM-PFD eIements)

19




Final Year Project (1) Final Report July 2009 Semester

4.1.4.3 Process Safety Information Framework

From PSM-PFD
element

Written PSI No _ Develop PSI documents
available? d [1910.119(d)]
Yes

o Update/View information pertaining Highly Hazardous Chemical
covering to:
-Toxicity Data [1910.119(d)(1)(i)]
-Permissible Exposure Limit (PEL) [1910.119(d)(1)(ii)]
-Physical Data [1910.119(d)(1)(iii)]
- Reactivity Data [1910.119(d)(1)(iv)]
- Corrosivity Data [1910.119(d)(1)(v)]
- Thermal and Chemical Stability Data [1910.119(d)(1)(vi)]
- Hazardous effects of inadvertent mixing with other potential
substances [1910.119(d)(1)(vii)]

A

\4

e Update/View information concerning the technology of the process
covering to:
-Block Flow of Simplified Process Flow Diagram
[1910.119(d)(2)(1)(A)]
-Process Chemistry [1910.119(d)(2)(i)(B)]
-Maximum intended inventories [1910.119(d)(2)(i)(C)]
- Safe upper and lower operating limit [1910.119(d)(2)(i)(D)]
- An evaluation of the consequences of deviations, including those
affectina the safetv and health of emnplovees. 11910.119(d)(2)(IN(E)]

A 4

Update/View information pertaining to equipment in the process
covering to:

-Material of construction [1910.119(d)(3)(i)(A)]

-Piping and Instrument diagrams (P&ID) [1910.119(d)(3)(i)(B)]
-Electrical Classifications [1910.119(d)(3)(i)(C)]

-Relief system design and design basis [1910.119(d)(3)(i)(D)]

- Ventilation system design [1910.119(d)(3)(i)(E)]

-Design codes and standards [1910.119(d)(3)(i)(F)]

- Material and energy balances for processes built after May 26, 1992.
[1910.119(d)(3)(i)(G)]

-Safety system [1910.119(d)(3)(i)(H)]

Check the documents compliance with recognized and generally
accepted good engineering practices [1910.119(d)(3)(ii)]

o Determine and document that equipment is design, maintain,
inspected, tested and operating in a safe manner is equipment design are
no longer in use [1910.119(d)(3)(iii)]

20
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4.2 Part 11: PSMES Execution Example

This section shows a series of screen shots captured when the expert system is

executed.

4.2.1 The Login Process

User Validation @@

Process Safety Management (PSM) Expert System. Please Login

Employee ID : Password :

| can't access my account  Help

UNIVERSITI

FTEKNOLOGI Login As Guest

PETRONAS

Figure 2: The Login Page. Employee to enter ID and password or user can login as
guest

Primary form

Login Successfull, \Welcome to PSM Expert System!

Figure 3: Successful login notification
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4.2.2 The General Interface of PSMES

Form1

File  Elements View Help

EEX

High Gravitational NG Dehydration Unit of Universiti Teknologi PETRONAS

PFD | Equip List | General

PFD by System PFD

TESTING SYSTEM

UNIVERSITI
TEKNOLOGI!
PETRONAS

QUICK MENU

[ oo ]

—————

74 start @) Use_Of aRan... | % 547.wwwrobs.. | M2 WindowsEx... +| T FYP_Guidelines... | T body-Microsof... | 1§ 2-Pant jcrosoft Office. .. Formi M daepM

Figure 4: PSMES Homepage shows the PFD of the mini plant which consist of 4 (four) main

Form1
File  Elements  View

Help

PFD | Equipment List | General Arrangement |

systems

Pleasta/on the parts to view itd process safety
PARTNO. | PARTS NAME PARTS DETAILS oTY REMARK
V100 Valve, Ball 2-way 0.5" Swagelok SS-63TF8 5
V110 Valve, Ball 2-way 0.5" Parker HPBYBSFF 13
V120 Valve, Ball 2-way 0.5" Swagelok SS-AFSS8 3
V130 Valve, Ball 2-way 0.375" Swagelok 1
V140 Valve, Ball 2-way 2.0" Swagelok SS-68TSW32P 3
V150 Valve, Ball 3-way 2.0" Swagelok SS-68XTSW32P-F32 5
V155 Valve, Ball 2-way 0.5" w/act Swagelok SS-AFSS8-A30C4 9
V160 Valve, Ball 2-way 2.0" w/act Swagelok SS-68TSW32P-A150C5 16
V170 Valve, Ball 3-way 2.0" w/act Swagelok SS-63XTSW32P-F32-A100XD 1
V180 Valve, Check 0.5" Swagelok SS-CHS8-1 13
V190 Valve, Check 2.0" VYC Model 179 6
V200 Valve, Regulator 0.5" Swagelok KHF 1GRB818A20000 2
V210 Valve, Regulator 0.25" Swagelok KPR1GRL412A20000 1
V220 Valve, Regulator BP 0.5" Speck-Kolbenpumpenfabrik UL227/100 1
V230 Valve, Needle 0.25" Swagelok SS-1KM4-S4 8
V240 Valve, Purge 0.25" Swagelok SS-4P-4M 2
V250 Valve, Relief 0.5" Flow Safe 01-2188M-102 set @1500psig 9
V260 Valve, Relief 0.5" Flow Safe 01-2188M-102 set @150psig 1
V270 Gauge, Pressure Wika 0..3000psig 4" dial LM 0.5"NPT 3
V280 Gauge, Pressure Wika 0..3500psig 4" dial LBM 0.5"NPT 2
V290 Gauge, Pressure Swagelok 0..6000psig 2.5"dial CBM 0.25"NPT | 2
< >

]

Figure 5: The plant equipment list
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£ Form1 B@E\

File  Elements View Help

High Gravitational NG Dehydration Unit of Universiti Teknologi PETRONAS

PFD | Equipment List| General Arrangement

UNIVERSITI
TEKNOLOG!
PETRONAS

QUICK MENU

Employee Participation

‘Work Permit

Incident Investigation
Emergency Planning

Trade Secret

HIGH GRAVITATIONAL NG
DEHYDRATION UNIT AT UTP

74 start ® 2 Flock. # . robson. . & 2 Windows Explorer ~ | (0§ 2 Microsoft Offic... ~ | 1§ 4-Paint T8 Microsoft Office Pic... {8 Form1 R).:. %% so0pM

Figure 6: The General Arrangement of the plant; from Angle 1
& Form1 [BEE
File Elements View Help

High Gravitational NG Dehydration Unit of Universiti Teknologi PETRONAS

PFD | Equipment List| General Arrangement

UNIVERSITI

@ "

@) Use_OF_a_Rankin... ®) Facebook | Nadish... # 547, w sbson... @ execution pics M@ 2 Microsoft Offic... ~| i 5-Paint 8 Form1 R

Figure 7: The General Arrangement of the plant; from Angle 2
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4.2.3 Application Example 1 - To show one element from PFD category is

successfully developed. The element selected is Process Safety Information (PSI).

UNIVERSITI

[olD @&

[ petureTasis - - m‘

YSTEM OVERVIEW
lgas engine. belt and sheave pawer
nirols

UNIVERSITI
TEKNOLOGI
PETRONAS

Au
Employee Participation
Training
Work Pemit
Contractors

Incident Investigation

Energency Planning
[ vecanca ey Tt S

[ oo

Figure 9: User to click on the PSI button on at the bottom right of the active window
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rT-E Natural Gas Compressor V470 E]@] &

Equipment Overview And General Safety Remark

fion Unit of Universiti Teknologi PETRONAS

b LHe e

i - PmureTasks'E“‘

(=)

nformation

MSDS | Safety system | Drawing | MES | Ventilation system design | Relief system design and design basis | Electrical Classifications

e[ [ [k]@[= @ |-
[ Operston Focsdree |
MATERIAL SAFETY DATA SHEET - NATURAL GAS (PIPELINE QUALITY - MSDS #526) 3

Revision Date:  July 10, 2009 .
Supersedes Date: ~ October 31, 2006 &6 Participation

Section 1:  PRODUCT AND COMPANY IDENTIFICATION Training
Terasen Gas Inc. Company Phone Number: ~ (604) 592-7629 r—
16705 Fraser Highway Emergency Phone Number:  1-800-663-8911

Surrey, BG oniraciors
Vas 2X7

&

LT

Ert Investigation

Product Name: Natural Gas (Pipeline Quality)
Matasial i Cual

[l 4 o5 Jb PI[O O]

Operafing Procedures

Pre-Start-up Safety Review

Help

Figure 10: MSDS of Natural Gas

T-E Natural Gas Compressor VA70 g@] BE[X]

O ESNIEICI

?_‘ MSDS | Safety system | Drawing | MEB | ventilation system design || Relief system design and design basis | Electrical Classifications
Basic Infornation

A= i || s b
- ‘g@’vmumrmp m‘ NOLOGI
|

TRONAS

= | »
~ Wainienance Procedures
Design Codes And Standards
(o=
Audt
i lyee Paricipaiion
al| E Training
I3 | L
£ 1 o ork Pemnit
8 I )
| - Fortractors
Ent Investigation
| il A
= 4 4| 7=f» [ b Pl | ©

[L[=E]H oo ency Planning

e Seart
| 2 J 3 Operating Procedures sllgllzslls
- 3 Pre-Start-up Safety Review

Management of Change

“ . ’ = Logout
p

Figure 11: Compressor detailed drawing
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'[-E‘ Natural Gas Compressor VA70 E]@] BE[X]

Equipment Overview And General Safety Remark

tion Unit of Universiti Teknologi PETRONAS

[H]@f= |- ®

GENERAL SAFETY REMARKS

Highly comptessed gases comain @ large amount of enaigy and are very dangerous! Carry out

maintenance and repair wark on enlirely vented pressure systems only! Design Codes And Standards

Installation, aperation, maintenance and repair work shall be carried out only by qualified parsonnel and
in accordance with the correspending local regulations for operation and safety.

Rataling nmiacine porls spiesenl o spedlal danger for aggidents. Covers ond guords must net b
removed during eperation

+  Donot sicre sagily inflammadie matsrials near the compressor unit!

- Emoking is stncly forbiddan in the proximity of o and fusl systems.

Da ot toueh exposd wires and live (curtent-carrying) parts whan the electrieal system is energized!

Never inemuet eecical protective conductors!

Only qualified personnel shall apen the slectrical contrla

SAFETY INSTRUCTIONS

I 4| it | b Bl

Operating Procedures

Pre-Start-up Safety Review

Figure 12: Safety system rules and instructions

":-P Natural Gas Compressor V470 | B9 Process Safety Information

@ [13%

- e i

i Digtal Egitons ~ [ Picture Tasks

EH}&W o @ L:J'E

SYSTEM OPERATION AND DESCRIPTION ]

[ Pages™\ |

CYLINDER HEAD =~ =~ WATER JACKET

) ~FINS LOCATED HERE
ON AR-COOLED
CYLINDERS

CONCENTRIC VALVE—

SINGLE ACTING

HEAD END CYLINDER -~ L~ et ~—+PISTON

- PISTON ROD

SINGLE ACTING
CRANK END CYLINDER-—

-~ VALVE HOLDER -
Incident Investigation

.

——DOUBLE-ACTING
CYLINDER

|

—VALVE MANIFOLD

N

_Comments “§_Afiachments \_

frerr—
=

=]

O[E]H

Figure 13: Safety system operation and description
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.Tig Natural Gas Compressor V470

Equipment Overview And Gen)

| MSDS | Safety system | Drawing | MEB | Ventilation system design | Relief system design and design basis |

#E Process Safety Information

Electrical Classifications

Basic Information

),

E comments “§_Attachments

ﬁ ‘
o

Figure 14: Electrical classification description

ationpreservation. pdf BE=
|'B Fie Edit View Document Tools Window Help L 4 & x
_Ma\menance Procedures
Design Codes And Standards
INSTALLATION AND PRESERVATION
INSTALLATION AND PRESERVATION "
6 INTRODUCTION 12
7 COMPRESSOR ENCLOSURE INSTALLATION 12
7.1.  Enclosure Concréte Fo i < 12
7.2 Bolt Down 12
8, PIPING PANEL INSTALLATION . 12
9. STORAGE CASCADE INSTALLATION 13
10 GAS SUPPLY PIPING 13
10.1.  Cathodic Protection 13
102.  Flexible Coupling 13
10.3.  Isolation Valves .13
10.4.  Filter Meter Module 13
11, FIELD STORAGE CASCADE PIPING 13 —
12, FIELD DISPENSER PIPING i
13, ELECTRICAL INSTALLATION REQUIREMENT: 14
131, Area Electrical Classificati 14 i
13.2.  Electrical Control Panel 14 ———
13.3.  Electrical Field Wiring Ci 14
14, LONG TERM PRESERVATION PROCEDLIRF

Equipment Overview And Gen|

= L Esccoman |
=] @ M Basic Information

H Natural Gas Compressor V470

Bl Process Safety Information

coa)

| MSDs | Safety system | Drawing | MEB | ventilation system design | Relief system design and design basis | Electrical Classifications

a

|'B File Edit View Document Tools Window Help

- [

- ® - | B vigtal Eations - [} Picture Tasks -

e[ preos - tow|

System Operation
Operation Procedurss
Wairtenance Procedures

Aftachments.

Safety Relief Valve Certification

Tayior Vaive Technaiogy, Inc. Safety Relief Valves are designed, manufacturad and tested
in accordance with the provisions of the ASME Boiler and Pressure Vessel Code,
Section Vill. This Valve is certified ta relieve within plus or minus 2 psiof the
set pressure 70 psig or below, and pius or minus 3% of set point for pressures ebove 70 psig.
as allowed for within the provisions of ASME. The published relfeving capacities have been
certified by the National Boarc of Boiler and Pressure Vessel Inspeclors,

Valve Specifications

odel Numier : Taylor Model 6200 Soft Seat Drifica ;. 3
Body Size: 1 Inch Orifice Dismeter : 0520 Inches
27351341 Orifice Area 0212 W
Body Configuratian': 1° MNPT X 1" FNPT Operating Temperature : 70°%F
Iniet Gonnection Spring Range : §51-1200 PSI
Outlet Connection 1 Set Pressure 1200 PSIG

Materials
Body : WCB Carbon Stee!
Seat Frame : Carvon Steel
Seat Housing : 17.4 P H200 Stainless Steel
: Standard
: FKM 90d

Spring: 17.7 PH Stainless Steel
Guide : 302 Stainless Stee!
Adjustment Screw : Carbon Steel wilh EN Plating
Ogtions ; None

El
B

Seat

Set Pressure Specifications

Customer Units ASME Units

Set Prassure 1200 psig Sel Pressur 1200 psig
ASME High Set Limit: 1236 psig ASME High Set Limi 1236 psig
ASME Low SetLimit : 1154 psig ASME Low Set Limit 1154 paig

Design Codes And Standards

Incident Investigation

Emergsncy Flanning
Trade Secret

I

4d 1of7 bRl

Figure 15: Safety relief valve description

28




Final Year Project (1) Final Report July 2009 Semester

4.2.4 Application Example 2 - To show one element from BD category is

successfully developed. The element selected is Compliance Audit.

Form1 @@@

File  Elements View Help

PFD |Equipment List | General Arrangement

PFD by System PFD

HUMIDIFICATION SYSTEM

UNIVERSITI
TEKNOLOGI
PETRONAS

Q

Employee Paticipation

UICK MENU
_Work Permit

[ ]

—_—— = = = 3 = = n o
74 start ®) Use_OF a Ran... | % 547.www.robs.. | M2 WindowsEx... ~v| T FYP_Guidelines... | T body-Microsof... | i§ 2-Paint [B wicrasoft Office... o fa 446PM

Figure 16: At Homepage, user to click on the Audit button at the right hand side of the

window

[‘ux;p S )
File  Elements  View Help

Hiah Gravitational NG Dehvdration Unit of Universiti Teknologi PETRONAS
B Audit FEX

PFD by System

Internal Audit | External Audit | Audit Management | Equipment Test Result
File  Option  Reports  Help
igdgle
[stage 1 | stage2 | stage 3 UNIVERSITI
Lo THNOLoG)
B | & & & & i & g l a ® @

Directory New Open Duplicate  Archive Revert Remove Email Prirt HTML Export

StaiDete [[EndDate | Stas | AuHD | mea | Localon | THe | Auor Q

& 02172001 | 021172001 | Pending | AU-000001 | Qualty, Seles | Service Centre | Example Audt1 | Audtor 1 =
- London :

ending | 02/11/2001 024172001 Pending | AU-000012  Quality, Sales  Service Centre  Created From - Auditor Name 1 = Employee Patticipation

- London Example! Q...

@ 03M172003 10MM2003  Pending  AU-000008  Publishing Lincoln Example Audit Jim Jones

UICK MENU

InProgress | 03/01/2003 10/01/2003  Pending  AU-000008  Publishing Lincoln Example Aucit Jim Jones ‘work Permit

&

Follow Up Incident Investigation

& Emergency Planring

&
&

L OK | % cancel| 2 Help |
i RepareEGrm | AuditRaporttacord || Hels |

—_— = = = = = = . - -
74 start ) 2 Flock v [ % 547 wawrob... | W dissertationre... | (0§ 2 MicrosoftO... ~| 8 Forml Audit (] Microsoft Excel... & ) “a 12:46 M

Figure 17: Internal audit record

29



Final Year Project (1) Final Report July 2009 Semester

3 Audit B@E‘
Internal Audit | External Audit | Audit i Test Result |
H=A" B=NIK) J

Stage 1 |Stage 2 Stage 3

Title Location :
[Example Audit | -l a
Audit Status : Avea :
lF‘ending | | -l a
Audit Type : Start Date : Finish Date :
[3rd Party (Independant Audit) =] [Fotmiz002 =] [Foamt 2002 =l
Auditors ‘ Notify List Purpose I Planned Scope ‘
= |
-]

Audit Certification Audit Report Form Audit Report Record m

74 Start ® 2 Flock 4 . [0% executionpics [ 2 [ © pejaetp & pic ¢ | 3-Paint B Mo

Figure 18: Audit form

Audit

Test Result|

Stage 1 = Stage 2 |Stage 3

Example (> b =3F

¥ Audit Scope (S Non Conformancel ; @ @ [\,{;
Date Entered Details
Examp

5w [15r1072001 | = j

| NC Level
Auditor
et

Cost =l
| 2

@ 0 Projects. l Non Cunfm:J_;]
B && 21| @11k

Complete EC
Complete EC 7 Help

Receive lab request and test incoming goods from stock Lab Technician

Receive stores release and put goods into stock Logistics Operator

2o o N o

Complete stores release on ECS 5442. Raise Lab request on Goods Receiving
ECS 6390 Clerk =

Audit Certification Audit Report Form Audit Report Record m

‘4 start ® 2 Flack 4 . [ % executionpics [ @2 : - 'S peja_etp (8 Mict

Figure 19: Detailed audit form
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Audit FX)

| Internal Audit | External Audit‘ Audit ‘ i Test Result |
S 5

@ Audit Management = -(0f x|
Directory New  Open  Duplcate Archive  Fevel  Remove  Emal Pt HTML  Export
StotDste [ EndDefe | Stabs | AwitD | Aea | Localon | THe | Auhor
0241172001 02/1/2001  Pending ~ AU-000001 Quality, Sales  Service Certre  Example Audit 1 Auditor 1
- London
Pending | 0211172001 02112001 Pending  AU-000012  GQualty, Seles  Service Certre  Created From- | Audtor Name 1
London  Examplel Q.
@ 03101/2003 10/01/2003 Pending ~ AU-000008 Publishing Lincoln Example Audit Jim Jones
InProgress | 03/01/2003 10/01/2003  Pending  AU-000008 Publishing Lincoln Example Audit Jim Jones
Follow Up
Complete
Archived
Versions

 OK I XCancell “? Help ]

Audit Certification Audit Report Form Audit Report Record m

Figure 20: Audit record

(8 Audit -

| Internal Audit | External Audit | Audit | i Test Result l
i [) New (5 Open [o Save T (33 Emal | 3 Print (3 Pri iew | [7] Validate ‘% Speling | ZEdt A § %)

[ €6 Certficates | L] Page 1| k] Appliance Detais |

Show Items: (2 Add Appliance | Edit X Delete | G Find | [} L& Previous (§ Next [jj
Z 3 2 Retest o
Appliance D+ TestDate Description Location SerialNumber | i | RetestDate | Status
APDOO1 29/07/2008  IEC Lead Office N/A 5 20/01/2009  Pass
APODD2 29/07/2008  240vExtensionlead  Board Room N/A 5 2/01/2009 | Fail
APODD3 29/07/2008  110vExtensionlead  Warehouse N/A 6 2901 Fail
APD004 29/07/2008  Moritor Ground Floor Office 12345678 2 29/07/2009  Pass
APO019 29/07/2008  Convector heater Office N/A 2 /072009  Pass
v

Audit Certification Audit Report Form Audit Report Record m

Figure 21: Equipment test result
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Form Peview

Final Report

Audit No. Vendor-0004-Audits
Audit Type Vendor Audits

Title Supplier Quality Audit 001
Begin Date 4/23/2007

Status INWORKS
Phase DISCOVERY
Result

End Date 4/25/2007

Requestor
Administrator Role
Document Owner
Description
Created Date

Program No.
Contact Role
Duration

Required Response
Time
Result Assigned By

Result Assigned Date

Auditee Code FACILITY 1

Organization Unit FAC 1 FACILITY 1

Process All Processes All Operations

0

Criteria No.

Audit

Audit Information

Work Group Access Yes
Only

Result Type Standard Result

Contact SARA Sara Moon

Follow-up To Audit No.

Auditee Information

Product
Location
Criteria Information

Audit Report

4 Z [Fahal alNaWai
Clients Clark & Assoc.
Client Name(+) Client # | Contact
]
All Folders 1
Folder Description Folder Type
F000D1 | Expense. Project | i
=]
[«)_Deete ) save J[ nNew ) Print >> ]
e 57 | Document Type(+) | Document Descriptior |
D001922 MEETING
D001925 POLICIES
D001677 PROJMISC Viewabes Photo
D001876 PROJSCOPE Marketing Requirements 2
D001926 REPORTS
D001927 REQUESTS
g e o i 2h. [S5]
D001877 PROJMISC Viewabes Photo TR mtinan Gal T s s L
e, P AT
D001876 PROJSCOPE Marketing Requirements 2 ]
D001926 REPORTS Ao f:
o
D001927 REQUESTS H
“ ey & ey SN 8.
—— I e R
Tmage  Amachmenci 101 Page: 1of1 | CilProgram FiesiSmesdink\Data|Atiachments|ExpressiSLo.\S00010P.PNG
990 11 Epesmd  Masgw  \BSA22 002008 1202PM

B

B audit

Figure 23: Audit report record
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Discussion:

1. The frameworks are developed such that they comply with the regulatory
requirements of Process Safety Management (PSM) publication by U.S
Occupational Safety and Health Administration (OSHA) in 2000. This is to avoid

any incompliance of regulations among the companies.

2. Furthermore, this will assist in the audit process of the system and making it a
smooth and easy process if the system follows all the regulatory requirements.
If the system fails to comply with even one (1) requirement, then it cannot be
established.

3. The fully developed expert system has high potential to be commercialized in
the outside market since PSMES will be the ultimate tool that helps companies

to comply with OSHA regulations and requirements.

4. The expert system will also helps in minimizing management and

maintenance cost of a company as well as saving a lot of time.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

As the conclusion, PSMES is successfully developed by integrating all the selected
PSM elements into one practical, efficient and user-friendly system. The author
successfully demonstrates one working example from each category of PSM elements.
The objective of the project is achieved. The strong frameworks developed for each
PSM elements produce a reliable, convenient and user-friendly tool—the expert
system. PSMES is an ultimate expert system that will assist the user in fulfilling the
regulations of OSHA which is crucial for a company/plant to operate at all times.
Developing PSMES is a sustainable achievement because it ensures profit in return as

PSMES is the only tool of its kind which available in the market at present.

Recommendations:

1. The expert system must initially be tested by a number of respondents to
identify any imperfections or weakness before being commercialized in the
outside market.

2. The expert system should maintain a very high security to prevent any break-

outs into the system by irresponsible individuals.
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CHAPTER 6

REFERENCES

The format of references for the respective sources is as follows:

Website refer to http://www.ehso.com/

Website refer to http://www.osha.gov/Publications/osha3132.pdf
Article refer to W. Theodore and F. Richard (2005)

Journal refer to W. Bridges (1994)

Journal refer to N. Mulvey (1995)

Article refer to Chilworth Process Safety News (2008)

Journal refer to M. David
Book refer to Chilworth Pvt. Ltd. (2009)

N o gk~ PR

The Elements of Process Safety Management System, http://www.ehso.com/

2000, Process Safety Management, http://www.osha.gov/Publications/osha3132.pdf
U.S. Department of Labor Occupational Safety and Health Administration OSHA
3132

W. Theodore and F. Richard, 31* October 1995, Implementation of Process Safety
Standards in an R&D Environment, Research and Development, Basell USA, 912
Appleton Road, Elkton, MD 21921.
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