Co-MPU-6a3

THAaI LAND—-UNI TED STSTES
NAaTURAL GAS UTILIZAaTION

SYMPOSI UM

FINAL REPORT

Sponcored by

The Petroleum Authority of Thailand
Jnited States Agency for International Development

The United States Embassy - Bangkok

Submitted by

AER ENTERPRISES

16 April 1934



THASILAND—UNITED STaTES
NaASTURSL GAaS UTILIZaTION

SYMPOSI UM

FINAL REPORT

Sponsored by
The Petroleum Authority of Thailand

United States Agency for International Development

The United States Embassy - Bangkok

Submitted by

AER ENTERPRISES

16 April 1934



TABLE OF CONTENTS

1.0 Introduction

2.0 Preparatory Work

3.0 Presymposium Seminars
4.0 Symposium

9.0 Workshop

9.1 Training

9.2 Energy Plan

5.3 Gas Pricing Structure
3.4 Alternatives to Natural Gas

6.0 Field Trip

7.0 Post Symposium

8.0 Proceedings

?.0 Cost Analysis

10.0 Unsolicited Leatters
Appendices

List of Participants

Press Clippings

Economic Format
Advertising Brochure
Professors’ Summary Report
Abstracts and Biosketch Data Handout
Request From Dr. Woraphat
Field Trip Handout

Unsolicited Letters

Fage

13
13
15
16
17
17
18
19
19

21

o

I @ M m



THAILAND-UNITED STATES MNATURAL GAS UTILIZATION
SYMPOSIUM

EINAL REPORT

1.0 Introduction

The subject symposium was held during the week of February é,
1984, One hundred and twenty nine (129) registered with AER
"Enterprises (AER) and two hundred and fifty (250) registered with
The Petroleum Authority of Thailand (PTT) fcer a total of 379. Of
those that registered with AER, about 40 American companies were
represented and about 20 delegates were present that represented
Malaysia, Indonesia, &ingapore, Brunei, Indonesia, New Zealand

and PaKistan.

This symposium was extremely successful by whatever criteria are
used to measure success. The attendance was higher than expect-
ed. In fact, people had to be refused admi ttance because the
capacity of the meeting and luncheon rooms were too sﬁall to
accomodate the much larger than expected crowd. When we first
started working on this meeting, we were told by PTT that 50
Thais would be present. We expected that approximately S0 Ameri-
cans would attend. As a result, AER booked a hotel (Siam Inter-
continental) that could comfortably handle 200. No one ever
expected the attendance to exceed that which was estimated.

Appendix A contains the List of Participants.



The attendance was so high because the timing of the symposium
was perfect. The Thaiec recognized their need for US technology
and also realized that if they weren’t careful, their country
would become an economic and technologic satellite of Japan. The
Americans finally realized that the Thais were serious about
their proposed $5 billion petrochemical complex and that they
were politically committed to its design, construction and oper-
ation. In fact, they already have much of the financing in

place. Appenlix B contains the press clippings.

2.0 Preparatory Work

This project started 30 June 1983. Soon thereafter (18 July
1983), a visit was made to Thailand to develop a tentative tech-
nical outline with the Petroleum Authority of Thailand ¢(PTT) and
the US Embassy in Thailand. Interssted companies were invited to

present papers using this outline as a basis.

An economic format was developed at this meeting in order to
provide American companies with some idea that could be used to
help them prepare their economic evaluations on their specific
technology. Each author that presented a paper was sent a copy.
This format was completed with the approval of PTT. Appendix C

contains a copy of this format.

By having the format, the American authors had a more precise
concept of the terms and conditions that are acceptable to the

Thais. As a result, this format was not only helpful to the
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Americans in preparing their papers but will also be helpful to
the US companies in preparing future propmsals that are submitted

to Thai agencies.

Finally, a dry run of the field trip was made in order to make
certain that it was worthwhile and to makKe certain that there

wouldn’t be any logistical nightmares.

This was the time PTT indicated that there would be S0 Thais
attending this symposium. PTT also felt that the presymposium
seminar would also attract S0 people. They raised this estimate

to 100 in December and to 200 one week before the symposium.

These presymposium seminars were suggested by Mr. Charles Bliss
of the office of SXT/EY of USAID. When the idea was presented to
Dr. Charan, Deputy Director of PTT, he thought it was an excel-
lent idea because he recognized that the people that will be
working with natural gas were lacking sufficient Knowledge con-
cerning the chemical and physical properties of natural gas as
well as appreciating the cﬁncerns associated with the safety and
handling of natu~al gas. These seminars went a long way in
helping the Thais understand natural gas and helped prepare them

for the information they received during the actual symposium.

In August and September, the speakers were invited, abstracts
were received and accepted and the advertising brochure was:

finalized, printed. Enlisting speakers was a difficult task for
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the same reasons cited above; it took twice as much time as it

usually does.

The brochure was mailed to 10,000 people in the United States on
or about { October. A copy of the brochure can be found in

Appendix D.

Phone calls were made and many letters were written by AER per-
sonnel during November, December and January to mak. sure that as
many people as possible Knew about the symposium and its import-
ance. AER intensified its effort in December because we had 17
participants on 15 December. Thankfully, articles began appear-
ing in the Thailand newspapers that substantiated AER‘s claims
and finally people started registering for the symposium. The

turn around in attendance began approximately on 20 December.

The effort to gain the required attendance to the symposium was,
of course, troubled by the poor economic condition of the Ameri-
can companies that were expected to attend. The A & E firms such
as Fluor, Lummus, Stone & Webster, Ralph M. Parsons etc. have
never been worse. They Jjust didn‘t have the business and, as a
result., had cut their travel budgets to the bone. The chanqe in
the Thai attitude persuaded these companies that they couldn‘t

afford not to attend.



3.0 Presymposium Seminars

Just prior to the actual symposium, 2 presymposium seminars were
held that discussed tha2 chemical and physical properties of
natural gas as well as the safety and handling of natural gas.
The Chemical and Physical Properties seminar was presented in the
morning and the Safety seminar was presented in the afternoon.
These seminars were only open to the Thai delegates and approxi-

mately 130 attended.

The paucity in attendance from the anticipated 200 was due to the
unusual traffic jams that resulted Monday morning as a result of
the major reorientation of Bangkok’s vehicular traffic pattern;
they changed two-way streets to one-way and everyone was

confused.

Two Professors from Northeastern University were retained to make
the above presentations; Prcfessor Drake, Professor and Head of
the Chemical Engineering Department of the University presented
the seminar on safety and handling and Associate Professor Good-
win presented the saminar on the natural gas properties. These
Professors were invited to remain in Thailand during the week
after the symposium to further discuss the seminar subjects with
the Thais. Appendix E contains the final report of the two

professors along with their documentation.
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4.0 Symposium

The actual symposium began on 7 February. During registration,
all participants received a copies of the abstacts of each paper
and biographical information on each author. This informatiqn
can be found in Appendix F. The agenda follows:

TUESDAY-FEBRUARY 7, 1984

0730 REGISTRATION

Session Chairman - Charan Achalabhuti, Deputy Governor,
Petroleum Authority of Thailand ¢(PTT), Thailand

0900 Opening Ceremonies
John Gunther Dean, Ambassador to Thailand, USA
H.E. Mr. Wongse Polnikorn, Deputy Minister
of Industry, Thailand

0930 Coffee Break

1000 Thailand’s Infrastructure

Thailand’s Economic Structural Transformation and Direction1
of Energy Policy

Phisit Pakkasem, Deputy Secretary~General, National
Economic & Social Development Board (NESDB)>, Thailand

Investment Policy

Chira Panopongse, Deputy Secretary-General, Board of
Investment (BOI)

Energy Resources and Reserves

Sivavong Changkasiri, Director-General, Department of
Mineral Resources (DMR>, Thailand

Thailand’s Enerqy Supply/Demand Pattern and Petroleum
Development Program

Tongchat Hongladaromp, Governor, (PTT), Thailand



Tuesday - February 7, 1984 (continues)

Afternoon Session Chairman - Arnold H. Pelofsky, Pre-
sident, AER Enterprises, USA

1330 Current Projects

Union Oil Company of Thailand, Harold M. Lian,
President, USA

"B" Structure, Gulf of Thailand, Joe R. Clark,
President, Texas Pacific 0il Co., Inc., USA

Summary of Exploration Drilling Results - Northeast
Thailand, George W. Grader, Vice President and

Managing Director, Esso Exploration and Production
Khorat Inc., USA

1500 Coffee Break

1530 An Overview of Worldwide Standards for Natural Gas
Utilization

Elisabeth Drake, Chairman, Chemical Engineering De-
partment, Northeastern University and Marian H. Long,
Arthur D. Little, Inc., USA

1600 A Model for Evaluation of Natural Gas Development Strategies

James F. Houle, Manager, Projects for Research and
Engineering, Bechtel Group, Inc., USA

1900 Reception

Cohosted by Minister of Industry and US Ambassador
Hilton International

WEDNESDAY, FEBRUARY 8, 1984

Experiences of Other_ Countries

Session Chairman - Brooks Ryno, Counselor {for
Commercial Affairs, US Embassy

0830 LNG Production Experience in Brunei
H. Joubert, Manager, Brunei LNG, Brunei
0900 Natural Gas Utilization in Indonesia ~ Present and Future

Nurani Munjab, Head of Sub-Directorate, Natural Gas
Processing and Transportation of MIGAS, Indonesia
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Wednesday - February 8, 1984 (continues)
0930 Malaysian Experience in Developing its Gas Resources

Hashim Selleh, Manager, Gas Development Department,
Petronas as Malaysian, Malaysia

1000 Coffee Break
1830 The Utilization of Natural Gas in New Zealand

Stephen J. Gale, Scientist, Planning and Forcasting Direct-
orate, Ministry of Energy, New Zealand

1100 Pakistan Experiences With Natural Gas

Munir Ahmad, Director General, Gas Ministry of Petroleum and
Natural Resources, PakKistan

1200 Lunch

TWO SESSIONS WILL BE HELD THIS AFTERNOON

TRANSPORTATION - Ballroom
ENERGY APPLICATIONS - Board Room

Transportation Session
Session Chairman - Charles Bliss, USAID
1330 Use of Gaseous Fuels in the Transportation Sector

Tom Joyce, President, Tom Joyce Associates and Jack G.
Edwards, Manager, Engineering Services, GDC, Inc., USA

1400 Automobile Equipment Retuired to Use Compressed Natural Gas
as a Fuel

Gregory Macosko, Principal, Hayes/Hill lnc., USA

1430 The New Zealand Experience With Compressed Natural Gas (CNG)
in Motor Vehicles

Donald Hertzmark, ASEAN Consultant, Asian Institute of
Technology

1500 Coffee Break
1330 Production, Use and Economics of Methanol

Bert W. Struth, Executive Vice President, Chem Systems
Inc., USA

w



Wednesday - February 8, 1984 (continues)
15800 Further Development of the Methanol-Fueled Escort

Robert J. Nichols, Principal Research Engineer, Turbine
and Al ternate Fuels Research Development Department,
Ford Motor Company, USA, (paper presented by Sommai
Suvanapima, Director, Manufacturing, Anglo Thai Motors
Ltd.

1630 Gasoline From Natural Gas
Gerald F. Tice, Supervising Engineer and Hal C. Spohn,
Principal Engineer, Advanced Technology Planning
Department, Fluor Engineers, Inc., USA

1700 The Production, Economics and Uses of Synthesis Gas
Frank A. Demers, Stone & Webster Engineering Corp. and
Samuel A. Tabak, Mobil Research and Development Corp.,
usa

Enerqy Applications Session

Session Chairman, Robert Icﬁord, UsalID
1330 Current EGAT Power Generation Using Fuel Gas

Robert G. Settle, Project Manager, Black & Veatch
International, USA

1400 Combined Cycle Cogeneration

R.I. Gavin, Partner and Project Director, Sargent &
Lundy, USA

1430 Direct Heating

W.H. Thorbecke, Chairman, Energy Support Services,
Inc., USA

1500 Coffee Break
1330 Reciprocating Engines in On-site Power Plants

D.A. Noelkin, Regional Manager, Caterpillar Tractor
Co., USA

14600 Gas Turbines for Industrial Uce

George J. Milici, Manager, Turbo Machinery, Ingersoll-
Rand SEA Pte. Ltd., USA



Wednesday - February 8, 1984 (continues)
1830 Turboexpanders in Natural Gas Applications

John Holm, Director, International Marketing,<Rotoflow
Corp., USA

THURSDAY, FEBRUARY 9, 1984

Chemical Production
Session Chairman, To Be Announced, Thailand

0830 The Removal of Carbon Dioxide
R.E. Meissner IIl, Direcor, Gas Technology and H.
Robert Scivally, Manager, Business Development, The
Ralph M. Parsons Company, USA

0900 Economics and Production of Fertilizer

Giovanni Lorenzo Farina, Project Director, Foster
Wheeler International Corp., USA

0930 Phosphate Potash & Soda Ash

G. Russell James, President, James Chemical Engin-
eering, USA

1000 Coffee Break
1015 Make Ammonia With Less Energy

Joseph R. LeBlanc Jr., Manager, Inorganic Chemical
Division, M.W. Kellogg Co., USA

1045 Firing With Gas in Cement Kilns
Werner Ostberg, Vice President, Engineering Operations,
The Kuljian Corp., USA

Petrochemical Production
Session Chairman, Siri Jirapongphan, Thailand

1113 The Petrochemicals Industry in Today‘s Economy
Gordon D. Mounts, Vice President/General Manager,
Process Systems and Services Department of the

Catalysts and Prncess Systems Division, Union Carbide
Corp., USA
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Thursday - February 9, 1984 (continues)
1143 Planning Petrochemical Complexes Based on Natural Gas

Andrei Rhoe, Vice President, Lummus Technical Center
and M.J. Maddock, Manager, Process Planning and Eco-
nomics, C-E Lummus Co., USA

1215 Lunch
1330 Managing a Petrochemical Project

William Burner, Project Director, Foster Wheeler
International Corp., USA

1400 Ethane/Propane Cracking Technology

Colin P. Bowen, Business Development Manager and Erich
Kranz, Business Development Mananer, Stone & Webster

Engineering Corporation, USA
\\

1430 The Production and Economics of Olefincs From Ethane and
Propane LPG

Reno Zack, Manager, Olefins Development, C.F. Braun
Inc., USA

1500 Polypropyliene Production Processes and Economics

B.P. Belles, Research Supervisor, Polypropylene
Division, Amocco Chemicals Corp., USA

1330 Dynamic Digital Simulation in Process Operations
S.M. Solomon, President, M. Asgari, Vice Precident and
General Manager and R. Uttamsingh, Business Development

Manager, Far East and Pacific Basin, C-E Simulation and
Advanced Process Control, Inc., USA

1400 Coffee Break

1615 Closing Ceremonies

H.E. Chirayu Isarangkun Na Aruthaya, Deputy Minister of
Industry and Chairman, Eastern Seaboard Subcommittee on
Petrochemical Industry

1630 FIELD TRIP BEGAN

11



FRIDAY, FEBRUARY 10, 1984

0930 Departure to the LDPE Plant, Rayong Province
1030 Briefing and tour of the LDPE Plant

1200 Lunch

1400 Departure to the Gas Separation Plant

1430 Briefing and tour of the Bas Plant

SATURDAY - FEBRUARY 11, 1984

0900 Departure to the Marine Terminal at Khao Bo Ya, Laem Chabang
Deep Seaport, Chonburi Province

0930 Tour of the Marine Terminal

1015 Departure to the Gas Monitoring Station, Operation Center,
Chonburi Province

1100 Briefing and tour of the Operation Center

11435 Departure to the Bang Pakong Power Plant

1230 Lunch

1330 Briefing and tour of the Bang Pakong Power Plant

1530 Departure back to Bangkok

During the morning of the second day of the symposium, papers
were presented by representatives of Brunei, Indonesia, Pakistan,
Malaysia and New Zealand. The authors of these papers were high
level representatives of their respective governments except for
Brunei who nominated the Manager of Brunei LNG which is a subsid-

iary of Shell 0il Company. Traveling funds were supplied by AID

for all the representatives except the Brunei representative
because he was an employee of an American company (Shell O0il
Company).



5.0 Workshop

During the evening of the second day of the symposium, a workshop
was held that attracted the leading decision makers of Thailand
along with about 15 delegates representing the American compan-
ies. The objective of this workshop was to identify projects of
major interest to the Thais that would be of interest to the US
Government and to US industry. Dr. Pelofsky moderated the workshop.
The following concepts came to light:

Comprecsed Natural Gas

The Thais are extremely interested in converting their transport-
ation fleet to use Compressed Natural Gas <(CNG) rather than
diesel fuel or gasoline. Approximately 40-40% of their trans-
portation fleet uses diesel. They feel they need to make this
conversion not only to become less dependent of foreign sources
of oil but also to reduce the pollution levels in Thailand espe-

cially in Bangkok.

A problem to using CNG in Thailand, is that nc one in the United
States, as vet, has successfully demonstrated a technique that

could be used to convert diesel vehicles to CNG.

9.1 Training

The Thais are extremely interested in having their people trained
to understand and work with natural gas both "as is" and also in
the production of chemicals and petrochemicals. Dr. Charan would

also 1like the Thais to understand and appreciate the safety and

13



handling risks associated with natural gas. He wants a safety

program set up in Thailand which is rigidly enforced.

Thailand would 1likKe visiting experts from US universities and
industries to wvisit Thailand and present short courses on the
various aspects of using, analyzing and studying natural gas both

in a theoretical sense and in a practical one.

The Thais also want to set up a Petroleum Institute that could
help evaluate pertinent technology, manage and/or conduct re-
search, analyze and evaluate gas and oil samples and train Thai
personnel that will be working in the field. At present, gas and

oil samples are sent to Singapore for analysis.

As part of this activity, Chulalongkorn University asked AER to
help them organize, manage and coordinate the "University/Indus-—
try Interaction in the Development of the Petrochemical Industry®
Symposium which they wish to schedule for the end of August or
the begirning of September 1984, This symposium could very
easily be the mechanism to not only initiate the Institute but
also help define its goals, objectives and mode of operation.

Involvement of AID in this symposium is crucial.

This symposium is supported by the Ministry of Education, The
Ministry of University Affairs, The Ministry of Industry, The
Petroleum Authority of Thailand and the Engineering Institute of

Thailand.
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The package of information including the cover letter from Dr.
Woraphat Arthayukti, Head of the Department of Chemical Engineer-
ing is in Appendix G. They want this symposium to be a regional
symposium which involves the other ASEAN countries and they are

anxious for AID support.

This program is extremely important to the US since if could
insidiously persuade the Thais to "buy American" because the Thai
engineers, operating personnel and students will be trained to
follow the American design, environmental and economic criteria
over those criteria that are used by other countries especially
if US educators and engineers are employed in this training

exercise.

5.2 Energy Plan

‘There is the need to develop a very detailed and complete energy
plan that encompasses natural gas as well as oil, lignite and oil
shale, This energy plan should also look at the refinery struc-
ture within Thailand with a view of determining whether these
refineries should be revamperd, modernized or dismantled. If a
refinery should be dismantlied, then a project should be initiated
to determine whether new refineries should be designed, con-
structed and installed. The design and construction of new
refineries could mean significant income to US firms. The design
and construction of a new refinery could involve an expendi ture
of about $50,000/daily barrel of product produced or 5 billion

dollars for a 100,000 barrel/day refinery.
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5.3 Gas Pricing Structure

There is the need to investigate the possibility of developing an
acceptable pricing structure for natural gas as it comes from the
well head. At present, both Union 0il and Texas Pacific O0il
Company are negotiating the price for the gas they discovered.

Exxon has already started discussing the subject.

This subject is extremely controversial among the Thais and among
the oil companies. When and if Esso finds significant gas in the
northeast of Thailand, the subject will become even more diffi-
cult. If this issue is resolved successfully, it might have the
effect of accelerating the exploration and production efforts of
not only Esso but also the other companies that have oil and gas

concessions.

I am not certain how AID could help or whether the US Government
or the Government of Thailand would be even interested in pur-
suing the matter. The fact remains, however, that the USGS has a
wealth of information on the subject and, to my Knowledge, no one
seems interested in their views. There is no doubt that if this
situation can be resolved, the influence of the United States

would be strengthened.
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5.4 Alternatives to Natural Gas

It is important for Thailand to consider the alternatives of
using natural gas as an automotive fuel principally because there
isn“t the infrastructure in place to ‘‘ansport the gas to where
it can be used to fill vehicles. An alternative might be to use
the methane as the feedstock to produce methanol and/or petroleum
equivalent white products. The comparative economics of these
routes and their energy efficiencies are important to Thailand

and should be included in the evaluation.

6.0 Field Trip

Approximately 100 people comprising both Americans and Thais
departed on the field trip in 3 air conditioned buses to Pattaya
on Thursday afternoon at 1700 hours. The buses were escorted by
Thai police throughout the entire field trip in order to insure
the safety of everyone but most importantly, to eliminate traffic

delays and minimize travel time for the delegates.

A handout was provided to everyone on the field trip. It can be
found in Appendix H. This handout describes the Bang Pakong
Power Plant, the Natural Gas Separation Plant, the Gas Transmis-
sion System and the proposed Chemical Fertilizer Plant along with
the future Petrochemical Complex. The only part of the field
trip that wasn’t described was the Low Density Polyethylene
(LDPE) plant which is owned by the Thai Petrochemical Industry

Co., Ltd. This plant was down during the vicit and as a result

17



the attendees were not permitted to go into the plant.

The Thais were most cordial and hospitable during the field trip.
They were extremely open and didn’t seem to hold back on any
information that was requested by the Americans. By going on the
field ¢trip, the #Americans had much more time to discuss, in-
depth, subjects that were of significant interest to them with
the Thais. It was very pleasing to see groups comprising of
Thais and Americans discussing topics of mutual interest in a

friendly but serious manner.

There is no doubt that the Thais and Americans formed relaticn-
ships that could only help cement American influence in Thailand.
It is also certain that the Americans gained a deeper appreci-
ation of the level of sophistication of the technology that can

be sold within Thailand.

7.0 Post Symposium

The professors that presented the presymposium seminars stayed on
for another week after the symposium to present lectures at the
Gas Separation Plant, the Bang Pakong Power Plant and Chulalong-
korn University on the same subjects that were presented just

prior to the symposium. See Appendix E.
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8.0 Proceedings

The entire symposium including the field trip went off without
the slightest hitch. The papers presented by the Thais on Tues-
day were professionally prepared and well presented. Copies of
all the papers that were presented will be submitted under sep-

arate cover in the form of printed Proceedings.

?.0 Cost _Analysis

The cost to AID which is listed below was, perhaps, the smallest
portion of the total cost of having this symposium if one consid-
ers the contribution of each author and each participant. Each
author’s company contributed salaries and indirect costs to pre-
pare their presentations along with travel and per diem expenses.
Each company that sent participants had to contribute his salary,
per diem and travel expenses. Consequently, each company probab-
ly contributed at least $30,000 and, perhaps, as much as $50,000
towards the preparation and presentation of each paper. Since
there were 32 American authors that presented papers, the total
cost had to exceed $1,000,000. The total cost per participant
had to fall between $15,000 and $20,000 each. For the 93 partic-
ipants that didn’t present papers, the cost had to total close to
$2,000,000. This does not include the cost to the Thais for
preparing their papers and their logistical costs nor the cost of
the other people that presented papers from the other countries.
If one was to add up the costs associated with everyone, the

total amount would be in the range of $3 to 3.5 million.
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The cost to AID follows:

Professional time $37,181
Secretarial time 5,375
Two Trips to Thailand prior to symposium $,46R
Prepare and print advertising brochure 1,140
Stuff, stamp and mail advertising brochure 425
Stamps 3 $0.20 each 1,749
Rental of mailing list 620
Prepare and print handout material 2,532
Telephone 1,784
Telex 623
Reproduction 200
Preparation, printing and distribution

of Proceedings 15,000
Trip to Thailand to work symposium,

(2 people? 7,848
Travel and per diem for foreign speakers 6,692
Food functions 5,417
Taxis to go to meetings Sé
Professors for presymposium and

post symposiuri stay* 18,000
Consul tants Fee 6,107

TOTAL 117,210
Less registration fees collected 28,314
GRAND TOTAL $ 88,894

* About $10,000 was on a Purchase Order direct to the Professors.
The time spent on this symposium was higher than anticipated
because of the 1low number of registrants up to the month of
November and because of the difficulty in enlisting speakers at
the beginning of the project. As a result, the amount of time
that was spent to encourage attendance and enlist speakers was
high. The budgeted amount was approximately half of that which
was realized.

AER had to call and write letters teo quite a few people to "sell"
them on the idea of attending. This effort paid for itself since
the total of the registration fees collected was higher than
normal. Based on the experience of AER, the remainder of the

costs are within expected levels,

3]
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10.0 Unsolicited Letters

Letters from some of the participants can be found in Appendix 1.

All  of the enclosed letters mention the success of the meeting

and the writer’s desire to hope that USAID sponsors more of them.
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-2 -

DRAKE, ELISABETH M.
CABOT PROF. & HEAD

CHEM. ENG. DEPT,
NORTHEASTERN UNIV,-347E8
360 HUNTINGTON AVE.
BOSTON, MASS. 02115

EASTER, T,

MAN., BUS. DEVEL,

WILLIAMS BROTHERS ENG. LTD.
48 ST. MARTINS LANE

LONDON, ENGLAND wC2 4EJ

FARINA, LORENZO

PROJ. DIR., FERT. PROJ,
FOSTER WHEELER INTL. CORP,
110 SOUTH ORANGE AVE.
LIVINGSTON, Wy 07039

GALE, STEPHEN 4.
MINISTRY OF ENERGY
NEW ZEALAND

GAVIN, RICHARD 1.
PARTNER & PROJ. DIR.
SARGENT & LUNDY

55 EAST MONROE STREET
CHICAGO, 111 60603

GLAZER, JEROME L
BUSINESS MANAGER

AIR PROD. & CHEM., INC.
P.0. BOX 538

ALLENTOWN, PA 18105

GOEPFERT, GEORGE A.

MAN., FEEDSTOCKS & FUEL
EXXON CHEM. ASIA PAC. LTD.
G.P.0. BOX 749

HONGKONG



GOGDWIN, BERNARD H.
ASSOCIATE PROFESSOPR
NORTHEASTERN UNIV.-451EB
360 HUNTINGTON AVE.
BOSTON, MASS. 02115

GOULDON, H.T.

MAN., INTL. SALES
THE LUMMUS COMPANY
1515 BROAD STREET
BLOOMFIELD, NJ 07003

GROSSMANN, JAMES

REG. DIR. FOR ASIA

US TRADE & DEVEL. PROG.
SA-16, ROOM 301
WASHINGTON, DC 20523

HAJI RAZI, MOHAMED RIFAI
GEOPHYSICIST

SABAH ENERGY CORPORATICN
BLOCK 425, KOMPLETCS EXPO.
JALAN TUN MOLTO PUAD

KOTA KINABALU

SABAH, MALAYSIA

HAMBLETON, D.J.

DAVY MCKEE

BANGKOK BANK BLDG., 14TH FL.
333 SILOM RD.

BANGKOK

HARRIS, ROBERT

MGR., SALES FAR EAST
C.F. BRAUN & CO.
1000 S. FREMONT AVE.
ALHAMBRA, CA 91802

HHAYASHI, SEIICHI
GENERAL MANAGER

MITSUI OIL EXPLORATION CO., LTD.

4TH FL., BOONMITR BLDG.
138 SILOM RD.
BAMGKOK 10500

HEE, H'NG HUNG

DEPUTY ENGINEERING MANAGER
SABAH ENERGY CORPN.

BLK 425, LIKAS COMPLEX

JLN TUN MOHD. FUAD

KOTA KINABALU, SABAH
MALAYSIA

-3 -

HERTZMARK, DONALD

ASEAN ENERGY CONSULTANT
ASIAN INST. OF TECH.
G.P.0. BOX 2754

BANGKOK

HILL, MARTIN R.E.

ASSOC. DIR.-SALES & MARKETING
JOHN BROWN ENG. & CONS. LTD.
BUCKINGHAM STREET

PORTSMOUTH, U.K.

HOLM, JOHN

DIR., INTL. MAN.
ROTOFLOW CORP.

2235 CARMELINA AVE.
LOS ANGELES, CA. 90064

HORTON, SHRON F.

ASIA REPRESENTATIVE

US TRADE & DEVEL. PROG.
AMERICAN CONSULATE GENERAL
4402 HOPEWELL CENTER
QUEEN'S ROAD EAST

HONG KONG

HOSSAIN, MOSHARRAF
DIRECTOR, PLANNING
PETROBANGLA
BANGLADESH

HOULE, JAMES F.

MANAGER OF PROJECTS
INTERNATIONAL PLANNING
BECHTEL GROUP INC.

SAN FRANCISCO, CA. 94105

IBRAHIM, ABDUL HAMID
MANAGER

PETRONAS

P.0. BOX 12444, JALAN PUDU
KUALA LUMPUR

MALAYSIA

ICHORD, ROBERT F. JR.
CHIEF, EN. FOR. & ENVIR.
BUREAU QF ASIA

US AGENCY FOR INTL. DEVEL.
ASIA/TR, RM. 3311

NEW STATE

WASHINGTON, DC 20523

f)/")



JALAZAR, CHARLES B.
ASSISTANT VICE PRESIDENT
CROCKER NATIONAL BANK
MONTGOMERY ST,

WEST TOWER, 29TH FL.

SAN FRANCISCO CA. 388-7640

JAMES, G. RUSSELL
PRESIDENT

JAMES CHEM. ENG., INC.
779 NORTH STREET
GREENWICH, CONN. 06830

JOUBERT, H.

MANAGER

BRUNEI SHELL PET. co. BERHAD
SERIA

BRUNEI, BORNEQ

JOYCE, THOMAS
SENIOR CONSULTANT
GDC, INC,

10 WEST 35TH STREET
CHICAGO I11 60616

KELLY, THOMAS J.

MAN. INTL. SALES

C.F. BRAUN & Co.

1000 S. FREMONT AVENUE
ALHAMBRA, CA. 91802

KESSEL, C.M. GEURTS VAN
BRANCH MANAGER

GASUNIE ENGINEERING

/TH FL., NAI LERT BLDG.
87 SUKHUMVIT Rp.
BANGKOK 10110

KHEW, TAN TOK
MANUFACTURING PLANNING MANAGER
MOBIL OIL SINGAPORE PTE LTD.
18 PIONEER RD., SINGAPORE 2262
SINGAPQRE

KING, CHRISTOPHER J.

PARTNER

INTERNATIONAL LEGAL
COUNSELLORS THAILAND LTD.

18TH FL., 333 sILoM RD.

BANGKOK

-4 .

KRANZ, ERICH s.

MAN. BUS. DEVEL,

STONE & WEBSTER ENG. CORP,
P.0. BOX 2325

BOSTON, MA. 02107

KROG, HERB P,

BUSINESS MANAGER

UNION CARBIDE CORP.

OLD RIDGBURY, CONN. 06817

LAVEDAN, PIERRE F,

BUS. DEVEL. MAN.

BECHTEL GREAT BRITAIN LTD.
245 HAMMERSMITH RD.
LONDON, W6BDP, ENGLAND

LEBLANC, J.R.

MAN. INORG. PROC. DIV.
M.W. KELLOGG COMPANY
THREE GREENWAY PLAZA
HOUSTON, TX 77046

LEE, YEE-CHEQONG
DIRECTOR

TENAGA EWBANK PERUNDING
135-2 JALAN SEGAMBUT
KUALA LUMPUR, MALAYSIA

LUKE, ALBERT G. JR.
COMMERCIAL VICE PRESIDENT
THE M.W. KELLOGG COMPANY
541 CRCHARD ROAD

709-04 LIAT TOWERS
SINGAPORE 0923

MACOSKO, GREGORY
PRINCIPAL
HAYES/HILL, INC.
220 EAST 42ND ST,
NEW YORK, NY 10017

MADDOCK, M.J.

MAN. PROC. PLAN & ECON.
C-E LUMMUS

1515 BROAD STREET
BLOOMFILED, NJ 07003



MAH, DAVID

MANAGING DIRECTOR
PETRO-ASIA CO., LiD.
803 PARK TWO DRIVE
SUGARLAND, TX 77478

MANLEY, FRANK .
DIRECTOR

MET LTD.

68/2 SATHORN NUA RD.
BANGKOK

MCPHERSON, J.1.

STAFF DIRECTOR
PHILLIPS PET. (Co.

INTL. LICENSING

263 PAT. & LIB BLDG.
BARTLESVILLE, OK. 74004

MEISSNER, ROLAND E. IT1
PET.-CHEM. DIV,

THE RALPH M. PARSONS co.
100 WEST WALNUT STREET
PASADENA, CA. 91124

MICHAEL, 0'SHAUGHNESSY WILLIAM

SOUTH EAST ASIA OFF SHORE CO-ORDINATOR
DRAGERWERK A.G.

53/55 MOISLINGER ALLER

LLUBECK

WEST GERMANY

MILICI, GEORGE J.

MAN. TURBO MACH.
INGERSOLL -RAND

42 BENOL ROAD

JURONG, SINGAPORE 2262

MILLER, RAY

SENIOR Vv.p,

SHANNON & WILSON, INC.
1105 N, 38TH sT.
SEATTLE, WASH. 98103
U.S.A.

MOUNTS, GORDON

VICE PRES. & GEN. MAN.
UNION CARBIDE CORP.
OLD RIDGEBURY ROAD.
DANBURY, CONN. 06817

-5 .

MUDAYAT, IR. NURANI
HEAD, NATURAL GAS PROC. TRANS.

DIRECTORATE GENERAL OF OIL & NATURAL oIi.

3TH FL., MIGAS BLDG.
1. JALAN M.H. THAMRIN, JAKARTA

NAKAMURA, SHOZ0

SENIOR PROJECT ENGINEER

UNICO INTERNATIONAL CORPORATION LTD,
KONISHI BLDG., 7TH FL.,

NIHONBASHI, HONCHU 2-2-2

TOKYOD, JAPAN

NANDI, R.K.

SALES MAN.-SOUTH EAST ASIA
FOSTER WHEELER INTL. CORP,
SUITE 25-04 SHAW CENTER

1 SCOTTS RD.

SINGAPORE

NERESESIAN, GECRGE A.
PRESIDENT

AMOCO CHEMICALS FAR EAST LTD,
1505-8 BANK OF AMERICA TOWER
12 HARCOURT RD., HONG KONG

NOELKIN, DAVE

SEN. APPL, ENG.
CATERPILLAR FAR EAST LTD.
G.P.0. BOX 3069 '
WANCHAI

HONG KONG

NURANI MUNJAB
HEAD OF SUB-DIRECTORATE
NATURAL GAS PROCESSING

AND TRANSPORTATION OF MIGAS
DEPT. OF MINES, INDONESIA

OSTBERG, WERNER
VICE PRESIDENT

THE KULJIAN CORP,
3700 SCIENCE CENTER
PHIL. PA. 19104

OUCTTI, KENJI

CHIEF REPRESENTATIVE

TOYO ENGINEERING CORPORATION

138 SILOM RD., BOONMITR BLDG, 7TH FL.
BANGKOK



-6 -

PADOONG PLEANRUNGSI POTTER, WALTER s.
ENERGY ANALYST STONE & WEBSTER ASIA CORP,
CALTEX OIL (THAILAND) LTD. SINGAPORE '

1037 PLOENCHIT ARCADE

PLOENCHIT

BANGK 0K

PELOFSKY, ARNOLD H. RAMASAWAMI, R.

PRESIDENT AREA MARKETING MANAGER

AER ENTERPRISES ‘ UNION CARBIDE EASTERN INC., SINGAPORE
P.0. BOX 454 10 PIONEER RD,

E. BRUNSWICK, NJ 08816 - JURONG TOWN, SINGAPQORE
PELOFSKY, LORETTA K. ROBERTS, STEVEN C.
MEETINGS COORDINATOR VICE PRESIDENT BUS. DEVEL.,
AER ENTERPRISES THE CORBET COMPANY

P.0. BOX 454 ROUTE NO. 1, BOX 94

E. BRUNSWICK, NJ 08816 CORSICANA, TX 75110

PERRY, PETER M. RUSH, GLENN M.

MAN. BUS. DEVEL. EXECUTIVE DIRECTOR

R.J. ROWN AND ASSOCIATE AMER-THAT HOLDINGS €o., LTD.
(FAR EAST) PTE. LTD. 9-11-12 THANIYA RD.

20 BIDEFQRD RD., #07-00 BANGKOK

SINGAPORE 03522

PRILLIPS, BILLY 4. SCHIPPERIJN, ADRIAAN
RESIDENT MANAGER " MANAGER OF SALES

TEXAS PACIFIC THAILAND, INC. C F BRAUN & CO.

4TH FL., BUMC BLDG., NO. 144 1000 S FREMONT AVE.
BANGKOK 10112 ALHAMBRA, CA. 91802
PHILLIPS, DAVID J. SELLAH, HASHIM

GENERAL MANAGER MAN. GAS DEVEL.

AIR PRODUCTS CHEMICALS INC. PETRONAS

P.0. BOX 538, ALLINTON, PA. 18105 MALAYSIA

PHILLIPS, JACK SERI KULEKALUCK

RESIDENT MANAGER SALES ENGINEER

TEXAS PACIFIC THAILAND INC. W.R. GRACE (THAILAND) LTD.
BUMC BLDG. 253/2 BANGPOO INDUSTRIAL ESTATE
144 SUKHUMYIT RD. SUKHUMVIT RD., KM. 34
BANGKO¥K, SAMUTPRAKARN 10280

PIGG, GARRY SETTLE, R.G.

VICE PRESIDENT PROJECT MANAGER
OPERATIONS-SRI LANKA BLACK & VEATCH INTL.
AGRICO OVERSEAS INVEST. CORP, P.0. BOX 8405

P.0. BOX 3166 KANSAS CITY, MISSOURI 64114

ONE WILLIAMS CENTER
TULSA, oK. 74101 ;



SHEVTOZOFF, A.

VICE PRESIDENT & MANAGING DIRECTOR
C.E. NATCO INTERNATIONAL LTD.
GOLDHILL PLAZA

SINGAPQRE

SHINOZAKI, KAZUMA
MANAGER & COMPANY REPRESENTATIVE
SEA. PET. EXP. CO., LTD,

4TH FL., BOONMITR BLDG, 138 SILOM RD.

BANGK 0K

SILVIA, BILL F.
PRESIDENT

UNIOM CARBIDE CORP.
OLD RIDGEBURY RD.
DANBURY, CONN. 06817

SIRITAJ ROJANAPRUK
COMMERCIAL SPECIALIST
AMERICAN EMBASSY

140 WIRELESS RD.

"R" FL., KIAN GWAN BLDG.
BANGKOK 10500

SLOAN, JAMES L.
PROJECT ENGINEERING CONS.
USAID/THAILAND - 0/PES

SMITH, DON B.
VICE-PRES. BUS. DEV.
BROWN & ROOT INTL.
P.0. BOX 3

HOUSTON, TX 77001

SMITH, W.F.

PROJECT EXECUTIVE
STEARNS ROGER ENG. COPP.
P.0. BOX 5888

DENVER, CO. 80233

SOMMAT SUVANAPIMA
DIR., MANUFACTURING
ANGLO THAI MTORS LTD.
149 SURAWONGSE RD.
BANGK CK

-7 -

SOMMER, E.C.

MAN. LIC. DIV,

PHILLIPS PET. CO.

INTL. LICENSING

270 PAT. & LIB. BLDG.,
BARTLESVILLE, OK. 74004

SOMSAK CHUTANAN

MANAGER, SALES PROGRAMS

GENERAL ELECTRIC INTL. OP. C0., INC.
5/7 WIRELESS RD.

BANGKOK

STAMP, JOHN E.
MANAGER

FULLER & KINNAIRD
BOX 1272

BANGKOK

STRUTH, BERT W.
EXEC. VICE PRES.
CHEM SYSTEMS INC.
303 S. BROADWAY
TARRYTOWN, NY 10591

SUHARDI, ENGINEER
P.T. PUSRI PALEMBANG INDONESIA
31 SEI SELAYUR, PALEMBANG, INDONESIA

SUNARTO, KRE5NO
ENGINEER

P T PUSRI

JL SELAYUR, PALEMBANG
INDONESIA

SUTHON TONGKAM

PLANNING & ECONOMICS MANAGER
CALTEX OIL (THAILAND) LTD.
1037 PLOENCHIT ARCADE
PLOENCHIT, BANGKOK

TABAK, SAMUEI A.
ASSOCIATE

PROC. RES. & TECH. SERV. DIV.
MCBIL R & D CORP.

PAULSBORO, NJ 08066

n



TAM, P.K.

SALES ENGINEER

W.R. GRACE (HONG KONG) LIMITED
3RD FLOOR KAYAMALLY BLDG.

22 QUEEN'S RD., CENTRAL HONG KONG

TANUDEE SINHASENI

ASSISTANT MANAGER

BANK OF AMERICA NT & SA,
BANGKOK BRANCH

2/2 WIRELESS RD.

BANGKOK 10500

THORBECKE, WILLEM H,
CHAIRMAN, BOARD OF DIRECTORS
ENERGY SUPPORT SERVICES INC.
P.0. BOX 6098

ASHEVILLE, N.C.

TICE, GERALD F.
SUPERVISIING ENGINEER
FLUOR ENGINEERING INC.
3333 MICHELSON DRIVE, F3J
IRVINE, CA. 92730

TRAIN, PETER R.

REG. VICE PRES.
FOSTER WHEELER INTL.
3535 SAGE RD.
HOUSTON, TX 77056

VAJARA CHONGPHAISAL

LPG SALES MANAGER

CALTEX OIL (THAILAND) LTD.
1037 PLOENCHIT ARCADE
PLOENCHIT

BANGKOK

VASQUEZ, JORGE A.

MAN. BUS. DEVEL. SE ASIA
LUMMUS OVERSEAS CORP.
SHAW CENTRE

1 SCOTTS ROAD #26-03/04
SINGAPORE

VORAVIT PRICHACHARN
ASSISTANT MANAGER

BANK OF AMERICA NT & SA, BANGKOK BRANCH

2/2 WIRELESS RD
BANGKOK 10500

-8 -

WATKINS, C.H.L.

VICE PRESIDENT
KING-WILKINGSON (INTL.) B.V.
4 SHENTON WAY #08-06/10
SHING KWAN, SINGAPORE 0106

WILLTAMSON, R.G.

REG. VICE PRES.

FLUOR ENGINEERS INC.

RM. 222, KOMPLEKS ANTARABANGSA
JALAN SULTAN ISMAIL

KUALA LUMPUR, MALAYSIA

WILSON, H.M.

VICE PRES. & SEN. REP.
BECHTEL INTL. INC.
TROMOL POS #467
JAKARTA, INDONESIA

YANG, CHARLES

REGIONAL SALES MANAGER
CATERPILLAR AUSTRALASIA LTD.
1760 SUKHUMVIT RD.

BANGKOK

ZACK, RENO S.

MAN. OLEFINS DEVEL.
C F BRAUN & co.

1000 S. FREMONT AVE.
ALHAMBRA, CA. 91802

72,0



. 10,

11.

13,

LIST OF PARTICIPANTS

MISS AMPHAI CHAROENPOL
POLICY & PLANNING ANALYST

MR. AKRADECH SINDHUPHAK
LECTURER

MR. ADUL CHAIAROON
PLANNING ENGINEER

MR. ANAN SIRIPONG
TECHNICAL MANAGER
PLANNING DIVISION

MR. ANON TULYANON
MANAGING DIRECTOR

MR. ADISORN PRAKUNHANGSIT
MANAGER-ENGINEERING DIVISION

MR. AKOM NANTARECHSANTI
PRODUCTION DEPT. MANAGER

MR. APISIT RUJIKEATKAMJORN
DIRECTOR OF MAINTENANCE DEPA
DEPARTMENT

MR. AMON PENPIBOONRATANA
NATURAL GAS MARKETING DIVISION

MISS ACHARA SAENGHAI
CHIEF ENGINEER

MR. ANANT KUISOMBOON

CHIEF OF SAFETY-SECURITY AND
ENVIRONMENTAL CO-ORDINATION
DIVISION

MR. AHKOM PONGPOQNSUK
ENGINEER

MR. AKANIT SUWANASING

COMPANY /INSTITUTE

PLANNING DIV., OFFICE OF THE PERMANENT
SECRETARY, MIN, OF COMMUNICATIONS

KING MONGKUT'S INSTITUTE OF TECHNOLOGY
LADKABANG CAMPUS

ENERGY POLICY AND PLANNING DIVISION
NATIONAL ENERGY ADMINISTRATION

THAI ASAHI CAUSTIC SODA CO. LTD.

\

INTERNATIONAL TECHNOLOGY

THE STAM CEMENT CO. LTD.

THE SIAM CEMENT CO. LTD.

PTT

PTT

PTT

PTT

PTT

DEPT. OF MINERAL RESOQURCES



15.
16.
17,
18,
9.

20.

21.

23.

24,

a7,
28,

29.

30.

31.

MR. AEDUL RAI'MAN TERMIZI
MR. ABDUL AZMIN HALIM
MR. ABDUL HAMID IBIAHIM
MR. ASCARI MAXWELL

MR. AHMAD MUNIR

MR. ARAX UYANAND

MR. ATHAVUDHI HIRUNEURANA
ENGINEER

MR. BUNDIT GUAESA-ARD
CHIEF OF TECHNOLOGY

MR. BOONYARIT WATTANAVISUT
ENGIMEER

MR. BARRON PARUL

MR. BELLES B.P,

MR. BLISS CHARLES
MR. BOWEN P. COLIN
MR. BRADEN G, KEN
MR. BROCK R. HAROLD

MR. BURNER WILLIAM

DR. BUNDIT FUNGTAMMASAN

HEAD, DEPARTMENT OF MECHAMICAL

ENGINEERING

MRS. BUNCHIRD KULPHANICH
ENERGY PLANNING

-2-

PETTOMNAS

PETRCIIAS

PETROMAS

C.

C-E SIMCON,

MINISTRY OF PETROLEUM & NAYURAL 'S

pTY

BTT

rre

PTYT

NORWALK COMPRESSGR <O,

AMOCO CHIMICZALS COLPOLLDICN

AGENCY FOR INTEFNATIOGAL DEVELIFLE. -4

STONE & WEESTER ENGTIMNEERT NG CONONNT LN

PARSONE 0.

THE RALPH M,

COMBUSTION ENGINEERING INC.

FOSTER WHEELER INTERGATICNAL CORY RATTON

KING MONGKUT'S IMSI''UTE OF TECHNQ.OSY
TECHNOLOGY, NOETH BANGSKOR

ENERGY POLICY AND SLINIING EIVISTug
NRTIANAL EMERGY WDMINTS PRATION

«

v



33.

34,

35.

Lo,

L1,

L2,

43,

Ly,

s,

MR. BOONYIUM MEESOOK
MANAGING DIRECTOR

DR. BANCHA UDOMSAKDHT
SPECIAL PROJECT MANAGER-FINANCE

MR. BORPITR SRIVAROM

Mk. BARNES, R.S.

MR. BRVLE, J.W.

MR. BUECENER, B.L.

MR. CHERDCHAI SUANKAEW

DR. CHARUAY BOONYUROL
DIRECTOR, ENERGY RESEARCH AND
TRAINING CENTER PROFESSOR OF
ELECTRICAL ENGIMEERING

DR. CHAIRIT SATAYAPRASERT
LECTURE AND RESEARCH IN FIELD
OF CHEMICAL ENGINEERING

ZPT. OF CHEMICAL ENGINEERING
FACULTY OF ENGINEERING

MR, CHALERMKIAT TONGTAOQ
PETROLEUM ENGINEER

MR. CHATCHAI BOONBAWORNRATAKUL
POLICY & PLAN ENALYST

MISS CHINTANA SAKULPRAHM
CHIEF, PETROLEUM ENERGY
PLANNING SECTION

MR. CHARAL PLANGTRAKUL
SECOND SECRETARY

M.R. CHATU-MONGOL SONAKUL
CHAIRMAN

BEOONYIUM & ASSOCIATED LIMITED

~

THE SIAM CEMENT CO. LTD.

PTT

AMOCO CHEMICALS
PHILLIPS PETROLEUM CO.
STEARNS - ROGER

PTT

CHULALONGKORN UNIVERSITY

CHULALONGKORN UNIVERSITY

MINISTRY OF INDUSTRY
NESDB

NESDB

MINISTRY OF FOREIGN AFFAIRS

NATIONAL FERTILIZER CORP., LTD.



L6,

47.

L3.

L9,

50.

51.

Ut
o

h
(WS )

Sh,

wn
\un

56.

59,

MR. CHTINDA VATHEANANMT
ASSISTANT GENERAL-OPERATION

MR. CHUTHA SAIMALA
DEPUTY DIRECTOR, PIPELINE
OPERATION DEPARTMENT

DR. CHITRAPONGSY KWANGSUKSTITH
DIRECTOR MECHNICAL ENGINEERING
DIVISICN

MR. CHAIVAT CHURITTI
CHIEF OF NATURAL GAS MARKETING
DIVISICON

MR. CHAICHAREARN ATIBAEDYA
CHIEF OF METERING, QUALITY &
GAS CONTROL DIVISION

MR. CHUMPHON CHI :ATTIYANGXUR
WAREHQUSS MANAGER

MR. CHOP PETPICHETCHIAN
CHIEF ASSISTANCE OF PIPELINS
SYSTEM QPERATION DIVISICN

MR, CHUVIT PANICHVAWAT

ASST. CHIEF OF GAS CCONTROL,
METERING AND QUALITY CONTROL
DIVISION

MR. CHUMPOL SUXMATHUMMD
ENGINEER

MPS. CHINTANA WONGSA-ARD
RESEARCY & DEVELOPMENT
DEPARIMENT

MR. CHAW NIVATPUMIN
SENIOR ENGINEERR

MR. CHINAWAT RATANASATIEN
ENGINEZR

MR. CHARQEN THITILUCK
HEMAD OF MAINTENANCE DIVISTION

DR. CHITTI VIJAKKMANA
DEPUTY PRCJECT DIRECTOR UNION SERVICE
DEPARTMENT /I MARCTITING)

PTT

PTT

PTT

PTT

PTT

PTT

pTT

PTT

orT

pPTT

PTT



6l.

63.

€l

65.

65.

67.

68.

69.

70.

T1.

T2.

13.

Th.

75.

76.

17.

MR. CHALERMSAK TANTARO
DIRECTOR, POLICY & MASTER PLAN
DIVISION

MR. CHALOR PANUTRAKUL
CHEMICAL ENGINEER, SYSTEM
PLANNING & ANALYSIS

MR. CARUTHERS C. WILLIAM

MR. CLARK R. JOE

MRS. CHANTORN SAUBHAYANA
DEPUTY DIRECTOR, FINANCE DEPT.

MR. CHANCHAI JIVACATE
MARKETING MANAGER-CHEMICALS &
PLASTICS

DR. C. SuUroOT
PLANNING SECTION HEAD

MR. CHALOKE PUNGTRAKUL
ANALYST

MR. CHAIYAN AXKAWAT
ENGINEER

MR. CHARLES J. ECKERY

MR. CHANCHAI INGKAVET

MR. C.H.L. WATKINS

MR. DEWOLF, FRANK C.

MISS DRAKE M. ELISABETH

MR. DEMERS A. FRANK

MR. DHIRAPHORN SRIFUERNGFUNG
DIRECTOR

MR. D.C.T. FREWER
PLANNING & SUPPLY DIRECTOR

PTT

PTT

AMOCO CHEMICALS FAR EAST LTD.

TEXAS PACIFIC OIL CoO.

DOW CHEMICAL THAILAND LIMITED

ESSO STANDARD THAILAND LTD.

THE SIAM CEMENT CO. LTD.

THE STAM CEMENT CO. LTD.

METRO COMPANY LTD.
METRO COMPANY LTD.

KING-WILKINSON

RIX INDUSTRIES

CHEMICAL ENGINEERING DEPARTMENT
NORTHEASTERN UNIVERSITY

STONE & SEBSTER ENGINEERING CORPORATION

THAI ASAHI CAUSTIC SODA CO., LTD.

SHELL COMPANY OF THAILAND LTD.



78.

80.

81-

82..

83.

84,

- 85.

86..

87.

88.

89.

90.

91.

92.

93.

9k,

95.

MR. D.R. SICKENGER

MR. D.D. TEMPLEMAN

MR, EKATHAI WONGSWATGUL
ENERGY RESEARCH AND DEVELOPMENT

PROF E.A. MESRITZ
PROFESSOR OF ENERGY TECHNOLOGY

MR. ETHL R. TERRY

MISS FUENGLARB KHAMBHARATANA
LECTURER

MR. FRANCISCO CASERO
MR. FARINA LORENZO

MR. GUDSARIN JIVORAVIWAT
ENGINEER

MR. GAWALIN SUBHATOSHA .
MECHANICAL CHIEF INSTRUCTOR

MR. GOEPFERT, GZORGEA

MR. GLAZER, JEROME L.

MR. GALE J. STEPHEN
MR. GAVIN I. RICHARD
MR. GORDON R. COLEMAN

MR. GOODWIN H. BERNARD

MR. GROSSMAN JAMES

DR. HAROLD M. LIAN
PRESIDENT
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CATERPILLAR TRACTOR COMPANY, U.S.A.

FLUOR ENGINEERS INC.

ENERGY INDUSTRY DEVELOPMENT OFFICE
MINISTRY OF INDUSTRY

A.I.T.
AMOCO CHEMICAL, U.S.A.

CHULALONGKORN UNIVERSITY

BANKO URQUIJO

FOSTER WHEELER INTERNATIONAL CORPORATION

PTT

EXPRESS TRANSPORTATION ORGANIZATION

EXXON CHEM. ASIA PAC.

BECHTEL GROUP INC.

MINISTRY OF ENERGY
SARGENT & LUNDY
METRO COMPANY LTD.

CHEMICAL ENGINEERING DEPARTMENT
NORTHEASTERN UNIVERSITY

TDP

UUNION



97.

98.

99.

100.

101,

102.

103.

104.

105.

106.

107.

108.

109.

111,

2.

113.

1y,

MR. HARDY JIM

MR. HARRIS ROBERT

MR. HERTZMARK CONALD

MR. HOLM JOHN

MR. HORTON F., SHARON

MR. HOULE F. JAMES
MR. H.T. GOULDON
MR. H. .JOUBERT

MR. H.M. WILSON
MR. HUBLETON D.J.

MR. IBRAHIM, ABD HAMID

MR. ICHORD F. ROBERT

MR. I. MACPHERSON

MR. JARUN LIMPANANONT
SECTION'S CHIEF, STANDARD & O.C.
DIVISION, R & D DEPT.

MR. JAKCHAI BARLEE
DIVISION CHIEF

MISS JANTHNEE JONGNITAYAGAL
SENIOR ECONOMIST

MR. JOHN W, MAYFIELD

MR. JERRY L. LOVPEE

-7 -

MCDERMOTT, U.S.A,

C.F. BRAUN & Co.

ASEAN ENERGY CONSULTANT, ASIAN INSTITUTE
OF TECHNOLOVY

ROTOFLOW CORPORATION

AMERICAN CONSULATE GENERAL

INTERNATIONAL PLANNING BECHTEL GROUP INC.
THE LUMMUS COMPANY
BRUNEI LNG

BECHTEL INTERNATIONAL INC.

DAVY MCKEE

PETRONAS

AGENCY FOR INTERNATIONAL DEVELOPMENT

FORD MOTOR COMPANY, U.S.A.

PTT

PTT

INDUSTRIAL ECONOMICS & PLANNING DIVISION
MINISTRY OF INDUSTRY

METRO COMPANY LTD.

METRO COMPANY LTD.



115. MR. J.R. LEBLANC THE M.W. KELLOGG COMPANY
116, MR. J.M. OSBORN SARGENT & LUNDY, U.S.A.
117. MR. J.M. MACNEIL STONE & WEBSTER, U.S.A.
118. MR. JAMES G. RUSSELL JAMES CHEMICAL ENGINEERING INC.
119. MR. JOYCE THOMAS GDC, INC.
120, MR. KIGUCHI SAM - BROWN & ROOT INC., U.S.A.
121. MR. KELLY J. THOMAS C.F. BRAUN & CO.
122. MR. KRANZ S. ERICH STONE & WEBSTER ENGINEERING CORPORATION
123. MR. KROG P. HERB UNION CARBIDE CORPORATION
124, MR. KAROON KOOLTASNASILP PTT
DISBURSEMENT VERIFICATION
DIRECTOR
125, MRS. KAMKEO HONGSAPRABHAS PTT
126. DR. KRISANAPOL KOMOLBOON PTT
ENGINEER
127, MR. KHANIT VORRARAKSA PTT
MECH. ENG.
128. MR. KAIWAL WAIYAHONG PTT
ECONOMIST
129. MR. KIJJA USAYAPHAN PTT

GAS MARKETING ENGINEER

130. MR. KRISANA KAEWDANG PTT
THERMODYNAMIC CONSIDERATIONS &
SAFETY AND HANDLING OF
NARURAL GAS & GAS LIQUI

131. MR. KROEKCHAI SUKANJANAJTEE CHULALONGKORN UNIVERSITY
ASSOCIATE PROF.



133.

13k,

135.

136.

137.

138.

139.

1k,

b2,

143,

14k,

1he.

147,

143,

MR. KOSOL PETCHSUWAN

MR. KAMTHORN UTHARNVUTHIPONG

MR. KHAMROB THIRAKAOSAL
SENIOR ASSISTANT MANAGER,
BUSINESS DIVISION I

MR. KRISADA VANGSIRIRUNGRUANG
SENOIR VICE PRESIDENT,
TECHNICAL

MR. KOOMPOL SABHAVASU
VICE PRESIDENT, MARKETING

MR. KITTI JIVACATE
ASSTSTANT MARKETING MANAGER

MR. K. SHINOZAKI

MR. K. OUCHI

MR. KOVIT SATAVUTHI
LECTURER

MRS. KRISHNEE VARANUSUPAKUL
DIRECGTOR OF TRANSPORT AND

COMMUNICATIONS ECONOMIC DIVISION

MISS KANDA TAIPANICH
ENERGY PLANNING

MRS. KRUAMAS BUNN:G
CHIEF OF PETROLEUM PRODUCTS
PRICING ANALYSIS BRANCH

MRS. KORNIKA TAWEESUP
SENIOR HYDROLOGIST

MR. KWANCHAI LAMUBOL
SCIENTIST

MR. KURUJIT NAKORNTAP
PETROLEUM ENGINEER

MR. KOMIN PIMTANOTAIL

VICE-RECTOR AND ACTING RECTOR KTNG MONGKUL ‘s
INSTITUE OF TECHNOLOGY

METRO COMPANY LTD.

SCT CO., LTD.

PACIFIC ARCHITECTS AND ENGINEERING
CO., LTD.

PACIFIC ARCHITECTS AND ENGINEERING
CO., LTD.

UNION CARBIDE THAILAND LIMITED

SOUTH EAST ASIA PETROLEUM EXPLORATION

TOYO ENGINEERING CORP.

CHULALONGKORN UNIVERSITY

MINISTRY OF COMMUNICATIONS

ENERGY POLIC: }ND PLANNING DIVISION NATIONAL

NATIONAL ENERGY ADMINISTRATION

NATIONAL ENERGY ADMINISTRATION

MINISTRY OF SCIENCE, TECHNOLOGY AND ENERGY

MINISTRY OF INDUSTRY

THE STAM CEMENT CO. LTD.
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150.

151.

152.

153.

154,

155.

156.

157,

158.

159.

160.

161.

162.

163.

16k,

165.

166,

MR KAMOLCHAI PATTARODOM
DR. LADPLIE LEK SINDUSOPON
MANAGING DIRECTOR

MR. LAVEDAN F. PIERRE

MR. LUKE JR. G. ALBERT

MR. MARUT SMUTKOCHORN
ENGIUEER

MR. MONGKOL. SUKULKAO
HEAD~HYDROELECTRI MASTER PLAN
SUB-UNITE

MR. MARTIN F. MILLER
MANAGER OF OPERRTIONS

MR. MARTIN MILL

MR. MALEK BILL

MR. MACOSKO GREGORY
MR. M.J. MADDOCK

MR. MEISSNER E. ROLAND
MR. MILICI J. GEORGE
MR. MOSHARRAF HOSSAIN
MR. MOUNTS GORDON

MR. MUFIR AHMAD

MR. MCPHERSON, J.I.
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EGAT

PRESSURE CONTAINER INDUSTRY CORP., LTD.

BECHTEL GREAT BRITAIN LTD.
THE M.W. KELLOGG COMPANY

PTT

EGAT

UNION

JOHN BROWN ENGINEERING & CONSTRUCTOR INC.

AMERICAN GAS ASSOCIATION, U.S.A.
HAYES/HILL, INC.

C-E LUMMUS

THE RALPH M. PARSONS CO.
INGERSOLL~RAND

PETROBANGLA

UNION CARBIDE CORPORATION

MINISTRY OF PETROLEUM & NATURAL GAS

PHILLIPS PET. CO.



167.

108.

169.

170.

1381,

b
co
o

AR. NARCNG RATTANA
DIRECTOR, TECHNOLOGY TRANSFER
CENTRE

MR. NART TUNTANWIROON
DEAN

MR. NARONGLIT EAMCHAROENYING
MANAGING DIRECTOR

MR. NIPHON WONGCHINGCHAI
ENGINEERING MANAGER

MR. NERSESIAN A. GEORGE

MR. NOELKIN DAVE

MR. NURANI MUNJAB

MR. NAGARVALA J. PHIROZE

MR. NUTTACHAT CHARUCHINDA

CHIEF OF PIPELINE SYSTEM OPERATION

DIVISION

MR. NUNTACHAI PRAPAWATWECH
ASSISTANT MANAGER TERMINAL &
REGERVE OPERATION DIVISION

MISS NITIMA CHEEPPAKDEE

MR. NIMITCHAI SNITBHAN
GENERAL MANAGER

MR. OSTBERG WERNER

MR. PRATIN PATHANAPORN
BEPUTY GOVERNOR, MARKETING

MR. PATBULYA PUNYAVUTTI

DIRECTOR OPERATION PLAN DEPARTMENT

MISS PATCHARA PARIWATVORN
DIRECTOR, R & D DEPARTMENT
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MINISTRY OF SCIENCE, TECHNOLOGY AND ENERGY

MAHIDOL UNIVERSITY

PHAN ANAKE CO., LTD.

THAI PLASTIC & CHEMICAL CO., LTD.

AMOCI CHEMICALS FAR EAST LTC.

CATERPILLAR FAR EAST LTD.

NATURAL GAS PROCESSING AND TRANSPORTATION OF MIGAS

RESEARCH AND ENGINEERING OPERATION

PTT

PTT

THAI PROJECT MANAGEMENT CONSULTANTS CO. LTD.

THE KULJIAN CORPORATION

PTT

PTT

PTT



183.
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160.

ivl.

i92.

193.

194,

197.

MR. PERMSUCK CHEVAWATTANANON
CHIEF OF EQUIPMENT MAINTENANCE
DIVISION

MR. PANYA KANSANARAT

MECHANICAL CGNSTRUCTION DIVISION

MR. PRECHA PITISANT
ASSISTANT DIRECTOR

MR. PREECHA ORPRASIRTH
INSPECTING COMMISSIONER

DR. PATTARAPAN PRASASSARAKICH
ASISTANT PROFESSOR

DR. PCONSAB SAMOOTSAKORN

'MR. POONSAK CHIRACHINDA
ASSISTANT CHIEF

MR. P. GUDMUNDSETH

MR. PRAPAS SWANGVUDTHCTHAM
VICE-PRESIDENT-MECHANICAL WORK

MR. FRECHA PHONPRASERTH
PUBLIC AFFAIRS MANAGER

DR. P.J. MERKI
MANAGING DIRECTOR

MR. PAIBCON PONGCHAIRERKS
ANALYST ’

MR. P.N. KO

MR. PARAMAPORN KRAIAIKSH

MR. PREEDA UAWITHAYA
DIRECTOR-BUSINESS PLANNING &
OPERATIONS

DR. PRAMUAN LEOPHAIRATANA
MANAGING DIRECTOR

PTT

MINISTRY OF FOREIGN AFFAIRS

LAND TRANSPORT DEPARTMENT

CHULALONGKORN UNIVERSITY

MAHIDOL UNIVERSITY

EGAT

HYDRO THAI-LIMITED

SINO-THAI ENGINEERING & CONSTRUCTION CO.,LTD.

THE SHELL COMPANY OF THAILAND LTD.

THAI SHELL EXPLORATION & PRODUCTION CO.,LTD.

THE SIAM CEMENT CO.,LTD.

METRO COMPANY LTD.

UNION OIL

GAZOIL (THAILAND) CO., LTD.

THAI PETROCHEMICAL INDUSTRY CO.,LTD.

(&ﬁf



199.

200.

201.

202..

203.

204,

205.

20¢.

207.
208.
2ay.
210.
211.
212,

213.

MR. PICHAI JINDATHONGPRAEHA
TECHNICAL SALES REPRESENTATIVE

MISS PHENCHAN CHAROONPASURAKUL
R & D ENGINEER

MR. PIN TECHASIRIWAN
GENERAL MANAGER

MR. PIPAT KRAISORAPHONG
DIRECTOR~PROJECT PLANNING &
IMPLEMENTATION

MR. PISOOT SUDASNA
CONSULTANT

MR. PRASERT SONBUTNARK
DEPUTY PROJECT DIRECTOR

MR. PRASERT MANGKORNKARN
EXECUTIVE DIRECTOR

MR. PRICHA YONGRAKKIERT
MANAGER-BUSINESS DIVISION I

MR. PERRY M. PETER
PHILLIPS JACK
MR. POTTER S. WALTER
PHILLIPS BILLY J.
DR. PELOFSKY, ARNOLD H.
MRS.PELOFSKY, LORETTA K.

MR. PIGG, GARRY
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METRO COMPANY LIMITED

METRO COMPANY LIMITED

UNION CARBIDE THAILAND LIMITED

GAZOIL (THAILAND) CO., LTD.

BOONYIUM & ASSOCIATED, LIMITEP
NATIONAL FERTILIZER CORP., .LTD.
THAI-NAM PLASTICS CO., LTD.

SCT .CO., LTD.

R.J. BROWN AND ASSOCIATE

TE*AS PACIFIC THAILAND INC.

STONE AND WEBSTER ASTX CORPORATION
TEXAS PACIFIC THAILAND,. INC,

ARE ENTERPRIES

ARE ENTERPRISES

AGRICO QVERSEAS INVEST. CORP.

“y

o



214,

215,

216.

217,

218,

219,

220,

221,

222,

223.

224,

225,

226.

227.

228.

229,

DR. PRAJYA PHINYAWAT
DIRECTOR, PETROLEUM

MR. PRAKAL OUDOMUGSORN
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PTT

DEPUTY DIRECTOR R & D DEPARTMENT

MR. PRAVITH VEAHONGS

HEAD OF CHEMICAL ENGINEERING
DIVISION DEET. OF ENGING

MR. PICHATE ROOKAPIBAL
MECHANICAL ENGINEER

DR. RUDEE NARISSIRIKUL
ASSISTANT DIRECTOR FOR
BUDGET AND ANAYSIS

MR. RUNGYOD RUNGRAUNGANUN

ENGINEER

HS. ROHANI ABDUL RAHMAN

MR. R.K. NANDI

MR. RAMASWAMI R.

MR. RHOE ANDREI

MR. R.G. SETTLE

MR. R.G. WILLIAMSON

MR. SCHIPPERIJN, ADRIAAN

MR. SMITH, DON B

MR. SMITH, W.F.

MR. SOMMER, E.C.

PTT

PTT

THAI-NAM PLASTIC CO., LTD.

PETRONAS

FOSTER WHEELER INTERNATIONAL CORPORATION

UNION CARBIDE EASTERN INC., SINGAPORE

LUMMUS CREST INC.

BLACK & VEATCH INTERNATIONAL
FLUOR ENGINEERS INC.

C F BRAUN & CO.

BROWN & ROOT INTL,

STEARNs ~ ROGER ENG. CORP,

PHILLIPS PET. CO.
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MRS, SUSAN L. DEWARDT
PETROLEUM ENGINEERING ADVISOR

MISS SOMPAN POOLFOL
LECHERER

DR, SOMBAT TEZKASAP
ASSISTANT PROFESSOR

MR. SMARN PHONGPRAPAPHAN
ASSISTANT CHIEF

MR. SOMBOON PUTPAYAVONGSA
CHIEF CF STANDARDS AND REGULATED
ENERGY SECTION

MR. SOMSAK CHEWSAMOOT
SENIOR OFFICER

DR. SUTHEP CHAYABINJONGLERD
ADMINSTRATIVE MANAGER

MR

A5SI

ARDJ HONCGLADAROM

S
STANT GENERAL MANAGER

MR. SAHRAN NAMTAIWANG
DEPUTY DIRECTCR OR
MANUFACTURING DIVISION

DR. GUMOL PADUNGCHAI
ECONOMIST

MR. SAMKAN SANKHARANIJA
LEG MARKETING ASS1STANT

MR. SCHORA FRANK

MR. SALLEH HASHIM

MR. SILVIA 7. BILL
MR. SCMMAI SUVANAPIMA

MR. STRUTH W. BERT

CHULALONGKORN UNIVERSITY

CHULALONGKORN UNIVERSITY

KING MONGKUT'S INSTITUTE OF TECHNOLOGY
NORTH BANGKOK CAMPUS

EGAT

NATICNAL ENERGY ADMINSTRATION

NATIONAL FERTILIZER CORP., LTD.

NATIONAL FERTILIZER CBRR., LTD.

THAI PETROCHEMICAL INDUSTRY CO., LTD.

THAI PLASTIC & CHEMICAL CO., LTD.

UNION OIL

THE SHELL COMPANY OF THAILAND LTD.

GAS DEVELOPMENT CORP., U.S.A.
GAS CEVELOPMENT PETRONAS
UNION CARBIDE CORPORATION
ANGLO THAI MOTORS LTD.

CHEM SYSTEMS INC.

W



230,

231,

232,

233,

234,

235,

236.

237.

238,

239,

240,

241,

242,

243,

244,

AL

MR. SOMKIET PHALOPRAKARN

MR. SOMCHAI SINTHARAPANTORN
DIRECTOR, FACILITIES g
INVESTMENT DIVISION LOGISTIC &
REFINING FUNCTION

M.L. SARASAK HASDIN
ACTING DIRECTOR OF PLANNING
AND EVALUATION DIVISION

MR. SANTI CHAMROONRAT
DIRECTOR OF TECHNICAL PLANNING
AND QUALYSIS DIVISION

LT.COL. SULEE BOON-LONG
DIRECTOR RETAIL AND REGIONAL
DEPARTMENT

-

MR. SOMsax TEERACHAICHAYUTI
ACTING DIRECTOR FOR GOVERNMENT
AND STATE ENTERPRISE SALES
DEPARTMENT

MR, SURAKIAT SUPHOCHANA
LPG OPERATION DIVISION

MR. SUTHI PARITPOKEE
DIRECTOR OF ADMINISTRATION AND
MARKETING DEPT.

MR. SANAN SUNMANEE
CHIEF OF COMPUTER R & D DIVISION

MR. SURONG BULAKUL
ASSISTANT DIRECTOR

MR. SUDHEP SUWANSOMBOON

MR. SITTI ARLINA SHEIKH ALI

MR. SULAIMAN ABDULIAH

MR. SORRAYUTH MEENAPHANT
LECTURER OF ECONOMICS

DR. SATHIT UTHAISRI

- 16.-

EGAT

PTT

PETRONAS
PETRONAS

NIDA

l N~
KRUNGTHEP BANK ' W



263,

264,

265,

266,

267,

268.

269,

270.

271,

272.

273.

274,

275,

276.
277.

279.

MR. SEREE WONGKAOMTONG
ENGINEER

MR. SONGWUT CHINNAWAT
CHIEF OF PIPELINE MAINTENANCE
DIVISION

MR. SUWANUNT CHATIUDOMPUNTH
CHIEF OF PIPELINE MAINTENANCE
DIVISION

MISS SUMON POCHANART
TECHNICAL QFFICER

MR. SUPATTANAPONG PONMEECHOOW
CHEMICAL ENGINEER, SYSTEMS
PLANNING & ANALIST

MR. SIRI JIRAPONGPHANE
HEAD OF SYSTEMS PLANNING & ANALYST

MR. SUTHEP AUCHARIYAVONG
CHIEF OF GAS ENGINEERING AND
SAFETY STANDARD SECTION

MR. SCHNIN SUIDLAH
ENGINEER

MRS. SUGANYA SAI-NGAM
SCIENCE

DR. SONGKIERT TANSAMRIT
ENGINEER

MR. SOMPHONGSE TANTISUVANICHKUL
ASST. DIRECTOR MECHNICAL
CONSTRUCTION DIVISION

MR. SUTHICHAI KASEMPANICH
MECH. ENGINEER

MR. TABAK, SAMUEL A.

MR. TANUDEE SINHASENI

MR. THANAPATT VICHAITHENAPATT

MR. TORBOON CHEOYJAICHUEN

A/

PTT

PTT

PTT

.MOBIL R & D CORP,

BANK OF AMEFICA NT & SA

PTT

prvn \g\



279.

280.

281.

282.

283.

28k,

285.

286.

287.

288.

289,

290.

291.

293.

294,

MR. TRAKUL CHATDARONG
DIRECTOR, BUDGET AND ANAYSIS
DIVISION

MR. THIRAPHONG VIKITBET
ASSOCIATE DEAN

MR. TEERAWAT ISRAPORNCHAI
MR. T. EASTER

MR, TABAK A. SAMUEL

MR. THORBECKE H. WILLEM
MR. TICE F. GERALD

MR. TRAIN R. PETER

MR. VIROJ MAVICHAK
DIRECTOR OF PIPELINE OPERATION
DEPARTMENT

MR. VISET CHOOPIBAN
DIRECTOR OF POLICY & PLANNING
DEPARTMENT

MR .VITHAYA TIVAYANONDA
DIRECTOR OF TECHNOLOGY &
DEVELOPMENT DIVISION

MR. VICHAI POLVANICH
DIVISION DIRECTOR

MR. VORAVIT PRICHACHARN

M.R. V. CHIRAPRAVATI
INSPECTOR GENERAL

MR. VEERA CHANVATTANA
LECTURER IN DEPT. OF MECHANICAL
ENGINEERING

MR. VASANT CHATIKAVANIJ
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NIDA

INDUSTRIAL ESTATE AUTHORITY OF THAILAND

WILLIAMS BROTHERS ENGINEERING LTD.

MOVIL R & D CORPORATION

ENERGY SUPPORT SERVICES INC.

FLUOR ENGINEERING, INC.

FOSTER WHEELER INTERNATIONAL

PTT

PTT

PTT

PTT

BANK OF AMERICA
NT & SA, BANGKOK BRANCH

EXPRESS TRANSPORTATION ORGANIZATION

KING MONGKUT'S INITITUTE OF TECHNOLOGY

CENTRE FOR TNTEGRATED PLAN OF
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298,

2J3.

S,
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MRS. VILAILAK SUVARNAPRADIP PTT

MR. VIRAVAT CHOLVANICH SCT CO., LTD.
DEPUTY MANAGING DIRECTCR

MR. VINIJ PANPANICH THAI PLASTIC & CHEMICAL CO., LTD.
DEPUTY MARKETING DIRECTOR

MR. VUDICHAI NEERANARTRONG THE SIAM CEMENT CO.,LTD.
ANZALYST
MR. VEERA SUKHAKIT THE SIAM CEMENT CO., LTD.

MANAGER-SPECIAL FROJECT
TECHNICAL DIVISION

MR. VACHIRA CHITUTAMAS PTT
HEAD OF S.P. SECTION

MR. VASQUEZ A. JORG SOUTH EAST ASIA LUMMUS OVERSEAS CORPORATION

DR. WORAPHAT ARTHAYUKTI CHULALONGKORN UNIVERSITY
ASSISTANT PROFESSOR AND HEAD,
DEPARTMENT CF CHEMICAL ENGINEERING

DR. WIWUT TANTHAPAZNICHAKOON CHULALONGKCRN UNIVERSITY .
ASSOCIATE PRCFESSOR OF CHEMICAL
ENGI"ZERING

DR. WIRAT SAKORNWIMON CHULALONGKORN UNIVERSGITY
INSTRUCZTUR
MR. WICHIT CHAIYADHIROJ METRO COMPANY LTD.

MARKETING MANAGER/SPECIALTIES
PEPARTMENT

MR. WILLIAM PURCELL UNION OIL
MANARGER OF PLANNING &

EVALUATION

MR. YONGYUDH KINGHAKORN SCT CO., LTD.

ASSISTANT MANAGER

MR. W.C. SALKE SARGENT & LUNNDY, U.S.A.

MR. ZACK S. RENOQ C.F. BRAUN & cCO,
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BANGKOK, MONDAY "MORNING, FEBRUARY 6. 1984

TP chief to offer gas
production forecasts

@ Major gas symposium due

PRESIDENT of Dailas-based Texas
acific Co, Joe Clark, who is due to fly

to Bangkok today to hold taks with
Fnior Thai officials over his company’s
atural gas concessions in the Gulf of
‘hailand, is confident that if negotia-
ions hit a break through, TP’s *‘B”" Struc-
are could produce 150 million cubic
set per day, increasing to 250 million
:ubic feet a day eventually.

This forecast is expected to be made
y Clark when he delivers a paper to-
norrow to the Thailand-US Natural Gas
itiﬁzation Symposium beginning today.

Over 200 officials from the Petroleum Au-
ority of Thailand (PTT), Electricity Generat-
ng Authority of Thailand (EGAT), and Depart-
ent of Mineral Resources (DMR) will kick off
Fle symposium this moming,.

The workshop will be joined by two Ameri-
tan professors to discuss ‘Physical and Chemical
>roperties of Natural Gas: Handling and Safety’
}t Siam Intercontinental Hotel.

Alternate Energy Research (AER)’s Presi.
dent and the symposium coordinator Arnold
H. Pelofsky told The Narion on Saturday that
oday's workshop precedes the official sympo-
jum which will begin tomorrow,

He said that over 140 foreign participants
will join some 200 Thai officials in the largest-
Ever gathering of international and Thai experts
nd investors in natural gas. The cost ol the five
ays symposium is roughly estimated at USS2
million (46 million baht).

He said that he is very impressed with the
resentations to be made by Thai, American,
nd foreign participants who include repre-
sentatives from Malaysia, Indonesia, Pukistan,
angladesh, Brunei, India, and New Zealand,
‘e e has done 1 e of work, e added.

President of Texas Pacific Inc, Joe Clark
will make a presentation tomorrow and he is
expected to continue further talks with Thai
officials over key issues of natural gas sales and
exploration in the Gulf of Thailand.

Part of Clark’s paper to be presented to the
symposium entails his expectation of the com-
pany to provide an initial target gas sales rate of
150 million cubic feet per day. Initial planning
will also include provisions for eventually in-
creasing the sales rate to 250 million cubic feet
per day.

He is expected to say, as part of his state-
ment that Texas Pacific began its search for
hydrocarbons in the Gulf of Thailand in 1976.
“B" Structure was discovered in the fall of that
same year with the drilling and testing of the
15.B-4X well. Subsequent exploratory and de-
lineation wells outlined a sizable, and geologi-
cally complex gas accumulation. Three-dimen-
sional, seismic and data obtained from the ex-
ploratory and delineation wells including com-
prehensive well testing programmes provided
sufficient technical information to indicate de-
velopment of this gas accumulation is econo-
mically viable. It is presently anticipated that
sales of “B” Structure gas will be to the Petro-
leum Authority of Thailand (PTT) and negotia-
tions for such a sale are presently in progress.

Union Oil Company of Thailand’s President
") Harold M. Lian will peresent a paper on
‘Operation in the Gulf to Thailand™. He is
expected to say in part that the natural gas
accumulations in the Gulf of Thailand occur
in largely non-marine Tertiary sediments. The
products of erosion of the neighboring high-
lands accumulated as stream channel deposits,
river flood pliin deposits, delta systems, lake
beds and swamp deposits. Aggregate thickness
reaches 9-10 kilometres in the deeper parts of
the basin. Structural uplift and a complex sys
tem of north-south favlts localized the accu-
mulation, of natural zas and condeunsate,

. The Union Oil Company of Thailand, to-
~‘gether with the South East Asia Petroleum Ex-
-ploration Co Ltd, and Mitsui Oil Exploration

Co Ltd, have been actively exploring and de-
veloping four concessions in the Gulf of Thai-
land since the Erawan field was discovered in
1973.

Erawan field went on production in August,
1981. Development operations are continuing
and production has resched 160 million cubic
feet of gas per day, together with 6,000 barrels
of condensate. Eight well platforms have been
set to date, and if future delineation drilling
is successful, more may be installed.

A second field, Baanpot,commenced produc-
tion in October, 1983 from a single platform.
Current production is 25 million cubic feet per
day plus 1,500 barrels of condensate.

G.W. Grader, vice-president and managing
director of Esso Exploration and Production
Khorat Inc will summarize the exploration drill-
ing results in Northeast Thailand. Esso has heen
exploring in thz Khorat Basin of Northeas
Thailand and to date has drilled 7 wells. One is
a gas discovery, one is an indicated gas disco-
very, one is an outpost discovery, one has non-
commercial gas shows, and three are dry holes.

Esso’s assessment of the undiscovered poten-
tial of the Khorat 3asin remains optimistic.
However, complex geology and high drilliny
costs are restraining factors to further explora-
tion dritling.
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PHISIT: ECONOMIC
TRANSFORMATION:

Deputy Director General of the National
Economic and Social Development Board,
Phisit Pakkasem will deliver a paper on **Thai-
land’s Economic Transformation and Future
Direction of Energy Policy” and part of his
statement will say that Thailand's mix of eco-
nomic policies has always been formulated to
strengthen and diversify the country economic
base using our resource-rich position, compara-
tive advantage, social cohesion and agroecono-
mic position in Southeast Asia, The key growth
components leading to our sound economic
performance during the last two decades are:
o resource-rich economy and net food exports;
@ conservative fiscal policies; e strong private
sector; e stability in economic management,

*QOur economic outlook for the next five
years could be viewed as transformation from
the traditional sgricultural-rural resource based
to more urban and industrialized. The econo-
mic transformation will “take-off”’ aided by the
availability of natural gas and oil and develop-
ment of basic industries. The central feature of
the current National Development Plan is the
industrizl development programme of Thai-
land’s Eastern Seaboard (ESB), The programme

ill involve investment of $5 billion in its first
stage and will make the ESB a ‘“‘new industrial
spring-board of Southeast Asia”", The success ot
the programme will make Thailand one of the
so-called  “newly industrializing countries
(N1C)".

“With this economic policy, Thailand’s GDP
Igrowth rate is projected to be 6.5% per annum
for the next five years. Demand for energy is
also projected to increase at rates above 6% per
annum which is higher than the Plan’s 4.7% tar-

et. However, the discoveries and production of
indigenous natural gas and oil will reduce Thai-
Jand’s dependence on imported oi! from 65% of
total energy consumption in 19381 to 45% in
F987 and 33% by 1990. Investment by the

ublic sector for energy related projects is esti-
mated at $7 billion.
“The national energy policy of supply man-
gement through maximum production of indj-
Eenous energy, diversify energy supply struc-
ture in order to reduce dependence on import-
ed oil and of demand management in restrain-
ing growth in energy demand will have to
address the following issues: o reliability of
reserve estimates; o economics of exploration
and prod-iction; ® joint venture structurc:
energy pricing,

|

Bol'S PRESENTATION:

Deputy Secretary General ot the Office of
the Board ot Investment Chira Panupongse is
expected to present a paper on ‘“Thailand’s
Investment Policy” which in part explains that
the basis of Thailand’s investment policy has al-
ways been to support and encourage productive
and profitable investment by the private sec-
tor in order to enhance economic, financial and
social stability, Throughout the remainder of this
decade, large volume of private investment will
be required to implement the large-scale, capital
intensive projects planned for the Eastern Sea-
board Development Programme. The Royal
Thai Government is committed to maintaining
the favourable investment environment that the
private investors, beth Thai and foreign, have
enjoyed with three major supports: e reduction
of risk of investment:o reduction of initial in-
vestment cost; ® improvement of overall rate of
return on investment,

The Board of Investment, has granted pii-
vileges involving both tax and non-tax incen-
tives for even investments with many of these
benefits: e tax holidays; e special deductions
from taxable income; o exception of dutiesand
business taxes of imported machinery and raw
materials; e exception of duties and business
taxes on export sales; o temporary tariff sur-
charge to prevent unfair dumping; e free re-
patriation of capital and remittance of profit.

Department of Mineral Resources’s Director
General Sivavong Changkasiri will make a state-
ment on ‘“‘Energy Resources and Reserves”
which in part will say that a solution to energy-
self-reliance for Thailand is to put more em-
phasis on developing the country’s energy re-
sources such as oil, gas, coal, oil shale, geother-
mal and radioactive minerals.

Exploration and evaluation of new petro-
leum prospects are constantly being conducted.
At present, proved natural gas reserves in the
Gulf of Thailand is estimated at 6.94 trillion
SCF plus 119.5 million barrels of condensate,
Onshore recoverable oil reserve in the central
plain is estimated at 30 million barrels, The
country’s total natural gas production is about
184.6 MMSCFD whereas the total crude oil
and condensate production is about 13,500
barrels per day.

Coal deposits have been found in the noi:h-
em and southern parts of the country, Total
proved coal reserve is about 678.05 milliur
tonnes.

Oil shale has been found in a large quantity
in the Mae Sod area of Tak Province where
total reserve is about 18,600 million metric

tonnes.

Several hot springs in Chiang Maiand Chiang
Rai provinces are under studies for utilization
as geothermal energy source.

Monazite sand straddled along the southem
part of the country has been found to yield
some low-grade uranium and thorium. Also,
potential -ource of uranium oxide is situated in
the Khorat plateau in the north-eastern part ot

| the country.

Govenor of Petroleum Authority of Thai-
land Tongchat Hongladaromp will deliver a
statement on “Thailand’s Enegy Supply/De-
mand Pattern and Petroleum Development Pro-
granme” which in part will describe current
status and the outlook of the energy situation
in Thailand and the programme for the develop-
ment of Thailand’s petroleum resources and its
utilization. Energy in Thailand is supplied from
both imported oil and indigenous commercial
and non-commercial sources which includes hy-
drepower, coal, lignite, charcoal and firewood.
However, these indigenous sources of energy
are limited in availability and are rapidly
diminishing. By the same token, the depen-
dence on petroleum as a source of energy will
be more and more dominating. Therefore, em-
phasis have been placed on the developments
in the oil and gas industries which will enor-
mously change the pattern of energy supply
and consumption.

“The development of petroleum exploration
in Thailand started more than 10 years ago with
the exploration for petroleum in the Gulf of
Thailand. We have now discovered more than
ten fields bearing gas and condensate and one
field bearing crude oil and have also completed
the main transmission pipeline bringing ashoie
natural gas from the Erawan field in the Gulf of
Thailand to two power plants in Bangkok and
to two cement plants 150 kms north of Bang-
kok. The natural gas that is being delivered and
which is planned for up to 1990 hus all been
committed to supply domestic demand to
achieve the following: e savings in energy
cost; e reduce foreign currency outflow; e re-
duce dependency on imported petroleum:
e provide feedstock for basic petrochemical
industries,

The Petroleum Authority of Thailand, which
is Thailand’s national oil company, is currently
building a gas separation plant to produce LPG
and ethane/propane from natural gas. The plant
is scheduled for operation in 1985. Other pro-
jects to utilize our natural gas and to maximize
its benefit to the country includes a petroche-
mical complex and a fertilizer complex. These
projects are expected to be completed in 1988,

This petroleum development programme is
planned base on estimated offshore gas reserves
of i0 trillion cubic feet supplying gas at a rate
of 700 MMSCFD by 1990. However, the disco-
very of new gas and oil reserves onshore in the
central part of Thailand may provide new op-
portunities for Thailand.

- In the afternoon session tomorrow, other
foreign participants begin their presentations
starting with Elizabeth Drake from Northeast-
ern University and Marian Long of Arthur D.
Little Inc presenting “An Cverview of World-
wide Standards for Natural Gas Utilization ™,
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US eXperts brief
on natural gas

PRE -SYMPOSIUM Seminar on Thailand-US
Natural Gas Utilization kicked off yesterday on
“Chemical and Physical Properties of Natural
Gas” and ‘Safety and Handling of Natural
Gas and Gas Liquids™.

The seminar, held at Sian [nter-Continental
Hotel, was addressed by two American pro-
fessors from Northeastern University and at-
tended by over 70 officials trom Petroleum
Authority of Thailand (PTT) and other private
companies.

Associate Professor Bernard M. Goodwin
gave a presentation on “Chemical and Physical
Properties of Natural Gas” in which he explain-
ed that knowing how to deal with physical pro-
perties of chemicals are important to the engi-
neering.

He said that the presentation is mainly on
technical aspects of gas components in their
relevance to the proposed designs of the new
petrochemical complex, fertilizer plant and gas
separation plant.

Professor Elizabeth Drake gave a presenta-
tion on “Safety and Handling of Natural Gas
and Gas Liquids" in which she explained that
potential safety problems could arise if the
fuels are not handled with care.

However, with proper design and training,

accidents can be avoided.

Minister of Industry Ob Vasuratna and US
Ambassador to Thailand John Gunther Dean
will preside over official opening ceremony of
the sympesium today at nine o'cock.
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Excellencies, Distinguished Partici-
pants, Ladies and Gentlemen:

I am delighted to be invited here to
speak on Thailand’s economic transfor-
mation and future direction of our
energy policy. This is an immensely
broad subject. And because of it, I would
like to focus on a few strategic issues
which might be of special interest to
this high-tech group gathering here
today.

On the “Economic Transformation”

I should like to begin my presenta-
tion by reporting to you that Euromo-
ney magazire of October 1983 ranked
Thailand fifth in the category of the
world’s best economic performance once
again in its survey of more than 85
developed and developing countriea.

This was in terms of the overall
economic growth rate, rate of intiation,
strength of exchange rate, and balance
of payments performance.

The Asian Wall Street Journal of
August, 1983 also headlined that the
Thais have lined up new international
financing at the very low interest rate,
or at (.37 of a percentage point over the
London interbank offered rate, of which
very few countries anywhere in the
world today can have access to funds at
this rate. This demonstrates the Thai
bopc-inou:h credit rating, the Wall Street
said.

[ must say that the Thai Government
has demonstrated continuously its com-
mitment to strengthen and diversify
our economic base with its own mix of
economic policies shaped by our re-
source rich position, our comparative
advantage, social cohesion, and our geo-
economic position in Southeast Asia.

But like other countries Thailand too
has some elements of uncertainty. How-
ever the following seem to be key
growth components leading to high
credit rating stand in our sound eco-
nomic performance during the last two
decades.

First, Thailand is a “resource-rich
economy” with substantial food surplus
which puts Thailand among the world's
top five countries with “net food export-
ing position.”

Second, The Thai Government tends
to follow somewhat conservative fiscal-
monetary policies.

Third, control of major key economic
sectors of the economy by “privr*e
sector” without too much government
interference.

Fourth, control of economic policy-
making by an elite corps of technocrats
which provides a degree of built-in
stability for economic management and
continuity of major economic policies.

However, the next five years will be
indeed a crucial turning point in our
economic history. Thailand's medium-
term economic outlook should be
viewed as a “transformation stage”
from traditional agricultural-rural-re-
source based to more modern and com-
plex forms of urban-industrial activi-
ties which will definitely reinforce the
faster rates of urbanisation in the 1980s
and beyond.

This transformation is taking place
very rapidly in the 1980s since our
economy now has attained the capacity
to transform itself or the so-called “take
off” from traditional to a modern eco-
nomic system with availability and
".iter use of more efficient technology,
capital, and management transfers
from abroad.

At the same time, the recent discov-
ery and development of naturai gas in
the Gulf of Thailand and oil from the

"onshore field at Lan Krabue, have

dramatically changed our whole re-
source picture of the country and
opened up entirely new opportunities
for creation of viable “basic industries”
for Thailand.

The current Fifth National Develop-
ment Plan has a very comprehensive
industrial restructuring programme to
make our industries more competitive,
outward looking, and less dependent on
foreign inputs, and to decentralise our
industrial activities away form Bang-
kok metropolitan area to the new
industrial zone at the Eastern Sea-
board.

The Eastern Seaboard investment
programme will be about US$5 billion
at the first stage for the new basic
industries and related deep-sea ports.
The new basic industries at the Eastern
Seaboard will use our natural gas re-
sources either. for energy supply or as
feedstock. This ESB is a major indus-
trial breakthrough in Thailand.

Japan's best-known industrial and
international spokesman, Dr Saburo
Okita, called the ESB a “new industrial
spring-board of Southeast Asia.” This
new industrial-locational facilities will
ensble the private and international
investurs of large industries to invest in
this new seaboard industrial zone of
Thailand. Many peole thus expect that

smm——
Thailand, together with other ASEAN
countries, will definitely join the ranks
of “newly industrialising countries,” or
the NIC group, by the end of this
decade.

The NIC group of Southeast Asia are
now carving out for themselves an
enlarged share of world trade, invest-
ment, and total output. This transfor-
mation of our economy will change the
composition f our production, demand,
external tride, employment patterns,
and future technology and energy re-
quirements in Thailand. However our
fate in these structural transformation
will depend also on world environment
trends and a few domestic uncertain-
ties, namely, the world ¢conomic recov-
ery, price of oil, and domestic produc-
tion and additional discovery of gas and
crudeoil in the immediate future.

A joint NESDB-World Bank simula-
tion of the medium-term outlook of the
Thai economy up until 1987 under the
above domestic and world environment
assumptions shows that Thailand's
economy will grow with an average of
6.5% per annum up until 1987 with the
outputs in the non-agriculture, espe-
cially industry, energy, construction
and service sector expanding at higher
rates of 7.7% 8.3%, 5.5%, and 6.8%
respectively. For the energy sector in
this medium-run simulation, the immi-
nent economic recovery together with
faster rate of urbanisation will push up
the demand for energy growin, more
than 6% per annum compared with the
current Fifth Plan's target of 4.7%

Meanwhile the substitution of im-
ported oil by natural gas from the Gulf
of Thailand will be slightly lower than
the Fiith Plan's target of 525 mcfd in
1986. This is however compensated by
the discovery of Lan Krabue oil. As a
result, our deperdence on imported
energy will decline from 65% of total




;nDergy consumption in 1981 to 456% in
1987.

It now seems clear that additions to
domestic energy supplies and reserves
will make dramatic reduction in energy
import-dependence during the rest of
1980s. We are now spending more on
energy at an unprecedented rate. Qur
public investment target for the energy
scctor during the Fifth Plan is about $7
billion. This covers the EGAT, PTT,
PEA, MEA and NEA development
projects to accelerate development of
our domestic hydro, lignite, gas and oil
resources over ihe current Fifth Plan
period. This would definitely reduce our
dependence on imported energy sources
down to about 33% by 1990, after which
period our projections show that_im-
ported energy, both oil and posaibly
coal, in meeting domestic “primary
energy demand will begin to climb
again to about 44-45% share by year
2001.” This causes some serious con-
cern among the planners in Thailand.

Some Critical Issues and Future
Directions of Energy Policy

Our current energy policy under the
Fifth Plan period is fundamentally two-
fold:

First, to maximise production of
domestic energy resources and diversify
energy supply structure, in order to
reduce Thatland's dependence on im-
ported oil (on supply side).

Second, to restrain the growth of
energy demand, particularly petroleum
demand, through improved efficiency of
energy use, conservation and pricing
policies (on demand manugement side).

[ think the prospects are good for
Thailand, which is a net petroleum
importer at present, becoming less de-
pendent on petroleum in the future. But
both supply and demand management
in Th.a:and's energy sector depend so

uch on the following policy direction
nd issues:
First, on the natural gas, the “reli-
bility of reserve estimates” is a key
issue. This is not only vital to our future
import-oil substitution and other trans-
ort uses as well as the new industriali-
ation programme in the Eastern Sea-
ard, but also the future of the LNG
heme depends on the gas reserves
Pwhich need further proving.
Some reserve estimates must be
treated with some caution. Attempt to
uantify the oil and gas potential nor-
mally requires a high degree of “subjec-
ivity.” Another associated issue to any
gas development programme is the new
and additional discoveries. The Govern-
ent must therefore have some flexibil-
ity in order to meet these uncertainties.
Second, the economics of oil and gas
exploration and development in Thai-
land is another issue. We realise that
he hydro-carbon exploration and
evelopment is of high risk and high
ain nature. In addition, this industry
8 very politically sensitive toward the
ontinuity of the Government policies.
However, | feel at the moment that
hailand’s petroleum law and tax re-
imes are quite atiractive by interna-
tional standard. The private industry
as already invested more than one
illion dollars in this country since the
romulgation of our Petroleum Act of
hailand. This incentive should there-
fore be preserved. Many international
experts believe that the 1990s could be
a repeat of the 1970s with interna-
tional oil price rising again.

To offset these possible price rises
and to contain our energy import bill,
Thailand must do what it can to step up
exploration and increase the level of
preduction to ensure that energy
production does not decline in' the
1990's. Because of the long lead time oil
and gas exploration has to be strong
through the middle 1980s for there to
be hope of stabilising oil imports in the
1990s,

It is imperative to create right condi-
tions for continued exploration, includ-
ing newcomer companies. A most
important facet of Thailand's energy
policy is the need to maintain an envi-
ronment which will encourage vigorous
exploration for oil and gas. Those
companies making discoveries will be
asswred that there will be reasonable
prospects for economic development.
When adequate domestic market de-
mands are satisfied, exports will also be
seriously considered.

Allowing producers access to both
domestic and foreign markets in certain

circumstances can transform an other-
wise uneconomic scheme into a viable
one.

Third, joint ventures are another key
policy issue. [ feel the basic right and
terms of joint venture should be deter-
mined by Thailand, not by the conces-
sionaire. This view is also shared by
two recent World Bank reports. This
would reduce negotiating time.

Recent negotiations ~between the
Texas Pacific Group and the Thai Gov-
ernment have moved one step forward
with the suggestion of PTT participa-
tion in field development. However,
further delay impose high costs to both
parties. We must find ways of speeding
up the negotiating process so that gas
comes on stream sooner because the
potential gas use is in excess of supply.
In the longer run, steps should be taken
to gradually develop an independent
petroleum capability through joint ven-
ture operationa.

Fourth, the energy pricing policy is
also critical to both supply and demand
management of energy sector in Thai-
land. Our early choice of domestic oil
pricing policies in the 19708 was
strongly influenced by the desire to
maintain high growth rate of GDP. The
Government taus chose to absorb a
substantial part of increase in the costs
of imported fuel. However after 1978
domestic energy prices had been drasti-
cally adjusted. )

Thailand now has domestic pe-
troleum prices roughly comparable to
those of our neighbours. Our average
level of taxation on petroleum products
is now comparable to other oil import-
ing countries. We have finally elimi-
nated subsidies to most of our pe-
troleum products.

Regarding oil and gas pricing, regu-
lations should set out a me hanism for
pricing domestic crude oil and gas.
Present pricing approach based on fore-
cast costs has led to slow and time-
consuming negotiations. We might con-
sider an alternative by establishing a
reference to international parity and
possibly reducing the reference price by
a small discount for user’s incentives.

In sum, the economic transformation
in Thailand during the 1980s and 1990s
with further intensification of agricul-
tural production, increased industriali-
sation, and higher level of urbanisation
will definitely increase the average
level of per capita consumption of com-
mercial energy. And according to our
Energy Master Plan study, Thailand ia
not and will not be an energy-surplus
country. It is necessary for us to diver-
sify our supply sources with an objec-
tive to reduce dependence on imported
petroleum,

This will remainbasically unchanged
in the future directian of our natural
gas. Substantial amounts of capital and
technology will be required in the gae
development and utilisation pro-
grammes during the next two decades.
The public investment programme in
gas-related field has already been in
the pipeline. We also wuuld like to see
more private investment in the down-
stream projects by creating conditions
conducive to smooth financir.q.

Finally, I must emphasise that con-
tinued intensive searching for domestic
energy must be further encouraged. We
are doing our best to reinforce and
rationalise our energy planning and
coordination apparatus, to develop po-
litical support for energy sector devel-
opment, and to encourage private sector
participation in the ficld of energy
exploration, development, and conser-
vation programmes. We will do our best
to attract and retain international in-
vestments and technologies required to
support our energy policy and develop-
ment programme.

Thank you.



Dr Phisit Pakkasem, Deputy Secretary-
General of the National Economic and Social
Development Board, yesterday gave a speech
on Thailand’s Economic Transformation and
- Future Direction of Energy Policy at the
Thailand-United States Natural Gas Utilisation
Symposium at the Siam Inter-Continental
Hotel. Here is the fuli text of the speech.

1

The next five
years will be indeed
a crucial turning
point In our eco-
nomic history. Thai-
land’s medium-term
economic outlook
should be viewed
as a ‘“transforma-
. tlon stage” from
traditional
agricuiturai-rural-
resource based to
more modern and
complex forms of
urban-industrial ac-
tivities which wiii
definitely reinforce
the faster rates of
urbanisation in the
1980s and beyond.
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THE three-day symposium on Thailand-United
States Natural Gas Utilisation was opened yester-
day at the Siam Intercontinental Ilotel by Deputy
Industry Minister Wong Polnikorn and US Ambas-
sador to Thailand John Gunther Dean.

The symposium is jointly organised by the
Petroleum Authority of Thailand (PTT), the U'S
Agency for International Development (USALD)
and the US Embassy.

8, 1984 SECTION I
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The aim of the symposium is to give local and
foreign petroleum professionals insights about
Thailand’s total energy picture and related gov-
ernment policy as well as general investment
policy.

Picture shouws Ambassador Dean and Mr Wong,
flanked by PTT Governor Tongchat Hon-
gladaromp (with glasses) and the US Counsellor
for Commercial Affairs Brooks Ryno.

US may give aid
for gas projects

THE US Government
may consider giving
financial assistance to
Thailund for natural gas-
related projects, Us
Ambassador to Thailand
John Gunther Dean said
yesterday.

The envay, in his open-
ing remarks at the
Thailand-US Natural
Gas Utilisation Sym-
posium, said a meeting
has been scheduled for
February 13 when a list
of these high-priority
projects will be presented

to US government agen-
cies for consideration.
The agencies are the
US Agency for Interna-
tional Development, the
US Trade Development
Programme, the US De-
partment of Commerce
and the US Depurtment

of State.
Mr Dean said the US
Government supports

Thailand's gas develop-
ment efforts and Ameri-
can firms also look for-
ward to working with
Thailand on gas-based
projects.
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Industry Minister Ob Vasuratna and US Ambassador John Gunther Dean hosted
a welcome reception for the participants in the Thai-US Natural Gas Utilisation
Symposium at the Hilton International Bangkok Hotel early this week. In
conversation are (from left) President G.Grader of Esso Exploration and
Production Korat [nc, Deputy Industry Minister Wong Polnikorn, Mr Dean and
Petroleum Authority of Thailand Deputy (iocernor Charan Achalabhuti.
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I SHOULD like to begin my

sentation by reporting to you
E:t “Euromoney ** magazine of Oc-
ber 1983 ranked Thailand fifth in
e category of the world's best
onomic performance once again

its survey of more than 85 de.
loped and developing countries,
This was in terms of the overall
onomic growth rate, rate of in-
tion, strength of exchange rate,
d balance of payments per-
ymance. The Asian Wall Street
surnal of August, 1983 also head-
ed that the Thais have lined up
w international financing at the
ry low interest rate, or at 0.37
f a percentage point over the Lon-
on interbank offered rate, of
hich very few countries anywhere
: the world today can have access
funds at this rate. This demon-
rates the Thai top-notch credit
ting, the Wall Street said.

y Phisit Pakkasem

[ must say that the Thai Gov-
iment has demonstrated con-
uously its commitment to
engthen and diversify our eco-
mic base with its own mix of
pnomic policies shaped by our
jource rich position, our com-
rative advantage, social cohesion,
d our geoeconomic position in
utheast Asia, But like other
untries, Thailand too has some
ments of uncertainty. fowever
: following seem to be ke / growth
mponents leading to high credit
ing stand in our sound economic
formance during the last two
sades.
First, Thailand is a “resource-
h economy” with substantial
d surplus which puts Thailand
ong the world’s top 5 countries
th “net food exporting position.”
Second, the Thai Government
ds to follow somewhat conserva-
e fiscal-monetary policies,
Third, control of major key eco-
»dic sectors of the economy by
rivate sector” without too much
ernment interference,
Fourth, control of economic
icy-making by an elite corps of
hnocrats which provides a degree
built-in stability for economic
nagement and continuity of
jor economic policies,
However, the next five years will
indeed a crucial turning point in
economic history. Thailand’s
dium-term economic outlook
ould be viewed as a “transforma-
n stage™ from traditional agricul-
lal-rural-resource based to more
dern and complex forms of
ban-industrial

activities which
I definitely reinforce the faster

es of ucbanization in the 1980s
beyond.

This transformation s taking
place very rapidly in the 1980s
since our economy now has attain-
ed the *“‘capacity to transformitself™
or the so-called ‘“‘take off” from
traditional to a modern economic
system with availability and better
use of more efficient technology,
capital, and management transfers
from abroad.

At the same time, the recent
discovery and development of na.
tional gas in the Gulf of Thailand
and oil from the onshore field at
Lan Krabue, have dramatically
charged our whole resource pic-
ture of the country, and opened
up entirely new opportunities for
creation of viable “basic indus-
tries” for Thailand. The current
Fifth National Development Plan
has a very comprehensive industrial
restructuring programme to make
our industries- more competitive,
outward looking, and less depen-
dent on foreign inputs, and to de-
centralize our industrial activities
away from Bangkok metropolitan
area to the new industrial zone at
the Eastern Seaboard.

The ESB investment programme
will be about USS3S billion at the
first stage for the new basic indus-
tries and related deep-sea ports.
The new basic industries at the
Eastern Seahoard will use our na-
tural gas resources either for energy
supply or as feedstock. This ESB is
a major industrial breakthrough in
Thailand,

The top Japan’s best-known in-
dustrial and international spokes-
man, Dr Saburo Okita call the ESB
a “new industrial spring-board of
Southeast Asia,” This new indus-
trial-locational facilities will enable
the private and international in-
vestors of large industries to invest
in this new seaboard industrial
zone of Thailand, Many people
thus expect that Thailand, together
with other ASEAN countries, will
definitely join the ranks of “newly
industrializing countries™, or the
NIC group by the end of this
decade,

This NIC group of Southeast
Asia are now carving out for them-
selves an enlarged share ol world
trade, investment, and total output,
This transformation ol our econo.
my will change the composition of
our production, demand, external
trade, employment patterns, and
future technology and energy re-

quirements in [hailand.

However, our fate in these struc-
tural transformation will depend
also on world environment trends
and two few domestic uncertain-
ties, namely, the world economic
recovery, price of oil, and domestic
production and additional disco-
very of gas and crude oil in the im-
mediate future,

A joint NESDB-World Bank si-
mulation of the medium-term out-
look of the Thai economy up until
1987 under the above domestic and
world environment assumptions
shows that Thailand's economy will
grow with an average of 6.5% per
annumup until 1987 with outputs
in the non-agriculture, especially in-
dustry, energy, construction and
service sector expanding at higher
rates of 7.7%, 8.3%, 5.5% and 6.8
respectively. For the energy sector
in this medium-run simulation, the
imminent economic recovery to-
gether with faster rate of urbaniza.
tion will *“push-up™ the demand for
energy growing more than 6% per
annum compared with the current
Fifth Plan’s target of 4.7%.

Meanwhile the substitution of
imported oil by natural gas from
the Gulf of Thailand will be slightly
lower than the Fifth Plan’s target of
525 mcfd in 1986. This is, how-
ever, compensated by the discovery
of Lan Krabue Oil. As a result, our
dependence on imported energy
will decline from 65% of total
enegy consumption-in 1981 to 45%
in 1987,

It now seems clear that additions
to domestic encrgy supplies and re-
serves will make dramatic reduction
in energy import-dependence dur-
ing the rest of 1980s. We ars now
spending more on energy at an un-
precedented rate. Our public invest-
ment target for the energy sector
during the current Fifth Plan is
about $7 billion. This covers the
EGAT, PTT, PEA, MEA, and NEA
development projects to accelerate
development of our domestic hy-
dro, lignite, gas and oil resources
over the current Fifth Plan period.

This would definitely reduce our
dependence on imported energy
sources down to about 33% by
1990. After which period our pro-

jections show that imported energy

both oil and possibly coal, iin meat.
ing domestic primary energy de-
mand will begin to climb again to
about 44-45% share by year 200i.
This causes some serious concerns
among the planners in Thaiand.

Some Critical Issues and
Future Directions of
Energy Policy

Our current energy policy under
the Fifth Plan period is funda-
mentally twotold:--

First, to maximize production of
domestic energy resources and di-
versify energy supply structure, in
order to reduce Thailand’s depen-
dence on imported oil (on supply
side)

Second, to restrain the growth
of energy demand, particularly pe-
troleum demand, through improvad
efficien.y of energy use, conserva-
tion and pricing policies (on de-
manc management side)

I think the prospects are good
for Thailand, which is a net petro-
leum importer at present, becoming
less dependent on petroleum in the
future. But both supply and de-
mand management in Thailand’s
energy sector depend so muach on
the following policy direction and
issues:—

First, on the narurc! gas, the re-
liability of reserve estimates is a
key issue. This js not only vital to
our future import-oil substitution
and other transport uses as well as
the new industrialization program-
me in the Eastern Seaboard, but
also the future of the LNG scheme
depends on the gas reserves which
need further proving. Some reserve
estimates must be treated with
some caution. Attempt to quantify
the oil and gas potential normally
requires a high degree of subjecti-
vity. Anotherassociated issue to any
gas development programme is the
new and additional discoveries, The
Government must therefore have
some flexibility in order to meet
these uncertainties.

Second, the economics of oil
and gas exploration and develop-
ment in Thailand is another issue,
We realize that the hydro-carbon
exploration and development is of
high risk and high gain nature. In
addition, this industry s very
politically sensitive toward the con-
tinuity of the government policies.
However, I feel at the moment that
Thailand’s petrolewin law and tax
regimes are quite attractive by in-
ternational standard, The private in-
dustry has already invested more
than one billion dollars in this
country since the promulgation of
our Petroleum Act of Thailand.
This incentive should therefore be
preserved.

Many international experts be-
lieve that the 1990's could be a
repeat ol the 1970%s with interna-
tional ot price rises avain. To offset
these possible price rises and o
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cuntain our energy import bill,
Thadand must do what it can to
step up exploration and increase
the level of production to ensure
that energy production does not
decline in the 1990, Because of
the long lead time oil and gas ex-
ploration has to be strong through
the middle 1980’s for there to be
hope of stabilizing oil imports in
the 1990's.

It is imperative to create right
conditions for continued explora-
tion, including newcomer compa-
nies. A most important facet of
Thailand’s energy policy is the need
to maintain an environment which

will encourage vigorous exploration
for oil and gas. Those companies
making discoveries will be assured
that there will be reasonable pro-
spects for economic development.
When adequate domestic market
demands are satisfied, exports will
also be seriously considered. Allow-
ing producers access to both domes-
tic and foreign markets in certain
circumstances can transform an
otherwise uncconomic scheme into
a viable one.

Third, Joint Ventures are an-
other key policy issue.

I feel the basic right and terms
of joint venture should be deter-

mined by Thailand, not by the
concessionaire. This view is also
shared by two recent World Bank's
report. This would reduce negotiat-
ing time. Recent negotiations be-
tween the Texas Pacific Group and
the Thai Government have moved
one step forward with the sugges-
tion of PTT participation in field
development, However, further de-
lay in gas availability and negotia-
tion will probably impose high
costs to both parties. We must find
ways of speeding up the negotiating
precess so that gas come on stream
sooner because the potential gas use
is in excess of supply. In the longer
run, step should be taken to gra-
dually develop an independent pe-
troleum capabiiity through joint
venture operations.

Fourth, The energy pricing po-
licy is also critical to both supply
and demand management of energy
sector in Thailand. Our early choice
of domestic oil pricing policies in
the 1970s was strongly influenced
by the desire to maintain high
growth rate of GDP. The govern-
ments thus chose to absorb a sub-
stantial part of increase in the costs
of imported fuel. However, after
1978 domestic energy prices had
been drastically adjusted. Thailand
now has domestic petroleum prices
roughly comparable to those of our
neighbours. Our average level of
taxation on petroleum products is
naw comparable to other oil im-
porting countries. We have finally
eliminated subsidies to most of our
petroleum products.

Regarding oil and gas pricing, re-
gulations should set out a me-
chanism for pricing domestic crude
oil and gas. Present pricing ap-
proach based on forecast costs has
led to slow and time consuming
negotiations. We might consider an
alternative by establishing a re-
ference to international parity and
possibly reducing the refercnce

price by a small discount for user’s
incentives.

In sum, the economic transfor-
mation in Thailand during the
1980s and 1990s with further in-
tensification of agricultural produc-
tion, increased industrialization,
and higher level of urbanization
will defimitely increase the average
level of per capita consumption of
commercial energy. '

And according to our Energy
Master Plan study, Thailand is not
and will not be an energy-surplus
country. It is necessary for us to
diversify our supply sources with an
objective to reduce dependence on
imported petroleum, This will re.
main basically unchanged in the
future direction of our energy po-
licy. It is essential to devise the best
energy supply mix by taking into
full consideration the role of our
natural gas. Subsiantial amounts
of capital and technology will be
required in the gas development
and utilization programmes during
the next two decades. The public
investment programme in gas-re-
lated field has already been in the
pipeline. We also would like to see
more private investment in the
downstream projects by creating
conditions conducive to smooth fi-
nancing,.

Finally, I must emphasize that
continued intensive searching for
domestic energy must be further
encouraged. We are doing our best
to reinforce and rationalize our
energy planning and coordination
apparatus, to develop political sup-
port for energy sector development,
and to encourage private sector par-
ticipation in the field of energy
exploration, development, and con-
servation programmes. We will do
our best to attract and retain in-
ternational investments and techno-
logies required to support our
enerey policy and development pro-
Sramms,
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TP chief to ofter gas
production forecasts

e Major gas symposium due

PRESIDENT of Dallas-based Texas
cific Co, Joe Clark, who is due to fly
to Bangkok today to hold taks with
nior Thai officials over his company’s
tural gas concessions in the Gulf of
ailand, is confident that if negotia-
ons hit a break through, TP’s “B’’ Struc-
re could produce 150 million cubic
set per day, increasing to 250 million
ubic feet a day eventually.

This forecast is expected to be made

Clark when he delivers a paper to-
iorrow to the Thailand-US Natural Gas
tilization Symposium beginning today.

Over 200 officials from the Petroleum Au-
ority of Thailand (PTT), Electricity Generat-
g Authority of Thailand (EGAT), and Depart-
ent of Mineral Resources (DMR) will kick off
e symposium this morming.

The workshop will be joined by two Ameri-
an professors to discuss "Physical and Chemical
roperties of Natural Gas: Handling and Safety’
t Siam Intercontinental Hotel.

Alternate Energy Research (AER)'s Presi-
ent and the symposium coordinator Arnold
. Pelofsky told The Nafion on Saturday that
oday’s workshop precedes the official sympo-
ium which will begin tomorrow.

He said that over 140 foreign participants
ill join some 200 Thai officials in the largest-
ver gathering of international and Thai experts
nd investors in natural gas. The cost of the five
ays symposium is roughly estimated at USS2
illion (46 million baht).

He said that he is very impressed with the
resentations to be made by Thai, American,
nd foreign participants who include repre-
ntatives trom Malaysia, Indonesia, Pukistan,
angladesh, Brunei, India. and New Zealand,
‘Eveir one has done 1 kot of work " he adided.

President of Texas Pacific Inc, Joe Clark
will make a presentation tomorrow and he is
expected to continue further talks with Thai
officials over key issues of natural gas sales and
exploration in the Gulf of Thailand.

Part of Clark's paper to be presented to the
symposium entails his expectation of the com-
pany to provide an initial target gas sales rate of
150 million cubic feet per day. Initial planning
will also include provisions for eventually in-
creasing the sales rate to 250 million cubic feet
per day.

He is expected to say, as part of his state-
ment that Texas Pacific began its search for
hydrocarbons in the Gulf of Thailand in 1976.
“B" Structure was discovered in the fall of that
same year with the drilling and testing of the
15.B-4X well. Subsequent exploratory and de-
lineation wells outlined a sizable, and geologi-
cally complex gas accumulation. Three-dimen-
sional, seismic and data obtained from the ex-
ploratory and delineation wells including com-
prehensive well testing programmes provided
sufficient technical information to indicate de-
velopment of this gas accumulation is econo-
mically viable. [t is presently anticipated that
sales of “B” Structure gas will be to the Petro-
leum Authority of Thailand (PTT) and negotia-
tions for such a sale are presently in progress.

Union Qil Company of Thailand’s President
Ty Harold M. Lian will peresent a paper on
‘Operation in the Gulf to Thailand™. He is
expected to say in part that the natural gas
accumulations in the Gulf of Thailand occur
in largely non-marine Tertiary sediments. The
products of erosion of the neighboring high-
lands accumulated as stream channel deposits,
river flood plain deposits, delta systems, lake
beds and swamp deposits. Aggregate thickness
reaches 9-10 kilometres in the deeper parts of
the basin. Structural uplift and a complex sys
tem of north-south faults localized the accu-
mulatirn; of natural zas anel condensate.

.y The Union Qil Company of Thailand, to-
-‘gether with the South East Asia Petroleum Ex-
.ploration Co Ltd, and Mitsui Qil Exploration

Co Ltd, have been actively exploring and de-
veloping four concessions in the Gulf of Thai-
land since the Erawan field was discovered in
1973.

Erawan field went on production in August,
1981. Development operations are continuing
and production has resched 160 million cubic
feet of gas per day, together with 6,000 barrels
of condensate. Eight well platforms have been
set to date, and if future delineation drilling
is successful, more may be installed.

A second tield, Baanpot,czmmenced produc-
tion in October, 1983 frum a single platform.
Current production is 25 million cubic feet per
day plus 1,500 barrels of condensate.

G.W. Grader, vice-president and managing
director of Esso Exploration and Production
Khorat Inc will summarize the exploration drill-
ing results in Northeast Thailand. Esso has been
exploring in the Khorat Basin of Northeas
Thailand and to date has drilled 7 wells. One is
a gas discovery, one is an indicated gas disco-
very, one is an outpost discovery, one has non-
commercial gas shows, and three are dry holes.

Esso’s assessment of the undiscovered poten-
tial of the Khorat Basin remains optimnistic.
However, complex geology and high drilling
costs are restraining factors to further explora-
tion Jrilling.



'PHISIT: ECONOMIC
TRANSFORMATION:
|

| Deputy Director General of the National
Economic and Social Development Board,
Phisit Pakkasem will deliver a paper on ““Thai-
land’s Economic Transformation and Future
lDirection of Energy Policy™ and part of his
statement will say that Thaijland’s mix of eco-
nomic policies has always been formulated to
strengthen and diversify the country economic
lbase using our .esource-rich position, compara-
'tive advantage, social cohesion and agroecono-
jmic positicn in Southeast Asia. The key growth
components leading to our sound eccnomic
'performance during the last two decades are:
e resource-rich economy and net food exports;
e conservative fiscal policies; e strong private
sector; e stability in economic management.

“Our economic outlook for the next five
years could be viewed as transformation from
the traditional agricultural-rural resource based
to more urban and industrialized. The econo-
mic transformation will *“take-off” aided by the
availability of natural gas and oil and develop-
ment of basic industries. The central feature of
}he current National Development Plan is the
industrial development programme of Thai-
land’s Eastern Seaboard (ESB). The programme
1Will involve investment of $5 billion in its first
stage and will make the ESB a “new industrial
spring-board of Southeast Asia”. The success of
the programme will make Thailand one of the
so-called  “newly industrializing countries
(NIC)”,

“With this economic policy, Thailand’s GDP
#rowth rate is projected to be 6.5%5 per annum

or the next five years. Demand for energy is
also projected to increase at rates above 6% per
annum which is higher than the Plan’'s 4.7% tar-
get. However, the discoveries and production of
indigenous natural gas and oil will reduce Thai-
land’s dependence on imported oil from 65% of
total energy consumption in 198] to 45% in
1987 and 33% by 1990. Investment by the

ublic sector for energy related projects is esti-
mated at 37 billion.

“The national energy policy of supply man-
agement through maximum production of indi-
genous energy, diversify energy supply struc-
ture in order to reduce dependence on import-
ed oil and of demand management in restrain-
ing growth in energy demand will have to
address the following issues: e reliability of
reserve estimates: e economics of exploration
and prod:iction; e joint venture structure;
® energy pricing.

BoI'S PRESENTATION:
Deputy Secretary General of the Office of

the Board ot (nvestment Chira Panupongse is .

expected to present a paper on ‘“‘Thailand’s
Investment Policy’” which in part explains that
the basis of Thailand’s investment policy has al-
ways been to support and encourage productive
and profitable investment by the private sec-
tor in order to enhance economic, financial and
social stability. Throughout the remainder of this
decade, large volume of private investment will
be required to implement the large-scale, capital
intensive projects planned for the Eastern Sea-
board Development Programme. The Roval
Thai Government is committed to maintaining
the favourable investment environment that the
private investors, both Thai and foreign, have
enjoyed with three major supports: e reduction
of risk of investment: e reduction of initial in-
vestment cost;® improvement of overall rate of
return on investment,

The Board of Investment, has granted pri-
vileges involving both tax and non-tax incen-
tives for even investments with many of these
benefits: e tax holidays; e special deductious
from taxable income; @ exception of dutiesand
business taxes of imported machinery and raw
materials; o exception of duties and business
taxes on export sales; e temporary tariff sur-
charge to prevent unfair dumping; e free re-
patriation of capital and remittance of profit.

Department of Mineral Resources’s Director
General Sivavong Changkasiri will make a state-
ment on “Energy Resources and Reserves”
which in part will say that a solution to energy-
self-reliance for Thailand is to put more em-
phasis on developing the country’s energy re-
sources such as oil, gas, coal, oil shale, geother-
mal and radioactive minerals.

Exploration and evaluation of new petro-
leum prospects are constantly being conducted,
At present, proved natural gas reserves in the
. Gulf of Thailand is estimated at 6.94 trillion
"SCF plus 119.5 million barrels of condensate.
Onshore recoverable oil reserve in the central
plain is estimated at 30 million barrels. The
country’s total natural gas pr'uction is about
184.6 MMSCFD whereas th: total crade oil
and condensate production is about 18,500
barrels per day.

Coal deposits have been found in tae ror:h-
em and southem parts of the country. Tori
proved coal reserve is about 678.05 millivv
tonnes.

Oil shale has been found in a large quantity
in the Mae Sod area of Tak Province where
total reserve Is about 18,600 million metric

tonnes.

Several hot springs in Chiang Mai and Chiang
Rai provinces are under studies for utilization
as geothermal energy source.

Monazite sand straddled along the southem
part of the country has been found to yield
some low-grade uranium and thorium. Also,
potential source of uranjum oxide is situated in
the Khorat plateau in the north-eastern part of
the country.

(Govenor of Petroleum Authority of Thai-
land Tongchat Hongladaromp will deliver a
statement on “Thailand’s Enegy Supply/De-
mand Pattern and Petroleum Development Pro-
gramme” which in part will describe current
status and the outlook of the energy situation
ir. Thailand and the programme for the develop-
ment of Thailand’s petroleum resources and its
utilization, Energy in Thailand is supplied from
both imported oil and indigenous commercial
and non-commercial sources which includes hy-
drepower, coal, lignite, charcoal and firewood.
However, these indigenous sources of energy
are limited in availability and are rapidly
diminishing. By the same token, the depen-
dence on petroleum as a source of enerzy will
be more and more dominating, Therefore, em-
phasis have been placed on the developments
in the oil and gas industries which will enor-
mously change the pattern of energy supply
and consumption.

“The development of petroleum exploration
in Thailand started more than 10 years ago with
the exploration for petroleumn in the Gulf of
Thailand, We have now discovered more than
ten fields bearing gas and condensate and one
field bearing crude oil and have also completed
the main transmission pipeline bringing ashore
natural gas from the Erawan field in the Gulf of
Thailand to two power plants in Bangkok and
to two cement plants 150 kms north of Bang-
kok. The natural gas that is being delivered and
which is planned for up to 1990 has all been
committed to supply domestic demand to
achieve ' the following: e savings in energy
cost; e reduce foreign currency outflow; e re-
duce dependency on imported petroleum:
e provide feedstock fur basic petrochemical
industries,

The Petroleum Authority of Thailand, which
is Thailand’s national oil company, is currently
buildinz a gas separation plant to produce LPG
and ethane/propane from natural gas. The plant
is scheduled for operation in 1985, Other pro-
jects to utilize our natural gas and to maximize
its benefit to the country includes a petroche-
mical complex and a fertilizer complex. These
projects are expected to be completed in 1988.

This petroleum development programme is
planned base on estimated offshore gas reserves
of 10 trillion cubic feet supplying gas at a rate
ot 700 MMSCFD by 1990. However, the disco-
very of new gas and cil reserves onshore in the
central part of Thailand may provide new op-
portunities for Thailand,
~ In the afternoon session tomorrow, other
foreign participants begin their prescntations
starting with Elizabeth Drake {rom Northeast-
ern University and Marian Long of Arthur D.
Little Inc presenting “An Overview of World-
wide Standards for Natural Gas Utilization”,
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Energy experts meet

MORE than 100 American business.
men representing more than 60 compa-
nies and high-ranking government offi-
cials from six other countries will par-
ticipate in a three-day symposium on
natural gas utilisation ang the Eastern
Seaboard Development Project begin-
ning tomorrow at the Siam Inter-Contj.
nental Hotel.

Besides more than 200 Thai partici-
pants, there will be delegations from
Bangladesh, Brunei, Indonesia, Malay-
sia, New Zealand and Pakista, Presid-
ing at the opening will be Deputy
Industry Minister Wong Polnikorn and
US Ambaseador to Thailand John Gup.
ther Dean.

The Thai side will include repregen.
tatives from the Petroleum Authority of
Thailand, the Board of Investment, the
Department of Mineral Resources, the
Electricity Generating Authiority of
Thailand, the National Economic and
Social Development Board and several
private-sector industries,

An extensive two-day field trip to the
Eastern Seaboard site will follow the
technical session, which will be closed
by Deputy Industry Minister Chirayu
Isarungkura na Ayutthaya.

Tomorrow PTT Governor Tongchat
Honglnduromp and other high-ranking
Thai officials wil make presentations
on the economic structure, energy and
investment policies, energy resources
and the Petroleum Development Pro.
gramme of Thailand,

Thirty presentations on transporta-
tion, energy applications, and chemical
and petrochemical production will be
made on Wednesday and Thursday by
some of the largest firms in the United
States, including Bechtel, Black and
Veatch, Caterpillar Tractor, C-E Lum-
mus, Chem Systems, Energy Support
Services, Esso Exploration, Fluor, Ford
Motor, Foster Wkeeler, GDC, Hayes/
Hill, Ingersoll-Rand, James Chemical
Engineering, Kellogg, Kuljian Corp,
Arthur D. Little, Mobil, Ralph M. Par-
sons, Rotoflow, Sargent and Lundy,
Stone and Webster, Union Carbide,
Union Oil and Texas Pacific.

Dr Arnold Pelofsky, president of AEK
Enterprises and an energy expert, is
respongible for coordinating  and
managing the symposium which he
reportedly.said is the largest and most
widely accepted symposium he has
coordinated,

SECTION ||
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US eXperts brief
on natural gas

PRE-SYMPOSIUM Seminar on Thailand-US
Natural Gas Utilization kicked off yesterday on
“Chemical and Physical Properties of Natural
Gas” and ‘Safety and Handling of Natural
Gas and Gas Liquids™'.

The seminar, held at Siam [nter-Continental
Hotel, was addressed by two American pro-
fessors from Northeastern University and at-
tended by over 70 officials from Petroleum
Authority of Thailand (PTT) and other private
companies.

Associate Professor Bernard M. Goodwin
gave a presentation on ‘“Chemical and Physical
Properties of Natural Gas” in which he explain-
ed that knowing how to deal with physical pro-
perties of chemicals are inportant to the engi-
neering.

He said that the presentation is mainly on
technical aspects of gas components in their
relevance to the proposed designs of the new
petrochemical complex, fertilizer plant and gas
separation plant.

Professor Elizabeth Drake gave a presenta-
tion on “Safety and Handling of Natural Gas
and Gas Liquids” in which she explained that
potential safety problems could arise if the
fuels are not handled with care.

However, with proper design and training,
accidents can be avoided.

Minister of Industry Ob Vasuratna and LS
Ambassador to Thailand John Gunther Dean
will preside over official opening ¢:remony of
the svmpoesium today at nine o'clock.

TUESDAY MORNING, FEBR

UARY 7 1984
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Excellencies, Distinguished Partici-
pants, Ladies and Gentlemen:

I am delighted to be invited here to
speak on Thailand’s economic transfor-
mation and future direction of our
energy policy. This is an immensely
broad subject. And because of it, [ would
like to focus on a fews strategic issues
which might be of special interest to
this high-tech group gathering here
today.

On the *Economic Transformation”

[ should like to begin my presenta-
tion by reporting to you that Euromo-
ney magazine of October 1983 ranked
Thailand fifth in the category of the
world's best economic performance once
again in its survey of more than 85
developed and developing countries.

This was in terms of the overall
economic growth rate, rate of inflation,
strength of exchange rate, and balance
of payments performance.

The Asian Wall Street Journal of
August, 1983 also headlined that the
Thais have lined up new international
financing at the very low interest rate,
or at 0.37 of a percentage point over the
London interbank offered rate, of which
very few countries anywhere in the
world today can have access to funds at
this rate. This demonstrates the Thai
topénotch credit rating, the Wall Street
said.

I must say that the Thai Government
has demonstrated continuously its com-
mitment to strengthen and diversify
our 2conomic base with its own mix of
economic policies shaped by our re-
source rich position, our comparative
advantage, social cohesion, and our geo-
economic position in Southeast Asia.

But like other countries Thailand too
has some elements of uncertainty. How-
ever the following seem to be key
growth components leading to high
credit rating stand in our sound eco-
nomic performance during the last two
decades.

First, Thailand i3 a “resource-rich
economy” with substantial food surplus
which puts Thailand among the world's
top five countries with “net food export-
ing position.”

Second, The Thai Government tends
to follow somewhat conservative fiscal-
monetary policies. .

Third, control of major key economic
sectors of the economy by “private
sector” without too much government
interference.

Fourth, control of economic policy-
making by an elite corps of technocrats
which provides a degree of built-in
stability for economic managenient and
continuity of major economic policies.

However, the next five years will be
indeed a crucial turning point in our
economic history. Thailand’'s medium-
term’ economic outlook should be
viewed as a ‘“transformation stage”
from traditional agricultural-rural-re-
source based to more modern and com-
plex forms of urban-industrial activi-
ties which will definitely reinforce the
faster rates of urbanisation in the 1980s
and beyond.

This transformation is taking place
very rapidly in the 1980s since our
economy now has attained the capacity
to transform itself or the so-called “take
off” from traditional to a modern eco-
nomic system with availability and
better use of more efficient technology,
capital, and management transfers
from abroad.

At the same time, the recent discov-
ery and development of natural gas in
the Gulf of Thailand and oil from the
onshore field at Lan Krabue, have
dramatically changed our whole re-
source picture of the country and
opened up entirely new opportunities
for creation of viable “basic industries”
for Thailand.

The current Fifth National Develop-
ment Plan has a very comprehensive
industrial restructuring programme to
make our industries more competitive,
outward looking, and less dependent on
foreign inputs, and to decentralise our
industrial activities away form Bang-
kok metropolitan area to the new
industrial zone at the Eastern Sea-
board.

The Eastern Seaboard investment
programme will be about US35 billion
at the first stage for the new basic
industries and related deep-sea ports.
The new basic industries at the Eastern
Seaboard will use our natural gas re-
sources either for energy supply or as
feedstock. This ESB is a major indus-
trial breakthrough in Thailand.

Japan's best-known incustrial and
international spokesman, Dr Saburo
Okita, called the ESB a “new industrial
spring-board of Southeast Asia.” This
new industrial-locational facilities will
enable the private and international
investors of large industries to invest in
this new seaboard industrial zone of
Thailand. Many peole thug expect that
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Thailand, together with other ASEAN
countries, will definitely join the ranks
of “newly industrialising countries,” or
the NIC group, by the end of this
decade.

The NIC group of Southeast Asia are
now carving out for themselves an
enlarged share of world trade, invest-
ment, and total output. This transfor-
mation of our economy will change the
composition of our production, demand,
external trade, emplovment patterns,
and future technology and energy re-
quirements in Thailand. However our
fate in these structural transformation
will depend also on world environment
trends and a few domestic uncertain-
ties, namely, the world economic recov-
ery, price of oil, and domestic produc-
tion and additional discovery of gas and
crude oil in the immediate future.

A joint NESDB-World Bank simula-
tion of the medium-term outlook of the
Thai economy up until 1987 under the
above domestic and world environment
assumptions shows that Thailand's
economy will grow with an average of
6.5% per annum up until 1987 with the
outputs in the non-agriculture, espe-
cially industry, energy, construction
and service sector expanding at higher
rates of 7.7% 8.3%, 5.5, and 6.8%
respectively.  For the energy sector in
this medium-run simulation, the immi-
nent econornic recovery together with
faster rate of urbanisation will push up
the demand for energy growing more
than 6% per annum compared with the
current Fifth Plan’s target of 4.7%

Meanwhile the substitution of im-
ported oil by natural gas from the Gulf
of Thailand will be siightly lower than
the Fifth Plan’s target of 525 mcfd in
1986. This is however compensated by
the discovery of Lan Krabue ml. As a
result, our dependence on imported
energy will decline from 63% of total



rlr?ergy consumption in 1981 to 45% in

987.
. It now seems clear that additions to
domestic energy supplies and reserves
ill make dramatic reduction in energy
port-dependence during the rest of
980s. We are now spending more on
energy at an unprecedented rate. Our
ublic investment target for the energy
tor during the Fifth Plan is about $7
illion.  This covers the EGAT, PTT,
EA, MEA and NEA development
rojects to accelerate development of
ur domestic hydro, lignite, gas and oil
esources over the current Fifth Plan
eriod. This would definitely reduce our
ependence on imported energy sources
own to about 33% by 1990, after which
eriod our projections show that_im-
rted energy, both oil and possibly
oal, in meeting domestic “primary
nergy demand will begin to climb
gain to about 44-45% share by year
001." This causes some serious con-
fern among the planners in Thailand.

Bome Critical Issues and Future
Directions of Energy Policy

Our current energy policy under the
Fifth Plan period is fundamentally two-
old:

r First, to maximise production of
Homestic energy resources and diversify
pnergy supply structure, in order to
teduce Thailand’s dependence on im-
ported oil (on supply side).

Second, to restrain the growth of
bnergy demand, particularly petroleum
lemand, through improved efficiency of
energy use, conservation and pricing
bolicies (on demand managemer:t side).
I think the prospects are good for
Fhailand, which is a net petroleum
mporter at present, becoming less da-
pendent on petroleum in the future. But
th suoply and demand management
n Th.s wnd's enrrey sector depend so

ruch on the following policy direction
nd issues:
First, on the natural gas, the “reli-
bility of reserve estimates” is a key
Eue. This is not only vital to our future
port-oil substitution and other trans-
iort uses as well as the new industriali-
ation programme in the Eastern Sea-
oard, but also the future of the LNG
kheme depends on the gas reserves
rhich need further proving.

Some reserve estimates must be
reated with some caution. Attempt to
uantify the oil and gas potential nor-
1ally requires a high degree of “subjec-
lvity.” Another associated issue to any
as development programme is the new
nd additional discoveries. The Govern-
1ent must therefore have some flexibil-
¥ in order to meet these uncertainties.

Second, the economics of oil and gas
«ploration and development in Thai-
tnd is another issue. We realise that
1e  hydro-carbon exploration and
evelopment i3 of high risk and high
1in nature. In addition, this industry

very politically sensitive toward the
mtinuity of the Government policies.

However, I feel at the moment that
hailand's petroleum law and tax re-

mes are quite attractive by interna-
onal standard. The private industry
as already invested more than one
jllion dollars in this country since the
Lomulgation of our Petroleum Act of

ailand. Thia incentive should there-
ire be preserved. Many internntional
xperts believe that the 1990s could be
repeat of the 19703 with interna-
onal vil price nsing again.

To offset these possible price rises
and to contain our energy import bill,
Thailand must do what it can to step up
exploration and increase the level of
production to ensure tlat energy
production does not decline in' the
1990's. Because of the long lead time oil
and gas exploration has to be strong
through the middle 1980's for there to
be hope of stabilising oil imports :n the
1990s,

It is imperative to create right condi-
tiors for continued exploration, includ-
Ing newcomer companies. A most
important facet of Thailand’s energy
policy is the need to maintain an ertvi-
ronment which will encourage vigorous
exploration for oil and gas. Those
companies making discoveries will be
assured that there will be reasonable
prospects for economic development.
When adequate domestic market de-
mands are satisfied, exports will also be
seriously considered.

Allowing producers access to both
domestic and foreign markets in certain

circumstances can transform an other-
wise uneconomic scheme into a viable
one.

Third, joint ventures are another key
policy issue. I fzel the asic right and
terms of joint venture chuuld be deter-
mined by Thailand, not by the conces-
sionaire. This view is also shared by
two recent World Bank reports. This
would reduce negotiating time.

Recent negotiations “between the
Texas Pacific Group and the Thai Gov-
ernment have moved one step forward
with the suggestion of PTT participa-
tion in fleld development. However,
further delay impose high costs to both
parties. We must find ways of speeding
up the negotiating process so that gas
comes on stream sooner because the
potential gas use is in excess of supply.
In the longer run, steps should be taken
to gradually develop an independent
petroleum capability through joint ven-
ture operations.

Fourth, the energy pricing policy is
also critical to both supply and demand
management of energy sector in Thai-
land. Our early choice of domestic oil
pricing policies in the 1970s was
strongly influenced by the desire to
maintain high growth rate of GDP. The
Government thus chose to absorb a
substantial part of increase in the costs
of imported fuel. However after 1878
domestic energy prices had been drasti-
cally adjusted.

Thailand now has domestic pe-
troleum prices roughly comparable to
those of our neighbours. Our average
level of taxation on petroleum products
is now comparable to other oil import-
ing countries. We have finally elimi-
nated subsidies to most of our pe-
troleum products.

Regarding oil and gas p.icing, regu-
lations should set out a m .chanism for
pricing domestic crude oil and gas.
Present pricing approach based on fore-
cast costs has led to slow and time-
consuming negotiations. We might con-
sider an alternative by establishing a
reference to international parity and
possibly reducing the reference price by
a smull discount for user’s incentives.

In sum, the economic transformaticn
in Thailand during the 1980s and 1990s
with further intensification of agricul-
tural production, increased industriali-
sation, and higher level of urbanisation
will definitely increase the average
level of per capita consumption of com-
mercial energy. And according to our
Energy Master Plan study, Thailand is
not and will not be an energy-surplus
country. It is necessary for us to diver-
sify our supply sources with an objec-
tive to reduce dependence on imported
petroleum.

This will remainbasically unchanged
in the future direction of our natural
gas. Substantial amounts of capital and
technology will be required in the gas
development and utilisation pro-
grammes during the next two decades.
The public investment programme in
gas-related field has already been in
the pipeline. We also would like to see
more private investment in the down-
stream projects by creating conditions
conducive to smooth financing.

Finally, I must emphasise that con-
tinued intensive searching for domestic
energy must be further encouraged. We
are doing our best to reinforce and
rationalise our energy planning and
coordination apparatus, to develop po-
litical support for energy sector devel-
opment, and to encourage private sector
participation in the field of energy
exploration, development, and conser-
vation programmes. We will do our best
to attract and retain international in-
vestments and technologies required to
support our energy policy and develop-
ment programme.

Thank you.

\



Dr Phisit Pakkasem, Deputy Secretary-
General of the National Economic and Social
Development Board, yesterday gave a speech
on Thailand’s Economic Transformation and
Future Direction of Energy Policy at the
Thailand-United States Natural Gas Utilisation
Symposium at the Siam Inter-Continental
Hotel. Here is the fulil iext of the speech.
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The next five
years will be indeed
a crucial turning
point in our eco-
nomic history. Thai-
land’s medium-term
econontic outlook
should be viewed
as a ‘“transforma-
. tion stage” from
traditional
agricuitural-rurai-
resource based to
more modern and
complex forms of
urban-industrial ac-
tivities which will
definitely reinforce
the faster rates of
urbanisation Iin the
1980s and beyond.
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States Natural Gas Ultilisation was opened yester-
day at the Siam Intercontinental Hotel by Deputy
Industry Minister Wong Polnikorn and US Ambas-
sador to Thailand John Gunther Dean.

The symposium is jointly organised by the
Petroleum Authority of Thailand (PTT). the US
Agency for International Develcpment (USAID)
and the US Embassy.

THE c(hree-day symposium on Thailand-United

1984

SECTION I

The aim of the symposium is to give local and
foreign petroleum professionals insights about
Thailand’s total energy picture and related goc-
ernment policy as well as general investment
policy.

Picture shows Ambassador Dean and Mr Wong,

flanked by PTT Governor Tongchat FHon-
gladaromp (with glasses) and the US Counsellor
for Commercial Affairs Brooks Ryno.

US may give aid
for gas projects

THE US Government
may  consider giving
financial assistance to
Thailund for natural gas-
related projects, U3
Ambassador to Thailand
John Gunther Dean said
yesterday.

The envoy. in his open-

ing remarks at the
Thailand-US Natural
Gas Utilisation Sym.

posium, said a meeting
has been scheduled for
February 13 when a list
of these high-priority
projects will be presented

to US government agen-
cies for consideration.

The agencies are the
US Agency for Interna-
t" ~al Development, the

Trade Development
1.ogramme, the US De-
partment of Commerce
an” :he US Department
of State.

Mr Dean said the US
Government supports
Thailund's gas develop-
ment efforts and Ameri-
can firms also look for-
ward to working with
Tharland on  yas-based
projects,
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ina and US Ambassador John Gunther Dean hosted
a welcome reception for the participants in the Thai-US Natural Gas Utilisation
Symposium at the Hilton International Bangkok Hotel early this week. In
conversation are (from left) President G.Grader of Easo Exploration and
Production Korat Ine, Deputy Industry Minister Wong Polnikorn, Mr Dean and
Petroleum Authority of Thailand Deputy Gocernor Charan Achalabhuti.

lndus Minister Ob Vasura
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SHOULD like to begin my
esentation by reporting to you
at “‘Euromoney "’ magazine of Oc-
ber 1983 ranked Thailand fifth in
e category of the world’s best
conomic performance once again

its survey of more than 85 de.
loped and developing countries.
This was in terms of the overall
onomic growth rate, rate of in-
ation, strength of exchange rate,
d balance of payments per-
rmance. The Asian Wall Street
umal of August, 1983 also head.
ed that the Thais have lined up
w intemnational financing at the
ry low interest rate, or at 0.37
a percentage point over the Lon-
n interbank offered rate, of
ich very few countries anywhere
the world today can have access
funds at this rate. This demon-
ates the Thai top-notch credit
iting, the Wall Street said.

y Phisit Pakkasem

[ must say that the Thai Gov-
nment has demonstrated con-
uously its commitment to
engthen and diversify our eco-
mic base with its own mix of
onomic policies shaped by our
source rich position, our com-
rative advantage, social cohesion,
d our geoeconomic position in
utheast Asia, But like other
untries, Thailand too has some
ments of uncertainty. However
e following seem to be key growth
mponents leading to high credit
iting stand in our sound economic
rformance during the last two
[cades.

First, Thailand is a “‘resource-
ch economy” with substantial
rod surplus which puts Thailand

ong the world’s top 5 countries
th “net food exporting position."

Second, the Thai Government
nds to follow somewhat conserva.
e fiscal-monetary policies.

Third, control of major key eco-
Lmic sectors of the economy by
rivate sector” without too much
vernment interference.

Fourth, control of economic
’)licy-making by an elite corps of
chnocrats which provides a degree
i built-in stability for economic
anagement and continuity of
ajor economic policies.

However, the next five years will
t indeed a crucial turning point in
ir economic history. Thailand’s
dium-term  economic outlook
ould be viewed as a “transforma-
n stage” from traditional agricul-
al-rural-resource based to more

dern and complex forms of
ban-industrial activities which
i definitely reinforce the faster
es of urbanization in the 1980s
d beyond.

This transformation s taking
place wvery rapidly in the 1980s
since our economy now has attain-
ed the ‘“‘capacity to transformitselt”
or the so-called “‘take off” from
traditional to a modern economic
system with availability and better
use of more efficient technology,
capital, and management transfers
from abroad.

At the same time, the recent
discovery and development of na-
tional gas in the Gulf of Thailand
and oil from the onshore field at
Lan Krabue, have dramatically
changed our whole resource pic-
ture of the country, and opened
up entirely new opportunities for
creation of viable “basic indus-
tries” for Thailand. The current
Fifth National Development Plan
has a very comprehensive industrial
restructuring programme to make
our industries- more competitive,
outward looking, and less depen-
dent on foreign inputs, and to de-
centralize our industrial activities
away from Bangkok metropolitan
area to the new industrial zone at
the Eastern Seaboard.

The ESB investment programme
will be about USSS5 billion at the
first stage for the new basic indus-
tries and related deep-sea ports.
The new basic industries at the
Eastern Seaboard will use our na-
tural gas resources either for energy
supply or as feedstock. This ESB is
a major industrial breakthrough in
Thailand.

The top Japan's best-known in-
dustrial and international spokes-
man, Dr Saburo Okita call the ESB
a ‘“new industrial spring-board of
Southeast Asia,” This new indus-
trial-locational facilities will enable
the private and international in-
vestors of large industries to invest
in this new seaboard industrial
zone of Thailand. Many people
thus expect that Thailand, together
with other ASEAN countries, will
efinitely join the ranks of “newly
industrializing countries”, or the
NIC group by the end of this
decade. :

This NIC group of Southeast
Asia are now carving out for them-
selves an enlarged share of world
trade, investment, and total output.
This transformation <{ our econo-
my will change the composition of
our production, demand, external
trade, employment patterns, and
future technology and energy re-

quirements in [hailand.

However, our fate in these struc-
tural transformation will depend
also on world environment trends
and two few domestic uncertain-
ties, namely, the world economic
recovery, price of oil, and domestic
production and additional disco-
very of gas and crude oil in the im.
mediate future,

A joint NESDB-World Bank si-
mulation of the medium-term out-
look of the Thai economy up until
1987 under the above domestic and
world environment assumptions
shows that Thailand’s economy will
grow with an average of 6.5% per
annumup until 1987 with outputs
in the non-agriculture, especially in-
dustry, energy, construction and
service sector expanding at higher
rates of 7.7%, 8.3%, 5.5% and 6.8%
respectively. For the energy sector
in this medium-run simulation, the
immirent economic recovery to-
gether with faster rate of urbaniza.
tion will “push-up™ the demand for
energy growing more than 6% per
annum compared with the current
Fifth Plan’s target of 4.7%.

Meanwhile the substitution of
imported oil by natural gas from
the Gulf of Thailand will be slightly
lower than the Fifth Plan’s target of
525 mcfd in 1986, This is, how-
ever, compensated by the discovery
of Lan Krabue Oil. As a result, our
dependence on imported energy
will decline from 65% of total
enegy consumption-in 1981 to 45%
in 1987,

It now seems clear that additions
to domestic encrgy supplies and re-
serves will make dramatic reduction
in energy import-dependence dur-
ing the rest of 1980s. We are now
spending more on energy at an un-
precedented rate, Our public invest-
ment target for the energy sector
during the current Fifth Plan is
about $7 billion. This covers the
EGAT, PTT, PEA, MEA, and NEA
development projects to accelerate
development of our domestic hy-
dro, lignite, gas and oil resources
over the current Fifth Plan period.

This would definitely reduce our
dependence on imported energy
sources down to about 33% by
1990. After which period our pro-

jections show that imported energy

both oil and possibly coal, i meet-
ing domestic primary energy de-
mand will begin to climb again to
about 44-45% share by year 2001.
This causes some serious concerns
among the planners in Thailand,

Some Critical Issues and
Future Directions of
Energy Policy

Our current energy policy under
the Fifth Plan period is funda-
mentally twofold:.-

First, to maximize production of
domestic energy resources and di-
versify energy supply structure, in
order to reduce Thailand’s depen-
dence on imported oil (on supply
side)

Second, to restrain the growth
of encrgy demand, particularly pe-
troleum demand, through improved
efficiency of energy use, conserva-
tion and pricing policies (on de-
mand management side)

! think the prospects are good
for Thailand, which is a net petro-
leum imporier at present, becoming
less dependent on petroleum in the
future. But both supply and de-
mand management in Thailand’s
energy sector depend so much on
the following policy direction and
issues:—

First, on the natural gas, the re-
liability of reserve estimates is a
key issue. This js not only vital to
our future import-oil substitution
and other transport uses as well as
the new industrialization program-
me in the Eastern Seaboard, but
also the future of the LNG scheme
depends on the gas reserves which
need further proving. Some reserve
estimates must be treated with
some caution. Attempt to quantify
the oil and gas potential normally
requires a high degree of subjecti-
vity. Anotherassociated issue to any
gas development programme is the
new and additional discoveries. The
Government must therefore have
some flexibility in order to meet
these uncertainties.

Second, the economics of oil
and gas exploration and develop-
ment in Thailend is another issue.
We realize that the hydro-carbon
exploration and development is of
high risk and high gain nature. In
addition, this industry is very
politically sensitive toward the con-
tinuity of the government policies.
However, | feel at the moment that
Thailand’s petroleum law and tax
regimes are quite attractive by in-
ternational standard, The private in-
dustry has already invested more
than one billion dollars in this
country since the promulgation of
our Petroleum Act of Thailand.
This incentive should therefore be
preserved,

Many international experts be-
lieve that the 1990’ could be a
repeat of the 1970% with interna-
tionaj oil price rises azain. To otfset
these possible price rises and to
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contain our energy import bili,
Thailand must do what it can to
step up exploration und increase
the level of production to ensure
that energy production does not
decline in the 1990’s. Because of
the long lead time oil and gas ex-
ploration has to be strong through
the middle 1980’s for there to be
hope of stabilizing oil imports in
the 1990’s.

It is imperative to create right
conditions for continued explora-
tion, including newcomer compa-
nies. A most important facet of
Thailand’s energy policy is the need
to maintain an environment which

will encourage vigorous exploration
for oil and gas. Those companies
making discoveries will be assured
that there will be reasonable pro-
spects for economic development.
When adequate domestic market
demands are satisfied, exports will
also be seriously considered. Allow-
ing producers access to both domes-
tic and foreign markets in certain
circumstances can transform an
otherwise uneconomic scheme into
a viable one,

Third, Joint Ventures are an-
uther key policy issue.

I feel the basic right and terms
of joint venture should be deter-

mined by Thailand, not by the
concessionaire, This view is ulso
shared by two recent World Bank’s
report, This would reduce negotiat.
ing time, Recent negotiations be-
tween the Texas Pacific Group and
the Thai Government have moved
one step forward with the sugges-
tion of PTT participation in tield
development, However, further de-
lay in gas availability and negotia-
tion will probably impose high
costs to both parties. We must find
ways of speeding up the negotiating
process so that gas come on stream
sooner because the potential gas use
is in excess of supply. In the longer
run, step should be taken to gra-
dually develop an independent pe-
troleum capability through joint
venture operations.

Fourth, The energy pricing po-
licy is also critical to both supply
and demand management of energy
sector in Thailand. Our early choice
of domestic oil pricing policies in
the 1970s was strongly influenced
by the desire to maintain high
growth rate of GDP. The govern-
ments thus chose to absorb a sub-
stantial part of increase in the costs
of imported fuel, However, after
1978 domestic energy prices had
been drastically adjusted. Thailand
now has domestic petroleum prices
roughly comparable to those of our
neighbours. Our average level of
taxation on petroleum products is
naw comparable to other oil im-
porting countries. We have finally
eliminated subsidies to most of our
petroleum products,

Regarding oil and gas pricing, re-
gulations should set out a me-
chanism for pricing domestic crude
oil and gas. Present pricing ap-
proach based on forecast costs has
led to slow and time consuming
negotiations. We might consider an
alternative by establishing a re-
ference to international parity and
possibly reducing the relerence

price by 1 small discount for user’s
incentives.

In sum, the economic transfor-
mation in Thailand during the
1980s and 1990s with further in-
tensification of agricultural produc-
tion, increased industrialization,
and higher level of urbanization
will defimitely increase the average
level of per capita consumption of
commercial ¢nergy. '

And according to our Energy
Master Plan study, Thailand is not
and will not be an energy-surplus
country. It is necessary for us to
diversify our supply sources with an
objective to reduce dependence on
imported petroleum. This will re-
main basically unchanged in the
future direction of our esiergy po-
licy. It is essential te deviss the best
energy supply mix by taking into
full cunsideration the role of our
natural gas. Substantial amounts
of capital and technology will be
required in the gas development
and utilization programmes during
the next two decades. The public
investment programme in gas-re-
lated field has already been in the
pipeline. We also would like to see
more private investment in the
downstream projects by creating
conditions conducive to smooth fi-
nancing,

Finally, I must emphasize that
continued intensive searching for
domestic energy must be further
encouraged. We are doing our best
to reinforce and rationalize our
energy planning and coordination
apparatus, to develop political sup-
port for energy sector development,
and to encourage private sector par-
ticipation in the field of energy
exploration, development, and con-
servation programmes, We will do
our best to attract and retain in-
ternational investments and techno-
logies required to support our
energy policy and development pro-
araimmes,

~ :J



APPENDIX C

ECONOMIC FORMAT



ECONOMIC FORMAT

Constant Dollars
Project Life
Operating Factor
Capital Investment
Cost of capital
Working capital

Land required
Startup expense & organization

Basis
1983 §

15 years

330 days/yr.

10%

60 day inventory

60 day cash supply
$11,000/acre

2% of capital investment

Annual Operating Cost (Next to the total dollars for each item
list the unit cost in $/MMBTU of product)

Product, $/ton or $/MMBTU
(By-Product credits should
be listed as $/ton or
$/MMBTU)
Natural Gas ($/MMBTU)
Utilities

Power ($/KWH)

Water ($/MGal)

Fuel ($/MMBTU)
Operating labor

Skilled

Unskilled
Operating labor supervision
Maintenance
Administrative & support labor

Payroll extras —-- fringe
benefits, etc.

Insturance

General administrative expenses

Taxes (Assume no tax holiday)

Depreciation

Do a sensitivity

analysis by varying the
price of the product vs.
profitability of venture

4.00

0.06
0.75

'4.00

$4,000/yr.
$1,650/yr.

20% of labor year
5% of total investment

20% of all other labor

20% of all other labor

2% of facilities invest-
ment

2% of facilities invest-
ment

35% of net profit

.Straight line -- 10 yrs.
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Thailand - United States
Natural Gas Utilization
Symposium
&

Field Trip
February 7 - 11, 1984

‘—
Ot P 3 S Organized and Sponsored ¥§ .
1 d_? ik '};i‘ by

o e

The Petroleum Authority of Thalland (PTT)
R The United States Agency for Inte




Tuesday - February 7, 1984
Registration (0800)

Opening Ceremonies
H.E. Ob Vasurai, Minister of Industry,
Thailand
John Gunther Dean, Ambassador to
Thailand, USA

Thailand Energy Policy
Snoh Unakul, Secretary-General, National
Economic & Social Development (NESDB),
Thailand

Thailand Energy Supply/Demand Pattern
Tongchat Hongladaromp, Governor,
Petroleum Authority of Thailand (PTT),
Thailand

Role for Natural Gas
Charan Achalabhuti, Deputy Governor,
Petroleum Authority of Thailand (PTT),
Thailand

Current Projects
Prarin Patanaporn, Deputy Governor or
Pala Sookawesh, Assistant Governor, PTT,
Thailand

Union

Electricity Authority of Thailand (EGAT)
Texas Pacific

Esso

The Gas Separations Plant,

Don Boone, Vice President,

The Randall Corp., USA.

Energy Resources and Reserves
Speaker to be announced

Investment and Financial Policy
Chanchai Leetavorn, Secretarv-General,
Board of Investment (BOI), Thailand

Experiences of Other Countries
Bangladesh
Brunei
India
Indonesia
Malaysia
New Zealand
Pakistan

Wednesday . February 8, 1984

An Overview of Worldwide Standards for
Natural Gas Utilization
Elizabeth Drake, Chairman, Chemical
Engineering Department, Northeastern
University, USA

Decision Analysis in Natural Gas Utilization
Phiroze Nagarvala, Manager, Energy Plan-
ning, Bechtel Corp., USA

Transportation
The Role of Natural Gas in the Thai
Transportation System
To be announced

Compressed Natural Gas
Frank Schora, Senior Vice President, Gas
Development Corp., USA

THAILAND - U.S. NATURAL GAS UTILIZATION SYMPOSIUM

FEBRUARY 7-11, 1984

PRELIMINARY TECHNICAL OUTLINE

Wednesday, February 8, 1984 (Continued)

Automoblle Equipment Required to Use Com-

pressed Natural Gas as a Fuel
Bill Malek, Vice Chairman, American
Gas Association, Natural Gas Vehicle
Committee, USA

Infrastructure Required to Use Compressed

Natural Gas As an Automotive Fuel

Donald fan Hertzmark, Asian Institute of

Technology, Thailand

The Production, Use and Economics of
Methanol

Bert W. Struth, Executive Vice President,

Chem Systems, USA

Methanol as an Automotive Fuel
I. MacPherson, Director, Power Train
Research, Ford Motor Company, USA

Energy Applications
Power Generadon Utlizing Fuel Gas

Robert G. Settle, Project Manager, Black

& Veatch Inc., USA
Combined Cycle Cogeneration

J.M. Osborn, Advanced Energy Specialist

and W.C. Walke, Project Manager,
Fossil Fuels, Sargent & Lundy, USA

Direct Heating

W.H. Thorbecke, Chairman, Energy Sup-

port Services, USA

The Production, Economics and Uses of Syn.

thesis Gas

J. M. Mac Neil, Assistant Chief Engineer,

Stone & Webster, USA

Gas Turbines as Industrial Drives
George J. Milici, Manager, Turbo
Machinery, Ingersoll-Rand, USA

Turbo Expanders in Various Natural Gas
Applications
John Holms, Director, International
Marketing, Rotoflow Corp., USA

Natural Gas Reciprocating Engines in On-
Site Power Plants
D.R. Sickenger, Senior Staff Engineer,
Caterpillar Tractor Company, USA

Thursday - February 9, 1984

Chemical Production
Methods and Economics of Hydrogen and
COy Separation

Robert Scivaily and Roland Meissner I11,

Ralph M. Parsons Co., USA
Economics and Production of Fertllizer

Peter R. Train, Regional Vice President,

Foster Wheeler Energy Corp., USA
Phosphate, Pot Ash and Soda Ash

Russell James, President, James Chemical

Engineering, USA
Make Ammonia With Less Energy

J.R. LeBlanc, Manager, Inorganic Pro-
cess Division, M.W. Kellogg Company,

Inc., USA

Thursday, February 9, 1984 (Continued)

Cement Production
Werner Ostberg, Vice President, Cement
Division, Kuljian Corp., USA

Gasoline from Natura! Gas
Gerald F. Tice, Supervising Engineer,
Advanced Technology Division, Fluor
Engineers, Inc., USA

Petrochemical Production

The Production and Economics of LPG
Jim Hardy, McDermott, USA

The Petrochemicals Industry in Today's
Economy
Bill Silvia, Division President, Union Car-
bide, USA

Planning Petrochemical Complexes and
Dynamic Digital Simulation in Process
Operations
A Rhoe, Vice President Lummus
Technical Center, M. Asgari, Vice Presi-
dent, Digital Technical Center and M.J.
Maddock, Manager Process Planning and
Economics, C.E. Lummus, USA

Ethylene Cracking Technology
C.P. Bowen, Manager, Business
Development-Chemicals, Stone &
Webster, USA

The Production and Economics of
Polyethylene
Speaker tu be announced, Foster Wheeler
Energy Corp, USA

The Production and Economics of
Polypropylene
Terry R. Eihl, Manager, International
Business Development, Amoco Chemical,
USA

The Production and Economics of VCM and
PVC
Sam Kiguchi, General Manager,
Monomer and Polymer Division, Brown
& Root Inc., USA

FIELD TRIP:

Leave Bangkok the afternoon of February 9.
Overnight Royal CIffs Hotel

Friday . February 10, 1984

Visit the:
Gas Separation Plant,
Petrochemical Complex site,
LDPE Plant.

Overnight Roval Cliffs Hotel.

Saturday - February 11, 1984

Visit the:
LEAM Chabang Deep Seaport Site,
Gas Monitoring Station
Bangpakong Power Plant,

Return to Bangkok.




SYMPOSIUM DESCRIPTION

Discovery of large natural gas reserves in the Gulf
of Thailand has benefited Thailand in many ways.
Wholly apart from the obvious savings in foreign ex-
change, and gaining a reliable domestic reserve of
fuel, natural gas can be utilized as a feedstock in
numerous industries, particulary in petrochemical
and fertilizer production.

The plans call for a petrochemical complex to be
located adjacent to the gas separation plant in
Mabtapud, the area where the natural gas submarine
pipeline comes ashore, commonly referred to as the
Eastern Seaboard. Ethane and propane from the gas
separation plant will be converted at the olefins
plant into 300,000 tons of ethylene and 70,000 tons
of propylene per year. The olefins plant and a central
utilities plant together will form the basic upstream
complex. This is to be 51% government ownod. The
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1.0 Scope of Work

The Thailand - U.S. Natural Gas Symposium was organized
under joint sponsorship of the Petroleum Authority of
Thailand (P.T.T.) and the U.S. Agency for International
Development (U.S.A.I.D.). It was held at the Siam
International Hotel in Bangkok from February 7 - 11, 1984,
Under contract with U.S.A.I.D., Professors Goodwin and Drake
of Northeastern University (Boston, Massachusetts, USA) each
prepared and presented on February 6, 1984, a half-day pre-
symposium seminar for conference attendees and others
interested in gaining fuither background related to planned
natural gas and gas liquids projects in Thailand.

Of the several hundred people attending the symposium,
about 130 attended each of the pre-symposium seminars.
Because of late arrivals and other problems associated with
the registration of more attendees than expected, only 82 of
the participants were identified by name and affiliation.
This information is presented in Appendix C.

The conference General Chairman was Dr. Tongchat
Hongladaromp, the Governor of PTT. Program Chairmen were Dr.
Charan Achalabhuti, Deputy Governor, Technical and Planning
of PTT and Charles Bliss, Office of Energy, U.S.A.I.D. The
symposium was coordinated by Dr. Arnold Pelofsky, President,
A.E.R. Enterprises, U.S.A.

At the request of PTT, Professors Goodwin and Drake were
asked to spend the week after the symposium visiting
organizations in Thailand involved in the development or use
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of the natural gases. Under subcontract to A.E.R.
Enterprises; these visits were made to the Electricity
Generating Authority of Thailand (EGAT) new power station in
Bang Pakong (February 13, 1984), to the PTT Gas Separation
Plant at Rayong (February 14, 1984) and to the Chemical
Engineering Department at Chulalongkorn University in Bangkok
(February 15, 1984). A seminar was presented at each
location on the chemical and physical properties of the
Thailand natural gases and on the safety and operational
aspects of the technologies involved. Facility tours and
discussions with some key personnel were also held. The
objective of these visits was to identify areas where U.S. -
Thai joint programs might be useful, particularly in areas
relating to safety and training programs. During the visit,
discussions were held with a number of people concerning the
planned organization of a Thai Petroleum Instiute. On
February 17, 1984, a visit was made to PTT headquarters and
discussions with the PTT research and development group were
held. A summary discussion was also held with Dr. Charan at
that time.

The actual scope of work involved in each of the pre-~
symposium seminars and in the subsequent facility visits
included four phases:

I Preparation of Seminars and Seminar Materials.

II Coordinations of Material Between Seminars.
III Presentation and Visits.

IV Preparation of Summary Report on Findings.
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This report includes the Phase IV summary report and findings

for each of the presentations, visits and discussions.

2.0 Background

Thailand has been embarking on a major energy program
since the discovery of natural gas reserves in the Gulf of
Thailand over a decade ago. Currently, gas (predominantly
methane) is being produced from the offshore Erawan field.
Additional reserves in the Gulf will be brought onstream
during the next few years and continuing exploration may
ldentify further reserves. The produced gas also contains
ethane, propane and butane (liquefied petroleum gases or
"LPG"), and natural gasolines (pentane and some heavier
hydrocartons). At present, most of the heavier fractions are
removed as condensate and sent to existing refineries in
Thailand for reprocessing. The remaining gases (methane,
ethane, and some LPG) are pipelined n~rth for use as a fuel
in cement plants and for power generation at EGAT facilities.
The use of this energy reduccs Thailand's dependence .. fuel
imports. In addition, the materials can be useful in future
production of petrochemical derivatives whici: also will
reduce imports.

Next year, PTT will commission a gas~liquids separations
plant in Rayong which will allow separation of the LPG
fractions of the natural gas. This LPG will be distributed
by PTT as an alternative motor vehicle fuel displacing
imported gasoline. LPG will also be available for

industrial, commercial, and residential fuel use. Since LPG
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is stored as a liquid under pressure in transportable tanks,
it is also a convenient fuel to use in rural areas.

The remaining methane/ethane fraction will continue to
be pipelined for use as a fuel. The pipeline distribution
system to Bangkok will also allow development of compressed
natural gas»(CNG - methane as a high pressure gas stored at
around 150 to 200 atmospheres). This can be used as a motor
fuel - either directly or in mixtures with diesel fuel.
Ethane and propane fractions will be separated at a later
date as downstream petrochemical industries are developed
(e.g fertilizer, plastics, methanol, etc.)

PTT was rormed about 5 years ago and is currently
operating a guas pipeline system., The PTT gas separations
plant is being constructed and is expected to be onstream
early in 1985. PTT is in the process of acquiring and

training the additional staff necessary to meet their present

and future gas utilization project needs.

3.0 Pre-Symposium Seminars
The seminars were designed to give information in two
areas of importance to the understanding and growth of the

developing industry built around a natural gas feed stock.

SEMINAR I: Physical and Chemical Properties of Natural Gas

SEMINAR II: Safety and Handling of Natural Gas & Gas Liquids



3.1 Objectives

3.1.1 Seminar I

The objective of this seminar was to present information

on the physical and chemical properties of natural gas.
Natural gas is primarily a mixture of methane, ethane,
~ropane, and butane with smaller amounts of higher
hydrocarbons. 1In addition, it usually contains smaller
amounts of undesirable materials such as carbon dioxide and
water. The first stages in a gas separations plant involve
the removal of the carbon dioxide, water, and some other
impurities. Such materials were not included in the
discussion of the physical properties of natural gas. The
presentation focussed on the physical and chemical properties
of low molecular weight hydrocarbons; both pure and in
mixtures.

For pure materials these physical properties included
molecular weight, critical properties, heat capacity, vapor
pressure and P-V-T relationships both in the vapor and the
two-phase region. For mixtures, relationships were developed
to implement the calculation of vapor-liquid equilibrium,
bubble points and dew points as functions of pressure,
temperature, and composition. Thermodynamic methods for the
development of equilibrium K values and the enthalpies of
saturated liquid and vapor mixtures were presented. These
data are essential to the design and understanding of such

gas separation equipment as the demethanizer.
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In the near future, Thailand will be using the products
of its separations plant as feed stocks for petrochemical
plants and a fertilizer plant. A quantitative understanding
of the proposed processes requires additional thermodynamic
information. This information is needed to calculate energy
effects accompanying chemical reactions and to understand the
restrictions placed on yield by equilibrium considerations.
Key reactions include propane and ethane cracking to produce
olefins and cracking or reforming of methane to produce
hydrogen. Thermodynamic methods for predicting energy
requirements and equilibrium limitations on chemical
reactions are presented in the seminar notes.

Finally the seminar included a discussion of flam-
mability limits of hydrocarbons as background for the
safety and handling seminar.

3.1.2 Seminar II

The second seminar was planned to present a general
introduction to safety issues related to gas and gas-liquids
handling and processing. While the worldwide petrochemical
industry has a good safety record, some very serious
accidents involving harm to tens or huﬁdreds of people have
occurred. Human error has been involved in most of these
accidents; whether due to mistakes in design, operation,
maintenance or repair. While some human error is always
possible, good training programs and a strong organizational
commitment to safe operation can reduce the likelihood of

such events.
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The objectives of the seminar were first to present the
basic hazards, next to discuss methods used elsewhere in the
world to identify weaknesses in facilities and/or their
operation, and then to suggest ways that Thailand might adapt
some of these techniques in planning and implementing their

developments associated with gases from the Gulf of Thailand.

3.2 Presentation

The materials distributed at the seminar are contained
in Appendices A and B. Names of 82 of the approximately 130
attendees are included in Appendix C. Visual aids included
both transparencies (included in the handout) and 35 mm
slides (in tre safety seminar only) showing examples of vapor
leaks and fires with gas and gas liquids. The presentations
lasted from 9:00 - 11:30 and from 13:30 - 17:00 hours with
two short breaks for coffee.

During the early planning of the seminar in the u.S., it
was indicated to us that we would be addressing a small group
(ahout 25-30) of people with technical training in
engineering or chemistry. Later, the size of the group was
increased, first to 50 and then to 100. These increases

occurred just prior to our leaving for Thailand.

Upon our arrival, we learned that a further increase in
attendance had occurred and that the audience would include
some non-technical people with diverse backgrounds. As a
result, during the weekend prior to the seminar, some major

changes were made in the planned presentation to adjust to
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the actual audience. Following'the modified presentations,
feedback to us and to others involved in coordinating the

seminars was generally favorable.
3.3 Comments and Suggestions

The seminar could have been presented more effectively
to a smaller and less diverse group (the original plan).
Perhaps a better method of either limiting and controlling
registration could be found; or at least a better description
of the audience could be made before the seminar materials

are developed.

The room was well-prepared with tables set up for
attendees. The transparencies could be seen easily from the
back of the room, but the slides were more difficult to see,
The projector illumination also was inadequate for so large a

room,

Finally, as we learned at later presentations, many
people are more comfortable in submitting questions in
writing than in asking them directly. However, on balance,
the seminars went well and the audience appeared receptive

and interested,.

4,0 Presentation and Discussions at the EGAT Power Plant
4.1 Prior Plant Tour
On Saturday, February 11, 1984, we toured the power

plant at Bang Pakong as part of the group on the Symposium
8.
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Field Trip. We took advantage of this visit to learn not
only about the facility, but «lso about their operations and
training. We learned that the group we would be addressing
would include both engineers and operators. Many would be
engineers, but with limited background in chemistry and
properties of natural gas liquids (other than as boiler
fuel).

In anticipation of our safety presentations, we
identified special features of the facility pertinent to
safety. The turbine generators are hydrogen-cooled. The
boilers can be fueled either with natural gas or with heavy
fuel oil. The facility is very modern and has extensive
monitoring and control systems. A computer has been provided
to monitor alarms, operations, and other plant functions. In
addition, a training simulator has been provided (we were
told that it cost around $1 million U.S.). This unit is used
for training new operators. It does allow for an instructor
to modify normal operations to simulate various types of

upsets and shutdowns for operator training exercises.

4.2 Seminars

The seminar entitled "Gasous and Liquid Fuels:
Properties and Safety" was presented jointly by Profs.
Goodwin and Drake. The focus was changed slightly to include
hydrogen and fuel oil in the presentation and to eliminate

petrochemical feed stock materials.



Some emphasis was placed on the present and future
operating conditions of the gas separations plant. As this
facility comes on-line the fuel stream composition will
change. Now the plant reczives everything but condensate.
In the early operation of the gas separations plant, the
LPG's will be stripped. Then, when an ethylene plant is

built, the ethane fraction will also be removed.

Discussions were also held on possible other
interactions with the gas separations plant. However, the
169 Km pipeline contains enough buffer fuel (line packing) so
that upsets at the gas separations plant (an emergency
shutdown, for example) should not have an immediate effect on
the power station. The power station would initiate a change

to fuel oil in the event of an extended outage.

Hazards evaluations were expanded to include high
pressure gas lines, fuel o0il lines and the special hazards

associated with hydrogen.

A final section of the presentation was developed on
training programs for continuing safe operation. This
included discussions of training (including use of sim-
ulators), safety organizations and safety reviews. The final

slide of the seminar included a summary.

The summary suggested benefits of the formation of a
visible safety group which reports to management at the

highest level. Such a group would in itself, represent a
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strong management commitment to safety. The group could have
broad responsibilities including administration of initial
and ongoing training programs, continuing review of any
changes in equipment and/or procedures with respect to safety
and operability (perhaps using some of the tools of risk and
reliability analysis presented in the seminars), investi-
gation of accidents or incidents which might indicate ways to
improve future safety, and organization of periodic

independent safety audits.

4.3 Comments and Suggestions

While operational training at the Bang Pakong Power
Plant seems of good quality, the overall safety level --
particularly with respect to possible accidents involving
various fuels -- might be improved further. Some indication
was given of having a few personnel attend a fire school at
the Esso o0il refinery. However, such training has not been

extensive so far.

Also, there apparently have been some minor accidents at
the facility. While it isn't surprising that people would be
reluctant to discuss these with outsiders, the idea of
investigating accidents to learn from them might be useful.
We also suggested that the training simulator might be used

in a continuing training mode.

11.
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5. Seminar and Visit to PTT Gas Separations Plant

5.1 Prior Plant Tour

We visited the Gas Separations Plant as part of the
Symposium field trips on February 10, 1984, The plant
includes the dew point control unit (presently operating) anq
the separations equipment which will be commissioned in 1985.
Again, we took advantage of the plant tour to learn more
about training and operations as background for the seminars.
We learned that Linde (Germany) had been retained as an
overall consultant by PTT on the separations plant and has
supervised the contractors who are Japanese and U.S.

companies,

5.2 Presentation of Seminars

A seminar on "Properties and Safe Handling of Natural
Gas and Gas Liquids" was presented by Profs. Goodwin and
Drake on February 14, 1984 to about 30 people at the PTT Gas
Separations Plant. The slides used are included in Appendix
E. In the seminar, material was included on the properties

of ethylene and on safety training programs.

5.3 Comments and Suggestions

The role of Linde in overseeing the design and
construction of the PTT gas separatioas plant is important
and Linde personnel are highly qualified for this function.
They presumably will have an active role in developing,
operating maintenance and emergency procedures for the

facilities and will be present during commissioning and early
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operations,

PTT does presently have a safety group of about 6-7
people based at their Operations Center. Some of these
people attended the seminar. However, it seemed that this
group --which will eventually be involved in safety at the
gas separations plant -- is not bein involved in the pre-
commissioning phase of the project. This is unfortunate, we
think, since they could learn much more from some of the pre-
commissioning testing and from working with Linde and
contractors as procedures are finalized before start-up. In
effect, an opportunity for training these safety personnel
seems to be being missed. We would suggest their exposure to
the pre- and post-commissioning work starting as soon as
possible.

While everyone at the seminar seemed concerned about
safety, there appeared to be a relaxed attitude about safety
during construction. A number of workeré were without hard
hats and some welders were not wearing safety glasses.
Although this may not be relevant to the safety of the
facility itself, it may also be indicative of an overall
attitude that treats safety as a theoretical, rather than
practical, objective.

The operational personnel for the separations plant will
need to be trained for response to potential hazards as well
as for normal operations. It was not evident that this was

being done even though this would be an ideal time to be

building an effective training program.
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We suggested a format which PTT might consider in
developing an effective safety and training organization at
the facility. This is along the lines of the recommendations

made in our summary as outlined on page E-86.
6. Chulalongkorn University

6.1 Visit to Chemical Engineering Department

Profs. Drake and Goodwin visited Chulalongkorn Uni-
versity on February 15, 1984. We met with the Dean (Dr.
Tavee), the Associate Dean of Engineering (Dr. Sutham), the
Head of the Chemical Engineering Department (Dr. Woraphat),
and with several faculty members. The department has twelve
faculty members, most with Ph.D. degrees from universities in
the U.S. and Europe. About half the faculty are involved in
some research. The department is developing programs in

petrochemical engineering in response to Thailand's needs.

Several other parts of the university also offer
programs that would be pertinent to the training of personnel
in the gas liquids developments.

The Department of Mining Engineering and Mining Geology
is developing a Petroleum Engineering Option which includes
studies in petroleum exploration and extraction technology.

A former Shell employee in offshore operations (Susan
Dewardt) is assisting in the development of these programs,

The University has also had a program in Chemical

Engineering Technology which is over 20 years old znd which
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is affiliated with the chemistry department. The program is
focussed on applied chemistry but overlaps considerably with
the program offered by the nine-year old Chemical Engineering
Department. Merger of these department seems sensible but

past attempts have been unsuccessful.

6.2 Presentation of Seminars

The seminar presented by Profs. Goodwin and Drake
generally followed the materials presented in Appendix E,
The orientation of the seminar was, however, shifted toward
the education of engineers and technicians for Thailand's
present and future petrochemical industry.

The seminar was presented to about 15 people including
representatives from the Industriai Mining and Mechanical
Engineering Departments. The portions ofthe seminar relating
to incorporation of computer techniques in courses and
utilization of software packages seemed to be of particular
interest. The university still has batch processing for its
main frame computer. The department is starting to acquire

some micro-computers at the present time.

6.3 Comments and Suggestions

The Chemical Engineering Department at Chula presents a
solid undergraduate program as well as a graduate program.
They seem to be a qualified and valuable resource for
starting a variety of programs to provide personnel for the
developing petrochemical industry in Thailand. However,

there are other resources in Chula -- the Petroleum Eng-
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ineering Program in the Mining Engineering Department and the
Chemical Engineering Technology Program -- which should be
involved in an integrated set of training programs. A
variety of programs will probably be required. These will
range in level from training technicians to graduate level
education and in scope from all aspects of the technology
involved to management techniques and petrochemical
economics.

Since the University structure is not particularly
conducive to interdepartmental cooperation, the role of an
outside group was discussed. Some consideration was being
given to formation of a "Thailand Petroleum Institute",
although the final objectives of such a group were not yet
defined. One objective could be the coordination of training
programs drawing on the various resources at Chula and other
universities in Thailand and supplementing these resources

with outside experts as required.

We also understand that laboratory facilties for various
analyses in support of the petroleum industry activities do
not now exist in Thailand. We are told that gas liquids
samples are currently sent to a lab in Singapore for
analysis. It would seem that the growing petrochemical
activities in Thailand would justify establishment of such a
lab. Considering the present resources at Chula, the

university or its near environs would seem a logical location
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for such a lab. While the lab would be a separate entity
from the university, the training of lab personnel could be
supervised initially by Chula staff and other petroleum

industry experts.

Finally, with regard'to lab facilities in the Chemical
Engineering Department at Chula, we noticed less attention to
safety than is usual at U.S. universities. The department
(or university) might wish to conduct a lab safety review in
the interest of improving the safety of students and faculty
in the laboratories -- especially as departmental activities
expand to meet Thailand's growing needs for petrochemical

engineers,

7.0 Petroleum Institute Planning

During our visit, discussions were held with people at
PTT and at Chula concerning preliminary plans for formation
of a Thailand Petroleum Institute. Two concepts were
mentioned.

The first concept is to establish the Institute as a
separate educational entity to provide various training
programs for petrochemical industry personnel and to
administer a laboratory for petrochemical industry analytical
requirements.

The alternate concept is to establish the Institute as
an administrative group with broad responsibilities for
support of the petrochemical industry in Thailand. The

Institute would organize training programs by drawing on
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resources existing inside and outside of Thailand and would
take an active role in establishing an endowment which could
support and strengthen programs. The Institute would

initiate the establishment of a petroleum laboratory, but

would not actually manage the day-to-day activities of the
lab.

We feel this second concept is greatly preferable to the
first. It seems desirable to have a Petroleum Institute
which acts in a role of coordinator and organizer of a
variety c¢f activities, drawing on existing resources rather
than duplicating some of them. One model for the
organization is the American Petroleum Institute. (API)

In the U.S., companies involved in the petroleum
industry (directly or indirectly) become members of API and
provide both financial backing and expertise to the
organization. The API acts as the industry spokesman on a
national level and also provides a variety of services to the
industry in general.

One important service is the development of codes and
standards for the petroleum industry. This is done by
committees of selected experts from industrial member
companies. The committees play a continuing function in
keeping the codes ard standards current with changes in
technology.

A Thailand Petroleum Institute should consider adopting

a consistent set of standards for the petroleum industry in

18.
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Thailand. While the API actually developed standards over
the years, Thailand can select its standards fronm already
existing world practices and make any further modifications

it wishes to meet any special requirements of Thailand.

At present, we understand that contractors on individual
projects are allowed to choose the particular set of
standards they will use. Thus, Thailand may have fac. .ties
constructed to many different standards (e.g. U.S., British,
German, Japanese, Australian, etc.) While all of these
standards are well-proven, they do reflect somewhat different
approaches to design and safety.

From a practical basis, it would seem useful for
Thailand to adopt a single set of standards for national use.
This would provide a consistent design and safety philosophy
and would avoid the pitfalls of letting a contractor choose
standards while preparing a competitive bid on a project,

In the development of training programs, a Thai
Petroleum Institute can draw both on the academic resources
in Thailand and on the practical expertise of staff made
available by member companies. With endowment monies,
experts can be brought to Thailand to provide training in
areas not presently developed in Thailand. Also, fellowships
or other exchanges with universities outside Thailand can
help provide trained personnel in the period where programs
inside Thailand are being developed or strengthened.

The Thai Petroleum Institute may also be useful in

19.
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lassisting the industry in developing good safety programs and
‘procedures, in the conduct of fire-fighting training programs
and in facility safety audits., Again, these services would
be coordinated through the Institute, but be provided by
others. One final area of assistance may be in providing
programs and materials to assist the public in learning about

new fuels and their safe useage.

8.0 PTT Headquarters and R & D Group

Discussions with the PTT R&D Group provided us with
background on current research projects which include
investigation of the use of natural gas (CNG) in diesel
engines. The R&D group has also participated in the
development of materials to educate the public in the safe
use of LPG.

Dr. Charan and others expressed concerns relating to LPG
safety on the consumer level. This is clearly a difficlut
task since PTT is only one part of a large distribution
chain. From a PTT viewpoint, it might be feasible for them
to require all their direct customers to provide safety
information to the next line of customers. This information
could cover a number of different aspects -- from consumer
use to the safe operation of filling stations and bottling
depots.

A preferable alternative would be working with other
industrial partners through an organization like the proposed
Petroleum Institute to institute a code of practice for LPG
distribution and use and to provide a program of consumer

20.
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education.

We also discussed with Dr. Charan our comments and
suggestions concerning the gas separations plant. Since the
plart will be coming on line in early 1985, it is important
that personnel be trained now and that safety as well as
operations be part of the training. We suggested that Linde
could be one resource in developing safety training programs
for this immediate need.

In addition to such a program, we suggested that PTT
strengthen their safety group and provide them with resources
for on-going training. PTT should evaluate their needs for
trained technical personnel over the next 10-15 year period
and support educational programs to provide the necessary
skills and manpower.

Since PTT is a relatively young organization, it does
not yet seem to have established career paths which encourage
personnel to develop new skills. For example, in estab-
lishing training programs for facilities like the gas
separations plant, consideration should be given to providing
means for the better operators to move into supervisory
positions. Also, it may be beneficial to rotate some staff
through the corporate safety group, so that when these
individuals return to operations, maintenance or management

positions, they will be aware of the importance of safety.
9.0 Conclusions and Suggestions

¢ Thailand is rapidly developing a modern petrochemical
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industry and, at present, does not seem to have
adequate numbers of personnel with appropriate types
of training to operate it reliably and safely.

In the short term, a variety of training programs are
needed -~ ranging from practical programs relating to
operations and maintenance to university level programs
for technical managers.

Many of the skills needed for such training now exist
in Thailand, but need to be supplemented in some areas.
In particular, computer training is somewhat limited at
Chula and this area could be strengthened by facutly
and student exchanges,

In the short term, the need for more Thai engineers
may be met by study at universities outside Thailand.

While many of the people we met who are involved in
Thailand's gas utilization programs are concerned
with safety, we did not observe strong safety organi-
zations nor much practical emphasis on safe practices.

While serious accidents are rare, safety should not

be left to chance. One major accident involving one

of the new fuels could provide a major setback in the
public acceptance of such a fuel. Training programs
related to safety (including fire-fighting schools)
should be developed. These probably can best be taught
initially by bringing outside experts to Thailand.

Preliminary plans for a Petroleum Institute seem to
be excellent and such an organization could be an
effective catalyst in organizing various types of
training programs, in raising an endowment to be
used to support petroleum industry objectives, in
administering a gas analysis laboratory and in pro-
viding a national basis for establishing safety-
related standards and practices.
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Appendix C

Attendees At Pre-Symposium Seminars, 6 Feb. 84

(Partial List)

NARONGLIR EAMCHAROENYING
PRAMUAN LEOPHAIRATANA

TEERAWAT ISRAPORNCHAI

PENCHAN CHAROONPASURAKUL
PICHAI JINDATHONGPRABHA
NIPHON WONGCHINGCHAI
NART TUNTAWIROON

POONSAB SAMOOTSAKORN

KURUJIT NAKORNTAP

'SUTHAM VANICHSENI

PRASERT MANGKORNKARN
CHINTANA SAKULPRAHM
FUENGLARB KHAMBHARATANA
PATTARAPAN PRASASSARAKICH
WICHIT CHAIYADHIROJ

SOMPAN POOLPOL

N
}

-

PHAN ANAKE CO., LTD.

THAI PETROCHEMICAL INDUSTRY CO..,

INDUSTRIAL ESTATE AUTHORITY OF
THAILAND

METRO COMPANY LTD.

METRO COMPANY LTD.

THAI PLASTIC & CHEMICAL CO., LTD.

MAHIDOL UNIVERSITY

.MAHIDOL UNIVERSITY

DMR, MINISTRY OF INDUSTRY

CHULALONGKORN UNIVERSITY

THAI-NAM PLASTICS CO., LTD.

NESDB

CHULALONGKORN UNIVERSITY

CHULALONGKORN UNIVERSITY

METRO COMPANY LTD.

CHULALONGKORN UNIVERSITY

LTD.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

MR.

MR.
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MR.

MR.

MR.

MR.
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DR.

MR.

MR.
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MONGKOL SUKULKAO

CHAIRIT SATAYAPRASERT

PISOOT SUDASNA

CHALERMKIAT TONGTAO

ANAN SIRIPONG

KOSOL PETCHSUWAN

BOONYIUM MEESOOK

BUNDIT FUNGTAMMASAN

VEERA CHANVATTANA

CHINDA VATHANANAI

SAMRAN NANTAKWANG

LADPLIE LEKSINDUSOPON

KOMIN PIMTHANOTHAI

SAWITRI ROJANASAROJ

SIAM

NESDB

CEMENT CO., LTD.

CHULALONGKORN UNIVERSITY

SIAM

EGAT

CEMENT CO., LTD.

CHULALONGKORN UNIVERSITY

BOONYIUM & ASSOCIATED, LTD.

DMR.,

KING MONGKUT'S INSTITUTE OF

MINISTRY OF INDUSTRY

THAI ASAHI CAUSTIC SODA CO..,

TECHNOLOGY

BOONYIUM &

KING MONGKUT'S INSTITUTE OF

ASSOCIATED, LTD.

TECHNOLOGY

SIAM

EGAT

THAI PLASTIC & CHEMICAL CO..,

CEMENT CO., LTD.

LTD.

LTD.

PRESSURE CONTAINER INDUSTRY CORP.

SIAM CEMENT CO., LTD.
KING MONGKUT'S INSTITUTE OF
TECHNOLOGY

s LTD.
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SIAM CEMENT CO., LTD.

DOW CHEMICAL THAILAND LTD.

UNION CARBIDE THAILAND LTD.
THAI-NAM PLASTICS CO., LTD.

UNION CARBIDE THAILAND LTD.

PTT Participants
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MISS. ACHARA SAENGHAI

MR.

MR.

MR.

MR.

MR.

BUNDIT GUAESA-ARD

BORPITR SRIVAROM

CHERDCHAI SUANKAEW

CHAIVAT CHURITTI

CHUMPOL SUKHATHUMMO

MRS. CHINTANA WONGSA-ARD

MR.

CHINAWAT RATANASATIEN

MR. CHAROEN THITILUCK

NATURAL GAS MARKETING DIVISION
CHIEF ENGINEER

CHIEF OF TECHNOLOGY

CHIEF OF NATURAL GAS MARKETING
DIVISION

ENGINEER
RESEARCH & DEVELOPMENT DEPARTMENT

ENGINEER

HEAD OF MAINTENANCE DIVISION
OPERATION SERVICE DEPARTMENT (MARKETING)
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53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

MR. JAKCHAI BARLEE

MRS. KAMKEO HONGSAPRABHAS
MR. KAROON KOOLTASNASILP

DR. KRISANAPOL KOMOLBOON

MR. KAIWAL WAIYAHONG

MR. KIJJA USAYAPHAN

MR. KRISANA KAEWDANG

MR, NUNTACHAI PRAPAWATWECH

MR. PRATIN PATHANAPORN

DR. PRAJYA PHINYAWAT

MISS. PATCHARA PARIWATVORN
MR. PICHATE ROOKAPIBAL

MR. PICHET TAKOLPUCKDEE
MR. PANYA KANJANARAT

MR. SEREE WONGKAOMTONG

riR. SUTHEP AUCHARIYAVONG

MR. SCHNIN SUIDLAH

DIVISION CHIEF

ENGINEER

ECONOMIST

GAS MARKETING ENGINEER

THERMODYNAMIC CONSIDERATIONS & SAFETY
AND HANDLING OF NATURAL GAS AND GAS
LIQUID

ASSISTANT MANAGER TERMINAL & RESERVE
OPERATION DIVISION

DEPUTY GOVERNOR, MARKETING

DIRECTOR, PETROLEUM PROCUREMENT AND
CONTRACT DEPARTMENT

DIRECTOR, R & D DEPARTMENT

MECHANICAL ENGINEER

MECHANICAL CONSTRUCTION DIVISION

ENGINEER

CHIEF OF GAS ENGINEERING AND SAFETY
STANDARD SECTION

ENGINEER
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82.

MRS.

DR.

MR. SOMPHONGSE TANTISUVANICHKUL

SUGANYA SAI-NGAM

SONGKIERT TANSAMRIT

M. L. SARASAK HASDIN

MR.

MR.

MR.

MR.

MR.

MR.

MR.

MR.

MR.

MR.

SUTHI PARITPOKEE

SALA SIRIVAIDYAPONG

SANAN SUNMANEE

SUDHEP SUWANSOMBOON

THANAPATT VICHAITHANAPATT

TORBOON CHEOYJAICHUEN

VACHIRA CHITTAMAS

VITHAYA TIVAYANONDA

VICHAI POLYVANICH

VEERA MAHASARINANO

SCIENCE

ENGINEER

ASST. DIRECTOR MECHANICAL CONSTRUCTION
DIVISION

ACTING DIRECTOR OF PLANNING AND
EVALUATION DIVISION

DIRECTOR, ADMINISTRATION AND MARKETING
DEPT. (NATURAL GAS)

CHIEF, COMPUTER R & D DIV.

PROCESS ENGINEER

HEAD OF S.P. SECTION, COMPUTER CENTRE

DIRECTOR OF TECHNOLOGY & DEVELOPMENT
DIVISION

DIVISION LIRECTOR
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PRELIMINARY  SAFETY ANAKLYSIS
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DEFINITION OF RISK

|

RISK IS THE POTENTIAL FOR REALIZATION OF UNDESIRABLE CONSEQUENCES

%RISING FROM AN EVENT OR ACTIVITY.

POTENTIAL:
® WHAT UNDESIRABLE CONSEQUENCES MIGHT OCCUR?

® HOW LIKELY ARE THEY?

D-la
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HOW IS RISK MEASURED?

RISK HAS TO BE DISCOVERED FIRST
RISK HAS PROBABILISTIC COMPONENTS
RISK HAS DETERMINISTIC COMPONENTS

MEASURE OF RISK VARIES WITH PROBLEM SITUATION

D173
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RISK MANAGEMENT

WHAT IS RISK MANAGEMENT?
0 DEALING WITH UMCERTAINTY

8 MAKING DECISIONS TODAY BASED ON KMOWN OBJECTIVES WITH
PROBABILISTIC QUTCOME |

8 QUANTIFYING PROBABILISTIC AND DETERMINISTIC DECISTON
PARAMETERS

8 SYSTEMATICALLY EVALUATING OPTIONS
0 OPTIMIZING PROFITS
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AREAS OF APPLICATION OF RISK ANALYSIS

NUCLEAR INDUSTRY

AEROSPACE INDUSTRY

MARINE TERMINALS

CHEMICAL PLANTS

FUEL DEPQTS

SHIPPERS OF HAZARDOUS MATERIALS
CRYOGENIC FACILITIES
REFINERIES/PETROCHEMICAL INDUSTRY
SPECIALTY CHEMICAL INDUSTRY
PHARMACEUTICALS

ETC,
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A SUCCESSFUL RISK ANALYSIS WILL:

PROVIDE SAFETY INSIGHT ON THE NATURE OF THE OPERATION
SUGGEST WAYS OF REDUCING THE RISK

PROVIDE INPUTS ON THE EXTENT OF LIABILITY BEING
INCURRED

BE A USEFUL TOOL IN EDUCATING THE PUBLIC

PROVIDE A BASIS FOR COMPARISON WITH RISKS IN OTHER
ACTIVITIES
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FORMAL QUANTITATIVE RISK ANALYSIS WOULD CONSIST OF THE FOLLOWING GENERAL STEPS:

[DENTIFICATION OF RISKS -- THE QUALITATIVE LISTING OF ALL SIGNIFICANT

FAILURE PATHWAYS
OF THE FAILURE

K -- QUANTIFYING THE PROBABILITIES
H RESULT

QUANTIFICATION OF RIS
CONSEQUENCES OR [MPACTS WHIC

MODES IDENTIFIED AND ESTIMATING THE

TO GUIDE-
SKS

MPOSITE RISKS WITH RESPECT

EVALUATION == ASSESSING THE CO
BY COMPARISON.WITH OTHER RI

D BY A SUPERVISORY AGENCY OR

RISK
LINES PROVIDE
BOURNE BY SOCIETY

s -- SELECTION OF PRACTICAL AND

[SK CONTROL OPTION
HE RISK AND MANAGE

CONSIDERATION OF R
PTIONS AS NEEDED TO CONTROL T

EFFECTIVE RISK REDUCTION O
IT AT AN ACCEPTABLY LOW LEVEL
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/(,)1544 IDENTIEICATION DukiNg DeSI 6N /{DEV:EN

¥
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low T ? Low Frow?
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¢ ANE EXCURS oA
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IN FINAL  TESIZ2AY |
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RISK IDENTIFICATION

ITEMS FOUND IN HAZARD AND OPERABILITY STUDY
PAST EXPERIENCE - DIRECT OR RELATED

FAULT TREE ANALYSIS GENERATED BY TEAM WITH
VARIED BACKGROUNDS INCLUDING EXPERIENCE WITH
DESIGN, CONSTRUCTION, TESTING, OPERATIONS,
MAINTENANCE AND EMERGENCY RESPONSE SYSTEMS

EXAMINATION OF SITE AND ENVIRONS FOR EXTERNAL
FACTORS WHICH MIGHT INITIATE FAILURES
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RISK IDENTIFICATION TEAM

FACILITY MANAGEMENT
ENGINEERING DESIGN

OPERATING SUPERVISOR
MATNTENANCE SUPERVISOR
INSTRUMENTATION EXPERT

OTHER SPECIALISTS (AS NEEDED)
INDEPENDENT TECHNICAL EXPERT
FAULT TREE ANALYST (RECORDER)
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RISK IDENTIFICATION

OL SYSTEM FAILURES

COMPONENT FAILURES

IENT-RELATED FAILURES

——————
IOR TRAINING

ADEQUATE SYSTEMS FOR
DIFYING SAFETY-RELATED
OCEDURES

ODUCTIVITY AT EXPENSE
SAFETY

%R EMPLOYEE MORALE

ADEQUATE RECORDS

DR INSPECTION PROGRAM
SUFFICIENT UPDATING OF
“ORDS AND DRAWINGS

INADEQUATE INSTRUMENTATION
POOR DESIGN, INSPECTION OR MAINTENANCE

ELECTRICAL OR AIR SYSTEM FAILURES

MECHANICAL FAILURES

® WEAR
® CORROSION

® POOR DESIGN

® POOR MAINTENANCE

® VIBRATION

® POOR CONSTRUCTION

-
SOURCES oF P HUMAN FAILURES

FATLURE ® OPERATOR ERROR
® MAINTENANCE ERROR

® WRONG RESPONSE IN
EMERGENCY

EXTERNAL EVENTS

EARTHQUAKES
FLOOD/TIDAL WAVES

HIGH WINDS/TORNADOES

AIRCRAFT [MPACT

CATASTROPHE IN ADJACENT FACILITY

(I.E., FIRES OR EXPLOSIONS)
® SABOTAGE
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FAULT TREE COWSTRUCTION

PURPOSE:  To DISPLAY IN LOGICAL FORMAT ALL IDENTIFIED SEQUENCES OF
FAILURES WHICH CAN LEAD TO A “TOP EVENT”., THE TOP EVENT
IS A FAILURE EVENT OR SET OF EVENTS HAVING SIMILAR CON-
SEQUENCES.,

ALL INPUT FAULTS OCCUR, INPUT PRCBABILITIES

NOTATION: "AND” GATE (OUTPUT FAULT OCCURS ONWLY IF
[::j MULTIPLIED TO GIVE OUTPUT PROBABILITY)

"0R” GATE (OUTPUT FAULT OCCURS ONLY IF
ONE OR MORE OF THE INPUT FAULTS OCCUR;

[j:ij INPUT PROBABILITIES ADDED TO GIVE OUTPUT
PROBABILITY)

RECTANGLES REPRESENT STATES WHICH ARE THE
PRODUCT OF SEVERAL INITIATING AND/OR CON=
TRIBUTING EVENTS THROUGH AN “AND” or “OR""
GATE (THEY MAY THEREFORE HAVE RATES OF

OCCURRENCE WHICH ARE YEARLY OR PER DEMAND)

CIRCLES OR OVALS REPRESENT INITIATING
<::::::::) FAILURES OR EVENTS WITH YEARLY RATES OF
OCCURRENCE WHICH ARE NOT ANALYZED FURTHER

DIAMONDS REPRESENT CONTRIBUTING FAILURES
OR EVENTS WHICH ARE NOT ANALYZED FURTHER
AND HAVE RATES OF OCCURRENCE PER DEMAND

D- 27

g



FAULT TREE ANALYSIS

DEFINE TOP EVENTS (ON THE BASIS OF HAZ-OP).

DEVELOP FAILURE SEQUENCES LEADING TO EACH TOP EVENT.

EXPRESS SEQUENCES IN LOGIC DIAGRAM,

ASSIGN PROBABILITIES TO EACH STEP,

ESTIMATE PROBABILITY OF EACH TOP EVENT,

D-253
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FAILURE EVENTS

INTERNALLY INDUCED: cOMPONENTS FAILURES, HUMAN
FACTORS, ETC.

EXTERNALLY INDUCED: AIRPLANE IMPACT, SABOTAGE,

EXTERNAL FIRES, MISSILES,
ETC.

A
Y
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Release From

Tanks
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induced

Externally
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QUANTIFICATION OF RISK

ENGINEERING RELIABILITY DATA
JUDGMENT FROM COMPONENT TESTING

\ _/

iRY EXPERIENCE SOURCES OF HUMAN FAILURE RATES
S ——————

ILURE RATES OF FAILURE RATE DATA - PSYCHOLOGICAL

COMPONENTS (AND UNCERTAINTIES TESTING

AILURE RATES OF "IN ESTIMATES) =~ INDUSTRY EXPERIENC!

5YSTEMS ' :

~ HUMAN ERROR IN PAS"
ACCIDENTS

ANALYSIS OF

HISTORICAL DATA
MAINTENANCE RECORDS

ENVIRONMENTAL DATA
FOR EXTERNAL EVENTS

ON EXTREME CONDITIONS

D-37



RISK QUANTIFICATION

BILITIES OF FAILURE

)ATA SOURCES:

RASMUSSEN - REACTOR SAFETY STUDY - wAsH 1400

FLUOR ENGINEERS AND CONSTRUCTORS, INC. = RELIABILITY STUDY - OXNARD
AND LOS ANGELES TERMINAL ISLAND LNG FACILITIES, 1977

HUGHES AIRCRAFT - NONELECTRIC RELIABILITY NOTEBOOK, NTIS, 1975

IEEE -~ REPORT ON RELIABILITY SURVEY OF INDUSTRIAL PLANTS, 1974

INSTITUTION OF CHEMICAL ENGINEERS - PROCEEDING OF SYMPOSIUM ON
PROCESS INDUSTRY HAZARDS, 1976

OTHER PROPRIETARY DATA ACCUMULATED BY ADL

4o
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Annual Risk of
Equaling or
Exceeding
Acceleration

10" 10

Boston
IMost Likely
\ Risk
Vi
\ ‘(/
-2
100°— \ -1 100
\
\ \ {NYC)
\\ --(Ealst US) Return
Period
.3 ~1904-65 data
107 - \ — 100 Yead
\ 1930-65 dara] 1000 (Years)
\
\
\
\
\
104+ — 10,000
{East US)
-’“;’— Extreme Value
3] (1930-1965) £
c =
& c|3
a S35
105 | ‘“ 100,000
.01g .025¢g .1g  .23g 1y

Peak Greund Acceleration
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RECURRENCE INTERVALS FOR ABNORMAL EVENTS WHICH MIGHT

INDUCE A MAJOR LNG RELEASE

102 103 109 100 106
Event Recurrence Interval (Years) l
]

Tornado (Capable of Causing Tank Spill) £2 Ooo
Earthquake OO
Hurricane: Buckling and Piping Failure Cdooon

Overturning, Sliding F Bz DN Oe
Sabotage:  Attemipt e

Success 3 S
Aircraft Impact with Tank g ooy
High Tide (Capable of Overflowing Dike) n MMNEL
Tsunami® (Capable of Striking Tank) N weses
lnternally Induced Failures 2 El EX ot i

B30T = Range of estimates
? = A number was abtained but the analys
v = Tkl wave

is contains considerable uncertainties
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TANK QVERFILL °ROBLEM

<}
&
' 4
L

>4 ——>7T0 SHIP

TANK FILL TIME = 5 DAYS
OPERATOR READS LEVEL OGN FLOAT GAUGE EACH SHIZT
MAXIMUM LIQUID HEIGHT = 15 M

MAXTMUM INHER TANK HEIGHT = 15,5 ™

[yl

OPERATOR DIVERTS FEED TO ANOTHER TANK WHEN THIS TAKK IS FULL,

I
(el )

Gy 3-

1y -4

\\. X 4



TANK |
QVERFILL j

OPERATOR CPERATC
NOT AVARE FORGZTS
TANK IS FULL SWITCH F
r ml
r FLOAT GAUGE
FAILS

TANK NEAR
FULL

T

O
Mmoo

Cyn M

:—-_ )

K



TYPICAL HUMAN ERROR RATES

Type of Activity

Critical routine task

Non-critical routine task

Non-routine normal
operations

Example

Sub-system design,
operation of well-
designed plant

Misreading label,
omitting step in
procedure

Start-up, maintenance

Probability of Error

103

3x 103

102



TYPICAL COMPOWENT F

RELIEF VALVE FAILURE
INSTRUMENT FAILURE
PUMP FAILURE

SOLENQID OPERATED VALVE FAILURE

P=-30b

ATLURE RATES

lO'S/DEMAND
lO'a/HOUR
4 x lO'S/HOUR

lO—S/DEMAND

n
\({ '



FILL RATE: 1 M PER 8 HOUR SHIFT

(TANK CAM OVEREILL IN 1 SHi=T)
NUMBER OF FILLINGS PER YEAR = 5%5 =73
TANK NEARLY FuLL 1/15 or 8.37 OF THE TIME

FLOAT GAUGE FAILURE:
WITH NO DETECTION:
(1070 per HOUR) (8760 4ouzs/YEAR)
= 8.8 x 1073 per YEAR

OPERATOR FORGETS TO CHECK GAUGE

(lO‘3 PER DEMAND) (]l DEMAND PER SHIFT)(108S SHIFTS 2cr vyEas:

= 1,1 PER YEAR

OPERATOR FORGETS TO SWITCH FEED
(1077 per DpEMAND) (73 DEMANDS PER YEAR)
= 7,3 x 10"2 PER YEAR



v
'
[}

TANK

OVERFILL i
1.7 x 107+
107} 7.3 x 1072
OPERATOR OPERATOR
NOT AWARE FORGETS 70
TANK S FULL SWITCH FEED
8.2 x 1073 9.1 x 1072
FLOAT GAUGE
FAILS
|
8.3 x 1072 | 1.1
TANE NEAR JrInaTaon
FULL FOGRGZ 70 70
C!‘:E’::’: oo )

D-3%



CONCLUSIONS::

SYSTEM AS DESCRIBED HAS A 177 CHAMCE PER YEAR OF
AN OVERFILLING,

MOST RISK DUE TO OPERATOR ERRCR.

[MPROVEMENTS :

ADD HIGH LEVEL SENSOR AND ALARM.



WITH ADDITOM OF 4IGH [ZVEL ALARM

VAN

OPERATOR
NOT AWARE
TANK IS FULL

7.3 x 107°
-2 -3
8.3 x 10 8§.83 x 10
TANK NEAR HIGH LEVEL
FULL _ ALARM FAILS
107t
-3 -
8.8 x 10 J 9.1 x 10
{
FLOAT GAUGE tOPERATOR FER
FAILS I TO CHECK €A
WHE ! TAI
NEAR FULL




AFTER ADDITION OF HIGH LEVEL SENSOR/ALARM

TANK
OVERFILL
-2
7.3 x 10 °
7.3 x 107° 7.3 x 1072
OPERATOR OPERATOR
NOT AWARE FORGETS TO
TANK IS FULL SWITCH FEED

CONCLUSTONS :

TANK OVERFILL CHANCE HAS BEEN REDUCED TO /% PER YEAR

RISK NOW CONTROLLED BY OPERATOR MEGLECTING 70
SWITCH FEgED,

[EPROVELEAT

Had
RARV RNy !

ADD HIGH-HIGH LEYVEL SENSOR AND AUTOMATIC EMERGENCY
SHUTDOWN,



AFTER SECOND [MPROVEMENT

TANK
OVERFILL

6.4 x 10°°

6.4 x 10° 6.4 x 10°°

rFEED NOT
SWITCHED

|
8.8 x 107 -2 - |
—I 7.3 x 10 r____: '

7.3 % 1072

n
8.2

CPERATOR OPERATOR _
HOT AWARE FORGETS 70 haN
TARK IS FULL

SWITCH FZED

CONCLUSIONS :

OVERFILL CHANCE REDUCED TO LESS THAM 0,1% »c3 YEAR

XERY)

FOR 30-YEAR FACILITY LIFE, CHANCE [S ABOLT 27,



SOME_FURTHER R[SK_REDUCTION [MPROVEMENTS

OPERATOR TESTS FLOAT GAUGE EACH SHIFT
TANK LEVEL DISPLAYED AND RECORDED IN CONTROL RGCOM
ADD REDUNDANT LIQUID LEVEL GAUGE

USE MORE THAM ONE INSTRUMENT TO IMITIATE AUTOMATIC SHUTDOWNM
AT HIGH-HIGH LEVEL PCINT

HAVE PROGRAM FOR TESTiNG AND MAINTAIMNING [MPCRTANT SYSTEM
COMPONENTS

HAVE CONTINGENCY PLANS PREPARED [F OQVERFILL SHOULD OCCUR

PREVENT EMPLOYEE PROBLEMS THAT MIGHT LEAD TO INTENTICNAL
MISOPERATION :

N~

NV~



Lh-d

RUPIURE OF LOADING
HOSE

5.9 x 10‘4/yr

SPONTANEOUS II0OSE BROKEN BY
FAILURE IN VENHICLE
USE MOVEMENT
-4
5.8 x 10 "/yr
I —
IO-S/yr

ULLOADING
OPERATION

10—2/yr

2.3 x 10 “/yr

INSPECTION
FAIL TO DISCOVER

AUTOMATI
SHUTDOWN
FALILS

2.5 x 107 10-2

DEFECT

CAR MOVES
WHILE
LLOADING

FAULT TREE OF A HOSE RUPTURE

CAR RAMMED
WHILE
LOADING



~ CONSEQUENCE OF EVENT

IMPACT ON THE ENVIRONMENT
IMPACT ON PROPERTY

IMPACT ON PEOPLE

IMPACT ON PROFITS

\v



TYPES OF RISKS FROM HAZARDOUS MATERIAL RELEASES

FIRES - LIQUID FUELS
- FLAMMABLE VAPOR CLOUDS
- FIRZIBZALLS

EXPLOSIONS - RUNAWAY REACTIONS

- CONFINED RAPID BURNING
= DETONATIONS

SIASRHE AT FHINImMIAA

TOXIC EFFECTS - TOXIC VAPOR cLouDs (BOTH
ACUTE AND DELAYED HEALTH
EFFECTS)

= CONTAMINATION OF WATER

D- Y06



Fo® ComMBLSTIoN To eczul

THREZ ConDITIoONS ARE RERVIRED

1. FUSL N vaesrR prass

LI\

MINTURE WITH &R wiTHIN
TLAMMABZILITY  LIMITS

3. 1§NITMeN SocuResS

TracTieaL Rulss:

¢ VF ONLY o.N-'E CoNDITION E&xSTS/
I16N1TIoN AND F/RT/EXPLSS/ 0N
ARE  VANLIRELY

* |JF TWo. codDIT/oNS a:s‘r)
BT ERXRTREMZILY cARZFUL |~
THE RETMAINING CoNDITIEN
IS POSSIELE

D-47



CONSEQUENCE ANALYSIS

MATERIAL RELEASED

CRITERIA FOR DAMAGE
BURN INJURY

RATE
DURATION TOXIC DOSE
———— WATER CONTAMINATION LEVEL
ION OF RELEASE ———— [MPACT OVERPRESSURE

ANALYSIS
ER CONDITIONS ———

he * S At o ey

-———— HAZARD MODELS

LOCATION AND CHARACTERIZATION
OF IGNITION SOURCES

THEORY
EXPERIMENTS
PAST ACCIDENT OBSERVATIONS

LOCATION AND NUMBER OF
IMPACT TARGETS

PEOPLE
STRUCTURES
FLORA/FAUNA

1“0'



LENSTH ©OF FLAMZ A2ouT 29-40 TIMTS
DIAMETZRA (oR TQUIVALENT TIHZNSIan)
OF LTAL .

— . *
* | UNIGN'!TED/ FLAMMAGLE' oM =

1S ALovT7T SAMET A3 FLAMES Afove

IMPINGZE N oTHER

* FLAMZ MAY
(swizLe oR :‘.so:.)

EQUIPMZNT

> LONTRsL BY SHUTTING OFF Soumes

o~ oSl

* Do NOT STAND N =
IGMITIion) MAY octvr UN



2. “Psou. FiRT CL)QU:E ;:ur».s,)

LI = Lo

Sy,
WIND - BT it =
: o il g .
2 42 ; 7 PN oYE
/% M | ' /./ PIen2vER
« ‘ - g > - " S
o Ml . A ’ ‘ e . PR . Y ~c T - ©o : o

ACLIDENT

l. SPILL OF FUZT — THEZ MRS VviLAT
THE GQREATEZIR THEZ FLAMMAGLE DoNZ
RBOYZ THE Poow

-
a0
b

2. lemMiTicN. — (sScuicezs weLuls
STATIC CHARGE RESPIANSS YERHICLES

J ~=.>/
ELECTRICAL CoMFPONENTS THAT 143 =
NOT EXPLASION TROOF, CARELESS SHMoKiN¢

E7C.)

2., FIRZ DEYSLSPMZNT. BALK TRERMAC
RADIATION FRoM FIRZ SPZZDS
VAPCOR I ZATION ©oF

mUE
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ARAMETERS REQUIRED TO CHARACTERIZE THERMAL
RADIATION HAZARDS FROM POOL FIRES

o FIRE SH¥E AD SIZE QINETER AD HEIGHD)
s BMSSIME POWER OF THE FIRE
o ITRASNSSIVITY IH THE ATMISPERE

o GEQEIRIC VIEW FACTIR

‘h-'\



TS-A

. "y T
Ry

(] . 500
WETERS

FENSFIORDEN
]

% A 1
j oty S
faal 150 0 < 4

ZONE FOR FATALITY

: ZONE FOR SERIOUS
et _-f BURN INJURY

3 J LTRNET

FIGURE 9. THERMAL RADIATION HAZARD FROM A 150m>® REFRIGERATED
LPG SPILL AT JETTY NO. 3.



0 V2
| e —

H.MILES

ZONE FOR SERIOUS
BURN INJURY

MONGSTAD
. REFINERY

LINDAS

FIGURE 10. THERMAL RADIATION HAZARD FROM A 7400m® REFRIGERATED
LPG SPILL IN TRANSIT AREA.




RIM FIRES (FLoATING RooF
FUEL SToRAGE TRNKS)

VAPOR LEARS FRoM SEAL . 16NITION
VSUALLY RBY LULGHTNING oR STATIC
DISCHARGE . SHOULD HAVE EXTINGVISHING

SYSTEM IN PLACE AROLULND RIM.

\i



4. VapoR Cravp FiRE (’F‘L@SH F/&’S)

\

J77077 /777 7 S/ 7777 77/

SLOW LEAK OF ULIGHT AS

BYSCYN IeNITION | PLAME WiLL SPRSAD
THROVGHOUT PSRTION oF FLAMMAGLE
ANT FUSL RicH var2e CLovd. FLAme
SPREAD VELOC/ITIES /N RANGE .oF

| =80 M/s

\



EXPLOSIONS / DETONATIONS

s SXPRPLOS/ION = PRTSSVRE BUILDVE N
VESSEL o©R &lCLoSURLE CAUSES
SPINTANEOJS FAILVRE 6F STRucTLRE

* PRESSURE WAVE
® MISSILES FRoM FAILED STRUCTURE

* DETONATION - CeMBUSTIoN FRINT MoyEs
AT SoNie yELolITYy
¢ HlGH ©oJ/SRPRESSLVR=ZS

PeacTical RuLss :

f UNSATURATEL HYDRS CAREBINS AND
RERCTIVE PrRoDUCTS ARE MoR =
LIKZLY 7D  DETONATE

* FUEL/p)p RATIOS FOR DeToNATIoN
ARE NARRoWer TiAMN FLAMMABILUTY
LIMTS

* PARTIAL CONFINEMENT AIDS

DETONATION [MNITIATION 5
ia‘:—.‘ww. (=R

\,
* DS [LUEL VRPIR MrcedMULATE AGBIVE o
\i

W



VArouR  DispeRsion

VAPour EvoLoTion
- L.\QLHD Spu.c. RATE CAND bu&&'no:\)

- L\wa SPREI‘-\DNJG (cmpweo or ococanpwco)
= couwc OR. EVAPDRAT'MN | :

tan s
. ..._'_:.‘.
Y s

Vaeour 'D;spe'e's"n N
. - GuovA NT L.uoﬂ. WDE‘N:E Ghs’}g ?na%v”\a‘fh‘rmnﬁ!. EFFGCTS,
‘ -’I"’w uE ‘b ; .’;f‘d;:' :I B 's .‘" ah A ;N S : '
- ATMosm-\-ER\c. "DlSPa'RSto& AR
WIND SPEED - B
_ATMOSPRERIC .. ST'A'GILOTY
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24
" RoLLovse
LNG, LPG AND WNATURAL GAS 4LiQuiDs

ARE MILTURES AND VARY N DINSITY

AS COMPOLS/TIDAN VARIZS,

HESE DENSITY VARIATIoNNS CAN LEAD
TV  STRAT)ZIcATION Y.y, ~ sroenéé‘

TANK.

LowgeR L-A-Y:‘:"&S/ UVNDER RHYDRoOSTATIC

PRESSURE CAN ARCCUMULATE HamT..

EVENTVAL DENSITY EQUALIZATION) CAUSTS

MIX)NG  AND  SudpeEa VAPoRIZATIion,

>S9



SYSTEMS WITH STRATIFICATION AND

SuDoeEN MIXING POTENTIA L

. -
OCTAN — SALINITY Y THERMAL

DIFFERSNCES  BoTH INFLUENCE DENSITY
_> "‘SALT FINGERs'

« RERRICESRATED AMMENIA STARAGCE
(= -l{o°p d“c;) - WATER CoNTENT

AND THEEMAL TDIFFERENCES

. PEERIGERATED kKPS sTRAEE
Ccy's ~ c,,'s) AT —Yo’c P 6°c
compPsSITIoN AND TEMP. VAR IATION

. N6 srorAes (- -160°c)
CC,'s MJ Soma- C.::}

» ETANE, ETH VLENE ETC. HAVE PoTENTIA
" BuT ‘ARE NoT BuLK CommoD/ 7783
AND USvAaLLy ARE QUITE PURE

D-6°


http:FlLj;:.NC

\ y
SUPER HEAT €Y PLOSIONS

WITHIN CERTAIN CoMPoSITIoN RANEES
LNG MILTURES MARY SUPERHEAT

WHEN SPILLED oN waATER, Wiraw

TRHE SVPERHEAT LIMIT TEMPERATURE

S QE&CHED (HDHOGE'DEOUS NUCLEAT/aA).
0CLURS EXTREMELY ARAP)DLY), SuPERNEAT
SENGRGY 15 RELEASED SudbeNLY N

A "VIGoRIVS INTSRACTION wWITH WATER

* MoRe  LinsLY FoR HEAVIER 4LNE MIXTURES
' ENSRGY RELEASE LIMITED — NO KL5ACTion

D-6]



HYDRCeGE N INiSKS
VERY w | pE

FLAMMAGILITY LM TS
EASILY

[GNITT A BLE

SMALL MoLECULE
PINHOLLE S

CAUVSE S

WiFicH CAN LEAK TIHRILE I

EMBRITTLEMENT

oF SomME METALS

BURN S  wWITH A FALE BLUE FLAME THA T
MAY  NoT  BE VIS/iBLE  ONDER e RTAIN
LiGHTING

COND]TIOoNS

—

NEED SPECIAL
CARE =

P FIRE MIGHT  1RE PosSI1BLE
GooD PRACTICE!
e NV CRIT)cAL SENAL Lc‘JC_AT“lcu\JS) CAN
vse A DovaLE SEAL  WwWiTT SPACE
BETWEEN SEALS FieeeEDd  weTH AN
INERT 6AS (LIKE N) AT A PReSSurQE’T
ABOVE  HYDROGCEN OPERATING PRESS R
¥ &as

WiLlL, LEAK
TRESSURE
CATH .

FRo M

MoHER Yo
= THeErE

Loer

) S A CoNnNECTING



TYPICAL OUTPUT OF RISK ASSESSMENT

A GRAPH OF .
PROBABILITY OF VARIOUS EVENTS VS DEGREE OF IMPACT

W/
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TYPICAL RISK PROFILE

EXAMPLE BASED ON SEVERITY MEASURED IN TERMS OF FATALITIES

PROBARILITY

Frequency of Events per Year with H or More Fatalities

-2 Confi{dence Bands for Absoluca Lavel

~ Confidence Bands for Comparison with
Risk Reduction Alcernacives

Escimaced Risk Profile

A L
| 10*  10°
Number of Facalit{es, N

SEVERITY

D - G; 5/ . "i,(\‘



.Annual Probability of Exceeding D Days ot Down-Time

1x 103

5x ;09

1x 109

5x 103

1x 10'5

5x 108

1x 100

13

|

50
Down-Time, D, (Days)

D-bb

107)

‘Down-time is defined as the days during which crude oil either cannnt be received, be sent out nr both
47 a result of an accident in the LPG or ethane/propane svstem.

f
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ACCEPTABILITY OF RISKS

WHAT RISKS ARE LOW ENOUGH TO BE CONSIDERED ACCEPTABLE?
HOW DOES AN INDIVIDUAL VIEW RISKS?

HOW DOES A GOVERNMENT REGULATORY AGENCY VIEW RISKS?
HOW DOES A BUSINESS OR INDUSTRY VIEW RISKS?

D-G7



AN INDIVIDUAL'S PERCEPTION OF RISKS

8 VOLUNTARY
® INVOLUNTARY

o



FACTORS INFLUENCING ACCEPTABLE LEVELS
OF RISK TO INDIVIDUALS

(Measurep IN TerMms OF THe InDIVIDUAL'S
ProBABILITY OF Dying Due To Aw

ACCIDENT)
o Is Exrosure VorLunTtary OR INVOLUNTARY?
® WHAT BENEFITS AcCCRUE To THE ExposeD

INDIVIiDUAL?

o low Does THe Risk Compare To OTHER
Risks Borne By THe INDIVIDUAL° .

"o ARe OVERALL Risks DistriButep EaquiTaBLy .
AMONG THE INDIVIDUAL MEMBERS oOF SocleTY?



ANNUAL MORTALITY RATES FOR ACCIDENTAL CAUSES
OF DEATH IN THE UNITED STATES
SUBDIVIDED 8Y CAUSE OF DEATH, 1978

CAUSE OF _DEATH ANNUAL _MORTALITY RATE
ALL ACCIDENTS 4.8 x 107
TRANSPORT  ACCIDENTS 2.6 x 107
RAILWAY ACCIDENTS 2.8 x 1078
MOTOR VEHICLE ACCIDENTS 2.4 x 107
WATER TRANSPORT 6.7 x 10°°
AIR AND SPACE TRANSPORT 8.6 x 107°
POISONING BY SOLIDS AND LIQUIDS 1.4 x 107
POISONING BY GASES AND VAPORS 8.0 x 107
FALLS 6.3 x 107
FIRES AND FLAMES 2.8 x 107
NATURAL AND ENVIRONMENTAL FACTORS 7.5 x 1178
LIGHTNING 4.5 x 107
CATACLYSM (TORNADO, FLOOD, EARTHQUAKE) 5.7 x 107
DROKNING 2.7 x 107
FIREARMS 8.3 x 1078
ELECTRIC CURRENT 4.5 x 1070

(TAKEN FROM “ACCIDENT FACTS," NATIONAL SAFETY COUNCIL, 1981.)

D-"70
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FACTORS INFLUENCING ACCEPTABLE LEVELS
OF RISK TO SOCIETY AS A WHOLE

(Measurep IN Terms OF Tue Likerinooos OF

AcclDeNTs OF VARIOUS SEVERITIES)

o How Many FataLities Couwp ResuLT
FroM A MaJor DisASTER?

o HWHAT Is THe Likerinoop OF Sucx A
MuLTiPLE-FATALITY ACCIDENT?



FREQUENCY OF EVENTS PER YEAR INVOLVING N OR MORE FATALITIES

10!

100

10"

103

10

1073

10°¢

107

1074

T

T

TOTAL MAN CAUSED

FIRES /’\\\ AIR CRASHES-TOTAL
N\
N DAM FAILURES
EXPLOSICNS
AIR CRASHES- \
PERSCNS ON GROUND \ N\
\ \
\ \
\ \
\‘
AY
\
10 00 7000 10,000

NUMBER OF FATALITIES, N

1,000,000

(Scurce: “Reactar Safety Study”. US Nuclear Regulatory Comm., 1975)

\



Probability of N or Liore Falities Per Year

108

1079

] Fires

L)
’
’

-

N / Total f\hn-Caw:d
A Y PR

Explosives

\+.__ Oarn Failures
\i - . .

\ Air Crashes — Persong on Ground
~. \

o Long Term from One Nuclcar Power Plant

l——— SAI Es:in;a:e, Oxnard LNG

Short Term from One Nuclear Power P1any

102 g03 gt 15 16 e

s ~

Number of Fatalities, N ) -

. K £ I
.~ L

Point 'Concrb'(ion LNG (Arthur D. Littie & SAI estimates)

-

COMPARISON OF MULT'I-FATALITY ACCIDENT PROGABILITIES..

* Adapted from WASH-1400 Reactor Salety S\udy, SA! Reports and Arthur D, Littte Tech,

Report 16,

D-73



RISK CONTROL

REDUCE PROBABILITY OF OCCURRENCE

REDUCE CONSEQUENCES

D-7 ¢
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AN OVERVIEW OF THE CORPORATE RISK MANAGEMENT PRCCESS

HAZARD IDENTIFICATION

PRELIMINARY SCREENING

RISK ANALYSIS

ACCEPTABILITY ASSESSMENT

MANAGEMENT INTERVENTION

D-77
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' !
RISKS ARE |
UNKNOWN

RISKS ARE |
RECOGNIZED |

RISK ARE
PRIORITIZED

RISKS ARE
QUANTIFIED

RISKS ARE
EVALUATED

'
g
(
¢

RISKS ARE
CONTROLLED




CONTINVING SAFE CPERATION

> PROGRAMS FoR NEw TPERSSANEL

e PERIODIC REFRESHER FROERAMS
FoR  ALL PERSONNE L

GoAL:® ALL TPERSONNSL SHoulD BE
THOROVGHLY EXFERT IN THEIR OWN
TOL RESPOANSIBILITIES AND SHOULD
HAVE GENERAL FAMILIARITY WITH
PRO CEDURES FoRrR: |

- ORERAT)ONS
- MAINTENANCE
~ EMERGENCY SHUTDoWWN
-~ EMERGENLY RESPONSE
*NCTIFICATION C)-{A/M o~ c:.wm,f}p)b
® SoURCLES o©oF HE L |
* CoOoRDINATION WITH LOCAL
services (FIRE, poucE )
= FIRST AID
- FPIRE FIGHTING

D-7¢

)



7":?‘,4//\/‘//\/5 SIMULISTCKS

o EueElLENT FeR TRAINING NEW
PERSONNE &

« May WNeT BE ExXACTLY IDENTICAL
TO ARCTVAL CoNTMRoL SYSTEM
(DIEFSRENCES CAN B& IDENTIFIED
AND NOTED)

« CaAN TBE UusSED FoR  GIVING EXFERIENGE
CPERATIONS PERIoDIC  PRACTICE
N RESPONDING To EMERGENCY
SITVATIONS '

D-79



CompuoTER ConThor o= FRocgsSES.

Tos pmucn: OPERATIR STRVES MINIMAL
FUNCTIONS AND STAYS MA/NLY IN
CoNTRoL Room. OPERATIR (BFcoMES
GORED. OPERATOIR MAY PANIe IN
AN EMESRGENCLY IF AVToRATIS
SHVTDoWwWAN SYSTEMS =&)L .

-
w—

‘20 LITTLE: PR A CoMPLEX FAC/L/'TY/
MANY OPERATORS AND SUPERVISORS
ARE NEED. Few xNow THE TOTAL
SYSTEM AND SVBSYSTEM INTERACTIDAS .
IN AN EMERGENCY ——P CONFUSroN !

~usT RIGRT. QPESRATORS ARE CoMPUTER
PROFICIENT BuT ALso NKNow EQuiIpMENT
FROM ACTUAL ORERATING /MAINTENANGCE
EXPERIENCE . TTHEY THOROVEHLY KNow !
OPERATI/ING PROCEDURES
MAINTEN ANCE PROCEDURES
EMERGENCY PRoCcEDURES



THE  SAFETY T€AM

DPERNATION 3 & > MAINTENANCE

ReEvliew PANE L
/ SAFETY / @
COooRDINATUR L—=> MANAGE MENT

(KEY STRAFF) (GeVERNER )
. ;7 /
/ :
= ‘/‘\
! PRrOoBLemM

\ / (INVESTIGATION
V

RVALITY ASSURANCE

* INFORMATION FLows ARE  Two-waA Y

« SAFETY CooORDINATOR REPORTS TG TOF
MANAGSE Me NT

o TOP MANAGEMSNT TMPHAS IS AND

CCMMITMEMT O %HFETY

Z
f
0

Y



QUALLIF)ICATIONS FfafR SAFETY
STRoeN G TECHNICAL KNGW Lo D G

e EXTENSIVE

o

COGORDINATOR

PRACTICAL Ex PERIENCE

o

INDEPENDENT

oD CoMMUNICATION SiKiLLS

a

LEADER SHIP

¢ SKERPTICISM

SeMT RESTONSIBILITIES OFf SACETY CoORDINATOR,

> SET AND ENCOJURAGE HIGCH SAFCETY
STANDARDS

© ESTARLISH AND INTERPRET DATHA FRCM:

OPERATIONS — FARULTS ALARMS  CAVSES
OF DowWNTIME
MAINTENANCE — EARLY WEAR ParNT D
ACCADENTS — MinoR UPSETS 7
SHUT DewWNS, MeRe SeRiow S
ACCIipeENT S

o REVIEW ANY CHANGES

—_ . !
N ERUVIPMENT AN D/C)/’.:
PROCEDORE 9

FoR  SAFETY
* SUPPeRT ANNUA L FACIUZWTY SAFET Y
ARUDLT

D-% 2
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FERI1ODIC SAFETY KEVIEW

* ANNUVAL FOR EARLY YEARRS OF O0PERATION

CLESS FREQUSNT IF oPERATING EXPERIENCE
/NDICATES)

* ASSEMBLE  RevVIEW Tead (§-/0 pserLs)
*» KEY PEOPLE FRoM FACILITY oPERATIMNS
MaIN TENANCE /
¢ DOTS/IDE PEOPLE FReM SIMILAR FALLITIES
» TECHNICAL EXPERTS

* CONDURT INTENSIVE 2-3 DAY REVIEW
ON=-S1TE

* REFORT To SAFETY CooRDINATOR AND
Tor MRNAGEMENT,

D-53 | \o\é |



i

IN SUMMAR Y

® RISK ANALYSIS [S USEFVL IN THE
INITIAL DESISN oF A "sare " FAciLITY

o THE SAME TYPE 6F ANALYSIS CAN
BE USED TD AcCHIEVE DES/RED S /STEM

GELIAG/L./T?/

° RISK ANALY.S/S IS VSEFJL IN DEVE.;:PNG
CPERATING , MAINTENANCE AND EMERGENLY
PRoc&yURcS

* THE METHODOLOGY OF RISK ANALYSIS
FORCES A SYSTEMATIC AND THoRoJEH
REVIEW oF SYSTEM SAFETY — A
YALWABLE Toow N (DENTIFYING FPOTENTIAL
HA2ARDS

° SAFETY Is A CONCERN THRIUGHIVT
THE FET/ME oF THE FAC-ILIT)’

* TRAINING PJQOé&AMS FOR NEW PETASONNEL
AND FoRr EXPERIENCED PERSONNEL It

REDUCE ACLIDENTS DYE T UMAN
ERROR. SucH PROGRAMS ARE VERY sMFPORTANT .

o CHANGES IN EQU,AMENT AND/okR PROCEDIRR

SHOULD BE RsVIEWED Fok SAFSTY /MPACTS,
® ACCIDENTS SHoultD BE STUDIED CAREFULLY To IMFROVE SARTY
o MANAGEMENT SHoULD JSHow STEONG CoMM TMEN?

To SAFETY (INCLUDING FPerioDic INDEFPENTDENT ALOMT



Appendix E

 PROPERTIES AND SAFE HANDLANG
oF NATURAL GAS AND GAS LIQUIDS

A

14 Fegevary 8Y
GAS SEPARATION PLANT SITE AT RAYNG

Pror. Beanard GCoopuw)n
Peor. EnisagetH Denre

NoRTHEASTERN UniversiTY
BoSToN  MASSACHUSETTS
J
v.S.A .

£ @



CHEMICAL ELEMENTS

NAME SYMQBac AToMic WEIGHT

. 1
CARBoN e 12
HYDROGEN H~ | \
ORY&GEN -0= e

CHEMICAL CoMPOUNDS

waTer (HL0) H-0-H 1=
CARBoN DIoxiDE (Lo,) ©O=C =0 b of
| | ) N
METHANE (CHQ)  H=-C-H 1
v
H A .
ETHANE (M) H-c-c-h 30 ”
| W W

CHEMICAL REACTIoN

T, P
CH4+ ,2,\92" Lee® '-sz + <o,

-



RYDROCAR Eo_ms

CoMPouNDS <oNTAINING ONLY CARBON AND
HYDROGEN. GENERA Foamm FOR SATURATED

HYDRDCA&&oNs e z~ 2 aR -

H-W }

SIMPLEST wHYDRocARRBEN 1S METRANE (CHS).

N - NAME FORMULA Mol . WT,
METFTHANE qu 16

2 ETHANE ) CyH, 20

3 PRoPANE Cy He R Yy

4 BVTANE . Cy l-;m 5

5 PENTANE CgH,, 72

6 HEXANE Co My gl



SPeCiAl NOMEN ¢.L.HTUI€E

A. SATURATED HYDROCARBONS

] ” N ‘ '

l. "NORMAL - WHEN ALL SRARBONS ARE IN
A Rouw. EC. N BUTANE

H # H A

' ‘ ! )
H-€-c-c-Q~H

Y I B
H H H H

2. "1se” - wreN carmoNs BRANCH
 EG.. 1So0-BuTANE

ooy
H-¢- & Fon
N H
H- C- i
':.

B . UNSATURATED HYDROCARBONS (OLEFINS)
WHEN MORE THAAN oONE RoND EXI1STS LBITWEEN
THE SAME Two CARBENS. FoR A TDeougBLE

11}

- s
BoND THE = ....ANE .18 CRANGED Te

“ o ...Yeene” EG. ETHYLENE
H_ _H
C=C
i / <~
H
oR PROPYLENE
e T
- Cc~-1it
/7 )
o {7"



?HYSIC,AL. MsxTURE.S

© SEPARATE CoMPoUNDS (0R ELEMENTS)
ARE COoMBINED TOGETHER IN VARYING
AMOUNTS Tc> FoRM A nnt‘rpe:: N O
REACTIONS. oceul.

> ComPoudNDS N SUCH MIXTURES MAY BE
SEPARATED RBY PHYSIcCAL MEANS
£.6. HEATING , cootING , BoILING FREEZING,

COMPRESSING Cc.HAfvﬁws 7T AND 'P)
'D!S'ru..c.we, ETC.

EXAMPLES: SALT N WATER | WATER IN AIR
CHEMH:.AL MleURES (EFAC‘-T:ONS)

© ComPounDS REALT AND ARE CHANGED
TO PROoDULTS N RATIOS PETERMINED
RY A BALANCED CREMIcAL RERCTON EQN,

e CHEMICAL  BINTE MuST BT BROKEN AND
REFORMED TDTIiFCERENTLY To REVERSE PRsCISS

EXAMPLE S : CHq * 2H,0 — Co, + 4H,

CoHy =™ CoH, + 4,

E-S A0\



THAILAND AATURAL QAS

» MIXTURE oF SATWRATED HYDROCARSGONS
T, THROUGH  Co

e ALSO INCLUDES THE OSOAL UNWANTED
caMPOUNDS © CARBeN TDIexIDE HY DRO G EN
SULFIDE, WATER AND SoME OTHER
MATERIALS

® CORRENTLY I1EBCMMSCFD oF METHANE
PRODULED WITRH EXCELLENT POTENTIAL

To INCREASE PRODVETION

* ANALYSIS (acTER PvR\FlC,ATIDAJ> |

CoM POUND WEIGHT 9/ MoL %
Cy My 3.4 9.5
C3ig 12.1 (.5
Cy By, .7 NCY
CS-’— _ 2.7 0.%



CH&,

/6

—-163

HA7

75

N.A.
5-15

L?’aoo

SoME TYPICAL PROPERTIES

METHANE ETHYLENGE ETHANE PRoPANE BuUTANE

CHy

2%
../otf

567
2.09

NeA .

30-125

CaH,
30

- 89
sYY
2,06

S0

3-19.5

Io".J 000

CaHg Sy Hy,
iy 58
-4 2 o
583 602
20‘{3 2'7,
I8 S
2, -‘].S' /9-8.5
/l,600 | &0

TYPicAL
UGHT GASoUNE

+
CS

86"

q77"

bsu’



LNG Materiais % Fluids Date

TEMPCSIATURE, X

[t

PROPANE
Yapor Pressure -Temperature
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PROPOSED PETROCHEMICAL COMPLEX

ETHANE 100,060 MTPY

250.000 MTPY

ETHYLENE
200.000 MTPY

|

110.000 MTPY

2R0PANZ
130.006 MTPY % i1 = 20.000 MTPY

ORANE ¢ 30,000 MTPY
it et——— Kt it o~
bpeares ke

70,000 MTPY
NATURAL GASCOLINE PYRGLYSIS GASOLINE

E-/0



PRELMNARY. . SAFETY ANALYSIS

?GﬁFG‘S&'.‘ A'To AID IN Q;T" S:LE-T'J@N F.:/?
A FART'ICULHE "PE-QS‘E“CT‘

=, ," ; e 4 .

' FRom @ARsic Frew SHEET AND
PRELIMINARY S12ING $F  AaTsR
VESSELS AND TANKS = IDENTIFY
QUANTITIES AND TYPEY oF |
RAZARDOVS MATER, ALs THAT MIGHT
BE RELEASED ACLIDENTALLY

* USE RAZRRD ESTIMETICN MeDELS
To PREDICT Po/swrm.. HALARD
RREAS (F/'Ec:. EXFL csm~ ﬁu.- v’APo&)
Foe EAcH s».n EVINT |

* REvisw AMOUNT AND TYAT oF RacT
EXPERITRNCE WITH  THE SAME 67
SimiLaR  TECHNCLOGY



Distanvces CriteriA

V)

RAFETY

T 'PE-V:.NT FIRE SFREAT
(sR cave DAMQG 7o

¢ DisTANCE
.
Fgcu. 'r/~ >

FFRSITE

ADo S CENT'

NEREEST (NDUSTRY

e ViIsTRNCE To
6/ LIk, ERS

CWITH S/GNIFICANT WNUMESR

TiSTANCE T° WNEAREST RES|DENCE

o DISTANCE To JMPo@TANT FACILITY
(s:.»ou) HoSRITAL | SPIETS AREA)

® PeTENTIAL FeR TDAMAGE FRoM NEARSY
peTiviTies (HAZ. Mm-’—vem;_s PLANTS  mEFHAT £R.)

OR NATURAL DISASTERS
BepicaTioN IN  SI1TE EVAR_UIAT/IC

-
L]

* USZ cRITERIA AS CUIDEWMNES
NeT AS RBSCLJITE FsQuUIREMSATS

EUMINATE SITES Wi
'S CLEARRL Yy A PrLEL

* <
- e,
frw";

O
~

v USE cRITERIA N EVALUATING
SITES [FoR MELATIVE SAr&ET»

* BALANCE SAFSTY WITH sTHER S, M€

FReTaRS
E"‘/g\



WHEN Do ACCIDENTS RAFPEN

* DurING STARTUR AND ERRLY
SPERATION

* WHEN CHANGES gRE MADE 1A/
CONTROLS, EQUIFMENT AEND /o R
PROCEDLRES WITHO LT A
CoeMELETE ANR LYEIS oF EFFECT

HF CHANGE CN TOTRL SYSTEM

m

v WrEN TPERSoNNEL (AT ANY LEVEL
SET USED TO AROouUTINE OPERATIoN
AND  FORGET ACOVT SeRFETY.
CTHIS IS PARTICLULARRLY TrVE
FoR VERY RELIAGBLE FAciLTIES)

o DuRING NoN-~ROUTINE  pMAINTENANZE
- &

SHovLD BE TEVYELLFED

AND CRREFULLY REYVIEWNEDL FoR
SEEETY BEFSRE MAINTENANLE
STHRTS)

E -13 v



QEEINITION OF RISK

RISK 1S THE POTENTIAL FOR REALIZATION OF UNDESIRABLE CONSE

ARISING FROM AN EVENT OR ACTIVITY.

POTENTIAL:

¢ WHAT UNDES IRABLE CONSEQUENCES MIGHT OCCUR?

@ HOW LIKELY ARE THEY?

QUENCES



HOW IS RISK MEASURED?

RISK HAS TO BE DISCOVERED FIRST
RISK HAS PROBABILISTIC COMPONENTS
RISK HAS DETERMINISTIC COMPONENTS

MEASURE OF RISK VARIES WITH PROBLEM SITUATION



RISK MANAGEMENT

WHAT IS RISK MANAGEMENT?
® DEALING WITH UNCERTAINTY

 MAKING DECISIONS TODAY BASED ON KNOWN OBJECTIVES WiTH
PROBABILISTIC OUTCOME

¢ OQUANTIFYING PROBABILISTIC AND DETERMINISTIC DECISION
PARAMETERS

8 SYSTEMATICALLY EVALUATING OPTIONS
8 OPTIMIZING PROFITS

E-Jb



AREAS OF APPLICATION OF RISK ANALYSIS

NUCLEAR INDUSTRY

AEROSPACE INDUSTRY

MARINE TERMINALS

CHEMICAL PLANTS

FUEL DEPOTS

SHIPPERS OF HAZARDOUS MATERIALS
CRYOGENIC FACILITIES
REFINERIES/PETROCHEMICAL INDUSTRY
SPECIALTY CHEMICAL INDUSTRY
PHARMACEUTICALS

ETC.



A SUCCESSFUL RISK ANALYSIS WILL:

PROVIDE SAFETY INSIGHT ON THE NATURE OF THE OPERATION
SUGGEST WAYS OF REDUCING THE RISK

PROVIDE INPUTS ON THE EXTENT OF LIABILITY BEING
INCURRED

BE A USEFUL TOOL IN EDUCATING THE PUBLIC

PROVIDE A BASIS FOR COMPARISON WITH RISKS IN OTHER
ACTIVITIES



FORMAL QUANTITATIVE RISK ANALYSIS WOULD CONSIST OF THE FOLLOWING GENERAL STE

IDENTIFICATION OF RISKS -- THE QUALITATIVE LISTING OF ALL SIGNIFICANT

FAILURE PATHWAYS

QUANTIFICATION OF RISK =- QUANTIFYING THE PROBABILITIES OF THE FAILURE

MODES IDENTIFIED AND ESTIMATING THE CONSEQUENCES OR IMPACTS WHICH RESULT

RISK EVALUATION -- ASSESSING THE COMPOSITE R1SKS WITH RESPECT TO GUIDE-
LINES PROVIDED BY A SUPERVISORY AGENCY OR BY COMPAéISON WITH OTHER RISKS
BOURNE BY SOCIETY

CONSIDERATION OF RISK CONTROL OPTIONS -- SELECTION OF PRACTICAL AND
EFFECTIVE RISK REDUCTION OPTIONS AS NEEDED TO CONTROL THE RISK AND MANAGE
IT AT AN ACCEPTABLY LOW LEVEL

m
{
9

8V



Kisk [DEN TIE/CATION DR NG Pzsien /GEV;EM

¥

HAtORD AnD 095&9@/4./77 sruoy (HAz-of

* LINE-RY- LINE AND CoMPoNTNT~ BY -
CompPoresnNT CHECk oF TIPING <
INSTRUMENTATION ‘DRAWINES

¢ For cher ZLEMENT RSk zrrzeT

-

CF : Higuw T 7 Fier Fiow ?
Low T 7 Lew Frow?
HigppP ? No Flow ?
Lew P 7 Back Fuow 7
RELCTION RRTE VERIATIENS
£ETC.

* ANE EXCUEBSIoN tSATINE TO R
HAZARD AND IR  cPTRAGILITY
PROBLEM 1S NeTED Fope &ZSLLuTy

Tl e N,
IN FInAL TESI6AS

* Netwop DevEworsp @y TCT  in e OK.

e IS ..“,\\"




RISK IDENTIFICATION

ITEMS FOUND IN HAZARD AND OPERABILITY STUDY
PAST EXPERIENCE - DIRECT OR RELATED

FAULT TREE ANALYSIS GENERATED BY. TEAM WITH
VARIED BACKGROUNDS INCLUDING EXPERIENCE WITH
DESIGN, CONSTRUCTION, TESTING, OPERATIONS,

MAINTENANCE AND EMERGENCY RESPONSE SYSTEMS

EXAMINATION OF SITE AND ENVIRONS FOR EXTERNAL
FACTORS WHICH MIGHT INITIATE FAILURES

-3/

A



RISK IDENTIFICATION TEAM

FACILITY MANAGEMENT
ENGINEERING DESIGN

OPERATING SUPERVISOR
MAINTENANCE SUPERVISOR
INSTRUMENTATION EXPERT

OTHER SPECIALISTS (AS NEEDED)
INDEPENDENT TeCHNICAL EXPERT
FAULT TREE ANALYST (RECORDER)

E -5~



RISK IDENTIFICATION

ONTROL SYSTEM FAILURES ' MECHANICAL FAILU
¢ INADEQUATE INSTRUMENTATION ® WEAR
® POOR DESIGN, INSPECTION OR MAINTENANCE 8 CORROSION
@ COMPONENT FAILURES | ® POOR DESIGN
© ELECTRICAL OR AIR SYSTEM FAILURES ® POOR MAINTE!
® VIBRATION
@ POOR CONSTF
NAGEMENT-RELATED FAILURES SoURCES O HUMAN FATLURES
® POOR TRAINING FAILURE ¢ OPERATOR ERROR
@ INADEQUATE SYSTEMS FOR ® MAINTENANCE ERRC
MODIFYING SAFETY-RELATED © WRONG RESPONSE |
PROCEDURES EMERGENCY
@ PRODUCTIVITY AT EXPENSE
OF SAFETY EXTERNAL EVENTS
| POOR EMPLOYEE MORALE ¢ EARTHQUAKES
® INADEQUATE RECORDS ® FLOOD/TIDAL WAVES
POOR INSPECTION PROGRAM ® HIGH WINDS/TORNADOES
@ INSUFFICIENT UPDATING OF 6 AIRCRAFT IMPACT
RECORDS AND DRAWINGS ® CATASTROPHE IN ADJACENT FACILITY
(I.E., FIRES OR EXPLOSIONS)
® SABOTAGE

A



FAULT TREE ANALYSIS

DEFINE TOP EVENTS (ON THE BASIS OF HAZ-0P).

DEVELOP FAILURE SEQUENCES LEADING TO EACH TOP EVENT.

EXPRESS SEQUENCES IN LOGIC DIAGRAM.

ASSIGN PROBABILITIES TO EACH STEP,

ESTIMATE PROBABILITY OF EACH TOP EVENT.



PURPO

v
m

NOTATION:

FAULT TREE CONSTRUCTION

To DISPLAY IN LOGICAL FORMAT ALL 'IDENTIFIED SEQUENCES OF
FALLURES WHICH CAN LEAD TO A “ToP EVENT". THE TOP EVENT
1S A FAILURE EVENT OR SET OF EVENTS HAVING SIMILAR CON-
SEQUENCES.

ALL INPUT FAULTS OCCUR, INPUT PROBABILITIES

“AND” GATE (OUTPUT FAULT OCCURS ONLY IF
[::] MULTIPLIED TO GIVE OUTPUT PROBABILITY)

“OR" GATE (OUTPUT FAULT OCCURS ONLY IF
ONE OR MORE OF THE INPUT FAULTS OCCUR;

(i:ij INPUT PROBABILITIES ADDED TO GIVE OUTPUT
PROBABILITY)

RECTANGLES REPRESENT STATES WHICH ARE THE
PRODUCT OF SEVERAL INITIATING AND/OR CON-
TRIBUTING EVENTS THROUGH AN "AND” or "“OR"
GATE (THEY MAY THEREFORE HAVE RATES OF

OCCURRENCE WHICH ARE YEARLY OR PER DEMAND)

CIRCLES OR OVALS REPRESENT INITIATING
<::::::::> FAILURES OR EVENTS WITH YEARLY RATES OF
OCCURRENCE WHICH ARE NOT ANALYZED FURTHER

DIAMONDS REPRESENT CONTRIBUTING FAILURES
OR EVENTS WHICH ARE NOT ANALYZED FURTHER
AND HAVE RATZS OF OCCURRENCE PER DEMAND




FATLURE EVENTS

INTERNALLY INDUCED: COMPONENTS FAILURES, HUMAN
FACTORS, ETC,

EXTERNALLY INDUCED: AIRPLANE IMPACT, SABOTAGE,

. EXTERNAL FIRES, MISSILES,
ETC.

E-L0
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LE-3

Release From

Tanks

Internally
Induced

Externally
Induced




‘\\;’L

Externally
Induced

Floocds

~
\

Earthquake

Tsunamis



RISK QUANTIFICATION

F ROBABILITIES OF FAILURE

DATA SOURCES:

RASMUSSEN - REACTOR SAFETY STUDY - WAsH 1400

FLUOR ENGINEERS' AND CONSTRUCTORS, INC. = RELIABILITY STUDY - OXNARD
AND LOS ANGELES TERMINAL ISLAND LNG FACILITIES, 1977

HUGHES AIRCRAFT - NONELECTRIC RELIABILITY NOTES00K, NTIS, 1975

IEEE - REPORT ON RELIABILITY SURVEY OF INDUSTRIAL PLANTS, 1974

INSTITUTION OF CHEMICAL ENGINEERS - PROCEEDING OF SYMPOSIUM ON
PROCESS INDUSTRY HAZARDS, 1876

OTHER PROPRIETARY DATA ACCUMULATED BY ADL

E-a9 :



QUANTIFICATION OF RISK

ENGINEERING RELIABILITY DATA
JUDGMENT FROM COMPONENT TESTING
'NDUSTRY EXPERIENCE SOURCES OF HUMAN FAILURE RA
—————————— e——c—
- FAILURE RATES OF FAILURE RATE DATA - PSYCHOLOGICA
COMPONENTS (AND UNCERTAINTIES TESTING

- FAILURE RATES OF IN ESTIMATES) - INDUSTRY EXP

SYSTEMS 1 - HUMAN ERROR

ACCIDENTS

ANALYSIS OF HISTORICAL DATA ENVIRONMENTAL DAT

MAINTENANCE RECORDS FOR EXTERNAL EVENTS ON EXTREME CONDITI!

-,
s
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Annual Risk of
Equaling or
Exceeding
Acceleration

1
10
Boston
Most Likely
\ Risk
/
\ \/
1002\ -
\
\ (NYC)
\ ,
\ (East US)
\ |
10° 3 = \ -1904-65 data
\ 1930-65 datal
\
\
\
“\
1074 — -
(East US)
] Extreme Value
>
&1 (1930-1965)
c
2
2
L
10°5 |
.01g .025¢ g 1

Peak Greund Acceleration

E-32

10
100
Return
Period
1005 (Years)
10,000
100,000
4



RECURRENCE INTERVALS FOR AEBENORMAL EVENTS WHICH MIGHT

INDUCE A MAJ

CR LNG RELEASE

102 103 104 109 108

Event Recurrence Interval (Years)
Tornado (Capable of Causing Tank Spill) aoDoox:
Earthquake iR olnisfafaF
Hurricane: Buckling and Piping Failure afmiZielele

Overturning, Sliding k E3r
Sabotage: Attempt rd o

Success 2 I
Aircraft Impact with Tank l:l OO0

9

High Tide (Capable of Overflowing Dike) ol B B ] =
Tsunami® {Capable of Striking Tank) N ussmas
Internally Induced Faiinres BRI

%251 = Range of estimates
? = A number was obtained hut the
* = Tidal wave

analysis contains considerable uncertaintie:



m

hE-

Internally
Induced

Fast
Metal
Fractine

Tank
Overlill

Excess
Vacuum

Over-

wlnlion

‘ Piping
Fatlure



TANK QVERFILL PROBLEN

<7
D
\\'g

| S

ROM .

IQUZFIER

— >4 ——>T0 SHIP

TANX FILL TIME = 5 DAYS

OPERATOR READS LEVEL ON FLOAT GAUGE EACH SHIZT
MAXTMUM LIQUID HEIGHT = 15 M

MAXTMUM THHER TANK HZIGHT = 15,5

CPERATCGR DIVERTS FEED TO ANCTHER TALK WHZIN THIS TALK 1S FULL.

£-35



TANK
QVERFILL

OPERATOR
NOT AWARE

TANK [S FULL

T

‘OPERATOR
FORGETS TO

SWITCH FEED

TANIT NEAR
FuLL

30

M




ST e ety ‘

Type of.'Aétivity B

. _SubA-s:ys"(em designl ' ‘_ "" R
- operation of well- ~© - .
_deslgned plant " i o103 .

R AT
Critical routine task

ornmmg step in
* procedure ,

E-37



TYPICAL COMPONENT FAILURE PATES

RELIEF VALVE FAILURE
INSTRUMENT FAILURE
PUMP FAILURE

SOLENOID OPERATED VALVE FAILU

E-38

: 10™>/pemanD
lO-S/HOUR
b4 x lO—S/HOUR

lO-S/DEMAND



FILL RATE: 1 M PER 8 HOUR SHIFT
(TANK CAN OVERFILL IN 1 SHIFT)

O]

NUMBE, OF FILLINGS PER YEAR = 5%5 =7

[l

TANK NEARLY FuLL 1/15 or 8.3% oF THE TIME
&

FLOAT GAUGE FAILURE:
WITH NO DETECTION:
(107° peR HOUR) (8760 Houms/yvEAR)
= 8.8 x 107> PER YEAR

OPERATOR FORGETS TO CHECK GAUGE
(1073 PER DEMAND) (1 DEMAND PER SHIFT)(1095 SHIFTS PER YEAS)
= 1.1 PER YEAR

OPERATOR FORG"TS TO SWITCH FEED
(10 3 PER DEMAND) (/3 DEMANDS PCR YEAR)
= /7,5 x 10° -2 PER YEAR



TANK |
OVERFILL J
1.7 x 1072
107t | [7.3 % 107" |
OPERATOR : OPERATOR
NOT AWARE | FORGETS TO
TANK 1S FULL SWITCH FEED
= ]
8.2 <« 10~ 9.1 x 10 ©

“LOAT GAUGE

FAILS f\}

8.3 x 10~ 1.1
TANL NZAR JenoLToN
FULL FORasrTe -2
CHECH GAUGE

E-¢o



CONCLUSJON

SYSTEM AS DESCRIBED HAS A 1/7% CHAMCE PER YEAR OF
AN OVERFILLING,

MOST RISK DUE TO OPERATOR ERROR,

[MPROVEMENTS

ADD HIGH LEVEL SENSOR AND ALARM,

E-Y)

)



VAN

OPERATOR
NOT AWARE
TANK 1S FULL

7.3 x 10°°

-2 -3
8.3 x 10 §.8 x 10
TANK NEAR HIGH LEVEL
FULL ALARM FAILS
107
- ' ~2
8.8 x 10 | 9.1 x 10
i !
FLOAT GAUGE {0PERATOR ECRGEITS |
FAILS . TO CHECK GAUGE |
' WHE, TAilK :
[ MEAR FULL |
-
E~4Y4a_



AFTER ADDITION OF HIGH LEVEL SENSOR/ALARM

TANK
OVERFILL
(7.3 x 1072
7.3 x 107° 7.3 x 1072
OPERATOR OPERATOR
NOT AWARE FORGETS TO
TANK 1S FULL SWITCH FEED

CONCLUSTONS:

TANK OVERFILL CHANCE HAS -BEEN REDUCED TO /7% PER YEAR

RISK NOW CONTROLLED BY OPERATOR NEGLECTING 7O
SWITCH FckED,

I_f-';"-)QQ_\'I': PN

Fu i i

ADD HiGH-HIGH LEVEL SENSOR AND AUTOMATIC EMERGENCY
SHUTDOWN,

¢
)



FTE PROVEMENT

TANK
J OVERFILL
6.4 x 107
6.4 x 10~/ 6.4 x 1074
FEED NOT
SWITCHED
= a4 1072 | -3 )
7.3x10° | 18.8 x 10 -9 [ -3
——— 7.3 x10 ° ¢ 8.8 v 0 -
{ GRPERATOR OPERATOR
b 0T AWARE FORGETS 70O
CTANK 1S FULL WITCH FEED
COnCLUSTON

OVERFILL CHANCE REDUCED TO LESS THaM (,1% pzRr vzar

FOR 5S0-YEAR FACILITY LIFE, CHANCE 1S £3OUT 23,



SOME_FURTHER RISK REDUCTION [MPROVEMENTS

OPERATOR TESTS FLOAT GAUGE EACH SHIFT
TANK LEVEL DISPLAYED AND RECORDED IN CONTROL ROOM
ADD REDUNDANT LIQUID LEVEL GAUGE

USE MORE THAN ONE INSTRUMENT TO INITIATE AUTOMATIC SHUTDOWN
AT HIGH-HIGH LEVEL POCINT

HAVE PRGGRAM FOR TESTiNG AND MAINTAINING [MPORTANT SYSTEM
COMPONENTS

HAVE CONTINGENCY PLANS PREPARED IF OVERFILL SHOULD OCCUR

PREVENT £MPLOYEE PROBLEMS THAT MIGHT LEAD TO INTENTIOMAL
MISOPERATION -

CE-45
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RUP:URE OF LOADING
HHOSE

SPONTANEOUS
FATLURE 1IN
USE

HOSE BROYE! BY
VEHICLE
MOVEMENT

LOADING OR
UNLOADING
OPERATION

DEFECTIVE
ilOSF,

FAULT TREE OF A HOSE RUPTURE

FESTING AND
INSPECTION
FATL TO DISCOVER

AUTOMATI1
SHUTDOWN
FAILS

DEFECT

CAR RAMMED
WHILE
LOADING



RUPTURE OF LOADING
HOSE

5.9 x 10-6/yr

SPONTANEOQUS HOSE BROKEN BY
FAILURE IN VEHICLE
USE MOVEMENT
-4
5.8 x 10 "/yr
f 10—5/yr

Lbh—3

LOADING OR
UNLOADING
OPERATION

10-2/yr

ﬁi;
~

2.3 x 10 “/yr

ESTING AND
INSPECTION
FAIL TO DISCOVER

SHUTDOWN

2.5 x 10

AUTOMATI

FAILS

DEFECT

CAR MOVES
WHILE
LOADING

FAULT TREE OF A HOSE RUPTURE

CAR RAMMED
WHILE
LOADING

5



CONSEQUENCE- OF EVENT

IMPACT ON THE ENVIRONMENT
IMPACT ON PROPERTY

IMPACT ON PEOPLE

IMPACT ON PROFITS



TYPES OF RISKS FROM HAZARDOUS MATERIAL RELEASES

FIRES

EXPLOSIONS

TOXIC EFFECTS .

)
:

N

-

LIQUID FUELS

FLAMMABLE VAPOR CLOUDS
FiRT&ALLS

RUNAWAY REACTIONS

CONFINED RAPID BURNING
DETONATIONS

SYPERHE AT PHENOMENA

TOXIC VAPOR cLouDs (BOTH
ACUTE AND DELAYED HEALTH
EFFECTS)

CONTAMINATION OF WATER

Y



For ComB8uSTION TO occuR

THREE CONDIT/IONS ARE FREQUIRED .

. FUEBL |N vAPcR PrASE

2. MINTURE WITH AIR WITHIN
FARMMARILITY LIMITS

2. 1§NITIeN ScuRcCE

TPracTicaL RuLeES:

* \F ONLY ONE CoNDITION EXISTS,
IGNITION AND FIRE/ExPLOS/ION
ARE OUNLIKELY

e |F TwWo coNDIT/eNS Ex:sT)
BE EXTREMELY cARAREFUL |F

THE REMAINING CONDIT/ION
CAN EXtST — £ _ T ,]/\\YJ



CONSEQUENCE ANALYSIS

MATERIAL RELEASED CRITERIA FOR DAMAGE
RATE BURN INJURY
DURATION | TOXIC DOSE
- o | WATER CONTAMINATION LEVEL
LOCATION OF RELEASE — IMPACT OVERPRESSURE
ANALYSIS
WEATHER CONDITIONS ——— |/ «———— HAZARD MODELS
THEORY
' EXFERIMENTS
PAST ACCIDENT OBSERV/
LOCATION AND CHARACTERIZATION LOCATION AND NUMBER OF
OF IGNITION SOURCES IMPACT TARGETS
PEOPLE
STRUCTURES
FLORA/FAUNA
£ -5/



Tyres oF FirES:

). Jer Fre (Hi164 pRESSURE GAs)

AME ==

LENGTH ©F FLAME ABOUT 20-4C TIMES

DIAMETER (R EQUIVALENT DiMENSIon)
OF LEAK .

¥
> |F UNIGNITE‘D} FLAMMARBLE SoNE
IS ABov7 SAME AS FLAME ARBovE |

® FLAME MAY IMPINGE ON oTHER
EQUIPMENT (SHiELD oR csoc)

®* LoNTRoL LY SHUTTING 6FF Soufcs
oF FUEL

¥ DO NOT STAND IN FUEL TET =20oANE.
IGNIT/ION MAY ocevR UNEXPECTEDLY



2. “Poou Fiet (L\Quﬂb Fue:.s)
L/D & l.o o

N\
WIND

A | DTOWNWIND
&\ /5P|LLov‘=ﬁQ

L4 /\_"'“’"" > :“““/‘-—"——” — T

W/-/,’.'/"/://///./ ’ S /.—:ff:—/,-.
& =>
( I

ARCLIDENT SEQUENCE:

2.

3.

SPILL BOF FUEW — THE mMoesS VOLATILE

THE GQREARTER THE FLAMMABLE ReNE
RBOVE THE PooW

leN1TioN — (SourRcESs /WNeLuDE
STATIC CHARGE, RESPONSE us‘mc:.ss/
ELECTRICAL COMPONENTS THAT RRE
NeT EXPLOSrON ?EOOF} CAREZLESS SMoK/A/S
Erc.)

FIRE DEVELSPMENT. BALR TRERMAL
RADIRTION FRoM FIRE SPEEDS
VAPOR ! ZATIoN ¢ mUE

-5

s
E-53
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PARAMETERS REQUIRED TO CHARACTERIZE. THERMAL
RADIATION HAZARDS FROMN POOL FIRES

o FIRE SHAPE AD SIZE OQINETER AD HEIGHD)
o BUSSIVE -POWR OF THE FIRE
o TRAWMISSIVITY IN THE ATMOSPHERE

o GEOEIRIC VIEW FACTOR



~ ‘

0 500

METERS

S S5-4

i

FENSFIORDEN

Q¥ ST ‘ ZONE FOR FATALITY
L E : ) - L "'/ . i ’ - )
" ZONE FOR SERIOUS
BURN [INJURY

FIGURE 9. THERMAL RADIATION HAZARD FROM A 150m® REFRIGERATED

- LPG SPILL. AT JETTY NO.3. -
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 ZONE FOR ssmous S
BURN INJURY P
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?
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FIGURE 10. THERMAL 'RADIATION . HAZARD FROM A 7400m REFRIGERATED
LPG SPILL IN TRANSIT AREA. . i

\._, .




(,FL.O ARTING
TANKS )

koo~

V&PolR LEARS FROM SZAaL . 1eN LT A

CIJALLY &Y LHGHTNING oR STATIC

TISCWARED SHoOULD HAVE ESXTINA&G VIS

SYSTEM IN PLRARLEZ AROUND Ri.
£-57



4. VapoR Ciovd FIRE (Frass F/f(’.“-.‘)

~ m

S
INY
\x

\\e

| \ |

J777 77 S5 77 Sl SIS

SLOW LEAK OF LIGHT eAS

LN tGNlT‘:oA)) PLAME WILL SPRzZAD
THROUGHOUT PEoRTION oF FLAMMALIS
END FOS L RICH vaPrse CLOoLD., FLAME
SPREAD VELOCITIES /N RANGT oF

) =30 H/-S ) )p/\’\



EXPLOS/ONS / DETONATIONS

e EXPRPLOSION = PRTSSURE ECLuiLtdu N
VESSEL oR EMCLOSURE CRUSETS
SPoNTRARNEQUS FRILURE oF STRuUcTURE

" PRESSURE WAVE
® MISSILES FRoM FAILED STRUCTURE

* DETONATION - CoMBUSTIoN FRiNT MoyTs
AT SonNls vELSITY -

¢ HleH oVERPRESSORES

PeacTical RuLss ¢

* UNSATURATED w~YDRo CAREBINS AD
ﬁ?éE?F}CJT'lV’EE FDfQ?CLZ>C/>C;7TJ; /‘}[E’E; Mo S
LIKEL 70 DETCANATE

* FUSL/RIR RATIOS FoR DeroNATe s
RRE NARROWEerR THaN FLamMMARILITY

LiM 1T
w TARTIA L SO FINEMENT AIDT, exire sl on
- e
hd ":”."—‘-f:""’“_' s 4 N e o, ) . - C§'Jl <

V2



VAPoLR .;_D»sfzas»qp

VAarour EveLuTion - _
= LIQUID SpIiLL RATE AND PURATIOA)

= L\QUID. SPREADING CconFINED oR oooc,awpwen)
- BouuNG L OR" EVAPORATION

VAPou& 'D;sPE'Qs‘;i;:Q . - - ‘

- 5UO‘IANT cR D&'MS'E. Gnsv) GnF\Vs'Y’AT'OoNHL EF—'FEC.TS
S b2 j{ ¥ “ .

— ATMosPRERIC 'Dosncms;om L ”

WIND SPE&D

ATMOSERERIC STABILITY'



1 At "'J"llH' s

- F-Stability,2 m/s

["‘* E: L] j 4 : 4 1 1 X X ]
oA
e i
S I FIRE WATER RUNOFF 84sin Les
- f3 R H a& -
.-—~l—: l_J 2 [ ue % U
[- €0/FO UNLOADING /MT ASURING AREA — o 1 fig %
TANX TRUCK/CAR R e e e = = Iy M e *
ADIN ADIH 117719 —==x
LOADING / UNLOADING ARE A 0—17 1 UTILITIES AREA
1 xre 9 %D
\ — = l _1
_ BS (o] |
D-Stability WSy P ) 80P TANK FARM
5 m/s P A
, TAr TRUER
J LOAANG runLOANG
\ 3 BSM
Y Dinecr
ESTERS
Aree
N
N
‘T
I
o
\ \
\
A Y
\
? 1 b ]
LIRS

WASTE
TAEATHENT




\ #

RoLLoveR
LMNG LPG AND WNATUVRAL GRS Lieuins
ARE MIXTUORES AWND - YARY IV DENSITY

S CoMPocs)7rom) VeRISS,

[ HESE DENSITY VAERIATIONS CAN  LEARD

70 STRATIFICATIe N /A ~ STehRi~hes

lowsze ue.-\/srqs/ UNDER RYDRoSTSETIC

PRESSURE CAN RccumulaTs ME2aeT. .

t)

VENTVAL DENSITY EQUVALIZATIEN CAUSTS

MIX/WNG  AND ZuDpEN VAFLIZATIO N
E— L



( L
SYETEMS WITH STRAETIFICATION AND

SudoE M e COTEN T A L
e OCESN — SALINITY < THERMAL
. RERRICERATED RMMONIA STERAGE

(= -40°F o'C) — WATIR CewTENT

NCES

(ﬂ

GND THEEMAL TDIFFER

o RECRICERATED  &FPE STaRACE
ch 's ~ qus) ~T “E‘O¢C— +o e

CompPeSITION &ND ToMP. V&Elﬁ-?‘?o;\)

NE ETHYLENE ETC. HAVE PeTENTIA
guT ARE NOT RLULK CommeD)TIES.
D USuAsLLY  ARS QUITE FUR<T

£ -63 ’1/"5{\



Supzg =

%)

AT EY PLESIONS

WITHIN  CERTAIN uMFéS/ﬂa,d RAEAVEES
NG  MIXTURES MARY SUPERKEAT

WHEN SPILLED oW WATER, Wheaw

THE SVUPERWEAT LIMIT TEMPERATURE

IS REACHED (Hohoe-;—wsous ANUeLEATIoA
OCLORS  EXTREMELY RAFIDLY) SvPERAGAT
ENVEREY 15 RELZASED  SuzpENLY /N

R VIGeRIWS  INTEGRACTIEN WITH WATER .

* Mokz  LiksLy FeR  HEAYIZR  ANE MIXTURES

ENZEGY RELEASE IMITED — HEC RLERSTIZN

/‘y
E- L



TYPICAL OUTPUT OF RISK ASSESSMENT -

A GRAPH OF
PROBABILITY OF VARIOUS EVENTS VS DEGREE OF IMPACT

Ve
"V‘&



Y= Axis
FreEQUENCY oF OCCURRENCE

-2/ L.
o [fvyr = s T
/ [Dz)’/a 150 YR
- / /
/0 é/‘/ﬁ - 6 = ' o
/10° yr /,000, 600 Y7

! CRANCE N | MictioN) THAT
IT WiLL HRPPEN NEXT YEAR

/0'6/we |

=0 /NTERVAL BETWESH

~

+6 _
/0 YR T =ZxpPsc
EVENTS o~ Suck ..seve&’:ry

X~ A%LS ¢
SevERITY /NDEX

¢ DOWNT/IMEZ
e ERKRT LosST
* LIVES (tosT
® INJVRIES

ENVIROIWNMENTAL DAMAGS L0

M



1/

IYPICAL RISK PROFILE

EXAMPLE BASED ON SEVERITY MEASURED IN TERMS OF FATALITIES

PKOBABILITY

Frequency of Events per Year with N or More Fatalities

-2 L .Confidence Bands for Absolute Laevel

~ Confidence Bandsg for Comparison wich
Risk Reduction Alcernacives

Estimaced Risk Profile

1 . 10 10 10 10 10
Nuaber of Facaliclas, N
SEVERITY



Annual Probability of Excecding D Days u! Down-Time

1x103

1 x 104 ~

T

5x S.m . . %

1x 103 ) v ]
|
5x 100 ﬁ
L
1x 108 : . _
1 5 10 50 100 500 107

Down-Time, D, (Days)

‘Down-time is defined as the days during which crude oil either cannnt be received, be sent out nr both
9% 3 result of an accident in the LPG or ethane/propane svstem.

DOWN-TIME* RIsK PROFILE FOR THE BO TERMINAL



ACCEPTABILITY OF RISKS

WHAT RISKS ARE LOW ENOUGH TO BE CONSIDERED ACCEPTABLE?
HOW DOES AN INDIVIDUAL VIEW RISKS?

HOW DOES A GOVERNMENT REGULATORY AGENCY VIEW RISKS?
HOW DOES A BUSINESS OR INDUSTRY VIEW RISKS?

~0

E- ¢



AN INDIVIDUAL'S PERCEPTION OF RISKS

® VOLUNTARY
8 INVOLUNTARY



FACTORS INFLUENC ING ACCEPTABLE LEVFIS
_OF RISK TO INDIVIDUAI S

(MEASURED IN TeRMs OF Tue INDIVIDUAL 'S
PROBABILITY OF Dvine Due To An
ACCIDENT)

Is Exposure VOLUNTARY OR INVOLUNTARY?

o WHAT BenerTs Accruz To The ExpPosep
INDIVIDUAL?

® How Does Tue Risk Compare To OTHer
Risks Borne By THE INDIVIDUAL?

® ARe OveraLL Risks DisTrIBUTED EQuiTaBLY:
AMONG  THE INDIVIDUAL MEMBERS OF SOCIETY?

E-7)



ANNUAL MORTALITY RATES FOR ACCIDENTAL CAUSES
OF DEATH IN THE UNITED STATES
SUBDIVIDED BY CAUSE OF DEATH, 1978

CAUSE OF DEATH ANNUAL MORTALITY RATE
ALL  ACCIDENTS . 4.8 x 107
TRANSPORT  ACCIDENTS 2.6 x 107
RAILWAY ACCIDENTS 2.8 x 107°
MOTOR VEHICLE ACCIDENTS | 2.8 x 107
WATER  TRANSPORT ' 6.7 x 107
AIR AND SPACE TRANSPORT 8.6 x 10°°
POISONING BY SOLIDS AND LIQUIDS 14 x 107
POISONING BY GASES AND VAPORS 8.0 x 107
FALLS 6.3 x 107
FIRES AND FLAMES ‘ 2.8 x 107
NATURAL AND ENVIRONMENTAL FACTORS 7.5 x 107
LIGHTNING 4.5 x 1077
CATACLYSM (TORNAGO, FLOOD, EARTHQUAKE) 5.7 x 107/
DROWNING 2.7 x 107
FIREARMS 8.3 x 10°°
ELECTRIC CURRENT ‘ 4.5 x 1075

(TAKEN FROM “ACCIDENT FACTS," NATIONAL SAFETY COUNCIL, 1981.)

E-7X



ANNUAL MORTALITY RATES FOR ACCIDENTAL CAUSES
OF DEATH IN THE UNITED. STATES
SUBDIVIDED BY CAUSE OF DEATH, 1978

CAUSE_OF DEATH ANNUAL MORTALITY RATE
ALL  ACCIDENTS 4.8 x 107
TRANSPORT  ACCIDENTS 2.6 x 107
RAILWAY ACCIDENTS 2.8 x 107°
MOTOR VEHICLE ACCIDENTS 2.4 x 107
WATER TRANSPORT 6.7 x 1070
AIR AND SPACE TRANSPORT 8.6 x 107°
POISONING BY SOLIDS AND LIQUIDS 1.4 x 107
POISONING BY GASES AND VAPORS 8.0 x 1070
FALLS 6.3 x 107
FIRES AND FLAMES 2.8 x 107
NATURAL AND ENVIRONMENTAL FACTORS 7.5 x 107
LIGHTNING 4.5 x 107
CATACLYSM (TORNADO, FLOOD, EARTHQUAKE) 5.7 x 107
DROWNING 2.7 x 107
FIREARMS 8.3 x 10°°
ELECTRIC CURRENT - | 4.5 x 107°

(TAKEN FROM “ACCIDENT FACTS," NATIONAL SAFETY COUNCIL, 1981.)

E'-F]‘:)‘ 0
'S

v



FACTORS INFLUENCING ACCEPTABLE LEVELS
OF RISK TO SOCIETY AS A WHOLE

(Measurep IN Terms OF The LIKELIHoODS OF
AccipenTts OF Various SEVERITIES)

® How Many FaTaLITIES CouLp ResuLT
FroM A MaJor DisAaSTER?

® WHAT Is THE LikeLiHoOD OF SucnH A
MuLTIPLE-FATALITY AccIDeNT?

/\‘(‘)

Y
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Probability of N or Ligre Faialities Per Year

10

107!

1072

10°3

1074

10°8

10°9

K Fires

\‘//— Total Man-Causee
S\
\

Total N.'nura! Disasters

W e T Explosives

Y\ \+__ Dain Failures
\

T = Air Crashes — Persons on Ground
‘N, T"\—

s

X=——  Long Term from One Nucicar Power Plant
\

-l——-—— SAI Estimate, Oxnarg LNG

\ ‘ ‘%— Short Term from One Nuclear Power Plant

Jhi \ ]
10 102 103 10 105 g6
Number of Fatalives, N

Point Conception UNG (Arthur D. Littic & SA| estimates)

COMPARISON OF MULTI.FATALITY ACCIDENT PROBABILITIES'

* Adapted from WASH-1400 Reactor Saiety Study, SAI Reports and Arthur O. Littie Tecn,
Report 16,

~75
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RISK CONTROL

-- REDUCE PROBABILITY OF OCCURRENCE

-- REDUCE CONSEQUENCES
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MAEINTRIN /N G

SAFE

cPERATION



AN OVZRVIZW OF THE CORPORATZ RISK MANAGEMENT PROCES

w

1
B , RISKS ARE |
///,— UNKNOWN
|
HAZARD IDENTIFICATION <\\\\i~ '
. RISKS ARE l
RECOGNIZED |
|
PREL IMINARY SCREENING I
|
RISK ARE ]
PRIORITIZED |
: |
RISK ANALYSIS ‘
|
RISKS ARE '
QUANTIFIED l
ACCEPTABILITY ASSESSMENT |
|
' |
RISKS ARE l
EVALUATED !
MANAGEMENT INTERVENTION |
1
RISKS ARE :
CONTROLLED | |
|
{



TRAINING TPROGRAMS FoRrR
CoNTINVING SAFE OPERATION

e PROGRAMSE FoR NEW TPERSOANEL

ER PROERAMS=E
FOoR ALl PERSONN

GoAaL:® ALL TERSCNNTL SHoulD &S
THOROULEHLY ESXRERT IN THEIR OWN
T8 RETFOASIGILITIES AND SHoULD
HAVE GENERAL FaMILIARITY WITH
PROLEDIRES FoR:,

- OFSRAT/ONS
-~ MAINTENANCE
— EMEREGENCY SHUTDowwN
- EMERGCENLY RESPeLNSE
‘NCTH:/CPA'T.’ONJ CHAIN 6F ComMAND
® SOURLES ©OF HEL
* COORDINATICN WITH LotgtL
TERVICEX (,F/EE-‘J poLicE )
— FIRSET AID
- FI&E_ F/GH’}’/!\/.G;

E —‘/?b \\



I
3l
V)
N

TRAINING SIMULATD

I

ENT FoR TRAINING  NEW
N '

May NoT BE EXACTLY IDENTICAL
TO RCTURL CoNTROL SYSTEM
‘DIFFSRENCES CcAN BE  IDENTIFIED
AND MaTED)

AN BE USED  FoR  GIVING EXPERIENGE,
SPTRATIONS TERIODIC  PRACTICE

IN  RESPCNDING To  EMEREENCY
SITVYRARTIONS

-y

M)



= CrocsssT S

O
%
Pad
O
™
0

lte ey OPERpPTOR SERVES MINIMAL
FUNCTIONS AND STAYS MAINLY N
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ABSTRACTS

AN OVERVIEW OF WORLDWIDE STANDARDS
FOR NATURAL GAS UTILIZATION

Elisabeth Drake, Chairman, Chermical Engineering Department,
Northeastern University and Marian H. Long,
Arthur D. Little, Inc., USA

As countries develop their natural fuel resources, governments and industries
arc faced with many decisions about what standards should be set to establish the
levels of safety they wish. In countries where technology is well established and
standards have evolved for fifty years or so, society seems willing to accept
somewhat higher levels of hazard than in countries just developing the resources
involved.

This paper will define natural gas utilization broadly to include “‘natural
pipeline gas'’ (primarily methane), *‘LPG"’ (primarily propane and butane stored
under pressure as liquids), and refrigerated liquefied gases such as liquefied
natural gas (LNG) and liquefied ethane or ethylene and liquefied propane.

For these natural gases, we examine major existing practices and standards
worldwide and some of the factors of concern for countries in the process of
establishing their own standards today as energy resources are developed, pro-
cessed and introduced into consumner markets.

A MODEL FOR EVALUATION OF NATURAL GAS
DEVFLOPMENT STRATEGIES

James F. Houle, Projects for Research and Engineering,
Bechtel Group, Inc., USA

An increasing number of developing countries are seeking ways to develop their
indigenous reserves of natural gas and thereby reduce reliance on imported oil as
well as non-commercial fuels. In order to assist in these efforts Bechtel has
developed a computer based gas pricing model. This model is the result of exten-
sive experience in gas development projects. The model will be a useful tool for
countries for the following reasons:

* It provides a consistent framework for assessing the economic and
financial merits of a gas project, thereby serving as a basis for seek-
ing external funding.

¢ [t can be used as a planning tool to evaluate different development
options.

* [t can generale results quickly and test for sensitivity, once the re-
quired inputs are prepared.



This paper describes a model developed for use in pricing naturzl gas from a
basic production, processing and delivery system. The paper analyzes a system
consisting of a single producing field (associated or unassociated) dedicated to
meeting the needs of an industrial center containing electric power, fertilizer,
methanol and other gas-fed industries.

The analysis is divided into three sections: system sizing, capital and operating
cost estimation and price determination. System sizing includes an analysis of the
magnitude and relative timing of peak demands for the potential users. Capital
and operating cost approximations are based upon the type of field, system size
and configuration and the associated material, equipment and labor re-
quirements. The last section develops a formal economic evaluation of the
system. The purpose is to determine one or more unit price trajectories which will
generate sufficient revenues for the system to cover all projected capital and
operating costs including returns to equity investors and debt service.

NATURAL GAS
AND ITS UTILIZATION IN BANGLADESH

Mosharraf Hossain, Director,
Planning, Petrobangla, Bangladesh

Bangladesh has 13 gas fields with an estimated reserve of about 11 to 13 tcf of
gas. Exploration efforts are in the process of increasing its gas reserves and find-
ing liquid hydrocarbons. Utilization of natural gas is in limited areas. Present gas
projects include:

- Deve'opment of gas fields
- Expansion of transmission and distribution lines for consumers such
as power stations
- Development of industries including fertilizer plants
- Expansion of commercial and domeslic gas utilization
At present, gas consumption is approximately:
30% for power
42% for fertilizer production
20% for industry
2% for commercial
6% for domestic purposes

New projects are under consideration to increase the utilization of natural gas

in Bangladesh.



LNG PRODUCTION EXPERIENCE IN BRUNEI

H. Joubert, Manager, Brunei LNG, Brunei

Natural gas produced offshore in Brunei from gas and oil wells is transferred
by pipeline to onshore receiving and liquefaction facilities. Acid gases, predomin-
antly hydrogen sulfide and carbon dioxide are removed by extraction with the sol-
vent sulfinol. Water is consequently removed in a dehydration unit. Heavy
hydrocarbon components, containing CS and heavier hydrocarbon components
are removed and the dried and lean natural gas is used as feed to the liquefaction
train, acid gases water and heavy hydrocarbon component removal is carried out
to prevent freezing and corrosion in the subsequent steps.

Natural gas from the heavies removal system is liquefied in the main cryogenic
exchanger and subcooled to -163°C. Refrigeration is achieved by compressing ex-
panding and evaporating multi component refrigerant. The liquefied natural gas
is stored in atmospheric storage tanks. Gases are boiled off and continuously
withdrawn to maintain tank pressures slightly above atmospheric.

Operations in Brunei LNG have been governed by three clear priorities: safety,
reliability and efficiency. Basic safety requirements are met through stringent
safety procedures and an extensive work permit. In Brunei LNG there have only
occurred ten cost time accidents in eleven years of operation,

The dedicated nature of LNG projects is based on firm contiactual com-
mitments for a large number of years. In the case of Brunei a contractual supply
commitment for twenty years entail the requirement of a very high degree of
reliability. Plant availability in BLNG is in the order of 85 percent. Programmed
commitments have always been met. Efficiency improvements have been im-
plemented throughout the years, resulting in a reduction of thirty five percent in
the ratio of fuel and losses over feed. This improvement is significant related to
the fact that the fuel element accounts for two thirds of the total operating cost of
the Brunei LNG facilities.

THE UTILIZATION OF NATURAL GAS
IN NEW ZEALAND

Stephen J. Gale, Scientist, Planning and Forecasting
Directorate, Ministry of Energy, New Zealand

This paper will examine New Zealand's experience of synthetic fuels and com-
pressed natural gas (CNG) for automotive use. The overall depletion policy for
natural gas will be outlined to provide a background, and the specific reasons
behind the choice of technology, project organization, (government participa
tion, private sector involvement, sale of gas or tolling arrangement) and methods
of implementation (design and construction management by contractor or con-
sortium etc) will be described. Important objectives include an improved balance
of payments, reduced dependence on imported oil and more rapid returns from
gas rescurces. The places found for U.S. technology and project management in
these two ar=as provide insights into where the best match of Thailand's needs
and U.S. expertise may be found. The alcohol, synthetic diesel and MTBE
possibilities for the future that are currently being studied in New Zealand will be
covered.
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PAKISTAN EXPERIENCES WITH NATURAL GAS

Munir Ahmad, Director General, Gas Ministry of Petroleum
and Natural Resources, Pakistan

Pakistan has a fairly old and well established gas industry. Its network com-
prises 3758 km of high pressure transmission lines and 12500 km of distribution
lines in 78 major towns/cities in the country. Large reserves of good quality
natural gas were found in 1952 at Sui in Baluchistan with a recoverable reserve of
8.6 trillion cubic feet followed by another big strike at Mari in the Province of
Sind with a recoverable reserve of 3.943 trillion cft in 1957. The recoverable
reserves 5o far discovered in the country are estimated at 18.78 trillion cft of
which 3.28 trillion cft have since been utilized.

Present utilization of gas in Pakistan is 850 million cft/day which level has
gradually been achieved ever since the inception of gas era in 1955. It is meeting
well over 40 percent of the commercial energy requirements of the country. Its use
has been extended for the manufacture of fertilizer, generation of electricity and
for industrial, commercial and domestic consumption. Through progressively in-
creased use of gas in fertilizer manufacturing Pakistan has not only attained
autarky but has also become its exporter. The use of natural gas in power genera-
tion was the highest till 1981-82 but its consumption in urea production surpassed
all other users in 1982-83 when 33 percent of the total gas produced was used for
the manufacture of fertilizer, 25 percent for power generation and the remaining
for industrial, commercial and domestic consumers whose number has grown
from 100,000 in 1970-71 to 850,000 in 1982-83.

In Pakistan, like other energy deficit countries, the demand management of gas
with careful planning and rigid enforcement has become sin-qua-non in the past
2-3 years. Such efficacious measures as conversion to oil of cement plants has
been completed and that of power plants is underway to balance the precarious
gas supply demand proposition.

During the 6th five year plan viz: 1983-84 to 1987-88 development of all known
gas resources, augmentation of the gas purification, transmission and distribution
facilities would be undertaken at an estimated capital investment of 842 millic':
US dollars with the generous help of World Bank, Asian Development Bank and
other international financial institutions.

With a view to popularizing the use of gas in the initial periods its prices were
kept conventionally low. However, with change in policy from expansion
oriented to conservation the consumers’ prices had to be rationalized in January,
1982. Incentives which encouraged high gas consumption have been withdrawn to
cut down its ever increasing demand. The consumers’ prices of gas were increased
from an average of RS. 10.00 (dols 1.00) per mcft in 1981 to RS. 20.00 (dols 1.5)
per mcft in July, 1983. Governinent has also announced price incentives for pro-
ducers to cncourage development of new gas resources in the country.

The two major gas companies in Pakistan viz: Sui Northern Gas Pipelines
Limited and Sui Gas Transmission Company Limited are and have been under-
taking major gas transmission and distribution projects of national importance.
The loan giving agencies, i.e., Asian Development Bank and World Bank have
recognized and appreciated the professional capability of these companies.
Government of Pakistan will be only too glad to have the capability of these com-
panies extended to the benefit of Thailand in the field of planning, designing and
execution of the pipeline construction projects.



USE OF GASEOUS FUELS IN
THE TRANSPORTATION SECTOR

Tom Joyce, President, Tom Joyce Associates and Jack G. Edwards,
Manager, Engineering Services, GDC, Inc., USA

Naturz! gas and liquefied petroleum gas (LPG) have been utilized in a number
of countries for many years as a fuel for automobiles, trucks, tractors, ships and
other vehicles. Each country and each application present specific technical,
economic and social problems which must be considered when selecting the
preferred fuel. Usually the major factors when considering gaseous fuels for
vehicular use are twofold: economics and environmental. The clean burning
characteristics of gaseous fuels lead to justifiable adaptation for vehicles to be used
pritnarily indoors, such as fork-lift trucks for warehouse service. The use of
gaseous fuels in over-the-road vehicles is dependent primarily upon economic
justification. Countries with an excess of natural gas or odcher gaseous fuels and
those with a heavy depeadence or the importation of crude oil or refined liquid
fuels are good candidates for the consideration of operating vehicles on gaseous
fuels.

This paper will review current programs for converting the transportation sec-
tor to gaseous fuel usage, with particular emphasis on programs in developing
countries. Techniques for estimating potential markets, the economic costs and
benefits of conversion of over-the-road vehicles to gaseous fuels will be reviewed.
A case study of a conversion program which the authors are currently conducting
in a developing country will be presented.

AUTOMOBILE EQUIPMENT REQUIRED TO USE
COMPRESSED NATURAL GAS AS A FUEL

Gregory Macosko, Principal, Hayes/Hill Inc., USA

The use of natural gas as a vehicle fuel and the equipment necessary for engine
conversion to compressed natural gas (CNG) has been proven under a wide range
of actual operating conditions. Compared with gasoline, natural gas has a higher
octane rating, burns cleaner, improves ignition, reduces certain maintenance re-
quirements and costs, and provides significant fuel cost savings.

CNG conversion involves trade-offs between cost, driving range, performance
and weight. To optimize this trade-off and to make CNG as attractive as possible,
U.S. manufacturers have done a considerable amount of technical development
to improve their products. Such R&D includes light weight cylinders, gas flow
meters, small compressors, electronic applications for engine conversion and new
gas storage technology.

CNG conversion decision factors influence investment payback 2.id determine
what types of vehicles and fleets are the most attractive conversion candidates.
Fleet size, differential between gasoline and natural gas price and fuel usage per
vehicle are three basic factors which are critical to the decision to convert. The
first step towards market development should be commitment to a CNG program
by both government and industry with incentives for both parties.
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THE NEW ZEALAND EXPERIENCE
WITH COMPRESSED NATURAL GAS (CNG)
IN MOTOR VEHICLES

Donald Hertzmark, ASEAN Consultant, Asian Institute of Technology

Compressed Natural Gas has been used as a mouor fuel for over 30 years. Re-
cent developments in liquid fuels supply have improved the prospects for using
CNG in cars, trucks, and buses. This paper examines the infrastructure needs of a
switch to CNG fuel. In pardcular, the refuelling and transport systems are
described. Financial analysis is then performed; first on refuelling stations to
determine selling prices for CNG under various alternatives, then on fleet vehicle
and refuelling systems to determine rates of return on investment. The analysis
shows that fleet use of CNG will be cheaper than diesel (US$ 0.20 - 0.25/1) and
will yield a discounted cash flow rate of return of about 20% using conservative
assumptions.

THE PRODUCTION, USE AND
ECONOMICS OF METHANOL

Bert W. Struth, Executive Vice President, Chem Systems, Inc., USA

The methanol business is faced with a period of oversupply which will last until
the late 1980’s. The supply surplus has been caused by new capacity built in an-
ticipation of high cost fuel-related markets which are now developing at a slower
than expected rate.

The supply/demand imbalance will result in an extended period of low prices
which will lead to rationalization in the USA, Western Europe and Japan.

However, the dynamic state of the methanol business does present oppor-
tunities. New export-oriented producers will be dependent on experienced
marketers, just as traditional marketers will become more dependent on new sup-
pliers for competitive sources of supply.

Considerable market development is required to achieve significant penetration
in fuels-relaved applications. Global demand is expected to increase from 12
million metric tons in 1983 to 29 million by 1995. Fuel-related uses are expected to
increase from 8% to 40% of total demand during this time frame. The major
driving force will be the price of methanol in relation to its value as a gasoline
blending component which is 1.6 to 2.0 times its cost of production.
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FURTHER DEVELOPMENT OF THE
METHANOL-FUELED ESCORT

Robert J. Nichols, Principal Research Engineer,
Turbine and Alternate Fuels Research Development Department,
Ford Motor Company, USA

The results obtainerd from the 40-vehicle fleet of methanol-fueled Escorls in
service since 1981 are reviewed. These results provided the basis for an upgraded
vehicle built on the production line. A total of 587 vehicles were built, including
five advanced technology vehicles with more stringent emissions goals al an
equivalent thermal efficiency. Vehicle configuration, fuel and oil specifications,
and emission, fuel economy and performance data are discussed. One of the ma-
jor challenges when developing the vehicle was the selection of fuel system
materials compatible with methanol. A follow-on program to find cost reduction
solutions is underway.

GASOLINE FROM NATURAL GAS

Gerald F. Tice, Supervising Engineer and
Hal C. Spohn, Principal Engineer, Advariced Technology
Planning Department, Fluor Engineers, Inc., USA

The alternative of synthetic gasoline from natural gas is presented in the con-
text of Thai transport fuels demand and natural resource potentials. Technical
options are described, and the results of an economic analysis are presented. A
sensitivity analysis explores the effects of variations in major economic
parameters on project profitability.

THE PRODUCTION, ECONOMICS AND
USES OF SYNTHESIS GAS

Frank A. Demers, Stone & Webster Engineering Corp. and
Samuel A. Tabak, Mobil Rescarch and Development Corp., USA

Recent technological innovations have broadened the spectrum of uses for
natural gas and natural gas liquids. The development of unique catalytic pro-
cesses designed for synthesis gas conversion now make it possible to produce
from natural gas, conventional liquid transportation fuels such as gasoline and
diesel. In addition, natural gas will be an important feedstock for the production
of a complete range of base chemicals including methanol, olefins, and aromatics
including such intermediate products as vinyl acetate, ethylene glycol, acetic
anhydride and oxo alcohols, to name a few.

Most of the emphasis in syngas conversion technology in the last few years has
been directed towards the production of liquid transportation fuels. The
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discovery of new capabilities for zeolite catalysts marks what may be the
technological turning peint in increasing the uses for naturai gas through single
carbon chemistry. Mobil Oil Corporation was the first to capitalize on the use of
zeolites in their process for the conversion of methanol to high octane gasoline.
Further developments of this technology will soon make it possible to produce
high quality diesel and jet fuel as well as olefins and aromatics indirectly from
syngas.

This paper will present the economics for producing synthesis gas and the
potential for its use as a feedstock for chemicals and liquid transportation fuels.
Additional emphasis will be directed towards intermediate syngas conversion pro-
cess such as Methanol and Fis.her-Tropsch Synthesis together with the applica-
tion of the Mobil Olefins to Gasoline and Distillate (MOGD) process for the pro-
duction cf gasoline and diesel fuel. Yield data, product quality and commercial
status of the Mobil process will also be presented.

CURRENT EGAT POWER GENERATION
USING FUEL GAS

Robert G. Settle, Project Manager,
Black & Veatch International, USA

Discovery of natural gas in the Bay of Thailand created the opportunity for the
Electricity Cenerating Authority of Thailand (EGAT) to reduce the import of
fuel oil which had caused an unfavorable balance of trade for the Kingdom of
Thailand in the iate 1970's. EGAT, as the sole available user of the new natural
gas discovery, immediately initiated studies to determine feasible courses of ac-
tion fer ful! utilization of the gas when available.

The first action of EGAT was ‘o convert the South Bangkok Thermal Plant to
permit firing of natura! gas as an alternate fuel to the number 6 fuel oil,

The second action was to purchase eight 60 MW gas turbines and combined cy-
cle equipment designed to fire either natural gas or fuel oil.

The third action was to initiate construction of two new 550 MW thermal units
at Bang Pakong.

EGAT, in cooperation with the Fuel Organization of Thailand (PTT) was able
to use the natural gas as soon as it first became available in September, 1981, and
has successfully used all natural gas available to them,

This paper describes the plants and the experiences of the initial fuel gas firing.



COMBINED CYCLE COGENERATION

R.1. Gavin, Partner and Project Director,
Sargent & Lundy, USA

Cogeneration is the simultancous production of electric power and process
steam in a single thermodynamic cycle. This paper discusses four cycles using
natural gas. These cycles are a simple boiler plant producing steam only (base
case), a cogeneration plant consisting of a boiler and noncondensing steam tur-
bine generator, a cogcneration plant consisting of a gas turbine with unfired heat
recovery steam gencrator, and a combined cycle cogeneration plant consisting of
a gas turbine with a supplementary fired waste heat recovery steam generator and
a noncondensing steam turbine generator. The cycles are characterized by pro-
duction of a constant quantity of process steam and varying amounts of
byproduct electric power. Capital and operating cost estimates are presented for
each cyc'e. The combited cycle plant evaluates favorably in comparison to the
other cycles due to its high specific electric power output (kW-hr/10® Btu steam
output). The combined cycle cogeneration plant is particularly attractive in ap-
plications with high natural gas fuel costs and high electric power demand.

DIRECT HEATING

W.H. Thorbecke, Chairman, Energy Support Services, Inc., USA

Since energy supply sources are expected (o change dramatically during the
next SO years, Thailand should carefully weigh the economics of utilizing its in-
digenous natural gas to develop its economy and create jobs as opposed to con-
. -vation or export. The paper discusses a number of direct heating applications

¢ natural gas.

RECIPROCATING ENGINES
IN ON-SITE POWER PLANTS

D.A. Noelkin, Regional Manager, Caterpillar Tractor Co., USA

With steady industrial development, Thailand's energy requirements grew at the
rate of 7.6 percent annually between 1978-1981. By 1981, Thailand was consuming
the equivalent of 300,000 barrels of crude oil a day. Becausz of escalating oil prices,
the need was obvious for expediting the search for alternative future sources of
energy. Recent discoveries of natural gas resources have been found off the Gulf of
Thailand which will case the drain on the Thai economy from imported oil.

This natural gas can be burned in reciprocating engines to produce a reliable
source of electricity. This paper deals with the basics of natural gas engine opera-
tion, heat balance of these units, potential applications, along with system con-
siderations when installing such units, An economic analysis which compares on-
sile power generation to clectrical purchases from the utility are also included in this
presentation. The paper concludes with several key principles when installing on-
site generating systems,
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GAS TURBINES FOR INDUSTRIAL USE

George J. Milici, Manager, Turbo Machinery
Ingersoll-Rand S.E.A. PTE. LTD., USA

The author’s paper describes, in general terms, various drivers to be considered
when deciding on a project installation. Different drivers are most suitable for dif-
ferent applications, depending on geographic location, available utilities and
available fuels, or energy sources.

A review of steam turbines, electric motors, industrial engines, hydraulic tur-
bines, gas expanders and gas turbines was made, briefly, to give the reader general
background information on where and when these drivers should be considered.

Following completion of the review of drivers, the author’s years of experience
were drawn upon to discuss considerations that must b taken into account when
designing a gas turbine for industrial use. This includes discussion on environ-
ment, atmospheric conditions, fuels, noise, controls, physical dimensions and in-
stallation requirements.

The design criterion considered the most advanced, yet proven turbine
technology, and concludes that aero derivative type machines have considerable ad-
vantages over the heavy duty type machines, Logically, therefore, the two basic
types of industrial turbines are compared with respect to fuel consumption,
reliability, availability, service/maintenance and installation. The comparison
snows strong evidence of the flexibility and superiority of the aero derivative type in
certain applications.

Since this type of machine is relatively new to Thailand, a history of its develop-
ment, from early aircraft use to today’s industrial applications describes how the
machinery introduction was possible.

Finally, a representative economic evaluation, based upon Discounted Present
Worth is documented to show the relative costs of these machines when fuel,
maintenance, installation and capital costs are accounted for. This calculation
uses the basic economic format prescribed and is simplified by use of differential
costs only.

TURBOEXPANDERS IN NATURAL
GAS APPLICATIONS

John Holm, Director, International Marketing, Rotoflow Corp., USA

Turboexpanders have been used commercially for processing of natural gas for
more than twenty years.

This paper describes the advantages of turboexpanders, the proven features
that have contributed to their success giving expander operators a long, efficient,
low maintenance service.

Conservation of energy has opened a new market for turboexpanders recover-
ing energy from natural gas pressure letdown and low grade waste heat.



THE REMOVAL OF CARBON DIOXIDE

R.E. Meissner III, Director, Gas Technology and
H. Robert Scivally, Manager, Business Development,
The Ralph M. Parsons Company, USA

The removal of CO, from natural gas is desirable before the gas is used as a feed
stock for petrochemical and fertilizer production. In the production of hydrogen and
ammonia within a petrochemical or fertilizer complex, CO; removal is necessary. This
paper discusses processes and economics for separation of CO, from natural gas,
hydrogen, and ammonia synthesis gas. Processes include those which use physical and
chemical solvents. The BASF activated MDEA process is introduced as a low capital
and low energy alternative which is applicable to all three separations.

ECCNOMICS AND PRODUCTION OF FERTIL!ZER

Giovanni Lorenzo Farina, Project Director,
Foster Wheeler International Corp., USA

This paper is a general overview of Thai agriculture demand of fertilizers used to
determine the production capacity of the Complex and the range of fertilizer grades.
Alternative coniigurations of the Complex with assessment of their technical and
economical aspects are shown along with a description of the selected configuration
with indication of the profitability of the investment.

Role of the Project Management Consultant to implement the Fertilizer Complex
project is described.

PHOSPHATE POTASH & SODA ASH
G. Russell James, President, James Chemical Engineering, USA

Phosphate and potash are essential components of all vegetation and are
therefore required, along with nitrogen, in fertilization of crops to maintain op-
timum production.

Soda ash is an indicator of industrial activity because it is required in so many basic
commercial products (glass, chemicals, pulp and paper, soap, etc.).

For both phosphate and potash, agricultural use far outdistances industrial applica-
tions. Phosphate manufacture is based on phosphate rock, for which the major pro-
ducing areas are the USA, USSR and Morocco. Processing moves through produc-
tion of phosphoric acid; there are several available technologies and competition is
keen.

Major source areas for potash are the USSR, Canada, Germany, the USA and
France, and production processing, by recrystallization, depends on the nature of the
ore as mined.

Production of soda ash historically has been based primarily on salt and limestone.
Economic and environmental considerations have caused significant changes in recent
years in the synthetic process, whereas in North America production from natural
trona has almost eliminated competition from the synthetic route.
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THE MALAYSIAN PENINSULAR
GAS UTILIZATION PROJECT

Hashim Salleh, Technical Manager, Petronas Gas, Malaysia

since Malaysia has relativley abundant gas reserves, gas will play a predomi-
ant role in the fuel supply of the country and as a feedstock for industries.
everal gas and gas-based projects that are being implemented include the
Liquefied Natural Gas and the Ammonia/Urea Plants in Bintulu (Sarawak), the
Methanol and Direct Reduction lron Plants in Labuan (Sabah) and the Penin-
;ular Gas Utilization Project of Peninsular Malaysia.

This paper describes the Peninsular Gas Utilization Project in Malaysia under-
taken by Petronas, the Malaysian National Oil Co.

The Peninsular Gas Utilization Project involves piping the natural gas produc-
ed from oil and gas fields offshore Terengganu on the east coast of Peninsular
Malaysia to an onshore gas processing plant where the gas is treated and LPG and
condensates are extracted. The LPG's are piped to an export terminal where it is
stored in a refrigerated form for export.

In Stage 1 of this project, gas will be delivered to a 500 MW combined cycle
power station and a 600,000 tons/year Direct Reduction Iron Plant. A pilot gas
distribution system to supply gas to commercial and domestic consumers and a
pilot CNG station to supply gas for motor vehicles will also be implemented in
Terengganu. In Stage 11 of the project, gas will be piped to power staticns and to
consumers on the west coast and to the south of Peninsular Malaysia.

Construction work for Stage 1 of the project is well underway. Work is schedul-
ed to be completed in two phases: Phase I by the middle of 1984 and Fhase 1l
towards the end of 1984.

The Gas Processing Plant will have an initial capacity of 250 million scfd and
an ultimate capacity of 1.1 billion scfd.
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MAKE AMMONIA WITH LESS ENERGY

Joseph R. LeBlanc Jr., Manager, Inorganic Chemical Division,
M. W. Kellogg Co., USA

Ammonia, one of the largest volume industrial chemicals, is absolutely essen-
tial to world food production. The manufacturing process used to produce am-
monia is a very energy intensive operation. In recent years much attention has
been given to reducing the energy consumption in making ammonia. In this
paper, both new plants and retrofitting existing ammonia plants for increased
energy efficiency will be discussed.

FIRING WITH GAS IN CEMENT KILNS

Werner Ostberg, Vice President, Engineering Operations,
The Kuljian Corp., USA

A short description of types of kilns used in the cement industry and a short
description of fuels used in cement kilns are given. The properties of gas and the
use of gas firing versus other fuels in cement kilns is explained.

A detailed description of using gas in modern pre-calciner kilns and the dif-
ficulties encountered herewith and remedies to eliminate such difficulties are
described.

THE PETRGCCHEMICALS INDUSTRY
IN TODAY’S ECONOMY

Gordon D. Mounts, Vice President/General Manager,
Process Systems and Services Department of the Catalysts and
Process Systems Division, Union Carbide Corp., USA

The petrochemical industry will be evaluated as a business in today’s economy.
The important elements of business strategy in petrochemicals will be defined.
One of the important elements of business strategy is technology implementation
especially in the petrochemicals business. The importance of the owner/operator
perspective in technology implementation will be examined. In particular the ex-
amples of ethylene and ethylene glycol will be evaluated. Using ethylene glycol as
an example of petrochemicals in today’s industry, the markets, manufacturing
and economics of ethylene glycol will be discussed.



PLANNING PETROCHEMICAL COMPLEXES
BASED ON NATURAL GAS

Andrei Rhoe, Vice President, Lummus Technical Center and
M.J. Maddock, Manager, Process Planning and Economics,
C-E Lummus Co., USA

The presence of natural gas reserves provides the impetus and opportunity for
Thailand for the development of petrochemical industries in the country. After
years of planning, a major petrochemical complex will be erected in the Eastern
Seaboard industrial area to produce major basic petrochemical products.

This paper presents other major petrochemical products that can be produced
from natural gas. This paper also discusses the long range overall p!anning of
future expansion and development of petrochemical industries as well as the plan-
ning and execution experiences of such petrochemical complexes.

MANAGING A PETROCHEMICAL PROJECT

William Burner, Project Director,
Foster Wheeler International Corporation, USA

Foster Wheeler is currently the managing contractor for a petrechemical complex
in Nigeria and for refinery and fertilizer projects in Thailand. Based on this ex-
perience, the principles of managing a petrochemical project are presented. The
paper discusses the principal decisions, problems and progressive steps that must be
considered in the developments and implementation of a grassroots petrochemical
project.

ETHANE/PROPANE CRACKING TECHNOLOGY

Colin P. Bowen, Business Development Manager
and Erich Kianz, Business Development Manager,
Stone & Webster Engineering Corporation, USA

The choice of basic technology is the key decision facing the Thai
Petrochemical Partnership. There are many superficial similarities between the
various olefins production processes as would be expected in a mature technology
sector. Nonetheless, in major processing facilities, apparently small advantzges
translate into large annual production cost differences. Because incorrect
technical selection decisions can have enormous long term profitability conse-
quences, the owner must be keenly aware of the relative process performance dif-
ferences between the candidate technologies.

This paper will therefore identify those design elements which distinguish the
successful olefins production process and exarine the economic implications of
these key process-related factors. The specific feedstock and product interrela-
tionships for the intended Thai Project will be consideired, and various options to
satisfy the intended propylene: ethylene ratio will be discussed. Recent advances
in the areas of ethane/propane pyrolysis, product recovery, energy integration,
and process control will be cited. Finally the role of the olefins technology sup-
plier to the new industry entrant will be outlined.
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PRODUCTION AND ECONOMICS OF OLEFINS
FROM ETHANE AND PROPANE LPG

Reno S. Zack, Manager of Olefins Development,
C F Braun & Co., USA

Thailand wishes to produce ethylene and a relatively high proportion of pro-
pylene from limited indigenous supplies of ethane and propane LPG. It may not be
feasible or economical to produce the high proportion of propylenc desired by
steam pyrolysis alone. Additional propylene can be produced by propane
dehydrogenation. The recovery of propylene from dehydrogenation can be done
separately or together with the pyrolysis effluent.

This paper discusses and compares the various options for optimizing the utiliza-
tion of Thailand’s feedstocks, and recommends the optimum selection for
Thailand’s conditions.

POLYPROPYLENE PRODUCTION
PROCESSES AND ECONOMICS

B.P. Belles, Research Supervisor, Polypropylene Division,
Amoco Chemicals Corp., USA

Amoco Chemicals operates both slurry and gas phase processes for the produc-
tion of polypropylene. Process features are compared, and operational considera-
tions are discussed. Relative economics comparing the two processes are presented,
highlighting areas of significant savings provided by the more modern gas phase
process.

DYNAMIC DIGITAL SIMULATION
IN PROCESS OPERATIONS

S.M. Solomon, President, M. Asgari, Vice Presider.: and
General Manager and R. Uttamsingh, Business Development Manager,
Far East and Pacific Basin, C-E Simulation and Advanced Process
Control, Inc., USA

Simulators have substantially benefited the process industries, providing faster
and more effective training of operations personnel than was ever possible with
traditional methods. These same simulators are also used successfully to assess the
impact of alternative process plant control systems without disrupting operations,
and to perform instrumentation checkouts.

In its design, a simulator must take into account process dynamics, control
system configurations, plant operations, and training requirements, as well as the
latest simulation techniques. Only by addressing all these factors can engineers
deliver a simulator that reflects the client’s training needs, the backgrounds of
trainees and instructors, the actual operations of the plant, and the procedures
which operators must handle in the actual control room.

C-E Simulation and Advanced Process Control, Inc., a leading supplier of pro-
cess training simulators will address: assessing simulator requirements, defining
simulator specifications, integrating sinulators into a training program, training in-
structors, and implementing simulator training exercises.

14
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BIOGRAPHICAL INFORMATION

ASGARI, MAXWELL is Vice President and General Manager of C-E Simcon,
Inc., a unit of Combustion Engineering, Inc.

With more than 15 years of experience in Process Control, Mr. Asgari joined
C-E in 1972. His positions with C-E have included General Manager of the
Digital Products group, Commercial Manager of the Company’s Control and
Automation Department, Manager of its European section, Project Section
Manager, and Engineering Manager.

Prior to joining C-E, Mr. Asgari held engineering and systems control posi-
tions in the process industry. He is a graduate of Fairleigh Dickinson University
where he earned a Bachelor's Degree in Electrical Engineering and a Master of
Science Degree in Physics.

BELLES, B.P. is Research Supervisor in the Polypropylene Division of Amoco
Chemicals Research and Development at Naperville, lllinois. His experience in-
cludes various assignments in R&D, Manufacturing, and Engineering, nearly all
involving polypropylene technology. Currently, he is responsible for the technical
aspects of licensing in the Polymers and Plastic Area, and for Polyrropylene Pro-
cess Design and Economics.

BOWEN, COLEN is employed by Stone & Webster Engineering Corporation,
Boston in the capacity of Business Development Manager. His experience in the
Hydrocarbon Processing Industry includes 20 years involvement in the areas of
plant design, commissioning, and international project execution. Mr. Bowen has
worked on several overseas assignments; in his current capacity he has developed
extensive contacts with the Asian Petrochemical Industry.

Mr. Bowen holds a degree in Chemistry from the University of Birmingham
and a degree in Chemical Engineering from the University of London. He is a
chartered member of the British Institutes of Chemical & Mechanical Engineer-
ing.

BURNER, WILLIAM (BILL) is the Foster Wheeler Project Director currently
responsible for the Nigerian Petrochemical Complex, Phase 11.

Mr. Burner was educated at Fairmont State College, West Virginia, USA, and
West Virginia School of Mines. He graduated from Florida State University and
later worked on an advance degree in Finance and Accounting at Pace College,
New York.

Mr. Burner’s working career extends cver 40 years in the field of engineering
and construction.



CLARK, JOE R. with more than 30 years in the petroleum industry, began his
career as junior petroleum engineer with Stanolind Oil and Gas Company (now
AMOCO Production Company) joining Texas Pacific Oil Company, Inc. in
May, 1964, as Chief Reservoir Engineer. Mr. Clark was promoted to Chief
Engineer, Production Department in November, 1966, Production Manager in
December 1967; Vice President of Production in June 1969; Executive Vice Presi-
dent, International in May of 1979; Executive Vice President Production - Ex-
ploration in August of 1980, and his present position of President in March,
1983.

Through Mr. Clark’s active participation with the oil industry trade associa-
tions, he served as president of the Dallas Petroleum Club during 1977 and is cur-
rently serving on its advisory committee. Additionally, he is affiliated with the
Society of Petroleum Engineers of AIME, Texas Mid-Continent Qil and Gas
Association, American Petroleum Institute, National Society of Professional
Engineers, and International Association of Oilwell Drilling Contractors.

DEMERS, FRANK A. has 18 years of experience in the engineering industry.
Currently, as Senior Process Projects Engineer, he is responsible for Interna-
tional Synfuels Project Development activities.

Prior to joining Stone & Webster and since 1974, he has worked in a manage-
ment capacity on two projects for the conversion of coal to liquid fuels. These
have been associated with the design of a fluidized bed Fischer-Tropsch reactor
pilot plant and the process design, follow-up and field operation of two world
scale Fischer-Tropsch (Synthol) facilities for SASOL [l and Il in Secunda, South
Africa.

He has worked on a number of *‘first of a kind’* petrochemical projects and
has served as Process Development Group Leader having responsibility for a
number of fzasibility and market-related studies directed at establishing priorities
for pilot plant research.

EDWARDS, JACK G. is Manager of Engineering Services for GDC, Inc., an
energy services organization which is a subsidiary of the Institute of Gas
Technology. His responsibilities include consulting services for industrial train-
ing, natural gas technology, energy utilization, energy planning and renewable
energy. Prior to his affiliation with GDC, Mr. Edwards spent twelve years with
the Columbia Gas System in various positions with a major emphasis on the
development of automation systems. Mr. Edwards received a BS in electrical
engineering from Tri-State University and an MS in Management and Supervi-
sion from Central Michigan University.

FARINA, LORENZO GIOVANNI is the Project Direcior for the Fertilizer
Project of the National Fertilizer Corporation of Thailand. He is an employee of
Foster Wheeler International Corporation,

16



GAVIN, RICHARD 1. is a Partner and a Project Director at Sargent & Lundy.
As a project director, Mr. Gavin is responsible for the implementation of the
work and the technical integrity of the project. In the course of discharging these
responsibilities, Mr. Gavin directs several project teams, each staffed by a project
manager, project engineers, and other technical personnel. Mr. Gavin consults
with his clients and project teams in planning and scheduling each project, and
developing the appropriate cost control systems.

During his work at Sargent & Lundy, he has been involved in the preparation
of reports and studies on various subjects pertinent to the electric utility industry
as well as for steam and electric power facilities for industrial installations. In-
cluded in these investigations were cogeneration feasibility studies, plant siting
studies, cooling lake and cooling towers studies, water usage studies, and many
others.

Mr. Gavin has had extensive experience in all phases of the mechanical design
of major steam-electric generating plants for utility systems as well as steam and
electric power facilities for industrial systems. His work has included responsibili-
ty for the design of 51 steam-electric power plant projects ranging in size from 20
MW to 985 MW. Fuel experience with these units has involved 7867 MW of coal
and lignite capacity, 4055 MW of gas and oil capacity, and 985 MW of nuclear
capacity.

Mr. Gavin earned his B.S.M.E. at Cornell University and he is a registered Pro-
fessional Engineer and a member of numerous engineering societies.

HERTZMARK, DONALD currently holds the position of ASEAN Energy
Consultant. In that role, he is responsible for performing consulting on new
energy projects tasks as requested by energy companies or agencies in the ASEAN
countries. His projects range irom natural gas to biornass. Dr. Hertzmark per-
formed his investigations into compressed natural gas under the auspices of
ESCAP. In addition to consulting, Dr. Hertzmark teaches at the Asian Institute
of Technology, Bangkok. Previously, Dr. Hertzmark has worked in the oil in-
dustry and for the Solar Energy Research Institute (U.S.). He received his
graduate training at the University of Wisconsin (1978) and undergraduate train-
ing at Georgetown University (1971). Dr. Hertzmark has published widely in the
fields of energy efficiency and alternative fuels.

HOLM, JOHN is the Director of Technical Planning and Sales for the
Rotoflow Corporation. His present responsibilities include exploring and
developing new markets for the company. k. also coordinates all sales on the
national and international level.

HOULE, JAMES F. is Manager of Projects for Research and Engineering,
Bechtel Group, Inc. He directs international development projects in regional
planning, industry and infrastructure planning, water and agricultural develop-
inent and energy resources.

Currently, he is Project Director for the USAID multicountry ‘“Technical
Assistance in Conventional Engergy’’ program and coordinates teams in Morroc-
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co, Sudan, Bangladesh and Indonesia. These projects involve gas resources
development, power transmission system improvements, coal development and
tiansport planning.

Mr. Houle is a Chemical Engineer and a registered Professional Engineer in
California, His career has involved 10 years in the design and operation of
petroleum production, pipelines and refining facilities and over 15 years in the in-
ternational development plaaning area.

HOSSAIN, MOSHARRAF is Director of Planning for Petrobangla,
Bangladesh. He received his BS in Engineering from the University of Lahore in
1964; his MSc in Engineering from Imperial College, UK in 1967 and his D.1.C.
Degree from London University in i976.

JAMES, RUSSEL G. is President/Owner of James Chemical Engineering.
Since 1964, he has carried technical, commercial, project and budgetary respon-
sibilities for the wide range of assignments handled by JCE. Originally based on
expertise of natural gas processing to syngas, ammonia and methanol, these
assiznments have covered the full range of fertilizers and natural gas derivatives
and have diversified into similar work on inorganics (soda ash and cement) com-
patitive fuels, energy conservation and pollution control.

JOUBERT, HENRI is the Manager of Brunei LNG. From 1978-1982, he was
Operations Manager of Shell Curacao. From 1976-1978, Mr. Joubert was
Refinery Superintendent of the PSPC Philippines Refinery. He was involved in
manufacturing planning in the head offices of SIPM, the Hague.

JOYCE, THOMAS J. is President of Tom Joyce Associates and serves as a
consultant to the worldwide energy industry, the World Bank, US-AID and other
United States governmental agencies. He has neld positions of Chief of the
Bureau of Natural Gas of the Federal Power Commission and Vice President of
Management Sciences at the Institute of Gas Technology. Mr. Joyce is a
registered professional engineer in West Virginia, Illinois and Michigan. He is a
member of the American Gas Association and a recipient of the Federal Power
Commission Distinguished Service Award. Mr. Joyce received a BS in chemical
engineering from West Virginia University.

KRANZ, ERIEN is employed by Stone & Webster Engineering Corporation,
Boston in the capacity of Business Development Manager with particular respon-
sibility for olefins. His experience in this area is based on 12 years of international
plant design. Mr. Kranz’s experience at Stone & Webster has included design and
economic evaluations for several chemical plant projects requiring frequent con-
tact with the major olefin producers of the world.

Mr. Kranz holds a Masters and Bachelors of Science degree from
Massachusetts Institute of Technology. He is a member of the American Institute
of Chemical Engineering.
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LEBLANC, J.R. is Manager, Inorganic Chemical Division, for the M.W.
Kellogg Company. He supervises and directs process design of plant facilities for
production of chemical and petrochemicat products including amnionia,
hydrogen, methanol, urea, and nitric acid.

Before joining Kellogg, Mr. LeBianc was a senior development engineer for
Dow :.hemical, and cailier a process and production engineer for Allied
Chemical.

He holds a BSChE in Chemical Engineering from Tulane University, is a
registered professional engineer in Texas and Louisiana, and a member of the
American Institute of Chemical Engineers.

Mr. LeBlanc has authored/co-authored numerous papers in the chemical and
petrochemical process field, and in addition is co-inventor on three patents
relating to ammonia production.

LEWIS, JAMES E. is a Vice President of Hayes/Hill Incorporated. Mr. Lewis
has been active in marketing, new product planning, business strategy and ac-
quisition/corporate development assignments. He has managed projects in a
variety of consumer and industrial product areas including industrial mincrals,
heating and air conditioning, indusfrial process equipment, consumer durables,
business services and energy resources.

Mr. Lewis is responsible for the firm’s energy and HVAC practice and is hair-
man of the firm's Marketing Practice Committee. He is a member of the North
American Society for Corporate Planning, the American Marketing Association
and the American Management Association.

MACOSKO, GREGORY is a Principal for Hayes/Hill Inc. He has concen-
trated on new products/market evaluation studies for both domestic and foreign
clients. His areas of specialization are the automotive market and the gas in-
dustries. He managed a study of the potential retrofit market of Compressed
Natural Gas (CNG) - powered vehicles in the US and has consulted with a number
of gas utilities on their marketing strategies.

MADDOCK, M.J. is Manager of Process Planning and Economics, responsi-
ble for direction of a group of senior engineers in planning and optimization
studies, conceptual engincering in early phases of a project, and process studiesin
new technology. Previous experience included responsiblity for technical supervi-
sion in process design for projects and proposals in the Olefins area.

Dr. Maddock earned a Ph.D. in Chemical Engineering at the Birmingham
University in the United Kingdom.

MEISSNER, RO_LAND E., Il is Director of Gas Technology for the Ralph M.
Parsons Company, Pasadena, California whore he is responsible for the process
design of oil production and gas processing facitities. He holds a B.S. Degree in
Chemical Engineering from the University of Wisconsin and an M.S. Degree in
Chemical Engineering from the University of Southern California. He is a
registered professional engineer in California.
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MILICI, GEORGE J. is Manager of Turbo Machinery for Ingersoll-Rand. He
is involved with engineering, applications, sales marketing and service of cen-
trifugal and positive displacement pumps, steam turbines, Centrifugal com-
pressors and gas turbines.

MOUNTS, GORDON D. is Vice President/General Manager of the Process
Systems and Services Department of the Catalysts and Process Systems Division
of Union Carbide Corporation. Mr. Mounts’ experience includes fifteen years in
engineering and ten years in operations, marketing, sales and business manage-
ment. Mr. Mounts started his career as a process engineer in South Charleston,
Wesl Virginia, He progressed through process design, operation analysis, project
management, and engineering management. From engineering management he
proceeded to product and operations management in scveral areas, including
ethylene oxide derivatives, amine products, acrylic esters, vinyl acetate and high
and low density polyethylene. He then became Director of Marketing for
polyethylene before moving to his current job. He led the Market Team that in-
troduced Unipol resins to the U.S. marketplace.

NICHOLS, ROBERTA J. is Supervisor of Alternate Fuels Engine Develop-
ment, including designing ethanol engines for Ford of Brazil. She came to Ford in
December, 1979. Under her direction several demonstration vehicles have been
built to operate on LPG (liquefied petroleum gas), CNG (compressed natural
gas), LNG (liquefied natural gas) and methanol.

Prior to joining Ford, she worked at The Aerospace Corporation for 19 years
as a Member of the Technical Staff, Environment and Energy Conservation Divi-
sion, Vehicle Performance Office. In 1978-79, she served as Consultant to the
State of California, Synthetic Fuels Program.

In 1974, Dr. Nichols was given an Outstanding Engineer Merit Award by the
Institute for the Advancement of Engineering; ard in 1975 she received a Woman
of the Year Award from The Aerospace Corporation. She has been actively
engaged in racing for many years and was holder of the Women’s Water Speed
Record as a drag boat driver from 1966 to 1969. She is currently involved with
vintage car racing.

NOELKIN, DAVE is a Senior Application Engineer for Caterpillar Far East
Ltd. Before this position, he was the OEM Regional Manager covering the entire
CFEL area. From 1978-1981, he was the Engine Sales Representative ccvering
Indonesia. He graduated with a BS degree in Mechanical Engineering in 1976
from the University of Missouri.

OSTBERG, WERNER has thirty-eight years of diversified experience in the ce-
ment industry in projects, operations and corporate management in the United
States, Canada, South America, Africa, the Middle East and Europe.

Currently, as Head of Engineering Operations for the Kuljian Cement Divi-
sion, he has overall responsibility for 1,000 TPY Juffrah Cement Plant Project
for Secretariat of Heavy Industries, Tripoli, Libya.
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Recently, as General Manager of International Projects for the largest cement
plant manufacturing company in the United States, he handled many proposals
worldwide, including complete, large cement plants using latest technology - con-
versions to the dry process, and coal conversion.

As an independent consultant, he was appointed to such organizations as
UNIDO and IBRD. He headed a team of experts commissioned by the World
Bank in 1979, which performed complete evaluation of the Indian Cement In-
dustry, considering growth and conversion of existing plants to dry, coalfired
units. In 1977, under a special grant from 1BRD, he performed an assessment of
earthquake damages for the Rumanian Construction Industry.

RHOE, ANDREI is Senior Vice President of Technology for Lummus Crest
Inc., a unit of Combustion Engineering, Inc.

Mr. Rhoe is in charge of the entire operation of the Lummus Technical Center,
Engineering Development Center, and Operations, Maintenance and Training
Divisions of Lummus Crest. He brings to this position over 25 years of experience
as an engineer in research, design, and deveiopment for the petioleum and
petrochemical industries.

Mr. Rhoe earned a Bachelor’s degree in Chemical Engineering at the Petroleum
and Gas Institute in Romania and a Masters of Business Administration degree at
the Centre de Perfectionnement aux Affaires (CPA) in France.

SCIVALLY, H. ROBERT is currently Manager Business Development for
Petroleum and Chemical Division of The Ralph M. Parsons Company.

Recently Managing Director of Saudi Arabian Parsons, Ltd. Member of Board
of Directors, Board of Control of Parsons - Daniel Joint Venture and Executive
Committee of American Businessmen of Jeddah,

Prior to this, Scivally held positions in a major Japanese Chemical Engineering
and Construction company.

He is a licensed Professional Engineer and holder of seven U.S. patents on new
processes.

SALLEH, HASHIM is in charge of developing gas utilization projects in
Malaysia. One of the most important energy projects in the country, involving
tapping off-shore gas fields, gas processing and gas transmission for power
generation and the petrochemical industry is under his responsibility.

SPOHN, HAL C. is a Principal Engineer in Fluor’s Advanced Technology
Planning Department. He is responsible for market and economic analyses for
feasibility studies and resource evaluations. His experience includes a wide range
of functions in the energy and chemical industries. Mr. Spohn received his B.S. in
Mechanical Engineering from the University of Colorado and holds a Business
Management Certificate from the University of California.
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GALE, STEPHEN 1J. received his doctorate in Physics from Cambridge
Jniversity, UK. He has been with the Ministry of Energy since 1978 and has been
nvolved with the synthetic petrol project since the earliest investigations. He was
1ssigned to Mobil for several months and later became a member of the Ministry
»f Energy’s three-man negotiating team that settled the project contracts with
Viobil Oil. He was also a member of the team that completed the economic review
sf the venture for the final government decision. In the last two years, Dr. Gale
1as served as coordinator in the Planning Division for the gas sector. This task
1as involved participation in studies of industrial and domestic reticulation (op-
iimal system expansion rules), establishment of gas resource costs (for intersec-
.oral allocations of gas) and review of options for expansion of production
Facilities.

STRUTH, BERT, has been an Executive Vice President of Chem Systems Inc.
since 1976. He joined Chem Systems, an international consulting company, in
196S. Prior to that, Bert Struth was employed by Exxon Research & Engineering
for eleven years in both refining and petrochemical planning, design, and start-
up. He currently heads Chem Systems’ consulting services in the Western
Hemisphere and Far East.

Bert Struth received his PhD) in Chemical Engineering from the Brooklyn
Polytechnic Institute in 1954.

TABAK, SAM joined the Process Research and Technical Service Division of
Mobil Research and Development Corporation in 1976 after receiving his PhD in
Chemical Engineering at the Pennsylvania State University. His initial assignment
was in Exploratory Process Research where he contributed to development of
new catalytic technologies for aromatic isomerization and olefin processing. He
then transferred to Process Development where he contributed to commercializa-
tion of technologies for catalytic dewaxing, gasoline hydrotreating, and olefin
processing. His work has resulted in 21 patents and 6 publications. Presently Sam
is project leader for development of the Mobil Olefin to Gasoline and Distillate
(MOGD) Process.

THORBECKE, WILLEM H. is a veteran of two multi-nationals and one
domestic company which he built up into a worldwide international company.

He has conceived, developed and built up international businesses on six con-
tinents comprising total assets in excess of one billion dollars.

As Chairman of Energy Support Services, Inc. he formed joint ventures with
prominent companies in Saudi Arabia, the Netherlands, Indonesia and Thailand
and appointed representatives in Taiwan and the Philippines.

Previously, while serving as President of Dravo International, he put together a
worldwide management and marketing organization. Regional offices were
established in Europe, Africa, the Middle East, Latin America, and in the Far
East, thereby successfully pioneering the entry into eight new international
markets, including Saudi Arabia, the Peoples Republic of China, Thailand and
the Philippines. During the period 1977-1981 cumulative international business
booked exceeded $1.2 billion.
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He is a Director of the World Affairs Council, a member of the American
Management Association’s International Management Division Council and a
member of the National Association of Corporate Directors.

In March of 1982, he was one of the Founders of Energy Support Services, Inc.
(ESSI) which is an international company providing scrvices 1o the Electric
Power, Petroleum and Gas Industries. Its United States operations are located in
North Carolina, Louisiana, Texas, Pennsylvania and Alaska and its international
network consists of experienced business associates in Japan, Taiwan, the Philip-
pines, Indonesia, Thailand, Saudi Arabia, Western Europe, North Africa and
Latin America. In June of 1983 he was elected Chairman of the Board of Direc-
tors.

TICE, GERALD F. is a Supervising Engineer in Fluor's Advanced Technology
Planning Department. He is responsible for technology evaluation and acquisi-
tion, with emphasis in the chemicals and energy fields. His prior experience in-
cludes process development work. Mr. Tice received his B.S. in Chemical
Engineering from the University of Wisconsin and studied Business Management
at the University of Chicago and UCLA.

ZACK, RENO S. is Manager of Olefins Development for C F Braun & Co. He
is responsible for defining the company’s development programs in all
theirtechnological aspects and coordinating execution. Mr. Zack received his BS
in Chemical Engineering from The University of Texas and a Business Manage-
ment certificate from UCLA.
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Thailand - United States Natural Gas Utilization Symposium
Bangkok, February 7-11, 1984

Fnergv Resotirees and Roserves

Sivavong Changkasiri

Director General
Department of Mineral Resources, Ministry of Industry

Abstract

A Solution to energy-self-reliance for Thailand is to put more
emphasis on developing the country's energy resources such as oil, gas,
coal, o1l shale, geothermal and radioactive minerals.

Exploration and evaluation of new petroleum prospects are
constantly being conducted. At present, proved natural gas reserves in
the Sulf of Thailand is estimated at 5,94 trillion SCF plus 119.5 million
barrels of condensate. Onshore recoverable o1l reserve in the central
plain 1s estimated at 30 million barrels. The country's total natural
gas production is about 184,6 MMSCFD whereas the total crude oil and
condensate production is about 18,500 barrels per day.

Coal deposits have heen found in the northern and southern parts
of the couutry. Total proved conl reserve is about 678.05 million
tonnes.

011 Shale has been found in a large quantity in the Mac Sod
area of Tak province where total reserve is about 18,600 million metric
tonnes.

Several hot springs in Chiangmai and Chiangrai provinces are
under studies for utilization as geothermal energy source.

Monazite sand straddled along the southern part of the country
has been found to yield some low-grade Uranium and Thorium. Also, poten-
tial source of Uranium oxide is situated in the Khorat plateau in the
north-eastern part of the country.

//
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Bangkok, February 7-11, 1984

fhaifand’s Economic Transformatton and Futues Diveclion

of Entrqgv Policy

Phisit Pakkasem

Deputy Director General
National Economic and Social Development Board.

Abstract

Thailand's mix of economic policies has always been formulated
to strengthen and diversify the country economic base using our resource-
tich position, comparative advantage, social cohesion and agroeconomic
position in Southeast Asia. The key growth components leading to our
sound economic performance during the last two decades are:

e iesource-rich economy and net food exporter
o conservative fiscal policies
e strong private sector

e stability in economic management

Our economic outlook for the next five years could be viewed
as transformetion from the traditional agricultural-rural resource based
to more urban and industrialised. The economic transformation will
"take-of f'" aided by the availability of natural gas and oil and develop-
ment of basic industries. The central feature of the current National
P - ,pment Plan is the industrial development program of Thailand's
Es.cern Seaboard (ESB). The program will involve investment of §$ 5 billion
in its first stage and will make the ESB a 'nev industrial spring-board
of Southeast Asia", The success of the program will make Thailand one of
the so-called "newly industrializing countrics (NIC)".

With this economic policy,Tha‘land's GDP growth rate Is projected
to be 6.5 %Z per annum for the next f{ive years. Demand for energy Is also
projected to increase at rates above 6 X per annum which {is higher than
the Plan's 4,7 % target, However, the discoverfes and production of fndi-
genous natural gas and ol will reduce Thailand's dependence on Imported
oil from 65 % of total energy consumption in 1981 to 45 %2 in 1987 and 33 %
by 1990, Investment by the public sector for energy related projects is
estimated at § 7 billion.
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The national energy policy of supply management through maximum
production of {ndigenous energy, diversify energy supply structure in
order to reduce dependence on imported o011 and of demand management in
restraining growth 1o encrpy demand will have to address the following
{ssues:

e reliability of reserve estimates

e economics of exploration and production

o jolnt venture structure

e encrgy pricing

The policy also emphasices and encourages continued intensive search for
addittonal indigenous energy resources and efficient utilization,



Thailand - United States Natural Gas Utilization Symposiwn
Bangkok, February 7-11, 1984

Thalland’s Investment Policy

Chira Panupongse

Deputy Seoretary General,
Office of the Board of Investment

Abstract

The basis of Thailand's investment policy has always been to
support and encourage productive and profitable investment by the private
suctor in order to enhance economic, financial and social stability.
Taroughout the remainder of this decade, large volume of private invest-
ment will be required to implement the large-scale, capital intensive
projects planned for the Eastern Seaboard Development Program. The Royal
Thai Government is committed to maintaining the favorable investment
environment that the private investors, both Thai and foreign, have enjoyed
with three major supports:

¢ reduction of risk of investment

o reduction of initial investment cost

s improvement of overall rate of return on lnvestment

The Roard of Inves'ment, the Thal Government's designated
invegtment promotion agency has granted privileges 1involving both tax
and non-tax incentives for even {nvestments with many of these benefits:

e tax holldays

o special deductions from taxable income

e cxception of duties and business taxes of Imported machinery

and raw materials

o exception of duties and business taxes on export sales

e temporary tariff suicharge to prevent unfair dumping

o free repatriation of capital and remittance of profit

R
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In addition to these incentives, the Board of Investment has
eatahlished the "One Stop Services Center” to speed up the procedurcs

required for securing fovestment and {ndustrial permits to within 90 days.

BOI's priority puidelines have aluays been developed to harmonize with
our national development plans and to help investors identify the most
profitable investment opportunities.

(
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Bangkok, February 7-11, 1984

Thailand's Energy Sunply/Demand Pattern and Petroleun

Development Program

Tongchat Hongladaromp

Governor
Fetroleum Authority of Thailand

Abstract

The paper describes current status and the outlook of the energy
situation in Thailand and the program for the development of Thailand's
petroleum resources and its utilization. Energy in Thailand are supplied
from both imported oil and indigenous commercial and non-commercial sources
which includes hydropower, coal, lignite, charcoal and firewood. However,
these indigenous sources of energy are limited in availability and are
rapidly diminishing. By the same token, the dependence on petroleum as
a source of energy will be more and more dominating. Therefore, emphasis
have been placed on the d2velopments in the oil and gas industries which
will enormously change the pattern of energy supply and consumption.

The development of petroleum exploration in Thailand started
more than 10 years ago with the exploration for petroleum in the Gulf
of Thailand. We have now discovered more than ten fields bearing gas
and condensate and one field bearing crude oil and have also completed
the main transmission pipeline bringing ashore natural gas from the Erawan
field in the Gulf of Thailand to two power plants in Bangkok and to two
cement plants 150 kms north of Bangkok. The natural gas that is being
delivered and which is planned for up to 1990 has all been committed to
supply domestic demand to achieve the following:-

e savings in energy cost

s reduce foreign currency outflow

e reduce dependency on imported petroleum

e provide feedstock for basic petrochemical Industries

The Petroleum Authority of Thailand, which is Thailand's national
oil company, is currently building a gas separation plant to produce LPG
and ethane/propane from natural gas, The plant 1s scheduted for operation
in 1985, Other projects to utilize our natural gas and to maximize its

benefit to the country includes a petrochemical complex and a fertilizer
complex, These projects are expected to be completed in 1988,



This petroleum development program is planned hase on esti-
mated offshore gas reserves of 10 trillion cubic feet supplying gas at
a rate of 700 MMSCFD by 1990, lowever, the discovery of new gas and
o1l reserves onshore In the central part of Thailand may provide new
opportunities for Thailand which may enable her to earn foreign exchange
through export of excess supply of petroleum in the future.
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The Unton 011 Company of Thalland's Operatlons In the Gulf of Thalland

Dr. Harold M, Lian

Prestdent
Union 0Ll Company of Thailand

Abstract

The natural gas accumlations ino the Gulf of Thailand occur in
largely nonﬂmarine Tertiary sediments. The producte of erosion of the
neighboring highlands accumlated as stream channel deposits, river £lood
plain deposits, delta systenms, lake beds and swamp deposits. Aggregate
thichness reaches 9-10 kilometers in the decper parts of the basin.
Structural uplift and a coumplex system of north-south faults localized

the sccumulations of natural gas and condensate.

The Union 011 Company of Thailand, together with the South East
Asia Petroleum Exploration Co. Ltd., and Mitsui 041 Exploration Co., Ltd.,
cve been actively exploring and developing four concessions in the Gulf

of Thailand since the Erawan fileld was discovered in 1973.

Eravan fileld went on.production'in August, 1981. Development
operations are contiming and production has reached 160 million cubic
feet of gas per day, together with 6,000 barrels of condensate, Eight
well platforms have heen get to date, and if future delineation drilling

1s successful, moxe may be installed.

A second field, Baanpot, comnenced productiocn in October, 1982
from a single platform. Current production is 25 million cubic feet per

day plus 1500 barrels of condensate.

A
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Thailand - United States Natural Cas Utilization Symposiium
Bangkok, February 7-11, 1984

Summary of Exploration Drilling Results - Northeast Thatland

G.W. Grader

Vice-President & Managing Director,
Esso Exploration and Produation Khorat Ine.

Abstract

Esso has been exploring in the Khorat Basin of Northeast Thailand
and to date has drilled 7 wells. One 15 a gas discovery, one is an indicated
gas discovery, one i6 an outpost discove;y, one has non-commercial gas shows,

and three are dry holes.

Egso's -assessment of the undiscovered potential of the Khorat Basin
remains optimistic. However, complex geolcgy and high drilling costs are

restraining factors to further exploration drilling.
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Bangkok, February 7-11, 1984

"B" Structure - Gulf of Thalland

Joe R, Clark

Prgsident, Texas Pacific Oil Company, Ine.

Abstract

Texas Pacific began its search for hydrocarbons in the Gulf of
Thailand in 1976. "B" Structure was discovered in the fall of that same
year uith the drilling and testing of the 15-B-4X well, Subsequent explo-
retory and delineation wells outlined a sizable, and geologically complex
gas sccumulation. Three-dimensional seismic and data obtained from the
exploratory and delineation wells including comprehensive well testing
programs provided sufficient technical information to indicate development
of this gas accumulation is ecunomically viable. It is presently anticipated
that sales of "D' Structure gas will be to the Petroleum Authority of Thailand
"(PTT) ond negotiations for such a sale are presently in progress. Upon com-
pletion of these negotiations, development will proceed toward providing an
in{tisl target gas =ales rate of 150 willion cubic feet per day. Initial
planning will also include provisions for eventually inc;easing the sales

rate to 250 million cubic feet per day.

P 1;’ /\
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BIODATA
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B10DATA

Mr. G,W, Grader
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Vice President and Managing Director

University of Massachusetts - 1974

Clark University B.A. 1950
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U.5, Navy

Merchant Marine

Creole Petroleum Corp., Venezuela
(Wellsite and Surface Geologint)

Esso Standard Libya Inc., Benghazi
(Subsurface Geologist)

Esso Production Research, Houston

Esso Standard Libya Inc., Tripoli
(Reglonal Geologist)

Esso Exploration Inc., Spain
(Geologic Advisor)

Esso Exploration Inc., England
(Project Supervisor)

Esso Exploration and Production Khorat Inc.
(Vice President and Managing Director)

30 Years Experience, International
Petroleum Exploration
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Computer Analysis of Structures.

August 1969 - November 1976 Faculty member, Director of Computer Center
of Asian Inscitute of Technology
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Department of Chemical Engineering

Faculty of Engineering
Tel. 251-1510, 252-5001

February 20, 1984

Dr.Arnold H. Pelofsky
AER Enterprises

P.0. Box 454

East Brunswick,

N.J. 08816

U.S.A.

Dear Dr.Pelofsky :

First of all I should like to extend my congratulations to you
and Mrs.Pelofsky for the very successful USAID-PTIT symposium on Natural
Gas Utilization from which our Department learned many things that will
be useful to future teaching and research programs in the Department.
Enclosed herewith is a very tentative agenda for a Regional Conference
on Petrochemicals to be held in August or September 1984 and for which the
Department already has $7,000 from the Government budget and from
Chulalongkorn University's own budget. I should like to investigate the
possibility of making use of your services in order to be able to arrange
such a conference. I would also be interested in requesting USAID help
in organizing this Regional Conference. My objectives in this Conference
will be to focus on topics that will involve Universities and that will be
topics that Thailand will have to develop during the various phases of the
Eastern Seaboard Project. I propose that you rewrite the agenda according
to your ideas and past experience in case you would accept to act as

co-organizer with my Department and send me further details.

It was very nice to have met you in Bangkok and I hope that

this new project will be as equally as successful as the last ome,

Sincerely yours,

Wraphat= Ar
(Cr.Woraphat Arthayukti)
Head, Dept. of

Chemical Engineering



Regional Conference
on
UNIVERSITY/INDUSTRY INTERACTION IN THE DEVELOPMENT

OF THE PETROCHEMICAL INDUSTRY

organized and convened by

The Faculty of Engineering, Chulalongkorn University

supported by
The Ministry of Education, Thailand
The Ministry of University Affaire
The Ministry of Industry
The Petroleum Authority of Thailand
and

The Engineering Institute of Thailand

September 1984

Bangkok, Thailand
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BACKGROUND

With the advent of oil and gas explorations and discoveries
in Southeast Asia and the Pacific many countries in that region
have made decisions to expand their industrial base to include pe-
trochemicals manufacture. As a leading University sclentists and
engineers for Thailand's development, and in support of Thailand's
Eastern Seabord Project, where petrochemical plants are being built,
Chulalongkorn University is currently assessing its role in produc-
ing technical personnel and expertise to complement the Government

and private Industry in the development of a Petrochemical Industry.

This Regional Seminar on University/Industry interaction in
the Development of the Petrochemical Industry will serve to focus
on the role of the University in the development of an Industry
within a regional context. As a result of the Seminar it is hoped
that the participants will have gained a deeper understanding of
macroperspectives of the Petrochemical Industry on a global and
regional level and will obtéin a better understanding of the interac-
tion that is needed between Univergities and Private Industry to pro-

mote the development of the Petrochemical Industry.

Besides dwelving into the overview of the subject matter the
Seminar will also focus on areas of Research and Development into
the Technology, Project planning on a national scale, Project manage-
ment at single levels, Energy Conservations in Petrochemical Plants

and Environmental impacts of Petrochemical Industries.

PURPOSE

To provide information on the National Development Programs
of the Petrochemical Industry in Southeast Asia and the Pacific; as

well as regional and global perspectives.

To provide information on the trends of Petrochemical tech-

nology and advances.



To present and discuss geveral topics relevent to University
and Industry in the development of the Petrochemical Industry. Spe-
cifizally the area of Projects planning, Project management, Energy

conservation and environment impact.

To explore additional areas of common interest between Uni-
versity and Industry in the Development of the petrochemical Industry

in Southeast Asia and the Pacific.

DATE AND VENUE

Dals Ak ————

The Regional Conference will be held in Bangkok, Thailand in
early September 1984.

ANTICIPATED PARTICIPANTS

The participants and exports will come from Universities,
Government planning Offices, and from Industry dealing with Petro~

chemicals from various countries in goutheast Asia and the Pacific.

CONFERENCES ARRANGMENT

The Conference will be held at the Conference room of Chula-
longkorn University, Bangkok. The medium of communication of the

Conference will be English.

PROGRAMME AND AGENDA

Day 1 , September 1984

08.30 - 09.00 Registration

09.00 - 09.30 Opening Ceremony

09.30 - 10.00 Coffee Break

10.00 - 12.00 Session 1l: Invited Papers of the Petrochemical

Industry Global Perspectives of the petrochemical

Industry. Status of thﬁ Technology of Petrochemi-

cal Production and research and development trends.

12.00 - 13.30 Lunch Break
13.30 - 15.00 Session 2: National pevelopment Programs of Petro-
chemical Industry and Engineering sxpertise Deve-

lopment (country papers) .

~
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Coffee break

Session 2: continued.

Session 2: Continued

Coffee Break

Session 3: Research and Development in Petro-
chemical Technology

Lunch Break

Session 3: continued

Coffee Break

15.00 - 15.30
15.30 - 17.00
Day 2, September 1984
08.30 - 10.00
10.00 - 10.30
10.30 - 12.00
12.00 -~ 13.30
13.30 - 15.00
15.00 - 15.30
15.30 - 17.00

Session 4: Project Planning and Project Manane-

ment.

Day 3, September 1984

Segsion 4: Continued

Coffee break

Session 5: Energy Conservation and Environmental
Impact

Lunch Break

Session 5: continued

Coffee break

Departure for Eastern Seabord

Visit to Eastern Seabord Projects

Session 6: Round table discussion on University/
Industry interactions
Coffee Break

Segsion 6: continued

08.30 - 10.00

10.00 - 10.30

10.30 - 12.00

12.00 - 13.30

13.30 - 15.00

15.00 - 15.15

15.15

Day 4, September 1984
Day 5, September 1984
08.30 - 10.00

10.00 - 10.30

10.30 - 11.30

11.30 - 11.45

Closing of the Conference



For further information please contact

Dr. Woraphat Arthayukti
Head, Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Bangkok 10500, Thailand
Tel. 251-1510 ext. 53.52
Cable: ENGCHULA,THAILAND.
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FIELD TRIP
FEBRUARY 9-i1, 1984
ITINERARY

THURSDAY, FEBRUARY 9, 1984

16.30 Hrs. - Departure from Bangkok to the Royal
Cliff Hotel, Pattaya
19.30 Hrs. - Arrival at the Hotel

FRIDAY, FEBRUARY 10, 1984

09.30 Hrs. - Departure to the LDPE Plant, Rayong
Province

10.30 Hrs. - Briefing and Tour of the LDPE Plant

12.00 Hrs. - Lunch hosted by the Thai Petrochemrical
Industry Co., Ltd.

14.00 Hrs. - Departure to the Gas Separation Pl:ant
Site

14.30 Hrs. - Briefing and Tour of the Gas Plant

15.45 Hrs. - Departure back to the Royal Cliff Hotel

SATURDAY, FEBRUARY 11, 1984

09.00 Hrs. - Departure to the Marine Terminal at
Khao Bo Ya, Laem Chabang Deep Sea-
port, Chonburi Province

09.30 Hrs. - Tour of the Marine Terminal

10.15 Hrs. - Departure to the Gas Monitoring Station,
Operation Centre, Chonburi Province

11.00 Hrs. - Briefing and Tour of the Operation Centre

11.45Hrs. - Departure to the Bang Pakong Power
Plant

12.15Hrs. - Arrival at the Bang Pakong Power Plant

12.30 Hrs. - Lunch hosted by the Electricity Genera-
ting Authority of Thailand (EGAT)

13.30 Hrs. - Briefing and Tour of the Bang Pakong
Power Plant

15.30 Hrs. - Departure back to Bangkok
17.00 Hrs. - Arrival in Bangkok
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ELECTRICITY _
|
'AKONG POWER PLANT

Yakong Pownr Pl of the Fhamaty Generating Authonty C
d (EGAT) shall conamt of the baug Pakong Thermal

3 (4 x 550 MW) and the Bang Pakong Combined Cycle

nt (2 x 360 MW}, both of which are focared on the left

: Bang Pahong River at appine rannately Y kms southeast

k in Chachoengsao Provinee

consists of 1wo gas steamn combimed cycle blocks Each
iprises 4 by 60 MW gas turbine uiits and vne 120 MW
cycle heat recover steam generator uinl wh.-h are now

o

\KONG COMBINED CYCLE POWER PLANT D

AKONG THERMAL POWER PLANT

sdate four S5 MW steaim generaling umts

ect has already been approved for the constructon of

g Pakong Thermal Power Plant has been planned 10 E
| ]

MW thermal power plants winch were designed to be
i esther ol o natural gas oz both The fist plantis now

Jon whereas the second plantis under construcion

4
i
[
3as 15 supphed by the Petroleum Authonty of Thaland : .

ough the ppeline from e g beld i the Gulf of Thadand.

GAS TRANSMISSION SYSTEM

OPERATION CENTRE (OC)

The Operanon Centre 1s located w Chonibur Province, approxi-

motely B0 ks, from Bangkok

Information of the whule pipeline system is serit via the eommum-

T cation system to the control centre 1 e the Operanon Centre {OC)

m Chonbun  The Supenaony Control and Data Acquisition System
" (SCADA) 15 nstalled 1o supervise the system so that the operators
a1 OC will be nfurmed of all the status of the system Alarms will

— -
alest of any uregulanty in the system Automatic shut off valves

at vanous crtical ponts ¢ g. the Mamine Pressure Regulating
< ation (Station BVI6) at Bang Pakong are also provided 1o msure
safety of the sysiem

Data sent to the main computer at OC will be compiled, analyzed,
evaluated and compare 1with field data Vital date wall be recorded

and stored in computer memory
—

The PTT commusication system consiats of a microwave system,
LVHF radio and satellite sy<tem to transmit vowe and data lrom
the offshote and onshore staton to the centre of communication
—-at OC. VHF and Single Side Band Radio are used as back up
system when the main communicalions break down.

TERMINAL SITE (TS)

Natural Gas 1s supphied through a submanne transnussion pipelne.
415 kms m length and 34 inches i dumeter from the Union O
Production Piatform, block 12, in the Gult ol Thailand, extending
north 1o the onshore Dew Pont Conol Uit (DPCU) at ihwe Ternunal
Site. Mab Tapud. Rayong Province, approximately 200 kms
from Bangkok

DEW POINT CONTROL UNIT {(DPCU)

The facilites at DPCU consist of a scraper. receiver and launcher.
pressure tequlator, melering staton, slug catcher and the Dew
Point Control Unit. The DPCU utself consists of 1wo refngeration
uruts, a gas/gas exchanger, condensate fiash drum, condensate
knock out drum, NGL storage and truck loading facities.

The DPCU will control the hydrocarbon dew pont of gas to an
acceptable level for use as industnal and domestic fuel (normally
at 60°F . 650 psig)

Recovered condensate (Natural Gasoline) will be piped to the
Gas Plant, presently under construction for further processing.
In the meanume, the Natural Gasoline is trucked to the nearby

refinery (TORC).

A 28 inch onshore gas pipeline connects the DPCU to the Bang
Pakong and South Bangkok Power Plant. The 169 km route of
the pipeline follows an imeqular course primanly alongside existing
highways

Another 24 inch gas pipelne system, 39 km.n length, branches
10 Nongkae Junction from where the 16 nch and 18 ich gas
pipehnes are routed to Ta-Luang and Kang-Kor Cement Factones
in Saraburi Province, respectively :

e
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NATURAL GAS SEPARATION PIJ’\N'W

The Natural Gas Separation Plant s being constructed at the Td
munal Ste. Mab Tapud. Rayong Province, on the Eastem Seaboar

The project consists of the fullowing main sechons

. Gas Separation Plant at Rayong (GS)
. Product Transter Pipelme (TP}
- Manne Tesim al at Khao Bo Ya (MT) |

The Gas Separabon Plant will have a total capacity of 350 MMSCE
ol feed gas. This leed gas comes from the gas fictds located in 1l
Gulf of Thalland In the il stage. the plant will produce hquel
petroleum gas (LPG). o muxture of propane and butane, to |
used for conking and motor fuels

Subsequently, ethane will be extracted to be used together wi
propane as leedstock lor the olefins plant in the p-trochems
industry. And methane, besides being supphed as fael for pow
and industnal plants, will be used as feedstock for the chemn
fertheer plant.

The propane. LPG and natural gasnhine will be transporied 1
Ihe Transfer Pipelines to the Manne Terminal and natural gasoh
further supphed via pipeline 10 the TORC refnnery neatby



MARINE TERMINAL ATKHAO BO YA

Al vhe Marine Terminal. the products armving by pipetme will be
stored at the tankfarm and shipped out enher by truck /truck-
loading station or by barge/shiploading staton located im o 1300
m long Jetty It is also foreseen 1o unload/load and store natural

gasohne s crude odin the future.

Linde AG. Werkgruppe TVT Muenchen s the CONSULTANT
for the Gas Plant Project. supplyng basic design. tid evaluanon
and assistance in selecting the Contractor {Phase 1) as well as
management and supervision of the Project (Phase 1)}

The CONTRACTOR for the Work, responsible for detailed design,
material. supply. construction and commussioning is the Con-
sortium of TOYO Engineering Corporation (TEC). the Randall
Corporation and Mitsyi & Co.. Lid.

CHEMICAL FERTILIZER PLANT

The National Fertilizer Corporation Ltd. was established in October
1982 with PTT as the largest shareholder. Early this year, a con-
sultant firm was hired to conduct feasibility studies on the fertilizer
slant including the establishment of the production process most
suitable tc Thailand. The feasibility study was completed in August
1983.

Ine Naional Fertilizer Corporation Ltd. is currently preparing
documents 1o tender for the engineering and construction of the
fertiizer plant.

FUTURE PETROCHEMICAL INDUSTRY

A petrochemical complex is being established to use ethane and
syropane from natural gas to supply petrochemicals and plastics
‘or domestic demand. The complex consists of an olefin plant,
which is the upstream unit, to produce 300.000 tons/day of
ethylene and 73.000 tons/day of propylene and the downstream
>lants which consist of the following :

Plant Capacity (Metric tons)
Low Density Polyethylene (LDPE)  100.000
{igh Density Polyethylene (HDPE) 110,000

_ Jolypropylene {PP) 70,000

Vinyl Chloride Monomer  (VCM) 80.000

Y

Rordatn PETROGHEMISAL CO

EASTERN SEABOARD DEVELOPMENT

In order to boost and e:pand the ccuntry’s economic status. the
Government has given top priority to the development of natural
gas related industrics on the Eastern Seaboard. Equally important
is the development of a new urban populated centre which will
become the nucleus for future development and expansion of
other areas. Therefore, besides the construction of the Natural
Gas Separation Plant, there will be an enormous amount of invest-
ment for several projects e.g.

- the development of the deep seapcrt

- the ethylene cracking plant

. other downstream industries using natural gas as feedstock and
energy.

- other related industries

- the development of infrastructure i.e. telecommunications services,
rail and road network, provision of water supply and electricity
to support future development

Bk
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6 March 1984

Dr Arnold H Pelofsky
President

AER Enterprises

P O Box 454

E Brunswick

NJ 08316

U.S.A.

Dear Arnold

Just a note to thank you for your help and congratulate
you on the organisation of the symposium. '"You'
obviously includes Loretta. I'm briefing the US
economics attache here about the meeting so your fame
spreads.

I hope your holiday in Israel went well.

Kindest regards

Stephen Gale



T. JOYCE ASSOCIATES, INC.
CONSULTANTS-ENERGY RESOURCES
POST OFFICE BOX 421
FAIRFAX., VIRGINIA 22030

703-323-6740

March 4, 1984

Mrs. Loretta K. Pelofsky
Meetings Coordinator
AER Enterprises

P.0O. Box 454

East Brunswick, NJ 08816

Dear Loretta and Arnie:

I know I am not the first to congratulate both of you on a
well-organized and informative meeting. But having gone through the mill
several times myself, I can appreclate the effort that was required. I heard
nothing but good comments about the arrangements, the program and the
participation. We have already followed-up with TDP and AID here in .
Washington and feel the meeting was very helpful to us in getting acquainted

with the right people. I know the meeting will generate more business for you:

and I hope more for me as well.

Thanks for all the help you gave me. If there is anything I can do
anytime, or any information I might provide, don't hesitate to call.

Best personal regards,

e r )
Thomas J. Joyce



(A %W?W) Air Products and Chemicals, Inc.

PROCESS SYSTEMS GROUP Houdry Division
Box 538, Allentown, PA 18105 USA
Telephone: (215) 481-4911
Telex: 847416 Cable: AlrProd

19 March 1984

Arnold 1. Pelofsky, Ph.D
AER Enterprises

P.0. Box 454

East Brunswick, NJ 08816

Dear Arnold:
I apologize for being late in writing this.

On behalf of myself and Dave Phillips, I want to tell you how thoroughly impressed
we were with the organization of the Thai-USA Symposium which you headed in
February. Seldom have we attended a reeting where the various speakers,
accommodations, lunches and dinneis. -ud field trips were better organized and
executed. In addition, the conter. of the various meetings was outstanding. You
deserve a pat on the back and we want you to know that.

Having said that, I now want to point out an interesting thought that ran through
my mind while I was in Thailand and which perhaps you would care to share with
people at US AID. It seems to me, as an average American businessman, that our
Foreign Aid policy presents us with a bit of a dilemma. The US appears to
enter a developing nation with nothing but good intentions, money, and the
technical expertise to build the needed infrastructure. Without this infra-
structure, these nations cannot move forward. We virtualy donate the schools,
the roads, the dams, the irrigation systems that enable these countries to
survive. We do good deeds. We give our fellow neighbors in the world a
chance. Unfortunately, in my opinion, we then seem to step back and allow
Japan Inc., France Inc., UK Inc., etc. to take the gravy. And along with the
gravy, the long term business relationships that make nations trust and work
together.

When I visited on the field trip at the gas separation plant and saw the
phenomenal work that Toyo Engineers had done with the gas separation equipment,
and then when I saw how the Linde-German engineer was working hand-in-glove
with the P.T.T. facility, it struck me how important it is for our foreign aid
policy to move further down stream in the development process of the nation.
Somehow we must get the US Export-Import Bank to be more aggressive in supplying
finarce to American projects. We must get TDP and US AID to move further down
stream beyond symposiums and past feasibility studies to help assist American
business compete with the foreign firms that do count on their nations to
sponsor their projects. Given cur desire to maintain a "laissez-faire"
government business interface this may prove to be a difficult task. Never-
theless, we must try to do something so that average American businessmen can

AAamnatao
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Mr. Arnold H. Pelofsky
Page Two
19 March 1984

Perhaps one way we might do this in the specific Thai situation would be for
the government to sponsor a delegation of ten key Thai Petrochemical people
on a visit to the USA. I would suggest that you organize this for TDP and

US AID in much the same way that you did the symposium in Bangkok. It is my
thought that if the US government were to bring over a delegation of ten key
Thai's VIPs, companies could then on a day by day basis take charge of these
people and show them how American technology works. Air Products would enjoy
hosting these VIPs for three days. We would like to show them our facilities
in Allentown and perhaps one or two of our plants. I believe that this kind
of presentation would be impressive to them and would help guide them to
eventual purchase of American equipment and American technology. We would
also work with you in coordinating the entire trip as appropriate. Please
give this concept some thought and if you do feel it has merit, speak about
it with people in Washington. 1 can suggest names of key Thai people that
might be considered for such a mission.

In any case, once more it was a pleasure to participate in the symposium in
Bangkok. You did an excellent job and you have certainly impressed the entire

Air Products organization.

Very truly yours,

Jerome L. Glazer
Business Manager - Far East
Houdry Division

JLG/bah



