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PREFACE

APEC WORKSHOP ON ASSESSING AND MAINTAINING
THE INTEGRITY OF EXISTING OFFSHORE OIL AND GAS FACILITIES

BEIING, CHINA

OCTOBER 9 - 11, 2000

Recalling that in 1997 the APEC Leaders directed Ministers, in coordination with the
private sector, to develop specific initiatives for sustainable development of the
marine environment,

Recalling that in 1996 the Leaders affirmed “the central role of the business sector in
the APEC process” and soon thereafter the Marine Resources Conservation (MRC)
Working Group adopted an Action Plan for the Sustainability of the Marine
Environment and specifically included as one of its three central tools that will
provide the means to achieve its three key objectives the need for the public and
private sector participation and partnership;/1

Recognizing that this APEC Workshop in Beijing was approved by the APEC MRC
Working Group at its June 2000 meeting in Lima, Peru;

Recalling the recommendation of the APEC Workshop on the Decommissioning of
Offshore Qil and Gas Platforms, held in Jakarta in 1998 to consider future
seminars/workshops to highlight an exchange of information on technology, safety,
environment, finance and cost analysis and to facilitate the development of
cooperative research initiatives among the economies;

Recalling the endorsement by the APEC Energy Ministers in San Diego in May 2000
of “cooperation initiatives that provide benefits to all citizens, give a human face to
development, provide new options for the clean development and use of energy, and
contribute to energy security by diversifying the energy mix, improving energy
efficiency, deploying new and renewable energy technology, reducing costs,
facilitating energy business and trade, and mitigating damages on energy
infrastructure after natural disasters according to each economy’s particular
circumstances;

Acknowledging the call in the Hawaii Declaration of October 16, 1998 by the high-
level representatives of the APEC member economies at the APEC Oceans
Conference to agree to cooperate in economic and technical activities; and

Noting that the APEC Workshop provided for an exchange of views among APEC
economies on assessing and maintaining the integrity of existing offshore oil and gas
facilities.
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AGENDA

'ASIA-PACIFIC ECONOMIC COOPERATION
| WORKSHOP

Asséssing and Maintaining the Integrity of Existing Offshore
Oil and Gas Facilities

October 9-11, 2000

Beijing, China

Sunday, October 8, 2000

6:00-8:00 ICE BREAKER - HOSTED BY LLOYD’s REGISTER of SHIPPING

Monday, October 9, 2000

Co-Moderator: Yue Chen, Director, Division of International Organizations - China State

Oceanic Administration

Co-Moderator: Maureen Walker, Deputy Director of the Office of Ocean Affairs — U.S.

8:00

8:30

8:40

9:00

9:20

9:40

10:15

Department of State
Registration

Welcome by China - Chen Lianzeng, Deputy Administrator, State Oceanic
Administration (SOA)

Keynote Speech and Opening Remarks, Jiang Longsheng, Vice President, China
National Offshore Oil Corporation

Welcome by the U.S. - Maureen Walker, Deputy Director of the Office of Ocean
Affairs — U.S. Department of State

Keynote Speech and Opening Remarks - Sylvia V. Baca, Assistant Secretary,
Land and Minerals Management, U. S. Department of the Interior

Keynote Speech — Walter J. Czerny, President and Chief Operating Officer, ABS
Pacific, Singapore —“Challenges from A Certification Perspective for Maintaining
the Offshore Infrastructure “

BREAK (Group Photo)



Moderator for Theme Papers - Paul E. Martin, Chief, Engineering and Research Branch,
U.S. Minerals Management Service, Herndon, Virginia

10:45 Theme Presentation — Prof. Robert G. Bea, Marine Technology & Management
Group, University of California at Berkeley — “ Risk Assessment and
Management of Marine Systems; Past, Present, and Future”

11:30 Theme Presentation — Prof. Beverley Ronalds, Center for Oil and Gas
Engineering, University of Western Australia — “ Reassessment/Requalification of
Offshore Steel Jacket Platforms” '

12:00 LUNCH - HOSTED BY THE AMERICAN PETROLUM INSTITUTE

1:15 Theme Presentation — Win Thornton, President, WINMAR Consulting Engineer,
Houston, Texas - “Opportunities and Challenges for Reuse of Existing Facilities”

1:45 Theme Presentation — Dr. Malcolm Sharples, Vice President, ABS Americas,
Houston, Texas —* Maintaining the Integrity of Floating Production Systems”

2:15 Theme Presentation — Li Shi’an, Head, Environmental Protection and Safety
Office, China National Offshore Oil Corporation—“Maintaining the Integrity of
Exisitng Offshore facilities in China”

2:45 BREAK

SESSIONI: VIEWS OF APEC ECONOMIES ON MAINTAINING THE

INTEGRITY OF EXISTING OFFSHORE FACILITIES
Chairman: Dr. Hasjim Djalal, Ambassador/Special Adviser to the Minister of Ocean
Exploration and Fisheries, Jakarta, Indonesia
Co-Chairman: Robert R. Reed, Senior Maintenance Engineer, BHP Petroleum, Perth,
Australia

3:00 United States — Dr. Charles E. Smith, Minerals Management Service

3:20 Brunei—Jan J.W. Van de Graaf, Shell Petroleum Company Sendirian Berhah

4:00 Malaysia — Mohd Sapihie Ayob, Petronas Research & Scientific Services

4:20 China- Dr. Yang Jimu, State Oceanic Administration, PRC

4:40 Thailand — Somkiet Janmaha, PTT Exploration and Production, PLC

5:00 ADJOURN



6:30 — 8:30 RECEPTION/BUFFET DINNER — HOSTED BY THE AMERICAN
BUREAU OF SHIPPING

Tuesday, October 10, 2000

SESSION II: ASSESSING AND MAINTAINING THE INTERGRITY OF EXISTING
OFFSHORE FIXED PLATFORMS

Chairman: Beverley Ronalds, Centre for Oil and Gas Engineering, University of
Western, Australia

Co-Chairman: Dr. Robert Gilbert, Department of Civil Engineering,
University of Texas, Austin, Texas

8:00 Presentation - Jan J.W. Van de Graaf, (co-author, Rama Krishna Gunturi) Shell
Petroleum Company Sendirian Berhad, Brunei, “Reliability Based Design
Reassessment and Maintenance”

8:30  Presentation — Dr. Robert Gilbert, Department of Civil Engineering,
University of Texas, Austin, Texas, “Reliability Based Approach for the
Reassessment of Platforms Foundations in Thailand”

9:00 Presentation - Prof. Robert G. Bea, Marine Technology & Management Group,
University of California at Berkeley, “Issues and Challenges in the Rehabilitation
of Offshore Facilities in Mexico”

9:30  Presentation — Dr. Goh Tok Kwong, Senior Structural Engineer, Petronas
Research and Scientific Services SDN BHD, Kuala Lumpur, Malaysia,
“Assessing and Maintaining the Integrity of Existing Fixed Offshore Platforms In
Malaysia”

10:00 BREAK

SESSON III: ASSESSING AND MAINTAINING THE INTEGRITY OF EXISTING
OFFSHORE PIPELINES

Chairman: Mohd Sapihie Ayob, Petronas Research & Scientific Services, Kuala Lumpur,
Malaysia

Co-Chairman: Prof. Robert G. Bea, Marine Technology & Management Group,
University of California at Berkeley

10:30 Presentation — Roslan Arshah, Rosen Malaysia, Kuala Lumpur, Malaysia, “ Issues
and Challenges in Inspecting Existing Offshore Oil and Gas Pipelines by
Intelligent Pigging”

11:00 Presentation — Dr. Bill Hartt, Florida Atlantic University, Boca Raton, Florida,
“Design and Retrofit Cathodic Protection for Marine Pipelines”



11:30 Presentation — Justin Bucknell, MSL Consulting Engineers, Houston, Texas,
“Defect Assessment for Existing Marine Pipelines”

12:00 LUNCH -HOSTED BY CHINA NATIONAL OFFSHORE OIL
CORPORATION

SESSONIV: ASSESSING AND MAINTAINING THE INTEGRITY OF FLOATING
PRODUCTION SYSTEMS

Chairman: Dr. Malcolm Sharples, Vice President , ABS Americas, Houston, Texas

Co-Chairman: Prisdapunt Pojanapreecha, Senior Manager, Health, Safety and
Environment Department, PTT Exploration and Production PLC,
Bangkok, Thailand

1:15 Presentation — Dr. Andrew Wolford, EQE International, Houston, Texas,
“Comparative Risk Assessment For FPSO’s”

1:45 Presentation — Robert R. Reed, BHP Petroleum. Perth, Australia,
“Maintenance/Inspection Requirements for Long Term Integrity of
FPSO’s”

2:15 Presentation — Briah Balmer, Lloyd’s Register of Shipping , “Improved Business
Performance by the Application of technical Integrity Management to
FPSO’s”
2:45 BREAK
-3:00 Concurrent Breakout Session of 3 Panels (To be Chaired by Session Chairmen)
Working Group I: Assessing and Maintaining Fixed Platform
Working Group II: Assessing and Maintaining Marine Pipelines
Working Group III: Assessing and Maintaining Floating Production Systems
5:30 ADJOURN
6:30 —8:30 RECEPTION HOSTED BY THE UNITED STATES
Wednesday, October 11, 2000
SESSION V: TECHNOLOGY AND CASE STUDIES

Chairman: Dr. Tao Xu, Digitial Structures Inc., Berkeley, California
Co-Chairman: Dr. Andrew Wolford, EQE International, Houston, Texas

8:00 Presentation — Dr. Qianjin Yue, Professor, Department of Engineering Mechanics,
Dalian University of Technology, China, “ Ice-induced Vibrations of
Offshore Structures in Bohai Bay”



8:20  Presentation — Dr. Su Su Wang, Composite Engineering and Application Center,
University of Houston, Houston, Texas, “Use of Composites for Repair
and Long Term Integrity of Offshore Facilities”

8:40 Presentation — Dr. Steve Liu, Colorado School of Mines, Golden, Colorado “New
Technology Relative to Underwater Welding of Offshore Facilities”

9:00 Presentation — Ali R. Anaturk (co-author Gabriel Yii), Shell Malaysia EP,

Sarawak, Malaysia, “Structural Reliability Assessment (SRA), Generation
of Joint Metocean Statistics for South China Sea”

9:20 W. Ray Curtis — Curtis International Inc., “The Mutual Aid Group of Bohai
Bay, PRC”

9:30  Industry Panel Discussion/Audience Questions — Future Directions
Moderator: Paul E. Martin, Chief, Engineering and Research
Branch, U.S. Minerals Management Service, Herndon, Virginia
10:00 BREAK
SESSION VI: RECOMMENDATIONS AND CLOSING REMARKS
Chairman: Yue Chen, Director, Division of International Organizations - China State
Oceanic Administration
Co-Chairman: Maureen Walker, Deputy Director of the Office of Ocean Affairs — U.S.
State Department
10:30 Working Group I: Recommendations — Dr. Beverley Ronalds
10:45 Working Group II: Recommendations — Mohd Sapihie Ayob
11:00 Working Group III: Recommendations — Dr. Malcoln Sharples
11:15 Conclusions: Report to APEC MRC Working Groups
11:45 Closing Remarks

Maureen Walker, Deputy Director, Office of Ocean Affairs, U.S. Department of
State

Li Jingguang, Director General, Department of International Cooperation, State
Oceanic Administration, China

12:00 ADJOURN
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ANNEX I

DIRECTORY OF SPECIALISTS

AUSTRALIA

Professor Beverley Ronalds (Speaker)
Director and Woodside Professor
Centre for Oil and Gas Engineering
The University of Western Australia
Nedlands 6907, Western Australia
Telephone: 618-9380-1971

Fax: 618-9380-1964

E-mail: beverley.ronalds@uwa.edu.au
http://www.oil-gas.uwa.edu.au

Robert Reed (Speaker)

Senior Maintenance Engineer - Marine
BHP Petroleum Pty Ltd

ACN 006 918 832

152-158 St. Georges Terrace

Perth, Western Australia 6000
Australia

Telephone: 61-8-9278-4888

Fax: 61-8-9278-4899

E-mail

BRUNEI DARUSSALAM

Macarthur Goh

Quality Control Engineer

Mashhor Joint Venture International
P.O. Box 150

Kuala Belait KA1131

Negara Brunei Darussalam
Telephone: 673-3-335815

Fax: 673-3-335833

E-mail: goh@mijvi.iinet.net.au




Syed Amir Hasim

Deputy Project Coordinator
Mashhor Joint Venture International
P.O. Box 150

Kuala Belait KA1131

Negara Brunei Darussalam
Telephone: 673-3-335815

Fax: 673-3-335833

E-mail: amir@mijvi.iinet.net.au

Jan J. W. Van de Graaf (Speaker)

Head Structural and Civil Engineering

Shell Petroleum Company Sendirian Berhad
Seria KB3534

Brunei Darussalam

Telephone: 673-3-37-2595 104

Fax 673-3-37-4697

E-mail: Jan.J.W.VanDeGraaf@shell.com.bn

Noraini Jamudin

Structural Engineer

Brunei Shell Petroleum Company
EOE/23, BSP

Seria KB3534

Brunei Darussalam

Telephone: 673-3-374 233

Fax: 673-3-374 697

E-mail: Noraini.b.Jamudin@shell.com.bn

Thiam-Yew Wee

Oceanographer

Brunei Shell Petroleum Company SDN. BHD.
Seria

KB 3534

Negara, Brunei Darussalam

Telephone: 673-3-373039

Fax: 673-374451

E-mail: thiam-yew.t.y.wee@shell.com.bn
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CHINA

Yue Chen

Director, Division of International Organizations
Department of International Cooperation

State Oceanic Administration (SOA)

1 Fuxingmenwai Avenue

Beijing 100860

People’s Republic of China

Telephone: 86-10-6801-9791

Fax: 86-10-6802-0283

E-mail: soadio@public.east.cn.net

Chen Lianzeng (Speaker)
Deputy Administrator

State Oceanic Administration
1 Fuxingmenwai Avenue
Beijing 100860

People’s Republic of China

Jiang Longsheng (Speaker)

Vice President,
-China National Offshore Oil Corporation (CNOOC)
Beijing

People’s Republic of China

Dr. Qian-jin Yue (Speaker)

Professor

Department of Engineering Mechanics
Dalian University of Technology
Dalian, China 116023

Telephone: 86-411-470-8407

Fax: 86-411-470-8393 (office)

Fax: 86-411-470-9175 (home)

E-mail: yuegj@dlut.edu.cn

Li Shian (Speaker)

Director

China National Offshore Oil Corporation Ltd
P. O. Box 4705, No. 6

Dongzhimenwai Xiaojie

Beijing 100027

China

Telephone: 86-10-84525698

Fax: 86-10-64602710

E-mail: lishan@cnooc.com.cn
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Jiangiao Wang

Chief of Office of Marine Geology
China Geological Survey

31 Xueyuan Road ‘
Beijing, P.R. China 100083
Telephone: 86-10-8232 8611

Fax: 86-10-8232 8611

E-mail: WANGJ_QIAO@263.NET

Fu Liu
General Manager, Health, Safety
and Environmental Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521958
Fax: 86-10-64602464
E-mail: Lufu@cnooc.com.cn

Lisong Song
Vice General Manager
Health, Safety and Environmental
Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521956
Fax: 86-10-64602464

E-mail; songls@cnooc.com.cn

Wenpu Wei
HSSE Engineering Manager
Health, Safety and Environmental
Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521959
Fax: 86-10-64602464

E-mail: weiwp@cnooc.com.cn
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Feng Jingxin
HSE Operation Manager
Health, Safety and Environmental
Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521960
Fax: 86-10-64602464
E-mail: fengjx@cnooc.com.cn

Yan Zhang

HSE Supervisor

HSE Engineering Manager

Health, Safety and Environmental
Protection Department

China National Offshore Qil Corporation Ltd.

No. 6, Dongzhimenwai Xiaojie

Beijing 100027, China

Telephone: 86-10-84521964

Fax: 86-10-64602464

E-mail: yanzhang@]126.com

Wenyan Du
HSE Supervisor
Health, Safety and Environmental
Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521962
Fax: 86-10-64602464
E-mail: duwy@cnooc.com.cn

Dayong Du
HSE Supervisor
Health, Safety and Environmental
Protection Department
China National Offshore Oil Corporation Ltd.
No. 6, Dongzhimenwai Xiaojie
Beijing 100027, China
Telephone: 86-10-84521961
Fax: 86-10-64602464
E-mail: dudv@cnooc.com.cn
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Long Sheng Chen

Environmental Health and Safety Manager
CACT Operators Group

15-21/F., Tower B, Offshore Petroleum Building
No. 1, Industry Road 2, Shekou, Shenzhen
Guangdong Province, P.R. China 518069
Telephone: 86-755-6691608-4203

Fax: 86-755-6682884

E-mail: ¢ls@actog.com

Ke Yong Shi

Production Superintendent

CACT Operators Group

15-21/F., Tower B, Offshore Petroleum Building
No. 1, Industry Road 2, Shekou, Shenzhen
Guangdong Province, P.R. China 518069
Telephone: 86-755-6691608-4206

Fax: 86-755-6891404

E-mail: sky@actog.com

Lishu Zhang
Programme Officer in Charge of
Management of Offshore Oil Exploration and Exploitation
North China Sea Branch of S.0.A.
No. 22 Fushun Road
Qingdao, China
Telephone: 0532-5619742
Fax 0532-5619742
E-mail: ZLSIWHZN@PUBLIC.QD.SD.CN

Tian Xu Duan

Environment, Health and Safety Supervisor
Kerr McGee China Petroleum Ltd.
Suit 1201-1213, 12™ Floor

Beijing Towercrest Building

No. 3 Mai Zi Dian West Road

Chao Yang District

Beijing 100016

People’s Republic of China
Telephone: 86-10-6467-3828 Ext. 253
Fax: 86-10-6467-3385

E-mail: rduan@kmg.com
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Dr. Hai-Hong Sun

Professor and Dean of Department of Structural Engineering
Wuhan University of Technology at Yujiatou Campus
Wuhan 430063, China

Telephone: 86-27-86553072

Fax 86-27-86554406

E-mail: hhsun@public.wh.hb.cn

Dr. Duan Menglan

Research Professor

China Classification Society

Research and Development Center

40 Dong Huang Cheng Gen Nan Jie.
Beijing 100006, People’s Republic of China
Telephone: 86-10-65136691

Fax: 86-10-65130188

E-mail: mlduan@ccs.org.cn

W. Ray Curtis

Administrator

Mutual Aid Group of Bohai Bay P.R.C.
3/F, Suite 6032, Part B, B.I.T. & C.C.
Wangjing Tall Building

No. 9 Wangjing Zhonghuan Nanlu
Chaoyang District

Beijing, China 100102

Telephone: 86-10-6434-9464 or 6434-9465
Fax: 86-10-6434-9404

E-mail: rcurtis@public.east.cn.net

Mr. David Li

Advisor

Mutual Aid Group of Bohai Bay P.R.C.
3/F, Suite 6032, Part B, B.I.T. & C.C.
Wangjing Tall Building 9 Wang Jing
Zhanghuan Nan Lu

Chaoyang District

Beijing, China 100102

Telephone: 86-10-6434-9464 or 6434-9465
Fax: 86-10-6434-9404

E-mail: rcurtis@public.east.cn.net
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Ms. Cynthia Ma

Administrator Assistant

Mutual Aid Group of Bohai Bay P.R.C.
3/F, Suite 6032, Part B, BI.T. & C.C.
Wangjing Tall Building 9 Wang Jing
Zhanghuan Nan Lu

Chaoyang District

Beijing, China 100102

Telephone: 86-10-6434-9464 or 6434-9465
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E-mail: rcurtis@public.east.cn.net

Liu Wei Qiang

Facility Engineer

CACT Operators Group

16F, Tower B, Offshore Petroleum Building
No. 1, Industry Road 2, Shekou

Shenzhen, People’s Republic of China 518069
Telephone: 86-755-669-1608, Extension 4126
Fax: 86-755-669-1606 or 689-1404

E-mail: lwg@actog.com

Yong Xun Feng

Vice President

Shengli Engineering and Research Institute
148 Jinan Road

Dongying City

Shandong Province

People’s Republic of China 257026
Telephone: 0546-855-2563

Fax: 0546-822-3307

E-mail: yongwang@mail.slof.com

Zhaojie Gao

Vice President

China Classification Society

40 Dong Huang Cheng Gen Nan Jie

Beijing 100006, People’s Republic of China
Telephone: 86-10-652-25401

Fax: 86-10-651-36678

E-mail: zjgao@ccs.org.cn
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Yingqiu Chen

Manager of CCS R&D Center

China Classification Society

40 Dong Huang Cheng Gen Nan Jie

Beijing 100006, People’s Republic of China
Telephone: 86-10-651-36691

Fax: 86-10-651-30188

E-mail: yqchen@ccs.org.cn

Zhongmin Lin

Manager of Offshore Engineering Department
China Classification Society

40 Dong Huang Cheng Gen Nan Jie

Beijing 100006, People’s Republic of China
Telephone: 86-10-651-36693

Fax: 86-10-651-36678

E-mail: oe@ccs.org.cn

Mr. Fayan Xu

Engineer of Offshore Engineering

China Classification Society

40 Dong Huang Cheng Gen Nan Jie

Beijing 100006, People’s Republic of China
Telephone: 86-10-651-36691

Fax: 86-10-651-30188

E-mail: fyxu@ccs.org.cn

Jianmin Yang
Professor, Deputy Director of
State Key Lab of Ocean Engineering
Shanghai Jiao Tong University
1954 Hua Shan Road
Shanghai 200030
China
Telephone: 86-21-629-33079
Fax 86-21-629-32948
E-mail: jmyang@sjtu.edu.cn
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Hong Qin Hu

Deputy Chief Engineer

Shengli Engineering and Research Institute
148 Jinan Road

Dongying City

Shandong Province

People’s Republic of China 257026

Fax: 86-546-822-3307

E-mail: HHQ@MAIL.SLOF.COM

Yong Wang

Director of Engineers

Shengli Engineering and Research Institute
148 Jinan Road

Dongying City

Shandong Province

People’s Republic of China 257026
Telephone: 86 546 8555038

Fax: 86-546-822-3307

E-mail: yongwang@mail.slof.com

Guoping Deng

Chief of Division of Comprehensive Planning and Statistics
Department of Planning

Ministry of Land and Resources, P.R.C.
37 Guanyingyuan West Area

West District

Beijing 100035

The People’s Republic of China
Telephone: 86-10-661-27078

Fax: 86-10-661-27005

E-mail: gpdeng@mail.mlr.gov.cn

Zhuangchun Yang

Production Manager of E&P Department
CNOOC China Limited — Shenzhen

No. 1, 2" Industry Road

Shekou, Shenzhen, China

Telephone: 0755-6692880-3125

Fax: 0755-6674312
E-mail: yangzhch@cnooc.com.cn
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Sanping Huang

Engineering Manager

CNOOC China Limited — Shenzhen
Tower B, Offshore Petroleum Building
#1 Industry Road 2 Shekou

Shenzhen 518067

People’s Republic of China
Telephone: 86-755-6692880-3230
Fax: 86-755-6674312

E-mail: HUANGSP@CNOOC.COM.CN

Jialiu Wang

Manager of EHS Department

CNOOC (China) Ltd. — Shenzhen

11 floor, B Site, Offshore Petroleum Building
No. 1, 2" Industry Road, Shekou, Shenzhen
People’s Republic of China

Telephone: 86-755-6692880 Ext. 3378

Fax: 86-755-6688577

E-mail: wangjl@cnooc.com.cn

Heli Du

Senior Drilling Supervisor

CNOOC China Ltd. — Shenzhen

No. 1, 2" Industry Road, Offshore Petroleum Building B
Shekou, Shenzhen 518067

People’s Republic of China

Telephone: 86-755-6692880 Ext. 3362

Fax: 86-755-6685121

E-mail: duhl@cnooc.com .cn

Xian Hong Xu

Senior Safety Representative
Phillips China, Inc.

P.O. Box 521

Northern Drilling Company
Tanggu, Tianjin 300452
People’s Republic of China
Telephone: 86-22-2580-2052
Fax: 86-22-6691-5480
E-mail: sxu@ppco.com
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Li Jingguang (Speaker)
Director General

Department of International Cooperation

State Oceanic Administration
1 Fuxingmenwai Avenue
Beijing 100860

People’s Republic of China
Telephone: 86-10-6801-9791
Fax: 86-10-6802-0283

Bo Zhang

Director

Liaohe Oilfield Company
Panjin Liaohing

People's Republic of China
Telephone: 0407-7832183
Fax: 782-1708

Qingjian Hou

Director

Dagouig Oilfield Company

Tianjin, People’s Republic of China
Telephone: 022-2572-3522

Fax: 022-2572-6909

Chunmei Su

Petro China

Liupukang Street 6™

Beijing, People’s Republic of China
Telephone: 6209-5989

Fax: 6209-5989

E-mail: Chmsu@email.hq.cnpc.com.cn

Huaixiao Wang

Director

Petro China

Liupukang Street 6#

Beijing, People’s Republic of China
Telephone: 6209-5800

Fax: 6209-4239
E-mail: Hxwang@email.hg.cnpc.com.cn
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Mr. Bi

Student

Dalian University of Technology
Dalian, 116023, China
Telephone: 86-411-470-8407
Fax: 86-411-470-8393

Mr. Yun

Student '
Dalian University of Technology
Dalian, 116023, China

. Telephone: 86-411-470-8407
Fax: 86-411-470-8393

Dr. Li
China National Offshore Oil Corporation
Peoples Republic of China

Angus L. McLean

Manager

Lloyd’s Register Quality Assurance Limited
Room 1615, Beijing Silver Tower

2 Dong San Huan Bei Lu

Beijing 100027, People’s Republic of China
Telephone: 86-10-6410-6657/8

Fax: 86-10-6410-6659

E-mail: angus.mclean@lr.org

Po-kam Wu

Principal Surveyor and Marine Marketing Manager
for China and Hong Kong

Lloyd’s Register of Shipping

China Management Office

31 Floor, South Tower, Hong Kong Plaza

283 Huai Hai Zhong Road

Shanghai 200021, People’s Republic of China

Telephone: 86-21-63907070 or 86-21-63906663

Fax: 86-21-63907327

E-mail: pokam.wu@lr.org
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Dr. Yang Jiwu

c/o Baoling Wang
Apartment 1001

4 Assiniboine Road
Toronto, Ontario M3J 1L2
Canada

E-mail: yangjiwu@hotmail.com

CHINESE TAIPEI

Dr. Yeon Fong Liang

Advisor

Environmental Protection Administration
12F, 41, Chung-Hwa Road, Sec. 1
Taipei, Taiwan

Telephone: 886-2-2311-7722

Fax: 886-2-2311-5486

E-mail: yfliang@sun.epa.gov.tw

Dr. Shiuan-Wu Chang

Senior Research Fellow

Environmental Protection Administration
41, Chung-Hwa Road, Sec. 1, 12Fr
Taipei, Taiwan

Telephone: 886-2-2311-7722, Ext. 2203
Fax: 886-2-2311-5486

E-mail: Shivan@sun.epa.gov.tw

Ching-Yung Chung

Project Manager

General Offshore Development Project
CBK Field Decommissioning Project
TPED, Chinese Petroleum Corporation
8 Lane 22, Tunghwa Street, Section 1
Peitou District

Taipei, Chinese Taipei

Telephone: 02 28 26 2316

Fax: 2826 2444
E-mail: cychung@tpe.cpcoped.com.tw
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Lin Tzong-Wu

Acting Director

Chinese Petroleum Corporation
Exploration and Production Division
83 Chung Hwa Road, Section 1
Taipei, Taiwan 10011

Telephone: 886 2 2383-5902

Fax: 886 2 2381-5444

HONG KONG

David Rule

Regional Director for Asia
Lloyd’s Register of Shipping
Suite 2114/2118

21 —F Two Pacific Place

88 Queensway

P.O. Box 463

Hong Kong

Telephone: 852-2287-9333
Fax: 852-2526-2921

Sin-Lim Chiu

Principal Surveyor

American Bureau of Shipping
15™ Floor, Queen’s Center
58-64 Queen’s Road, East
Hong Kong

Telephone: 852-2527-8478
Fax: 852-2861-3403

INDONESIA

Dr. Hasjim Djalal
Special Adviser to the Minister

Department of Ocean Affairs and Fisheries

Jalan Kemang IV, No. 10A
Jakarta, Selatan

Indonesia

Telephone: 62-21-718-3774

Fax: 62-21-7179-1920, 385-8029
E-mail: hasjimdjalal@hotmail.com
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Kusuma Chandra

President Director

Pt. Informatika Anjungan Nusantara
8" Floor, Pekaka Building

JI. Angicasa Biok B-9 Kav. 6
Kemayoran

Jakarta 10720, DKI
Indonesia

Telephone: 65-40350

Fax: 65-40351

E-mail: chandrak@indosat.net.id

M. Thohir

Construction Services Superintendent
YPF-Maxus SES

Stock Exchange Building, 9" Floor
JL. Jend. Sudirman Kav. 52

Jakarta 12920

Indonesia

Telephone: 62-21-515-9604

Fax: 62-21-515-9627

E-mail: mohammod_thohir@maxus.notes.com

Hanna Rubino

Structural Engineer
REPSOL-YPF-Maxus BV.
Jakarta Stock Exchange Building
Tower 1, 9™ Floor

Jalan Jend. Sudirman Kav. 52
Jakarta 12190

Indonesia

Telephone: 62-21-515-9608
Fax: 62-21-515-9627

E-mail: hrubino@email.ypf.com.ar

Mr. Gde Pradnyana

Research Manager

Inter University Centre for Engineering Science
Institute of Technology Bandung

JI. Ganesha 10

Bandung-40132

Indonesia

Telephone: 62-22-2506283

Fax: 62-22-2534109

E-mail: gdep@indo.net.id
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Heri Siswanto

Engineer

Pt. Indospec Asia

Prince Centre Building, 11™ Floor
JIn. Jend. Sudirman Kav. 3-4
Jakarta Pusat — 10220

Indonesia

Telephone: 62-21-5700435

Fax: 62-21-5700437

E-mail: indospec@cbn.net.id
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MALAYSIA

Dr. Goh Tok Kwong (Speaker)
Project Leader

PETRONAS Research & Scientific Services Sdn Bhd
Lot 3288 & 3289, OffJalan Ayer Itam
Kawasan Institusi Bangi

43000 Kajang

Selangor Darul Ehsan

Malaysia

Telephone: 60-3-89283248

Fax: 60-3-89259702

E-mail: gohtk@petronas.com.my

Mohd Sapihie Ayob (Speaker)

Head, Facilities Engineering Group
PETRONAS Research and Scientific Services
Lot 3288 & 3289, Off Janlan Ayer Hitam
Kawasan Institiutsi Bangi

43000 Kajang, Selangor

Malaysia

Telephone: 03-8283133

E-mail: sapihie@petronas.com.my

Ali Anaturk

Principal Structural Engineer
Sarawak Shell Berhad

SSB Locked BAG. No. 1
98009 MIRI Sarawak
Malaysia

Telephone: 085-452668

Fax: 085-454738

E-mail: ali-riza.a.r.anaturk@ssb.shell.com.my
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Gabriel Yii

Structural Engineer
Sarawak Shell Berhad
SSB Locked BAG. No. 2
98009 MIRI Sarawak
Malaysia _
Telephone: 085-452668
Fax: 085-454738

Kamarudin bin Hashim
Senior Project Engineer
PETRONAS

E&P Investment Department
Petroleum Management Unit
Level 28, Tower 1
PETRONAS Twin Tower
Kuala Lumpur City Centre
50088 Kuala Lumpur
Malaysia

Telephone: 603-581-3317

Fax: 603-581-3238/3306
E-mail: kamarh@petronas.com.my

M Nordzi bin M Rafdzi
Senior Structural Engineer
PETRONAS Carigali

Design Engineering Department
Level 17, Tower 1
PETRONAS Twin Tower
Kuala Lumpur City Centre
50088 Kuala Lumpur

. Telephone: 603-581-5025
Fax: 603-581-6010

E-mail: nordzi@petronas.com.my

MEXICO

Faustino Perez Guerrero (Speaker)
Competencia de Ingenieria Civil
Instituto Mexicano del Petroleo

Eje Central Lazaro Cardenas no. 152
Col San Bartolo Atepehuacan
Mexico D.F., C.P. 02660
Telephone: 525-333-7256

Fax: 525-333-7250

E-mail:; fpereze@www.imp.mx
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Mr. Oscar Valle Molina (Speaker)
Gerencia de Tecnologia Costafuera
Subdireccion de Ingenieria

Instituto Mexicano del Petroleo

Eje Central Lazaro Cardenas No. 152
Col. San Bartolo Atepehuacan
Mexico D.F. C.P. 07730

Telephone: (525) 368 4529

Fax: (525) 368 4537
E-mail: ovalle@www.imp.mx A

PHILIPPINES

Stephen K. Liang

Chairman, Philippine Asia Pacific Corporation
Vice-Chairman, COSMO Oil Corporation (Philippines)
10/F Royal Plaza

Twin-Tower 648

Remedios Street

Malate, Manila

Philippines

Telephone: 632-400-7808; 632-400-8888

Fax: 632-400-7815

E-mail: mikegascon@apacific.com.ph

SINGAPORE

Tom Devlin

Regional Industry Business Development Manager
Lloyd’s Register of Shipping

456 Alexander Road

#16-02 NOL Building

Singapore 119963

Telephone: +65 273-3424

Fax: +65 275-2429

E-mail: tom.devlin@lr.org

Soh Sai Bor

Economics Officer (Policy and Planning)
Regulation Department

Public Utilities Board

111 Somerset Road, #15-06

Singapore 238164

Telephone: 65-731-3619

Fax: 65-731-3695

E-mail: SOH_Sai_Bor@pub.gov.sg
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Kingsley Koo

Vice President, Pacific Southern Region
American Bureau of Shipping

438 Alexandra Road, #10-00

Alexandra Point

Singapore 119958

Telephone: 65-371-2601

Fax: 65-276-8711

E-mail: kkoo@eagle.org

Ban Hooi Ang
Manager-Offshore

American Bureau of Shipping
438 Alexandra Road, #10-00
Alexandra Point

Singapore 119958
Telephone: 65-371-2679
Fax: 65-276-0258

E-mail: bang@eagle.org

Walter Czerny (Speaker)
President, ABS Pacific

438 Alexandra Road #10-00
Alexandra Point

Singapore 119958
Telephone: 65-3712600

Fax: 65-2768711
E-mail; wezerny@eagle.org

THAILAND

Somkiet Janmaha

Vice President, Technical Services Division
PTT Exploration and Production
Public Company Limited

PTTEP Office building

555 Vibhavadi-Rangsit Road
Chatuchak, Bangkok 10900
Thailand

Telephone: 662-537-4711, 9363027
Fax: 662-537-4444, 537-4333
E-mail: somkietj@ptt-ep.com
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Prisdapunt Pojanapreecha

Senior Manager, Health, Safety and Environmental Department
PTTEP Office Building

555 Vibhavadi Rangsit Road

Chatuchak, Bangkok 10900

Thailand

Telephone: 66-2-936-2626 ext. 2340

Fax: 66-2-936-2678, 537-4444

E-mail: prisdapuntp@ptt-ep.com

UNITED STATES

Maureen Walker (Speaker)

Deputy Director, Office of Ocean Affairs
U. S. Department of State

2201 C Street, N.W.

Washington, D.C. 205520

Telephone: 202-647-3880

Fax: 202-647-9099

E-mail: walkermo@state.gov.us

Frank W. Ostrander

Ocean Affairs

U.S. Department of State
2201 C Street, N.W.
Washington, D.C. 205520
Telephone: 202-647-3879
Fax: 202-647-9099

E-mail: OstranderF W(@state.gov

Paul E. Martin (Speaker)

Chief, Engineering and Research Branch
Minerals Management Service

381 Elden Street, MS 4021

Herndon, Virginia 20170-4817
Telephone: 703-787-1626

Fax: 703-787-1549

E-mail: Paul.Martin@mms.gov
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Dr. Charles E. Smith (Speaker)
Research program Manager
Engineering and Research Branch
Minerals Management Service
381 Elden Street, MS 4021
Herndon, Virginia 20170
Telephone: 703-787-1561

Fax: 703-787-1549

E-mail: smithc@mms.gov

Mary Ann Milosavich
International Programs Specialist
Minerals Management Service
Mail Stop 4030

381 Elden Street

Herndon, Virginia 20170-4817
Telephone: 703-787-1231

Fax: 703-787-1284

E-mail; mary.ann.milosavich@mms.gov

Dr. Malcolm Sharples (Speaker)
Vice President

Offshore Project Development
American Bureau of Shipping
16855 Northchase Drive
Houston, Texas 77060-6008
Telephone: 281-877-6513

Fax: 281-877-6851

E-mail: msharples@eagle.org

Win Thornton (Speaker)

President

WINMAR

5700 Northwest Central Drive, Suite 150
Houston, Texas 77092

Telephone: 713-895-8240

Fax: 713-895-8270

E-mail: win@winmarconsulting.com
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Justin Bucknell (Speaker)

Vice President

MSL Consulting Engineers

11111 Katy Freeway, Suite 620
Houston, Texas 77079

Telephone: 713-463-6180

Fax: 713-463-6557

E-mail: jbucknell@mslengineering.com

Prof. Robert G. Bea (Speaker)
Department of Civil Engineering
University of California at Berkeley
212 McLaughlin Hall

Berkeley, California 94720
Telephone: 510-631-0967

Fax: 510-631-1587

E-mail: bea@ce.berkeley.edu

Dr. Stephen Liu (Speaker)

Professor, Metallurgical & Materials Engineering
Colorado School of Mines

Golden, Colorado 80401

Telephone: 303-273-3796

Fax: 303-384-2189

E-mail: sliu@mines.edu

Dr. William H. Hartt (Speaker)

Professor and Director

Center for Marine Materials

Department of Ocean Engineering

Florida Atlantic University — Sea Tech Campus
101 North Beach Road

Dania Beach, Florida 33004

Telephone: 561-297-3436

Fax: 561-297-3885

E-mail: hartt@oe.fau.edu

Dr. Robert B. Gilbert (Speaker)

Professor of Civil Engineering

Department of Civil Engineering

Cockrell Hall, 9.227

University of Texas at Austin

Austin, Texas 78712

Telephone: 512-232-3688 (office); 512-471-4929 (Department)
Fax: 512-471-6549

E-mail: Bob_Gilbert@mail.utexas.edu
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15810 Park Ten Place, Suite 291
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Telephone: 281-578-7046

Fax: 281-599-7214

Email; andrewr.johnstone@]r.org

Dr. Su Su Wang (Speaker)
Distinguished University Professor
Department of mechanical Engineering
University of Houston

Houston, Texas 77204-4792
Telephone: 713-743-4515

Fax: 713-743-4516

E-mail: SSWang@uh.edu

Dr. Tao Xu (Speaker)

Digital Structures, Inc.

2855 Telegraph Ave, Suite 300
Berkeley, CA 94705
Telephone: 510-549-1565

Fax: 510-549-1600

E-mail: Taox@yahoo.com

Dr. Andrew J. Wolford (Speaker)
Senior Consultant

EQE International

16850 Diana Lane

Houston, Texas 77058-2527
Telephone: 281-480-3800

Fax: 281-480-0070

E-mail: ajw@eqe.com

Sylvia Baca

Assistant Secretary, Land and Minerals Management
U.S. Department of the Interior

1849 C Street, N.W.

Washington, D.C. 20240

Telephone: 202-208-6734

Fax: 202-208-3144

E-mail: sylvia.baca@mms.gov
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Technical Director

International Association of Oil and Gas Producers
25/28 Old Burlington Street

London W1S 3AN, United Kingdom

Telephone: +44 20 7292 0600

Fax: +44 20 7434 3721

E-mail: John.Campbel@ogp.org.uk

Roslan Arshah, General Manager
Rosen Malaysia
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HICOM Glenmarie Industrial Park
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Selangor, Malaysia

Fax: 60-3-705-4000

E-mail: RArshah@RosenlInspection.net
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Lloyd's Register of Shipping
456 Alexandra Road

#16-02 NOL Building
Singapore 119962
Telephone: +65 273 3424
Fax: +65 275 2429

33



PAGE LEFT INTENTIONALLY BLANK

34



ANNEX I

REPORT OF THE APEC WORKSHOP ON ASSESSING AND
MAINTAINING THE INTEGRITY OF EXISTING OFFSHORE OIL AND
GAS FACILITIES

OCTOBER 9 — 11, 2000
BEUING, CHINA

The APEC Workshop on Assessing and Maintaining the Integrity of Existing
Offshore Oil and Gas Facilities was held in Beijing, China. Participants attending the
meeting are shown in Annex L.

The Workshop was the product of the APEC Marine Resources Conservation
Working Group. Tt was held pursuant to the APEC Action Plan for the Sustainability
of the Marine Environment in which APEC recognized the value of reviewing the
issue of the integrity of offshore oil and gas platforms in the APEC context. The
APEC Action Plan notes the importance that the APEC Ministers responsible for
sustainable development attach to the sustainability of the marine environment. As
stated in the Action Plan:

“The Ministers have underscored that their economies are united by their oceans
and seas, and the health of the marine environment is critical to their continuing
economic well-being. At their meeting in Subic Bay in 1996, APEC Leaders
committed to achieve dramatic progress toward clean oceans and seas in the APEC
region.” ’

The Workshop participants were welcomed to Beijing by Chen Lianzeng, Deputy
Administrator, State Oceanic Administration (SOA). The keynote speeches and
opening remarks were delivered by Jiang Longsheng, Vice President, China National
Offshore Oil Corporation, Sylvia V. Baca, Assistant Secretary, Land and Minerals
Management, U. S. Department of the Interior and Walter J. Czerny, President and
Chief Operating Officer, ABS Pacific, Singapore.

The meeting began with a description of the workshop format and objectives. The
purpose of the workshop was to exchange information on assessing and maintaining
the integrity of existing offshore oil and gas facilities and to identify a series of
actions that individual APEC economies could undertake to address this matter.

The APEC Action Plan on Sustainability of the Marine Environment is designed to
assist APEC economies in taking action individually or jointly which will lead to the
prevention, control and/or elimination of the degradation of the marine environment.
Achievement of the aims of the Action Plan will contribute to maintaining and
restoring the productive capacity and biodiversity of the marine environment,
ensuring the protection of human health, and promoting the conservation and
sustainable use of marine living resources.
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The APEC Workshop on Assessing and Maintaining the Integrity of Existing
Offshore Oil and Gas was designed to provide practical guidance to address the issues
faced by industry as well as regulatory authorities in dealing with aging offshore oil
and gas facilities. This workshop allowed for an exchange of information and
experience APEC-wide. Practical and cost-effective solutions were explored, with the
goal of understanding the programs currently in effect in the region and avoiding
duplication of effort. In all cases, there was understanding of what the value added
aspect of APEC could be in this matter.

The first day heard presentations from Maureen Walker, the Deputy Director of Ocean
Affairs, U.S. Department of State; Prof. Robert G. Bea, Marine Technology &
Management Group, University of California at Berkeley; Prof. Beverley Ronalds,
Center for Oil and Gas Engineering, University of Western Australia, Win Thornton,
President, WINMAR Consulting Engineer, Houston, Texas; Dr. Malcolm Sharples,
Vice President, ABS Americas, Houston, Texas; and Li Shi’an, Head, Environmental
Protection and Safety China National Offshore Oil Corporation. In addition, a panel’
of experts representing APEC economies gave their perspective. These included Dr.
Hasjim Djalal, Ambassador/Special Adviser to the Minister of Ocean Exploration and
Fisheries, Jakarta, Indonesia; Robert R. Reed, Senior Maintenance Engineer, BHP
Petroleum, Perth, Australia, Dr. Charles E. Smith, United States Minerals
Management Service; Jan J.W. Van de Graaf, Shell Petroleum Company Sendirian
Berhah; Mohd Sapihie Ayob, Petronas Research & Scientific Services; Dr. Yang Jimu,
State Oceanic Administration, PRC; and Somkiet Janmaha, PTT Exploration and
Production, PLC.

The second day heard presentations from Jan J.W. Van de Graaf, and Rama Krishna

- Gunturi Shell Petroleum Company Sendirian Berhad, Brunei; Dr. Robert Gilbert,
Department of Civil Engineering, University of Texas, Austin, Texas; Prof. Robert G.
Bea, Marine Technology & Management Group, University of California at Berkeley;
Dr. Goh Tok Kwong, Senior Structural Engineer, Petronas Research and Scientific
Services SDN BHD, Kuala Lumpur, Malaysia; Roslan Arshah, Rosen Malaysia,
Kuala Lumpur, Malaysia; Dr. Bill Hartt, Florida Atlantic University, Boca Raton,
Florida; Justin Bucknell, MSL Consulting Engineers, Houston, Texas; Dr. Andrew
Wolford, EQE International, Houston, Texas; Robert R. Reed, BHP Petroleum. Perth,
Australia; and Brian Balmer, Lloyd’s Register of Shipping. :

Following these presentations, breakout sessions were held to address three topics:

Assessing and Maintaining Fixed Platform
Assessing and Maintaining Marine Pipelines
Assessing and Maintaining Floating Production Systems

On the final day, presentations were heard from Dr. Qianjin Yue, Professor,
Department of Engineering Mechanics, Dalian University of Technology, China; Dr.
Su Su Wang, Composite Engineering and Application Center, University of Houston,
Houston, Texas; Dr. Steve Liu, Colorado School of Mines, Golden, Colorado; Ali R.
Anaturk and Gabriel Yii, Shell Malaysia EP, Sarawak, Malaysia; and W. Ray Curtis of
Curtis International Inc. There was also an Industry panel discussion with audience
questions on future directions. The Chairs of the Breakout Groups on the second day
presented the results of their session recommendations for next steps, which are
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included in Annex IIL. Closing remarks were delivered by Maureen Walker, Deputy
Director, Office of Ocean Affairs, U.S. Department of State and Li Jingguang,
Director General, Department of International Cooperation, State Oceanic
Administration, China.
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ANNEX TII
RECOMMENDATIONS OF THE
TECHNICAL WORKING GROUPS ON
ASSESSING AND MAINTAINING STRUCTURAL INTEGRITY
October 9-11, 2000

Beijing, China

GENERAL RECOMMENDATIONS :

1. The Marine Conservation Working Group should recommend that
Leaders take note of the cooperative work undertaken between
APEC economies and the business/private sector to implement the
APEC Action Plan on Sustainability of the Marine Environment
through the Workshop on Assessing and Maintaining the Integrity
of Existing Offshore 0il and Gas Facilities held in Beijing,
China on October 9-11, 2000

2. The Marine Conservation Working Group should sponsor a
workshop in the near future that addresses the state of the art
technologies and methodologies available worldwide for rapid
response to oil spills from ship accidents as well as from
offshore o0il production facilities.

WORKING GROUP I:

In considering assessing and maintaining the integrity of fixed
platforms, the APEC economies should take into account the
following:

1. There are emerging issues and concerns regarding platform
decommissioning, platform manning/evacuation before extreme
events, human reliability (operator fatigue, etc.), changing
platform use; old platforms as production hubs, and dynamic
vibration effects on offshore structures due to ice forces
(Bohai Bay) .

2. Research is needed to obtain better understanding of met-
ocean criteria, especially in the South China Sea and North West
shelf (Australia) as well as decommissioning of offshore
facilities to include reuse, recycling, and rigs-to-reef
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options. Studies are also needed regarding the technical,
environmental, economic/social and legal aspects of assessing
arid maintaining the integrity of fixed platforms in the APEC
region.

3. There are needed areas of cooperation such as data sharing
between oil companies towards developing APEC regional guidance
for design, reassessment and inspection of offshore platforms
and on platform evacuation safety issues (when is it necessary,
emergency evacuation planning, real-time storm prediction
tools) .

4. The APEC Economies should develop an inventory of platforms
in the region to facilitate reuse opportunities, develop region-
specific annexes for ISO codes, and develop an e-Business center
to facilitate information exchange on these issues

WORKING GROUP II:

In considering assessing and maintaining marine pipelines the
APEC economies should take into account the following:

1. Public education regarding awareness of the danger of
damaging pipelines is low where certain activities may cause
adverse effects to the environment.

2. More communication between petroleum industries and local
fishing community on issues of pipeline safety is required (e.g.
fish trawling activities may lead to severe safety issues).

3. There is a strong consensus to have a requirement for
identification and familiarization of existing safety guidelines
by APEC economies.

4. There is a need for a requalification guidelines for
existing pipelines made available to the APEC Economies.

5. There is a need for greater transparency within the
industry to foster pipeline protection such as a need for
greater exchange of views on corrosion assessment
(internal/external).

6. There is a need to look at requirements for:

- pipeline monitoring systems particularly in determining
procedures for development of on-line monitoring
instrumentation for complicated networks,

40



- practical assessment methodologies to address the Dynamic Free
Spanning problem,

- development of engineering guidelines and standards for
pipeline and riser repairs

- development of a probabilistic corrosion modeling and
assessment method,

- development of an effective hydrate testing technique fer

- characterization of the effect on the effect of operating
pressure under normal and abnormal conditions in integrity
assessment,

- development of an on bottom stability assessment method,

- development of multi-directional sea-state current and wave
interactions for pipeline reliability assessment,

- development of pipeline data and methods to address problems
for non-piggable lines, and

- development of on-line monitoring instrumentation standards.

7. There is a need for close collaboration with the APEC
Fisheries Working Group on efforts to educate local fisherman on
awareness of pipeline safety.

8. APEC economies should organize workshops/forums to discuss
specific issues for marine pipelines and identify cooperation
mechanisms in addressing these issues among APEC economies.

9. APEC should develop and maintain an interactive web-site
for APEC economies to share/discuss lessons learned and other
issues pertaining to marine pipelines and to provide better
linkages between the academic community and industry and
regulators.

WORKING GROUP III:

In considering assessing and maintaining floating production
systems (FPSO’s), APEC economies should take into account the
following:

1. Whether or not FPSOs should be separately designated by the
International Maritime Organization (IMO) after taking into
account pollution regulations, drydocking intervals, the need
for double-hulls, crew safety, etc.

2. APEC Economies should encourage IMO to move toward goal
setting regulations designating performance specifications for
the offshore industries using Safety Case requirements if and
when necessary and stimulate the introduction of “Automation of
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Inspection” as a means of complying with Regulations including
IMO, flag and class issues. There should also be a baseline risk
study on issues associated with IMO requirements.

3. There should be a study to highlight the inspection methods
available for floating production systems and to provide a
vision for the industry on what needs to be developed for non-
intrusive inspections and to encourage acceptability of non-
intrusive inspection.

4. There should be a base study to define data definition for
exchange protocols on components and systems for risk based
inspection and reliability centered maintenance that would, for
example, define the information required and detail for
structural and mechanical items, process equipment and piping,
define maintenance database information for collection updating
and trending so that information can be exchanged among APEC
Economies, and to ensure that coastal regulatory items; class
items; manufacturer’s requirements and owners can be easily
separated.

5. There should be studies of issues such as subsea failure,
near misses, and state of the art information on corrosion on
floating production systems including topsides and equipment.

6. There should be an awareness campaign on lessons learned
from accidents.

7. Because of the mobility of people and of the amount of
regulations that now apply globally a methodology and roadmap
should be developed for the future that is electronically
available and is clear as to it meaning and visualization.

8. APEC should encourage (and endorse the results of) an
industry workshop on regulatory issues particularly focused on
demonstrating that flocating production systems may be
appropriately regulated separately from other types of marine
vessels.

9. APEC should seek support for a position ensuring that
floating production systems which are neither classed nor
‘flagged as vessels meet appropriate requirements in order to
preserve environmental safety so that floating production
continues to be seen as a viable method of production.
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RECOMMENDATIONS OF THE
TECHNICAL WORKING GROUPS ON

ASSESSING AND MAINTAINING STRUCTURAL INTEGRITY

WORKING GROUP I - FIXED PLATFORMS
WORKING GROUP II - MARINE PIPELINES

WORKING GROUP III - FLOATING PRODUCTION SYSTEMS
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WORKING GROUP I:

Assessing and Maintaining the Integrity of Fixed Platforms

Emerging Issues/Concerns

o Platforms Decommissioning |

o Platform manning/evacuation before extreme events

o Human Reliability (operator fatigue, etc.)

o Changing platform use; old platforms as production hubs

e  Dynamic vibration effects on offshore structures (Bohai Bay)
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Research Needs

*  Better understanding of met-ocean criteria, especially in South China Sea and North
West shelf (Australia)

o Decommissioning options: reuse/recycle/rigs-to-reef. Study of technical, environmental,
economic/social and legal aspects in the APEC region.
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Areas of Cooperation

*  Data sharing between oil companies towards developing regional guidance for design,
reassessment and inspection of offshore platforms.

o Platform evacuation safety issues

when is it necessary
emergency evacuation planning
real-time storm prediction tools
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Recommendations/Future Actions
[ccommendations/¥uture Actions

Develop an inventory of platforms in the region to facilitate reuse opportunities
Develop region-specific annexes for ISO codes (Shell offered to take the lead)

Develop an e-Business centre to facilitate information exchange on these issues
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90ct - 11 Oct 2000, Beijing

WORKING GROUP II:

_ Assessing and Maintaining Marine Pipelines
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Presentation Outline

e CurrentIssues
* Mitigation Requirements
= * Research Needs -
* Future Areas of Collaboration Among APEC
* Recommendation For Future Actions
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Current Issues:

+ Public education for awareness of the danger of damaging pipeline is low (e.g.
fish bombing activities may cause adverse effect to marine environment)

e Commumication between petroleum industries and local fishing commmumity on
issues of pipeline safety is required (e.g. fish trawling activities may lead to
severe safety issues)

* Requirement for identification and familiarization of existing safety guidelines
by APEC economies

* Unavailability of Requalification Guideline for existing pipelines

* Need for greater transparency within the industry to foster pipeline protection

* Need for greater exchange of views an corrosion assessment (internal &xternal)

* Requirement for Pipeline Monitoring Systemn particularly in determining
procedures for development of on-line monitoring instrumentation for

- complicated network | |

* Practical assessment methodologies for Dynamic Free Spanning problem

IS
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Mitigation Requirements:

» Development of engineering guidelines and standards
for pipeline and riser repairs (e.g. mitigation for
cathodic protections and pipelines for deep water
applications) |
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90ct - 11 Oct 2000, Beijing

Research Needs:

* Development of probabilistic corrosion modeling and assessment
method

» Development of effective hydrate testing technique
e Characterization on the effect of operating pressure under
= normal and abnormal conditions in integrity assessment
* Development of on bottom stability assessment method
* Development of multi-directional sea-state current and wave
interactions for pipeline reliability assessment

* Development of pipeline data (i.e. design, operational,
maintenance and etc.) and methods to address problems for non-
piggable lines
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Areas of Cooperation:

* Development of on-line monitoring instrumentation
standards

» Close collaboration with APEC Fisheries W arking
* Group for effort to educate local fisherman on

awareness of pipeline safety
* Establishment of Pipeline Requalification Guideline
(guideline to address issues on decommissioning as well)
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Recommendation For Future Actions:

* Organize workshops forums to discuss specific issues for marine
pipelines and identify cooperation mechanism in addressing these
issues among APEC economies

* Develop and maintain an interactive web-site for APEC
econommies to share Aliscuss lesson learnt Assues pertaining to

ine pipeli |
* Linkages with academic commmmity with industry and regulators

W
W
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; THANK YOU
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FPSO |
Breakout Session  FPSO Breakout Session

e WORKING GROUP I

Report of the Committee

APEC Workshop
10 October 2000

Session Chairpersons
e Prisdapunt Pojanapreecha
e Malcolm Sharples

October 10, 2000
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FPSO

Breakout Session Emerging Issues
“
Regulatory Issues |
e FPSOs need to be separately designated Vessel at
IMO : Issues concern
¢ Pollution regulations
+ Drydocking every 5 years |
+ Potentially double-hull issues in future
+ Solas Lifeboat issues Etc. Etc.

® IMO needs to move toward Goal Setting regulations
designating performance specifications for the
offshore industries and designate offshore
equipment differently from tankers etc. Using

Safety Case requirements if and when necessary
| October 10, 2000
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FPSO

Breakout Session Emerging I ssues
e
Technical Issues
e Stimulate the introduction of “Automation of
Inspection” as a means of complying with
Regulations including IMO, Flag and Class Issues

October 10, 2000
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FPSO

Breakoyt Session E m e rg i n g ISS u es

\
Technical Issues

e Subsea Issues

¢ Understanding Failures
+ Ensuring practical
standards in-place to assist

e Corrosion Issues

+ understanding the
industry learnings

October 10, 2000
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FPSO

Breakout Session Re sea rch Ne ed S
—\
Regulatory Sponsorship
e Baseline Risk Study on issues associated with IMO
requirements (from Emerging Issues) - JIP
+ Pollution regulations

+ Drydocking every 5 years
+ Potentially double-hull issues in future
+ Solas Lifeboat issues etc.

e Study to Highlight the Inspection methods available
for FPS/FPSO/FSOs and give vision for the future on
what needs to be developed for non-intrusive
inspections - inspiring a vision for future Industry
development - encourage acceptability of non-
intrusive inspection October 10, 2000
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FPSO

Breakout Session R e s e a rc h N e e d s
e ———————————————ee—————
Requlatory Sponsorship

e Base Study to define Data Definition for exchange
protocols on components and systems for risk
based inspection and reliability centered
maintenance - JIP

+ Define information required and detail for structural and
mechanical items, process equipment and piping

+ Data Definition using STEP Protocol?

+ Define maintenance database information for collection
updating and trending, so that information can be |
exchanged - ensure that coastal regulatory items; class
items; manufacturer’s requirements and owners can be
easily separated. Examples developed to encourage
movement toward RBI and RCM October 10, 2000
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FPSO

Breakout Sessibn Re Search Needs
Regulatory Sponsorship
e Study of Subsea Failure information through a JIP;
Report of published and near miss information

e State of the Art Report via JIP on corrosion issues
- together with Floating Production Systems and
topsides. - equipment issues arise at the end of
field life when there is no cash to repair.

e Study of Knowledge Engineering and development
of a Roadmap for installation in universities, or
organizations. Development of a recommended way
forward on regulatory and on safety issues.

October 10, 2000
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FPSO |
sreascntsession Future Challenges
“
Training
e Awareness campaign on Lessons learned from
Accidents

October 10, 2000
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FPSO

Breakout Session F utu re C hal Ienges

—_—mm
Knowledge Engineering

e On regulatory matters

L 4

*

Because of the mobility of people
Because of the amount of regulations that now apply globally

e Development of a methodology and roadmap for the
future; contains elements of:

*

*

electronic availability of regulations - searchable

clarity in the performance standards with interpretations
available

diagrammatic guidance and commentaries
3-D visualizations

encouragement of research programs to incorporate recording

experience and as an educational tool October 10, 2000
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FPSO

sreakoutsession | UtUre Cooperation

—_—
APEC Sponsorship |

¢ Under the Auspices of APEC develop an industry workshop

on regulatory issues particularly focused on ensuring that
IMO recognizes that FPSs and FSOs are different animals
than tankers: ensuring Offshore industry vessels not given
requirements of marine vessels. APEC endorsement of the
Results of that workshop

APEC to endorse a resolution to ask all APEC and non-
APEC governments to ensure that floating production
systems which are neither classed nor flagged meet
appropriate and similar requirements to ensure that
environmental safety is preserved and floating production
continues to be seen as a viable method of production

October 10, 2000
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Welcome by Mr. Chen Lianzeng
Deputy Administrator, State Oceanic Administration

Dear Madam Sylvia Baca, Assistant Secretary for Land and Minerals
Management, Department of the Interior of the United States;

Dear Mr.Walter Czemny, President and Chief Operating Officer, American
Bureau of Shipping Pacific; Distinguished guests, ladies and gentlemen:

It is my pleasure to be here, on behalf of the State Oceanic
Administration of China, to warmly congratulate the opening of the
APEC Workshop on Assessing and Maintaining the Integrity of
Existing Offshore Oil and Gas Facilities in Beijing, and I would like to
take this opportunity to express our sincere welcome for all the
participants from the APEC member economies.

The topic of the workshop "assessing and maintaining the integrity
of existing offshore oil and gas facilities", is of practical significance for
the APEC member economies. Firstly, with the warming up of the
exploration and exploitation of offshore oil and gas resources worldwide
since the 1970’s, some of the production facilities are approaching their
life limits. Therefore, it is needed to begin to consider the disposal issue
from various angles, i.e. economical, social and environmental. Secondly,
the issue of assessing the integrity of existing offshore oil and gas
facilities and choosing the appropriate disposal methods, has attracted the
attention of the global marine environment protection fora, such as the
Convention on the Prevention of Marine Pollution by Dumping of Wastes
and Other Matters. At present, 10 among the 16 APEC member
economies are contracting parties to the Convention. APEC, as a Pacific
- regional forum, is the appropriate place to address the issue of offshore
oil and gas facilities within its mandate. Finally, the APEC member
economies have long interest in discussing the issue, we all remember
that the first similar workshop was held in Indonesia in October, 1998.
Therefore, this workshop could be considered as a further step to the
previous one.

China attaches great importance to marine environment protection.
With it 18,000 kilometers long coastal line, China began to introduce
investment and technology in the 1980's to undertake joint development
of its offshore oil and gas resources with foreign enterprises. Nowadays,
there is a total amount of 25 oil and gas fields under production, among
which, 8 in the Bohai Sea; 1 in the East China Sea and 16 in the South
China Sea. For protecting the marine environment, China promulgated its
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Maine Environment Protection Law in 1983, then the Law was amended
and entered into fore on 1 April this year. In addition, the Law was
supplemented by the Regulation on the Marine Environment Protection
by Exploration and Exploitation of Offshore Qil and Gas. China carries
out the policy of putting prevention first and combining prevention with
control in managing existing marine pollution. To prevent marine
environment pollution from offshore oil exploitation, various measures
have been taken, including the formulation of the contingency Program
to Combat Oil Spills During Offshore Oil Exploration and Exploitation,
the installation of oil-polluted water treatment equipment on all drilling
platforms, the installation of engine-room oil-water separators aboard all
drilling ships, and the provision of oil barriers, chemical de-oiling agents
and spill recovery ships for all China's offshore oilfields.

In accordance with the objectives of APEC Action Plan for the
Sustainability of Marine Environment, the Chinese Government has been
exerting great efforts to promote the cooperation among APEC member
economies. The State Oceanic Administration, assigned by the State
Council as the competent governmental organization for marine affairs, is
responsible, among others, for the marine pollution prevention caused by
offshore oil and gas development, dumping of wastes and coastal
engineering, and serves as the contact agency for the APEC Marine
Resources Conservation Working Group. As one of the organizers for this
workshop, we hope that the offshore oil and gas industry and relevant
management agencies could take this opportunity to exchange
information on methods and experiences, and try to find out the best
solution for the disposal of offshore oil and gas facilities, and therefore
contribute to the sustainable development of economy, society and
environment in the APEC region.

October is called the golden season in Beijing, for the weather is the
best in a year. There is an old saying in China that: " One doesn't posses
manhood until one has been to the Great Wall". So, I hope you will make
full use of this opportunity to visit some of the famous scenic spots in
Beijing and experience some of the local conditions and customs.

Finally, I wish the workshop a great success and everyone a
pleasant stay in Beijing. Thank you.
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Opening Remarks
Mr. Jiang Longsheng
Vice President, China National Offshore Oil Corporation

Your Honorable President, ladies and gentlemen,

Good morning!

First of all, let me take this opportunity, on behalf of China National Offshore 0il Corporation
(CNOOC),to extend my congratulation on the opening of this important international
conference in China.

It is one of the most important human-being activities in The oil industry to develop offshore
oil and gas resources. As a state oil company authorlzed by the State Council for privileged
development of oil and gas in Ofrshore China, CNOOC would much like to discuss with you
and explore how to improve the overall development of offshore oil and gas, and how to
effectively protect marine environment. We firmly believe that self-improvement of every
single person is surely inalienable from the future of entire humankind.

CNOOC was incorporated in 1982 and has been developing in a fast pace with high efficiency.
Up to date, CNOOC has acquired a proved geological reserve of 2.1 billion tons of oil and 350
billion cubic meters of natural gas. At present, it has altogether 23 cooperated and self-
financed oil and gas fields under operation in offshore China. Furthermore, CNOOC has
obtained sevcralinvesting interests in Indonesia, Burma and Gulf of Mexico.

By 2005,China offshoreannual production will be increased up to 30 million tons of oil and
10 billion cubic meters of gas, representing 18 percent and 20 percent of the totals in China
respectively. In the first half of the 215! cent1 lry,offshore oil and gas increase will become
the main impetus for the total increase in China.

The development of offshore natural gas is regarded by CNOOC as one of its principal
strategies. Natural gas in offshore continental shelf has proved to have a substantial reserve,
representing 36 percent of the total in China. Being a clean energy, it is believed to have a
promising prospect in China. The coastal provinces, with well-developed economy, provide
CNOOC an unprecedented opportunity. In order to meet the rapid increase in demand for
natural gas,CNOOC is making a phase plan of developing a South-north gas pipeline grid,
which will be integrated with the west-east gas pipeline.

At present,CNOOC is heading three world-class downstream projects. CNOOC-Shell
Petrochemical Project so far is the biggest joint venture with foreign partners in china, and it
has realized noticeable progresses. Hainan Fertilizer Project will make it the largest fertilizer
production base in China. Guangdong LNG Project, commissioned by China State
Development Planning Commission (SDPC),has initiated selection procedure of forei gn
partners for receiving terminal and trunk gas pipeline. Moreover, CNOOC is actively making
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preparation for its IPO in the first quarter of next year. It will make CNOOC accessible to the
international capital market. '

Successful international cooperation was a secret for the rapid growth of CNOOC in the past
twenty years. CNOOC has so far signed altogether 144 contracts and agreements with 69 oil
companies from 18 countrles and regions and has developed sound relationship with foreign
partners, based upon a win-win principle, a core principle always put in the first place by
CNOOC.As well, the investment of our foreign partners has been well returned. In
1999,CNOOC discovered Penglai 19-3 0il Field, jointly with Phillips. It is the most important
oil discovery in China in the recent ten Years, and also the biggest one for Phillips in the
‘recent 30 years all around the world.

We firmly believe that peace and development are the worldwide mainstream today. We hold
strong confidence that we will make more and better friends and enjoy more successful
cooperation with our partners in the future. CNOOC expects to join you hand in hand in this
developing 215t century.

We sincerely wish this conference a great success!

Thank you,
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APEC WORKSHOP ON ASSESSING AND MAINTAINING
THE INTEGRITY OF EXISTING OFFSHORE OIL AND GAS FACILITIES

Statement of Maureen Walker
Deputy Director
Office of Ocean Affairs
Department of State
United States of America

October 9, 2000

Welcome!

My name 1s Maureen Walker, Deputy Director of the Office of
Ocean Affairs, U.S. Department of State.

I am accompanied by Mr. Frank Ostrander of the same office.

It is with great pleasure that we welcome you to this
Workshop on Aging Offshore 0il and Gas Infrastructure. We
are grateful for the response and humbled by the significant
amount of talent exemplified in those who have registered
for this workshop, including, of course, our speakers. We
are certain that, with hard work and ingenuity, together we
can make this a successful APEC event. ‘

We want to thank our Chinese hosts, particularly for the
hard work and dedication that goes into planning a workshop
like this. We thank Deputy Administrator Chen and Director
General Li of the State Oceanic Administration.

We also want to thank our sponsors, the Minerals Management
Service, the American Bureau of Shipping, the American
Petroleum Institute, the China National Offshore 01l
Corporation, Phillips China, Rosen Malaysia and Lloyds
Register, who sponsored the extraordinary event last
evening.

This workshop implements a call by Leaders just last year to
improve the range and scope of contacts with the
business/private sector. 1In the case of the Marine Resource
Conservation Working Group, it is very important that as we
work to implement APEC's Action Plan on the Sustainability
of the Marine Environment by reaching out to the
business/private sector to exchange information on the
integrity of platforms in the rapidly developing economies
of APEC.
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The Workshop follows upon the successful APEC Workshop on
Decommissioning held in Jakarta, Indonesia in 1998 that
recommended that consideration be given to future
seminars/workshops to highlight an exchange of information
on technology, safety, environment, finance and cost
analysis and to facilitate the development of cooperative
research initiatives among economies.

Further the Workshop will promote economic and
environmentally sound techniques.

For our APEC Leaders have directed Ministers, in
coordination with the private sector, to develop specific
initiatives for sustainable development of the marine
environment. ‘

How did we go about doing this?

China and the United States put a proposal for a Workshop
together and submitted it to the Marine Resource
Conservation Working Group of APEC. The MRC Working Group,
which meets annually approved the joint workshop at its June
2000 meeting in Lima, Peru.

At the MRC Working Group, the United States and China noted
that within APEC, oil and gas producing economies, many
offshore structures are nearing the end of their useful
life. From an environmental standpoint it is important to
address the issue of the structural integrity of these
facilities.

You may ask why is this important.

The answer is that there are over 1000 offshore production
facilities in the APEC region. Many were designed over 40
years ago. Many have sustained. damage due to storms and
many are being used beyond their design life.

The objectives of the Workshop are to exchange best
practices information in assessing and insuring safety; to
expose participants to a range of technical knowledge and
solutions; and to network and share experience with other
APEC economies oil and gas industries, academic and
certification agency experts and officials.

The goals of the Workshop are to seek to identify issues and
to recommend possible measures to insure the highest degree
of responsibility and care with regard to fixed platforms,
marine pipelines and floating production systems. Another
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goal i1s to identify specialists within each APEC economy on
this issue.

The Workshop supports the Action Plan on the Sustainability
of the Marine Environment. (I would note that when you
receive your registration packet, a copy of this Action
Plan, including updates on its implementation is included).

The Workshop strengthens intra-regional cooperation and
supports APEC Energy Ministers call to adopt a strategic
approach to reducing environmental impacts of energy supply
and use. You will also find a copy of the APEC Energy
Ministers Declaration in your packet. This Declaration,
issued in May 2000 in San Diego, California calls for
cooperation initiatives . . . to reduce costs, facilitate
energy business and trade, and mitigate damages on enerqgy
infrastructure after natural disasters according to each
economy's particular circumstances.

And, as I have mentioned before, the Workshop promotes
public - private sector partnership, which the Leaders have
set as a priority in APEC. We are grateful for the input
and participation of the China National Offshore 0il
Corporation, the American Bureau of Shipping, the American
Petroleum Institute, Lloyds Register, Phillips China, Inc.
and Rosen Malaysia.

Also included in your packet is the Hawaii Declaration of
1998. At that meeting, the high level ocean officials of
the APEC economies formally recognized the catalytic role
that APEC can play in coordinating arrangements for needed
and agreed economic and technical training and special
projects to advance coastal development and resource
protection.

The other important theme emphasized by the Leaders at the
last meeting was the importance of economic and technical
cooperation. And here I would note that the APEC economies
agreed to undertake and initiate APEC ecotech cooperation,
to initiate a long-term plan of action to guide APEC, and to
make the best use of APEC ecotech, building upon the APEC
Action Plan for the Sustainability of the Marine
Environment.

More information on any of the topics that I have mentioned
can be found at www.apecsec.org.sqg. The MRC Working Group has a
place on this site where all documents are placed. There is
also a section for the private/business sector, which can
give you a glimpse of many of the other important activities
going on in APEC.
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So, without further delay, let us begin to utilize economic
and technical cooperation and engage in partnership and
cooperation between the public and private sector to achieve
APEC's economic and environmental goals.

Just one housekeeping announcement before I introduce our
keynote speaker. You will receive a form in your
registration packet concerning your views on this Workshop.
It is important to fill these evaluation forms out and place
them in the box in the back of the room.

It gives me great pleasure to introduce our keynote speaker,
Assistant Secretary Sylvia Baca.

I first met Secretary Baca several yYears ago at a Conference
on Decommissioning and Artificial Reefs in California.
During that time, Secretary Baca and I had the unique
privilege of going offshore to view oil and gas operations
first hand. It was a memorable experience and I don't
really think a true appreciation of the magnitude and scope
of the issues facing this industry can fully be understood
until one has seen it first hand.

This hands-on approach is what characterizes Secretary Baca.
She is committed to environmental protection and she comes
to the table with a knowledge of the industry and leads a
talented group of folks at the Minerals Management Service.
You will meet many of them this week. But now I would like
you to meet Sylvia Baca.

Secretary Baca was confirmed by the Senate to be the
Assistant Secretary for Land and Minerals Management on
February 29, 2000. Previously, she was named Deputy
Assistant Secretary of the Interior for Land and Minerals
Management in January 1995, Acting Director of the Bureau of
Land Management from January 1997 to August 1997 and Acting
Assistant Secretary in November 1998. As the Assistant
Secretary, she has directed supervisory responsibility for
three principal bureaus of the Department of the Interior:
the Bureau of Land Management, the Minerals Management
Service, and the Office of Surface Mining Reclamation and
Enforcement.

Management responsibilities for the Bureau of Land
Management, Minerals Management Service, and the Office of
Surface Mining and Reclamation and Enforcement include 270
million acres of onshore public land; 570 million acres of
subsurface minerals; mineral resources on the 1.4 billion
acres of the outer continental shelf; collection of more
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than $ 4 billion per year in mineral revenues and management
of surface mining and reclamation regulatory activities.

The three agencies have combined budgets of almost $ 1.8
billion and more than 12,000 employees.

A native of New Mexico, Secretary Baca served in a variety
of posts in State government and municipal government before
joining the Department of the Interior. Please welcome
Assistant Secretary Baca.

77




PAGE LEFT INTENTIONALLY BLANK

78



KEYNOTE SPEECH AND OPENING REMARKS
ASIA-PACIFIC ECONOMIC COOPERATION WORKSHOP

SYLVIA V. BACA, ASSISTANT SECRETARY
LAND & MINERALS MANAGEMENT
UNITED STATES DEPARTMENT OF THE INTERIOR

BENING, CHINA
OCTOBER 9, 2000

| sincerely appreciate the opportunity to be with you today to speak to this
distinguished group representing the APEC economies.

First, | would like to express my appreciation to Deputy Administrator Chen
Lianzeng and Director General of International Cooperation Li Jingguang of the
China State Oceanic Administration (SOA), and Vice President Jiang Longsheng
of the China National Offshore Oil Corporation for hosting this very important
workshop. Thank you.

I would also like to thank the workshop organizers and especially Ms. Yue Chen
of the China State Oceanic Administration and Ms. Maureen Walker, of the Office
of Ocean Affairs, U.S. Department of State, for doing such an outstanding job in
bringing this workshop to such a successful start.

A word of appreciation must also go to the workshop sponsors, the American
Bureau of Shipping, the American Petroleum Institute, the China National ‘
Offshore Oil Corporation, Rosen Malaysia, Lloyd’s Register of Shipping, Phillips
China, Inc. and the U.S. National Science Foundation and the Western
Australian Government Department of Commerce and Trade for their kind
contributions in order that we might accomplish this effort.

Let me begin by briefly describing the Department of the Interior and the Minerals
Mangement Service (MMS), one of the three Bureaus whose operations |
oversee and the role we play in managing the exploration, development and
production of offshore oil and gas resources in the United States.

Created 150 years ago as the United States’ principal conservation agency, the
Department of the Interior has responsibility for most publicly owned lands and
natural resources.

The Department's mission is to:
* Mmanage, preserve, and make available the nation's public lands and natural
resources for use and enjoyment both now and in the future,

* conduct scientific research and investigations in support of the best possible
management of the public lands and natural resources,
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» develop and use resources located on public lands in an environmentally

sound manner while providing a fair return on these resources to the
American taxpayer, and

e carry out trust responsibilities of the U.S. Government with respect to

American Indians and Alaska Natives.

Within the Department, these missions are carried out by Bureaus as shown in
this overview of the Department of the Interior organization.

The Assistant Secretary for Land and Minerals Management is directly
responsible for three principal bureaus of the Department of the Interior; the
Bureau of Land Management, the Minerals Management Service, and the Office
of Surface Mining Reclamation and Enforcement.

As implemented by the three bureaus, the Assistant Secretary’s energy and
minerals related duties include:

overseeing potential development of oil, gas, coal and other minerals on
570 million acres of public lands onshore and on the 1.4 billion acres of
the Outer Continental Shelf,

regulating operations on Federal mineral leases that produce about 630
million barrels of oil, 7 trillion cubic feet of natural gas and 400 million tons
of coal annually, :

collecting more than $4 billion per year in mineral revenues derived from
Federal and Indian lands, and

regulating and managing the reclamation of surface coal mine lands.

The three bureaus have combined budgets of almost $1.8 billion and more than
12,000 employees.

The activities of the Minerals Mangement Service are of particular interest to this
conference. :

The mission of the MMS is to:

* manage the mineral resources — oil, natural gas and other minerals — found

on the United States Outer Continental Shelf (OCS) safely, cleanly and in
close consultation with affected states, local governments and citizens,
(Generally speaking, coastal states own the first three miles seaward of their
coastlines; the area beyond 3 miles is referred to as the Outer Continental
Shelf and is under the jurisdiction of the U.S. government. The Bureau of
Land Management (BLM) manages mineral resources for onshore lands)
collect, verify, and distribute, in a timely fashion, mineral revenues generated
from U.S. onshore and offshore public lands and Native American lands.
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Over the years, many laws have been enacted that have an impact on leasing,
development and production of mineral resources on the OCS. As resource
manager, MMS is responsible for establishing a regulatory program to implement
and enforce compliance with these laws. In this role, MMS handles everything
from leasing OCS lands, regulating development activities to protect the coastal
and marine environment, and ensuring that when operations are completed, the
site is properly abandoned. This slide shows the number and distribution of the
OCS facilities MMS manages.

Specifically, MMS —

* identifies areas that have oil and gas potential for consideration of leasing to
private industry,

e conducts environmental studies and seeks input from potentially affected
States, local governments and the public before making any decision to offer
leases for sale,

« offers OCS leases for sale to highest bidders at public auctions when
supported by environmental and other analyses, and

* establishes a comprehensive regulatory framework for all aspects of oil and
gas operations by OCS lessees from exploration, development and
production through platform removal and clearing and abandonment of the
lease property.

The regulatory areas of particular importance to this workshop—Pollution
Prevention and Control, Platforms and Structures, and Pipelines and Rights-of-
Way--are highlighted as follows: '

* reviews plans for lease exploration or development and production submitted
by lessees to determine compliance with all mandatory standards,

¢ conducts site specific environmental analyses to ensure compliance with all
environmental statutes and permit requirements, and

¢ oversees all operations on the leases, including making onsite inspections to
determine that OCS lessees comply with all applicable regulations.

The MMS is currently at an important cross roads in its offshore regulatory
program. For most of the 50-year history of OCS development, the U.S.
regulatory approach has been highly prescriptive and focused on technology for
solutions. Over the years, industry made great strides in improving safety and
environmental performance under this type of regime.

However, through the use of detailed rules and checklists, MMS took on the
primary responsibility for safety and environmental protection. This approach
often did not provide adequate incentives or flexibility that industry needs to
develop innovations that will improve their performance.
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Since the early 1990's, MMS has re-directed its efforts to a performance-based
program where the responsibility for clean and safe operations is being put
squarely on the shoulders of the operator. Our measure of success will now be
the safety and environmental performance record of individual companies and
the industry as a whole.

As the regulator, MMS'’s challenge is to identify best practices, set performance
goals, find the best means to measure performance, and provide effective
incentives that promote a strong commitment to clean and safe operations. We
believe this approach will attract the capital and industry expertise to fully explore
and produce oil and gas resources in an environmentally sound and safe
manner.

Associated with this approach are three key elements of a sound regulatory
approach:

e Predictability - Companies need to know what requirements they must meet
and regulators must know what they can expect from the companies.
Regulators and companies should not have to negotiate in the middle of a
project to determine what is acceptable performance,

¢ Timeliness — Regulatory decisions must be made promptly and clearly.
Delays that result when companies and regulators have different
interpretations of a regulation can greatly escalate project costs.

» Transparency - Regulations must apply to all parties and everyone must be
held to the same rules.

Though the emphasis in our regulatory program has shifted, safety and
environmental protection remain our top priorities. We constantly strive to
achieve the proper balance between protecting sensitive coastal and marine
environments while producing much needed energy supplies.

To achieve this objective, MMS incorporates sound science into all its decision
making and regulatory and operational processes. MMS places a high priority on
environmental, oil spill, and safety-related research. This research gives MMS
the most-up-to-date information about the effects of OCS activities.

Since 1974, the MMS Environmental Studies Program has completed over 900
research projects encompassing a range of biological, physical oceanographic,
ecological, and socioeconomic issues associated with offshore mineral leasing
and development.

The Technology Assessment and Research Program (TA&R) is a key
component of the MMS regulatory program. The program supports research
associated with operational safety and pollution prevention as well as oil spill
response and cleanup capabilities. The Technology Assessment and Research
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Program has conducted over 400 research projects on Safety, Pollution
Prevention, and Engineering Issues and on Oil Spill Response Research.

We believe that the information resulting from our research activities should be
shared widely to assist other nations as they develop their own offshore oil and
gas resources. MMS makes more than 20 years of environmental studies and
offshore engineering and safety-related research available online through the
MMS Internet Home Page—www.mms.gov.

MMS’s research and regulatory programs have devoted considerable attention to
the subject of this workshop—assessing and maintaining the integrity of existing
offshore oil and gas facilities. Dealing with these facilities, many of which are old
or damaged, presents a major chalienge to the offshore oil and gas industry and
regulators worldwide.

Currently, more than 7400 production platforms and associated pipelines are
operating in 53 countries worldwide. Many of these facilities are now decades old
and were installed at a time when our knowledge of offshore structures and the
standards we set for them were not as advanced as they are now.

Also, many existing facilities may have suffered damage as a result of storms or
accidents or because of inadequate maintenance programs, and many have
deteriorated to the point that their structural integrity is in question.

Furthermore, advances in drilling and production technologies have extended the
life of many reservoirs, resulting in many facilities serving well beyond their
original design life.

As we deal with the range of issues associated with maintaining a safe,
environmentally sound offshore oil and gas program, we want to especially
emphasize three important areas:

First, throughout the years, MMS has received good cooperation and
participation by the industry. Most operators understand the importance of
working with us and are fully committed to clean and safe operations. Continued
- cooperation is essential to building an effective regulatory program.

Second, we need to exchange information with industry and other regulators
about managing safety and environmental performance in other parts of the
world. We need to communicate more and share experiences on what works and
what doesn’t. In doing this, we recognize that there is no "one size fits all"
approach to safety and environmental management. \We have to consider the
diversity of the industry and the uniqueness of the different areas where offshore
operations are conducted.

And finally, as the offshore industry has become a global industry, international
bodies are paying more attention to how oil and gas activities are conducted.
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Many of these international groups do not deal directly with offshore oil and gas
operations, but are adopting standards that may affect us. Industry and
regulators alike need to participate in these international activities to ensure that
we have a voice in decisions.

Through our participation we can share our expertise and make certain that the
standards being adopted will allow us to develop rational, efficient systems that
promote a high level of environmental and safety performance.

Today, safety and environmental protection is everyone’s business. The more we
work together, the better able we will be to ensure that offshore operations
around the world are clean and safe.

We are firmly committed to building cooperative relations whenever possible to
better understand potential problems and to devise sound, cost effective
solutions. We believe that by working together and sharing our knowledge we
can achieve safer, more environmentally sound outcomes than if we work in
isolation.

We have long recognized how important it is for industry and government
regulators around the world to share information and expertise with the goal of
achieving clean and safe operations on a global scale.

For example, in recent years, MMS has:

e developed memorandums of understanding with various countries to
exchange scientific and technical information related to offshore development
activities such as resource assessment, administrative procedures and
practices, safety and environmental protection;

¢ organized the International Regulators Forum comprised of industry
representatives and government regulators from nine countries to address
challenges and opportunities in achieving safe and clean operations around
the world;

* participated in the establishment of the International Committee on
Regulatory Authority Research and Development. Major oil companies
operate in many countries, and in each, certain organizations are in place to
assess and ensure the use of sound technological developments. The
purpose of this international committee is to coordinate research activities,
exchange information and promote research cooperation between these
organizations; and

* under the auspices of the Asia-Pacific Economic Cooperation and the Marine
Resources Conservation Working Group, helped organize an international
workshop in Indonesia on the decommissioning of offshore oil and gas
platforms.
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Today, this workshop represents an excellent example of cooperation between

environmental agencies of the Peoples Republic of China and the United States

to address a major environmental and energy development issue of importance

to all of the economies in the Asia-Pacific region. This workshop also represents

an excellent example of private — public cooperation in APEC. We especially

appreciate the participation of so many companies with special expertise and
capabilities.

In conclusion, | urge you to use your time here not only to participate in the
working sessions to follow, but also to forge new cooperative relationships to
address the entire range of offshore operational, safety and environmental issues
that confront us. Nations and economies worldwide will continue to depend on
adequate supplies of oil and gas for many years for economic growth and the
well being of their citizens.

The challenge for us is to provide these vital energy supplies in a way that
protects the environment, ensures the health and safety of workers offshore and
is compatible with other uses of coastal and marine resources. | truly believe
that by working together—regulators and industry around the globe—we can
meet these challenges and enhance the prospects for a brighter, more
prosperous future for us all.
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ASIA-PACIFIC ECONOMIC
COOPERATION (APEC)

Workshop

| . Assessing and Maintaining the
S.l/ lvia V. Baca Integrity of Existing Offshore Qil
Assistant Secretary - Land and and Gas Facilities
Minerals Management
United States Department of the BEILJING, CHINA
' Interior . OCTOBER 9, 2000

U.S. Department of the Interior

Mission:

Encourage and provide for the appropriate vqs i 78

management, preservation, and operation of the Q¥ enn. 4,
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nation’s public lands and natural resources; Q=5 “::\:
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Carry out related scientific research and 2
investigations;
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Develop and use resources in an 4’4ch ) 1o

environmentally sound manner, and provide an
equitable return to the American taxpayer; and

Carry out trust responsibilities of the U.S.
Government with respect to American Indians
and Alaska natives.
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The U.S. Department of the Interior

[Secretary of the Interioﬂ
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The Minerals Management Service

Mission:

Manage the mineral resources on
the Nation’s OQuter Continental
Shelf (OCS) in an environmentally
sound and safe manner; and

Collect, verify, and distribute, in a
timely fashion, mineral revenues
generated from Federal (onshore
and offshore) and Indian lands.
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Alaska
Platforms: 2 (Under development)
Miles of Pipeline: 20

A}

Vs

Pacific
Platforms: 23
Miles of Pipeline: 195}~ .

€1
Platforms: 3967
Miles of Pipeline: 26,700

Subjects of the OCS Regulatory Program

* General Information
* Exploration and Development

* Pollution Prevention and
Control

* Drilling Operations

* Well Completion

* Workover Operations

« Abandonment of Wells

* Production Safety Systems

Platforms and Structures
Pipelines and Rights-of-Way
Production Rates

Production Measurement,
Surface Commingling, and
Security

Outer Continental Shelf
(OCS) Civil Penalties

* Training

Sulphur Operations
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MMS’s Challenges

Identify best practices
Set performance goals
Assess means to measure performance

Provide effective incentives to promote
clean and safe operations

Elements of a Sound
Regulatory Program

* Predictability

— Companies need to know what requirements they
must meet

e Timeliness

— Unnecessary regulatory delays can greatly escalate
project costs

* Transparency

~ Everyone knows what the rules are and everyone
is held to the same rules
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Environmental Studies Program

* Over 900 studies since 1974

* Types of studies conducted
— Biological
— Physical Oceanographic
- Ecological
— Socioeconomic

The Technology Assessment and
Research Program

A two part program:

* Operational Safety and Engineering Research Program

- Technological issues associated with the complete spectrum of
operations, from drilling to decommissioning of facilities.

* Oil Spill Response Research Program

— Research issues to improve detecting and responding to oil spills. The
MMS is the principal US government agency for oil spill response
research.
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On the World Wide Web

http://www.mms.gov/
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Current Management Emphasis

» Continued cooperation and participation by
industry '

» Expanded dialogue with industry and
regulators in other countries

* Increased represehtation by the offshore
industry and regulators in international
organizations

International Coopera‘tion

* Memorandums of
Understandings

* International Regulatory
Forum

* International Committee on
Regulatory Authority
Research and Development

* APEC workshops
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Common Goals

* Provide for vital energy
supplies

* Protect the coastal and
marine environment

« Insure health and safety of
workers

* Enhance international
cooperation
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Challenges, from a Certification Perspective, of
Assessing and Maintaining Offshore Infrastructure
Walter J. Czerny

President
ABS Pacific

Beijing
9 October 2000

Certification Challenges in
Assessing and Maintaining
Offshore Infrastructure 4

Walter J. Czemy
ABS Pacific, Fresident

3 October 2000
Beijing

THANK YOU MR CHAIRMAN.

MY FIRST DUTY IS TO CONVEY TO YOU THE PERSONAL REGRETS
OF MY CHAIRMAN, FRANK IAROSSI, WHO HAD HOPED TO BE HERE
BUT HAS BEEN WAYLAID BY SOME COMPLETELY UNFORSEEN
DEVELOPMENTS.

| KNOW THAT FRANK CONSIDERED IT AN HONOR TO HAVE BEEN
INVITED TO ADDRESS SUCH A DISTINGUISHED AUDIENCE,
PARTICULARLY SINCE SO MANY COUNTRIES AND CLIENTS ARE
REPRESENTED HERE WITH WHOM ABS HAS ENDURING
RELATIONSHIPS.

AS PRESIDENT OF ABS PACIFIC | HAVE BEEN PRIVILEGED TO
WORK WITH MANY OF YOU. BUT THIS MORNING | INTEND TO
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DRAW ON THE VERY RECENT EXPERIENCE OF OUR AFFILIATE,
ABS GROUP, IN ANOTHER PART OF THE WORLD.

| WILL HIGHLIGHT A PARTICULAR PROJECT WITH WHICH ABS
GROUP HAS BEEN INVOLVED IN THE GULF OF MEXICO. IT IS ONE
WHICH WE BELIEVE PROVIDES A MODEL FOR MANY OF THE
CHALLENGES THAT ARE CONFRONTING, OR WILL SOON
CONFRONT, OPERATORS OF AGEING OFFSHORE
INFRASTRUCTURE IN THE PACIFIC BASIN.

IT IS ONE OF THE STRENGTHS, OF ABS, AS A GLOBAL
ORGANIZATION, THAT WE ARE ABLE TO PARTICIPATE IN, AND
LEARN FROM A VERY WIDE RANGE OF PROJECTS IN SUCH
DIFFERING LOCATIONS.

50 Years of ABS Offshare Involvement|

« 1958: First MODU built to Class

» 1968 First MODU Rules

« 1978 First Floating Production Systel
< 1578 First U.8. FPSO

» 1998 First Classed Production Spar

+ 1988 First GOM Floating Storage Un
» 1998 First Classed TLP

FOR THOSE OF YOU WHO MAY, PERHAPS, BE UNFAMILIAR WITH
ABS LET ME DIVERGE FOR A MOMENT AND GIVE YOU SOME
BACKGROUND. ABS HAS BEEN A PARTNER WITH THE OIL AND
GAS INDUSTRY SINCE IT FIRST WENT OFFSHORE IN 1947 .

OUR PRIMARY ROLE AS A CLASSIFICATION SOCIETY IS TO
ESTABLISH STANDARDS FOR THE DESIGN, CONSTRUCTION AND
OPERATIONAL MAINTENANCE OF MARINE AND OFFSHORE
STRUCTURES AND FACILITIES.
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OVER THE YEARS WE HAVE NOTCHED MANY FIRSTS WITHIN THE
OFFSHORE SECTOR — THE FIRST MODU BUILT TO CLASS
STANDARDS, THE FIRST CLASS RULES FOR MODUSs,
CLASSIFICATION OF THE FIRST FLOATING PRODUCTION SYSTEM,
THE FIRST CLASSED SPAR, THE FIRST CLASSED TLP AMONG
MANY OTHERS.

THIS EXPERIENCE HAS BEEN REWARDED. THE ABS SHARE OF
THE WORLDWIDE OFFSHORE MARKET OF FLOATING UNITS IS
ALMOST 70 PERCENT, INCLUDING 87 PERCENT OF ALL JACKUPS
WORLDWIDE, 65 PERCENT OF ALL DRILLSHIPS AND DRILL
BARGES, 81 PERCENT OF ALL TLPS AND SPARS AND A 43
PERCENT SHARE OF THE FPSO AND FSO SECTOR.

97



OUR PENETRATION OF THE APEC OFFSHORE CLASSIFICATION
MARKET CLOSELY PARALLELS THIS WITH A 69 PERCENT OVERALL
SHARE, INCLUDING 60 PERCENT OF THE FPSO/FSQ SECTOR
AND 100 PERCENT OF PRODUCTION SEMI SUBMERSIBLES.

WE ALSO PROVIDE APPROPRIATE CERTIFICATION SERVICES TO
EITHER OUR OWN, OR INDUSTRY STANDARDS WHEN PREFERRED
BY CLIENTS.

introduction to ABS

ALTHOUGH IT IS DIFFICULT TO QUANTIFY THE SAFETY BENEFITS
OF CERTIFICATION AND CLASSIFICATION, SINCE WE HAVE NO
RECENT EXPERIENCE OF A REGIME WITHOUT IT, THERE IS AMPLE
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EVIDENCE OF PROBLEMS AND SHORTCOMINGS THAT HAVE BEEN
IDENTIFIED DURING THE PROCESS.

THESE OCCUR AT THE DESIGN STAGE, DURING CONSTRUCTION
AND THROUGHOUT THE OPERATIONAL LIFE OF A FACILITY. HAD
THEY GONE UNDETECTED THEY COULD HAVE HAD MAJOR
IMPLICATIONS TO THE COST, THE SAFETY AND THE PRODUCTIVE
EFFICIENCY OF THE UNIT.

introduction to ABS
o,

- Assisting clients to manage
risk, improve safety, enhance
quality, and minimize the
environmental impact of their gwrwis
facilities and activities =

LIKE THE INDUSTRY WE SERVE, ABS HAS BEEN CONSTANTLY
EVOLVING.

YES, WE CONTINUE TO PROVIDE TRADITIONAL CLASSIFICATION
AND CERTIFICATION SERVICES, ALTHOUGH THESE ARE NOW
BACKED BY INCREASINGLY SOPHISTICATED TECHNOLOGY.

BUT WE HAVE EXPANDED OUR CAPABILITIES, IN RESPONSE TO
THE INDUSTRY AND OUR CLIENTS’ NEEDS, TO INCLUDE A MUCH
WIDER RANGE OF RISK, SAFETY, QUALITY AND ENVIRONMENTAL
CONSULTANCY AND ENGINEERING SERVICES. THESE RANGE
FROM SIMPLE PROJECT AND EQUIPMENT VERIFICATION TO
COMPLEX RISK ASSESSMENT AND MITIGATION STRATEGIES.
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THIS HAS TAKEN US INTO SUCH AREAS AS FORMAL SAFETY
ASSESSMENTS, HAZARD IDENTIFICATION, DOWNTIME AND
BUSINESS INTERRUPTION, ASSET INTEGRITY MANAGEMENT AND
RISK BASED INSPECTIONS.

MY COLLEAGUE DR MALCOLM SHARPLES WILL SPEAK IN MORE
DETAIL ABOUT SOME OF THESE CHANGES THIS AFTERNOON, AND
ANDY WOLFORD FROM OUR AFFILIATED COMPANY EQE
INTERNATIONAL WILL BE DELVING DEEPER INTO THE SUBJECT OF
RISK TOMORROW.

Certification

Taking a
_Snapshot

BEFORE GOING FORWARD LET ME TAKE A MOMENT AND RE-
EMPHASIZE FOR YOU THE DIFFERENCES BETWEEN
CLASSIFICATION AND CERTIFICATION.

THE SIMPLE ANALOGY WOULD BE THE DIFFERENCE BETWEEN A
SNAPSHOT OF A YOUNG COUPLE AT A PARTY, AND A MARRIAGE.

CERTIFICATION PROVIDES THE SNAPSHOT. IT SAYS THAT THE
PARTICULAR FACILITY, OR PIECE OF EQUIPMENT, MEETS A
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SPECIFIED STANDARD AT THE TIME THAT THE CERTIFICATE OF
COMPLIANCE IS ISSUED. NO MORE.

FROM THAT POINT ON, RESPONSIBILITY FOR MAINTAINING THE
UNIT LIES ON THE SHOULDERS OF THE OPERATOR WHO, IN THE
SHORT TERM, IS MERELY SATISFIED THAT HE HAS MET THE
PARTICULAR REQUIREMENTS OF THE REGULATOR, THE
CHARTERER OR THE BANK.

A PROGRESSIVE OPERATOR WILL IMPLEMENT AN ASSET
INTEGRITY MANAGEMENT PROGRAM WITH THE LEVEL OF
SOPHISTICATION OF THAT PROGRAM BEING DEPENDENT UPON
THE COMPLEXITY OF THE UNIT CONCERNED AND ON THE NEEDS
OF THE OPERATOR.

Classification

Forging a Life Cycle Partnership

CLASSIFICATION IS THE MARRIAGE.

THE FIRST STEP IS THE ESTABLISHMENT OF SPECIFIC

STANDARDS BY THE CLASSIFICATION SOCIETY THAT ARE
ACCEPTED BOTH BY THE INDUSTRY AND THE REGULATIN
AUTHORITIES. '
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AND THOSE STANDARDS CONTINUE TO APPLY THROUGHOUT THE
LIFE OF THE FACILITY, FROM INITIAL DESIGN UNTIL FINAL
DECOMISSIONING.

THEY MAY NOT, OF THEMSELVES, ESTABLISH THE SPECIFIC
REGIME OF AN ASSET INTEGRITY MANAGEMENT PROGRAM, BUT
THEY PROVIDE THE IMPETUS FOR MAINTAINING THE FACILITY TO
SPECIFIED STANDARDS THROUGHOUT ITS OPERATIONAL LIFE.
THEY REQUIRE REGULAR INSPECTION TO ENSURE ON-GOING
COMPLIANCE WITH THE CLASSIFICATION STANDARDS.

IT HAS BEEN THE PREFERENCE OF MANY OPERATORS OF FIXED
OFFSHORE INSTALLATIONS TO OPT FOR CERTIFICATION OVER
CLASSIFICATION.

THERE IS AN IRONY IN THIS DECISION IN THAT THE RECENT
FOCUS ON ASSET INTEGRITY MANAGEMENT IS LEADING THEM
EVER NEARER TO THE ORIGINAL CONCEPT OF THROUGH LIFE
OVERSIGHT EMBODIED IN CLASSIFICATION.

YET, DEPENDING UPON THE SCOPE OF THE PROJECT IT NEED
NOT BE AN EITHER/OR CHOICE.

Certification of Offshore
Infrastructure
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BOTH CERITIFICATION AND CLASSIFICATION CAN PLAY A ROLE IN
MAINTAINING OFFSHORE INFRASTRUCTURE. THIS WAS THE
DETERMINATION OF PEMEX WHEN IT DECIDED TO EMBARK ON
THE MULTI-BILLION DOLLAR PROJECT TO MODERNIZE, IMPROVE
AND EXPAND THE CANTARELL FIELD IN THE GULF OF MEXICO.

THE FIELD ACCOUNTS FOR 38 PERCENT OF MEXICO’S TOTAL OIL
PRODUCTION. IT IS AN OLD FIELD. PRIOR TO THE
MODERNIZATION PROJECT THE AVERAGE AGE OF THE
INFRASTRUCTURE WAS AROUND 20 YEARS. MANY OF THE 35
EXISTING PLATFORMS HAD NO CERTIFICATION.

Certification of Offshore
infrastructure

Certification

- Fixed Platforms

- Pipelines
Receriification

— Existing Units
Classification

- FSO

THE CHALLENGE FACING PEMEX WAS HOW TO REHABILITATE THIS
AGEING INFRASTRUCTURE AND TIE IT TO THE NEW FACILITIES —
15 NEW PLATFORMS AND 300 KILOMETERS OF NEW SUBSEA
PIPELINE - IN AN EFFECTIVE MANNER.

THE SCOPE OF THE PROJECT, AS INITIALLY CONCEIVED AND
SUBSEQUENTLY EXPANDED, IS IMMENSE.
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PEMEX DECIDED ON CERTIFICATION OF THE FIXED PLATEFORMS
AND PIPELINES, RECERTIFICATION OF EXISTING UNITS AND
CLASSIFICATION OF THE ATTENDANT FSO.

THEY FELT THAT THIS WOULD GIVE THEM THE SECURITY THEY
NEEDED TO PROGRESS THE PROJECT IN THE SHORTEST
POSSIBLE TIME WHILE MEETING DESIRED SAFETY, QUALITY AND
ENVIRONMENTAL STANDARDS.

IT WOULD ALSO ESTABLISH THE BASIS FOR THE INTRODUCTION
OF AN ASSET INTEGRITY MANAGEMENT APPROACH TO
MAINTAINING THE INFRASTRUCTURE IN THE FUTURE, SHOULD
THEY SO DECIDE.

Integrated Services

Classification Certification
Verification

PEMEX SELECTED ABS GROUP TO BE ITS PARTNER, ASKING
ABS TO PROVIDE THE CERITIFICATION, VERIFICATION AND
CLASSIFICATION SERVICES NEEDED.

SIMPLY STATED, ABS GROUP WAS REQUIRED TO VERIFY THAT

ALL CONTRACTED WORK WAS PERFORMED PROPERLY, THAT ALL
THE ORDERED EQUIPMENT MET ESTABLISHED INDUSTRY
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STANDARDS, AND THAT ALL PROCEDURES WERE FOLLOWED
ACCORDING TO APPLICABLE PROJECT SPECIFICATION.

Project Certification

>

« Common Standards
+ Global Application
+ Quality Assurance

» Avoidance of
Contractual
Digputes

WE BELIEVE THAT THERE WERE THREE KEY DRIVERS BEHIND THE
DECISION TO IMPLEMENT SUCH A WIDE RANGING CERTIFICATION
PROGRAM.

THE COMPLEXITY OF THE PROJECT DEMANDED THAT COMMON
STANDARDS BE ESTABLISHED AND ADHERED TO.

THIS WAS PARTICULARLY IMPORTANT BECAUSE OF THE NUMBER
OF CONTRACTORS AND SUB-CONTRACTORS INVOLVED, WITH
MANY COMPONENTS ORIGINATING FROM MULTIPLE SOURCES
AROUND THE WORLD, INCLUDING ASIA.

THIS ALSO DEMANDED THAT THE PARTNER SELECTED TO
OVERSEE THESE STANDARDS HAVE A GLOBAL NETWORK, ABLE
TO COORDINATE INSPECTIONS IN MANY DIFFERENT LOCATIONS
AROUND THE WORLD IN ADDITION TO THE FINAL ON-SITE
INSTALLATION AND START UP COMMISSIONING.
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WHAT WOULD HAVE BEEN CRIPPLING TO THE PROJECT, WHICH IS
BEING CONDUCTED ON VERY TIGHT DEADLINES, WOULD HAVE
BEEN THE EQUIVALENT OF A FIRESTONE TIRE RECALL DUE TO
DEFECTIVE COMPONENTS.

WHAT WAS NEEDED WAS THE RIGHT EQUIPMENT, IN COMPLIANCE
WITH SPECIFIED INTERNATIONAL STANDARDS AND APPLICABLE
PROJECT SPECIFICATIONS.

THROUGH AN ACTIVE PROGRAM OF CERTIFICATION PEMEX AND
ITS PRIMARY CONTRACTORS HAVE BEEN ABLE TO MINIMIZE
RESHIPPING, REFITTING AND CONTRACTURAL PROBLEMS.
THINGS GET DONE RIGHT THE FIRST TIME.

Project Certification

Demonstrate:
—~Environmental
Responsibility
—Safety
Conformance
~Due Diligence

THE SECOND DRIVER WAS THE INCREASING PRESSURE THAT IS
BEING PLACED ON EVERYBODY ASSOCIATED WITH THE OIL AND
GAS INDUSTRY TO DEMONSTRATE ENVIRONMENTAL
RESPONSIBILITY AND GOOD CITIZENSHIP.

CERTIFICATION IS A CLEAR, UNAMBIGUOUS WAY TO

DEMONSTRATE DUE DILIGENCE AND COMPLIANCE WITH
RELEVANT SAFETY, QUALITY AND ENVIRONMENTAL STANDARDS.
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AND THE THIRD DRIVER IS ONE | AM SURE YOU ARE ALL FAMILIAR
WITH — DEMANDS PLACED ON PEMEX BY THE FINANCIAL AND
INSURANCE UNDERWRITERS TO DEMONSTRATE DUE DILIGENCE.

FSO Classification

WITH THE FSO ASSIGNED TO THE PROJECT PEMEX DECIDED TO
TAKE ONE FURTHER STEP AND SEEK ABS CLASSIFICATION FOR
THE VESSEL WHICH, INCIDENTALLY, IS THE FIRST FSO TO
OPERATE IN THE GULF OF MEXICO. SINCE GOING ON STATION IT
HAS PERFORMED IN AN EXEMPLARY FASHION, INCLUDING SAFELY
RIDING OUT A HURRICANE.

Project Involvement

« Design Review

« Procurement

+ Fabrication

» Transportation

+ Instafiation

+ Start-up and
Commission

THROUGHOUT THIS PROJECT ABS GROUP HAS BEEN INVOLVED
FROM DESIGN REVIEW, THROUGH PROCUREMENT, FABRICATION,
TRANSPORTATION, INSTALLATION AND START UP AND
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COMMISSIONING OF ALL FACILITIES INCLUDING PRODUCTION
PLATFORMS, ACCOMODATION PLATFORMS, DRILLING PLATFORMS
AND NITROGEN INJECTION PLATFORMS AND ALL
INTERCONNECTING SUBSEA PIPELINES.

ABS GROUP HAS WORKED WITH COMPANIES AWARDED A TOTAL
OF 23 SIMULTANEOUS ENGINEERING, PROCUREMENT AND
CONSTRUCTION (EPC) CONTRACTS AND THEIR
SUBCONTRACTORS AND THEIR VENDORS, MANAGING
APPROPRIATE CERTIFICATION AT EVERY LEVEL.

ABS GROUP HAS BEEN ABLE TO SPOT POTENTIAL PROBLEMS
BEFORE THEY RESULTED IN SIGNIFICANT COST IMPACT OR
SCHEDULE DISRUPTION.

FOR EXAMPLE, BY ISSUING ENGINEERING COMMENTS AND
CORRECTIVE ACTION REPORTS, ABS GROUP HAS OFTEN
BROUGHT DIFFERENT CONTRACTORS TOGETHER TO FACILITATE
SOLUTIONS, LONG BEFORE FABRICATION OR INSTALLATION.

THIS IS A CLEAR EXAMPLE OF HOW PROACTIVE CERTIFICATION
CAN ADD VALUE THROUGH CONTROLLING COSTS AND
SMOOTHING WORKFLOW.

OVERALL IT HAS BEEN A RESOUNDING SUCCESS. PEMEX IS TO
BE COMMENDED FOR THE MANNER IN WHICH IT HAS WORKED
WITH ABS TO DEVELOP A PRACTICAL MODEL FOR THE
CERTIFICATION PROCESS AND HAS ACTIVELY SUPPORTED ITS
IMPLEMENTATION.
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AIM & Risk-Based Inspection

Without an effective
asset integrity
: management
program, the value of
certification
evaporates over lime

BUT WE STRONGLY BELIEVE THIS IS ONLY THE FIRST STEP.

THERE IS NO DOUBT THE CERTIFICATION PROJECT HAS BEEN AND
CONTINUES TO BE SUCCESSFUL. BUT WE CONTEND THAT,
WITHOUT AN EFFECTIVE ASSET INTEGRITY MANAGEMENT
PROGRAM, PREFERABLY BASED ON APPLICABLE RISK :
TECHNOLOGY, THE VALUE OF CERTIFICATION EVAPORATES OVER
TIME.

ASSET INTEGRITY MANAGEMENT IS THE KEY TO PROTECTING AND
IMPROVING THE PERFORMANCE AND RELIABILITY OFTHE CAPITAL
EXPENDITURE THAT HAS BEEN PUT INTO THE REDEVELOPMENT
OF AGING OFFSHORE INFRASTRUCTURE. THAT IS WHERE WE
BELIEVE THE REAL FINANCIAL BENEFIT LIES.

Asset Integrity Management

When a facility is down, it doesn’'t matter
how old it is. It is costing you money.
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LET ME STRESS ONE VERY IMPORTANT POINT. AN ASSET
INTEGRITY MANAGEMENT PROGRAM IS THE MOST EFFECTIVE WAY
OF PROTECTING YOUR INVESTMENT REGARDLESS OF THE AGE OF
THE ASSET.

WHEN A FACILITY IS DOWN, IT DOESN'T MATTER HOW OLD IT IS.
IT IS BOTH COSTING YOU MONEY AND NO LONGER GENERATING
CASH.

A RISK BASED ASSET INTEGRITY MANAGEMENT PROGRAM
PROVIDES THE MOST COST EFFECTIVE, TARGETED METHOD OF
MINIMIZING FAILURE AND LIMITING DOWNTIME.

AND THE MOST EFFECTIVE TIME TO IMPLEMENT SUCH A
- PROGRAM IS EITHER ON COMMISSIONING/TURN OVER OF A NEW
FACILITY OR THE RECERTIFICATION OF AN EXISTING UNIT.

THAT IS WHEN THE OPERATOR HAS ALL THE INFORMATION TO
HAND TO ESTABLISH AN EFFECTIVE MAINTENANCE AND
MANAGEMENT OF CHANGE REGIME.

The Application of Risk

Fraquency Conseguences
3 = of the X of the
Risk unwanted event’s
event outcome
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AN ESSENTIAL ELEMENT OF SUCH A PROGRAM SHOULD BE A
MAINTENANCE AND INSPECTION MANAGEMENT SYSTEM DRIVEN
BY APPLICABLE RISK TECHNOLOGIES.

IT IS IMMATERIAL WHETHER THOSE INSPECTIONS ARE BEING
CONDUCTED AS PART OF A CLASSIFICATION SURVEY OR AS THE
FOUNDATION OF AN OPERATOR’S OWN TARGETED MAINTENANCE
PROGRAM.

WHAT IS IMPORTANT IS THAT THE TECHNOLOGY AND
METHODOLGY FOR THE PREPARATION OF UNIT SPECIFIC RISK
BASED INSPECTIONS IS NOW AVAILABLE TO HELP THE OPERATOR
REDUCE THE LIKELIHOOD OF FAILURE,

ABS GROUP IS CURRENTLY WORKING WITH TWO LEADING
OFFSHORE CLIENTS TO DEVELOP EXTENSIVE RISK BASED
INSPECTION PROGRAMS FOR THEIR FACILITIES.

Failure Frequency

Depends on:
~ Maintenance management
- Operating histories
- Crew competency
- Company culture
Requires:
- Data collection & analysis

SUCH AN APPROACH REQUIRES A QUALITATIVE REVIEW OF THE
FACILITY'S SYSTEMS AND COMPONENTS, FOLLOWED BY A
QUANTITATIVE ANALYSIS OF ALL SYSTEMS, IDENTIFYING THE
LIKELY FREQUENCY OF EQUIPMENT FAILURE AND THE
CONSEQUENCES OF THAT FAILURE.
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THE RESULT IS A CLEAR UNDERSTANDING OF THE RISKS
ASSOCIATED WITH THE OPERATION. IT PROVIDES A RATIONAL
BASIS FOR THE FORMULATION OF INSPECTION PLANS THAT
PRIORTIZE INPSECTIONS. THESE ARE BASED NOT ONLY ON THE
LIKELIHOOD OF FAILURE BUT ON THE SUBSEQUENT IMPACT OF
THAT FAILURE ON THE CONTINUED SAFE AND EFFICIENT
OPERATION OF THE INSTALLATION.

THESE ARE JUST SOME OF THE TOOLS AVAILABLE TO THE
MODERN OFFSHORE OPERATOR AND ITS SAFETY PARTNERS.
NONE OF THESE SHOULD INHIBIT THE INNOVATION AND
ENTREPRENEURIAL SPIRIT THAT INFUSE THE OFFSHORE
INDUSTRY.

BUT THEY DO PROVIDE A FRAMEWORK FOR A MORE FOCUSED
ASSESSMENT OF NEW AND EXISTING INFRASTRUCTURE. THEY
PROVIDE A CLEAR IDENTIFICATION OF THE RISK AND THE
CONSEQUENCES OF FAILURE, AND THEY OFFER A COST
EFFECTIVE METHOD OF MINIMIZING COSTLY DISRUPTION AND
ENCOURAGING RELIABLE PERFORMANCE OVER THE LIFE OF THE
FACILITIES.
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| LOOK FORWARD, OVER THE NEXT TWO DAYS TO HEARING THE
MANY, MUCH MORE SPECIFIC CASE STUDIES AND ANALYSES THAT
WILL DEVELOP SOME OF THESE THEMES, AND | THANK FOR YOUR
KIND ATTENTION THIS MORNING.
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ABSTRACT

This paper summarizes the evolution of Risk Assessment & Management (RAM) processes in assessing and
maintaining the integrity of existing offshore oil and gas systems. These systems are characterized as a combination
of structures, hardware / equipment, operating personnel, organizations, environments and the interfaces between
these components. Background on current and future trends in development of comprehensive programs to help
improve the quality (serviceability, safety, durability, compatibility) and reliability (likelihood of achieving
acceptable quality) of oil and gas systems are outlined. The importance and characteristics of human and
organizational factors (HOF) in the quality and reliability of oil and gas systems are discussed. A combination of
proactive (before accidents), reactive (after accidents and incidents), and interactive (during the evolution of
incidents) RAM approaches are proposed to help improve the quality and reliability of oil and gas systems. Two
proactive engineering instruments are detailed and discussed: a qualitative Safety Management Assessment System
(SMAS), and a quantitative System Risk Analysis Software (SYRAS). The application of SMAS to produce HOF
performance shaping factors that are used as input to SYRAS is outlined. An interactive Quality Assurance and
Quality Control (QA/QC) process is defined based on studies of high technology communities that have highly
developed skills in management of unpredictable and unknowable crises. Finally, the lessons learned from recent
attempts to implement this knowledge and technology are summarized.
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INTRODUCTION

The focus of this workshop is on assessing and maintaining the integrity of existing offshore oil and gas systems.
A primary objective of such efforts is to evaluate and manage the risks associated with such systems. We would like
to maintain the risks associated with operations of these systems at a desirable and acceptable level.

Risk can be characterized as the likelihood that adequate or acceptable quality is not achieved and the
consequences associated with the lack of achieved quality. Risk results from uncertainties. Uncertainties result from:
inherent variability (natural, aleatory), professional or technical sources (analytical, modeling, parameter,
information, epistemic), and human and organizational factors. Risk assessment attempts to understand and identify
the risks and how they might be mitigated. Risk management attempts to evaluate alternative measures for risk
mitigation, identify those that should be implemented, and then plan, organize, lead, and control the implementation.

Some uncertainties are random (aleatory) and some are systematic (epistemic). Some uncertainties can be
managed (information sensitive, epistemic, predictable), and some uncertainties can not be managed (information
insensitive, aleatory, unpredictable). Some uncertainties are essentially static (unchanging in time) and others are’
very dynamic. Some uncertainties can be identified and quantified and some uncertainties can not be identified and
quantified (unknowable).

Consequences result from unrealized expectations and unanticipated lack of sufficient quality. Consequences can
be expressed in terms of their frequency, their severity, their impacts (on site and off site), and their predictability.
Consequences can be expressed in a variety of ways and with a variety of metrics. Monetary costs are one metric to
measure and express consequences. Time (schedule, availability), injuries to humans, and injuries to the
environment are other ways to express and measure consequences.

Some consequences can be proactively managed or controlled (hazard mitigation measures). Some consequences
can not be proactively managed or controlled. Some consequences can be evaluated objectively and quantitatively
and some consequences can not be evaluated objectively and quantitatively. Some consequences are essentially
static. Other consequences are very dynamic in that they change markedly with time. Generally, there are significant
uncertainties associated with the results of evaluations of consequences. This is particularly so as one projects the
consequences of insufficient or unacceptable quality far into the future. Evaluations of consequences are difficult to
make and express.

Evaluations of consequences are very susceptible to the values, views, and biases of the assessors. Studies of
evaluations of risks indicate that organizational biases frequently dominate assessments of risk made by personnel in
the organization. The studies suggest that the profit incentives underlying organizational biases for risk taking
appears to overcome personal biases favoring risk avoidance. The potential for such biases are particularly important
when the risk assessments are made by an organization’s engineers. The engineer’s training and discipline as a
servant to the organization can impart some very strong organizational biases in the assessment of risk.

An identified risk is an engineering and management problem. A faulty or bad definition of a risk can result in
additional risk and result in bad management of safety. A risk management framework should be based on
intelligent and perceptive risk identification, classification, analysis, evaluation, and response. Risk management
attacks both the likelihoods of compromises in quality and the consequences associated with these compromises.

Risks have sources, are translated to reality with events, and are felt with effects. There are initiating events
(direct causes), contributing events (background causes), and compounding events (propagating or escalating or
arresting causes). Risk management attempts to identify and remedy causes, detect potential and evolving events and
bring them under control, and minimize undesirable effects.

Risks are independent and dependent. Risks can have partial dependence. If the occurrence of one risk does not
influence the occurrence of another risk, then it is independent. If the magnitude of one risk is related to the
magnitude of another risk then these two risks are correlated. Independence and correlation are critical issues in risk
analysis, evaluation, and management.

Risks are controllable and uncontrollable. Controllable risks are those that are within the direct control of those
that own, operate, maintain design, classify, regulate, and build oil and gas systems. Uncontrollable risks are those
that are not within the direct control of these groups. Proactive risk management is concerned primarily with
predictable and controllable risks. Reactive risk management is concerned primarily with preventing future
accidents based on experience from past accidents. Reactive or ‘real-time’ risk management is concerned primarily
with unpredictable — unknowable risks. Inherent risk and uncontrollable risk must be recognized, evaluated, and
managed in the process of making decisions regarding the activities and ventures associated with offshore platforms.

A risk management system should be practical, realistic, and must be cost effective. Risk management need not
be complicated nor require the collection of vast amounts of data. Excellent risk management results from a
combination of uncommon common sense, qualified experience, judgment, knowledge. wisdom, intuition, trust, and
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integrity. Mostly it is a willingness to operate in a caring and disciplined manner in approaching the critical features
of any activity in which risk can be generated. Risk management is largely a problem of doing what we know we
should do and not doing what we know we should not do.

The purpose of a risk assessment & management (RAM) system should be to enable and empower those that
have direct responsibilities for the designing, building, maintaining, and operating oil and gas systems to
maintain the risks associated with the operations of the system at desirable and acceptable levels. The engineer
can play a vital role in this empowerment. If technology is not used wisely, scarce resources and attention can be
diverted from the true factors that determine the safety of an engineered system, and less safe systems developed.
The purpose of a RAM system should. be to assist the front line operators to take the right (sensible) risks and to
achieve acceptable quality and reliability. To try to completely eliminate risk is futile. To help manage risks and
make appropriate use of technology should be one of the key objectives of RAM.

A detailed study of information from more than 600 well documented failures of offshore oil and gas systems
indicates that the primary threats to the quality and reliability of such systems are posed by people; the individuals
that are the system operators and the organizations that determine in large measure the incentives, resources, and
performance characteristics of the system operators."? Something of the order of 80 % of failures to achieve
adequate and desirable quality and reliability are due to HOF (Human and Organizational Factors). About 80 % of
these compromises occur during operations and maintenance; however, many of these compromises have sources in
design and construction misadministrations. Inappropriate and in some cases seriously flawed designs are passed to
construction; construction attempts to work around them and perhaps the construction process adds a few defects
and flaws; a seriously flawed system is passed to operations where perhaps additional maintenance flaws and defects
are added. The final product is an accident waiting to happen and it often happens during operations.

This same study indicates that while the majority of initiating events can be traced to ‘operator’ malfunctions
that are most often errors of commission (act or acts carried out incorrectly or with incorrect intentions, the majority
of contributing events can be traced to ‘organizational' malfunctions. These contributing events act to dramatically
escalate the likelihoods of operator malfunctions. The majority of compounding events that allow the initiating
events to escalate into an accident also can be traced to organizational malfunctions. It is clear that organizations
have major influences on the quality and reliability of oil and gas systems.

Any competent RAM system must effectively address the HOF aspects that exert major influences on the quality
and reliability of oil and gas systems. As oil and gas systems age, the result is inevitable; the system’s quality
characteristics tend to degrade and in the process their reliability decreases. Many times, the consequences
associated with the loss of quality also may decrease, but this is not always true. As a consequence, if it is desirable
to maintain the overall risks associated with the facility at a level that is comparable with that when it was installed
and put into service, then it will be necessary to manage the likelihoods of loss of quality and the consequences of
loss of quality so that they are acceptable. Given the past record of offshore oil and gas facilities, it is obvious that
the primary hazards to these systems are centered in the human and organizational factors that exert pervasive
influences on the quality, reliability, and risks associated with these systemns.

RAM - PAST, PRESENT, FUTURE

In the past, RAM for oil and gas systems has been founded primarily on experience. If a system or a component
of a system worked, it was replicated. If a system or the component did not work. it was either discarded or revised,
and tried again and revised until it worked. This trial-and-error approach is characteristic of the history and
evolution many ‘engineered’ systems. The field of worker safety has largely evolved from this background.
employing reactive safety management to try to prevent future accidents. Even in the case of oil and gas systems
that worked, the quest for more efficient, lower cost systems motivated the engineers to make modifications that in
some cases eventually resulted in failures. Thus. oil and gas engineering has more or less continuously migrated
from failure to success.

Offshore oil and gas systems have had an interesting record of failures and successes. Some systems have proven
to be remarkably reliable, while others have proven to be not so reliable. In the early days (after World War II),
there were very high rates of failures. Then, the technology matured, and the rates of failures decreased markedly. In
some areas, the failure rates again have risen largely in response to problems associated with older systems (oil and
gas geriatrics). Today, very high levels of technology are generally employed, and the systems generally have had a
good record of success.

In the recent past, RAM for offshore oil and gas systems has been addressed by design and requalification codes
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and guidelines. Fundamentally, this has been an attempt to reduce to written words and practice the hard-won
experience associated with the trial and error, evolutionary approach to engineering oil and gas systems. Codes and
guidelines have taken two basic forms: prescriptive and goal setting. The prescriptive codes and guidelines detail
how something should be done. The goal setting codes and guidelines detail what should be accomplished, and leave
it to the engineer and system owner / operator to demonstrate that they are able to reach the goals. For most
engineers, the goal setting approach does not contain sufficient information to allow a system to be reassessed and
maintained, and there is a drive to prescribe how the structure should be configured and operated so that it has
acceptable and desirable performance characteristics.

The design guidelines for offshore platforms and pipelines in the U.S. Gulf of Mexico have largely embodied the
prescriptive approach. Although, even the largely prescriptive guidelines contain goal associated statements and
guidelines. The regulatory guidelines for offshore platforms and pipelines in the U.S. Gulf of Mexico are evolving
from largely prescriptive requirements to goal requirements. But, even in this evolution, there is a mixture of
prescriptive and goal oriented requirements.

The evolution in the North Sea has followed and is following a similar path. However, the regulatory component
of the codes and guidelines has progressed farther along the goal setting path of development. In most of the North
Sea communities, the regulatory agencies have highly developed technical capabilities. Thus these agencies are able
to develop adequate technical insights to allow the approval and rejection of proposed oil and gas systems. In the
U.S. the regulatory agencies generally do not have highly developed technical capabilities, and thus, are much more
reliant on industrial guidance and prescriptive codes and guidelines. In both cases, the regulatory agencies are very
reliant on the engineering technology provided by industry. Thus, the regulatory codes and guidelines that are
promulgated in one region are a reflection of the competency and capabilities of both the regulatory agencies and the
industrial enterprises in a given region.

Engineering codes and guidelines for assessing and maintaining oil and gas systems reflect the results of efforts
to develop ‘consensus.’ Consensus development is essentially a leveling process that brings the backward up to an
intermediate level of technology and brings the forward back to the same level. Thus, codes and guidelines represent
a state-of-practice (SOP) for a given engineering community, at a given time, and for a given place. These codes and
guidelines also attempt to embody proven technology. Rarely, is the state-of-art(SOA) included in these documents.
There is an substantial time lag between the SOA and the SOP. This time lag is one that is required to develop
consensus regarding how the SOA should be applied. However, the time lag between the SOA and its
implementation into design codes and guidelines does not release the design engineer from responsibility to use
appropriately the ‘best available and safest technology’ — the SOA. This charge is reflected in the social — legal
definition of the engineer’s ‘Standard of Practice.” If an engineer is able to demonstrate that the Standard of Practice
has been met, then the engineer is not liable for damages associated with lack of quality in the system. However, if
the engineer is not able to demonstrate that the Standard of Practice has been met, then that engineer is liable for
damages associated with the lack of quality.

One of the expressions of the regulatory - industrial goal in RAM is ALARP: As Low as Reasonably
Practicable. This goal means that risks are to be identified and then managed to the point of maximum tolerability; it
is tolerable only if risk reduction is impracticable or if its cost is grossly disproportionate - depending on the level of
risk - to the improvement gained. The critical words in ALARP are ‘low’, ‘reasonably’, and practicable’. A wide
range of interpretations have been applied to these three words. In a workshop held in June 2000, the author asked a
group of 40 engineers, managers, academics, and regulators what ALARP meant. There were more opinions than
participants!

Recent legal cases in the U.S. and the U.K. have demonstrated that a system can be ALARP and yet the engineer
can be held liable for not having met the requirements of the Standard of Practice. This is an important development
for engineers because engineering solely according to the current code may not be an adequate demonstration of the
Standard of Care. The engineer must know the limitations of the code and be prepared to go beyond the code when
it is warranted.

In one way or another, all codes and guidelines for oil and gas systems are based on RAM. RAM reflect the
regional engineering, operating, regulatory. and societal interactions, values, and processes. In the most fundamental
way, RAM is experience and time based. And, until the 1960’s this was the basic way in which engineering codes
and guidelines for oil and gas systems were developed. In the late 1960’s, explicit use was made of quantitative
RAM processes: probability based RAM. In its most mature form, probability based RAM has been used as a
compliment to experienced based RAM. The North Sea community has been very progressive in adopting and
applying probability based RAM methods as an explicit part of development of engineering codes and guidelines.
Probability based RAM were employed in the majority of Safety Cases that were required in the U. K. sector of the
North Sea following the Piper Alpha catastrophe. The U. S. Gulf of Mexico has been less progressive in adopting
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probability based RAM methods. The U. S. Gulf of Mexico codes and guidelines have been based much more on
experienced based RAM methods, and to a much lesser extent on probability based RAM methods. Most in the U. S.
engineering community regard probability based RAM methods with great suspicion, relying to a much greater
extent on qualitative and experienced based RAM methods. The records of failures and successes of oil and gas
systems in these two areas do not clearly speak in favor of one approach or the other. Perhaps, there are different
ways to achieve desirable quality and reliability in oil and gas systems, and these different ways must reflect the
regional ‘environments’ (engineering, regulatory, social) in which they are applied. Perhaps, these different ways are
required so that the local environments understand the background, applications, exceptions, and limitations of the
codes and guidelines.

Presently, most engineering codes and guidelines address the hardware, equipment, and structure elements of oil
and gas systems. In only a few instances are there definitive and explicit provisions for the human elements that are
a part of these systems. Construction of oil and gas systems seems to be one of the most progressive in explicit
recognition of quality assurance and quality control (QA/QC), personnel selection, training and qualification, worker
safety and other definitive measures to assure that the human and organizational factors are addressed. Operations
has recognized the importance of the human and organizational factors, and ‘first generation’ codes and guidelines
are beginning to appear. Design and maintenance seem to be much farther behind in such recognition and
provisions. There has been a proliferation of oil and gas worker safety and operations safety guidelines; however, it
is rare to see any direct connection between the hardware components of the guidelines and the human components.
A few guidelines have begun to appear that address the competency of the organization and management system;
but, their implementation in any really meaningful way has not been apparent,

Another present trend to be noted is the trend to develop international codes and guidelines for oil and gas
systems, e.g., by the International Standards Organization (ISO). On one hand, this development is commendable. It
represents an attempt to standardize how oil and gas systems are designed, constructed, maintained, operated, and
decommissioned. The process of consensus development is far more difficult. ISO is essentially an industrial code
and guideline development forum. And, the unique regional and regulatory aspects associated with different
geographic areas must be subsumed in some way. Proposed ISO ‘regional annexes’ are intended allow the unique
social, regulatory, and engineering to be recognized. However, for those regions that do not have the resources or
backgrounds to develop such annexes, they will be impelled to either adopt the general ISO guidelines or to adopt
some other appropriate guidelines. And again, at present, these codes and guidelines largely address the hardware,
equipment, and structure aspects of oil and gas systems. The human and organizational factors are much farther
behind and generally attempts are made to recognize these factors in the forms of QA/QC measures and worker
safety measures.

What about the future? One thing for sure, it will not be the same as the present. The author believes that the
primary change in the future will be how RAM is integrated into engineering codes and guidelines for oil and gas
systems, and specifically how human and organizational factors are addressed in these codes and guidelines. This
will be a unification of the concerns for hardware with the concerns for people and their organizations that design,
construct, operate, maintain, and eventually decommission the hardware. There will be much greater attention paid
to the organizational aspects that influence quality and reliability. Industry will be increasingly pressured to find
more efficient and effective ways to conduct their business. Most societies that have significant investments in oil
and gas systems increasingly recognize the requirements for cost effectiveness, quality, and reliability of these .
systems. Environmental concerns are paramount, and people are certainly a part of the environment. Thus, there will
be significant pressures on industry to become more efficient, yet at the same time, there will be pressures to achieve
higher degrees of quality and reliability. Achieving balance among the competing constraints will not be easy.

First, it is clear the future developments of oil and gas systems is happening at a far faster pace and on a much
higher plane of technology. Experienced based trial-and-error based RAM will not suffice. The potentials for
unexpected negative consequences associated with the higher plane of technology must also be recognized. Thus,
more advanced RAM approaches will be needed. In addition, it is clear that if significant improvements in the
quality and reliability of oil and gas systems are to be efficiently achieved, then there must be an increase in the
effectiveness of how the human and organizational factors are assessed and managed. Recent experience has more
than adequately demonstrated that the primary challenge to quality and reliability of oil and gas systems is not
fundamentally associated with the structure, hardware, and equipment aspects of these systems. Efficient and
effective improvements are fundamentally associated with the human and organizational factor aspects of these
systems. The challenge is to develop and adopt RAM approaches that are primarily appropriate to address the
human and organizational factor aspects.
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HUMAN & ORGANIZATIONAL FACTORS

An important starting point in addressing human and organizational factors in the quality and reliability of oil
and gas systems is to recognize that while human and organizational errors are inevitable, their occurrence can be
reduced and their effects mitigated by improving how structures are designed, constructed, operated, and
maintained.’ Engineering can improve the processes and products of design, construction, operations, maintenance,
and decommissioning to reduce their error promoting characteristics, and to increase their error detection and
recovery characteristics. Engineering can help develop systems for what people can and will do, not for what they
should do. Engineering can also have important influences on the organization and management aspects of these
systems.

Organizations have important and pervasive influences on the reliability of oil and gas systems. High reliability
organizations (HRO) have been shown to be able develop high reliability systems that operate relatively error free
over long periods of time and in many cases, in very hazardous environments. HRO go beyond Total Quality
Management and International Standards Organization certifications in their quest for quality and reliability. They
have extensive process auditing procedures to help spot safety problems and they have reward systems that
encourage risk mitigating behaviors, They have high quality standards and maintain their risk perception and
awareness. Most important, such organizations maintain a strong command and control system that provides for
organization robustness or defect tolerance.

Experience clearly indicates that to effectively change the situation, engineers must learn how to address the
challenge on a ‘system’ basis that views in a balanced way:

e Operating personnel (people that have direct contacts with the design, construction, operation, maintenance, and
decommissioning of the system),

Organizations (groups that influence how the operating personnel conduct their operations),

Procedures (formal and informal practices that are followed in performing operations),

Hardware (structures and equipment) on which and with which the operations are performed,

Environments (external, internal, and social), and

Interfaces among the foregoing.

® o o o o

QUALITY & RELIABILITY

Quality is defined as freedom from unanticipated defects. Quality is fitness for purpose. Quality is meeting the
requirements of those that own, operate, design, construct, and regulate oil and gas systems. These requirements
include those of serviceability, safety, compatibility, and durabiliry. Quality has different meanings for different
people. In this paper, the term quality will be taken to be: freedom from unanticipated defects in the serviceability,
safety, durability, and compatibility of the engineered system.'?

Serviceability is suitability for the proposed purposes, i.e. functionality. Serviceability is intended to guarantee
the use of the system for the agreed purpose and under the agreed conditions of use. Safety is the freedom from
excessive danger to human life, the environment, and property damage. Safety is the state of being free of
undesirable and hazardous situations. The capacity of a system to perform acceptably during extreme demands and
other hazards is directly related to and most often associated with safety. Compatibility assures that the system does
not have unnecessary or excessive negative impacts on the environment and society during its life-cycle.
Compatibility also is the ability of the system to meet economic, time, and aesthetic requirements. Durability assures
that serviceability, safety, and environmental compatibility are maintained dunng the intended life of the system.
Durability is freedom from unanticipated maintenance problems and costs.

In recent years, a wide variety of processes, procedures, and philosophies intended to improve and achieve
adequate quality in goods and services have been developed and implemented including Total Quality Management
(TQM), Quality Assurance (QA), Quality Control (QC), and ISO (International Standards Organization) quality
standards. These components can be viewed as building blocks of a quality management system (QMS). At the
outset, it is important to recognize that these processes, procedures, and philosophies are related to the same
objective. They represent complimentary parts of activities that are intended to help achieve adequate and acceptable
quality.

Reliability is closely related to quality. Reliability is defined as the probability (likelihood) that a given level of
quality will be achieved during the design, construction, and operating life-cycle phases of an engineered system.
Reliability is the likelihood that the system will perform in an acceptable manner. Acceptable performance means
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that the system has desirable serviceability, safety, compatibility, and durability. The compliment of reliability is the
likelihood or probability of unacceptable performance; the probability of failure.

Compromises in quality of a system can occur in the structure and / or in the facilities it supports. These failures
can be rooted in malfunctions developed by individuals (operators) in design. construction, operation, and / or
maintenance. Individuals, the people who design, construct, operate, and maintain the systems have direct influence
on malfunctions developed in these phases. However, the malfunctions developed by the individuals can be and
often are caused or compounded by error inducing influences from organizations, hardware, software, and
environment (external, internal).

The quality of the system can be directly influenced by two primary categories of factors: intrinsic, and extrinsic.
The category of intrinsic factors are hazards that can result in compromises in the quality of the system that are
‘natural’ or due to inherent randomness. The category of extrinsic factors are hazards that can result in compromises
in the quality of the system that are ‘unnatural’ or caused by human and organizational factors (HOF). HOF result in
human and organizational errors (HOE); errors are results. not causes.

RAM APPROACHES

The research and experience on which this paper is based
indicates that there are three fundamental and interactive
approaches to achieving adequate and acceptable reliability in
oil and gas systems (Fig. 1):

¢  Proactive,
¢ Reactive, and
s Interactive or real-time.
In the context of these three approaches are three strategies
(Fig. 2):
¢ Reduce incidence of maifunctions,
¢ Increase detection and correction of malfunctions, and
¢ Reduce effects of malfunctions.

Proactive Approaches

The proactive approach attempts to analyze the system
before it fails in an attempt to identify how it could fail in the
future. Measures can then be put in place to prevent the failure
or failures that have been anticipated. Proactive approaches
include well developed qualitative methods such as HazOp Fig. 2: Three interactive RAM strategies
(Hazard Operability) and FMEA (Failure Mode and Effects
Analyses) and quantitative methods such as PRA (Probabilistic
Risk Analyses) and QRA (Quantified Risk Analyses).***” Each of these methods have benefits and limitations.

The author was an active protagonist and practitioner of the proactive PRA/QRA approach for more than three
decades. He believed that this approach provided an ability to forecast how systems could go bad. Very
sophisticated PRA models could be developed to help foster this belief. The results from these analyses seemed to
have value and to enhance his abilities to address some types of uncertainty. This approach was workable as long as
he dealt with systems in which the interactions of people with the systems were minimal or minimized. However,
the problem changed radically when people began to exert major influences on the safety of the systems and in
many cases on the physical aspects of the systems. In this case, his lack of knowledge of the physics and mechanics
of the complex behaviors of people that in the future would design, construct, operate, and maintain the system
defined an ‘unpredictable’ system, or certainly one with very limited predictability. The author’s analytical models
addressed systems that were essentially static and mechanical. Yet the real systems were dynamic, constantly
changing, and more organic than mechanical. The analytical models generally failed to capture the complex
interactions between people and the systems that they designed, constructed, operated, and maintained.®

The author found most data on the reliability of humans in performing tasks to be very limited. Existing
databases failed to capture or adequately characterize influences that had major effects on human reliability. Yet,
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when the numbers were supplied to the very complex analytical models and the numbers were produced, the results
were often mistaken for ‘reality.” There was no way to verify the numbers. If the results indicated that the system
was safe, then nothing was done. If the results indicated that the system was unsafe, then generally equipment and
hardware fixes were studied in an attempt to define a fix or fixes that would make the system safe, or ‘as safe as
reasonably possible.” When the author went to the field to compare his analytical models with what was really there,
he found little resemblance between his models and what was in the field.

The author does not advocate discarding the analytical - quantitative proactive approach. He advocates using
different types of proactive approaches to gain insights into how systems might fail and what might be done to keep
them from failing. The marked limitations of analytical models and quantitative methods must be recognized or
major damage can be done to the cause of system safety. The potential for engineers to be ‘hyper rational’ and
attempt to extend the applicability of PRA/QRA methods beyond their limitations must be recognized and
countered. On the other hand, qualitative methods (e.g., HazOp, FMEA), in the hands of qualified and properly
motivated assessors (both internal and external) can do much to help the causes of quality and reliability.
Experience, judgment, and intuition of the assessors needs to be properly recognized, respected, and fully integrated
into proactive qualitative and quantitative approaches. Much headway has been made recently in combining the
powers of qualitative methods with quantitative RAM methods. The qualitative methods are able to more fully
capture the dynamic, changing, organic, complex interactions that can not be analyzed. Given input from the
qualitative methods, the quantitative methods are able to provide numbers that can be used to assist development of
judgements about when, where, and how to better achieve quality and reliability in oil and gas systems. But, even at
this level of development, proactive RAM methods are very limited in their abilities to truly provide quality and
reliability in oil and gas systems. Other methods must be used to address the unknowable and unimaginable hazards
to oil and gas systems.

It is the author’s experience in working with and on oil and gas systems for more than four decades, that many if
not most of the important proactive break-throughs in the quality and reliability of these systems were originated in
a cooperative. trust-based venture of a knowledgeable ‘facilitator’ working with seasoned veterans that had daily
responsibilities for the quality of these systems. This cooperative venture includes design, construction /
decommissioning, operations, and maintenance / inspection personnel. Yet, it also is the author’s experience, that
many engineering and many well meaning safety personnel and human factor experts are not developing a
cooperative environment. This is very disturbing. The conduct of each operation during the life-cycle of an
engineered system should be regarded as the operations of families. Knowledgeable, trained, experienced, and
sensitive outsiders can help, encourage, and assist families to become safer or better. But, they can not make the
families safer or better. Families can only be changed from within by the family members. Safety measures based on
casual or superficial knowledge of a system or of an operation of that system should be regarded as tinkering. And,
tinkering can have some very undesirable effects and results.

The crux of the problem with proactive PRA/QRA approaches is with the inability of such approaches to be able
to fully capture the future human and organizational factors and their effects on the performance of a system.
PRA/QRA rely on an underlying fundamental understanding of the physics and mechanics of the processes,
elements, and systems that are to be evaluated. Such understanding then allows the analyst to make projections into
the future about the potential performance characteristics of the systems. And, it is here that the primary difficulties -
arise. There is no fundamental understanding of the physics and mechanics of the future performance — behavior
characteristics of the people that will come into contact with a system and even less understanding of the future
organizational influences on this behavior. One can provide very general projections of the performance of systems
including the human and organizational aspects based on extensive assumptions about how things will be done, but
little more. The problem is that engineers and managers start believing that the numbers represent reality.

To the author, the true value of the proactive PRA/QRA approach does not lie in its predictive abilities. The true
value lies in the disciplined process PRA/QRA can provide to examine the strengths and weaknesses in systems; the
objective is detection and not prediction. The magnitudes of the quantitative results. if these results have been
generated using reasonable models and input information, can provide insights into where and how one might make
the system better and safer. The primary problems that the author has with PRA/QRA is with how this method is
used and what it is used to do. Frequently the results from PRA/QRA are used to justify meeting or not meeting
regulatory / management targets and, in some cases not implementing clearly justified - needed improvements in the
quality ~ reliability of an engineered system.
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Reactive Approaches

‘The reactive approach is based on analysis of the failure or near failures (incidents, near-misses) of a system.>’
An attempt is to made to understand the reasons for the failure or ncar-failures, and then to put measures in place to
prevent future failures of the system. The field of worker safety has largely developed from application of this
approach.

This attention to accidents, near-misses, and incidents is clearly warranted. Studies have indicated that generally
there are about 100+ incidents, 10 to 100 near-misses, to every accident. The incidents and near-misses can give
early warnings of potential degradation in the safety of the system. The incidents and near-misses, if well understood
and communicated provide important clues as to how the system operators are able to rescue their systems, returning
them to a safe state, and to potential degradation in the inherent safety characteristics of the system.

Well developed guidelines have been developed for investigating incidents and performing safety audits
associated with near-misses and accidents. These guidelines indicate that the attitudes and beliefs of the involved
organizations are critical in developing successful systems, particularly doing away with ‘blame and shame’ cultures
and practices. It is further observed that many if not most systems focus on ‘technical causes’ including equipment
and hardware. Human - system failures are treated in a cursory manner and often from a safety engineering
perspective that has a focus on outcomes of errors (e.g. inattention, lack of motivation) and statistical data (e.g. lost-
time accidents).

A primary objective of incident reporting systems is to identify recurring trends from the large numbers of
incidents with relatively minor outcomes. The primary objective of near-miss systems is to learn lessons (good and
bad) from operational experiences. Near-misses have the potential for providing more information about the causes
of serious accidents than accident information systems. Near-misses potentially include information on how the
human operators have successfully returned their systems to safe-states. These lessons and insights should be
reinforced to better equip operators to maintain the quality of their systems in the face of unpredictable and
unimaginable unraveling of their systems. '

Root cause analysis is generally interpreted to apply to systems that are concerned with detailed investigations of
accidents with major consequences. The author has a fundamental objection to root cause analysis because of the
implication that there is a single cause at the root of the accident (reductive bias). This is rarely the case. This is an
attempt to simplify what is generally a very complex set of interactions and factors, and in this attempt, the lessons
that could be learned from the accident are frequently lost. Important elements in a root cause analysis includes an
investigation procedure based on a model of accident causation. A systematic framework is needed so that the right
issues are addressed during the investigation. There are high priority requirements for comprehensiveness and
consistency. The comprehensiveness needs to be based on a systems approach that includes error tendencies, error
inducing environments, multiple causations, latent factors and causes, and organizational influences. The focus
should be on a model of the system factors so that error reduction measures and strategies can be identified. The
requirement for consistency is particularly important if the results from multiple accident analyses are to be useful
for evaluating trends in underlying causes over time.

There is no shortage of methods to provide a basis for detailed analysis and reporting of incidents, near-misses,
and accidents. The primary challenge is to determine how such methods can be introduced into the life-cycle of oil
and gas systems and how their long-term support can be developed.

Inspections during construction, operation, and maintenance are a key element in reactive RAM approaches.
Thus, development of IMR (Inspection, Maintenance, Repair) programs is a key element in development of reactive
management of the quality and reliability of engineered. Deductive methods involving mechanics based probability
techniques have been highly developed. These techniques focus on ‘predictable’ damage that is focused primarily on
durability. Inductive methods involving discovery of defects and damage are focused primarily on ‘unpredictable’
elements that are due primarily to unanticipated HOE such as weld flaws, fit-up or alignment defects, dropped
objects, ineffective corrosion protection, and collisions. Reliability Center Maintenance (RCM) approaches have
been developed to help address both predictable and unpredictable damage and defects.

The reactive approach has some important limitations. It is not often that one can truly understand the causes of
accidents. If one does not understand the true causes, how can one expect to put the right measures in place to
prevent future accidents? Further, if the causes of accidents represent an almost never to be repeated collusion of
complex actions and events, then how can one expect to use this approach to prevent future accidents? Further, the
usual reaction to accidents has been to attempt to put in place hardware and equipment that will help prevent the
next accident. Attempts to use equipment and hardware to fix what are basic HOF problems generally have not
proven to be effective. It has been observed that progressive application of the reactive approach can lead to
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decreasing the accepted ‘safe’ operating space for operating personnel through increased formal procedures to the
point where the operators have to violate the formal procedures to operate the system.

Interactive Approaches

Experience with the safety and quality of oil and gas systems indicates that there is a third important approach to
achieving safety that needs to be recognized and further developed. This approach is interactive (real-time)
management of ‘crises’ in which danger builds up in a system and it is necessary to actively intervene with the
system to return il to a safe state. This approach is based on the contention that many aspects that influence or
determine the failure of systems in the future are fundamentally unpredictable and unknowable. These are the
incredible, unbelievable, complex sequences of events and developments that unravel a system until it fails. This
approach is based on providing systems (including the human operators) that have enhanced abilities to rescue
themselves. This approach is based on the observation that people more frequently return systems to safe states than
they do to unsafe states that result in accidents.

Engineers can have important influences on the abilities of people to rescue systems and on the abilities of the
systems to be rescued by providing adequate measures to support and protect the operating personnel and the system
components that are essential to their operations. Quality assurance and quality control (QA/QC) is an example of
the real-time approach. QA is done before the activity, but QC is conducted during the activity. The objective of the
QC is to be sure that what was intended is actually being carried out.

Two fundamental approaches to improving crisis performance are: 1) providing people support, and 2) providing
system support. People support strategies include such things as selecting personnel well suited to address crises,
and then training them so they possess the required skills and knowledge. Re-training is important to maintain skills
and achieve vigilance. The cognitive skills developed for crisis management degrade rapidly if they are not
maintained and used. ‘

Crisis management teams should be developed that have the requisite variety to manage the crisis and have
developed teamwork processes so the necessary awareness, skills and knowledge are mobilized when they are
needed. Auditing, training, and re-training are needed to help maintain and hone skills, improve knowledge, and
maintain readiness. Crisis management teams need to be trained in problem ‘divide and conquer’ strategies that
preserve situational awareness through organization of strategic and tactical commands and utilization of ‘expert
task performance’ (specialists) teams. Crisis management teams need to be provided with practical and adaptable
strategies and plans that can serve as useful ‘templates’ in helping manage each unique crisis. These templates help
reduce the amount and intensity of cognitive processing that is required to manage the crisis.

Improved system support includes factors such as improved maintenance of the necessary critical equipment and
procedures so they are workable and available as the crisis unfolds. Data systems and communications systems are
needed to provide and maintain accurate, relevant, and timely information in ‘chunks’ that can be recognized,
evaluated, and managed. Adequate safe haven and life saving measures need to be provided to allow crisis
management teams to face and manage the crisis, and if necessary, escape. Hardware and structure systems need to
be provided to slow the escalation of the crisis, and re-stabilize the system. Safety system automation needs to be
provided for the tasks people are not well suited to perform in emergency situations.

One would think that improved system support would be highly developed by engineers. This does not seem to
be the case. A few practitioners recognize its importance, but generally it has not been incorporated into general
engineering practice or guidelines. Systems that are intentionally designed to be stabilizing (when pushed to their
limits, they tend to become more stable) and robust (damage and defect tolerant) are not usual. Some provisions
have been made to develop systems that slow the progression of some crises. Fire deluge systems, heat insulation on
critical structural elements and fire walls, and blast pressure relief panels are examples of some of the provisions.
The work on which this paper is based indicates that system robustness is achieved through a combination of
configuration (alternative paths to carry the demands), ductility (ability to redistribute demands without
compromising safety), and excess capacity (to carry the redistributed demands). These guidelines also apply to the
organizational or people components of systems. ‘

Effective early warning systems and crisis information and communication systems have not received the
attention they deserve in providing system support for crisis management. Systems need to be designed to clearly
and calmly indicate when they are nearing the edges of safe performance. Once these edges are passed, multiple
barriers need to be in place to slow further degradation and there should be warnings of the breaching of these
barriers. More work in this area is definitely needed.
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Combined Approaches

The results of the experience and work on which this paper is based clearly indicate that a combination of
proactive, reactive, and interactive approaches should be used to improve the quality and reliability of oil and gas
systems. Each of these approaches has its strengths and weaknesses and their strengths need to exploited. The results
of this work also clearly that in most cases, these approaches are not being used as well as they could be used.

In many instances, the reactive approach has resulted in development extensive rules and regulations that have
become so cumbersome that they either are not used or are not used properly. Systems are more normally operated
by informal local operating procedures than by following the book. Accident investigations frequently have turned
into ‘witch hunts’ many times with the sole purpose of ‘killing the victims.” Due to critical flaws in the accident
investigation and recording processes, accident databases frequently fail to properly or reasonably capture the
essence of how accidents develop or are caused. Near-miss incidents have not received nearly the attention that they
should.

In many instances, the proactive approach has developed intoa quantitative paper chase that has not yielded the
benefits that it could yield. Numbers have been taken to represent the realities of future quality and reliability.
Insights about how one might defend the system against unpredictable and unanticipated developments are lost in
the complexities of the analyses. Experts are brought in to inspect and analyze the system and many times these
experts do not possess the requisite experience or insights about how the system can unravel and fail. Fixes are
general hardware oriented. Rarely do the HOF aspects receive any direct attention.

In general, the interactive approach has not received the attention that it deserves. In some ‘non-engineering’
communities it has received extensive attention. These communities are those that daily must confront crises or the
potential for crises. These crises all involve unpredictable and unknowable situations. Many of the communities
have learned how to in most cases turn crises into successes. This research has not disclosed one instance in which
the interactive approach has been used to address HOF in design engineering activities. Rarely has it been used in
operations. Rather, safety meetings, drills and exercises are mistakenly taken to represent this approach.

SYSTEM MALFUNCTION TAXONOMIES

The taxonomies in the following parts of this paper are intended for applications of the approaches that have
been developed during this work: proactive, reactive, and real-time measures to improve the reliability of oil and gas
systems that explicitly address the HOF aspects of these systems. The taxonomies go beyond human and
organizational malfunctions (errors)®® and include structure-hardware malfunctions, procedure malfunctions, and
environmental influences. These taxonomies have been based primarily on the studies of well documented accidents
conducted during this research. The proposed taxonomies do not define the why’s of errors; rather, they define
how’s of errors; the generic categories of actions or activities that can result in errors. This approach was taken so
that when the activities or actions were identified they could be remedied or corrected.

Operator Malfunctions

There are many different ways to define, classify and describe operator (individual) malfunctions.? Operator
malfunctions can be defined as actions taken by individuals that can lead an activity to realize a lower quality than
intended. These are malfunctions of commission. Operator malfunctions also include actions not taken that can lead
an activity to realize a lower quality than intended. These are malfunctions of omission. Operator malfunctions
might best be described as action and inaction that result in lower than acceptable quality to avoid implications of
blame or shame. Operator malfunctions also have been described as mis-administrations and unsafe actions.
Operator errors result from operator malfunctions.

Operator malfunctions can be described by types of error mechanisms. These include slips or lapses. mistakes,
and circumventions. Slips and lapses lead to low quality actions where the outcome of the action was not what was
intended. Frequently, the significance of this type of malfunction is small because these actions not are easily
recognized by the person involved and in most cases easily corrected.

Mistakes can develop where the action was intended, but the intention was wrong. Circumventions (violations,
intentional short-cuts) are developed where a person decides to break some rule for what seems to be a good (or
benign) reason to simplify or avoid a task. Mistakes are perhaps the most significant because the perpetrator has
limited clues that there is a problem. Often, it takes an outsider to the situation to identify mistakes.
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Based on studies of available accident databases on oil and
gas systems, and studies of case histories in which the acceptable
quality of these systems has been compromised, a taxonomy of
human malfunctions are summarized in Table 1. The sources of
mistakes or cognitive malfunctions are further detailed in Table 2.

Organization Malfunctions

Analysis of the history of failures of oil and gas systems
provides many examples in which organizational malfunctions
have been primarily responsible for failures."'** Organization
malfunction is defined as a departure from acceptable or
desirable practice on the part of a group of individuals that
results in unacceptable or undesirable results. Based on the study
of case histories regarding the failures of oil and gas systems,
studies of High Reliability Organizations (HRO), and managing
organizational risks, a classification of organization malfunctions
is given in Table 3.

The goals developed by an organization may induce operators
to conduct their work in a manner that management would not
approve if they were aware of their reliability implications.’
Excessive risk-taking problems are very common in oil and gas
systems. Frequently, the organization develops high rewards for
maintaining and increasing production; meanwhile the
organization hopes for safety (rewarding ‘A’ while hoping for
‘B"). The formal and informal rewards and incentives provided by
an organization have a major influence on the performance of
operators and on the quality and reliability of oil and gas systems.

Several examples of organizational malfunctions recently
have developed as a result of efforts to down-size and out-source
as a part of re-engineering organizations. Loss of corporate
memories (leading to repetition of errors), creation of more
difficult and intricate communications and organization
interfaces, degradation in morale, unwarranted reliance on the
expertise of outside contractors, cut-backs in quality assurance
and control, and provision of conflicting incentives (e.g. cut
costs, yet maintain quality) are examples of activities that have
lead to substantial compromises in the intended quality of
systems.

Experience indicates that one of the major factors in
organizational malfunctions is the culture of the organization.
Organizational culture is reflected in how action, change, and
innovation are viewed; the degree of external focus as contrasted
with internal focus; incentives provided for risk taking; the degree
of lateral and vertical integration of the organization; the
effectiveness and honesty of communications; autonomy,
responsibility, authority and decision making; rewards and
incentives; and the orientation toward the quality of performance
contrasted with the quantity of production. The culture of an
organization is embedded in its history.

One of the major culture elements is how managers in the
organization react to suggestions for change in management.
Given the extreme importance of the organization and its
managers on quality and reliability, it is essential that these
managers see suggestions for change (criticism?) in a positive
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Table 1: Taxonomy of operator malfunctions

Communications - ineffective transmission of
information

Slips - accidental lapses

Violations ~ intentional infringements or
transgressions

Ignorance - unaware, unlearned

Planning & Preparation - lack of sufficient
program, procedures, readiness

Selection & Training - not suited, educated,
or practiced for the activities

Limitations & Impairment — excessively
fatigued, stressed, and having diminished
senses

Mistakes - cognitive malfunctions of
perception, interpretation, decision,
discrimination, diagnosis, and action

Table 2: Classification of mistakes — cognitive
processing errors

Perception - unaware, not knowing

Interpretation — improper evaluation and
assessment of meaning

Decision ~ incorrect choice between
alternatives

Discrimination — not perceiving the
distinguishing features

Diagnosis-incorrect attribution of causes and
or effects

Action- improper or incorrect carrying out
activities

Table 3: Taxonomy of organizational
malfunctions

Communications - ineffective transmission
of information

Culture - inappropriate goals, incentives,
values, and trust

Violations - intentional infringements or
transgressions

Ignorance - unaware, unlearned

Planning & Preparation — lack of sufficient
program. procedures, readiness

Structure & Organization — ineffective
connectedness, interdependence, lateral
and vertical integration

Moniroring & Conrrolling - inappropriate
awareness of critical developments and
utilization of ineffective corrective
measures

Mistakes - cognitive malfunctions of
perception, interpretation, decision,
discrimination, diagnosis, and action




Table 5: Taxonomy of procedure and software
malfunctions

manner. Recently, the author was involved in a project for a
major international owner and operator of oil and gas systems.
The project was intended to identify how the company might

best improve the quality and reliability of its ultra deep water
oil and gas systems. At the conclusion of the project, the
author was invited o the office of the chief engineer for this
organization; this man had a Ph.D. in mathematics and had
extensive field experience. His message for the author was:
“Bob tell me anything, but do not tell me how to manage this
organization.” With this kind of corporate and managerial
culture, organizational malfunctions can be expected to
proliferate.

Incorrect - faulty

Inaccurate - untrue

Incomplete - lacking the necessary parts

Excessive Complexiry - unnecessary intricacy

Poor Organization - dysfunctional structure

Poor Documentation - ineffective information
transmission

Structure / Hardware / Equipment Malfunctions

Human malfunctions can be initiated by or exacerbated by poorly oil and gas systems and procedures that invite
errors. Such systems are difficult to construct, operate, and maintain.'” Table 4 summarizes a classification system
for hardware (equipment, structure) related malfunctions. New technologies compounds the problems of latent
system flaws. Complex design, close coupling (failure of one component leads to failure of other components) and
severe performance demands on systems increase the difficulty in controlling the impact of human malfunctions
even in well operated systems.

Emergency displays have been found to give improper signals of the state of the systems. Land based industries
can spatially isolate independent subsystems whose joint failure modes would constitute a total system failure.
System malfunctions resulting from complex designs and close coupling are more apparent due to spatial constraints
onboard offshore structures. The field of ergonomics has largely developed to address the human — machine or
system interfaces. Specific guidelines have been developed to facilitate the development of people friendly systems.

The issues of system robustness (defect or damage tolerance), design for constructablity, and design for IMR
(Inspection, Maintenance, Repair) are critical aspects of engineering systems that will be able to deliver acceptable
quality."'” Design of the system to assure robustness is intended to combine the beneficial aspects of configuration,
ductility, and excess capacity (it takes all three). The result is a defect and damage tolerant system that is able to
maintain its quality characteristics in the face of HOF. This has important ramifications with regard to engineering
system design criteria and guidelines. Design for constructability is design to facilitate construction, taking account
of worker qualifications, capabilities, and safety, environmental conditions, and the interfaces between equipment
and workers. Design for IMR has similar objectives. Reliability Centered Maintenance (RCM)'" has been developed
to address some of these problems, and particularly the unknowable and HOF aspects.

Procedure & Software Malfunctions

Based on the study of procedure and software related problems that have resulted in failures of oil and gas
systems, Table 5 summarizes a classification system for
procedure or software malfunctions. These malfunctions can be
embedded in engineering design guidelines and computer
programs, construction specifications, and operations manuals.
They can be embedded in how people are taught to do things.

Table 4: Taxonomy of structure & equipment
malfunctions

With the advent of computers and their integration into many
aspects of the design, construction, and operation of oil and gas
structures, software errors are of particular concern because the
computer is the ultimate fool.

Software errors in which incorrect and inaccurate algorithms
were coded into computer programs have been at the root cause
of several recent major failures of oil and gas structures.’
Guidelines have been developed to address the quality of
computer software for the performance of finite element
analyses. Extensive software testing is required to assure that the
software performs as it should and that the documentation is
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Serviceabiliry — inability to satisfy purposes
for intended conditions ’

Safery — excessive threat of harm to life and
the environment, demands exceed
capacities

Durabiliry - occurrence of unexpected
maintenance and less than expected useful
life

Compatribility — unacceptable and undesirable
economic, schedule. and aesthetic
characteristics




sufficient. Of particular importance is the provision of independent checking procedures that can be used to validate
the results from analyses. High quality procedures need to be verifiable based on first principles, results from
testing, and field experience.

Given the rapid pace at which significant industrial and technical developments have been taking place, there has
been a tendency to make design guidelines, construction specifications, and operating manuals more and more
complex.'? Such a tendency can be seen in many current guidelines used for design of offshore structures. In many
cases, poor organization and documentation of software and procedures has exacerbated the tendencies for humans
to make errors. Simplicity, clarity, completeness, accuracy, and good organization are desirable attributes in
procedures developed for the design, construction, and maintenance, and operation of oil and gas structures.

Environmental Influences

Environmental influences can have important affects on the performance characteristics of individuals,
organizations, hardware, and software. Environmental influences include:
¢ External (e.g. wind, temperature, rain, fog, time of day),
o Internal (lighting, ventilation, noise, motions), and
e Sociological factors (e.g. values, beliefs, morays).
All three of these environmental influences can have extremely important effects on human malfunctions.

HIGHER RELIABILITY ORGANIZATIONS

Studies of HRO (Higher Reliability Organizations)'*'* has shed some light on the factors that contribute to errors
made by organizations and risk mitigation in HRO. HRO are those organizations that have operated nearly error free
over long periods of time. A wide variety of HRO have been studied over long periods of time. The HRO research
has been directed to define what these organizations do to reduce the probabilities of serious errors. The work has
shown that the reduction in error occurrence is accomplished by the following:

Appropriate rewards and punishment

Ability of management to ''see the big picture".

Command by exception (management by exception) refers to management activity in which authority is pushed
to the lower levels of the organization by managers who constantly monitor the behavior of their subordinates.
Decision making responsibility is allowed to migrate to the persons with the most expertise to make the decision
when unfamiliar situations arise (employee empowerment).

Redundancy involves people, procedures, and hardware. It involves numerous individuals who serve as
redundant decision makers. There are multiple hardware components that will permit the system to function when
one of the components fails.

Procedures that are correct, accurate, complete, well organized, well documented, and are not excessively
complex are an important part of HRO. Adherence to the rules is emphasized as a way to prevent errors, unless the
rules themselves contribute to error.

HRO develop constant and high quality programs of training. Training in the conduct of normal and abnormal
activities is mandatory to avoid errors. Establishment of appropriate rewards and punishment that are consistent with
the organizational goals is critical.

HRO organizational structure is defined as one that allows key decision makers to understand the big picture.
These decision makers with the big picture perceive the important developing situations. properly integrate them,
and then develop high reliability responses.

In recent organizational research, five prominent failures were addressed including the Chernobyl nuclear power
plant, the grounding of the Exxon Valdez, the Bhopal chemical plant gas leak, the mis-grinding of the Hubble
Telescope mirror, and the explosion of the space shuttle Challenger. These failures were evaluated in the context of
five hypotheses that defined risk mitigating and non-risk mitigating organizations. The failures provided support for
the following five hypotheses.

e Command by exception or negation,
* Redundancy,

o  Procedures and rules,

¢  Training,

L ]

L 4
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¢ Risk mitigating organizations will have extensive process auditing procedures. Process auditing is an
established system for ongoing checks designed to spot expected as well as unexpected safety problems. Safety
drills would be included in this category as would be equipment testing. Follow ups on probiems revealed in
prior audits are a critical part of this function.

e  Risk miligating organizations will have reward systems that encourage risk mitigating behavior on the par
of the organization, its members, and constituents. The reward system is the payoff that an individual or
organization gets for behaving one way or another. It is concerned with reducing risky behavior.

¢ Risk mitigating organizations will have quality standards that meet or exceed the referent standard of
quality in the industry.

¢ Risk mitigating organizations will correctly assess the risk associated with the given problem or situation.
Two elements of risk perception are involved. One is whether or not there was any knowledge that risk existed
at all. The second is if there was knowledge that risk existed, the extent to which it was acknowledged
appropriately or minimized. '

¢ Risk mitigating organizations will have a strong command and control system consisting of five elements: a)
migrating decision making, b) redundancy, c) rules and procedures, d) training, and e) senior
management has the big picture.

These concepts have been extended to characterize how organizations can organize to achieve high quality and
reliability." Effective HRO’s are characterized by:
¢ Preoccupation with failure — any and all failures are regarded as insights on the health of a system, thorough

analyses of near-failures, generalize (not localize) failures, encourage self-reporting of errors, and understand
the liabilities of successes.

* Reluctance to simplify interpretations - regard simplifications as potentially dangerous because they limit
both the precautions people take and the number of undesired consequences they envision, respect what they do
not know, match external complexities with internal complexities (requisite variety), diverse checks and
balances, encourage a divergence in analytical perspectives among members of an organization (it is the
divergence, not the commonalties, that hold the key to detecting anomalies).

¢ Sensitivity to operations - construct and maintain a cognitive map that allows them to integrate diverse inputs
into a single picture of the overall situation and status (situational awareness, ‘having the bubble’), people act
thinkingly and with heed, redundancy involving cross checks, doubts that precautions are sufficient, and
wariness about claimed levels of competence, exhibit extraordinary sensitivity to the incipient overloading of
any one of it members, sensemaking.

o Commitment to resilience — capacity to cope with unanticipated dangers after they have become manifest,
continuous management of fluctuations, prepare for inevitable surprises by expanding the general knowledge,
technical facility, and command over resources, formal support for improvisation (capability to recombine
actions in repertoire into novel successful combinations), and simultaneously believe and doubt their past
experience.

¢ Under-specification of structures — avoid the adoption of orderly procedures to reduce error that often spreads
them around, avoid higher level errors that tend to pick up and combine with lower level errors that make them
harder to comprehend and more interactively complex, gain flexibility by enacting moments of organized
anarchy, loosen specification of who is the important decision maker in order to allow decision making to
migrate along with problems (migrating decision making), move in the direction of a garbage can structure in
which problems, solutions, decision makers, and choice opportunities are independent streams flowing through
a system that become linked by their arrival and departure times and by any structural constraints that affect
which problems, solutions and decision makers have access to which opportunities.

The other side of this coin are LRO (Lower Reliability Organizations). The studies show that these non-HRO’s
are characterized by a focus on success rather than failure, and efficiency rather than reliability. In non-HRO the
cognitive infrastructure is underdeveloped, failures are localized rather than generalized, and highly specified
structures and processes are put in place that develop inertial blind spots that allow failures to cumulate and produce
catastrophic outcornes. ;

Efficient organizations practice stable activity patterns and unpredictable cognitive processes that often result in
errors; they do the same things in the face of changing events, these changes go undetected because people are
rushed, distracted, careless, or ignorant. In non-HRO expensive and inefficient learning and diversity in problem
solving are not welcomed. Information, particularly ‘bad’ or ‘useless’ information is not actively sought, failures are
not taken as learning lessons, and new ideas are rejected. Communications are regarded as wasteful and hence the
sharing of information and interpretations between individuals is stymied. Divergent views are discouraged, so that
there is a narrow set of assumptions that sensitize it to a narrow variety of inputs.
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In non-HRO success breeds confidence and fantasy, managers attribute success to themselves, rather than to
luck, and they trust procedures to keep them appraised of developing problems. Under the assumption that success
demonstrates competence, non-HRO drift into complacency, inattention, and habituated routines which they often
justify with the argument that they are eliminating unnecessary effort and redundancy. Often down-sizing and out-
sourcing are used to further the drives of efficiency and insensitivity is developed to overloading and its effects on
judgement and performance. Redundancy (robustness or defect tolerance) is eliminated or reduced in the same drive
resulting in elimination of cross checks, assumption that precautions and existing levels of training and experience
are sufficient, and dependence on claimed levels of competence. With outsourcing, it is now the supplier, not the
buyer, that must become preoccupied with failure. But, the supplier is preoccupied with success, not failure, and
because of low-bid contracting, often is concerned with the lowest possible cost success. The buyer now becomes
more mindless and if novel forms of failure are possible, then the loss of a preoccupation with failure makes the
buyer more vulnerable to failure. Non-HRO's tend to lean toward anticipation of ‘expected surprises,’ risk aversion,
and planned defenses against foreseeable accidents and risks; unforeseeable accidents and risks are not recognized
or believed.

Reason’ in expanding his work from the individual to the organization, develops another series of 1mportant
insights and findings. Reason observes that all technological organizations are governed by two primary processes:
production and protection. Production produces the resources that make protection possible. Thus, the needs of
production will generally have priority throughout most of an organization’s life, and consequently, most of those
that manage the organization will have skills in production, not protection. It is only after an accident or a near-miss
that protection becomes for a short period time paramount in the minds of those that manage an organization.

The history of the organization's walk through the protection — production — time space is characterized with the
black circles in Fig. 3.° The history starts in the left-hand corner where the organization begins production with a
reasonable margin of protection. As time passes, the protection is reduced in a drive for greater efficiency until a
low-cost accident (or near-miss) occurs. The event leads to an improvement in protection, but again, this
improvement is traded off for a production advantage until another, more serious accident occurs. Again, the level of
production is increased and again the level of protection is eroded by an event free period. The end of the history is a
catastrophe. Risk compensation, an exponential decay in ‘awareness’ of the lessons of the last accident or fear of the
next accident, and simply increasing production without increasing protection leads to the catastrophic accident.

Reason observes that production and protection are dependent on the same underlying organizational processes.
If priority is given to production by management and the skills of the organization are directed to maximizing
production, then unless other measures are implemented, one can expect an inevitable loss in protection until
significant accidents cause an awakening of the need to implement protective measures. The organization chooses to
focus on problems that it always has (production) and not on problems it almost never has (major accidents). The
organization becomes ‘habituated’ to the risks it faces and people forget to be afraid: “chronic worry is the price of
safety.”

Reason advances the following in-depth defenses for managing ‘the risks of organizational accidents’:”
Creation of understanding and awareness in the organization.
Provision of guidance on the management of active (unsafe acts) and latent (inherent “eaknesses)
conditions.
Provision of warnings and alarms that will provide signals of degradations.
Development of restoring systems (provision of damage tolerant — robust systems).
Utilization of safety barriers to provide early warnings to operators and managers.
Development of procedures to contain and
eliminate hazards.
Reason cites a number of ‘dangerous defenses’
developed by organizations in response to accidents: 4 Bankruptcy ~
e Excessively complex systems and procedures:
‘killed by their armor.’ Parity Zone
¢  Over-automation and computation: ‘radar
assisted collisions.’ 2 ).«Ll{“
e  Excessive formal procedures: ‘violations are the A

only way left to do what needs to be done.’ e ' Catastrophe
¢  Reactive prevention: ‘causing the next accident <

while trying to prevent the last one,” frequently » Production

taking the form of “kill the victim." Fig. 3: Life of an organization through production —
e Defenses in depth: ‘dangerous concealment. protection space’

Protection
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¢ Too sensitive alarms: ‘cry wolf” reactions.
*  Fuses: ‘unnecessary complexity.’

Reason advances some very interesting observations regarding ‘the unhappy lot of regulators:’

“regulators tend to become reliant on the regulated 10 help them acquire and interpret information;
consequently, they obtain filtered information, tend to sympathize with the regulated, and develop a
comproniised ability to identify, report, or sanction violations. The requirement for the regulator to
compromise with the regulated is an enforcement pattern that is systematically generated by the structure

of inter-organizational relations (Vaughn, 1996; 1997).”

SAFETY MANAGEMENT ASSESSMENT SYSTEM

Many different types of quality (safety) management assessment methods have been developed and used. The
method that will be discussed here is identified as a Safety Management Assessment System (SMAS).! SMAS is a
method that is intended to provide a level of detail between the qualitative / less detailed methods and the highly
quantitative / very detailed methods. SMAS encompasses two levels of safety assessment: coarse and detailed
qualitative. The objective of SMAS is with the least effort possible, to identify those factors that are not of concern
relative to safety, to identify those mitigation measures that need to be implemented to improve safety, and to
identify those factors that are of concern that should be relegated to more detailed quantitative evaluations and

analyses. SMAS has been applied in proactive, reactive, and
interactive RAM of oil and gas systems.

Components

The SMAS system is comprised of three primary components:
e a laptop computer program and documentation that is used to
help guide platform assessments and record their results,

an assessor qualification protocol and training program, and

a three stage assessment process that is started onshore with

information gathering and identification of FOC, then

proceeds offshore to observe platform operations, and is
concluded onshore with a final assessment and set of
recommendations. :

The surveying instrument is in the form of a laptop computer
program that contains interactive algorithms to facilitate
development of consistent and meaningful evaluations of existing
facilities. The instrument includes evaluations of the categories of
facility factors defined earlier: operating personnel, organizations,
hardware (equipment, structure), procedures (normal, emergency),
environments, and the interfaces between the categories of factors.
Standardized and customized written, tabular, and graphical output
reporting and routines are provided. This instrument is intended to
help identify alternatives for how a given facility might best be
upgraded so that it can be fit for the intended purposes.

The SMAS process has been developed so that it can be used
effectively and efficiently by those that have daily involvement and
responsibilities for the quality and reliability of oil and gas
systems. The SMAS system is intended to help empower those that
have such responsibilities to identify important loss of containment
hazards, prioritize those hazards, and then define warranted or
needed mitigation measures.
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Evaluation steps

There are five major steps in the SMAS (Fig. 4). Step #1 is to select a system for assessment. This selection
would be based on an evaluation of the history of Loss of Containment (LOC) events and other types of high
consequence accidents involving the system, the general likelihood and consequences of LOC, and the schedule of
.assessments for the facility.

Step #2 is to identify an assessment team. This team would be comprised of qualified and trained SMAS
assessors indicated as Designated Inspection Representatives (DIR’s). These DIR’s normally would come from the
owner / operator organization, regulatory or classification agencies, or consulting engineering service firms. As in
the commercial aviation industry, appointment of DIR’s would be approved by the responsible regulatory agency.
DIR appointment would be based on technical and operations experience. DIR's would be qualified based on SMAS
specific training and experience. To avoid conflicts of interest, DIR's would be allowed to request replacement by
the responsible regulatory authority when such conflicts arose.

Step #3 consists of a coarse qualitative assessment of the seven categories of elements that comprise a platform
or terminal system. This assessment is based on the general history of LOC of similar types of facilities and
operations, and details on the specific system. These details would consist of current information on the structure,
equipment, procedures (normal operations and maintenance, and emergency / crisis management), operating
personnel (including contractors), and organizations / management. Results from previous inspections and hazard
studies would be produced and evaluated in this step. Interviews would be held with representatives of the owner /
operator organization and the operating crews.

The product of Step #3 is identification of the Factors of Concern (FOC) that could lead to LOC events. As a
part of the assessment process that will be described later, the assessment team records the rationale for
identification of the FOC. The assessment may at this stage also identify suggested LOC mitigations. The results are
reported in user selected standard textural and graphical formats and in user defined textural and graphical formats
(that can be stored in the computer or produced each time). For some systems, the information at this stage may be
sufficient allow the system to exit the SMAS with the implementation of the mitigations, recording the results, and
scheduling the next assessment.

If it is deemed necessary, the SMAS proceeds to Step #4; development of scenario/s to express and evaluate the
FOC. These scenarios or sequences of events are intended to capture the initiating, contributing, and compounding
events that could lead to a LOC. They help focus the attention of the assessors on specific elements that could pose
high risks to the system. Based on the FOC and the associated scenarios. Step #5 proceeds with a detailed qualitative
assessment. Additional information is developed to perform this assessment and includes more detailed information
on the general history of the facility, its details, results from previous inspections and hazard studies. and
management and operating personnel interviews. In recording results from the interviews, provisions are made for
anonymous discussions and reporting.

The product of Step #5 is a detailing of the mitigation measures suggested for mitigation of the FOC confirmed
in Step #5. The rationale for the suggested mitigations are detailed together with projected beneficial effects on the
FOC. As for the results of Step #3, the results of Step #4 are reported in standard and user defined formats. At this
point, the assessment team could elect to continue the SMAS in one of two ways. The first option would be to return
to the FOC stage and repeat Step #5 based ‘new’ FOC and the associated scenarios. The second option would be to
proceed with some of the FOC and the associated scenarios into coarse quantitative analyses and evaluations. If the
assessment team elected, the SMAS could be terminated at the end-of Step #5. The results would be recorded, and
the next assessment scheduled.

Evaluation Process

The SMAS evaluation process is organized into three stages: (1) background information development and initial
assessment, (2) visiting the facility and observing operations. and (3) final evaluation. The first stage is organized
into three activities. The first activity is to assemble background information on the facility. The second activity is to
identify FOC in the facility. The third activity is to develop preliminary evaluations of the FOC. Information for the
first stage comes from both verbal briefings and written material. Verbal briefings by personnel from both the
corporate office and the system, followed by a question-and-answer period. provide insight into the organization,
Written information, such as process flow diagrams, maintenance procedures. results from previous assessments and
inspections, information on previous loss of containment events, and emergency action plans, are examined to
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determine FOC and to familiarize assessors with the system components. General background on accidents and
failures associated with similar types of facilities are used to sharpen perspectives and insights of what to look for.

The purpose of the second stage, a system ‘walk-down’, is to confirm information gathered during the first
phase and to observe the actual operation of the facility. A typical visit will include a tour of the entire facility,
followed by observing, at a minimum, the following critical procedures: (1) maintenance, (2) emergency drills, (3)
shift changes, and (4) contract crew operations. A tour is conducted to familiarize assessors with the characteristics
of FOC identified during Stage #1 and perhaps reveal additional FOC. Maintenance FOC will be the first component
focused on because poor or improper maintenance is the cause of many accidents on oil and gas systems. The
second component, emergency drills, focuses on how the platform personnel respond to loss of containment events,
because once it has started, humans must act either to bring the loss of containment under control or to escape. The
third component, shift changeover, is observed to examine communication between platform operating crews and
personnel. Of particular concern are communications between contract crews and platform operating personnel and
coordination of their work activities.

During the final evaluation stage, the evaluations and comments are re-examined, and the final assessments are
developed. These assessments are input to the SMAS computer instrument and output reports generated that
summarize the results of the assessment in appropriate formats. This report contains a summary of the FOC that
were identified together with a summary of the
rationale for their identification. The assessors notes

on justifications are included in the final report /\
together with suggestions for reducing the risks of
LOC through, lowering likelihoods, consequences. COMPONENTS
or a combination thereof, 1 - operators, 2 - organizations, 3 - procedures,
4 - equipment, 5 - structure, 6 - environments,
7 - interfaces

SMAS Evaluation Levels

SMAS is organized into three sections or Fﬁ?g?gfe}agtﬁ?d
‘Levels’ (Fig. 5). The first Level identifies the 1.1 - communications, 1.2 - selection, 1.3 - knowledge,
seven components: 1.0 - operators, 2.0 1.4-trammg{.;..5‘;(;};:!;;:]?’;/h(r::)l;z:g?nnasﬁ{)?pauments,
organizations, 3.0 - procedures, 4.0 - equipment, 5.0
- structure, 6.0 - environments, and 7.0 - interfaces.
Table 6 §ummarizes the major factors that are ATTRIBUTES - reasons for grades
included in each of the seven components. These 1.1 - communications
seven components comprise ‘modules’ in the 1.1.1 - clarity, 1.1.2 - accuracy, 1.1.3 - frequency,
SMAS computer program. The structure and 1.1.4 - openess / honesty, 1.1.5 - verifying, 1.1.6 - encouraging
equipment factors are modified to recognize the
unique characteristics of different oil and gas
systems.

The second Level identifies the factors that
should be considered in developing assessments of
the components. For example, for the operators
(1.0), seven factors are identified: communications (1.1), selection (1.2), knowledge (1.3), training (1.4), skills,
(1.5), limitations / impairments (1.6), and organization / coordination (1.7). If in the judgment of the assessment
team, additional factors should be considered, then they can be added. Using a process that will be described later,
the assessors develop grades for each of these factors.

The third Level identifies attributes associaled with each of the factors. These attributes are observable
(behaviors) or measurable. These attributes provide the basis or rationale for grading the factors. For example, for
the communications factor (1.1) six attributes are included: clarity (1.1.1), accuracy (1.1.2), frequency (1.1.3),
openness / honesty (1.1.4), verifying or checking - feedback (1.1.5). and encouraging (1.1.6). Again, if in the
Jjudgment of the assessment team, additional atiributes are needed, they can be added to the SMAS.

Fig. 5: Safety components, factors, and attributes

Factors Grading
The method for addressing SMAS factors and attributes relies upon experienced and trained assessors who

assign grades for each component factor and attribute. Three grades are assigned: the most likely. the best, and the
worst. These three grades help the assessors express the uncertainties associated with the gradings.
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Very poor, does not
meet any standards
or requirements

Poor

Good, average,
meets most standards

7
6
5 Below average
4

and requirements
3

Very good

Excellent

Outstanding,
1 exceeds all standards
and requirements

Fig. 6: Scale for grading
attributes, factors, and
components

Each of the attributes for a given factor are
assessed based on a seven point grading scale (Fig.
6). An attribute or factor that is average in meeting
referent standards and requirements is given a grade
of 4. An attribute or factor that is outstanding and
exceeds all referent standards and requirements is
given a grade of 1. An attribute or factor that is very
poor and does not meet any referent standards or
requirements is given a grade of 7. Other grades are
used to express characteristics that are intermediate
to these.

The grades for the attributes are summed and
divided by the number of attributes used to develop a
resultant grade for the factor. The assessors review
this resultant grade and if it is acceptable, the grade
is recorded. If it is not, it is revised and the reasons
for the revision noted. The uncertainties associated
with the grades for the attributes are propagated
using a first order statistical method.

In the same manner, the grades for the factors
are summed and divided by the number of factors to
develop a resultant grade for the component. Again,
the assessors review this resultant grade and if it is
acceptable, the grade is recorded. If it is not, it is
revised and reasons for the revision noted. The
uncertainties associated with the grades for the
factors are propagated using a first order statistical
method.

Table 6: Level 1 evaluation categories and factors

Operating Teams Organizational
Communications Process Auditing
Selection Safety Culture
Knowledge Risk Perception
Limitations & Impairments |Emergency Preparedness
Management Command & Controls
Experience Training
Training Communications
Skills Resources

Procedures Hardware / Equipment
Operating Piping, hoses
Maintenance Pumps
Safe-work Flanges / gaskets
Contractor coordination Electrical systems
Shift / Crew change Pressure vessels
coordination Storage tanks
Emergency response Loading facilities
Management of change Lifting facilities

Communications facilities
Fire protection facilities

Structure Interfaces
Operational loadings Operators & other components
(vertical) Organizations & other
Operational loadings components
(horizontal) " |Procedures & other
Environmental loadings components
Fire / explosions Equipment & other
protections components
Collision protections Structure & other components

Environmental
External
Internal
Social

intertaces SR
Environments RN
Structure |

Equipment

Procedures

Components

Organizations

Operators

LA [NLINE S B B B S e S

"3 4 5 & 7
Grades

Fig. 7: Example component mean grading results
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A ‘Braille’ chart is then developed that summarizes the mean grades (and, if desired, the uncertainties)
developed by the assessment team for each of the factors (Fig. 7). The ‘high’ grades (those above 4) indicate
components and the associated factors that are candidates for mitigation.

Assessors

The most important element in the SMAS system is the team of assessors. It does not matter how good the
SMAS assessment instruments and procedures are if the personnel using the instrument do not have the proper
experience, training, and motivations. The SMAS assessors must have experience with the system being assessed.
quality auditing experience, and training in human and organization factors. The assessor team is comprised of
members from the system (operators, engineers, managers, regulators) and SMAS ‘counselors’ who have extensive
experience with the SMAS system and operations — facilities similar to those being assessed.

An important aspect of the qualifications of assessors regards their aptitude, attitude, trust, and motivation. It is
very desirable that the assessors be highly motivated to learn about human and organization factors and safety
assessment techniques, have a high sensitivity to safety hazards (‘perverse imaginations’), be observant and
thoughtful, have good communication abilities, and have a willingness to report ‘bad news’ when it is warranted. It
is vital that both the assessors and the SMAS counselor have the trust and respect of the system operators and
managers.

An assessor ‘just-in-time’ training program has been developed as part of the SMAS instrument. This program
includes basic training in human and organization factors and the SMAS assessment process. Example applications
are used to illustrate applications and to help reinforce the training. A final examination is used to help assure that
the assessor has learned the course material and can apply the important concepts.

The assessor training program has two parts: 1) informational, and 2) practical exercises. The informational part
contains background on the SMAS assessment process and computer instrument, loss of containment events on
offshore platforms and oil and gas terminals and, human and organizational performance factors and evaluations.

The second of part training is the hands-on use of the computer software. Training exercises are performed to
demonstrate the use of the SMAS instrument. Software demonstrations using oil and gas systems as case studies are
walked through. Then the assessors assess another system on their own. Following this, the assessménts are
compared and evaluated. The assessors are asked for feedback on the SMAS.

This approach is identified as a ‘participatory ergonomics’ approach. The people that participate in the daily
activities associated with their portion of the life-cycle of a system are directly involved in the evaluations and
assessments of that system. These people know their system better than any outsider ever could. Yet, they need help
to recognize the potential threats to the quality and reliability of their system. These people provide the memory of
what should be done and how it should be done. These are the people that must change and must help their
colleagues change so that desirable and acceptable system quality and reliability are developed. This is a job that
outsiders can never do or should be expected to do.

SYSTEM RISK ASSESSMENT SOFTWARE

The System Risk Assessment Software (SYRAS) was developed to assist engineers in assessment of system
failure probabilities based on identification of the primary or major tasks that characterize a particular part of the
life-cycle (design, construction, maintenance, operation) of an engineered system.' Failure is defined as the inability
to successfully meet the desired level of quality. This PRA/QRA tool has been applied in study of tradeoffs
regarding ‘minimum’ systems and the effects of Value Improvement Programs (VIP) for several major oil and gas
systems.

The probability of failure, Pf, is the likelihood of not developing the defined quality objectives. Each quality
attribute can be evaluated with respect to four life-cycle phases: Design. Construction, Operation, and Maintenance
(including decommissioning) (Fig. 8). Acceptable performance means that the structure has desirable serviceability
(i = 1), safety (i = 2), durability (i = 3), and compatibility (i = 4). The compliment of reliability is the likelihood or
probability of unacceptable performance; the probability of failure, P(F,). The probability of failure can be expressed
analytically as

P(F)=P(D,2C)
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Fig. 8: SYRAS components

where D, is the demand placed on the system and C; is the ability or capacity of the system to meet or satisfy the
demand. P (X) is read as the probability that the event (X) takes place. F; represents the event of failure to develop
desirable quality of type (i). Demands and capacities are quantified in terms meaningful to define the quality
attributes of serviceability (e.g. days available for service), safety (e.g. margin between load resistance and loading),
durability (e.g. expected life of structure), and compatibility (e.g. expected initial and future costs).

Failures to achieve desirable quality in an offshore structure can develop from intrinsic (I) or extrinsic (E)
causes. Intrinsic causes include factors such as extreme environmental conditions and other similar inherent, natural,
and professional uncertainties. Extrinsic causes are due to HOE. The probability of failure of the structure to develop
quality attribute (i), P(Fs)), is

P(Fsi) = P(Fsit U Fsig)
where (W ) is the union of the failure events. The probability of failure of any one of the quality attributes (i) due to

inherent randomness is P(Fg;). The probability of
failure of any one of the quality attributes (i) due to the

occurrence of human error is P(Fg;). The probability of 4 Pfslg

human error in developing a quality attribute (i) in the 1.0}— — — — - - o= — =
. —

structure is P(Eg;). Then error intolerant P -

P(Fsi) = P(FSu | Esi) P(Esi) + P(Fsi | Esi) P(Esi) +

The first term addresses the likelihood of structure
failure due to inherent causes given a human error (e.g.
structure fails in a storm due to damage from a boat
collision). The second term addresses the same
likelihood given no human error. This is the term
normally included in structural reliability analyses. The
third term addresses the likelihood of structure failure >
directly due to human error (e.g. structure fails due to Magnitude (Y) of Type (X) of Human Error
explosions and fire). ) o ]

The probability of failure given HOE, P(F; | E), Fig. 9: katellhood of unsatisfactory quality for error
characterizes the ‘robustness’ or defect and damage tolerantand intolerant structure systems :

0.0
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tolerance of the structure to human errors. The shape of the fragility curve (Fig. 9) can be controlled by engincering.
This is explicit design for robustness or defect (error) tolerance. For the intensities (magnitude) and types of
malfunctions that normally can be expected, the structure should be configured and designed so that it does not fail
(or have unacceptable quality) when these types and magnitude of malfunctions occur. The fragility curve for a
particular system is determined using off-line analyses or experimental results and the results input to SYRAS.

The probability of no human error is:

P(Esi) =1 - P(Es)
P(AIB) indicates the probability of occurrence of A conditional on the occurrence of B.

The probability of insufficient quality in the structure due to HOE, P(Fg;), can be evaluated in the (j) life-cycle
activities of design (j = 1), construction (j = 2), operations (j = 3), and maintenance (j = 4) as

P(Fse) = P(|_JFse)

!

or

4
P(Fsie) = ZP(FSij | Esiy)P(Esi)

=l

Each of the life-cycle activities (j = 1 to 4) can be organized into (n) parts (k = [ to n):

P(Fsig) = P(LHJ Fsigjx)

k=1

This task-based formulation addresses the major the functions that are involved in the principal activities that occur
during the life-cycle of an offshore platform.

For example, the system design activity (j = 1) can be organized into four parts (n = 4): configuration (k = 1),
system demand analyses (k = 2), system capacity analyses (k = 3), and documentation (k = 4). The likelihood of
insufficient quality in the system due to human error during the design activity is

P(Fsie1) = P(U Fsieix)

k=1

If desirable, the primary functions or tasks can be decomposed —1 .
. . .. . . unfamilar task
into sub-tasks to provide additional essential details. performed with] cnange system state
The likelihood of insufficient quality in the system due to speed without procedures
errors that are developed during the life-cycle activities can be f——1 E-1 without checking
based on the eight types of operator errors identified in Table 1 simple task
(m=11t038) performd with] routine task
- speed performed with
8 : 1E-2 speed or diverted
- attention
P(Fsigjx) = P(U Fsikjkm) < changs system
m=1 w with procedures
(o) 1E-3 with checking
or t
5 routine tasks
8 3 trained, motivated
P(Fsiex) = 2 P(Fsigix | Esijkm)P(Esijkm) < —1e4
m=| g
The base rates of human errors, P(E'Sijkm), are based on
published information on human task performance reliability b1 E-5 respond to system commands
(e.g. Fig. 10). Performance Shaping Factors (PSF) are used to with supervisory system
modify the base rates of human errors, P(E'Sijkm), to
recognize the effects of organizations, structure, equipment, 166

procedures, environments, and interfaces:
Fig. 10: Nominal human task performance

reliability
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P(Ejkm)= P(E/"").HPSF QMSI SYRAS PSF

Gradings from the SMAS component
evaluations (G ) are developed on a seven point
scale (Fig.5). The mean value and coefficient of
variation of each of the categories of PSF are
developed based on an average of the mean values
and coefficients of variation of each of the SMAS
categories. Evaluation of each of the seven
categories of PSF result in a final overall grading
(Ggim) and coefficient of variation (Vg i) On
this grading that can be used to quantify a
specified PSF.

Each of the seven PSF (PSF j,)can act to
increase or decrease the base rates of human
errors. SYRAS allows the user to specify the base
rates and then scale the base rates by multiplying
the base rates by the PSF identified by the user.
The scales allow the base rates to be increased or
decreased by three orders of magnitude. When Fig. 11: SMAS qualitative grading translation to quantitative
quantification of the PSF is based on use of the PSF usedin SYRAS
SMAS instrument and protocol, the PSF is computed from (Fig. 11):
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The resultant PSF that modifies the base rate of error is computed from the product of the seven mean PSF:

)
PSF: =] | PSFakm

i=]

The resultant coefficient of variation of the PSF is computed from the square root of the sum of the squares of
the PSF coefficients of variation:

7
2
Viese = z V2psri

i=]

The PSF provide an important link between the qualitative SMAS assessment process and the quantitative PRA
based SYRAS analysis process. The SMAS grades are intended to help capture the processes that can not be
incorporated into a highly structured quantitative analysis; these are the dynamic, organic processes that characterize
most real systems. The SYRAS probabilities are intended to provide engineers and managers with quantitative
assessments of systems so that the effects of potential mitigation measures can be examined and the effects of VIP
assessed. The PSF are based on hindcast analyses of major accidents that have involved oil and gas systems. The
SYRAS based analyses of these accidents developed probabilities of failure based on the PSF that were close to
unity.

Once the tasks are organized into the task structure for the life-cycle phase, correlation among elements is
assessed. In order to facilitate the calculation of the likelihood of failure. the elements can be designated as either
perfectly correlated or perfectly independent. ,

After determining the overall system task structures, the user has the option of analyzing the effects of Quality
Assurance and Quality Control (QA/QC) on the overall system probability. This is done in an “overlay edit-mode.”
This means that the user is able to go back into the task structures and add in the QA/QC procedures as independent
tasks with corresponding influences. The user is presented with both the original system Pf and the QA/QC modified
PAf.

Consequently, the next step in the SYRAS development addresses HOF malfunction detection (D) and correction
(C). This is an attempt to place parallel elements in the quality system so that failure of a component (assembly of
elements) requires the failure of more than one weak link. Given the high positive correlation that could be expected
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in such a system, this would indicate that QA/QC efforts should be placed in those parts of the system that are most
prone to error or likely to compromise the intended quality of the system.

Conditional on the occurrence of type (m) of HOE, E,,, the probability that the error gets through the QA/QC
system can be developed as follows. The probability of detection is P(D) and the probability of correction is P(C).
The compliments of these probabilities (not detected and not corrected) are:

P(D) =1-P(D), and P(C) =1-P(C).

The undetected and uncorrected error event, UE,, associated with a human error of type m is:

g
UEn = U(Emﬁleﬂ Cm)

m=1

The probability of the undetected and corrected HOE of type m is:

8
P(UE) = Y P(En|Dm N Cn)(P(Dnl Cn)P(Cn)

m=]

where A N B indicates the intersection of events A and B.
Assuming independent detection and correction activities or tasks, the probability of the undetected and
corrected HOE of type m is

P(UEn) = P(Ea)[P(Dn)P(Cm) + P(Dm)] = P(Em)[1 = P(Dn)P(Cn)]

The probability of error detection and the probability of error correction play important roles in reducing the
likelihood of human malfunctions compromising the system quality. Introduction of QA/QC considerations into the
developments into the earlier developments is accomplished by replacing P(Es;,) with P(UEg;,) into the desirable
parts of the SYRAS analysis.

INTERACTIVE RAM

In its simplest terms, a interactive RAM can be divided into three general stages: 1) perception. 2) evaluation,
and 3) corrective action.'’ The first stage requires individuals to perceive and recognize warning signs of the
evolving threats to quality (crisis). The second stage involves processing information to identify problems and
causes, alternatives that might bring the system back into an acceptable state, consequences associated with each
alternative, evaluation of alternatives, and the choice of alternative or alternatives to be implemented. The third stage
involves implementing the alternative, and observing the results. If the observation indicates that the alternative is
not working, the process must be repeated selecting a different alternative. If the system cannot be brought back to a
safe state, an accident happens. If the system can be
brought back to an acceptable state, a ‘near-miss’ or
incident occurs.

Fig. 12 summarizes the key steps in interactive

IDENTIFY IDENTIFY
PROBLEMS ] CAUSES

RAM and details several additional important 4 L]

aspects of interactive RAM that are focused on the RECOGNIZE IDENTIFY

critical decision making and implementation WARNING ALTERNATIVES

aspects of developing a successful crisis Crisis T

management strategy. These include such activities  Starts Keep

as integrating information, establishing goals and - Cfﬂf’ﬁzlg Trving IDENTIFY
B ) A Training CONSEQUENCES

priorities, reflecting and debriefing. Shortcgt [t

Note the potential effect of training in Fig. 12 Crisis y

(other ‘short-cuts’ are possible but not shown). Controlled| ogserve EVALUATE

Training can help eliminate much of the cognitive =~ RESULTS ' ALTERNATIVES

processing required to determine what should be / 1 [ ’

doqe. This allows effective alternatives to be Abandon IMPLEMENT CHOOSE

rapidly defined and 1mp}emepted. Expenence Ship ALTERNATIVE | | ALTERNATIVE

shows that many effective interactive RAM

processes do not go through the process of
Fig. 12: Steps in development and resolution of a crisis
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identifying causes, alternatives, consequences, and alternatives. Rather, experience and high-level cognitive
processing allows the assessor — manager to immediately identify a workable alternative to arrest the hazards or
threats to acceptable quality.

Also, note the importance of observations. Observations provide clues to determine if implementation is
producing the desired results. If it is not, the processes of identification and evaluation need to be repeated to help
arrest the crisis. If clues indicate the crisis is being arrested, the process must be continued until the emergency is
over. The process should not be stopped until adequate safety has been achieved.

Recognition and Perception

Perhaps no stage in a crisis is as important as the first stage: recognition or perception. Because the crisis is just
unfolding, if the situation can be quickly and correctly recognized, there will be more opportunity and time to bring
it under control. Through perceptive design of their systems, engineers can exert important influences on the
abilities of people to determine when their systems are going ‘bad.’

Operators often seem to have a fundamental difficulty accepting the potential danger of a situation under
development. Wishful thinking pervades many instances where there were even early warnings and yet the danger
was not appreciated or recognized. Three classes of cognitive factors seem to govern how and how well people
perceive a crisis:

o knowledge - background that can be accessed when solving problems,

e anention dynamics - control and management of mental workload, maintenance of situation awareness, and
avoidance of fixations,

o strategy development - successful trade-off between conflicting goals, dealing with uncertainty and ambiguity,
avoidance of organizational double binds, and development of good priorities and decisions.

Developing and maintaining an awareness of potentially hazardous situations involves a constant process of
detecting anomalies; things that are not right or don't fit. This requires constant shifting of attention, a very limited
resource, to modify a picture (mental model) of a system as a whole. Building and maintaining the picture of the
system requires cognitive effort, which when it breaks down is called ‘loosing the bubble.” It is here that team work
can provide additional information, attention capacity, and requisite variety in insights and potential solutions and
enable the team to recognize the early warning signs of the developing crisis and quickly implement effective
control strategies.

Stress Effects

One of the most important aspects of crisis is initial surprise and the rate at which the danger to the system
increases. In a rapidly developing crisis, the rate of increase in danger is rapid and there is little time for reflection,
exploration, and experimentation; there is little time for optimized decision making and no time for a ‘time-out.’
This creates significant ‘stress’ for those faced with crisis management. Stress results from our reactions to real or
imagined threats to our welfare. Stress is dependent on both the person and the situation.

This stress has many potential effects resulting
in disintegration of performance skills, escalating A

aggravation, development of avoidance mechanisms, r~

regression to simpler behavior, degraded judgment, §

exaggerated personality traits, degraded interactions, & N
depression, withdrawal, deformation of data, £

instability, defensive management, hyper vigilance, .g \
narrowed focus, rigid reasoning, arbitrary decisions, @ \

reduction in abstract reasoning, reduction in effects of selection, training,
tolerance for ambiguity, and contraction in authority. g 7 complexity ::g:g:;g::

Critical effects of stress on crisis management are 3 increased performance time,
attentional tunneling (focusing of attention on one = selective automation
particular task), loss of working memory, > >
degradalion in communications, disrup(ion of long‘ increased cognitive abilities | dec_reased cognitive abilities
term memory, development of strategic shifts >
(changes in processing strategies), and degradation Level of Stress or Arousal

in decision making.
Fig. 13: Effects of stress on individual performance
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Research has identified an overwhelmingly important potential effect of stress on individuals faced with
managing crisis. As shown in Fig. 13, as the level of stress or arousal increases, cognitive abilities increase resulting
in increased performance. However, a point of ‘overload’ is reached which decreases cognitive abilities resulting in
decreased performance. As indicated in Fig. 13, a variety of approaches can extend the time of increased
performance and high performance in this regime. These will be discussed later.

Stress handling approaches include either eliminating or weakening the stressors, reducing or coping with the

stress reactions, selecting stress resistant
personnel, training personnel to manage
stress, and designing procedural and

Table 7: Problems and Skills in Evolution of a Crisis

physical aspects of the system so crisis )
management goals can be achieved despite Phase Problems Skills
stress (.s(ress proofing). Of greatest ool doa ention
concern is the effect of stress on cogmuye misleading data working memory
processing because this processing is Perception & | access 1o data limited perception, interpretation
critical to the detection and management of Recognition | no data discrimination, sensory
unimaginable crises. Decision making too much data alertness
capabilities can be dramatically impaired communications (individual.
during high pressure situations. team)
obscure critical evidence | mental models -
RAM Skills ignore critical indicators inferences
Identify effects show up elsewhere | correlation
. e Problems & | incorrect schema links to system ,
Table 7 ld.enufles' .key problems' that Causes representational limits undcrslanyding of system
develop during a crisis and some primary confirmation bias links to existing procedures
skills involved in arresting its transfer of decision communications (individual,
development. Each phase that characterize authority team)
development of a crisis is identified (Fig. : mental representations
10). Definition of the problems that Identify goal conflicts definition of goals, goal
develop during each phase of a crisis and | Alternatives & |distanteffects prioritizing .
the skills that are needed to help arrest the Consequences | representational limits goal co'n‘ﬂlct resoluuor?
crisis provide important clues about how to recognition O.f correlation
. d people support 1o : Team ev.alu'auons
1mprov§ system and peop pp others involved improvisation
arrest crises. time pressures determining action sequence
) TW_O fun_dgmenta] approaches to Evaluate & | uncertainties identifying appropriate
improving crisis performance are: 1) Choose misconceptions existing responses
providing people support, and 2) providing Alternatives | inappropriate existing formulating new responses
system support. People support strategies plans evaluating responses
include such things as selecting personnel buggy procedures / recognition of links to
well suited to address crises, and then systems ‘ existing procedures
training them so they possess the required lack of understanding of team input and interaction
skills and knowledge. Re-training is System —
. e . g ambiguities, unfamiliar
important to maintain skills and achieve e . L
Rt L. . roles managing execution of
vigilance. The cognitive skills dev.elope'd Implement | confusion, uncertainty response
for crisis management degrade rapidly if Alternative | stress, performance executing control actions
they are not maintained and used. anxiety management skills
Insightful selection of personnel, training very rapidly degrading or | coordination of control
in interactive RAM, and then periodic destabilizing systems actions
practice in interactive RAM can help communication
provide high levels of skill performance of breakdowns
the critical tasks identified in Table 7. poor discriminability anticipation of effects of
Teamwork plays a critical role in the task d’mlms.hefj mformguon actions
performance. uncertain information evaluauqns and assessments
.. Observe Results | work overload observations
Crisis management teams should be - confirmation bias alertness
developed that have the requisite variety to diminished observation determine desired effects
manage the crisis and have developed memory limitations evaluating appropriateness
teamwork processes so the necessary attention limitations coordination of observations
needless shifting analysis
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awareness, skills and knowledge are mobilized when they are needed. Auditing, training, and re-training are needed
to help maintain and hone skills, improve knowledge, and maintain readiness. Crisis management teams need to be
trained in problem ‘divide and conquer’ strategies that preserve situational awareness through organization of
strategic and tactical commands and utilization of ‘expert task performance’ (specialists) teams. Crisis management
teams need to be provided with practical and adaptable strategies and plans that can serve as useful ‘templates’ in
helping manage each unique crisis. These templates help reduce the amount and intensity of cognitive processing
that ts required to manage the crisis.

Improved system support includes factors such as improved maintenance of the necessary critical equipment
and procedures so they are workable and available as the crisis unfolds. Data systems and communications systems
are needed to provide and maintain accurate, relevant, and timely information in ‘chunks’ that can be recognized,
evaluated, and managed. Adequate safe haven and life saving measures need to be provided to allow crisis
management teams to face and manage the crisis, and if necessary, escape. Hardware and structure systems need to
be provided to slow the escalation of the crisis, and re-stabilize the system. Safety system automation needs to be
provided for the tasks people are not well suited to perform in emergency situations.

One would think that improved system support would be highly developed by engineers. This does not seem to
be the case. A few practitioners recognize its importance, but generally it has not been incorporated into engineering
practice or guidelines. Systems that are intentionally designed to be stabilizing (when pushed to their limits, they
tend to become more stable) and robust (damage and defect tolerant) are not usual. Such offshore structure systems
frequently are not regarded as ‘optimal’ systems.

Effective early warning systems and crisis information and communication systems have not received the
attention they deserve in providing system support for crisis management. Systems need to be designed to clearly
and calmly indicate when they are nearing the edges of safe performance. Once these edges are passed, multiple
barriers need to be in place to slow further degradation and there should be warnings of the breaching of these
barriers.

Development of Cognitive Skills

A critical element in providing people support is developing cognitive skills in crisis management teams under
low and high stress conditions. So equipped, people faced with managing crisis are able to proceed more rapidly and
accurately through the primary steps required to manage it. Managing the ‘unimaginable’ requires highly developed
cognitive skills. Such skiils are needed where established procedures do not exist, procedures may not be as detailed
as needed, or procedures may be incorrect or ‘buggy’ for the situation at hand.

Cognitive skills are involved with how people acquire, store, and use knowledge. This includes representation
or how knowledge is stored in the memory, and processing or how knowledge is retrieved and applied. Cognition
involves a combination of data driven and knowledge driven processes. Data driven processes are associated with
the absorption and interpretation of information. Knowledge driven process are attempts to fit existing notions or
schema onto incoming information, thus creating expectations of outcomes. '

Cognitive failures develop from a variety of causes such as perception (unaware), interpretation (improper
evaluation), decision (incorrect choice), discrimination (not perceiving distinguishing features), diagnosis (incorrect
attribution of causes or effects), and action (improper activities). A fundamental purpose of cognitive training is to
develop capabilities in individuals to minimize the occurrences of cognitive failures. Selection of individuals with
natural cognitive talents and capabilities for jobs that potentially involve crisis management is very desirable (job
task performance talent matching). Training resources can then be leveraged.

One of the most important cognitive skills to be maintained in crisis management is decision making. In a crisis
situation, the decision making function must be firmly rooted in the capability to gather and redistribute information,
intelligence, power and resources. Some rules to maintain the decision making capabilities under stress that have
been developed from recent research include developing a complete survey of alternatives and objectives.
consideration of the risks and consequences associated with the alternatives, maintaining a scan to include new
information that could be useful in assessing the choices, before taking the final decision - reviewing the potential
positive and negative consequences, and finally preparing implementation plans for the chosen option, keeping as
many options open as possible. Most important is to avoid premature closure, terminating the decision making
processes before all alternatives are considered.
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Organization for Crisis

Empirical studies have been conducted as part of this work to determine the
effectiveness of cognitive skills training for both individuals and operating
teams. Even with training, there is wide variability in individual and team
performance characteristics. The most outstanding characteristic of teams which
accurately and quickly managed unusual and rapidly evolving crises was a
‘divide and conquer’ strategy. Using this strategy, members of the team were
assigned management of different aspects of the evolving crisis (Fig. 14).

The teams organized into three components: 1) strategic command, 2)
tactical command, and 3) task performance. The strategic command acted as a
mega-brain central point for information, verifications, planning, and situation
awareness. The incident commander maintained the bubble , accessed the
necessary requisite variety to understand the overall problem and identify the
alternatives available to solve the problemys.

Tactical command determined resources, their locations, operational
procedures, and served as a central communications link. Strategic command
determined what should be done, and tactical command determined how it
should be done (procedures), who should do it (personnel), and what would be
required (hardware, system support). Most importantly, tactical command acted

STRATEGIC COMMAND

* objectives
« situational awareness
* communications

* planning
TACTICAL COMMAND
e resources
* locations

* operational procedures
* communications

Y t

TASK PERFORMANCE:
OPERATING TEAMS

* techniques

s routines

* experiments

* observations

« feedback

s communications

as a central communications link between the strategic command and the task
performance teamys. ;

Task performance was relegated to the operating teams that provided Fig. 14: Divide and conquer
techniques, routines, observations, feedback, and ‘experiments’ with alternative strategy and organization
measures to help arrest development of the crisis. The operating teams had to possess highly developed operating
skills, had to utilize rule-based behavior and adopt this behavior to the unique circumstances of the crisis
(improvisation), and had to have basic knowledge of the system that was managed (Table 7). ~

The degree of success of crisis management team depends on an accurate assessment of the nature of the
problem/s at hand. This ‘sensemaking’ is obtained through pattern recognition, a basic mechanism in learning.
Pattern recognition relies on past experience in which the new problem may look something like a problem
previously encountered. This permits the team to recognize applicable solutions or adaptations much earlier in the
crisis (Table 7). This is the reason that training and experience are so important. Experienced people bring pattern
recognition skills with them. This enables them to identify the crucial pieces of information from the mass of
information that floods in during a crisis and the crucial pieces that may be missing. Inexperienced personnel can
only process protocols and execute available skill based behaviors.

Deployment of Resources

A critical issue in management of crises is deployment of resources (Fig. 15). Deployment of resources can be
organized into three general categories: personnel,
procedures, and equipment.

The first step in determining how resources should be
deployed is to identify the critical functions that have to be
maintained to allow the crisis to be managed. In the case of Y
a building fire, these functions might consist of provision Resources Required
of water for the fire fighters and provision of non-toxic air Crittigaﬁqgmz‘t?ons
for the occupants. In the case of a medical crisis, this might
consist of maintenance of blood pressure and breathing. / Y &_

The next step is to define the resources required to PERSONNEL 44+ PROCEDURES @94 EQUIPMENT
maintain these critical functions. Review of past accidents

Critical Functions
to be Maintained

and incidents permits interactive RAM teams to identify selection training :x‘;f;i:::; basic back-up
the basic types of equipment required to enable them to organization migrating auditing

decision making strategies
team work communications

manage the vast majority of crises. Back-up equipment can
be provided for the vast minority of crises and for the basic
types of equipment. This permits teams to focus on

Fig. 15: Deployment of resources to confront a crisis
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provision of and maintenance of a far smaller subset Organization Structure _ Increasing Importance

loops consist of repeated cycles of Observing
(actions and effects), Orienting (to the unfolding
situation), Deciding (on next actions), and Acting
(implementing the actions). The crisis operating
team personnel focused on the specifics of their Fig. 16: Migrating decision making

particular situation. The OODA loops provide the

operating team'’s requisite variety in acting to solve the problem and provide feed back on the activities and effects.
This operating strategy, provides a ‘fluid’ deployment of personnel to take advantage of special operating skills and
knowledge, and yet permit continued communications and situation awareness.

A critical crisis management resource is information. Those faced with crisis need to be provided with an
autonomous information gathering capability, must seek to validate incoming information (eliminate erroneous
signals), and must develop information on the initial events and other hazards that may be developing, the effects of
events and the way they are changing, and available reaction and control capabilities. Most important is the
development of information on what else can happen‘in order to develop a dynamic view of the unfolding crisis and
he reactions it is triggering or may trigger. ‘

The concept of ‘migrating decision making’ (Fig. 16) is a particularly important concept that has been
integrated into many successful crisis management procedures and organizations. For normal daily operations,
where the pace or tempo of operations is low, a hierarchical, bureaucratic type of management with centralized
authority is attractive. In these operations, the emphasis is on normal and daily operating skills. As the pace or
tempo of the operations picks up and approaches emergency and crisis operations, there is a need to change the
operating organization. The shift is toward highly decentralized authority; hence migrating decision making or
decisions made by those with the requisite knowledge and skills. There is an emphasis on high expertise operations
in which knowledge, rules, and skills must be successfully integrated in control strategies.

Y HIGH Decentralized Authority
VEl:ris?sG High Expertise

operations

of tools. This allows the deployment of fewer T Low Ce"%i‘:§§33::a0fltv
specialized personnel and tools for crisis @ op:r:itlz:ns Hierarchical
management. Most importantly, this allows scarce o Operating Skilis
training resources to be fpcusgd on the proper use g situational swareness
and maintenance of the basic equipment. u “gggﬁimzf Teams
Procedures for crisis management can then © operations Functional Skills communications

focused on issues such as team work, migrating 3 requisite variety
decision making (discussed in next section), auditing g on adequate training
strategies, and communications. The procedures & emergency control strategies
addressed problems of resolution of conflicting goals g operations
or critical functions using OODA loops. OODA g

w

=
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Personnel Selection & Training

Selection and training of personnel are critically important in building effective interactive RAM teams. The
‘right stuff” consists not only of leaders, but as well followers.'® Both leaders and followers must be team players.
As the nature of the problem changes, leaders can become followers and vice versa. This syncopation of leadership
and followership is founded on practiced team work, trust and competence, and a common set of goals an objectives.

Research on effective interactive RAM team member selection criteria has identified: technical comprehension,
intellectual capacity, perceptiveness. sociability, self-control, and stress tolerance. Psychological tests have been
developed to shed light on the capacity for logical thinking, stress- tolerance. perceptiveness, technological
comprehension, the capacity for simultaneous performance. understanding instructions, self-assertiveness,
responsibility, emotional stability / self-control, vigilance, accuracy, sociability. and tempo.'

The interactive RAM team member selection criteria can be into three general categories: 1) technical and
professional qualifications. 2) managerial and leadership qualifications. and 3) demonstrated abilities to command
and control emergencies. Based on research regarding a wide variety of types of interactive RAM processes, eight
key competencies (Table 8) and ten key attributes have been identified to indicate ‘the right stuff’ in interactive
RAM team member composition.

The how’s of crisis management training can be tricky, particularly in crisis management in operations (e.g.
fires, explosions, crashes). Training should not endanger the trainees. However, training should be realistic. Training
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in the field with the system of concern is the most desirabie Table 8: Crisis management personnel criteria,
form of training as long as the training can be realistic and competencies, and attributes
the danger to personnel and the system minimized.

Training with simulators / simulations is the next most Criteria Competencies
desirable form. Simulators / simulations must develop [e technical and professional|s leadership
realistic and physical mental images of an actual system in qualifications « communications
emergency situations. Danger to personnel must again be |. managerial & leadership|e delegating
minimized. And, it is here that simulators have one of their qualifications * team working
major limitations: the trainees know that it is not likely that |+ demonstrated abilities to]e stress management
they will die in the simulations. The trainees also know that command and controlls situation evaluation
the most desirable reactions and actions in the simulation are emergencies + planning
those that will produce safety; thus, the trainees are relieved « implementing
of realistic production versus safety goal identifications and Attributes
resolutions. Agother major challenge for simulator training [J75k oriented * status leveling
is to capture the unfolding and interactive nature of |, oo oriented « self confidence
unpredictable events and the organization - crew interactions |, fjeyible « emotional control
so important in such events. Simulator training has proven [, /oo seeking « self reliance
to be a valuable way to improve the skills noted in Table 7. |, sanctifying « strength of personality

With the improvements in simulators and their associated
computing and communication systems, one can expect 1o
see greater use of simulators in training interactive RAM teams.

CONCLUSIONS

In the main, industries and regulatory agencies, their engineers, managers, operating staffs have much to be
proud of. There is a vast infrastructure of facilities that supply much needed goods and services to the societies they
serve. This paper addresses the issues associated with RAM of engineered systems. The primary challenge that is
addressed is not associated with the traditional engineering technologies that have been employed in the creation of
this infrastructure. Rather, the primary challenge that is addressed is associated with the HOF aspects of these
systems. The contention is that these aspects must be more appropriately addressed by both industry and regulatory
agencies if marked improvements in the quality and reliability of the systems are to be realized.

A colleague recently stated: “most engineers want 10 believe that the planet is not inhabited.” Some might quip
that this statement also applies to many managers, in industry and regulatory agencies alike. One might observe that
most educational processes that background many engineers and managers tend to dehumanize their thinking. It is
clear that HOF is a primary challenge and that it will take HRO in their different forms to adequately address this
challenge. It is also clear that there is a significant body of knowledge about how to address this challenge. The
problem is wise implementation of the knowledge. The experience developed during this work indicates the
following measures that do not work in the quest to improve HOF in the quality and reliability of engineered
systems: blame and train, writing procedures, substituting hardware, exiling, excluding, ignoring, investigating, only
following the rules, punishing, sending to seminars, hiring an expert to fix it, rules, policing, and performing an
analysis. The measures that do work include providing positive reliability incentives, reliability recovery systems.
high reliability organizations, robust systems, people friendly systems, doing what we know we should do, not doing
what we know we should not do, and taking responsibility for integrating insightful considerations of HOF into the
life-cycle of engineered systems.

The final part of thelO-year stream of research and development on which this paper is based addressed the
issues associated with implementation. A case-based reasoning study of a dozen organizations that had tried
implementation for a significant period of time identified five key attributes associated with successful
implementation:

Awareness — of the threats to quality and reliabitity,

Ability - to address the HOF and HRO aspects to improve quality and reliability.

Devotion - to a continuing process of improvement of the HOF and HRO aspects,

Culture - to bring into balance the pressures of productivity and protection and to realize trust and integrity,
and
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¢ Incentives - financial and social, positive and negative, ongoing incentives to achieve adequate and desirable
quality and reliability.

It is interesting 1o note that of the 12 organizations that tried implementation, only two succeeded. Several of the
organizations were regulatory agencies. It is obvious that this is not an easy challenge, and that at the present time,
failure is more the rule than success. It is also interesting to note that the 2 organizations that succeeded recently
have shown signs of ‘backsliding.” Organizational - management evolution has resulted in a degradation in the
awareness of what had been accomplished and why it had been accomplished. The pressures of doing something
‘new,’ downsizing, outsourcing, merging, and other measures to achieve higher short-term profitability have
resulted in cutbacks in the means and measures that had been successfully implemented to reduce the costs
associated with lack of adequate and acceptable quality and reliability. Perhaps, industry and regulatory agencies
alike are destined to continually struggle for the balance in production and protection, and accidents and
catastrophes represent a map of that struggle (Fig. 3).” Hopefully, the information contained in this paper will help
the members of industry and regulatory agencies with responsibilities for the quality and reliability of offshore oil
and gas systems survive with fewer accidents and catastrophes during the lives of these systems.
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Abstract

With an ageing population of some thousands of jackets in operation around the
world’s oceans, it is very important to develop safe and cost-effective means to ensure
their ongoing integrity. In 1997, API issued a supplement to API RP2A dealing with
assessment of existing platforms. Prescriptive guidance is given for typical jacket
structures in US Gulf of Mexico waters, based on the considerable experience there,
but not for other petroleum provinces.

Acceptance criteria for jacket reassessment have strong regional, as well as
functional, dependencies. One key issue is the choice of a target probability of
failure. This depends on the consequences of failure (in terms of safety, environment
and cost). Unfortunately it also tends to vary with the method of computation of these
effects. Further, it may be argued that the probability of failure should be relaxed in
the assessment of existing, rather than new, infrastructure. Once a target probability
is chosen, it may be translated into target Reserve Strength Ratios (RSRs) or load
factors for analysis. This step is also complicated by the strong sensitivity of these
relationships to platform location and configuration, as will be illustrated in the paper.
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Overview

* API RP2A Supplement (1997)
* Reassessment process

* Issues for other petroleum provinces
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Steps

e Condition assessment
e Structural analysis

* Acceptance criteria

e Mitigation measures
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Steps

Condition assessment
Structural analysis
Acceptance criteria
Mitigation measures
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Condition Assessment

e Function

Configuration
Condition
Improved knowledge
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Condition Assessment

 Function
— Personnel on board
— Hydrocarbon inventory
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Condition Assessment

e Configuration
— Deck height
— Conductors and appurtenances
— Loadings
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Condition Assessment

e Condition
— Design, Construction, Installation, Operations data
— Deterioration (eg. fatigue, corrosion)
- Damage
— Repairs and modifications
— Marine growth
— Settlement
— Foundation scour
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Condition Assessment

» Improved knowledge
— Updated environmental criteria
— Proof loading (previous extreme events)
— Response monitoring

— Advances in technical understanding and analysis
capability

Centre for Oil
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Steps

e Condition assessment
e Structural analysis
e Acceptance criteria

e Mitigation measures
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Structural Analysis

* Simplified assessment methods
— Screening analysis
— Design level analysis

* “Best estimate” loading and response
(eg. pushover analysis)
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Limit States

e Strength

— Environmental loading
* Storm
» Earthquake
* Ice

— Accidental loading
 Ship collision
* Dropped objects
* Fire and blast

 Fatigue

* Serviceability
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Steps

Condition assessment
 Structural analysis
Acceptance criteria

Mitigation measures
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Acceptance Criteria

Safety
Environment
Economics

‘Reputation

* Difficult to quantify
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Exposure Categories
API RP2A

« Life-Safety
— Manned/Evacuated/Unmanned

e Environmental Impact

— Significant/Insignificant
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Minimum Consequence Platforms

* Unmanned

* Insignificant environmental impact

* API recommends check for operational storms

* Cost-benefit analysis may give more onerous
criteria
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Probability of Failure

« A higher target probability of failure may be
justified when assessing existing platforms than
for design of new platforms

(eg. a factor of two for high consequence
platforms)
— economic

— societal

)
A
Centre for Oil ‘ Gas Engineering




991

Load Reduction Factor (LRF)
| or
Reserve Strength Ratio (RSR)

 API RP2A gives guidance for typical jackets in
US waters only

* Target values vary with platform location and
configuration
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Environmental Load Relationship

E=H" ~RSR

where the wave height H and environmental load E are
~ both normalised wrt the 100-year return value
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Normalised Wave Height, H
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E=H"

H varies around the world’s oceans

| HIO 000
Regi H=—r

egion H,..
North Sea 1.2
NWS 1.5
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E=H"

The exponent « is associated primarily with structural
configuration:

a =1 for inertia forces
a = 2 for drag and lift forces

a =~ 2.2 for typical jackets in moderate water depths
a =~ 4 for certain novel structures
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Distance below base water level, z (m)
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JACKET

a=27
RP = 1600 yr

HYBRID

o=3.6
RP=310yr

JACK-UP MONOPOD

a=3.0 a=3.2
RP =1100 yr
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~ Steps

« Condition assessment
e Structural analysis
* Acceptance criteria

* Mitigation measures
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Mitigation Measures

Replace platform

De-man/evacuate

Reduce topside load/inventory or appurtenances
Control marine growth |
Repairs/strengthening

Raise deck

Increase monitoring/inspection
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Conclusions

« API RP2A gives a framework for reassessment of
existing offshore steel jacket platforms
— Condition assessment
— Structural analysis
— Acceptance criteria
— Mitigation measures
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Conclusions

« Acceptance criteria for reassessment are of key
importance:

— difficult to quantify
— given in API RP2A for US waters only
— vary with:

 consequences of failure

* region

* platform configuration

— water depth
— topology
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Conclusions

» Novel platform configurations in remote
petroleum provinces may need unique
reassessment criteria
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Thank you!
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WHY NOT REUSE?

We Always Answer the Question the

Wrong Way!

— | Want a New Platform Exactly to my
Specifications!

— | Don’t Want to Use Other Operators
Junk!

— | Don’t Want to Complicate My Project
With Reuse Problems!

- —There is Nothing Out There That Wili

Work on My Project!

-~ —The MMS Will Never Approve Reuse!
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WHY NOT REUSE?

Let’s Change Our Mindset and Re-
Ask the Question! Why Not Reuse?
— To Reduce Costs of Decommissioning

— To Reduce Costs/Schedule of New
Development Project

— Make Reuse Good “Green Policy”

— Reuse Opportunities Are Maximized
“When Seller and Buyer in Same
Organization



REUSE ASSERTIONS

* Reuse of Platforms is Accepted
Practice in the Gulf of Mexico

- However, Reuse Process Varies
Widely from Operator to Operator

~ + The Biggest Challenge to More
Reuse Is the Industry Mindset

e Reuse Can Be Doubled in the Gulf
of Mexico with a Better Process
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' MORE
REUSE ASSERTIONS

* Gulf of Mexico is Reusing Large
Platforms, Not Just Well
Protectors

Point-to-Point Relocations are
Routinely Performed in the Gulf of
Mexico

 Older Platforms Can Be Reused
 Grouted Jackets Can Be Reused

 Reuse Can Be Successfully Done
in Other Areas of the World
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GULF OF MEXICO
DISPOSAL ACTIVITY

 100-120 Platforms Removed Each
Year

* Platform Reuse Activity

| —15% -20% of Decks Reused
—10% of Jackets Reused

* 10% of Jackets Placed in Reefs

 Remainder Scrapped, ~70,000
tons/yr
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WHAT IS NEEDED FOR
THE REUSE PROCESS?

1. Inventory of Suitable Platforms
2. New Projects to Develop

3. Technical Review Process for
Screening Reuse Candidate

4. Transaction to Purchase the
Reuse Candidate |

- 5. Implement Reuse Project



INVENTORY OF
SUITABLE PLATFORMS

* 100-120 Platforms Salvaged per
Year

» Large Selection of “New” Platforms
— 35% of Platforms <10 yrs old
— 20% of Platforms 10-15 yrs old

* Platforms Are In Excellent Shape
* Poor Information Dissemination
* Unclear Ownership of Inventory
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NEW PROJECTS

* Independents Active on Shelf

 Emphasis on Shorter Life Gas
Development with 5-7 yrs Life

« Emphasis on Low Cost & Quick
First Production

* Yard Space Available
* Marine Equipment Available
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TECHNICAL REVIEW
PROCESS

Reuse in Practice for 15+ yrs
API RP 2A Addresses Reuse

MMS Familiar and Accepting of Reuse
Process

Inspection Practices Suitable for Yard
or Underwater Inspections of Platforms

- Contractors Biased Against Reuse,

Preference is New Build

ISO Standards Developed Along API RP
2A Guidelines



REUSE TRANSACTIONS

* Pricing is a “Horse Trade”

* Pricing Usually Set By Next Best
Alternative

| + Assigning Liabilities/Risks Crucial

~in Purchase Sale Agreement

* Negotiations on Purchase Sale
Agreements Have Killed More

Reuse Projects Than All Technical
Issues Combined
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IMPLEMENTATION OF
' REUSE PROJECTS

* Experienced Project Team Can
Successfully Implement
Salvage/Reuse Project

* Reuse Project Problems are not
from Platforms in Bad Condition

| * Most Reuse Project Problems Result
from Poor Project Management

» Salvage Problems Do Not Prevent
Reuse
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CASE HISTORIES

» Rework Platform Onshore
* Point-to-Point Relocations
Large Topsides Reuse
 Grouted Jacket Reuse

* Old Grouted 8-pile
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LARGE TOPSIDES REUSE
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ULTIMATE REUSE!
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WHAT DRIVES REUSE?

« Small Group of Committed Brokers,
Consultants and Contractors

» Successfully Implemented Projects
for Operators that are Quicker or
Cheaper than New Build

* Opportunity to do More with Less
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CONCLUSIONS

The Biggest Challenge to More Reuse is
the Industry Mindset |

An Effective Reuse Process EXxists Iin
the Gulf of Mexico

Reuse Applications are only Limited by
Your Imagination

Reuse Can Be Doubled in the Gulf of
Mexico with a Better Utilization of the
Existing Process

Reuse Can Be Successfully Extended
to Other Areas of the World
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ABSTRACT

Floating Production Systems (FPSs), are assets that must be protected throughout their lifecycle
from a variety of external and internal hazards. Once past the design approval, and construction
the vessel passes into a mode of operation which may be viewed as maintenance mode,
however, due attention during the design and construction/modification phases is of paramount
importance to the issue of integrity maintenance issue. Maintaining the integrity, by use of
modern “risk” tools; by design; by construction: by safety compliance management; and by
inspection and maintenance, are all-important ingredients to the overall asset integrity
management system.

Tying those ingredients together in one “intelligent system” is a bridge that has been crossed. To
intelligently manage all the required components and sub-components of a modern Asset
Integrity Management System (AIM), a significant Information Technology (IT) network is required
with a developed infrastructure of databases, software and information systems. ABS and its
Affiliated Companies have developed SafeNet technology to allow our clients to benefit from
these modern advances.

The traditional asset integrity system has often been limited to brief annual and special surveys
undertaken by class society surveyors, or similarly qualified certifiers or contractors. This system
confirms that the structural and mechanical fitness-for-purpose (according to class Rules, or
published standards) have been met. There are other internal, external and systems hazards,
which are not covered by the Rules. This has caused ABS to extend their services beyond the
boundaries of traditional class into consultancy services offering Asset Integrity Management
(AIM).

The paper outlines the industry needs for integrating the elements of asset integrity management
under one umbrella and details the vision of the ABS and Affiliated Companies in providinga
framework of services to fulfill that vision.
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1.0 INTRODUCTION

Offshore exploration and development has always been an intensely challenging undertaking that
requires knowledge, experience and the ability to provide innovative, technology based, cost-
effective solutions. In terms of exploration we have seen unprecedented changes in how
technical solutions have improved the efficiency of offshore drilling. There has been a
revolutionizing of the equipment, reduced dependence on personnel, and through work-process
studies, decreased assembly and drilling times for deepwater wells, primarily by using concurrent
activities. -

The increased experience with floating production systems, and beneficial results is leading to
further interest in the efficiency of these operations, and attention to cost in terms of both capex
and opex. Maintaining the integrity of the asset in the most efficient way possible, is a
fundamental goal of most sophisticated owners. An asset integrity management system gives a
comprehensive overview of the issues, and leads to informed lifecycle management decisions.
ABS has been involved, since the oil and gas business went offshore in 1947 ®¢'" in many of the
apects of asset integrity management of offshore ventures. The primary role of ABS, the “Bureau”
as a class society was in the form of certification and classification of platforms all over the world.
Although it is very difficult to quantify the safety benefits of certification, and classification, since
we have no recent experience of a regime without it, there is ample evidence of problems
identified during the process, at the design and construction stages which would have had major
implications for cost and production as well as safety, had they gone undetected.

The industry has good experience in coping with fixed platform systems which evolved from land
based systems. The transition, with the complications that arise when the production equipment
is placed on floating marine systems, has caused concern. The construction developments,
operations as a site-specific vessel, and regulatory approvals, have occasionally been tortuous
for the owner and for the operator. Some of these are well publicized and worthy of notee2),
There are, equally, a number of areas, where good initial planning can lead to a methodology,
which vastly improves the ability to easily manage a vessel's integrity throughout the FEED,
design, construction processes and throughout its entire life-cycle.

ABS is the industry leader in classification of both offshore floating production structures (47%
Market share) and tankers (22% marketshare). As such ABS has been in a position to lead the
technology development in floating production, in much the same way as it revolutionized the
approach to ship design and approval through the introduction of the first-principles-based
SafeHull ship analysis system in 1993.

The lifecycle of a floating production system encompasses the following:

Front End Engineering and Development (FEED)
Detailed Design and Procurement

Plan Approval

Construction

Transportation to Site

Commissioning & Startup

Operations with Repair and Maintenance
Periodic Surveys

. Upgrading and Modification

10. Life Extension

11. Decommissioning

12. Disposal

©CONOOTE WD =

Asset Integrity Management services begin at the conceptual stage and provide informed
lifecycle support until decommissioning. Maintaining the integrity starts at the design stage, or
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even prior to that with a full risk analysis of the facility and the intended operation. By applying an
in-depth understanding of the vulnerabilities to both natural and man-made hazards, future
integrity can be maintained. Maintaining the integrity over the future, requires information on the
current situation as the production goes forward and there is a need to re-assess with the
constant question..."is this the best that it can be?”. Quality of information (and access to it) is
equally as important as quality of hardware.

ABS has been progressively evolving from its original purpose of “classifying” the vessels as to
how others maintained their integrity, to being more intimately involved in the design, and
maintenance as well as the construction of the vessel. As technology developed, ABS progressed
the Rules to the point where the asset integrity of structural and mechanical components were
assured through compliance with the Rules. In 1993, ABS revolutionized the way that ship
design was carried out by introducing its SafeHull analysis tool. Now primary design can be done
with automatic code checking: direct within the same software package. In the last 3 years, ABS
took a decision to develop a system for asset integrity management for floating production
systems (FPSs), to further the general missions of the organization. One of the developments
arising from that decision was to extend the SafeHull concept to include SafeHull for ship-shape
FPSOs operating in site-specific weather conditions. In concert, the development of SafeNet was
extended to the offshore market (launched at Offshore Europe 1999), and other AIM package
components are under development.

Many base characteristics and abilities of ABS suit it to becoming a qualified organization to offer
services that AIM requires F¢'¥):

»  Continuity of information throughout FEED, design and construction so this can be readily
accessed in the future

» Worldwide resources and information systems

* An established feed back system in failures: incidents, accidents, and historical information

» Technical expertise applied with professional wisdom

Maintaining integrity really has two parts. First, is maintaining integrity so far as the safety of life,

- property and the environment ~ this is traditionally the role of ABS the “Bureau” which handles
this with its class infrastructure. Class, however, implies a “minimum industry acceptable”
standard. Working the issues to a company specific or different standard cannot easily be done
through the class system. Nor does the class system generally deal with issues that might lead to
downtime, unless safety of life, property and the environment are also an issue.

Classification performs its work by developing a system of standards for assuring safety and
regulatory compliance. Utifizing this system saves the client time and money. Without a pre-set
well-thought-out system, the client, particularly in a floating system has to determine from a
myriad of “standards” which ones apply and which ones are not to be selected, and invariably this
gets into a paragraph by paragraph comparison often without knowing the origin and history
behind the prescription. In general the ABS Rules are developed in accordance with the
“Bureau’s” own field and engineering experience and are reviewed and approved by an extensive
committee system of the foremost industry experts. During the construction phase, ABS conducts
surveys to assure that the construction adheres to the approved plan. Once commissioned,
periodic surveys as well as special damage surveys, are performed throughout the life of the unit
to ensure the safety of the unit. For flagged FPSOs, Class is a basis for flag state requirements.
it, indeed the vessel is neither classed nor flagged, then the coastal state regulations, which are
similar to Class, then apply. If the owner is intent on his own standards, and several are, then
there is the decision about what standards are to be used and how they integrate together. This is
quite a chore.

Second, is improving the integrity on owner/operator issues to owner imposed safety levels; on

issues not covered by class and regulation, such as downtime and business interruption; on-site
or vessel-specific issues not covered by Rules or Standards (e.g. prudence of a net to protect
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TLP tendons; a standby boat for an “at risk” FPS); and in areas not yet encompassed in Class or
Regulation. On the last item, ABS has embraced systems checks and is developing its basis
toward risk-based Rules, and Risk-Based-Inspection (RBI). Many fixed installations around the
world are Certified at the time they are installed, it then becomes incumbent on the owner to
develop the appropriate level of periodic inspection to his own standard. Certification only gives
the results at that moment in time. An ongoing program is necessary and prudent, and ABS's
Affiliated Companies have carried out many consulting assignments to assist owners to
determine an appropriate level of on-going inspection and/or survey to comply with owner and
other requirements. As ABS moves toward Risk Based Inspection, this opportunity may offer
more allowance for the “owner's system” to reap the benefits of class while selecting his own
bespoke system of compliance within the intent of classification.

Figure 1 shows a graphical representation of some of the major items to be integrated into a
comprehensive AIM plan and includes those items that are discussed in this paper.

2.0 MAINTAINING THE INTEGRITY BY DESIGN (using an FPSO as an example)

The most important issue is to understand the field parameters well, prior to design. There have
been those FPSs that were on site far less time than anticipated (Ref — Gulf of Mexico: Placid
Green Canyon FPS). There have been several instances when the vessel was on location
producing far longer than that which was anticipated, and at production rates that far exceeded
the original plan. The Zafiro Producer is a good example of this:

e The Zafiro Producer, originally a 270,000 ton oil tanker called the M.T. Swift, built in 1973,
was converted to an FPSO for deployment offshore Equatorial Guinea in 1997. It was
originally intended for around a 5-year life in the Zafiro field. But within 3 years of deployment
more oil discoveries in the field have meant the estimated field life is around 15 years. The
production rate was also increased from 80,000 barrels/day to 120,000. This example is
commented in more detail later in the paper.

There is an ever-increasing trend to convert existing tankers into Floating Production
Storage/Offloading Systems. These FPSOs, in many cases are to be on site for upwards of 20
years, sometimes after a number of significant years of service. With an extended time on station
careful planning needs to take place before the shipyard conversion. Overall hull girder strength,
corrosion, and fatigue need to be taken into account in this planning process, not only for the
current state of the vessel but also for the projected condition throughout its life cycle. Using the
SafeHull technology, the planning of the conversion of an existing tanker to an FPSO can be
done in a rational and economical manner that covers both the strength and fatigue aspects of
the structure at the current time and for the future.

3

ABS has developed technology to specifically look at the hlstory of a vessel prior to its going into
service as a FPS. For shipshape vessels ABS's SafeHul "' proprietary program is used
together with the weather data to look at the trading history of a vessel and determine the
approximate extent of theoretical fatigue at the point it goes into service as an FPSO. Since the
loadings are somewhat different for an FPSO, and the weather data somewhat more precise for
the intended location, a system (computerized analysis tools) has been developed called
“SafeHull for FPSOs” which is able to determine the suitability of a design for a particular site-
specific location. The fatigue analysis in SafeHull is based on a cumulative damage theory,
meaning that the structure has a finite number of cycles that the vessel can use during service.
Once all of these cycles are used, fatigue failure occurs. This is especially important when looking
at FPSO conversions. The vessel has already expended cycles during the "ship" phase of its life
and will use up additional cycles during the “FPSO” phase of its life. The objective is to keep the
total number of cycles below the number that results in failure. For converted FPSOs the
variation and severity of the wave environment associated with the service routes and operational
site greatly affect the outcome of the cumulative fatigue damage. Recognizing this, a fatigue
assessment procedure, which allows for assessing historical wave environmental experience and
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predicting future environmental exposure has been developed. For FPSOs converted from
tankers, the procedure consists of two parts. First, the historical cumulative fatigue damage of the
longitudinal members, up to the time of conversion, is calculated through realistic temporal
weighting of the wave environments experienced along the specified service routes during the
service life of the vessel. This provides an estimate of the remaining fife of the structural members
at the time of conversion. Second, the expected cumulative fatigue damage of these members is
calculated using the site specific wave environment and operational conditions. This establishes
the basis of comparison of expected fatigue life of the vessel as an FPSO and the remaining life
of the members. The same methodology can be applied to any shape of vessel, though the
mathematical manipulation is done in a less automated fashion. Thus, depending on the future
life that the vessel may see, there is an opportunity at the initial phase to determine what
scantlings need to be replaced for a 5, 10, 15 or 20 years on location. When projecting so far into
the future, special care must be taken to ensure that the best possible corrosion rates are used to
provide a meaningful analysis. For example, if it is known that the vessel will have the tanks
coated before entering FPSO service, this needs to be accounted for in making the projection.
One can assume that the coatings may be effective for a certain number of years, say 7 or 8, and
then will begin to break down: this information can be used in deriving the most appropriate
corrosion rates for the specific vessel. Corrosion is an ongoing problem with FPSOs. The ballast
tanks are filled and emptied far more often than that of a trading tanker. As at this point in time
there are not studies underway to show this, but by observation from surveyors this appears to be
so. It is anticipated that this will be an item for further industry study.

To illustrate how the results from an existing SafeHull vessel can be used, an example is shown
in Figure 2. Typical results are shown for select side shell longitudinals. The horizontal fines
represent the section modulus of each stiffener and the vertical line represents the SafeHull
renewal requirement for each longitudinal. As can be seen, the current gauged condition shows
that there are two side shell longitudinals that fall below the SafeHull renewal requirement. If
repairs were only made to these two stiffeners, it is shown in the projected condition, 5 years in
the future, two additional stiffeners fall below the renewal requirement. This can clearly, be
extended to any time period that the vessel is projected for use.

Fatigue is a critical issue. The costs of taking an FPSO offline for repairs is enormous, so proper
analysis must be conducted up front to ensure the lightest, yet most robust structure possible.
This can be said for every element of an offshore production system, from moorings to risers to
control room design. Through the promotion of research and participation in joint industry studies,
the understandings of the failures can be known. ABS has a reporting system, which it is further
developing, to report on problem areas of all vessels including FPSs, so that designs and
modifications can be enhanced. In some instances a more “first principles”, robust approach may
be recommended, for instance, in the case of a new or innovative design. In these instances a
spectral fatigue approach may be recommended to estimate the life. Research has also shown
that peening may be beneficial to extending the fatigue life of vessels '

FPSs are site dependent structures. Though there has not been tremendous movement from site-
to-site to date, it is anticipated that these vessels may very well become more mobile and require
the same kind of checks that are used in the MODU community to confirm the suitability of each
site. Maintaining the integrity of the workpattern for the FPS may very well depend on the ready
ability of the owner/operator to re-assess the suitability for an existing FPS at a new site. With the
records kept in a suitable Asset Integrity Management system, the historical record can be readily
retrieved and the evaluation of another specific site quickly carried out. Clearly, when the design
is coming forward one cannot anticipate where the FPSO might eventually end up: but advice can
be exchanged as to what has been found in the past. It may be that certain modifications might
allow a vessel with little additional expense to be prepared for accommodate certain specific
regulatory requirements not initially selected in the design, which may open the door for future
wider geographic application of the vessel.
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2.1 MAINTAINING THE INTEGRITY BY STANDARDS

The marine world relies heavily on ABS and other class societies, who are funded, and equipped
with personnel to write and maintain standards, to be the self-regulatory developers of standards
for the industry. The oil and gas industry has traditionally used volunteer labor to write similar
standards through API and now through ISO. In the case of ABS, Rules cannot be published
without agreement of the technical committees, and thus the control is in the hands of the
industry as with APl and ISO. Whether it's a Class Society standard (RULES), or APl and 1SO,
there is a need for constant updating. As manpower becomes a scarcer commodity in the oil
companies and service organizations, it will be interesting to see if the offshore community will
start to rely more heavily on the class societies as the marine community has done, for the
development of international standards.

As the oil and gas industry ventures into ultra deep waters, floating production systems are
becoming an increasingly important field development option. The development of appropriately
safe standards for cost-efficient design, fabrication and operation of floating production storage
(FPSs) and offloading (FPSOs) installations are critically linked to the success of deepwater
opportunities. Although ABS and Affiliated Companies participate in the APl Committees
(RP2FX/RP28M etc.) and ISO Committees (WG5-Floating Systems), there was a recognized
need, for developing a suite of Guides that bring technical clarity to the efficient development and
use of floating production systems worldwide, to assist the offshore industry in addressing risk-
management and integrity-maintenance issues associated with deepwater development. The
Guides are:

ABS Guide for Building and Classing Floating Production Installations ¢'®
ABS Guide for Building and Classing Facilities for Offshore Installations e
ABS Guide for Building and Classing Pipelines and Risers Guide F¢'®

These Guides encompass the experience and knowledge of the 93, and soon to be over 100,

. floating production and floating storage vessels that ABS currently has in Class and numerous
others that the ABS Affiliated Companies have been engaged with consulting on. This represents
over 50% of the global marketshare. ABS’ marketshare in APEC Countries is 69%.

The Guides provide design criteria for assessment of realistic loads, comprehensive design
analysis tools, a consistent and common basis for FPSO design and evaluation and opportunities
for risk-based alternatives. The long-term benefits include reduced risk of structural failure, lower
life-cycle maintenance and repair, and an improved ability to predict facility performance in a
frontier environment.

The Floating Production Installations Guide™ ® is the first such Guide to match hull design with
field performance and distinguishes the design criteria necessary for a site-specific vessel from
the requirements for tankers classed for unrestricted service. Until now, the requirement for ship-
type FPSOs was that the vessel's hull satisfies all strength requirements for ocean-going tankers
in unrestricted service. But many FPSOs are located in areas where the environmentally-induced
loadings are far below the level that is used to define “unrestricted service for tankers”. The Guide
also represents improved design criteria for vessels operating in environments where expected
loads are more extreme than for trading tankers, thus enhancing vessel safety. From a safety
viewpoint, ABS and the industry are now better equipped to determine site-specific requirements
for a vessel, which will provide more safety in harsh environment areas, while allowing designers
to design with local extreme weather criteria in mind. This development is a huge step forward as
a technological solution.

ABS SEAS (Site-Specific Environmental Analysis System) Module of SafeHull for FPSOs is a
new development. By using the ABS SEAS Module of SafeHull for FPSOs, FPSOs can be
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evaluated for the actual stillwater and wave induced loads it will see during transit, during trials
and while stationed on-site. By using the actual wave spectrum and stillwater loads, ABS is able
to obtain the most efficient structure from both a strength and fatigue standpoint. Most ship shape
vessels, to date, have used the North Atlantic trading route as the base requirement. There are
many locations in West Africa, and in S.E. Asia where this full requirement is unnecessary, and
with the new issue of ABS Rules for Floating Production Installations, reduction in required
bending moment is now allowed. The vessel can be designed for its specific application. In the
case of an FPSO to be located in a relatively benign environment, ABS required hull scantlings
for a newbuilding, may be rationally reduced below those required in unrestricted service. For a
conversion, it may reduce the amount of potential steel renewal. In the case where the
environmentally induced loads are more severe than those for unrestricted tanker service, again
the SEAS Module will assist the designer in determining how much the strength of the hull needs
to be increased.

Owners converting existing ships will be able to evaluate the fitness for service and expected life
of the FPSO based on the vessel's past history as well as its future location as an FPSO. With a
full assessment by SafeHull the owners will be able to identify “hot spots' or critical areas for
inspection. This can form the start of a risk based inspection (RBI) program.

Technology advancements in topside facilities in the last decade have necessitated a revised
ABS Guide for Building and Classing Facilities for Offshore Installations™ 7. The new Facilities
Guide incorporates requisite standards for production facilities installed on both on fixed and
floating installations, giving operators a clear understanding—and increased flexibility—of the
specific requirements for each type of installation. The previous version of the Facilities Guide did
not make this distinction, leaving question as to appropriate requirements for floating and fixed
installations. For example, the new Facilities Guide addresses issues such as stresses induced
by the acceleration forces of floating installations for consideration in equipment design. This
information is a real contribution to the industry, particularly as manufacturers move from the fixed
to the floating production markets. What often happens is that an oil company will contract a
manufacturer to construct the process equipment skids but the manufacturer does not know
whether the skids are to be installed on an FPSO, with vertical, horizontal, heave and pitch
motions, or on a TLP, which moves much less. The motions of these floating platforms are very
different, and they may have unique effects on equipment. In fact, equipment not designed for a
particular environment may not work at its best efficiency and this may even impact safety. The
impact on piping by deck flexing, for example, can be significant. Design load on floaters needs to
consider the stress induced by attachments to pressure vessels because nozzles connecting to
vessels can “snap” or break if not properly supported. The Guide is extensively cross-referenced
with existing Rules, industry standards and codes, clarifying application.

- Separately, the Facilities Guide clarifies the use of fire-tighting systems onboard floating
installations. Fixed platform installations, follow standards set down by the National Fire
Protection Agency; ships and floaters, however, are subject to international codes, such as Safety
of Life at Sea (SOLAS). The Facilities Guide addresses the interface between marine and
industrial systems, giving clarity for the application for appropriate Rules and codes. The Guide
offers a method of integrating standards for topsides with standards for marine systems in an
appropriate safety system. For instance, hydraulic power services, typical for marine support
functions, must be designed to meet the Steel Vessels Rules and Power Piping Code (ASME B-
31). A similar system provides the process contro! service, which is governed by the Chemical
Piping Code (ASME B-31.3), set by the American Petroleum Institute. The industrial systems,
including the process support mentioned above, tolerate higher risk but typically require a higher
level of inspection. Confusion arises where both functions are served by the same system.

The Facilities Guide has the additional benefit that it incorporates the risk-based criteria for
alternative use of risk methodology. The approach is derived from OSHA's Process Safety
management and the US EPA's Risk Management Program regulations, opening the door to risk-
based design. This means that the risk analysis is tailored to the risks associated with particular
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equipment design and addresses areas of concern on an item by item basis. The commercial
benefit of this approach is that the owner can utilize risk rather than prescriptive Rules to
determine how and where resources are allocated.

The Guide for Pipelines and Risers™*® provides technical documentation for the design,

fabrication, installation and operation of offshore pipelines and risers. Issues addressed include
design, materials and welding, testing and survey, and inspection and maintenance. The revised
Guide reflects current industry practices and technology developments, including limit state
design criteria, structural reliability analysis, risk management and assessment of corrosion, and
dent and crack-like defects. The Guide incorporates the latest research for strength and fatigue
analysis for rigid pipelines and risers, thereby facilitating cost-efficient, reliable design methods for
deepwater installations.

Since so much of what is designed and built in the offshore industry is of a unique or prototype
nature, it is rare that the prescriptive requirements alone will be both applicable and sufficient.
ABS offshore engineers work in concert with surveyors, industry and regulatory bodies to ensure
that safety concerns are fully satisfied to at least equivalent safety criteria. The risk-based
alternative is a technique using sound engineering practice to avoid emotional criteria. This
latitude gives the industry-improved access to risk-based design, supported using industry-
accepted risk assessment techniques, and increased flexibility for deepwater applications. With
the risk-based process, however, ABS will need to be involved from the conceptual phase to
address the hazard operability (HAZOP) and hazard identification (HAZID) issues. The
commercial benefit of this approach is that these standards allow operators to optimize doliars
and resources by focusing capital on the technical areas of most concern for maintaining the
integrity through the life of the asset.

2.2 MAINTAINING THE INTEGRITY BY STATIONKEEPING (Using Mooring as an Example)

In maintaining the integrity of ﬂoatm9 production systems for deepwater, the integrity of the
stationkeeping system is crucial’ Re'9T This may have more significance to regulators in areas
such as those with tropical revoivmg storms where the loads are high, and those areas where
there is a significant platform infrastructure to interact with, should the floating production system
break loose.

As industry ventures into deeper water, synthetic mooring systems are expected to offer
improved efficiencies for optimum field development schemes. Such innovative advances must
be tempered with the wisdom of the industry knowledge at the time, and as such ABS has been
prominent in an industry effort to deliver a comprehenswe set of Guidance Notes on the
Application of Synthettc Ropes for Offshore Moonng ). The availability of synthetic materials
and alternate mooring systems is extending the economic capability of existing floating
technology into deeper waters. By incorporating synthetic rope into current-day deepwater
technology, a floating production facility can support more revenue-producing equipment as the
industry readies for ultra-deepwater basins. An additional safety feature is that with taut systems
there is less interference with subsea equipment, flowlines and risers.

The Guidance Notes on the Application of Synthetic Ropes for Offshore Mooringme' ' address
this issue and other fundamental industry concerns, including non-linear stiffness or behavior,
minimum tension requirements, creep phenomenon and effective handling and storage of rope.
ABS developed this standard with industry participation of owners, manufacturers, consultants,
and operators including Amoco, Bluewater, BP, Chevron, Diamond Offshore, Exxon,
Oceaneering, R & B Falcon, Shell, Sofec, Texaco and Transocean. In particularly deepwater
industry leader Petrobras contributed greatly to the development of the Guidance Notes. This is
yet another example of ABS’ ability to bring industry groups together, and because of our
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independent status and mission, develop a set of standards to assure asset integrity for the
benefit the industry.

To maintain the integrity of these mooring systems further research is needed on long term
effects, and the ability to detect, in-place, deterioration of the system. On this issue maintaining
the integrity is best done through funding research projects leading to better understanding.

2.3 MAINTAINING THE INTEGRITY THROUGH HUMAN FACTORS ASSESSMENTS

Since over 80%+ of accidents involve human errors or organizational factors®™ ' it is logical that
Class societies and their affiliated companies, in working on the safety issues confront the human
factors as an important area for the future. Within the offshore industry there is now an emphasis
on “human factors”, stemming from a realization that many incidents could have been avoided if
greater thought had been given to the human element within the safety equation. As the industry
ventures into deepwater offshore operations, the facilities are becoming bigger, more complex
and require a much larger staff to operate and maintain the systems and equipment, resulting in
more attention being paid to these issues. Technology is advancing quickly in the area and
continuous improvement is expected.

Within the shipping sector, the most recent initiative, on an international level, has been the
introduction of the International Safety Management Code (ISM). The stated purpose of the ISM
Code is to provide an international standard for the safe management and operation of vessels
and for the prevention of pollution. The requirements cover corporate policies and operations, as
well as each vessel within the fleet, to ensure consistency with the company’s safety
management system. Such a system brings with it 12-18 months of serious corporate
introspection in which every aspect of the management and operation of the company and of
“each vessel within its fleet, is subject to scrutiny and reevaluation. This requirement is only
mandatory for self-propelled vessels, and not for non-propelled FPSs except where mandated by
the coastal state. There are some owners that have given serious consideration to adopting the
intent of the code in their own operations. Voluntary codes are also available for a similar
program: for U.S. application the APl developed API RP75%% 2,

Some of the issues include:

» Defining and designating authority to ensure safety and pollution prevention

» Designating people to ensure clear communications between vessel and shore facility

» Defining the responsibilities of the OIM and other vessel personnel and ensuring each of
them are properly trained to perform their duties safely and efficiently.

» Having clearly defined plans for dealing with emergencies, for monitoring, reporting and
analyzing accidents and hazardous occurrences to ensure proper corrective action

e Establishing sound procedures for maintaining the vessel and its equipment in a safe
condition

¢ Self-reliance and self-regulation of the auditing system once it has been established.

Some in industry believe that the Human Element issue is completely dealt with by ISM
(International Safety Management) Code and amended STCW (Standards of Training and
Competency in Watchkeeping) Convention, while others would implement additional programs
provided those programs significantly enhance safety, and are shown to be financially beneficial.
There may be even more enthusiasm if there were easily useable tools to measure effectiveness.
These are early days in this area of importance and certainly more in the way of hard research is
very much required.

In the meantime, there are many areas which knowledgeable experts can address: design
information on walkways, ladders, stairs, and handrails. Information on how to design documents
to be read by field personnel is also important. Visual displays and controls and labeling have
their own subsets of expertise. There are also cultural issues. Much of the focus is on research
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but several platforms in particular in the Gulf of Mexico have had some Pilot attempts to
incorporate many of the human glement learning into their designs™?®. ABS Affiliated
Companies can carry out Human Factor Audits in order to help an owner/operator gain insight in
particular vessel issues.

ABS was a sponsor of a Human Factors in the Offshore Workplace in 1995%¢'® and has been
involved in many of the activities in this evolving field, attempting to define the appropriate
standards for the industry.

The foundation of addressing the Human Element can be summarized in the following in order of
their importance.

* Management Participation

Workplace Design

Environmental control

Personnel selection

Training

Procedures

Interpersonal Interaction

Job Aids.

® & o ¢ & ¢ o

There has been in recent years an increasing attention being paid to injuries from ergonomic
issues. For example: since 1990 in the United States, the Secretary of Labor declared that
musculo-skeletal injuries were a critical workplace problem that cause 48% of the on-the-job
injuries (Houston Chronicle August 27,2000). There have been many lawsuits fought on the basis
of such ergonomic related injuries in the Offshore. Through the issue of Guidance Notes on the
Application of Ergonomics to Marine Systems™'¥, the process of providing guidance on this
matter has started.

3-D visualization is a key component to the future of design for ergonomic issues and much can
be accomplished and improved with the use of simulation technologies, in this, and other aspects
of asset integrity management. Perhaps there is a need for a new computer game: SIM-FPS.

ABS is taking steps to enable clients to reap the benefits of this technology as it develops.

2.4 MAINTAINING THE INTEGRITY THROUGH 3-D VISUALIZATION

Simulation technologies and 3-D Visualization are the future conduit of hardware design, human
factors design and risk analysis for offshore projects. Simulation technologies provide the ability
to develop and implement systems without requiring systems hardware. The automobile and
aerospace industries have successfully employed simulation technologies to produce fast
accurate and safe designs and minimize the need for physical prototypes. In the offshore, the
physical prototypes are generally each and every offshore facility since for the most part, there
are no two identical facilities. Simulation technologies may allow concurrent “design and
classification” i.e. parallel rather than serial processing of designs; “virtual surveying” of prototype
installation, where surveyors can “walk through” a virtual model of an engine room while it is
being designed and check out items such as operability of valves, maintenance access room etc.
it may also provide the ability to perform, through-life support, for a facility by having information
on components embedded in the product model such that “point and click” technology can dial up
a pump manufacturer's home page on the Web and supply performance curves, maintenance
procedures and spare parts lists.

Streamlining the classification, and regulatory approval role in the design process and assisting

our clients in developing an optimal design is another goal of this precess. The simulation based
design process provides the ability to design build and operate a vessel in an artificial
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environment, and develop and test a prototype within a computer. The technology enables one to
look at the entire life cycle and perform "what-if” scenario analysis before construction begins.
Working in a collaborative environment, one can be led through the maze of rules and
regulations, reducing the level of design rework and producing a better design in a shorter time.
Probably the most important aspect of the design evolution has been the advent of the tools such
as CadCam which allow shipyards to fabricate vessels in such a way as all of the maintenance
space requirements can be incorporated into the parameters when the design is set. This, of
course, allows the process to develop products resulting in a product that is less conservative and
cheaper to build, without compromising existing standards of safety. Another benefit of simulation
based design is designer’s ability to view the product from all aspects, inside and out. Designers
may also ‘ride” the structure as it is subjected to various loading conditions.

This is important to human factor issues because the client, by using a “walk through”, can geta
first look at the interaction between the human element and the workplace environment. Such a
“walk through” can help the designer recognize valves that are too high up for an average crew
member to reach; seeing possible hazards as one moves along®™??_ It is also possible to
determine if sufficient space is available for adequate maintenance.

As for direct benefit of implementing 3-D visualization in engineering approval, the following

applies:

* Ability to visualize structural/system configurations or arrangements greatly aids in
comprehending the overall nature and behavior of the configuration and thereby accelerates
the review process. For example, a designer or the shipyard in verifying clearances/
tolerances, fit-up or checking for structural/system fouling.

e Ability to visualize will be desirable during the review process. As a reviewer has to pour over
numerous drawings and mentally form a picture of the overall configuration. Issues that may
not be overtly apparent from a set of 2-dimensional drawings may surface in a 3-D digital
mock-up, thus having the potential to draw attention to the problem before it gets to more
advanced stage.

* Visualization tools can be used for collaboration, integration of designs (piping and structure),
assessing data quality (does it look like it's supposed to) and avoiding the need for, often
expensive, mock- ups. At the plan approval level, however, it would allow for design data
verification (a virtual survey). ,

* Allisolated analysis programs used for plan approval can be integrated with new graphic user
interface with a common navigator, accessible from a central server. This has the potential to
achieve the following:

Easier software version controf and maintenance

Easier exchange and sharing of data between different applications

Engineers do not need to know pre-requirements of the applications

All process instruction check sheets can be available through the same navigator

Ability to see output graphically through a SBD visualizing program

Reporting can be customized and all approval letters can be automated and stored in a

Central repository all access

The impact of shipyards/fabrication yards having this technology will be the increased competitive
pressure for optimization because shipyards/fabrication yards will have the capability to rapidly
run many more prototype designs than they currently do.

In terms of maintaining the integrity during the repair process, this will be of assistance since a
photogrametric survey can be taken of the repair area, and electronic cuts from a vessel drawing
can be used to detail repair pieces to fit into the designated area.

A scenario for the future of this technology might go something like this:
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¢ You “walk through” the 3-D visualization, see a generator, click on it, go out through the
internet to the manufacturer's web site, click on a larger generator, pull back their 3-D visual
model, and drop it in on top of the old one, and receive back from the computer a list of all the
drawings that need to change, and ideally a proposed specification for the change. With this
you can email the requirement to potential shipyards and have them give you a quote back in
short order. This may be a few years down the road: but this is the vision.

3.0 MAINTAINING THE INTEGRITY BY CONSTRUCTION

Probably the best way of maintaining the integrity of an ongoing FPS is to have the vessel built
under the classification survey system. ABS, with about 11,000 vessels in class, of which over
900 are “tankers” put it in the lead for ship shaped FPSOs. With over 50% of the world's
semisubmerisbles classed by ABS, and being involved with most of the built and anticipated
TLPs, SPARS, and other novel production concepts, has resulted in a tremendous experience
record to draw from in advising during the construction. The class surveyors verify that approved
plans are followed, good workmanship practices are applied as well as the Rules being adhered
to in all respects. During the construction of a vessel! built to ABS class, surveyors witness, at the
place of manufacture or fabrication, the tests of materials for hull and certain items of machinery
as required by the Rules. They also survey the building, installation and testing of the structure
and principal mechanical and electrical systems.

When ABS’ Affiliated Companies are involved by the owner, any equipment to be used on a
project may be selected for inspection, certification or surveillance as required by the owner or
customer.

3.1 SURVEY VS INSPECTION

Surveys are the method through which ABS the “Bureau” confirms Class. The role is somewhat
different than that of Inspection, and Owner's Representative, a service that is offered through
ABS Affiliated Companies. To ABS the term “surveyor” connotes someone who examines,
reports and makes recommendations based upon a significant amount of knowledge and
experience - both his own and that of the organization. The surveyor's work requires a good deal
of sound judgement and practical solutions to problems, though part of a surveyor’s assignments
includes inspection. An inspector may require much more on-site attendance than that of a
surveyor, who only attends the vessel on a periodic basis during construction. An inspector’s
work is generally one of examining and reporting to the owner's specified requirements/selected
standards — there is little or no call for judgements, recommendations or problem solving. While
shipyards frequently have organized arrangements for notifying ABS of items ready for survey,
the most effective survey for construction workmanship is nevertheless conducted on a free and
random basis, separate from those requested and escorted. The class surveyor concerns
himself only with those requirements as specified in the class Rules, agreed workmanship
standards, or sound engineering practice. This means that items not covered by the Rules are not
the concern of the surveyor. The inspector covers these matters, or the owner’s representative,
under the terms of the purchase contract and as covered under the shipyard’'s warranty of the
vessel. An owner’s representative may be involved, for example, in issues such as tighter than
normal construction tolerances; ease of construction; schedule of building; all of which are not the
primary concern of the class surveyor, but all of which are important issues to the building
program. Both survey and inspection are both items that the prudent owner may contract for.

Often the best product of construction results when the owner's anticipated operating
personnel/team are significantly and intimately connected with the construction phase. This
enhances the ability of the team to construct a vessel, which is well positioned for future integrity
maintenance. Construction teams, separated by construction budgets, often may take decisions
based on minimizing capital expenditure, and not maximizing efforts to avoid operating
expenditures in the future. (The advent of the AutoCAD systems where shipyards can specify the
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space required for servicing equipment components has helped such problems during design).
Many inspectors have anecdotal stories, for example, about how quality control in coatings and
finishings is taken on the least construction cost basis, and least inspection cost basis. While cost
control is important often the cheapest is not the best: a coating that lasts longer may well be a
better overall "buy”, however, this may take a more expensive, and experienced “inspector”
attending full time during the coating process. Sometimes, you don't get what you pay for, if you
don’t have a qualified inspector on site that can ensure that all the specifications are adhered to,
particularly for critical operations.

3.2 VENDOR COORDINATION

Worldwide global resources are important when it comes to putting the project together, and
ensuring that the appropriate quality of vendor equipment is used on the vessel is important —
positioning it for maintaining its integrity and achieving its specified design life. The global nature
of the offshore industry has led to geographic disbursement of the various elements of a project.
The design team could be working in Houston, for Texas owners of a vessel to be built in Korea
and operated in West Africa. To get the most competitive advantage they must employ
contractors who are strategically positioned and who have the local infrastructure and
communications system to operate globally. There is no substitute for local knowledge of customs
and resources with the network to make them work for you. The owner may go to a lot of trouble
to specify that certain vendor items must be certified. The vendor may not be familiar with all the
required attributes of his equipment when put onto a floating platform. Everyone wants to make
sure that the documentation is appropriate for the requirements, and not get into the situation that
a certificate cannot be produced for a unique, or long-delivery item, the day the FPS sails for site.
The ability of the equipment vendor to give adequate service dictates the need for Active Vendor
Coordination.

In today’s climate of “fast-track” projects, vendor coordination can mean the difference in the
project coming in on time - or not. It may also mean the difference between being able to maintain
the integrity in the future, with confidence - or not. With the tremendous amount of equipment on
a floating production unit, much of which must be either classed or certified and the fact that a
single project can have 100 vendors as well as third, fourth and fifth level sub-vendors, the
problem exacerbates. The vendor coordination programs developed by ABS and also available
through Affiliated Companies assist with the management of the certification process to provide a
single point of contact for both vendors and clients on all issues. In this role ABS wears many
hats: educator, coordinator, approver, and communicator. Many offshore vendors have not
supplied equipment for floating projects and are unaware of the critical paperwork submittals
required from owner, regulatory and class standpoints. If anything is out of place or
undocumented it could potentially hold up the entire project. If their equipment is not properly
dealt with, then it becomes a maintenance problem down the road. Its important to have a group
of engineers whose sole purpose is to keep this process moving smoothly, and to have a
documented system for future maintenance and replacement. Contractual terms are also
important in the specification of vendor certified equipment. It's helpful for the eventual owner to
be contractually kept informed of the progress and given full access to the certifier: additionally,
it's helpful to have a monetary hold over the vendor until such time as the paperwork which
accompanies the product is to the satisfaction of the owner/operator and the
regulatory/classification systems he has obliged himself to work within.

ABS and ABS Aftiliated Companies have some 2000 employees in 150 offices in 60 countries to
help execute offshore projects anywhere in the world with local understanding and sensitivity.

4.0 MAINTAINING THE INTEGRITY THROUGH RISK ANALYSIS TOOLS

Risk is a given in the offshore industry. There is no better time, however, in the industry to feel
confident about managing risk than today. The industry has accumulated decades of successful
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experience operating in a variety of regions worldwide. Each region has its own set of
technological challenges. The result is a deep “toolbox” of risk experience to be used in bettering
the exploration and production efficiencies worldwide. Although the experience is there, at every
stage of development, there is a possibility of something happening that could jeopardize the
project. Even once a project is ongoing, operational efficiency and cost-effectiveness are
imperative. With that much on the line, owners must be able to accurately assess their risks,
manage those risks, and apply proven methods for maintaining operational efficiency.

The term “risk” is used in a variety of ways in everyday speech. In its application in engineering
terms to FPSs it is generally limited to the risk of unintended incidents occurring which may
threaten the safety of personnel, physical assets or the environment, and can also be applied to
aspects such as downtime, and operations efficiencies. Risk assessment is the process of
gathering data and synthesizing information to develop an understanding of the risk of a particular
enterprise or “adventure”. This involves answering key questions: What can go wrong? How likely
is it? What are the impacts? Qualitative answers are often sufficient for making good decisions.
Much more detailed techniques are available, however, if the situation warrants. ABS’ together
with its Affiliated Company EQE, is one of the leading independent risk management companies
offering all-risk services to businesses, industries and government. The approach used is based
on a sold foundation of engineering, science and techno!ogy Basic Guidance on the subject of
Risk Assessment is available in Notes on the sub;ect

The best way to illustrate the use of risk tools in maintaining the integrity of the asset is by
examples. In general terms risk studies can be conducted to assess the relative risks associated
with items such as simultaneous operations (concurrent production and drilling and/or
construction); hazard analysis of construction activities; automation of drilling activities; manned
vs. unmanned platforms; platform-based maintenance crews vs. roving maintenance teams etc.
Many opportunities are available to use the techniques to answer specific management or
regulatory questions:

o Risk study to investigate the pros and cons of using a net to protect the critical tendons of a
TLP against potential collision with floating objects, and small boats, and investigate the
benefits of providing a net for protection. Also assessing the impact of the net, should it
break loose in storm conditions

» Risk study to investigate the benefits of using a “standby” boat on a distant offshore
installation away from infrastructure; and defining the characteristics of the boat, where it
may be appropriate for the boat to be able to head off an errant vessel, and if unable to do
so, return and evacuate the FPS prior to the arrival of the collision.

¢ Evaluation of several deepwater floating and fixed platforms to determine potential risk and
financial fosses from extreme hurricanes in the Gulf of Mexico

e Evaluation of the potential losses of 70+ jackup rigs all stacked along the banks, all at
Sabine Pass, during a recession in the shallow water drilling business. Assessing the
collision risk with vessels transiting the river; and assessing the cumulative damage
scenarios given a hurricane.

¢ Risk comparison study on alternate riser (SCR) designs of a Gulf of Mexico SPAR. The
analysis of alternate riser locations with a focus on potential fire and explosion
consequences. Evaluation of proposed alternate means of riser isolation, including check
valves, remote operated isolation valves and subsea isolation valves.

¢ Given drilling of wells in a sensitive fishing area, what would be the probability of a blowout,
how big might it be, where would the oil go, and how much damage would it do: the
assignment would encompass putting the issues in some perspectlve for ultimate
presentation to the companies involved and potentially to the public™®' ',

¢ The Minerals Management Service (MMS) has recently commissioned a nsk assessment for
Floating Production Storage and Offloading facilities (FPSOs) to help them understand the
key hazards and the risks associated with these “novel” types of facilities. The results of this
assessment will likely provide a basis for the development of regulations concerning the use
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of these mobile production systems in the Gulf of Mexico. ABS the “Bureau” is a participant,
and ABS Affiliate EQE is a facilitator for the workshop reported on elsewhere in these
proceedings®® 7,

Risk assessment techniques can be applied in almost all areas of the offshore business. Any FPS
project must have a good understanding of the risks and how the risks impact the people
associated with the operations. More and more regulators are striving to use risk-based
approaches in formulating new regulations. The ability to conduct meaningful risk assessments
continues to improve as more and better data are collected and computer applications become
more accessible.

Suffice it to say, that scientifically examining risk is a technique using sound engineering practice
and avoiding emotional criteria. This is one area of engineering where much has to be taken on
“faith”. The “faith” that looking at all the risks and attempting to understand them, will lead to a
better choice than not doing so. The extent to which one pursues this, is very much a matter of
the quality and quantity of data, and experience available. Using risk techniques to guide
decision-making is likely to be one of the leading issues in maintaining the integrity of floating
production systems in the future.

5.0 MAINTAINING THE INTEGRITY THROUGH REGULATORY COMPLIANCE

Maintaining integrity is a serious issue when regulators shut down, or threaten to shut down
production B8 This has only happened occasionally in the long history of the offshore
industry, but when it does it seriously affects credibility, and is progressively of concern. In
general regulatory interfaces during operations may come from direct intervention of the

regulator, but sometimes comes with interface by the class society.

The first step, is to ensure that the original design is in compliance with the regulatory regimes, be
they flag, maritime safety or coastal state authorities, many of which require class as a basic
minimum standard. With fast-track projects now the norm, project teams need to make sure that
their designs are fully compliant. In floating production this is somewhat onerous for those not
familiar with the maritime class concepts. Not being in compliance is a guarantee of later
problems. For many projects, class can act on behalf of the Coastal and/or Flag state thus
streamlining regulatory compliance by having these activities coordinated via a single entity. This
avoids tremendous duplication of effort. For an FPS being deployed in the Gulf of Mexico, for
example, there are overlaps between Flag issues, Coastal State (USCG) issues, Coastal State
(MMS) Certified Verification Agent issues, ABS Class issues, and much of the same material
needs to be reviewed for each agency. Thus being directly involved with those familiar with the
requirements, and covering all delegations and liaisons, avoids much duplication. Even when
delegations are not possible, class experience on previous projects supplies important input to
the knowledge of the project team. Such practical experience, through the consulting services, is
also valuable to the project team in general. '

Another goal of maintaining integrity through regulatory compliance is to ensure someone is
acting on the industry’s interest in the area of ensuring regulations develop in an orderly and
appropriate way; and that no regulations appear that would unreasonably make the facility
obsolete. For this a number of regulatory interfaces need to be maintained. Currently important
to FPSOs are the activities of the MMS and USCG in the United States where the MMS has
required a Comparative Risk Study between floating production vessels which are an accepted
standard e.g. hub platforms, TLPs, SPARS and FPSOs: ABS's Affiliate EQE is facilitating this
project on behalf of the Offshore Technology Research Center and ultimately the U.S. regulatory
authority, MMS™' ' Additionally the IMO has of late become interested in what extent FPSO
should comply with MARPOL. A number of coastal states are developing a new coastal
regulations which may impact floating production units, and it is non-profit class societies that
tend to keep the regulators informed and act as a balance in the system, since class societies,
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being independent bodies, have the opportunity to put the risks in perspective. This the method
by which the marine and offshore industries self-regulate safety of life, property and the
environment. Thus, the understanding of the governing regulatory regimes, and the development
of a regulatory compliance plan, ensuring communication and cooperation are of critical
importance. Keeping the regulators informed on the issues coming forward, and hearing their
issues is a key to ensuring that regulators do not prematurely shut a facility in or prohibit novel
concepts.

6.0 MAINTAINING THE INTEGRITY THROUGH SAFETY COMPLIANCE MANAGEMENT

Recent developments in marine safety, quality and environmental management have been
directed toward ensuring companies develop a management system model for safe operation,
prevention of pollution and preservation of the environment, based upon principles of the quality
movement as a key part of maintaining the integrity of the vessel F*''®. Management systems
certification not only assists in maintaining the long-term integrity, but also clearly demonstrates a
company’s commitment to a safe, environmentally sensitive, quality operation. Safety
compliance surveys and the audits that go with them, cover comprehensive safe practices
surveys, safety and health management systems, personnel safety, hazard communication and
incident investigation and analysis. Compliance requires auditable systems showing adequacy of
the emergency response, occupational health programs, employee training, record keeping and
analysis, medical care and case management, audits of client selected contractors and
subcontractors including internal safety audits.

The basis of the presumption of safety rests largely with compliance with:

¢ Quality Management System — ISO 9002: Model for quality assurance in production,
installation and servicing '

¢ Environmental Protection — ISO 14001: Environmental management systems — specification
with guidance for use

» Various Personnel Management systems.

* International Safety Management Code (ISM) - IMO originated to ensure vessels operations
were well-managed.

The ISM code only applies to self-propelled vessels (and on international voyages), unless
mandated by the coastal state authorities, which some have insisted on. Nevertheless, several
parties have voluntarily subjected themselves to compliance in order to demonstrate their
commitment to the issues that the code covers.

Development, Certification and compliance to provide assurance that a client’s safety, quality and
environmental management system is sufficient to effect the intentions of management and that it
is being implemented, is an important part of maintaining the integrity, particularly when the audit
covers an on-site evaluation. ABS and Affiliated Companies have a wide range of experience with
assisting with setup of efficient systems so that auditing can be streamlined.

Additionally, there is considerable benefit in appointing what might be referred to as a Asset
Integrity Auditor to run periodic checks on critical issues, reporting directly to the CEO or one of
the senior Directors. The advantage of this type of audit is that it does not measure compliance
with a system but seeks to look for problems that everyone else has missed that may be
fundamental to safety, environmental protection, or downtime. The general intent is to make the
auditor aware of the content of the various components of the safety management system, and
then to conduct interviews on-board, and in the field offices to ensure that the intent of the
company in regard to the operation are being met. There may be any number of issues that are
present in the field that the CEO should know about, but that are buried by the normal company
procedures and protocol. Primarily the auditor, in this case, is looking for issues that have serious
financial or life-threatening consequences, and becomes a filter so that critical issues can
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surface. Many of the issues may be cultural, or may be safe practices, somehow overlooked in
developing the safety management system. There may be external sources of concern that have
not bubbled up the management level when they should have done. Management often does not
have sufficient time or resources to visit many of these remote sites often, and during those visits
there is much that may not be seen. The Asset Integrity Auditor has a lower profile, and can often
identify significantly serious situations that can be improved. It may also be that the perception of
the benefits of such an audit and the taking on of resultant recommendations may trigger a
discount in the placed insurances, as has been the case with auditors of enterprise risks.

7.0 MAINTAINING THE INTEGRITY BY INSPECTION AND MAINTENANCE

With the advent of computer systems the tasks of planning and documenting the execution of the
maintenance plans, for the vessel and its components is becoming more automated. Nowadays
software exists to list all the equipment that needs periodic maintenance on board (tasks,
intervals, and supporting maintenance procedures), and details of inspection recommended by
the manufacturer. Development of spares requirements is also now part of the standard
packages. Additionally programs allow for the addition of class related survey items, and owner
specific inspection periods. The easy facilitation of the process for the owner, operator and class
society opens up the possibility of customizing the maintenance and inspection plans by other
methods. Basing the inspection and maintenance on historical information, criticality of the

~system (either to safety or downtime), failure rate statistics, generally come under the heading of
Risk Based Inspection (RBI).

The advantage of Risk Based Inspection (RBI) is primarily that the owner is concentrating the
efforts in the areas and with the items that are most critical to the integrity of the operation. RBI
can be applied to process, ship and safety systems as well as structural components such as the
hull, mooring and process deck. RBI plans generally stipulate what to inspect, how to inspect and
where to inspect. '

Risk based Inspection is becoming an important buzzword in the industry. As engineering moves
from component based inspection to systems reliability, it is important to have the survey systems
of class societies moving in the same direction. Having incorporated the idea of RBI into the
guidelines, ABS the “Bureau” is now piloting a program on using RBI as an alternate to the rigid
periodic inspections of class. From the class perspective, the RBI process ensures that risks are
evaluated, which allows the surveyor to also distribute his time toward the higher risk items and
areas. Examples of the pilot programs include

e Cossack Pioneer FPSO, Woodside Petroleum. Review and commentary on a full-scope
process/structural RBI program for this FPSO located offshore Northwest Australia, including
how the proposed RBI plan conforms to Class Requirements.

s P-35FPSO, Petrobras. Development of the RBI program for this FPSQ located offshore
Brazil, including agreement of the Class society to the plan, and including instruction on the
plan’s operation. It will be a full-scope process/hull/mooring RBI for an FPSO together with
the feedback system on how to incorporate reliability and historical events into the ongoing
changes to the plan as it evolves in the future.

RBI will become a growing issue for all FPSs particularly in deepwater where the planned
offshore facilities are getting increasing complex (e.g. Truss Spars) and the operators are likely
going to struggle to keep the systems safe and on-line.

A number of aspects of RBI can be tabled, as an integral part of the program:

* Maintenance ~ Reliability, Availability, Maintainability data for collection and analysis.
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* Condition Monitoring —to update general performance data with vessel/equipment-specific
data

* Corrosion Monitoring — to be able to understand trends from baseline surveys
Business Performance Improvement — monitoring systems to ensure that the best system is
being delivered.

Reliability Centered Maintenance (RCM) should develop within the RBI plan. RCM is the term
used for setting the strategy and goals for short, intermediate and long-term maintenance by
using surveillance techniques to limit the service life of equipment items, thus optimizing the
operational aspects of the FPS. It differs from preventative maintenance, which merely reworks
and restores a time-based maintenance program.

8.0 MAINTAINING THE INTEGRITY BY USING ELECTRONIC DATAMANAGEMENT
SYSTEMS “SafeNet” -

The strength of the AIM concept is that you can tie all the tasks {design/construction/compliance
etc.) in one intelligent system where the component parts can act together. Essentially there is
nothing inherently different in an Asset Integrity Management system than done in normal course
of engineering matters on an FPS.

Traditionally after approving the design, surveys are carried out during construction and
periodically, generally annually, to judge fitness for purpose against prescriptive renewal criteria
in order that the vessel remains safe until the next “special survey” which takes place at five-year
intervals. The surveyor's “snap-shot” view is difficult to fit into the bigger picture and with the best
will in the world, it is difficult for the parties involved to amass the sort of information to judge
condition or more importantly rate of change of condition in order that the vessel or its systems
will remain safe or operational until the next special survey. With the inspired use of Information
Technology and its associated analysis by ABS this situation is changing for the benefit of the
entire industry.

By integrating within one information system
Rules and Regulations

Drawings

Previous damage history

Survey Plan Information

Previous Gaugings

Structural Evaluation

Knowledge of “sister” vessels

it becomes possible for the surveyor and owner to have a leve! of information, which will enable a
far more objective survey and support for the judgements that are necessary about condition and
continued fitness for purpose. The development of such a vessel information system has been
encompassed in the initiative known as SafeNet. Class societies have been the custodians of
massive quantities of information pertaining to design of offshore vessels and to their condition
throughout the lifecycle. It has been stored in a wide variety of formats and locations and at times
been difficult to either retrieve or analyze. The management of information databases using IT
techniques developed over the last decade have enabled the American Bureau of Shipping to
rationalize all of its information databases and produce an Information and Management Network:
SafeNet.

For a number of years, class societies have not been willing to move from the traditional annual
inspections. Nowadays the information systems are such that one can pretty much determine a
“bespoke” inspection plan for vessels (one specifically tailored to the vessel or owner). This has
some advantages and a few drawbacks; however, ABS is looking at this specifically for the
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floating production units. Providing an Asset Integrity Management System by developing it
within a framework of sophisticated electronic databases and data processing, with all systems
linked together, is the wave of the future. ‘

About 3 years ago ABS made available to shipowners a version of a computer information
system called ABS SafeNet Offshore. This software system introduced at that time focussed on
the SafeNet “Survey Status” Module and contained complete information on the status of all
class and statutory surveys for a client’s entire fleet, regardless of whether the vessels were
classed by ABS, and regardless of whether ABS carries out statutory surveys on behalf of the
flag administration. Both tabular and timeline presentations of the survey status information are
available. Also included are principal vessel particulars, tools for survey planning and survey
guidance. This brought about a number of benefits including: managing all class and statutory
data for an entire fleet in a paperless, PC-Windows-based electronic format. Access to that data,
including vessel drawings from multiple locations was available: in the office, onboard a vessel or
from remote sites such as a repair yard. It identified all overdue and coming due surveys with the
interval selected by the user. Additionally it allowed storage and display of gaugings, tank
condition, and historical information and recommendations. Other modules have also been
incorporated into SafeNet f¢'202"),

The SafeNet “Marine” Module provides a number of databases in an electronic format
including: ABS Directory, Port and Flag State contact information, International Regulatory
updates, Listings of Documents required onboard each Vessel Type, Shipyard Directory,
Recognized Service Providers for: gaugings, in-water inspection, fire extinguisher service, liferaft
service, etc., Approved manufacturers etc.

The SafeNet “Structural Maintenance” Module covers the structure's service life. Users can
store gaugings, coating and anode information, damage incidents and repair data that can be
presented in visual form through CAD drawings as well as through a library of digitized
photographs. The actual condition of any part of the structure at any point in time can be
assessed from the stored data that can be compared against the as-built condition and then
predicted into the future. Structural diminution of any part of the unit can be generated
automatically. Repair costs and coating costs can be generated for user specified scenarios. With
this module the owner can track damages, fractures, buckling, grooving, and pitting; compare
actual condition data against "as-approved" or "Rules" scantlings for gauging evaluation: track
coating application and condition through the lifetime of the unit.

The SafeNet “Maintenance & Repair” Module records all maintenance work performed on a
vessel by the crew or outside contractors. It provides a complete, planned machinery and vessel
compartment maintenance history. It is also used to order services within the company. It can
produce a maintenance plan for each vessel that includes all work to be performed, sorted by job
category. Records maintenance history for equipment and vessel spaces, detailing completed
and outstanding work.

A number of other SafeNet Modules are available which assists in the management functions
but not so directly related to the subject of this paper:

Purchasing & Inventory Control

Crew Management

Code Compliance

Document Manager

The higher quantity and quality of relevant information through an information and management
network such as SafeNet will radically change the decision process for surveys, maintenance and
repairs. Another benefit of the SafeNet process is that it will be possible to arrange for and
delineate surveys based on a risk based inspection scheme.
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Obviously, SafeNet takes advantage of the recent exponential growth in computer and analysis
capability to enable the owner/operator and surveyor to “see” the condition of a vessel and
facilities and rationally judge its fitness for purpose. In addition to using advanced techniques for
monitoring the condition of the hull and machinery and thereby reducing or preventing failures, an
exciting benefit from the use of Information Technology will come by examining the relevant
human factors which surround some of the processes. Naturally if this is to happen, appropriate
operational data must be recorded but in future this will be a painless exercise, which will have to
be done to show compliance with the appropriate statutory codes. In this respect the trend
analysis capabilities incorporated in SafeNet will enable ABS and others to examine the human
factors root causes.

Work has already begun on the next phase of SafeNet, which is the integration with real-time
monitoring systems for both hull and machinery. This will allow for the automatic entry of =~
censored data into the database and provide an interactive means of comparing predicted
condition with reality. It will also facilitate the development and calibration of a risk and reliability
based approach to offshore safety in lieu of the purely prescriptive approach to rules and
regulations of the past. When measured stresses and associated time histories are linked to
analytical models of structural response it will be possible to more accurately predict when
failures might occur. By modifying the conditions which contribute to such failures, it will be
possible to delay their onset to prevent them form occurring in the first place.

9.0 MAINTAINING THE INTEGRITY BY SKILLFUL COOPERATION BETWEEN OWNER AND
CLASS SOCIETY -

One of the attributes of ABS and its personnel are the cooperative spirit with which projects are
undertaken. This has been key in the development of the offshore programs through ABS and
Affiliated Companies throughout the years, and is probably one of the keys of the success that
has been enjoyed. The cooperation of all parties in the offshore arena is necessary to develop
win-win situations developing a suitable balance between the safety and efficiency of the
operation. One of the best illustrations of this is perhaps the development of a modification plan
for.a vessel offshore West Africa: the Zafiro Producer.

* InFebruary, Oceaneering International, Inc. was awarded a significant project management
contract by Mobil Equatorial Guinea Inc. for modifications to the floating, production, storage,
and offloading (FPSO) Zafiro Producer in conjunction with Phase 2 development of the Zafiro
field, Block B, Equatorial Guinea. The FPSO was to remain in operation during the
modification program, lasting two construction seasons. The modifications were extensive,
well in excess of $100 million to expand its production capacity and to facilitate enhanced oil
recovery efforts. ABS's responsibilities included review of engineering, and construction
plans, and survey and certification of all offshore equipment and modifications taking place
on the vessel. Zafiro operations moved from the original design level of 80,000 barrels per
day to approximately 120,000 barrels per day. The life of the field, originally less than 5 years
was extended to over 15 years, requiring major modifications to the vessel, including
replacement of bottom plate which was successfully carried out under survey by ABS, on
site, using a unique coffer dam arrangement to allow the bottom plate to be removed and
rewelded into place.

10.0 CONCLUSION

Complex offshore processes and environments call for non-traditional approaches to the
challenge of operating safely while pursuing the project’s objectives. New regional and
technological issues are challenging the systems more than ever before. In response ABS is
responding with the development of applicable risk-based Rules and Guidelines. Class is
acquiring skills and technologies through Affiliated Companies, which allow an integrated
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approach to management of assets and maintaining the integrity of those assets. Production is
coming on stream with greater speed, dramatically decreasing the time from concept to first oil.
Because of the importance of the asset to the cash flow, the integrity of that asset is of paramount
importance to the owner, the financial institution, the banks the regulator and to the class society.
All are stakeholders in the management of the integrity of the asset. The philosophical position of
the class societies has not really changed. What has changed is the marketplace...and how work
is executed.

Where a new design may not specifically comply with a prescriptive requirement, ABS works with
the designer to demonstrate an equivalent level of safety. Risk techniques are an increasing
means of fulfilling this need. As class embraces a variety of risk-based approaches, the Bureau
is re-thinking traditional prescriptive rules, based on prior experience, to bring a more open
approach that allows the industry to comply with rules based on predicting behaviors in particular,
minimizing risk. From a commercial viewpoint, operators are able to optimize dollars and
resources by focusing capital on the technical areas of most concern. The future of the Standards
development at ABS will be based on risk methods. The way of dealing with the traditional
prescriptive codes and standards is undergoing fundamental change. A vast number of
prescriptive rules lead to a compliance culture, instead of studying the risk to his plant. At ABS,
experience together with well-seasoned risk analysis methodology is being used to interact with
the community in both producing and working with committees on other industry rules.

As the offshore industry enters the millennium confronted by more technological and
environmental challenges than ever before, it is a positive sign to see that ABS, one of the key
partners in managing the integrity of offshore vessels and floating structures throughout the
world, is changing to keep pace and anticipate the needs of the industry for the next decade and
beyond.
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Presentation

PERSPECTIVE

FIELD CONDITIONS for which Integrity must be Maintained
In extreme weather - China Liuhua 11-1
Maintaining and Converting while Operating: Zafiro Producer

INDUSTRY TRENDS - the need for an integrated solution
Maintaining the Integrity by Design

by using practical Rules and Standards

by Human factors in the design

by 3-D visualization
Maintaining the Integrity by Construction Practices
................................ (by Regulatory Compliance)
................................ (by Safety Compliance Management)
................................ by Risk Based Inspection

SAFENET: A systems platform for Asset Integrity Management
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Boomvang Spar FOI CIass+USCG+DeSIgn/Fab/Install CVA
Brutus TLP- Design CVA

Diana DDCYV - FOI Class+USCG+Design/Fab/Install CVA
Enserch Garden Banks - Class+USCG+CVA

Genesis Spar - Independent Design Certification

Horn Mtn Spar - FEED: FOI Class+USCG+CVA

~ Jolliet TLP- Design CVA

King Spar - Class+USCG+Design CVA Design Reviews only
Marlin TLP - FPS Class+USCG+Design/Fab/Install CVA
Mars TLP- Design CVA

Matterhorn - FEED: FOI Class+USCG+Design/Fab/Install CVA
Morpeth TLP- FOI Class+USCG+Design/Fabl/Install CVA
Nansen Spar - FOI Class+USCG+Design/Fab/Install CVA
Neptune Spar - FPS Class+USCG+Design/Fab/Install CVA
Prince TLP - FOI Class+USCG+Design/Fab/Install CVA
Ram-Powell TLP- Design CVA |
Typhoon TLP - FOI Class+Design/Fab/Install CVA

Ursa TLP - Design CVA

Neptune Spar

Marlin TLP
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Conditions for which Integrity must be Maintained
ABS Vessel Experience Liuhua 11-1

Harsh Environment, High Capacity FPSO wan Hai Sheng

Li
* Typhoon prone area
iy e Hit by Super Typhoon

Sally in 9/96
*Moorings Held Fast
3 Whip Antennas

damaged &

 Crane Cab window
broken

* Pipe Insulation

s

e
e
i

a

.
i

on deck dama'ged
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W
100 Year Typhoon Design Conditions vs. Super Typhoon“Sally” Reported .

Conditions

NOTE: Sally
passed about 10
miles South of
Liuvhua, exposing
the field to “near
optimally

severe”
conditions. Ocean
Weather Inc.
forecasted 140 kt.
winds with gusts
up to 170 kts.

 ABS Vessel performs in Typhoon

Omi Directional Super Typhoon
Typhoon Conditions “Sally”
Retum Period (years) | 100 >100
Wind (knots x
30 min @ 10 melevation 87 111
Wave Spectrunt JONSWA
gamma =3.0; sigma =0.1 P=438 NA
Significant Wave Feight 433#/132m NA
Spectral Peak Period (sec) 147 NA
Maximum Wave Height 78/23.8m 881t/27m
Zero Ctossing Period (sec) 115 NA
Current Profile:
D=depth (m) fom MWL 0 0
226 100

V=current velocity .
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LST

1988:

1993:

1996:

Future:

Industry Trends

Do More with Less

Do More with Even Less

Do More with the Least Amount Possible

Do More with the Least Amount Imaginable
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DYNAMIC SHIP DESIGN AND
STRUCTURAL ABSESSMENT
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Severity of Major FPSO Operating Areas

Q)
FOUNDED 1862

Lid

1 West Africa (Gabon, Angola) 6 Gulf of Mexico

2 Offshore Australia - 7 North Atlantic (Unrestricted Service)
3 South East Asia (Gulf of Thailand) 8 South China Sea

4 Offshore Brazil 9 East Canada (Terra Nova)

5 East India 10 North Sea (West Shelter, N.& S. North Sea)




SAFEHULL SCANTLINGS

Side Longitudinals
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FPSO / Double bottom structure

Deformed(21.75) Transl Disp. -
Criteria: VonMises Stress

Output Set: Load Case 2 4 I ‘



| ABS Safehugll - Optimizing Repairs

Current Gauged Values

=

ﬁ*l;\_

Projected Situation (5 years)

llllllll%

Repairs Made using Current Information

*Denotes stiffeners that were repaired

Note: | ‘ |
Horizontal Bars represent actual section modulus of
longitudinals. Vertical line represents the SdeHU”

renewal requirement |




ABS Safehull - Optimizing Repa irs

Current Gauged Values Repairs Made using Current and Projected Information

E—

T T T

- Projected Situation (5 years)

: s:D'eljotes stiffeners that were repaired

fy_Note: ,, - .

~ Horizontal Bars represent actual section modulus of
S longitudinals. Vertical line 1epxesents the SafeHull ]
L ,_._;;,,fkflem\val 1equnement G T

RN s% ‘
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Major Advantage

Ship Shaped FPSOs can now be treated the
same as other FPSs

Previous minimum: the unrestricted service
criteria of a recogized class society
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Maintaining the Integrity of FPSs: 5%
de Design: SHIP FLEXING (BENDING

e Pipe Routing
+ Piping must be
designed to be
compliant with ship
bending.
+ Extensive Pipe Stress
analysis is required.

+ Requires use of
extensive anchors, |
expansion loops /joints
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Maintaining the Integrity through
Service - Oriented Rules & Guides

Offshoke Installations
Marine Coating Systems
Facilities on Offshore Installations
Floating Production Installations
Risk Assessment

Single Point Moorings

e Other Guidance Notes

» Application of Synthetic Rope to Offshore Mooring
» Prevention of Air Pollution from Ships




the Ergonomics

e Guide for Ambient
Environment &
Accommodation

e Marine Safety
Assessment
Technique

e Future Guidance

. Notes aimed at

. Design Issues for

i Bridges, Engine
Rooms, Maintenance

& Control Rooms
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- 3-D Simulation for Design Phase
Access / Egress
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Maintaining the Integrity

through Construction Practices and ,

Built under Survey of a Classification Society

* Quality control procedures and methods to be
used and identification of areas requiring
special attention

* Definition and application of any enhanced
construction standards for construction
tolerances, welding control and erection
procedures

* Corrective action plan for non-conformances
and ensure it’s carried out
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Maintaining the Integrity :

through Construction Practices and Survey
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Maintaining the Integrity through ¥
Risk - Based Inspection within Classmcatlon

Risk Assessment & Risk Reduction Process

A A
Risk
Analysis Risk
Assessment
4
A 4

Preliminary Hazard Assessment Risk Matrix

Frequency
High
Medium
Low
Remote

Minor Significant Critical Catastrophic
Consequences
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Maintaining FPS Integrity

through AIM "
ASSET INTEGRITY MANAGEMENT

using a Computer System Network

e S

i
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Managing Information

Information Quality is as important as hardware quallty

SAFENET computer software Modules

Survey Status

*Marine Information

Vessel Drawings
Hull Maintenance
Maintenance and Repair
Purchase and Inventory

Weather

ISM/STCW Compliance
Documents Management
ISO 9000

ISO 14000

Crew Management

Crew Payroll |

Financial Reporting

Code Compliance
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Critical Area
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What areas are substantially corroded (usually >=
25%, but can be user defined value)

Plate:41 is substantially coir

Plate-44 is substantially corroded.
Plate-45 is substantially corroded
Plate-47 is subst#ant@ally corrod

Plate-63 is substantially corro S
Stiffener-272 is substantially corroded.
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Fracture phot
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Beport enTHICKHE SY MEAJITREMIENT OF ‘WY JO.T. TRANIVER IE

EFORT NG,
SHIF'S MHAM NV ANDREW CLASS IDENTITY 7312812 IFORT DATE:

l‘ANIUHOI.D DES CRIPTIOM

Locaton Of : SETRUCTURE AT FRANME 88

[Berial STRUCTURAL COM PONENT Dinﬁl;fl:}tlﬁnn
Neo. (PLATING/STIFFENER}

{nawm} %

Plate_53/ Plate_19 140 |.1.20 (COK

Plate_«4g/ Plate_43 .0.40 (OK

Plate_54/ Plate_43 .1.60 (OK

Plate_<45 . 9.20 (OK)

Plate_50 - (OK)

Plate_51 - (OK)

Plate_52 : 7.60 (OK)

Plate_81/Plate_&S 5.00 (OK)

Plate_152/ Plate_9< , . . 3.40 (OK)

Dlate_142/ Plate_99 . 3.83 (OK)

Plate_13< Plate_110 ) 4.68 (OK)

Plate_180/ Plate_173 3.10 (OK)

Plate 157/ Plate_189 . 5.45 (OK)

K
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tenance - [For Owners]

o

B Campartmeht

@ Hullpart

D Non Detailed

E’ Detalled

BR Substartially comaded
& System

{&f) Frame System
1% 1 Hecomnwendaliér1
@ Pitting Category List:

3-<& Reports

% Yessel Condition
ﬁ% ‘TM Reparts
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How does AIM help?

Development of AIMS plan ensures all participants are
fully aware of the overall objectives and working on
same information

Cohesive approach leads to more efficient problems
solving & reduced costs

No duplication particularly regulatory activities.

Plan uses survey, engineering tied together to predict
maintenance needs and update inspection
requirements. |

Plan uses risk based strategies where they are most
effective, for example to minimize process plant
shutdown.
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Maintaining the Integrity of FPSs
a Many-Dimensional Problem

e Design - “just the right” scantlings (thickness)
e Fatigue - planning for 30 years w/o drydocking

e Standards - selection of up to date standards
incorporating the latest advice

e Human Factors - minimizing human failure
e 3-D Visualization - visualizing the issues

e Construction and surveying practices

e Regulatory Information Updates

e Safety Compliance - 1SO 9000, ISO14000,SQE
issues incl. ISM
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Maintaining the Integrity of FPSs
a Many-Dimensional Problem

e Inspection & Maintenance -
+ Survey Status & migration to Risk Based Inspection
¢ Mechanical Integrity - Reliability Information

e Repair and Shipyard Information

An Integrated Solution
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Maintaining the Integrity of Existing Offshore Facilities in China
with the Principle of Environment Protection
Mr. Li Shian, Director of Safety & Environment Department
China National Offshore Oil Corporation

1. The development of offshore industry in China

There are two phases in the development of offshore industry in China. The first phase is
from 1950’s to 1982. In this period, the progress is very slow, the verified petroleum
reserve was only 40 million tons, and annual production was only 95,000 tons. China
offshore industry has got rapid development since 1982 when entering the second phase.To
the end of 1999, the accumulative amount of petroleum in place obtained is 2.1 billion tons
of crude oil and 437.5 BCM of natural gas as well as 23 oil and gas fields in production.
Annual production is 16.17 million tons of crude oil and 4.39 billion cubit meters of
natural gas in 1999.

2. 'Environment protection is the principle and main concern throughout the
development of offshore industry in China

We always keep abiding by the law and act in strict accordance with the relative
regulations, rules and standards. Advanced and effective environment protection measures
have been taken in the progress of offshore exploration, development andproduction
activities to minimize the effect on environment to the lowest level. Severe spill incident
has never been occurred in the past years. The practice proved that the development of our
offshore industry is expanding coordinately with the marine environment protection.

3. Maintaining the integrity of offshore facilities with the principle of environment
protection

3.1 Location and types of offshore facilities: The offshore facilities are located from
Bohai in the north to the South China Sea as shown on the figure below. The type of
facilities varies depending on the oilfield properties, weather and sea conditions and
engineering requirements.

SEFRNCPELR
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3.2 The advanced and effective environment protection measures we have taken:

& Always adhere to the principle: Implement the design, construction and
commissioning of environment projects simultaneously with the engineering projects

€ Have environment effect appraisal in the feasibility study phase. Considering the
possible effect to the marine environment from the oilfield development, provide the
feasible pollution prevention program

€& In the designing phase, draw up environment protection article for the basic
design, fulfill the pollution prevention measures put forward by the “Environment Effect
Report”, optimize the design for the environment protection facilities

® In the construction and installation phase, outfit qualified pollution prevention
equipment, oily water monitoring equipment etc.

€ Before the commissioning of each oilfield, the spill contingency plan shall be
worked out and relative facilities and materials shall be functional and in good shape

& Carry out the scientific research and testing to minimize the effect to the
environment caused by the offshore operations. Oily water reinjection program in JZ9-3
oilfield is a good example

€ Enhance the education and training for the employees on the environment
protection. Follow strictly the operation procedures to avoid the pollution caused by
operating mistake

€ Establish and implement the safety management system to ensure the protection
management system, strengthen the monitoring and management to the offshore facilities
and operations to accomplish the coordinate development for marine environment and
offshore industry.

€& Regulate the safety inspection for the platform including the construction
inspection and during production period

€ Strengthen the equipment management and maintenance to prevent the possible
pollution from equipment failure

€ Based on the continual development strategy we will perfect the environment
protection management system, strengthen the monitoring and management to the offshore

facilities and operations to accomplish the coordinate development for marine environment

and offshore industry.
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ASSESSING AND MAINTAINING THE INTEGRITY OF EXISTING
OFFSHORE OIL AND GAS FACILITIES: THE U.S. REGULATORY PERSPECTIVE

by
Charles E. Smith, D.Sc., P.E.

Research Program Manager
Minerals Management Service
Engineering and Research Branch
Technology Assessment and Research Program
381 Elden Street, MS 4021
Herndon, Virginia 20170-4817

ABSTRACT

Aging or damaged offshore facilities present many challenges to the offshore oil and gas industry
and regulators. Currently, over 7400 production platforms with associated pipeline systems are
operating in 53 countries worldwide. Many of these facilities were designed in the 1950's, 60's
and 70's too much lower criteria than are prescribed and used in current design methodologies.
Other facilities may have suffered damaged as result of storms and/or accidents or, due to the
lack of active maintenance programs, deteriorated to the extent that their future structural integrity
is in question. Also, with the advent of new drilling and production technologies, the lives of many
of the existing reservoirs have been extended years longer than their initial estimates; thus, aging
or damaged facilities are being called upon to serve well beyond their original design life. The
industry, certification bodies as well as regulators have long recognized the crucial need to
develop and implement guidelines and standards for assessing the integrity of existing facilities to
support future operations. ‘

In recent years, regulatory bodies and the oil and gas industry have put forth much effort to
develop suitable tools and methodologies to effectively address issues relative to the
reassessment of existing offshore oil and gas facilities. Although the primary focus in the past has
been on platform structures, i.e. stee! jackets, recent concerns associated with topsides
operations and pipeline systems have also come under increased scrutiny. This presentation will
discuss the Minerals Management Service (MMS) perspective relative to technical areas
associated with reassessment issues, to include both pipelines and platforms, and will present an
overview of major research and technology efforts which have been or are currently being funded
by the MMS in support of these activities.
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Assessing And Maintaining The Integrity Of
Existing Offshore Oil And Gas Facilities:
The U.S. Regulatory Perspective

by
Charles E. Smith
U.S. Minerals Management Service
Herndon, Virginia, USA

for the

* U.S. offshore oil and gas production has been in operation
for over 50 years.
* Regulatory practices have changed significantly based in part on:
* ‘Experience
* Social and Political Pressure

* Technological Advances

= Primary focos in the past has been on platform structures;
* steel jackets.

¢ Recent efforts associated with:
* Topside Facilities
* Pipeline Systems

*+ Future efforts on floating production systerns:

* FPSO’s

* Existing offshore infrastructure presents many challenges
to the offshore oil and gas industry and regulators
worldwide

* Older facilities designed to lower standards
* Damage as a result of storms/accidents
* Lack of active inspection and maintenance programs

* Amount of new drilling/production technologies

Facilities Reassessment

Reassessment is the process of monitoring the integrity
of a facility and assessing its ability to support future
operations (fitness for purpose) in a manner that is

acceptable to the “Operator” and the “Governing Regulatory
Body”.

Problem:

Finding that combination of inspection, assessment, repair
and maintenance strategies that will result in the facility
having some “Minimum Acceptable Capacity”.
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Offshore Facilities Geriatrics

The engineering art and science that deals with the
problems and diseases of aging offshore facilities.

Industry Perspective

* Industry is having to focus more resources towards
existing infrastructure.

» Numerous existing facilities are over 30 years old.
* Key issues for specific structures:

* Although not meeting new design criteria,
is a given structure “good enough™?

* How do we define “good enough™?

Key Questions

* Can we safely use this facility for the next ‘x’ years?

* What can we do to allow us to safely use this facility
for another ‘x’ years?

-

* Addressing issues related to inspection, maintenance, and
repair of platforms and pipelines is not new to the industry.
* Growing number of aging facilities
* Increased total share of production
* Perceived unrelisbility

* High replacement cost vs. future production

Assessment Issues

Motivated by:
* Evolution of facility design standards
* Increased environmental criteria
* Increased force calculation criteria
* Inclusion of currents
* Improved member and joint design practices

* Aging of offshore platforms
* Corrosion
* Fatigue
* Mechanical damage
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Fundamental Issue

» How much higher risk is acceptable for existing facilities?

* What level of risk does society accept for individual
events?

* What level of risk does society accept for entire
infrastructures

+ MMS has assumed a proactive approach with regards to
the existing offshore infrastructure:

* Working with the industry to identify risks and
assessing consequences.

* Develop acceptable methodologies to assess and
requalify facilities.

* Develop acceptable approaches for hazard mitigation
measures.

* In the Unites States, the Minerals Management Service
(MMS) of the Department of the Interior is the agency
with overall responsibility for regulating the Federal
offshore oil and gas program.

* The TAR Program is an integral part of the MMS Regulatory
efforts.

MMS Involvement In Reassessment

* Early requirements (very vague) - “To ensure the structural
integrity of the platform as a work base for oil and gas operations”

* Later it was recommended that MMS “...Develop an inspection,
maintenance, and repair policy that takes into account the various
classes of platforms in the GOM™ and that the policy should allow
for consideration of such factors as;

* Facility age

* Design criteria used

* Manned or Unmanned

* Impact on loss of life, pollution, and resources

Existing OCS Structures by Age

No. Existing
1.400 1,214 L——-————-—IGOM ACH
120 IR -
1000 f
w |
800
400
200
o
‘&{* \@*" m\,«( s\p( ,'9(
As of August 1999,
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Development of Inspection and Repair
Programs for Fixed Offshore Platforms

Strengthening Modifications and
Repair Techniques

MSL Services Corporation

Section 17 Supplement To API RP 2A

* Provides technical criteria to be used in reassessing
existing structures; embracing

* A fitness-for-purpose philosophy that couples the risk
of possible failure to the consequences of that failure.

Underwater Wet Welding Processes
for Offshore Structures

Rationalization and Optimization of
Underwater Inspection Planning
Consistent With API RP2A Section 14

MSL Services Corporation (JIP)
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Pipeline Integrity
* In a like manner, as for fixed platforms, a general methodology for
the reassessmeant of marine pipeline systems is being proposed.
* Qualitative (Level ¥}
* Mixed Qualitative (Level 2)

* Quantitative (Level 3)




Breakdown of Failures by Cause
and Location

Risk Assessment and Management
Based Criteria for Requalification
of Marine Pipelines
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Performance of Offshore Pipelines
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Pipeline Integrity and Performance
Information System - PIMPIS
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University of California - Berkeley

Retrofit Cathodic Protection of
Marine Pipelines

Florida - Atlantic University
grmwp)

Deepwater Pipeline Repair Methods

Project Consulting Services




Appraisal and Development of Pipeline

isk - timizati f Pipeli
Risk - Based Optimization of Pipeline Defect Assessment Methodologies

Integrity Maintenance Activities
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Center for Frontier Engineering Research (JIP)

Comparative Risk Analysis of Deep Closing Comments
Water Production Systems

* With increasing environmental awareness and strengthening of
regulations worldwide, industry has been required to develop new
technologies at an unprecedented rate.

« The oil industry has met this challenge.

* Future promises to bring new and more challenging situations.
* Platform Removals
¢ Decpwater operations

* To continue safe and pollution free operations, industry and
regulators must work as partners to formulate solutions.

Offshore Technology Research Center (OTRC) & EQE

We’re on the World Wide Web
hittp/iwww.mms.gov/tarp/safety htm

Conclusions:

= Offshore oil and gas resources will play an increasingly important
role in future energy supplies.

¢ Challenge is to develop ways to ensure the safe and environmeatally
sound use of existing facilities in an economic manner while we
continue developing offshore resources. N
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Mr. Jan J. W. Van de Graaf
Shell Petroleum Company Sendirian Berhad
Brunei

“Views on Maintaining the Integrity of Existing Offshore Facilities in Brunei”

October 9, 2000
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APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Views on maintaining integrity of
existing offshore facilities in Malaysia

€0€

Mohd Sapihie Ayob
PETRONAS Research & Scientific Services Sdn Bhd
(PRSS)
MALAYSIA




APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Presentation Outline

e Introduction to PETRONAS & Exploration
and Production Activities

e Asset Integrity Management Philosophy

$0€

* Current Inspection and Maintenance
Strategy |

~* Challenges
* Way Forward

e Conclusion
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APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Malaysia Exploration & Production activities




APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Malaysia Exploration & Production activities

e No of active PSCs : 43

e No of producing PSCs  :13

* No of operators + 4
» (Carigali, Esso, Shell and Lundin)

: 39 oil fields
: 11 gas fields
* National oil & gas reserves/production

* No of Producing Fields

«  Increasing trend from 70’s to 90’s
« Peak in mid 90’s

. Declining in late 90’s

GAS RATE S
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- CRUDE OIL PRODUCTION
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APEC WORKSHOP
9 Oct - 11 Oct 2000, Be
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OlL FIELDS
GAS FIELDS

Not to scale

m——— OIL PIPELINE
GAS PIPELINE
= = = FUTURE PIPELINE

18 Oil Fields
5 Gas Fields
62 structures
1FSO

2 FPSO

Terengganu Crude Oil
Terminal

1 Oil Trunkline (250 km)
4 Gas Trunkline (939 km)

1 Gas Trunkline under
construction (160 km)

Onshore Gas Terminal

41 Gas Compressor
Units

81 Main Oil Transfer Pumps




APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

60¢

14 Oil Fields

6 Gas Fields

117 structures

4 Gas Trunkline (664 km)

2 Gas Trunkline (400km)
under construction

16 Gas Compressor Units
49 MOL Pumps
Bintulu Crude Oil Terminal

Miri Crude Oil Terminal

MLNG-DUA
MLNG-TIGA (2002)




APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

« 7 Oil Fields
o 2 Oil Trunkline

« 2 Gas Trunkline
(262 km)

S 45 Structures
« Labuan Crude Oil Terminal
* Onshore Gas Terminal

« 8 Gas
Compressor Units

~+ 17 MOL Pumps
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9 Oct - 11 Oct 2000, Beijing

Issues Forward
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APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Exploration & Production Challenges

Business Environment Operating Environment
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Maintaining Asset Integrity: Impact on Performance

® Reduce production shutdown
(deferred oil lost revenue >USD
260 million -1999/2000)

Avoid gas supply shortfall
Ensure safety is maintain
Reduced unplanned shutdown

Reduce gas flaring

® ©o o o g[g.

Avoid reputation crisis
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Initiative to Improve Overall Facilities Performance

® Sharing of resources and expertise
amongst operators

® Improve networking between
operators to share best practices

® Combined long term contract for
better services

® Common stocking for fast delivery
of critical equipment

Yoar nstelin | 1983

® Improve maintenance program
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Maintaining Asset Integrity: Challenges

® Large number of offshore facilities available

Potentially high failure/down-time costs (e.g., main oil
line pumps, gas compressors, generator and fire
water pumps)

Requirement of these facilities to be
inspected/maintained over the service life

sic @

Facilities having different utilization levels (ranges
from new installation to facilities which have exceeded
design life: 64% of the facilities >15 years)

® Need to define an inspection/maintenance program
corresponding to the safety level inherited in each
facilities
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Carigali Offshore Facilities

® Offshore Structures, Pipelines and
Risers

® Piping and Flow Lines

® Pressure Vessels and Steam Boilers

® Rotating Equipment

® Storage Tanks

®Cranes and Lifting Equipment

® Export and Support Facilities

® Subsurface Main Facilities

® Safety Device and System

® Instrumentation and Control Systems

® Electrical Instruments and
Installations

® Telecommunication Facilities




APEC WORKSHOP

9 Oct - 11 Oct 2000,

Beijing

Overview of Car

tenance

Inspection & Main
ies

i

Process on Existing Facili

1

iga

t

317

g 2 S
i =5 S
B A 2

R

IR

- %&me
R
e

TR0 DL s
R o .‘w.‘.‘m.,..m R

9] R
Awa? M..
.v..mwx"..,.

S




APEC WORKSHOP
9 Oct - 11 Oct 2000, Beijing

Carigali Inspection & Maintenance Strategies

® Definition of inspection interval based on statutory requirement,
reliability of design, exposure to risks and prevmus inspection
results

® Execution of maintenance based on inspection findings and
condition monitoring

81¢

® Gathering and analyzing of inspection and maintenance data in
determining next course of action

® Use of advance technology in inSpection and maintenance plan

® Optimize utilization of available resources
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Inspection & Maintenance Programs For Carigali Ex1st1ng
Facilities

® Reliability Centered Maintenance

o develop for critical dynamic facilities (FMEA and FCA to achieve required availability at
minimum expenditure)

® Instrumented Protective Function

w

° o develop for critical instrumentation (classification of instrumentation and identification
of tasks and frequencies)

® Risk Based Inspection
o develop for critical static facilities (establish a balance between advancing damage and
increase knowledge of damage to ensure integrity)
® Corrosion Inspection & Maintenance

 to minimize material degradation due to corrosion
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Types of Maintenance For Carigéli Existing Facilities

® Preventive Maintenance

o to restore the functionality or condition of the
facilities repeated at frequencies based on either
8  time or hours runs

® Corrective Maintenance

e required to rectify defects

® Run to Failure Maintenance

o adopted for non critical element
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Inspection Strategies For Existing Carigali Facilities:
History of Improvement

® Time Based Concept

o Inspection is carried out periodically, preset by the experts.

e Maintenance depends on the extent of defects/damages found.

€

~® Condition Based Concept

o Inspection is focused on those area exposed & prudent to damages, i.e.
mechanical impact, corrosion, erosion etc.

® Risk Based Concept (RBI)
o Inspection is focused on high risk components

o Inspection determines the mode of operations, maintenance & next inspection
interval
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Carigali Inspection and Maintenance Focus
Risk Based Inspection (RBI)

Risk Based Inspection
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Motivation of RBI in Carigali

In 1999, CORAL Malaysia (committee comprises major companies from oil &
gas industries in Malaysia) recommended the use of “RBI” in the Offshore
Industry

By knowing which items are high risk and focusing on those items, safety is
improved

Expected significant cost saving from RBI for Carigali

Technology are widely applicable/proven for onshore plants (OGT, refineries
and etc.)

PETRONAS Corporate Initiative in risk based approach applications
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Summary:

@® Increasing operating challenges as facilities are ageing and fields
are matured

® Carigali adopt risk based approach which provide a good criteria
% for prioritization of Inspection and Maintenance effort

® Required extensive research and development in the area of Total
Asset Integrity Management and PETRONAS Research has been

actively involved in the area of Risk Based Inspection and
Reliability Centered Maintenance activities
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Management Practice in China for Decommissioning
Aged Offshore Qil Platforms

Jiwu YANG
Department of Marine Environmental Protection,
State Oceanic Administration, Beijing, China, 100860
Email Address: yangjiwu@hotmail com-

1. Brief Introduction

The offshore oil exploration and exploitation in China began in 1950°s. At
present, there are over 20 oil fields in operation at China Sea areas, and several
others are still under construction or preparation. Up to now there is only one aged
oil platform, which was located in Bohai Sea and was completely dismantled.

Decommissioning aged offshore oil platforms has been paid much attention in
international organizations, such as APEC and IMO. The Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter 1972 /
1996 Protocol has recently adopted guidance for the assessment of platforms and
other man-made structures. _

Some offshore oil fields in China will come to end in the coming years.
Therefore, the number of aged offshore oil platforms will increase. These
platforms, oil pipelines and other facilities shall be treated properly to protect
marine environment and resources. It is necessary and urgent to enact regulations
on these activities.

To meet the need of management, a regulation, namely, The Tentative
‘Regulation on the Management of Decommissioning Aged Offshore Oil Platforms,
has been drawn up by the State Oceanic Administration (SOA). The draft
regulation has distributed to some related departments under the State Council and
some operators, such as China National Offshore Oil Corporation (CNOOC) for
comments. Now it is in the final legislative process.

I am responsible for the drafting work, so, I would like to give a introduction
of the tentative regulation.

2. Main Contents of the Tentative Regulation

The tentative regulation includes the legislative bases, areas of application,
management principles and criteria, management procedure and legal ability.

1. Legislative bases '

In the past, there were no laws and regulations on the management of
decommissioning offshore oil platforms in China. Only in the Supplementary
Provisions of The Marine Environmental Protection Law of the People’s Republic
of China, and Regulations of People’s Republic of China Concerning the Dumping
of Wastes at Sea and its measurement deal with the disposal of platforms. There is
no other detailed regulations, rules or standards. ;

The tentative regulation prepared by SOA will be a basic rule for the
decommissioning offshore oil platforms in China. :
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2. Areas of application

The above-mentioned regulation will be apphcable to the internal sea and
territorial sea of the People’s Republic of China and all other sea areas under the
jurisdiction of the People’s Republic of China.

In this regulation, the term “platforms” refers to the drilling vessels, fixed or
mobile drilling platforms, production platforms, as well as other facilities related to
offshore oil exploration, exploitation, production, storage and transportation.

3. Principles and operating process for the decommissioning aged offshore oil
platforms

The operating process for the decommissioning offshore oil platforms shall
include 4 steps: 1, Impact assessment of the decommissioning against the principles
of marine environmental and resource protection, safety, and other area uses, 2,
Dismantling all facilities that would cause marine pollution, 3, Designating sea
areas for disposal (in original place or other sea areas) and 4, Management after
disposal.

For dismantling oil platforms, there may have two patterns, namely, partial
dismantling and complete dismantling. Complete dismantling refers to dismantling
all facilities above the mud floor of the sea. Partial dismantling refers to the
dismantling of only the facilities that would pollute or deteriorate the marine
environment. After being cleaned up, corrosion-proof treated and reinforced, the
remains of oil platforms can be used for other purpose, such as beacons or fishery
reefs.

The cost for complete dismantling is high, so offshore oil platforms may be
partially dismantled, only if its disposal will not affect other sea uses and influence
transportation safety. This is in consistency with the principles and criteria provided
by IOM in 1988.

4. Management Procedure

According the tentative regulation, before decommissioning aged offshore oil
platforms, the owner of the offshore oil platforms shall prepare and submit a
proposal to SOA for approval.

The main contents of the proposal shall include the characteristics of the

- abandoned oil platforms, dismantling pattern and methods, its potential effect on
marine environment and resources, management plan after decommissioning etc.

The proposal is the basis for the government agency to prove and also the
basis to supervise and manage the decommissioning. Only after the proposal is
proved, the platforms can be decommissioned, according to the regulation.

5. Legal liability |

~ After decommissioning, if pollution still exists, resulted from the violation of
this regulation and other related laws and rules, for example, the pipelines are not
cleaned enough according to standards, and the lights are not installed on the
remains of platforms, the owner of the platforms can’t be exempt from legal ability.

3. Future Plan '

To supplement and coordinate the implement action of the tentative regulation,
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a technical guideline is being made on the concrete practice.

In addition, international cooperation on this issue is very important. We
would like to learn the experience from outside and exchange ideas with each other
S0 as to improve our management work.
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APEC WORKSHOP ON ASSESSING AND MAINTAINING
THE INTEGRITY OF EXISTING OFFSHORE
OIL AND GAS FACILITIES

VIEWS ON MAINTAINING INTEGRITY OF EXISTING
OFFSHORE FACILITIES
THAILAND

SOMKIET JANMAHA

PTT EXPLORATION AND PRODUCTION PUBLIC CO., LTD.
BANGKOK, THAILAND



VIEWS ON MAINTAINING INTEGRITY OF
EXISTING OFFSHORE FACILITIES THAILAND

©  EXPLORATION AND PRODUCTION HISTORY

[433

-~ PRESENT FACILITIES |
©  MAINTAINING OF EXISTING FACILITIES




EXPLORATION AND PRODUCTION HISTORY
OFFSHORE THAILAND

COMMENCING SEISMIC SURVEY

EXPLORATION DRILLING STARTED

1333

o 1971-72:
| FIRST DISCOVERY IN THE GULF OF THAILAND

= IN OFFSHORE ANDAMAN - UNTIL NOW, SMALL
ACCUMULATIONS WERE FOUND IN THE DEEP WATER
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EXPLORATION AND PRODUCTION HISTORY

GULF OF THAILAND |

SEVERAL OIL AND GAS FIELDS HAVE BEEN
DISCOVERED WITH MAINLY GAS

1978:
DEVELOPMENT OF THE FIRST GAS FIELD -
ERAWAN FIELD
1981:
—> FIRST GAS PRODUCTION

CURRENT PRODUCTION APPROX.:

GAS : 1700 MMSCFD
COND : 54,000 BCPD
OIL : 33,000 BOPD




Thailand Offshore |
Oil & Gas Fields and Pipeline

Thailand

TA LUANG

Andaman Sea
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- & Natural gas demand location
Future pipeline
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Producing Offshore Facilities

s R R

Gulf of Thailand
EXISTING FACILITIES
FIELD OPERATOR
Fixed PIF Pipeline FPSO FSO

Bongkot PTTEP 14 103 km. - 1

s ULUILUII, Unocal 97 772 km. - 1
Pailin Fields

2 Benchamas, Chevron 10 33 km. 1 1

Tantawan Fields

@ Gas Transmission PTT . 1164 km. - -

TOTAL 4 121 908/1164 km. 1 3
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OFFSHORE FACILITIES - GULF OF THAILAND
DESIGN I CONSTRUCTION I INSTALLATION

+~ DESIGN AND CONSTRUCTION BY OPERATOR

SPECIFICATION

- CERTIFICATION / CLASSIFICATION BY CERTIFYING
AUTHORITY

» GOVERNMENT REGULATORY BODY: DEPARTMENT

OF MINERAL RESOURCES (DMR), MINISTRY OF
INDUSTRY (MOI) IS IN CHARGE




MAINTAINING OFFSHORE FACILITIES
GULF OF THAILAND

= MAINTAINING PROGRAM BY OPERATOR GUILDLINE

- INSPECTION / SURVEY PROGRAM APPROVED BY

CERTIFICATION / CLASSIFICATION AUTHORITY ON
" CERTAIN PROGRAM |

6E¢

~  GOVERNMENT BODY: DMR, MOI IS IN CHARGE
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Rehablllty Based Platform Ultimate Strength Criteria

for design and reassessment of steel Offshore Platforms
in the South China Sea environment
By
Jan Willem van de Graaf
Rama Krishna Gunturi

1 Summary

In this paper reliability based ultimate strength criteria for an offshore jacket structure are derived. Simple
models for platform cost and for extreme environmental loading are input into cost benefit analysis. The
analysis provides criteria for design and reassessment in terms of the required margin of safety between a
platform’s collapse strength and the corresponding design environmental loading. For unmanned platforms,
the criteria are derived based on economic risk assessment. For manned platforms criteria are derived by
reducing risks to a level which is a low as is reasonable practicable (the ALARP principle). Finally, a
procedure is recommended for application of these criteria in combination with the API-WSD and API-
LRFD recommended practices for design fabrication and installation.

Cost benefit analysis is also used to determine the value of doing underwater inspection. The calculations
show that for the unmanned structures currently operated by Brunei Shell there is no economic value in
performing detailed underwater inspection. Doing nothing is cheaper in the short term and long term. The
Survey planning of the API recommended Practice API-LRFD, published in its supplement, is therefore
adopted for defining the strategy for underwater survey.

-2 Introduction

In 1974, Bea [1] presented the principal aspects of Structural reliability Analysis (SRA) of offshore
structures. They consist of five major components:

i) Loading probabilities - A forecast of the frequencies of experiencing various magnitudes of
environmental loading during a platform’s life

ii) Resistance probabilities — An assessment of a platform’s ultimate strength and the probabilities of
realising various magnitudes of such strength.

iif) Reliability Estimates — An evaluation of a platform’s performance in terms of the probability of

failure that is the probability of experiencing a magnitude of environmental loading that exceeds
the platform’s strength.

iv) Value analysis - A financial assessment of benefits (failures prevented) and costs (initial
fabrication costs and potential future losses)
V) Development of loading parameters and factors of safety to be used in design.

Since 1974 the acquisition of environmental data and the modelling of the physical processes involved
(environmental loading and structural collapse) have significantly developed. In addition, the technology
and expertise has grown. Efthymiou [2] showed that these developments allow accurate quantification of
the statistics of extreme environmental loading and of a platform’s collapse strength. Consequently, he
demonstrated that the ensuing reliability estimates, value analysis and safety factor development can be
quantitatively applied in design and reassessment. In the following sections, the methods discussed in [2]
are applied to BSP’s structures in the South China Sea. This provides reliability based platform ultimate
strength requirements (or global safety factors) for generic types of platforms specific to the region. It also
supports the adoption of a minimalist underwater inspection strategy

3 Value Analyéis & Global Safety Factors

The value analysis involves a cost model describing the total expected costs of an offshore structure. The
expected cost model has two components:

M) =C@) +CF)
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Where: C(T) = expected total costs (to be minimized)
Cc( = initial costs (cost of fabrication and installation) of the substructure
C(F) = expected present value of potential future costs

The expected present value of potential future costs is the expected costs of potential losses in the event of
platform failure and can be expressed as:

é ( prob. of failure)- ( financial consequences)

n=l (7+2)
Where: y = discount rate
L = platform life

Cc(F)=

The financial consequences contributing to C(F) should include replacement of the sub-structure, the super
structure and pipeline(s), re-drilling the wells, cost of deferral of production and cost of clean up.

3.1 Initial cost Models for New design and existing structures

The initial cost model for fabrication and installation of a new substructure is related to the platform
collapse strength as follows:

C(D =P + (1-B)[5 +(1- 5)(RSR/RSRreq:q)]

Where: B = cost component of installation as fraction of total installed cost of the jacket
) = component of jacket cost due to topside loads and geometry requirements as fraction of
total jacket fabrication cost
RSR = Ratio between jacket collapse strength and extreme environmental load with a return

period of 100 years, E g9
And:

RSR = platform collapse strength

environmental design load, E

RSR.ya = Ratio between jacket collapse strength and extreme environmental load with a return
period of 100 years required to achieve minimum cost

Note that in the above equation C(I) has been normalised with respect to the Initial cost of a structure with
a reserve strength ratio of RSR..q:¢. The RSR can also be interpreted as the global margin of safety against
platform collapse. Based on fabrication and installation cost data of recent projects together with the Tern
resizing study [3], reasonable values for § and 8 for water depth of 100 m and less are derived as:

B =0.44 and 8 = 0.60
and: C(1)=0.776 + 0.224(RSR/RSReqa)

When reassessing an existing structure the initial costs are those associated with the potential requirement
for strengthening of the structure. The cost model for strengthening of an existing substructure C(S) is
obtained by assuming that offshore strengthening, that is offshore ‘fabrication’ is a factor ¢ times onshore
fabrication. The cost required to increase the platform collapse strength from RSR o, to RSR is then as
follows:

C(S) = 9(1-B){[8 +(1- YRSR/RSRysicn)}- [ 8 +(1- 8)(RSRyrio RSRysio)]}

C(S) =0 (I'B)(l‘ 8)(R‘S'R/I-‘)‘S'Rprior'1)
Where:

C(S) = cost of strengthening an existing structure to achieve the collapse strength

RSR ¢ = factor between the costs of offshore strengthening and onshore fabrication

As example taking ¢ equal to 10 the cost required for increasing a platform’s collapse strength from
RSRyyior to RSR is then as follows:
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C(8) =2.24 (RSR/RSRyio: -1)

3.2 Failure Probability

3.2.1 Loading probabilities

As final aspect of the calculation, the probability of failure can be obtained from the ‘long term’
environmental load distribution, which relates the environmental load with return period RP, Egp to the
return period according to [2]:

[Erp / Ejgo - 1]= @ log[RP / 100]

where:
RP = is the return period in years
Egp = environmental load with return period RP
Ej90 = environmental load with return period 100
o = the slope of the relationship

The above relationship defines the extreme environmental forces as function of the return period (the

inverse of the probability of occurrence). The long-term load equation can be rewritten in terms of the
annual probability P (E) of exceeding the load level Expas follows:

P(E)= Ae[‘E /on

Where:

E = the normalized load Egy/E 49

P(E) = the probability of exceeding Egp

Ey, A= coefficients defining the long term environmental load statistics
with A=0.01e%* and E, = 0/2.3026

Structural collapse is assumed to occur when the extreme environmental load exceeds the structural
strength, when E>RSR. Herice, thej probability of exceeding E is the probability of failure Py
-E [E,

For the shelf areas along the Borneo coast line the values of the constants have been derived as:
o=047,4=1342 & E,=0.2041

3.2.2 Resistance probabilities

Having discussed the uncertainties in the ‘long term’ extreme loading, it is sensible to also account for the
uncertainties in structural strength. The probability of exceeding the strength of a system is given by (see
Efthymiou [2]):

P = Tael-5E] r(E)E
0

Where: Pr(E)= structural strength distribution and may be defined by a normal distribution of the
RSR variable: ' »
, ,
PR (E) = ! e["(E"RS&') /262] with RSRm = R,,/E]oo
N2ro
Where o= standard deviation of the distribution of structural strength

R,, = the mean value of the distribution of structural strength
RSR,, = the mean value of the corresponding distribution in RSR

The expression for the probability of failure becomes only slightly more complex:

P = 4el-RSR.[E,) o3 /2E]]
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Thus, the probability of failure becomes larger when one accounts for possible variation in system strength
around the mean value. As identified by Efthymiou [2], for developing factors of safety, taking a COV on
system strength of 10% is a reasonable starting point. '

The API Load factor Resistance design practice [3] is based on the more commonly used log normal
distribution for describing the uncertainties in environmental loading and structural strength. Efthymiou [2]
showed that log-normal distribution can be matched to the exponential and normal distributions used here,
and provide an equivalent problem description. Moreover, Efthymiou shows that these log normal
distributions provide a good but slightly conservative estimate of platform failure when compared to
actual failures that have occurred in the Gulf of Mexico during Hurricane Andrew in 1993.

3.3 Factors of Safety for New Design of Unmanned structures

For jackets in up to 100 m water depth, the financial consequences of failure C(F) are estimated to be 20
times the initial installed cost C(I). Based on the above simple models the total expected cost curve as
function of platform collapse strength for an unmanned structure in the environment of the South China Sea
is obtained and shown in Figure 1. The total cost is presented as a normalised cost. It is divided by the
initial cost that corresponds with the minimum total cost.

1.5 3
$ risk + fabrication cost
—-"""'—

1.3 \
= 1.0
2
= /
§ Target RSR
= /

0.8

fabri¢cation cost
0.5
1.0 1.5 2.0 2.5 3.0

Collapse load/100 year design load

Figure 1 Expected cost as function of RSR
for design of new structures

The minimum cost is achieved when designing the platform to have an RSR = 1.99. Above this value the
increase in the expected total cost is due to increasing fabrication cost with the associated expected present’
value of future cost becoming negligible. Below this value the expected present value of future cost

increas?‘s significantly faster as too much risk is involved. The probability of failure at the RSR = 1.99 is
1.2x10™.

3.4 Factors of Safety for Reassessment of Unmanned structures

When reassessing an existing structure the initial costs are those associated with the strengthening the
structure. The financial consequences of platform collapse are assumed the same, that is, 20 times the
original fabrication cost with a field life of 25 years. The cost of offshore strengthening is assumed to lie in
between 5 and 10 times the cost of onshore fabrication (i.e. ¢ = 5 & 10). The total expected cost of
strengthening a structure with a RSR i, of, as example, 1.3 is a function of the RSR achieved after
strengthening. Two curves, bracketing the range of total expected cost, are obtained and shown in Figure 2.
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The minimum cost for strengthening depends on the value of ¢, and is obtained when the platform is
strengthened to achieve an RSR of between 1.59 and 1.75. Above these values the increase in the expected
total cost is due to the increasing costs of strengthening and the associated expected present value of future
cost becomes negligible. Below this value the expected present value of future cost increases up to the
maximum risk value, achieved at the RSRyyo; of 1.3. The range of the probability of failure for achieving
minimum cost is from 3.6 x10™ to 7.6 x10™*.

The value 1.67 (the average of the two values 1.59 & 1.75) is a pragmatic target. The corresponding
probability of failure is 5.2 x 10, This target is appropriate for unmanned, or not permanently manned,
installations, for which the consequences of failure are only economic in nature.

1.5

1.3 strenethening clost
10 x onshore fabrication /
3 x onshore fabritation

1.0 AR

$ risk -+ stréngthening cost \A/

/
(]
E \
g 0.5 \
AN
) ange of target RSR

7/
L

N =

1.0 L5 2.0 25 3.0

Collapse load/100 year design load

Figure 2 Expected strengthening costs as function of RSR
for re-assessment of existing platforms

3.5 Factors of Safety for Reassessment of manned structures

The design and reassessment of manned platforms cannot be finalised using economic value analysis alone.
When risk to personnel life is involved the assessment must be done using the ALARP-(As Low As is
Reasonably Practicable) principle. A relevant measure of personnel risk is the Individual Risk Per Annum
(IRPA), which is the probability of an individual becoming a fatality. The IRPA should be reduced below
10”/year to a level that is as low as reasonably practicable. A risk level above 10”/year is considered
unacceptable and should be rectified immediately. A risk level below 10°%/year is considered negligible.

To decide whether the situation conforms with the ALARP principle Cost Benefit Analysis (CBA) is
performed in which the Incremental Cost of Averting a Fatality (ICAF) is evaluated. The ICAF is
determined to evaluate the need for increased strength and is defined as:

net cost _ ACOST

ICAF = — =
reduction in expected loss of life ~ APLL

The net cost is the cost of increasing the strength of the structure minus the monetary benefits (that is the
reduction in economic risk). APLL is the reduction in expected loss of life resulting from the increase in
strength and is given by

APLL = (P(failure), — P(failure), ) (no. people on board ) * (service life)
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Where:

P(failure); = probability of failure before strengthening
P(failure); =.probability of failure after strengthening

As indicated, a safety margin on the basis of economic value analysis alone may not be sufficient and the
ICAF can be used to evaluate the acceptability of design safety margins with respect to loss of life. In
general, increases in safety margins and upgrade measures with an ICAF of less than about US$ 10 million
are considered reasonably practicable. If the ICAF for a strengthening option rises above US$ 10 million
this particular measure is not considered as reasonably practicable. In general, alternative measures may be
more cost effective. Other risk reducing measures to mitigate hydrocarbon, work and travel related risks are
more likely to have a lower ICAF and hence should be carried out first.

Figure 3 provides the total expected cost curve as function of RSR for a manned platform in 100 m water
depth in the environment of the South China Sea.

1.5 %

5

isk + fabrication cost

1.3

/
] /
038 \ normalised ICAF target RSR

I
i
|
\ ]
fabrication cost : /
M

1.0 1.5 2.0 2.5 3.0
Collapse load/100 year design load

normalised cost or normalised ICAF

0.5

Figure 3 Expected costs and normalised ICAF as function of RSR

Also shown is the normalised ICAF (normalised on US$ 10 million) as function of RSR when considering -
the presence of 60 men on board. The design needs to achieve an RSR of 2.43 in order to increase the ICAF
above US$ 10 million. The probability of failure is 1.8 x107 /year. Since the proportion of time an
individual spends on board each year is approximately 0.5, the contribution to the IRPA from failure due to
extreme storm is 9.0 x10"%/year. This is in the low range and is acceptable. Figure 4 shows a typical overall

risk pie chart for a modern North Sea installation used for production and accommodation [4]. The overall
risk IRPA is about 6*10™.

The various risk contributions apart from the extreme storm risk are based on QRA carried out as part of

the Safety case for the UK Regulator. The extreme storm risk is simply set at 2.5% which corresponds to
IRPA = 1.5%107
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storm {2.3%}

collision
(16.5%})

travel (27%)

Figure 4 Individual risk per annum in a modern North Sea Installation
(total IRPA =6*107)
Table II provides target RSRs and corresponding probabilities of platform failure for design and
reassessment of existing manned and unmanned platforms in the South China Sea for water depth of 100 m
and less. Additionally Table II provides environmental load factors yg that are intended for use in
combination with the API LRFD recommended design practice [3]. The factors yg follow from a lower
bound collapse strength relationship for system behaviour [2]:

RSR=137yz

Table II Target RSRs and corresponding probabilities of failure
for structures in 100m water depth and less

Structure type RSR Env. Load | Prob. of failure
factor yg
New unmanned 2.00 1.46 1.3 x10*
New manned 2.43 1.77 1.8 x10”
Existing unmanned 1.67 1.22 52x10*

Note:

No distinction is made between the requirements for existing and new manned structures. If an existing
manned structure does not satisfy the criterion given in Table II it is recommended to carry out a specific
assessment to evaluate practical options for reducing risk and rank them using CBA.

4 Implementation in Design and Reassessment

Having derived a set of reliability based target RSRs the implementation requires an accurate quantification
of both the extreme storm environmental loading and the ultimate strength of a platform structure.

The evaluation of the extreme environmental load requires the evaluation of any reasonable combination of
wind speed wave height and current speed (joint met-ocean criteria) that results in the 100 year return
period design load. In the South China Sea a basis is provided by the South East Asia Meteorological
Oceanographic Study (SEAMOS) [5]. This ‘Hind-cast’ study has produced a database consisting of
simultaneous time series of extreme waves, winds and currents, simulated for 206 historically occurred
extreme storms. Because the current simulations are not accurate, correlation studies (between wave and
currents), based on measurements at specific locations, are applied to simulate joint occurrence. In general,
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the present assessments of extreme 100-year environmental loads for the South China Sea area are '
considered reasonably reliable and conservative. :

Often the original design environmental load is the combined result of extreme winds, wave and currents
that are assumed to occur simultaneously. Often this is not the case. The use of ‘joint’ met-ocean criteria
with a 100 year return period, together with the new API-WSD (LRFD) wave loading recipe [6,7] (realistic
values for hydrodynamic force coefficients, wave kinematics reduction factors, current blockage, etc)
endeavours to achieve an accurate assessment of 100 year extreme environmental loading E;o. The ratio
between the original design load E,yigina and the extreme environmental load E o, the Design Load Ratio, is
defined as:

E original

DLR=
Ejp0

The Reserve Strength can also be defined and obtained with respect to the original design load:

RSR platform collapse strength

original ™ ioinal environmental design load

The RSR,igina defined in this manner provides a good authentication of the structure’s collapse strength,
since often its magnitude can be directly related to the design code safety factors, conservatism in design
practice and system behaviour. Figure 5 shows a histogram of the results of 29 ultimate strength

assessments (so-called pushover analyses) performed for structures of the Shell Group [3, 9, 10, 11, 12].

6

no. platforms

T T
N % 9 o o q < )
IS T B~ o o

collapse load / design load = RSR

181

T T T T T T I“I T
© o
o o

Figure 5 Histogram of 29 values of RSR iz

The design process results in structures that are on average 2.3 times stronger than the original
environmental design load. This represents a significant margin of safety with respect to structural collapse.
Moreover, the original environmental design loads are often significantly larger then the values presently
adopted. Hence:

DLR> 1.0
This increases the actual margin of safety, since:

RSR=DLR- RSRoriginal
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4.1 Reliability Based design (new structures)

The American Petroleum Institute (API) provides the API-WSD Working Stress Design practice [7] and
the API-LRFD Load Resistance Factor Design practice [6]. Both types can be adopted for achieving

- reliability based structural design. A flowchart providing the recommended procedure for using these
practices is given in Figure 6.

The API LRFD design practice has a ‘reliability based’ format. By virtue of the use of the environment
dependent load factor v, its use results in a structure for which the RSR achieves the target values.
Pushover analyses are still recommended but are of confirmatory nature.

They provide good insight into system collapse behaviour, identifying critical components and allow better
optimisation. On the other hand, when using the API-WSD design practice, pushover analyses are
obligatory as the resulting collapse strength may not be sufficient and resizing may be required.

Use Hindcast to derive joint metocean conditions
which generate the 100 year environmental load
and long term load distribution

with the parameters: o, A& Eg

:

| L

API-LRFD API-WSD
Perform design using joint metocean conditions Perform design using joint metocean conditions
and environmental load factors as follows
manned yE=1.77

unmanned yE = 1.46

v recommended confirmatory mandatory
ll.i"lllD...l...l.’.l.’ll'l»"
pushover analyses pushover analyses

Perform Pushover analyses
to verify/resize design
manned RSR >2.43 unmanned RSR >2.00

\

Figure 6 Reliability Based Design

The API LRFD design practice appears the most elegant and the most straightforward. Indeed for deeper
water, 100 m or deeper, use of the API-WSD design practice followed by pushover analysis may result in
resizing of major vertical diagonal members, pile penetration, pile size and legs. This could significantly
change the original starting point, potentially resulting in an iterative ‘design loop’. However, for drilling
Jjackets in 40-50 m water depth, resizing of the structure will most likely be restricted to only the main
vertical diagonal members and inefficient design iterations need not be feared.

4.2 Reliability based reassessment (existing structures)

Reliability based reassessment also requires accurate quantification of both the extreme storm
environmental loading and the ultimate strength of a platform structure. The RSR (with respect to the 100
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year environmental design load, if available) can be obtained directly by performing an ultimate strength
assessment. This is shown in the left-hand side of the flowchart, Figure 7.

Use Hindcast to derive joint metocean conditions
which generate the 100 year environmental load
and long term load distribution

with the parameters: ¢, A& E ¢

Evaluate original design load

v

Perform Pushover analyses, evaluate

Platform collapse strength
RSR original =

Original environmental design load

(use original design env. Loadset)

' >¢

Original environmental design load
evaluate DLR= g g

100 year environmental design load

v v

Evaluate RSR = RSRoriginal X DLR
(optional: perform pushover analysis to verify,
use joint-metocean 100 year env. loadset)

X ¥

Evaluate RSR
w.r.t. joint-metocean 100 year env. loads

RSR > target
unmanned RSR > 1.67
manned RSR >2.43

Unmanned: perform specific $risk assessment
considering repair options

Mamned: perform $Srisk & ICAF assessment
consider options to reduce risk to ALARP

Figure 7 Reliability Based Reassessment
Alternatively, the platform strength could be evaluated before accurate data on 100-year environmental
load conditions is available. The procedure, shown in the right hand side of the flow chart in Figure 7,
evaluates three parameters, Eorigina, RSRorigina and When available DLR:

i) The magnitude of the original environmental design load E, g, using the original hydrodynamic
- drag and inertia coefficients and the original hydrodynamic modelling practices.

ii) The Reserve Strength Ratio RSR.igina With respect to the original design load E,igina:

iif) When accurate data on 100 year environmental load conditions is available the ratio
DLR = E,iginai / E 90 is calculated
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However, a simple verification by performing a confirmatory pushover analysis using revised
environmental conditions £y, for one particular wave attack direction is recommended.

4.3 Platform Robustness

As shown by Figure 5, the design process results in structures that are on average 2.3 times stronger than
the original environmental design load. In addition, the original environmental design loads are often
significantly larger than the values presently adopted. Therefore, unmanned platforms are significantly
stronger than the factor 1.67 required based on minimum cost. Table II shows some results obtained for a
number of structures.

Table 11 Ultimate strength of generic types of platforms

Structure Type comments RSRyriginat | DLR | RSRyecent |
4 pile wellhead jacket - 1.98 1.57 3.11
6 pile drilling platform Single batter 1.57 1.20 1.88
6 pile drilling platform Double batter 2.59 0.97 2.53
6 pile drilling platform - 3.06 1.07 327

When performing ultimate strength analyses of platforms the primary members that are involved in the
failure mode are identified. These are critical to achieving the ultimate strength. The reduced collapse
strength is calculated when one of such primary braces, which participate in the failure mode, are removed.
This models the maximum possible reduction in strength that may be caused by gross structural damage
without the asset-holder being aware of it. This damage is either due to fish bombing, dropped objects, or
the separation of a node weld caused by fabrication weld root defects or fatigue cracking. Events with the
potential to cause more severe damage are conceivable (e.g. boat collision] but in such instances the asset
owner would be aware of the event and will be in a position to take the necessary measures. Table III
shows some results obtained for a number of structures.

Table III Residual strength of generic types of platforms

type Members involved | Loss of | Residual
in Failure strength | strength
mechanism
4 pile wellhead jacket 4 VDMs 24% 2.36
6 pile drilling platform 8 VDMs 12% 1.65
6 pile drilling platform 3 VDMs 34% 1.67
6 pile drilling platform 3 VDMs 34% 2.16

(VDM = Vertical Diagonal Member)

As the size of a structure increases it often becomes inherently more redundant and more members are
involved in the failure mode. Consequently, the loss of strength resulting from member removal reduces
when the number of members involved increases. For the examples in tables II & 111, the platform’s
residual strength is close to or greater than the target RSR of 1.67.

This outcome shows that BSP’s generic types of structures are very damage tolerant and potentially may be
able to afford to lose a critical member.

5 The Value of Under Water Inspection

The need to inspect and maintain a structure depends on its susceptibility to damage and degradation. A
highly redundant structure may be able to suffer significant damage without much loss in functionality and
load bearing capacity. Consequently, for such robust structures a high level of inspection may not be
warranted. The assessment of the ultimate strength of a platform and its robustness thus provides the basis
to develop an appropriate inspection philosophy.
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The value of underwater inspection is determined by the NPV of the total inspection costs over the platform
service life together with the potential future costs due to platform collapse. The cost model again has two

components:
: C(T) =C(Ins) +C(F)

Where:
C(T) = expected total costs
C(Ins) = NPV of Inspection costs over service life
C(F) = expected present value of potential future costs

The expected total costs include the cost of repair in the case that damage is found:

L . ;
C( )= ¥ C+ P(damage) Clrepair)
n=m,2m,... (1 + ,‘()"
with C = cost of inspection per year and C(repair) = cost of repair

m = no. of years between inspections over the service life

The expected present value of potential future costs is the expected costs of potential losses in the event of
platform collapse in both damaged and undamaged conditions and is expressed as

L P(failure), -(financial consequences)
C(F)undamaged = Z undamaged
! (1 + ;()"

n=

L P(damage)- P(failure) damaged * (financial cons'equences)

C(F )damaged = nE:I (] + ){)n

Where: = discount rate and L = platform life

Based on historical evidence the probability of finding underwater structural damage on BSP’s platform is
approximately 0.006/year. Figure 8 shows the probability of finding damage during a platform’s service
life when inspecting every 5 years and when no inspection is performed.

Inspection reduces the exposure period to that of the inspection interval, in this case 5 years, and keeps the
probability of having unknown damage to less then 3%. Otherwise the probability of having unknown
damage would increase up to over 15% during the platform’s service life. Figure 9 shows the total
probability of platform failure during a service life of 25 years. It is calculated for a typical drilling jacket
with reasonably high redundancy, CPDP-10, see tables II & III. Inspection reduces that probability by at
the most a factor 3.

0.2

10 inspeiction /

pd

0.1 /
inspegting
every 3 years

0.05 W : 3

AANANN

0 5 10 15 20 25 30

prob. of damage occuring

0

exposure peridd (years)

Figure 8 Probability of finding damage over the platform’s service life
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Figure 9 Probability of platform failure over the platforms service life
as function of inspection interval

5.1 Unmanned platforms

The cost of repair is assumed equal to 10 times the cost of inspection and the financial consequences are
assumed equal to 2000 times the cost of inspection. The total cost of inspection can now be normalised
with respect to the cost of inspection per year.

The total cost of inspection over platform life (including repair if required) is presented as a function of
inspection interval in years in figure 10. It is calculated for a typical drilling jacket with reasonably high
redundancy, see tables II & III. The jacket has a damaged strength of 66% of its intact collapse strength.
The total cost is primarily that of the inspection. The risk component is small and is the same order of
magnitude when nothing is done.

10.0
cost of doing nothing

g total cost

§ 5.0 - cost of inspection
8

S

-~

0.0 Y T T T T T T T

2 4 6 8 10 12 14 16 18 20

inspection interval (years)

Figure 10 NPV of underwater inspection cost (incl. $Risk)

5.2 Manned platforms

The value of underwater inspection cannot be assessed using economic value analysis alone. When risk to
personnel life is involved the assessment must be done using the ALARP (As Low As is Reasonably
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Practicable) principle. To decide whether the situation conforms with the ALARP principle, Cost Benefit
Analysis (CBA) is performed in which the Incremental Cost of Averting a Fatality (ICAF) is evaluated as
discussed before.

The ICAF can be used to evaluate the acceptability of underwater inspection with respect to the potential
loss of live. Figure 11 shows the ICAF evaluated over the service life as function of inspection interval.

0.10

0.08 4

0.06 -

0.04 -

normalised ICAF

0.02 -

0.00 Y T Y T Y T T T
2 4 6 8 10 12 14 16 18 20

inspection interval (years)
Figure 11 Normalised ICAF as function of inspection interval

The strength and residual strength characteristics of a drilling platform have been taken as representative
assuming 60 personnel on board. The ICAF has been normalised with respect to 10 million US$. The
strength of the drilling platform is 2.53. It just complies with the minimum RSR required for manned
structures, 2.43. Its residual strength after damage drops significantly below 2.43 to 1.67.

>

Clearly in this case the ICAF is extremely low. There is value to underwater inspection since the risk to
human life goes to the high end of the ALARP range; 10~°, when the structure is damaged. The optimum
inspection interval appears to be between 5 and 10 years.

Additional ICAF studies for other platforms of BSP show that underwater inspection is only warranted
when the residual strength of a damaged manned platform drops below the ‘magic’ number of 2.43.

6 Recommended survey plan

Following from the above discussion for unmanned structures costly 'diving-labour intensive' detailed
underwater inspections are not necessary. A practical minimal level of inspection and maintenance is
feasible. Underwater inspection should be limited to a global structural survey using low cost flyby
diving/ROVs to detect gross structural damage or other gross anomalies. For manned structures a more
detailed under water inspection is warranted to ensure sufficient safety with respect to human life.
These conclusions are consistent with the Survey planning of the recommended Practice API-LRFD, as
published in the supplement [8]. This document is used as the basis for defining BSP’s survey strategy

6.1 What to Inspect

The API survey planning has a number of survey levels:

Level I general splash zone and above water examination

Level II general visual underwater inspection by divers and ROV

Level 111 detailed underwater inspection whereby cleaning and FMD can be adopted
Level IV detailed underwater inspection using NDT methods
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6.1.1 Unmanned platforms

For BSP’s unmanned platforms, a Level-I and Level-II surveys are recommended. As defined in the
supplement [8], the level-II survey consists of a general underwater visual inspection by divers or ROV. It
also includes the measurement of cathodic potentials of pre-selected critical areas. Detection of significant
structural damage becomes the basis for initiation of a detailed level III survey.

6.1.2 Manned platforms

At present, for BSP’s manned platforms an additional Level-1II survey is recommended. As defined
in the API-LRFD supplement [8], it consists of a more detailed underwater visual inspection by
divers or ROV of pre-selected critical areas in the structure, where repeated inspections are
desirable in order to monitor the platform integrity over time. Typically, the critical members are
identified by member removal studies. Flooded member detection (FMD) can provide an
acceptable alternative to close visual inspection of selected areas.

6.1.3 Cathodic protection

Effectively functioning cathodic protection (CP) system is an essential requirement to ensure long term
structural integrity of a platform. The anode life of a well-polarised structure is typically greater than its
design life. To this effect, two specific tasks are included into each Diving Underwater Inspection. The
measurement of cathodic potential at selected sites on the structure serves to verify the correct operation
and full coverage of the structure’s CP system. However, CP readings do not necessarily provide
information concerning the state of the depletion of the anodes. Therefore, diver observations are required
to confirm the actual state of depletion of anodes. The above two tasks together provide a fairly good health
check on the CP system.

6.1.4 Fatigue

A Level 1V inspection may be required to monitor fatigue sensitive joints. However, for BSP’s offshore
Jjacket structures fatigue is not considered an issue and only on occasion will such an inspection be deemed
necessary. Combined, both BSP and SSB have an experience base that has accumulated something like
8000 platform years. Inspection experience to date suggests that no explicit wave induced fatigue cracks
have been found in any of Shell’s jacket structures offshore NW Borneo in the water depth of 30 to 70 m.
What has been found are often fabrication defects as no crack growth has been identified. As such, for
BSP’s structures in the South China Sea, fatigue crack growth can be ruled out as a cause for concern. This
is inline with Gulf of Mexico experience where fatigue cracking is not generally experienced.

6.2 When to Inspect

The API survey planning provides a Guideline for survey intervals. This may be increased or
decreased when taking into account: (6):

Original design /assessment criteria

Present structural condition

Service history of platform

Platform redundancy

Criticality of the platform to other operations
Damage

Fatigue sensitivity

Based on the assessments of platform strength and redundancy the following survey intervals are
recommended:

For unmanned platforms, the level II survey should be performed every 5 to 10 years.

For manned platforms the level II including a Level Il survey should be performed every 5 to 10
years
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For platforms, of which the residual strength after loosing a critical member does not reduce to
below acceptable levels (1.67 for unmanned and 2.43 for manned), the inspection interval is not
dictated purely by structural integrity considerations. The inspection interval may be fine-tuned
to suit other operational requirements of the company, such as anode retrofit campaigns. As a
rule, this should be possible for most of BSP’s platforms.
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Value Analysis:
C(T) = C(I) + C(F)

cost model jacket: C(I) = C, +C, X

C(1) = [3+(1-8)(RSR/ RSR )]

RSR — Platform collapse load

design load
incl. Installation:

C@D =P + (1-P)[o+(1-0)(RSR / RSR - )]

C(T) = 0.776 +0.224 (RSR / RSR ;+¢)
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future costs:

p( failure )-( financial consequences)

1 (I+ ;()n

C(F)= é

Probability of failure (exceeding RSR)

Exponential: Pr = P(RSR) = Ae [-Rs; EO]e [Gé /2E, ]

~ Ln(RSR,,)
JCOV, +COV;

Log normal: - Pr= ¢(—- ,8) »
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Required RSR for new design unmanned platforms
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APLL = (P(failure), . ..-P(failure)

MANNED PLATFORMS

ICAF =Incremental Cost of Averting A Fatality
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