Proceedings of the

THIRD INTERNATIONAL
~ OFFSHORE MECHANICS AND ARCTIC

ENGINEERING SYMPOSIUM

VOLUME 1



1611
1984:(3)-1

Praceedings of the
THIRD INTERNATIONAL
OFFSHORE MECHANICS AND ARCTIC
ENGINEERING SYMPOSIUM

presented at

ENERGY-SOURCES TECHNOLOGY
CONFERENCE & EXHIBITION
NEW ORLEANS, LOUISIANA
FEBRUARY 12-17, 1984

sponsored by

OMAE Symposium Technical Program Committee,

Offshore Mechnaics Committee and Arctic
Committe of American Society of Mechanical

Engineers Petroleum Division,

Ocean Engineering Division,

Sofar Energy Division,

Computer Engineering Division,

' Heat Transfer Division

London Centre for Marine Technology (LCMT)

Norwegian Society of Chartered Engineers (NIF)
Society of Naval Architects of Japan (SNAJ
Journal of Energy Resources Technolog

edited by
JIN S. CHUNG,

COLORADO SCHOOL OF MINES,
‘ GOLDEN, CO

VOLUME |

DEEPWATER PLATFORMS
MARINE RISERS
SUBMARINE PIPELINES

. EARTHQUAKE ENGINEERING

VORTEX SHEDDING VIBRATIONS
FLUID-SOLID INTERACTIONS
FATIGUE/FRACTURE
BUCKLING/COLLAPSE

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
United Engineering Center 345 East 47th Street New York, N.Y. 10017



Library of Congress Catalog Card Number 82-70515

Statement from By-Laws: The Society shall not be responsible for statements or opinions advanced
in papers . . . or printed in its publications (87.1.3)

Any paper from this volume may be reproduced without written permission as long as the authors and
publisher are acknowledged.

Copyright ©1984 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All Rights Reserved
Printed in U. S. A.

12l



ACKNOWLEDGEMENT

The success of this Symposium should be credited 16 our organized teamwork members who have helped
either solicit the papers or handle the technical re\_/iews.

List of Session Developers

Y. Akita, The Society of Naval Architects of Japan, Tokyo, Japan

D. Angelides, McDermott, Inc., Houston, Texas

0. A. Ayorinde, Exxon Production Research Co., Houston, Texas

F. G. Bercha, F. G. Bercha and Associates, Calgary, Canada

S. Berg SINTEF, Trondheim, Norway

1. Brooks, Guif R & D Co., Houston, Texas

S. K. Chakrabarti Chicago Bridge & lron, Inc., Plainfield, Ilinois

J. 8. Chung. Colorado School of Mines, Golden, Colorado

K. Davies Getty Oil Co., Houston, Texas

R. Dexter, Southwest Research Institute, San Antonio, Texas

M. L. Fernandez, Gulf Canada Resources, Inc., Calgary, Canada

D. L. Garrett, Shell Development Co., Houston, Texas

L. Goodrich, Nationa! Research Council, Ottawa, Canada

E. Gregory, PETRO-CANADA, Calgary, Canada

0. M. Griffin Naval Research Laboratory, Washington, D. C.

T. Huang, University of Texas, Artington, Texas

T. J. Hudon, Gibbs & Cox, Inc., Arlington, Virginia

K. Karal, SINTEF, Trodheim, Norway

M. Kawahara, Nippon Kokan K. K., Kawasaki, Japan

1. Konuk, National Energy Board, Ottawa, Canada

R. H. Knapp University of Hawaii, Honolulu, Hawaii

Kyriakides, University of Texas, Austin, Texas

. D. Larrabee, Shell Development Co., Houston, Texas

. C. Liu, Civil Engineering Laboratory, Port Hueneme, California

. J. Lunardini. U.S. Army Cold Regions R&E Laboratory, Hanover, New Hampshire
. Mann, SOH!O Construction Co., San Francisco, California

. Maier, Politecnico, Milano, ttaly

. McGuinness, Tetra Tech, Inc., Arlington, Virginia

Montgomery, London Centre for Marine Technology, London, England
. Murray, PETRO-CANADA, Calgary, Canada

. J. Natvig, AKER Engineering A/S, Osio, Norway

. Ohta, Nippon Kokan K. K., Yokohama, Japan

. Otsen, Norwegian Society of Professional Engineers, Oslo, Norway
- Pakstys, NKF Engineering Assoc. Inc., Vienna, Virginia

. Penny, Solar Energy Research Institute, Golden, Colorado

. L. Reitz, Honeywell, Inc., Seattle, Washington

. R. Sanders, Woodward-Clyde Oceaneering, Houston, Texas

. Seireg, University of Wisconsin, Madison, Wisconsin

D. Spanos University of Texas, Austin, Texas

. Singh, Southwest Research Institute, San Antonio, Texas

F. Sladky, Jr., Seattle University, Seattle, Washington

. Sodhi, U. S. Army Cold Regions, R&E Lab., Hanover, New Hampshire
P. Sparks, Institut Francais de Petrole, Rueii Malmaison, France
Switaiski, Draegerwerk AG, Luebeck-Travemuende, Federal Republic of Germany
. T. Tsahalis, Shell Development Co., Houston, Texas

. §. Wang, Exxon Production Research Co., Houston, Texas

WpOLHAOILTNTO

~2 0

>»00

<O@WOO&pT

vii



List of Reviewers

D. Angelides

R. 4.4 Applr;:by
G. Ashton

A. Assur

R. Atkins
S.N. Atluri

J. Audibert

0. A. Ayorinde
F.H.W. Bake
W. E. Baker

R. G. Bea

G. Beach

E. Becker

S. Beltaos

S. Berg ’
P. Bergan

M. M. Bernitsas
B. Bloser

D. L. Boteller
M. Bozozuk

C. R. Brinkmann
M. B. Bryndum
S. Bultema

J. Buitrago

C. P. Burger

C. E. Burton

4. &, Buvk

D. J. Cakins

E. W. Carey '
S. k.‘Chakrabart

C. Y. Chang

J. F. Chappel!

C. Y. Chen

L. Y. Chen

F.-S. F. Chou

C. Chryssostomidis
J. S. Chung

0. Cole

G. O. Costello

D. Cotter

G. Cox

J. Currier

K. Davies

R. Dean

Z. Demirbilek

R. Dempster

E. Eich’

L. C. Eichberger
J. J. Eidred .
M. Erb

P. Erb

J. Falcimaigne
O. Faltinsen

G. C. Feng

D. Fern

M. Ferrick

J. G. Filas

G. Z. Forristall
A. Fox

E. Francis

G. E. Frankenstein
R. Frederking

J. Fredsor

A.S. Fyfe

I. Fyiling

J. W. Galate
D. G. Garrett
C. J. Garrison
N. C. Gates
C. Georgiadis
E. W. Geogory
R. Gerard

E. Godress
L.Goid

L. Goodrich
A. Gow

K. G. Gram
D. W. Grant
A. J. Grass
M.‘Greenhow

0. M. Griffin

0. T. Gudinestad

G. Guymon
G. Hagerman
J. E. Hansford
O. Hansteen
G. E. Harrison
G. G. Hartnup
E. Hasle

D. Haynes

J. C. Heideman
C. E. Heuer
W. Hibter

R. E. Hobbs

W. Howerton

E. Huang
N. C. Huang
T. Huang
T. Hudon
R. Hudspeth
M. A. Imam
M. lsaacson
V. Jacobson
H. O. Jahns

B. Jakabsen

W. Jamieson

E. R. Jefferys
J. Johnson

G. H. Johnston
W. D. Jolly

D. K. Y. Kan
T. Kagawa

P. Kaplan

B. D. Kay

M. Kenley

A. Kerr

C. H. Kim

K. Kokkinowrachos
I. Konuk

A. Kovacs

S. Kyriakides
N.W. Lai

K. Lambrakos
R. D. Larrabee
C. L. Larsen
C. M. Larsen

K. T. Law



W. J. L'den

J. Lee

J. Leeds

S. Len

J. W. Leonard
W. T. Lindenmuth
F.C. Liu

P. L. F. Liu .
C. Llorente

J. Y. K. Lou

C. H. Luk |
V. J. Lunardini
J. Lundgren
T.S. Lunn

M. Lutchansky
D. S. Madsen
W. C. Mahone
G. Maier

A. Mangiavacchi
T. Marthinsen
R. Mcbow

K. McConnell
M. E. McCormick
T. McGuinness
G. McKinstry

J. F. McNamara
R. McTzbower
C. C. Mei

M. Melior

H. Menck

E. Midboe

F. H. Middleton

J. Miles

D. L. Milter

R. D. Milter

T. Mitsuoa

T. Moan

G. Moe

L. Moore

J. R. Morgan

R. J. Morgan

P. R. Mould

T. Mueller

J. P. Murtha

P. Narzul

B. J. Natvig

C. R. Neil

M. Neudorfer
D. Nevel

J. M. Niedzwecki
J. F. Nixon

R. P. Nordgren
G. Nowak

M. Ohokusu

J. Oliphant

O. A Otsen
R.J. Clsen

K. O'Neill

G. V. Oortmerssen
C. D. Ozimina
M. P. Paidoussis
R. V. M_ Pakstys
N. M. Patrikalakis
P. D. Pattilo

A
"A. Singh
S

T. A. Pauliey
R. Pavameswarow
S. F. Pawsey
R. D. Peltzer
E. Penner

T. Penny

C. Petiaushas
T.M. éetav-
R. E. Pfifer -
K. Picha

A. B. Pitko

J. W. Phillips
P. Poranski

L. D. Power
A. Prodanovic
K. Puha

W. Quinn

" F. Rajabi

S. E. Ramberg
D.V.Reddy
R. L. Reid
J. A. Richter

. Sachse

. R. Sanders

. Sarpkaya

. J. Shashaty

W
D
T
L. H. Seidt
A
H. Sheéts
H

. T. Shen
. J. Shugar

. N. Singhal

D. Sodhi

P. D. Spanos
C. P. Sparks
M. W. Spillane
W. Spring

T. C. Stamnitz
R. Standing

J. Sténford
W.F. Sténge
C. T. Stansberg
J. St. James
F.Z.Sun

J. L. Tassoulas

T. C. Tatinclaux

R. Taylor

P. Teigen

R‘. Thorﬁp‘sori
G. Timco

S. Tokogi

Y. Tomita

A. Torum

"M. S. Triantafyliou

D. T. Tsahalis

R. L. Tucker

H. Van Calcar

J. K. Vandiver

G. vanOortmerssen
T. Vinje

T. 8. Vinson

A. C. Walker

J. M. Walker

S. F. Waiker



J. P. Walsh
H. Wang

Y. S. Wang
W. Weeks

C. White

V. Wilhelmy
D. G. Wybro
P. C. Xironchakis
T. Yamato
L. Yao

G. R. Yoder
K. Yoshida
C.C. Yu

J. Yuan

Z. Yuanlin
R. Yumori
T-W. Yung

D. C. Zienkiewicz



CONTENTS

OFFSHORE MECHANICS |

Ocean and Arctic Engineering: Risk and the Economic, Social Legal Context
E.Wenk,Jr............... T

DEEPWATER PLATFORMS—TLP SYSTEMS
Structural Response Analysis of Tension Leg Platform
K. Yoshida, M. OQzakiand N. OKa. . . . .. ... .. . i ettt it ettt ittt ie e
Model Tests of TLP Systems )
R. Dunsire and D. G. OWEN. . . . ... .. . i it e i e e e
Response of a Simple Tension Leg Platform Model to Wave Forces Calculated at Displaced Position
P.D. Spanosand V. K. Agarwal . . . . . . .. . . . e e e e e e
Nonlinear Static and Dynamic Behaviour of Tensionleg Platform Tethers ’
C. M. Larsen, C. N. White, I. J. Fylling,and N. T. Nordsve. . . . ... .. ... .. ueuuinn.

DEEPWATER PLATFORMS—GUYED TOWER SYSTEMS

Design of Guylines for the Lena Guyed Tower

L. D. Power, D. A. Hayes, and C. P. Brown. . . . .. .. ... ... .. e neannnn. PR
Stiffness and Energy-Dissipation Characteristics of Guyed Tower With Dynamic Mooring Propertles

D.G.Morrison . . . . ... ... ... e e
Environmental Load Effect Analysis of Guyed Towers

O.Moand T.Moan . . .. ... ... ... .ttt e e e e e et e
Multicomponent Mooring System Analysis for Guyed Towers

A . Duttaand A. K. Bast. . .. . .. ... e
Nonlinear Dynamic Analysis of Catenary Moored Deep Water Platforms

V. Wilhelmy, S. A. Lotveit,and C. Tangerman . . . ... .. . ... ... v,

FLUID-SOLID INTERACTIONS

Stresses in a Submarine Topography Under Ocean Waves

C.C.MeiandD. F.McTigue . . .. .. ..o e et e e e e e e e
Long-Term Analysis of Wave Climate Using Short-Term Techniques

A.Sanchez-Arcilla. . . . . .. . ... . e e e e
Wave Length and Celerity for Interacting Waves and Currents )

Y-C. LiandJ. B. Herbich . . .. .. ... ... .. . .t e e i
Interaction of Waves With a Moored Semisubmersible . i

S. K. Chakrabartiand D. C. COtter . . . . .. .. ... .ttt e e e,
Nonlinear Wave Loads on Large Structures

Cod Garrison . . . ... ... e
Simultaneous Action of Wave Forces Along Slender Piles

A.Torum,G. Moe,and K. Reed . . . ... ........ ... . .. i i .
Wave Interaction With Multiple Cross-Sections in Finite Water Depth

K. Kokkinowrachos and H. G. Zibell. . . . . . e e e e e e e e e
An Investigation of the Utility of the Morison Equation for Relative Motion Applications

P.Kaplanand J. Bentson . . ..............uu i,
Harmonics of Wave Forces Predicted by the Morison Equation '

F. J. Dello Strittoand T. E. Horton . . ....... e e e e e e e e e e e e e
Time and Frequency Domain Analysis of Marine Structures in Short-Crested Sea by Slmulatmg '

Appropriate Nodal Loads
C.Georgiadis . . .. ........ ... . ... e e e

Xi



Simulation of Storm-Wave Loading on an Alaska OCS Silt Using a Servo-Controlled Multiaxial
Test Apparatus

S. Ketcham . . ... .. ... ... . . ... ... ... S
An Experimental Investigation of the Hydrodynamic interference of? T-Joint in Oscillating Flow

J O.deKatandJ. R.Paulling. . ... . ... .. . . . . @ .. i e
Hydrodynamical Coefficients of a Column With Footing in Finite-Depth Waters

G.P.MiaoandY.Z.Liu..........................: ......................
The Motions of Adjacent Floating Structures in Oblique Waves

N.oKodan. . ... ...
Comparisons of Simulation Methods for Motions of a Moored Body in Waves

M.Takagi,K.SaitoandS.Nakamura...............,..............., ........
Downtime Evaluation of Floating Drilling Rigs

M-C.Chenand R. L. Cornell . .. ....... ... .. .. .. .. . .. . .
Dynamic Coupled Fluid-Structure Interaction Analysis >f Flexibfe Floating Platforms

P. V. Thangam Babu and D. V. Reddy. . . .. ... ... ... ... ... . ... .. ... ... ...
Determination of Fluid Damping Using Random Excitation

J.C. 8. Yang, C. H. Marks, J. Jiang, D. Chen, A. €/ahi, and W-H. Tsai . ... et i e
Finite Element Modelling of the Response of Long Floating Structures Under Harmonic Excitation

C.Georgiadis . ...................... .. e e e e e e e e e s
Experimenta! Study on Wave-Induced Structural Responses of Semisubmersibles

TYOneya. ...

M.Gao,D. B. Chin,M. Y. Ma,and R.G.Sun . . .. ... ... .. .. .. .. . . .~
Dynamic Analysis of Jack-up Platforms .
H.T.Hansen .................... .. .. .. .. ... . . e e e

VORTEX INDUCED VIBRATIONS
Vibrations of Offshore Pipelines Exposed to Current and Wave Action
V. Jacobsen, M. B. Bryndum, R. Nielsen,and S. Fines . . . ... .............. ... ... .. .
Vortex Induced Strumming Vibrations of Marine Cables With Attached Masses
O. M. Griffin and J. K. Vandiver. . . .. ... .. . ... . AU e
" Near Wake Properties of a Strumming Marine Cable: An Experimental Study
A. D. Peltzer and D. M., flooney. .. ...
‘A Comparison of Theoretical and Experimental Prediction of The Vortex Induced Response of
Marine Risers
C. Chryssostomidis and N. M. Patrikalakis . . ... ... ... . .. . . . .
Vortex-Induced Vibrations of a Flexible Cylinder Near a Plane Boundary Exposed to Steady and Wave
Induced Currents
D. T. Tsahalis

RESPONSES OF STRUCTURES TO EARTHQUAKES
Evaluation of Site-Specific Design Earthwuakes
J. P. Singh

...............................

H. L. Jessberger and U. Gutt/er
Evaluation of Seismic Behavior of a Braced Tubular Steel Structure by Pséudodynamic Testing
P. B. Shing, A. S. Javadian-Gilani, and S. A. Mahin, ‘
Analysis for Earthquake Response of Gravity Structures
I.P. Lam and G. C. Liang

xit



Practical Safety Criteria for Inelastic Seismic Design of Offshore Structures
V. Withelmy, E. Smith, and I. Lotsberg . . . . . . . .. . . . . e e e e
Response of a Single Point Mooring Structure to Earthquake Excitation v
S.H.C.Fooand G. R. ThOMPSON .. .. ... . .. . i e e e e e

FATIGUE STRESSES IN OFFSHORE STRUCTURES
Stochastic Dynamic Fatigue Analysis of Steel Truss Towers to Wind Gustiness
E. Smigh, M. Solberg, and O. Skalmeraas. . .. ... .. .............. e e e e e
An Approach to Evaluating Low-Cycle Fatigue in Submersible Structural Design

Choice of Inspection/Repair Period for Offshore Structures With Replaceable Members
RoJ Dexter. .. ...

Time Series Simulations of Wide-Band Spectra for Fatigue Tests of Offshore Structures
CN.K Linand W. H. Hartt. . .. ... ... e,

FATIGUE OF WELDED STEEL
Stress Distribution Formulae and Comparison of Three Stress Analysis Techniques for Tubular Joints
S. Dharmavasan and W. D. Dover .. . ... ............0 . ... i
Analysis of Fatigue Crack Growth in a Tubular Joint Weldment Using the P-Version of the Finite
Element Method :
G. J. Sahrmann, B. A. Szabo and D. Vasilopoulos . .. . .. .......... ... . .
Corrosion Fatigue Tests on Welded Tubular Joints ‘
T.Iwasakiand J. G. Wylde . . .. ........ . ... ... . ... .. .. .. ...
Safety Assessment of Steels and Welds Under Cyclic and Monotonic Loadings at Low Temperatures
N. Urabe, A. Yoshitake andH. Kagawa . .. ... ... ... . . . ... . . . ... . ..

R

MARINE RISERS/DRILL PIPES
Dynamic Response of Free Hanging Risers in Waves
M.H.Pate/andS.Sarohr’a...................,................; ...........
Large Displacement Analysis of a Marine Riser
T. Huang and S. Chucheepsakul. ... ... .......... ... ... . e e e
The Nonlinear Dynamics of Long, Stender Cylinders
Y.C. Kimand M. S. Triantafyllou . ................. . ... .. .. . . e

N.-E. Ottesen Hansen and N. N. Panicker . .. ....... ... ... . ... .. ... . . . . . .
A Simplified Approach on the Elastic-Plastic Analysis of Threaded Connectors

LY. Chenand M. R. Williams. . . ........... ... ... ... ... ... . ... ... .

M. L. Payne, G. R. Wooley, K. W. Roy, C. M. Palmer, R. C. Christianson, and R. L. Forehand, Jr.,
Optimization of Setting Depth for Subsurface Tubing Hanger in Deep Offshore Gas Well

M. L. Payne, G. R. Wooley, K. W. Roy, C. M. Palmer, R. C. Christianson,and R, L. Forehand, Jr..

SUBMARINE PIPELINE
Relationships for Deepwater Suspended Pipe Spans .
C.G Langner.,.............. S
A Theoretical Model of Combined Wave and Current Boundary Layers Near a Rough Sea Bottom

D.-Myrhaug . ...... .. .. . . . . e

xiii

424

533

543



An Application of Structural-Hydroelastic Fracture Models to the “Safe Life’" Design of a Submarine
Pipeline :
R. Bruschi, M. Celant, R. Matteelli,and A. Mazzoli . . .. .. ... .... ..., 569
" Determination of Critical Pressure for Pipe Assemblies With Different Cross-Sections Using Transfer
Matrices

B.SWitaiski . . . . . o e e e e e e 590
Improved Modelfing of Tubular Brace Eiements Under Severe Cyclic Loading

G. H. Powell, D. G. Row, and J. P. Hollings . . . . .. .. .. .. . . . .. @ niinnnn. .. 596
Analytic Determination of the Buckling Speed of Towed Slender Cylindrical Beams ' ’

G. S. Triantafyllou and C. Chryssostomidis. . . . . .. . .. ... i i .. 603
Three-Dimensional Dynamic Study of the Collapse Behaviour of a Thick-walled Submarine Pipeline

J. F. Chedmail, J. Oelbermann, A. Rigon, and B. SWitaiski . . . . .. ... . . ', 608
A Design Formulation for Axisymmetric Collapse of Stiffened and Unstiffened Cylinders

J.G. A Crolland C. P. Ellinas.. . . . .. e e e e e e e 612
Case Study on a 36" Tube by Finite Elements. Buckling and Elasto — Plastic Strength Investigation

H.-G. Schultzand O. Bernhardi. . . . .. .. .. ... ... .. ... 618
A Concept for Design of Submarine Pipelines to Resist Ocean Forces

K. Karal. ... .. P 624

Application of Best Fitting Techniques to Optimum Route Selection for the Offshore Pipeline Crossing
of Uneven Seabed Areas

R. Bruschi, G. Caroni,and A. Mazzoli. . . .. ....... ... .. ...\ e . 631
A Pipelay Analysis Program for Programmable Calculators Employing a Second Order Approximation
G. Harrison . . . .. .. .. 641

Xiv



OCEAN AND ARCTIC ENGINEERING:
RISK AND THE ECONOMIC, SOCIAL, LEGAL CONTEXT

E. Wenk, Jr. Emeritus Professor of Engineering
Public Affairs and Social Management of Engineering,
University of Washington
Seattle, Washington

ABSTRACT

Ocean and arctic engineers typically play
three roles. Through research, trey
contribute new understandings of basic
scientific principles applied in a strenuous
and hostile environment. Through design,
they apply that knowledge to such crucial
functions as construction, transportation,
communication, extraction of " natural
resources, .and environmental conservancy.
Through .serving as a systems analyst or
administrator, they are concerned with both
the industrial management of marine
technology and with its social management.
In this latter concept, ocean and arctic
engineers bond their technical talents with
deeper perceptions of their client's dilemmas
in a concern for ends as well as means. This
exercise is the Jleast familiar to the
engineering professional, yet it entails the
most trenchant contribution that engineers
make' to human affairs and thus the noblest
expression of social responsibility.

This paper traces the connections of ocean
and arctic engineering to their broadest
context--the economic, social, legal,
cultural and political ramifications that
increasingly season intrinsic elements of
research, design and application. wWith a
series of historical and anecdotal vignettes,
this theme is elaborated to dramatize the
sharp changes that have accompanied the
interaction of technology and society
generally in the 1last four decades. Moving
from examples of the excitment of personal
enlightment through discovery to the
satisfaction of successful operating
performance, this review concludes with four
evolving challenges: updating tools of
practice to incorporate notions of risk
assessment and social impact; major reforms
in engineering education to emphasize breadth

’

instead of specialization; active engagement
in technology-policy analysis to facilitate
citizen enlightenment and foresight; and
recognition that enginkering ethics must
parallel technical proficiency and virtuosity
in carrying to the future the unique torch of

noblesse oblige.
INTRODUCTION

Every . speaker must acknowledge a special
challenge and a special responsibility in a
keynote address. With this Third
International Sympoesium on Offshore Mechanics
and Arctic Engineering, for example, some 200
papers will be delivered in 20 technical
fields, and with participants from perhaps 25
nations. One obvious reguirement 1is to
identify a unifying theme. That is necessary
but hardly sufficient. A stage should also
be set to establish perspective for more
specialized contributions that follow.
Finally, the audience should expect that
ideas advanced be sufficiently fresh and
robust to stimulate professional thought long
after the address.

In that spirit, I have <chosen as an
assignment the question  of connections
between ocean and arctic engineering and
human affairs. To avoid glittering but
unproductive abstractions, I shall focus
explicitly on risk, on the . subtle yet
poignant elements of uncertainty that attend
technological enterprises and underpin social
responsibility in all engineering practice.

This theme will be developed in five steps:
(1) key features that characterize the
interaction of technology and society; (2)
circumstances that establish ocean and arctic
engineering as frontiers deserving of the
type of inguiry that attended both nuclear
and space engineering in their infancies;



(3)definitions of risk and its crucial role
ir relating technological performance to
human values, needs and wants; {(4) the role
of government as steward of the public
interest and thus of public policy in risk
abatement; and (5)a few words about the power
of technology assessment to meet needs of
engineering practice, but with some
unorthodox notions of breadth in engineering
education and of public participation.

With that mix of technical and social
elements, it should be evident that value
preferences of the author play a signiiicant
role in analysis that follows. Perhaps these
can be defined by a brief reminiscence of
three life experiences.

My initial ocean engineering exposure was
1n the static and dynamic strength of ship
structures ,then in the generation of new

design criteria tor submarine pressure
hulls. Apart from re=course to mathematical
theory of thin elastic shells, and

experimental stress analysis, that position
carried an obligation to serve as test pilot
on the first dive of each new class of
vessel--- a powerful technique, incidentally,
.of making sure your sums are correct. There
I learned first hand about the trenchant

meaning of the safety margin, and the
delicate tradeoffs required between high
performance and risk in choosing that
number.

Next, it was my fate to serve as a
technical advisor to three U.S. presidents,
and to the U0.S. Congress. lere, I observed
that affairs of government were becoming more
technological and, conversely, that
technology was becomirnig more political. One
the one hand, government was involved with
technology in four separate ways: to
stimulate innovation and entrepreneurship in
private enterprise; as a customer of
(military) technology; as a source of funds
for research and development; and as a
regulator of activities involving
technologically induced risk. On the other
hand, most of the key decisions involving
science and technology were not being made by
scientists and engineers. They were being
made by political leaders-- interpreting and
representing the public interest,
establishing yoals to which technology was
addressed, investing public resources for
their achievement, and selecting both
benefits and beneficiaries.

This fourth role of government emerged from
a property of technology  that I was
unprepared for; namely the power of all
technologies to generate side effects. Many
of these were unforeseen, capricious, often
hibernating to explode as surprises in the
future, in some remote district. Many were
unwanted, and of special concern because of
adverse effects on innocent bystanders.
Nuclear power as an economically attractive
alternative to fossil fuel revealed hidden
problems of cost, waste disposal and safety.
Pesticides to enhance food production could
cause ~Ancer. Computers threatened to
violate ©pri-'azcy and were vulnerable to

criminal intervention. Practically every
technology sought for its benign contribution
to the quality of life emerged as a two-edged
sword.

In wrestling with this paradox, it became
clear that the answers could not be cast as
with engineering as either right or wrong.
Amidst complexity and ambiguity, it was not
even easy to frame the right questions.
Indeed, here was a whole class of questions
with which I was unfamiliar--ill-structured
socio-technical problems -in which the value
ingredients were of comparable importance to
the technical aspects, where there was a low
degree of certainty in the methodology of
solution, and where it was important to ask
not only "what might happen, if?" but also,
"to whom?"

Risk as I then grew to perceive it could no
longer be expressed simply in terms of a
factor of safety as with a submarine pressure
hull,.or only in terms of directly affected
parties as clearly as with the submarine's
crew. The notion of risk became messy. It
was during this interval that, along with
colleagues, 1 tripped over the notion of
technology assessment as an aid to
decision-making with those risk-laden issues
that were proliferating, a matter we return
to subsequently.

My most recent experience as t2acher
introduced a third element. Tn being with
the young, I felt obliged to think with them
about the future, their future. I began to
recognize that tomorrow's risks frequently
arise from today's choices; and, that almost
all of the institutions of our society were
neglecting the future dimension in their
decision-making. Politicians were mainly
worried about how their votes might influence
the outcome the next election, not the
impacts five or ten years hence. Business
leaders were concerned about short run
initiatives that would produce fast profits,
overlooking the longer term effects of choice
on the success of their own organization, but
also overlooking externalities, the effects
of their actions on people and institutions
outside of the transaction. Examples abound
of this pathology of the short run, including
the failure to perceive as long ago as 1970
the energy crisis that was approaching, and
in which we are still embedded. Or the
leapfrog of foreign competition and its
eventual economic shock to the technological
prowess of the United States resulting from

short sighted decisions of industrial
managers.,
Coming as I do from the State of

Washington, I may be especially sensitive to
defects in foresight. This is the state that
hosts the crisis over WPPSS, the Washington
Public Power Supply System. As almost
everyone knows, that organization 1is in a
desperate situation. It chose toc build five
nuclear plants simultaneously, without even
the experience of building one. It was
exploited by the bond merchants, the lawyers,
Bonneville Power Authority, the contractors,



subcontractors and unions. It has suffered
from progressive charnges in safety
requirements in the aftermath of Three Mile
Island. And it was undermined by its own
naivite and lack of objectivity,
in projecting a power demand@ that never
materialized. Now the system is in default
on its bonds, and at best will complete only
two of the: five plants.

There is enough blame in this catastrophe
to charge all parties with negligence. But
what we should recognize is that from the
outset, the fundamental deficieny was failure
of «civilian nuclear power advocates to
approach the problem as technological, not
just as engineering. By that is meant that
human systems components were neglected.
Only with hindsight were adequate questions
raised about risks, uncertainties in
forecasts, in interest charges, the burden of
delay and possible consequences of amateur

management; even about the definition of
risk. People then got into the debate,
organizations that were violently and
hysterically anti nuclear, but also

ratepayers who have to foot the exorbitant
bills and who were not consulted by the PUD
members of WPPSS. Most of the nuclear
engineers didn't understand what was
happening, were unprepared to deal with this
dimension of their practice, were quick to
develop their own emotional attitudes toward
skep*ics, and an intolerance for dissent.

SHIFTS IN TECHNOLOGY/SOCIETY RELATIONSHIPS

What is suggested here is that the contaxt
for the practice of engineering has markedly
changed over the past three decades. During
and after World War II, there was a certain
magic to both science and engineering. The
prevailing attitude of wuncritical support
reflected appreciation of technology in
helping the Allies win a war that was begun
when the AxXxis powers chose to employ
technology as an instrument of their foreign
policy. For our side, not only was there
victory as a consequence of technological
feats such as radar, the proximity fuse, and
the atom bomb. There was victory with a
relatively limited loss in human lives. The
Soviet space surprise of October 4, 1957 only
reinforced a spirit that was already manifest
and eligible for ignition. Through the early
1960's, the nation was equating technology to
progress; and it was asking about technology,
"Can we do it?" One reply was a manned lunar

landing.
During the late 1960's however, another
cultural tide was at work. Many social

Ccritics saw a connection between technology
and phenomena that they felt were detrimental
to human Prograss. Along with a
counter-culture rebellion there was a call to
turn technology off. More signifieant,
however, was 21 growing litany of the unwanted
side effects referred to earlier, epitomized
for the environment by Rachel Carson's SILENT

SPRING. Now people began to ask a different
question, "Should we do it?" That era;
incidentally, was marked by the translation

especially.

into landmark
Environmental

tide
National

cultural
the

of that
legislation,
Policy Act.

In the 1980's, a new issue is emerging,
along with the emotional rhetoric to "get
government off our backs". More to the point
of the interaction of technology and society
is the question, "Can we manage it?"

It is here that we should recognize that
the concept of management extends far beyond
the boundaries of "industrial management".

That field deals with decision making in the .

direct oversight of technological enterprise,
primarily to assure efficiency. Now the
problem is one of social management of
technology, the entire repertoire of social
and policy processes by which socially
satisfactory outcomes, in the long as well as
short run, can be assured. And that means
coping with risk. )

Such an approach is especially important
with frontier technologies where rapid
development such as with space and nuclear
enterprises lacks the luxury of hindsight an~
usually outpaces slower social institutions.
Ocean and arctic engineering fall :nto this
category, thus motivating ‘a search fer their

' connections to public policy and risk.

FRONTIERS IN OCEAN AND ARCTIC ENGINEERING

The sea has always been a vital component
of social history of the human race. It has
served as a source of- food for coastal
communities. It functiohed as a protective
moat, isolating peoples from each other. But
it also provided an inviting, mystical

attraction for the bold and imaginative, to:

foster transport and trade, and eventually as
the route to empire. In modern timas, the
sea acquired four other attributes: as a
source of energy and minerals, a depository
for industrial and human waste, as'a locale
for recreation and spiritual refreshment;,
and, at the coastal margin, as the magnet for
urban populations. Indeed, reccgnition of
the emerging importance of ,the. sea was
reflected at the highest policy level in the
United States beginning in 1959. A flurry of

congressional proposals elevated marine
related endeavors to a level of visibility
and national initiative equal to  the
fledgling space program. Most of _these
initiatives failed, but in 1966, a new law
was enacted, the Marine Resources and

Engineering Development Act, P.L. 89-454.

This new legislation, for the first time in
American history,
of the oceans to national interests and
asserted a mandate for planning, research and
for action that would enliven an otherwise
neglected enterprise. Unnoticed but of
enormous sigpificance was evolution of that
policy from its original introduction in 1964

as the National Oceanographic Act. This title:
‘"reflected an appreciation for the use of the

sea, not simply its. study.
this broader concept came not
stimuli of crisis . or

Paradoxically;
from. the usual
special interest

proclaimed the importance:



pressure, but entirely from the ‘policy
andlysts., While che scientific community h;d
been a powerful lobby to ignite action, it
mainly sought to corcect inadeguate funding
for ressarch, facilities and ships. The
engineering community almost completely
ignored this theatre of action, as had been
their self-imposed practice for so long of
aervous isolation of engineering from
politics. The aerospace community, however,
was a vigorous advocate in the belief that
the marine field might supplement the space
program whose funding under budget pressures
‘of .the Viet Nam war was already drooping, but
it had no marine policy credibility and was
patently self-serving. - The  maritime
community, however, offshore o0il, minerals,
transport and fishing, also ignored this rare
opportunity for engagement of national policy
at the highest level, out of parochial habits
of dealing only with sectoral issues and not
the national interest.

What - happened subsequently with
‘implementation 1is a fascinating story of
unprecedented advocacy by both President
. Johnson and Vice President Humphrey, but it
is beyond the sccpe of this paper. What is
relevant, however, arises from the reality of
the continued presence of that 1legislation
and its neglect by recent administrations and
the Congress, a matter treated later.

But to return to the legislative
history~--in the 1950's, five unrelated
circumstances converged to set the stage for
unprecedented policy-level attention. First,
scientific oceanography began to generate
deeper comprehension of what is in and under
the sea, aud the dynamics of marine ecology.
Second, world populations outracing their
food supply, energy and minerals, began to
examine more seriously resources that lay
relatively wuntapped beyond the coastline.
Third, as these populations grew, they
concentrated along the <coasts, following
industries located there by the compelling
economics of low cost maritime transport as

well as the salubrious environment for
housing and leisure. Fourth, as
“1nternational tensions grew, recognition

increased that the oceans might either become
a theatre for new levels of conflict or an
arena for peaceful cooperation. Indeed., by
the late 1960’s, the same type of attention
accorded marine affairs by the United States
was now on the agenda of the United Nations,
and perforce the policy leaders of most of
its members.

FPifth, and to the point of this paper,
there was growing recognition that through
new engineering developments, man could
engage "activities on, in,. and under the sea
that were historically thwarted by the
hostile and strenuous marine environment.

These five conditions 1led to informed
speculation that during the next few decades,
sharp growth could be expected in extraction
©of offshore o0il and gas, ocean shipping,
arctic development, growth of coastal
‘“communities and associated conflicts in
:Bhoreline use, in commercial fishing and

water recreation. Indeed, it was estimated
that all of these enterprises would expand at
rates exceeding the GNP. This opportunity
waiting to happen was one of the motivations
for signalling a new era in the technological

identity of the legislation.

To be sure, there was a long history of
successful ocean engineering in naval
architecture, undersea cables and tunnels,
coastal protection and shallow, offshore
petroleum operations. All evolved from
classical engineering disciplines, using
basic principles concerning mechanics,
propulsion, materials, structures, energy,
communications, further shaped by
considerations of «cost, reliability, . and
safety. Nevertheless, there was growing
recognition of ‘the special demands of the
marine, and later, arctic environment:
sea-surface motion, tides, currents, wind and
wave forces, hydrostatic pressure at depth,
ice loading, opacity of sea water to
electromagnetic energy, high attenuation and
scattering of 1light, high conductivity of
sounds, lack of gaseous oxygen to sustain
man, problems of the interface, of corrosion
and fouling. These were now gaining
attention as topics both in research and in
practice. And it is these achievements that
constitute the bulk of progress being
reported at this symposium.

This progress can be dramatived by the
swift evolution of offshore 0.1 and gas
development made possible by precocious
platform engineering. From 1970 until 1983,
tne number of offshore rigs increased from
200 to 700. size increased from 3,000 to
60,000 tons. Depth of water drilling

“increased from 340 feet to 1025. Worldwide,

drilling from - various types of platform
advanced in water depth from 1500 feet to
5624. Off U.S. shores with 4 billion barrels
of oil produced since 1970, only 800 barrels
were lost in blowouts.

These statistics confirm our technological
prowess and progress. Yet, as this body of
knowledge and practice advances, gaps remain:
in particular, the connection of ocean and
arctic engineering to human affairs.

RISK AND ITS TECHNICAL MANAGEMENT

So far, we have avoided a

 fa pedantic
negotiation of basic definitions.

But we

.cannot delay that requirement indefinitely.

Three term deserve elaboration because they
are both familiar and misunderstood:
technology, safety and risk.

Technology, as with Webster, represents the
totality of specialized means employed. to
provide objects or services necessary for
human sustenance and comfort. Technology,
therefor, is more than technique, Most
importantly, it is more than engineering. It
is a social process, and has been a
fundamental component of progress throughout
human history. {Indeed, sometimes all we
know of that history is what can be deduced
from technological artifacts that are left



behind). We know . that technoldyy has
profoundly altered human affairs-- material
comfort, life styles, values and
institutions. In turn, technology has been
influenced by the social setting,
institutional structure - and decision
systems. Thus, while technology is said to
impact society, the reverse is also true.

If there is any quantum change from the
past, it is that we no longer simply use
technology; as Langdon Winner has said, we
live it. ©Perhaps this broadening concept of
technology can better be expressed through
the notion of a technological delivery
system--that combination of institutions,
information networks, social, economic, legal
and political processes by which technical
knowledge, combined with fiscal, natural,
human and management resources, is converted
to some selected output. As a footnote, we
recall an earlier observation regarding side
effects, so that in modelling any particular
delivery system (for oil production, maritime
shipping, fishery enhancement, etc.) it is
necessary to include the unintended outputs
as well as the intended,

As to the term safety, this characteristic
cannot be derived on an absolute scale or
stated rigorously as a specified condition
depending on the physical parameters of the
system under study. Rather, safety must be
defined as a socially acceptable state of
risk. Thus, perceptions as to what is
acceptable vary among different groups in.our
society, and at different times. We have
witnessed a sharply reduced public tolerance
for maritime pollution following the TORREY
CANYON incident, for location of nuclear
power plants following Three-mile island, now
even for deaths on the highway from
alcoholics. Most important, there is -a
‘heightened sensitivity by the general public
to technologically induced threats,
particularly to innocent bystanders.

Scholars of risk analysis contend also that
there are two conspicuously different states

of acceptable risk, depending on whether it

is voluntary (as with mariners) or
involuntary (as with passengers on ferries
regulated as common carriers). It must also
be noted that neither the exact state of
safety nor predictions of trends can be based

entirely on historical - casualty data,
especially when appraising the low
probability, high consequence event. There

are many techniques available for risk
assessment, but what follows deals more with
management than with method.

By no means has this element of engineering
been neglected. On the contrary, over the
last 150 years or so risk and its mitigation
have been the subject of reséarch and of

systematic practice through introduction of-

the safety margin. As we all know, the
safety margin is an act of social
responsibility by engineers to protect user
and the general public from bodily harm,
functional inconvenience, and from economic
loss. By this technique, there <can be

" maritime

.

accomodated uncertainties: uncertainties 1in
environmental exposure; in loading, in
properties of materials, in quality control
of fabrication, in maintenance and effects of
aging. The safety margin compensates for
ignorance and fallibility because of
inadequate knowledge in the application of
engineering principles, or of behaviour of
the system never before built to that scalex
Finally, the margin may accomodate risks of
human error, abuse, idiocy, blunder and
mischief.

While all engineers would agree on this
practice, that consensus falls apart when the
question is posed as to how large the margin
should be or how to derive it rationally.
Experience with casualties 1is a powerful
learning aid, and much was learned about the
pressure vessel strength of steamboat boilers
after an epidemic of explosions. Many rules
for ship design were laid down by the rule
making authorities from analyzing loOsses.
Yet, we know from recent experience that even
familiar structures such as bridges and
buildings are not immune today from loss, and
the courts are loaded with 1lawsuits after
almost every aircraft fatality.

Most shocking, perhaps, is the continued
rate of maritime transportation casualties.
Examination of records over the past 10 years
reveals that in U.S. waters, and worldwide,
the rate of accidents has not diminished,
notwithstanding the introduction of many
high~tech aids to navigation. Indeed, the
paradox of continued high accident rates has
led to identification of the "radar-assisted
collision". The nub of _the problem lies ir.
human error being the cause of casualty in
anywhere from 65 to 80% of the cases.

Last winter, I completed a study of
safety in Puget Sound that
reinforced general impressions about.
vulnerability of human systems to human’
frailty. Pinpointed was the role of -
information required by the ship operator for
collision ~ avoidance, and the requisite
competence for its use, Six major,
recommendations at relatively low cost were
recommended to the U.S. Coast Guard. One year
iater, the agency responsible for marine
safety had not even responded to
“ongressional requests for evaluation of
these proposals, even though they i.ave been
supported by the National Transportation
Safety Board, and endorsed by 52 ferry
skippers in Puget Sound.

Now, we begin to recognize that questions
of safety extend. beyond the conventional
reach of the engineer, to include elements of

" both human and institutional behavior that

are relatively unfamiliar to the engineer.

RISK AND ITS SOCIAL MANAGEMENT

Thus,‘. we cannot duck the issue of
preparation by engineers to deal with .risk
management. First, although engirieers
1n;roduge a margin of safety to deal with
uncertainty, this process only treats steps.
to guarantee technical integrity of the



engineered product. That step does little to

deal with 1uwvacertainties associated _with
social wvalues. Here, we find a widely
recognized  gap. As C.P. Snow wrote,

engineers are people who make the hardware,
who use existing knowledge tb make something
go, but conservative in politics and
accepting of any social environment in which
they find themselves if they are permitted
freedom to pursue their craft, indifferent to
human relations, far less sensitive to social
than to technical issues. ©Put -another way,
most technical experts wview technology as a
prhysical entity, as hardware, where risks can
be distilled simply by analysis and then
"controlled”. Non-technical issues are then
dismissed as spurious if not irrational,
especially if they are loaded with ambiguity
(as they wusually are) and not subject to
control.

Put anpther way, engineers would be
comfortable in dealing with socio-technical

risks if they could apply Newtonian
rationality and solve or -optimize the
problem, if it were guantifiable,

reproducable and subject to experimental
proof, and if time and values were constant
for all parties. Instead, we have issues
clouded by ambiguity, with imperfect
information mostly qualitative, incoherence
because of social diversity that engenders
dialectical intercourse, and distributed
decision-making rather than centralized.

The social dimensions of technology,
involving institutions and individuals, their
behaviour, communication channels and
relationships are the key to harmonious
introduction today of any new technology.
Yet this notion is often rejected even though
resulting isolation of the technical
components of technology flies in the face of
reality.

Indeed, engineers typically would prefer to
deal with machines rather than people.
Moreover, the engineer undervalues inputs of
non-technical individuals who are most likely
to be affected by the social uncertainties
involved. These uncertainties constitute the
major battlegrounds on which technological
risks are debated, the social, economic,
political and legal uncertainties that feed
the conflicts and which cannot be resolved
simply by another layer of computer assisted
analysis.  Engineers tend to ignore the fact
that attitudes toward risk of the expert and
the non-expert differ radically, especially
where the expert has such confidence in the
~vailable numerics and the non-expert trusts
only common sense. This is why stake-holders
need to participate in the problem-solving
process. But that notion of public
participation engenders fear and anger
because the engineer and
entrepreneur—-innovator regard involvement of
the public who are consumers of the intended
technology as either an additional cost or an
additional risk, or both!

Admittedly, this notion of involving
stakeholders in the risk analysis process is
pure heresy. Yet, there are botbh ethical and

. of legislatively-based administrative

epistemic grounds for including others when
trying to determine what is a socially
acceptable level of risk. It does not
suffice for the engineer to simply assume
that their values represent the average
citizen. Brian Wynne has put it this way.
"Anthropologists have demonstrated to legions
of experts in developing countries the solid
rationality of peasants who refuse alien and
for them uncertain risks offered by the
moderniser. These peasants are .not
pathological or naive devotees of an illusory
freedom from risk. But they have means for
choosing them which do not include
unpredictable social and cultural changes
combined with deposition of their fate into
the hands of a group whose values and guiding
interests they do not understand, let alone

trust, There is a moral in this for our own

decision-making elites.™

How to involve the stakeholder effectively
is a major enigma.

TECHNOLOGY, RISK, POLITICS AND PUBLIC POLICY

As mentioned earlier , public safety has
become a matter of government stewardship
over the last century or so, now embodied in
an enormous number of engineering codes.
These relate to almost every major artifact
émployed by our society--dams, buildings,
pressure vessels, ships, aircraft, now
automobiles, .etc. and to air, water, food
and drugs. But beginning in the 1960's when
the "ought we?" question was raised, an
entirely different process was conjured up,
rules.
These were required tor engincering systems
having potential for simultaneous hazards tc
large numbers of people, (1) where a fault
could endanger all users, (2) where
interaction of different users can endanger
many 1lives, or (3) where systems utilized
such large concentrations of energy with the
potential for either sudden or long-term
release that again many people would be
endangered.

It is in these cases that the public
interest was felt represented only through
public policy. The product of that change
has been ubiquitous legislation: th= National
Environmental Policy Act, - Consumer Safety
Act,Occupational Safety and Health Act, and
many more.

Even politicians would agree that the
formulation of such public policy is a fuzzy
and often arcane process, made all the more
difficult in the case of policies that are
science and technology intensive, These
policies are different because:

— Scientific fact plays a crucial role in
the substance of these issues, anc
cannot be negotiated by the usual
political bargaining;

- The base of fact may be in a constant
state. of flux; indeed, technological
chang® may exceed the pace (¢34



