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"What you're up against is the great unknown, the void 
of ail Western thought. You need some ideas, some hypotheses. 
Traditional scientific method, unfortunately, has never 
quite gotten around to stating exactly where to pick up 
more of these hypotheses. Traditional scientific method 
has always been at the very best , 20-20 hindsight. It's 
good for seeing where you've been. It's good for testing 
the truth of what you think you know, but it can't tell you 
where youought to go, unless where you ought to go is 
a continuation of where you were going in the past. Creativ-
ity, originality, inventiveness, intuition, imagination - 
'unstuckness', in other words - are completely outside its 
domain." 

Robert Pirsig, Zen and the Art of Motorc -cle Maintenance. 
New York  g Bantam, 1974,p.251. 
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SUMMARY 

This report studies the involvement of consulting and 
engineering design organizations (known as CED0s) with tech-
nological innovation in the Canadian arctic offshore petro-
leum industry (AOPI). The study is oriented to the discovery 
of new concepts as opposed to the quantitatiye testing of 

• w 

existing hypotheses, for there is no previous theory of CEDOs 
and virtually no literature on innovation by contracting and 
innovation in resource industries. The research is centred 
around several major aims, to investigate the extent of CEDO 
involvement, the kinds - of CEDOs involved, the  roles,  and the 
factors causing this form of industrial organization. To carry out 
these aims, it is also neceSsary to study related aspects of 
the innovations and the innovation process in the AOPI. 

A case study and interview technique is used to investigate 
the AOPI over its formative period from 1969 to 1981 and include 
all  vessel and marine structure innovations made by the 6 
petroleum companies involved. Innovation in the AOPI has some 
striking features unnoticed by most of the literature. The 
31 innovations are-characterized by incrementalness and do not 
rely on science or research, but are created by existing kno  _ _ 
ledge-, following engineering design techniques of packaging 
subunits into new systems and optimising around  a design thres _ 
hold; A -conceptual framework of the innovation process is 
made with three parts: corporate initiation; environmental fil-
ter; and project process. The project process is basically the 
sequential steps of the standard engineering project. 

CEDOs account for between 50 and 90% of the design work on 
AOPI innovations but they are not independent as a source of 
technology. Instead, they work extremely closely with the pet-
roleum companies at all initial stages, thus sharing credit 
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for the original ideas. The great bulk of CEDO work is in 
__t_he_prolect_roles_of_elaborating_the innovations,. _They are 
weak in exécution roles. Their unique contribution is in 
the  role developing  and transferring technology_ as a cepta17, 

 ized groilp for the whole'AppI, elph  has„important_implications 
or the:types_of technologies developed,and industriak , organ- 

t
f 
zation and efficiency. 

CEDOs fall into nine different categories, spanning gayer-
nmént, university, the manufacturing industry and the consul-
ting enginéering industry, all organized by the petroleum com-
panies according to the needs of each project. A variety of 
factors influences the organization of the industry in this 
way, among them, fluctuating demand, shortage of expertise, 
the regulatory framework, physical size and the number of 
innovations made. However, intangible and highly specific 
factors like corporate strategy and industrial convention are 
also present, so that no predictive model can be built. 

By examining the hierarchies paradigm, or the role of con-
tracts, and Abernathy's concept of the productive unit, sev-
eral new directions for future study are indicated that build 
on the findings of this exploratory research program. 
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RESUME DE SYNTHESE 

Ce rapport est une étude sur la participation des experts 
conseils en génie (CEDO, d'après l'acronyme anglais), dans 
l'innovation technologique pour l'industrie pétrolière cana-
dienne au large des côtes de l'Arctique (AOPI). L'étude tente 
de découvrir et expliquer de nouveaux concepts au lieu de 
vérifier quantitativement des hypothèses existantes, car il 
n'y a ni une théorie antérieure des CEDOs ni une littérature 
bien développée concernant l'innovation et le contrat, et 
l'innovation dans l'industrie de matières premières. La 
recherche a pour objectifs, l'élaboration des thèmes suivants: 
la magnitude de la participation des CED0s, la variété des 
CEDOs dans l'AOPI, leurs rôles et les facteurs à l'origine de 
la strucutre observée. Pour donner suite à ces objectifs, 
il importe d'étudier les characteristiques des innovations et 
du processus d'innovation au sein de l'AOPI. 

La methodologie utilsée est une étude de cas et une technique 
d'entrevues. La période de 1969 (correspondant aux débuts de 
l'AOPI) jusqu'à 1981, est étudiée pour expliquer toutes les 
innovations survenues aux vaisseaux et structures marines que 

les 6 compagnies pétroliéres ont effectués. Il y a des dif-
férences importantes entre l'innovation dans l'AOPI et dans 
les industries déjà étudiées par la littérature. Bien que 
majeures, les 31 innovations sont "incrémentales" au lieu de 
radicales, et la science et la recherche ne sont pas à leurs 
origines. Les techniques de design en génie manipulent le 
savoir existant pour créer ces innovations d'après les stra 
tégies d'assemblage des systèmes par l'assemblage des petits 
paquets, et d'optimisation vers un seuil de capacité de design. 
Un cadre conceptuel d'innovation est créé en trois parties: 
l'initiation par le corporation, le filtre de l'environnement 
et le processus du projet. Ce dernier n'est que la série 
d'étapes du projet routinier de génie. 
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La CEDO entreprend entre 50 et 90% du travail de dessein 
pour les innovations de l'AOPI, mais elle ne représent pas 
une source indépendante de la technologie. Par contre, elle 
se lie intimmement avec les companies de pétrole pendant toutes 
les étapes initiales des projets, ainsi partageant la respon-
sabilité des idée originales. La majeure partie du travail de 
la CEDO se retrouve dans le role de l'élaboration des inno-
vations au niveau du projet. Le point faible des CEDOs semble 
é. tre avec les rôles d'exécution d'innovation. Leur contri-
bution unique se retrouve dans le rôle de développement et de 
transfert de technologie comme étant une groupe centralisée 
au sein de toute l'AOPI. De ces rôles-ci découlent des impli-
cations pour les genres de technologie développé, l'organisa-
tion industrielle et l'efficacité de l'industrie. 

Il y a neuf catégories de CEDO, allant des types gouverne-
mentaux et universitaires, passant par l'industrie manufactu-
rière et l'industrie de génie-conseil. Tout ceci est organisé 
par la compagnie pétrolière, et adapté aux besoins de chaque 
projet. Une variété de facteurs est à l'origine de ce type 
d'organisation industrielle, entre autres: la demande inter-
mittente, le manque d'expertise, le cadre de régulation, la 
taille physique des technologies et le nombre d'unités produits. 
Cependant, la présence des facteurs intangibles et très spé-
cifiques, comme la stratégie corporée et la coûtume industrielle, 
empèchent la construction d'un modèle préventitif. 

Finalement, l'analyse procède à l'enquête du paradigme des 
hierarchies (le rôle du contrat) et de l'unité productive. 
Ceci englobe ainsi de nouveaux concepts *basés sur la présente 
étude qui engendrent la recherche à venir. . 
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1. INTRODUCTION 

1.1 Setting 

The decade of the seventies was a period of poor indust-
rial performance for Canada; so poor, some say , that it was 
a period of deindustrialization. 1 Of course, there were sev-
eral sectors running counter to the general trend, and one 
of them was the petroleum_induqtry,1  Although resource 
exploitatiOn- earns much foreign exhcange, it is often 
dismissed as being less desirable than secondary manufact-
uring givèn our history as "hewers of wood and drawers of 
water". What is often not realized is that a great deal of 
industrial benefits can flow from the activities surrounding 
resource exploitation. 

During the 1970's the petroleum industry spent over $2 
billion in East Coast offehore and arctic petroleum explor-
ation. 2 At the same time, some $365 million was spent by the 
industry on R&D, leading to a great deal of innovation in 	 
technology. 3 Estimates for the next decade of developments 

of billions of dollars on sophisticated offshore technology. 4 

It is_generally conceded that innovation of technology is an 
important factor for good industrial performance and economic , 
well  being. 	Whatever the extent and nature of the link 
between technology development and economic prosperity, the 
sheer magnitude of this investment in R&D warrants examination, 
especially in Canada where industrial R&D is generally very 
small. 6 

R&D and innovation of new technology for the offshore in 
Canada during the past decade hasoccurred primarily to adapt ,• 	._.• 
operations to arctic conditions. There are two remarkable 

in the offshore call for the expenditure of several 10's 
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aspects to the arctic offshore petroleum industry (AOPI): 
the great effort that has been made to develop new technol-
ogy; and the extent to Which the Petroleum companies relied 
upon outside expertise hired under contract to innovate the 
technology. These expert firms involved in research,  dev 
elopment, design and construction of technology are consul- __ 
ting and engineering_design  organizations (CED0s), or more 
commonly, consulting engineering companies. 

Canada's CEDO industry is a substantial one, employing 
more than 42,000 people (mostly professional engineers) 
in 1980 and carrying on more than $1.7 billion of business. 
The major Canadian CEDOs are among the world's biggest. 8 

 

It is a crucial industry from the point of view of develop-
ing a strong national technological and industrial sector. 
CEDO involvement in AOPI development projects alone is estimated 
to be between $2 and $3 billion over the next decade. 9  

CEDOs are a key to understanding technological innovat-
ion in the AOPI. The AOPI is one of the keys for a national 
industrial policy. 	Yet we know very little about the dim- 
ensions and dynamics of these aspects, both on a theoretical 
basis and a practical basis. There have been few studies on 
innovation in resource industries and none for the AOPI 
which is a relatively new activity. Theoretical literature 
on CEDOs is very small and no studies seem to have been 
made of CEDOs and innovation. Clearly, it is important to 
investigate technological innovation in the AOPI and the 
CEDO's involvement . 
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1.2 Purpose • 

The basic aim of this research is to investigate the 
involvement of CEDOs in the process of technological in-
novation in the AOPI. This means analysing the extent of 

av 

the CEDOs' involvement, their characteristic roles and the 
reasons for their presence. Because there is virtually no- 
thing known about CEDOs in the academic literature on tech- 
noloeàrid -innovation, the research must also aim to intro-
duce these groups and lay a foundation for further analysis. 

Because the CEDO role is relàted to the particular context 
of innovation in the AOPI, another aim must be to investigate 
the characteristics of the innovations and the innovation 
process. 

This report is structured so that each of these aims is 
the subject of a separate chapter. They are summarized brief-
ly as follows. 

Purpose One  - to prove that significant innovation of tech-
nology has occurred in the AOPI, and to investigate the spec-
ial characteristics of innovations in this resource industry 
that_coMition_the_CEDO_innyolyement. (Chapter 3) 
Purpose Two  - toffi_9 that CEDOs are involved with the inno-
vation of technology and to investigate the extent of this 
involvement. (Chapter 4) 
Purpose Three  - to develop a typology that will describe 
the CEDOs involved with the innovation of technology and 
illustrate the definition of the term CEDO. (Chapter 5) 
Purpose Four  - to investigate the specific roles that CEDOs 
play in innovation. (Chapter 6) 
Purpose Five-  to examine the reasons why the AOPI is struc-
tured so that CEDOs play such an important role in the inno-
vation of technology (Chapter 7) 
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The investigation of CEDOs is a new field *here there are 
few data and almost no theory. Characteristics of innovation 
in resource industries, and the AOPI in particular, are equal-
ly unknown. The present research represents the first explor-
ation of the topic of CEDOs and innovation. Thus, it is 
carried out with the intent of generating basic information, 
concepts and hypotheses. The intent is not to prove pre-
selected hypotheses by quantitative means, for none exist. 

Such an intent is consonant with the explicit recommendations 
of îraç-Z_) whose recent work represents the most thorough 

10 treatment of CEDOs to date. 

Because this topic is interdisciplinary and touches on a 
'variety of established fields, there is a good deal of lit-
erature that can be brought to bear on the central concerns of 
CEDOs and innovation. 	While this literature represents 
central çoncerns for disciplines , such as organization theory, 
economics, economic history, ocean engineering, economic law 
and industrial sociology, it is mainly peripheral to the 
subject of my research. Here the aim is to concentrate 
directly on the development of AOPI technologies and on the 
organizations that create them. To a large extent, it does 
not contradict the theories  and méthodologies  of these 
disciplines, but works inside issues they treat only at a 
broader level. 
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1.3 Methodology 

There exist manyhighly developed techniques for proving 
hypotheses and establishing "facts", but as to the purpose-
ful generation of new ideas, concepts and hypotheses, we 

11 -  know much less. Glaser and Strauss 	have attempted to 
formalize the process of intuitive creativity into a hypo-
thesis generating technique, which they call the constant 

JratiyJnethQd. Basically, this iiivolves observing with 
an open mind, recording all ideas, classifying them and then 
ensuring the classification is complete and consonant with 
the continuing observations. The process continues until no 
new observations and classifications are generated. 12  

Basically, Glaser and Strauss are giving a set of tech-
niques to get the most from a case stud. Research ba-sed 
on a single case study is highly specific; the ability to 
generalize the main findings-,and Create new theory is limited. 
Once there is a multiplicity of cases, though, there is 
more variety of data which allows one to use a technique  like 
the constant comparative method. On the typology of research 
methodologies developed by Douds and Rubenstein 13 , this 
would be called a comparative case study. It would seem ,to 
be the best for generating new theory.14  The next method in-_ 
volving increased formality on their typology they call _ 
field study; this technique is based much more on the prior 
establishment of hypotheses and the research aims to prove 
them quantitatively. 

The present research, then is a comparative case study, 
because it examines all the separate cases of major innovat-
ion in a technological field and it relies mainly upon nar-
rative faranalysis. However, it has some characteristics of 
a field study because it extends over time and is structured 



1- 6 

in a few instances around formal hypotheses. To the ex-
tent possible, it follows the methodology suggested by 
Glaser and Strauss, with the main difference that time con-
straints did not allow a leisurely reflection upon the data 
to generate categories of phenomena as the data were being 
gathered. 

This research is cast into a traditional mold however, 
where an extensive discussion of theory precedes the analysis. 
This allows for a more coherent report, but it is some-
what misleading because there was not always the neat inter-
play between preestablished concept and formal analysis. 
Many of the concepts described in Chapter 2 in fact only 
arose during the data gathering or analysis. The literature 
is so scattered and peripheral that much was uncovered only 
when a newidea from the field trip suggested a search in 
a particular idea. 

The actual plan of research was as follows. Tentative 
ideas were generated from a first scan of the literature and 
from my prior working experience in the AOPI. An initial 
field trip to Calgary for the month of September 1980 was 
carried out. This involved interviewing a broad range of 
petroleum companies and CED0s - with rather general questions. 
It allowed the formation of ideas to guide more detailed lit-
erature search and a second set of field interviews. The 
main field trip was during the three months of summer 1981, 
in Calgary. 15  

The general procedure was to begin with the petroleum 
companies involved in the AOPI and question people assoc-
iated with the main innovations. From here I could see 
which the important CEDOs were and then proceed to interview 
senior people in a selected sample of CED0s. Since many of 
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the chosen CEDOs were outside Calgary, subsequent interviews 
were carried out in Vancouver, Ottawa, Montréal, Niagara 
Falls and St. John's. 

In this way there were basically two sets of interviews, 
one for the petroleum companies and one for the CED0s. Each 
particular interview was tailored to the person and project 
addressed, but there was always a common corè of questions. 

For the petroleum companies, this core was about: 
- in-house strategy with  respect  to technology 
- evaluation of the innovations 
- process of unfolding of the project 
- mechanism of contract. 
For the CEDO interviews, the core questions centred on: 
- history, development and expertise 
- strategy 
- evaluation of role in the specific innovative projects 
*- breakdown of work for the AOPI and outside. 

The two sets of interviewe foTm two data sets. The first 
is the information on the petroleum companies, the new tech-
nologies and what makes them innovations. The second is the 
information on the CEDOs and their involvement in the innova-
tion process. It turns out that the number of petroleum com-
anies and new technologies is small enough that complete cov-
erage can be given. The technologies investigated are only 
one type (marine structures and vessels)  in a range of innov-
ations, but they account for nearly all the manpower and 
money expended in AOPT innovation. The CEDO data set is 
much more selective because .many more firms are involved. 
The procedure was to have the petroleum company interviewees 
evaluate the major . CEDOs and then select them accordingly. The 
data consists of a core of information from b_petroleum com-
panies, 14_CEDOs  and 36 innovations.  Exhibit 1.1 lists the 
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19 interviews carried out by the initial field trip in 1980 
and Exhibit 1.2 lists the 58 interviews carried out for the 
main field trip in 1981 and 1982. Substantial information 
on thé AOPI petroleum companies, the technologies and the 
CEDOs was also gained from the 18 interviews with "other actors" 
listed in these figures. 

In the report, reference is not made to specific inter-
views unless there is a quote or an unusual piece of infor-
mation. Information gained during the interviews is very 
important to the analysis,given the lack of written material, 
but it would be of little value to footnote 	an interview 
just for descriptive passages. If a reader wishes to corrob-
orate any points, the interviewees are listed (alphabetically 
and by organization) at the end of this report and the approp-
riate individual may be contacted. 

In retrospect, the methodology chosen was generally pro-
ductive but thère are some problems that should be mentioned. 
First, it is obvious that in attempting to do a broad study, 
one sacrifices depth. Thus, it is often difficult to be com-
pletely confident in the interpretation of events and to 
know the degree an interviewee is distorting information. To 
counter this, a broader perspective on _individual events is 
gained. Corroborating data can be brought to bear on a sus-
pect issue from a wide variety of sources and a pattern of 
meaning can be traced over events that on a lower level may 
appear independent. 

At the beginning of AOPI activity, the companies were 
operating under extremely critical public scrutiny. This 
hostile climate reinformed their traditional (if somewhat 
overrated) penchant for secrecy, with the result that 
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Exhibit 1.1  

Interviews Carried out in 1980 

number of interviews 
Petroleum Companies  

PetroCanada Arctic Pilot Project 	 3 
Corporate Planning 	 1 
Frontier Systems 	 2 

Imperial 	 1 
Mobil 	 1 
Dome 	 1 
Panarctic 	 1 

CEDOs  

Cook Offshore 	 1 

Pallister Resources 	 1 
,77  Lavalin 	 1 

FENCO 	 1 

F.G.Bercha 	 1 

Arctec 	 1 

TriOcean 	 1 

Government (Ottawa)  

Indian and Northern Affairs 	 1 

Energy, Mines and Resources 	 1 

TOTAL 19 
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Exhibit 1.2 

Interviews Carried out in 1 81 82 

number of interviews 
PetroleuM Companieà  

PetroCanada, 	 5 
Gulf 	 3 
Dome 	 9 
Imperial 	 2 
Panarctic 	 1 
Sun 	 2 

CEDOs 

Fenco 	 3 
TriOcean 	 1 
Arctec 	 1 

• F.G.Bercha 	 1 
X (1) 	 1 
Y (1) 	 1 
Swan Wooster 	 2 
Peter Hatfield 	 1 
Nordco 	 2 
C-CORE 	 2 
Acres 	 1 
Lloyd's 	 1 
German and Milne 	 1 
NRC Ship Lab 	 1 

Other Actors 

University of Calgary, Engineering 	 1 
Memorial University, Naval Architecture 	 1 

Industry Associations 
Canadian Association of Oilwell Drilling 	1 

Contractors 
Canadian Petroleum Association 	 1 
Arctic Petroleum'Operators' Association 	1 

Government 
National Research Council 	 1 
Industry, Trade and Commerce 	 2 
Transport 	 1 
Indian and Northern Affairs 	 3 
Science Council 	 1 
Statistics Canada 	 1 
International Development Research Centre 	1 

TOTAL 58 
note: (1) private individuals who preferred anonymity. 
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information on the early developments is hard to get. Even 
though the sensitivity has now diminshed, it is still not 
readily available becauàe it was hever assembled for public 
resease and is scattered throughout the company. 

The state of documentation available to reconstruct the 

innovation process in the petroleum companies varies greatly 
according to the project and the firms,but there typically 
remain only random records and personal recollections of the 
individual engineer. Individual projects usually have no 
documentation at their inception. They grow out of previous 
project organizations. They are highly fluid and most of the 
initial discussions are informal and never recorded. The 
purpose of industrial projects is not to document the past 
but to forge ahead. 

If one had the time and authorization, ànd could restrict 
a study to one project, adequate documentation, would be fqund 
to exist; a coherent picture .could be built up by a researcher 

fluent with the design, managerial and accounting techniques 

used. A broad survey can only use interviews and opportunistic 

gathering of higher order written information wherever it is 
available. Thus there is considerable variation in the detail 
of information gathered in the case studies. This has affected 
the selection and description of the innovations more than 
anything else. 

The CEDO is documented a little better than its clients. 
Each project ends withaproject report,  one copy of which 
is submitted to the client, with the other copy remaining in 
the CEDO's files. Practice in the petroleum companies is for 
these reports to go to the individual engineer's files where 
they tend to become inconveniently misplaced with the passage 

of time. They are usually kept by the CEDO but any- reports 

over a few years old are relegated to storage -where they are 



acessible to a researcher dedicating his efforts to a spec-
ific project only. 

CEDOs occasionally feel constrained as to the amount 
of information they can release on a given project, because 
the information is the property of the petroleum company 
that paid for it. This sometimes means there is double 
authorization needed to use material from reports in 
CEDO files. 

Innovative technologies in the AOPI are usually so large 
and complex that many people are involved with them and most 
have only an understanding of their own particular subsystem. 
This has made it difficult to build up appropriate pictures 
of the innovation, and this difficulty is compounded by the 
way the petroleum companies organize their engineers. My 
initial effort was spent interviewing people classified as 
being involved in R&D. It was thought these individuals 
would have the broadest perspective on the innovations. Ind-
ividuals involved in work classified nominally as R&D have 
slightly freer schedules than the engineering design and op-
erations people so it tends to be easier to arrange inter-
views with them. It was a mistake to follow this path of 
least resistance. Not until most of the time was passed was 
it realized that these people were mostly involved with the 
running of experiments to gather environmental data to develop 
design criteria. The actual feasibility and design of the 
hardware systems is done usually in the engineering depart-
ments which are quite separate. Thus, some of the information 
on the innovations is second hand. 
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Notes Chapter 1  

1. Britton and Gilmour 1978. 
2. MacKay et al. 1981, p.132. 

3. Ibid.,p.132. 
4, CSSRA 1981. 
5. Vernon is usually credited with the initial development of 
one of the main theories relating to the role of innovation, 
the product life cycle (Vernon 1966). For a thorough review 
of current thinking in this area, see Hill and Utterback(1979). 

6. There is abundant literature on this aspect. See Britton 
and Gilmour (1978) for a good introduction. 

7. Peter Barnard Associates 1981,p.iii. 

8. Major and Martin 1981. 
9. Chemicals, Hydrocarbons and Pipeline Subcommittee 1980,p.19. 

10. Araoz 1981, p. 136. 

11. Glaser and Strauss 1967. 
12. Interestingly, the only other major study of the Calgary 
oil industry, done by House (1980), also used the Glaser and 
Strauss constant comparative method. In  his case as well, 
there were virtually no empirical data on the subject of 
research and no theoretical framework to guide the analysis. 
13. Douds and Rubenstein 1978,p.239. 

14. The use of multiple case studies is exactly what Araoz' 
(op.  cit.p. 138) proposes as needed for the next stage of 
his own CEDO research. 
15. It is interesting to compare my methodology with that of 
Richardson et al.(1976). They studied innovation in the Can-
adian mining industry and the role of mining supply firms. 
Because of the total lack ef previous literature on the topic, 
they divided the work into two phases: a field study based on 
interviews to generate hypotheses: and a questionnaire to 
test them. In a sense, my initial field survey generated 
"hypotheses" for further testing. The difference is that I 
treated these "hypotheses" 4s still being - too tentative to 
embark upon a formal testing phase. Rather, I treated them 
as guides, to structure the main analysis which lay a basic 
understanding of the AOPI. In fact, if one examines the 
hypotheses that Richardson et al. develop,  one  will see that 
they are extremely general and what they call hypothesis-
testing is not much different than what I would call rigor-
ous elaboration. 
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2, THEORETICAL BACKGROUND 

2.1 Introduction 

Ideally, one would like to use a literature survey to 
construct a tight and coherent theoretical framework which 
would then define the subsequent research steps. As this 
chapter will show, the literature is far too undeveloped to 
create such a theoretical framework for the analysis of 
CEDOs and innovation. All that can be done in most cases 
is to describe the theoretical knowledge that relates to 
each of the main aims of Section 1.2, and to show the ways 
it may explain aspects of the dynamics of innovation and 
CEDO involvement. This I call theoretical background. 

Of coure,  there are a few cases whére the literature . is 
reasonably well developed, such as for models of the inno-
vation process. Here, a theoretical framewoik is developed 
fromthe literature and is then applied to the subsequent 
analysis. There are also a few explicit theoretical models 
relating to CEDOs that are adapted from other fields; these 
are examined in detail. 

The structure of this chapter parallels the structure 
of the remainder of the research report. First, innovation 
is examined and then comes the extent of CEDO involvement, 
the CEDO typology, the CEDO roles and the industrial 
organization. 
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2.2 Innovation in the AOPI 

One of the fundamental points to demonstrate is that 
significant techno1.2gical innovation_i_s_occurring in the A0pI. 
All the subsequent analysis hinges upon this fact being pro-
ven. What does the published literature have to say about 
innovation in the AOPI that can be used to structure this 
research? The answer is, very little. 

There is an abundant literature of the world oil industry, 
but it deals overwhelmingly with political, economic and mar-
keting aspects, not the innovation of technology. 	Analyses 
of the Canadian oil industry have followed in the same trend, 
concentrating on the political and economic control exerted 
by the multinational oil corporations, 2 with the added 
wrinkle of social and anvironmental impacts in the Arctic. 3 

 No historical work on petroleum industry technology in Canada 
was found. The few histories that are available for the Can-
adian oil industry are of general rather than scholarly int- 
erest. 4 Of all this literature, only Kieth et al. 5  and Pim-
lott et al. 6 give a discussion of the technologies, actors 
and general issues in the Arctic. However, these two works 
only report on the AOPI in its early stages up to 1975. 
Finally, there are two studies of the Calgary and Albertan 
oil communities that do not specifically refer to the AOPI 
but provide important data and ideas. These are House's 
sociological research into the organization of the Calgary 
oil community7 and Kubinski's economic study of the small 
firm in the 01]. industry in Alberta. 8 

It is strange for an industry with such a high profile 
that there has been so little analysis of its technology 
and innovation. The fact that it is a relatively recent 
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industry is likely a contributing factor here, but it almost 
seems as though the intense concern over the political, soc-
ial, economic and envirohmental issues has deflected atten-

tion from the possibility of any other kind of investigation. 
While there has been a long concern in Canada over ocean tech-
nology, industrial R&D,and foreign ownership and its impact 
on industrial innovation, 9  there has been no study of this 

in the petroleum industry. Any guides on the extent and 
characteristics of innovation in the AOPI will have to be 
made indirectly from literature such as this. 

In the United States as well there seems to be little 
study of innovation or R&D in the oil industry. 10 Attention 
has concentrated on the refining and marketing end of the 
business, 11 with the result that we are relatively ignorant 
of the unique characteristics of the exploration and pro-
duction end which is where most AOPI activity has been. 

Statistical reporting in Canada has not helped to show 
the extent of R&D and the state of innovation in the AOPI. 

Until 1981, there was no separate statistical survey made 
by Statistics Canada for the petroleum industry; the new sep-
arate survey of 1981 got a complete response for the first 
time, which caused estimates of R&D to be revised upwai-d sig-
nificantly 0 12 However, the data are for the whole petroleum 
industry, so the AOPI cannot be seen from these statistics. 13 

It is claimed that if the statistics are disaggregated further, 
corporate confidentiality may be endangered 0 14 

All three of the studies which touch peripherally on 
innovation in the Canadian oil industry find there is little 
activity. House states that 
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"the Canadian oil industry appears to be back-
ward in developing new ideas through basic 
research and is highly dependent upon the 
metropole." 15 

De Bresson's innovation data base study for Canada16 did not 
contain a single reference to the innovations reported upon 
in the present research. Kubinski found that innovation in 
the small firm sector of the petroleum industry tended to be 
of the service or software type as opposed to hardware pro-
ducts. He concluded that the small firm sector was involved 
less in innovation in the petroleum industries than it was in 

17 other industries. 

On the basis of the secondary literature, we are led to 
expect that a study of innovation in the AOPI is not likely 
to find much activity. However, the primary literature, 
such as the petroleum industry and engineering journals, 
show the AOPI is the centre of an enormous effort to develop 
new technology. A good example is the special issue of 
Offshore Engineer (August 1981) which reviews the recent maj- 
or technological developments in the AOPI. There is no analysis 
of how innovation occurs in these journals, only brief des-
criptions of systems and their sponsoring company, so I will 
not treat the primary literature as evidence for a theoret-
ical framework but as part of the evidence gathered during 
the research, to illustrate specific theoreticalpoints. 

Because there is no analysis of technological innovation 
in the AOPI that is done by the secondary literature, it 
must become one of the major purposes of this research to dem-
onstrate that innovation occurs. Some of the basic character-
istics of the innovations and the innovation process must be 
analysed as a starting point for the study of CEDO roles, Choos-
ing the framework for this analysis is the subject of the next 
section. 
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2.3 Innovation and the Innovation Process 

The purpose of this - section is threefold. First, it is 
to define the terms innovation and innovation process. Sec-
ond, it is to see what the literature has to say about the 
characteristics of innovativeness. This is needed in order 
to show that the new technologies of the AOPI are indeed 
innovations. Third, it is to examine models of the innovat-
ion process so that a suitable framework can be found in 
which to cast the events of the AOPI. 

The word innovation is often used in an ambiguous manner 
to denote a new technology, or the process by which the new 
technology is created. I will use the term innovation to 
describe the technology and refer to the sequence of events 
creating new technology as the innovation process. In trad- 
itional economic thought, which follows the lead of Schumpeter, 
innovation process can refer- loosely to the overall creation 
of new technology, but is has a more specific meaning as well. 
There are three distinct sequential stages - invention, in-
novation and diffusion. Invention is the initial original 
idea or embodyment of the new idea in an experimental 
form , 	which is usually patentable. It is recognized that 
a great deal more work is required to perfect, manufacture 
and market the invention, so a second stage, innovation, is 
included where all this is done. Diffusion of the innovation 
then occurs, spreading it to new industries and countries so 
its impact on the economy is really only felt here. The 
precise meaning of these terms varies greatly according to 
the author involved, but the descriptions given here are in 
accordance with general useage. 19 

18 

The innovation stage is usually regarded as complete when 
the firm producing the new technology first makes a profit on it. 
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The initial field trip carried out for this research suggests 
this is not a profitable way to define the innovation stage 
because there are no markets for the innovations. 20  In  any 
case, there is no need to distinguish between innovation and 
diffusion for the AOPI because the new technologies are only 
produced in very few numbers by  a handful of companies and 
the time span under consideration is  short relative  to the 
technologies' devel,opment timg. The initial field trip 
also suggests that much of  the AOPI innovation is incremental 
and there is no distinct invention. For these reasons, I use 
the term innovation process as the whole set of activities 
that creates new technology, in other words, adapts the basic - 
idea, carries out R&D, tests the prototype, and uses the tech-
nology until it becomes fairly routine. 

It is difficult to define just what an innovation is, if 
one attempts to be too specific.  In  neoclassical economic theory, 
an innovation is a technological change that modifies the aggre- 

21 gate production function . Rosenberg 	and Nelson and Winter22 

have clearly pointed out the limitations of this concept which 
center on the fact that it is too restrictive and imposes un-
realistic boundaries on a continuous process. I use the 
term innovation to refer to a technology (hardware or software) 
that is new in function or configuration and was arrived at 
by formal study. For the purposes of this research, an in-
novation need not have been constructed, or even designed in 
detail. But to be an innovation, it must be more than an idea 
standing alone; that is, money, manpower and equipment have 
been assigned to the study of the idea and its function and 
configuration have been elaborated to at least a preliminary 
degree. 

As Kelly et al. claim in their comprehensive review of the 
innovation literature, innovation research has tended to ignore 
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the innovation itself and its characteristics. The emphasis 
has been on markets, science input and the process of innov-
ation  instead. 	Nevertheless, some criteria are needed to 
show that the technologies studied by this research are truly 

innovations. They will be generated and applied in Section 3.6. 

Now that the definitions have been given, the innovation 
process itself can be examined. It is of major importance 
to analyse theoretical models of the innovation process in 
order to understand, and perhaps model, what is occuring in 
the AOPI with respect to the use of CED0s. The literature 
shows several  different approaches to modelling the process 
of innovation. None of them are as yet able to be applied 
to the full range of innovation cases and they tend to be 
descriptive rather than predictive. There are severe limit-
ations in the ability to model the innovation process bec-
ause of the individuality of each case, the large numbers 
of relevant factors and the aspect of high uncertainty in-
herent in the innovation process. 

In using the literature to create a theoretical framework 
for the present research, one must be aware of the general 
biases in this literature and some fundamental differences 
with the AOPI. First of all, the literature has not looked 
at the role that CEDOs may play in the innovation process. 
This is a major issue which is discussed separately in Section 
2.5. As Rosenbloom points out, the development of technology 
has been studied on five levels: society as a whole; indust-
rial sectors; industries; firms; and innovations. The dis-
tribution of research effort is highly skewed toward the firm 
and innovation level. 24 Mowery and Rosenberg concur by stating: 

"emtirical analyses of technologies [should] 
remove the blinders imposed by concentration 
upon the single firm in isolation." 25 
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The next major difference is that the AOPI innovations ob-

served during the first field trip were mostly of an increm-
ental type as opposed to radical. The literature commonly 
refers to innovations as being of these two main types. 26 

Incremental innovations are minor changes that modify con-
figuration and improve function , while radical ones are 
totally new configurations creating new functions. While 
many authors admit to the two basic kinds of innovation, 
most research has been to investigate radical ones so that 
little is known about the characteristics af the incremen- 

27 tal kind. 	This goes hand in hand with the view most authors 
have of the innovation process as a very risky and disruptive 
activity. 28 The viewpoint expressed by Miller, that "innovat-
ion is [merely] a special case of the administration process" 29  
remains a distinctly minority concept. 

It is difficult to utilize the few studies of incremental 
innovation that do exist. The ones I have been able to dis-
cover are carried out within the context of productivity 
improvement in factories. 30  With the exception of Hollander's 
study, all the innovations were considered to be the result 
of extensive R&D programs. In the AOPI, we are dealing with 
innovations that are not made in factories for mass production 
and, as the initial field trip suggests, the role of formal 
R&D is minimal. The literature regards R&D almost as a nec-
essary condition for innovation. 31  

Schmookler's work 32 could also be considered a study of 
incremental innovation, and a very important one. However, 
it cannot be used in a significant way to guide the choice 
of a theoretical framework for the innovation process because 
it is concerned with patents and the influence of market 
demand‘, at a very high level of industrial aggregation. I wish 
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to concentrate on the detailed processes of technological 
development, not aggregate phenomena. 

Reference to Schmookler's work brings us to the last 
major point of difference between the AOPI and most of the 
cases that have been studied in the literature, the question 
of markets. Initial investigation of the AOPI suggests there are 
no markets for the innovations; each petroleum company is 
the only user of the innovation it developed. The literature, 
however, hardly entertains the possibility that significant 
innovations exist that are not deàigned to be transferred to 
customers over the market. This is epitomized by Richardson 
et al. who state 

"successful technological innovations always 
requires[sic] the existence of three factors: 
scientific and technological capability, 
market demand, and an agent that transfers 
this capability into goals and services which 
satsify the demand." 33 

Even Mowery and Rosenberg, in an otherwise very sophisticated 
treatment of market demand and innovation, hold this opinion. 

"Yet in a capitalist economy...no substantial 
innovation activity will be undertaken unless 
there is some reasonable expectation that 
there exists a market demand sufficiently large 
to justify that expenditure." 34 

Langrish et al. have introduced the possibility that innovat-
ion may result to satisfy a firm's internal needs in their 
"mission oriented" model of innovation, but they have not 
elaborated to any extent on this situation that could relate 
to the case of the A0P1. 35  Development of military technology 
is often adduced as a mission oriented example where markets 
are not involved. The work of Sapolsky 36 and Peck and Scherer37 

 shows there are no open commercial markets in the case of 
military developments, but there is still a transfer of own-
ership and a purchase of equipment from the groups actually 
carrying out the'innovation. In the AOPI, it would seem 
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initially that the petroleum companies are responsible for 
design and ownership at all stages- The work is much more 
highly internalized than in the military case. 

Part of the reason for the large differences between the 
literature and the expected characteristics of innovation in 
the AOPI surely lies in the fact that there are fundamental 
differences in the innovation process between the secondary 
manufacturing industries and resource industries. Of these 
differences we know very little. Most of our knowledge of 
innovation comes from studying highly industrialized Western 
countries, more specifically, the USA and the UK. It is not 
surprising, then that research has overwhelmingly concentrated 
on secondary manufacturing industry. 38  The resôurce industries 
seem  to  be almost completely ignored. The only innovation 
studies in resource sectors that were discovered were a minor 
study by Kubinski on the small firm sector in the Calgary 
oil industry39  and a major study by Richardson et al. on 
innovation 'in the Canadian mining industry. In their study, 
Richardson et al. stated that the international literature 
on resource industry innovation was "extremely scanty" and 
that no Canadian literature existed on the topic. 40 

Because of these important differences in conditions 
between the AOPI and in most of the cases studied by the lit-
erature, we must be careful in choosing a theoretical frame 
to guide the development of a model for the AOPI innovation 
process. To start, we can consider the Abernathy/Utterback 
model. 41 This fits into the perspective elaborated by Free- 

43 man 42 , Mensch 	and Haustein and Maie'1„ , 44 where innovations 
come in waves. A burst of activity creates a set of radical 
and interrelated innovations. This is followed by a long • 
period of adapting and improving the basic technologies by 



incremental innovation, until some new fundamental innovations 
'occur to start a new wave of.activity. 45 

The Abernathy/Utterback model seems to show the same 
basic pattern at much reduced time scales and within a 
single industry, although it is not cast in this light. Exhibit 
2.1 summarizes the model which relates innovations in products 
to innovations in processes, over time. It shows that in the 
initial stages of innovation a new technology undergoes a 

great deal of modification by major changes in its function 
and configuration until a workable and marketable 
product is created. This is the dominant design. Once a 
dominant design is created, the product innovations become 
more incremental and decrease in frequecy. The model shows 
that the changes occurring in the. product must be considered 
concurrently with the changes in the process system which is 
used to manufacture the product. In the early stages, the 
process system must be generalized to cope with the freqUent 
changes in the product design. Once the dominant design is 
created, the focus of innovation shifts to the process system 
in order to improve its productivity and scale of operation. 

This'model is useful for the emphasis it places on the 
relationship between products and processes, but has some 
limitations for explaining innovation in the AOPI. As 
will show in Chapter 3, the new AOPI technologies are only 
produced in units or small batches so the innovation process 
will never move into the later stages of interplay between 
product and process that the Abernathy / Utterback model is 
based upon. Thus, the AOPI case may fit into the initial 
fluid stage shown in Exhibit 2.1, but this model will not 
explain much more of the actual innovatbn process. 
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Exhibit 2.1 

Apernathy/Utterback . Model of Innovation  

Innovation and Stage 
of Development 

source:  Abernathy 1978, p.72. 
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The traditional model of the innovation process has come 
to be known as the linear sequential model. Many variants 
exist on the basic scheme, but they all have the basic char-
acteristics of fixed steps unfolding in one sequence 

over time. The usual arrangement is this  a basic scientific 
discovery is produced through research; a technical possibility 
is suggested and invented; development work produces a work-
able system; it is marketed and transferred to other users; 
obsolescence occurs and it is supplanted by a new technology. 
These models have been criticised roundly and repeatedly 
for their exclusive preoccupation with supply (or technology) 
push and market (or demand)pull forces to drive the model, 
their assumption of definite beginnings to the process by 
means of a science-based invention, and their compartmental-
ization of a continuous process into discrete stages .

46 

One would suppose that after such repeated attacks, the 
inadequacies would have been finally laid to rest, but these 
models have proven surprisingly hard to eliminate, expecially 

47 in disciplines on the periphery of technology studies. 	It 
may be that under restricted conditions, they will have some 
limited and valuable applicability. Freeman's latest work on 
long cycles 48 suggests that the working out period of a 
technology between the bursts of basic innovations may be 
characterized more by incremental demand-type forces. Since 
initial observation suggested AOPI innovations are incremen-
tal, the linear sequential models should not be totally dis-
counted, especially when we see how limited the alternatives are. 

The critics of linear sequential models have provided 
some more realistic ways to describe the innovation process, 
but these are suggestions for analysis and conceptual frame-
works rather than predictive models. The more that is known 



2-14 

about the innovation process, the more it is seen tobe complex, 
uncertain and specific to each industry. 49 The search for a 
more general, encompassing theory -has only begun. 

The most interesting ideas come from Rosenberg and Nelson. 
Rosenberg, as a historian, sees innovation as the interplay 
of unbalanced technological potentials and imperatives in 
interlinked industrial sectors. 50 By this he means that the 
development of technoloày is usually the result of several 
industrial actors linked by some common interest focussing on 
the technology over a period of time. The technology, more-
over, has potential for only specific kinds of uses so its 
development tends to follow specific directions. In fact, 
the potentials for development may be so strong that they 
become imperatives, and on a large scale -are seen to actually 
control certain aspects of social and industrial change. 

Rosenberg's ideas of potentials and imperatives partly 
overlaps Nelson's concepts of trajectory , selection env-
ironment and heuristics. 51 Nelson has introduced these con-
cepts in only a preliminary manner, and is not specific about 
their exact meaning. By natural trajectory, he implies that 
technologies are grouped in ways that follow distinct patterns 
of evolution over time around some dominant design. The 
trajectory is identified and modified by an organization's 
heuristics, which seems to be a combination of corporate 
strategy and the engineering design method. Once begun, the 
innovation process is directed by a complex group of actors 
and forces external to the developing organization. 

Miller has postulated that 
"there exists a technological task environment with 
which organizations are interdependent and from which 
they can find support and stimuli for innovation." 52 
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This seems rather similar to what Nelson has in mind although 
neither author cites the other's work. The technological task 

environment for Miller's- study of the European and American 
steel industries consisted of materials suppliers, equipment 
suppliers, steel product users, other steel manufacturers, 
and innovation sources like related high technology industries, 

research institutions and inventors. 

Nelson feels that with further research, a 
"rigorous general model of the selection environment 
can be built from specification of these three 
elements: the definition of 'worth' or profit that 
is operative for the firms in the sector, the manner 
in which consumer and regulatory preferences and 
rules influence what is profitable, and the invest-
ment and imitation processes that are involved."53 

Nelson is careful not to distance himself too much from the main-
stream of economic analysis. He makes no reference to pol- 
itical and social factors that a historian would regard as 

essential, but stays within the general framework established 

by markets. 

In light of the suggestions of these authors, I propose 
the following general framework to analyse the innovation 
process. There are three separate .parts: corporate; env-
ironment; and process. The process part is the actual unfold-
ing of the steps in:the innovation process. Many existing 
models of innovation, for example the linear sequential ones, 
comprise this process part. 
the set of related, organized 
the technology in question. 

Thus, it can be thought of as 
activities that characterize 

By itself, it only describes 
events; what is needed is to explain why these particular 
events occur. This is done by considering the process along 
with the industrial and social context in which it unfolds. 
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The context is modelled by the other two parts, corporate 
and environment. The corporate part refers to the reasons the 
company decides to initiate the innovation, how it wishes to 
carry out the development process, and how it Envisages the 
function and configuration of the technology. This is where 
Nelson's heuristics would fit in. The heuristics of the cor-
porate part become the actual set of steps in the process part 
by traversing the environment part. The environment is a set 
of economic, political and technological factors, each of which 
will affect the innovation process. They will in term be affected. 
by the results of the innovation, but it is not likely the broader 
context will be changed significantly in the short run. Within 
the economic environment, I consider such things as market size, 
costs and tax'regimes; for the political environment, social 
impact, environmental lobbies and nationalistic laws to promote 
industrial development. The technological environment is the 

context of actual technical possibility and need, conditioned by 
availability of patents and licences, R&D needs, standards and 
regulation, and existing technological systems with which the new 
one must interface. 

In its present level of development, I would call thie con-
ception a theoretical framework,rather than a model. As yet it 
has no predictive power and no subsidiary hypotheses; rather, it 
organizes existing concepts into a meaningful and coherent pattern. 

54 (ills interesting to note that Rosenbloom 	has suggested a 
three level concept very similar to mine,although the two con-
cepts are completely independent in origin,, and he calls it a 
model.) This framework may be a step forward to more realistic 
and rigorous predictive models. The AOPI case studies will be 
cast into this framework to show the dynamics of innovation, but 
the framework itself can only be developed by this research to a 
rather limited extent without straying too far from the main 
topic of the CEDO. 
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2.4 Defining the CEDO and its Characteristics 

The terms CEDO, consUlting, engineering, construction 
and contracting need to be defined in order to standardize 
their use in the present research. Once this is done, I can 
introduce what the literature has to say about the character-
istics of CED0s. If there were a great deal of knowledge 
about CED0s, I could then use it to choose the sample for inter-

views. . However, this section will show very little is known about 

them , so it will attempt instead to develop a typology to 

put CEDO research on a firmer basis. 

First, consider contracting. If we refer to Jenkin 
who has studied contracting for the North Sea offshore ind-
ustry, we see that he uses the term contractor to refer pre-
dominantly to the firm that actually builds offshore struc-
tures. It may at times mean the firm that designs them as 
well. This is standard industrial usage. To avoid confusion 

prefer to u8e the term only in the sense of one firm hiring 
another by means of a contract. Thus a contractor is any 
firm that sells its services to a petroleum company and con-
tracting is the general mode of operation. The firm that 
actually builds structures, I will call the constructor. 

Next, consulting. The Fédération Internationale des 
Ingénieurs-Conseils, which groups national consulting ang-
ineering societies under a unified set of codes, sets the 
criterion for eligibility as a consultant mostly on the 
grounds of commercial independence of the consultant from 
constructors, manufacturers and suppliers. 56 As expressed 
by the Association of Consulting Engineers of Canada, 

"the Consulting Engineer's income comes solely 
from fees received from his clients. He has no 
financial interests in production or contracting 
companies, nor does he receive income from the sale 
or use of any particular product or manufacturing 
process." 57 
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In practice, this distinction is often blurred. For 
example, the OECD Survey of Engineering Service Organizations  
explicitly recognized three main types of consultants: 58  the 
independent firm; the engineering firm that constructs as 
well; and the equipment manufacturer that has a design and 
consulting group to contract out studies that will lead to 
sales of equipment. For the purposes of this research, I' 
accept that a consulting group may be in a firm that constructs 

or manufactures, but the activity of consulting must be kept 
separate from the ownership and sales activity; that is, 
consulting is defined as the sale of services only. 

It is generally agreed by the CEDO researchers 59  that 
consulting engineering activity falls into the following cat-
egories: 
-prefeasibility studies to investigate the most general 
project conception; 
-feasibility studies to see of the project is technically 
and economically feasible; 
- design services 'to create working drawings; 
- procurement of hardware for the project; 
- construction supervision on behalf of the client, or man-
agement of the construction process; 
- management of the whole project; 
- specialist advice on any topic related to the project. 
Firms that carry out the full range of services are called 
MEPC firms. This stands for project management, engineering 
design, procurement .  and construction supervision. Usage of 
the term MEPC contractor varies in the practice of engineer-
ing and there is usually no distinction made between a firm 
that does construction for turnkey projects (i.e. the firm 
owns them until the client takes over) and a firm that super-
vises construction ohly. 
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So far, I have not distinguished between consulting 
and consulting engineering. Kamenetzky feels there is an 
important difference. To him, consulting is an act of org-
anizing knowledge, and engineering, an act of implementing 
'knowledge. 6 0 Consulting services come at the beginning of 
a project and are used to decide if the project is feasible 
and should go ahead. Engineering services 

"come into the picture when the main character-
istics of the project have been decided upon and 
a technology has been chosen...Uncertainty of the 
outcome is much lower than at the preinvestment 
stage, so that consulting services are 'probabil-
istic', and engineering services are rdetermin-
istic.' " 61 

It is necessary to add that consulting services are also the 
advisory "services rendered to a client related to the coordin-
ation, 	control, and supervision of project execution. ,62  

Now only the term CEDO remains to be defined. The acro-
nym is defined by the literature as consulting and eagineer-
ing design organization, so it simply means a firm that sells 
consulting and/or engineering services by contract. 

The literature has described the chàracteristics of the 
CEDOs it has investigated but the studies have been so few 
they have not made an attempt at generalizing the character-
istics into more meaningful patterns. Since it is a general 
aim of this research to lay some groundwork for the study of 
CED0s, some kind of classification scheme or typology will be 
developed to show the diversity and characteristics of CEDOs 
in the AOPI. As a base, I will take the OECD description 
mentioned just before which had the independent service firm 
and the design group in a construction or hardware company. 
In this research, I am concerned with the general phenomenon 
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of expertise contracted into the petroleum company from 
• outside sources; whatever those sources are, I wish to dis-
cover them. Thus, to the two firs't CEDO categories I will 
add two more that were seen in the first field trip, univers-
ity and government. Both these groups will be seen to offer 
significant technical expertise available for contract to 
the AOPI. 
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2.5 CEDO Presence 

What does the theoretical literature have to say about 

the extent of CEDO involvement with innovation in the AOPI? 
There seems to be little of relevance. CEDO research has 
been carried out almost wholly within the context of inter-

national development. The rise of explicit concern in the 
activities of CEDOs came after general recognition by the 
major international development institutions that technol-
ogy plays a major role in development. 63 Thus the main inv-
estigation has been on such things as: the importance of 
controlling the initial stages of project design; how do 
Third World CEDOs develop; what are the contrasts in char-
acteristics between First World and Third World CED0s; 

64 what are the benefits from local CED0s. 	This research 
limited itself to case studies which are specific to nat-
ional and sectoral characteristics,and has made little effort 
to generate more general theoretical concepts which can 
break away from the case studies. The relevance of this  liter 
attire  to the AOPI and innovation is unfortunately rather 
limited. 

The Organization for Economic Cooperation and Develop-
ment has carried out a major study of CEDOs in member coun-
tries but a final report seems not to have been released at 
time of this writing. 65 This study as well is oriented to 
international development. Information released in the interim 
reports 	is too sketchy and at too high a level of aggre- 
gation to be of much use to the present topic. 

Perrin is  the only one who has begun to develop theoret-
ical approaches that are of use to innovation in the AOPI. 
However, it must be kept in mind that his schema (discussed 
in Subsection 2.6.1) 'was developed in reference to very 



2-22 

(4,500 professional staff, of whom 400 are devoted to R&D). 66 

Many of the CEDOs in thé AOPI that were noticed by the first 
field trip have fewer than a dozen or so employees; there may 
be very few commonalities.'. The same problem with vast dif-
ferences in scale also limits the usefulness of works on con-

tracting in the defence industries in the United States where 
several analyses are available. Both Peck and Scherer, 67 and 
Sapolsky 68 have described some aspects of the contracting 
process, but the consultants are at the same time, giant 
manufacturing firms like North American Rockwell, or Boeing. 

No historical studies of the growth of -CEDOs in the indus-
trialiZed world seem to have been done. Several historians 
of engineering have mentioned consultants, but only in passing. 69 

From this general introduction it can be seen there is 
little in the theoretical literature to make one suspect that 
the CEDO role in the AOPI innovations could be an important 
issue. The impetus to research this issue came instead from 
my own previous work experience in the AOPI. Only when we 
start to investigate the issue in detail will it become appar-
ent that CEDOs have a substantial involvement. Data from 
Statistics Canada in Exhibit 2.2  show  such involvement by CED0s. 
These employment and revenue figures are only ,  approximate 
indicators subject to the limitations discussed at the bottom 
of the figure, and refer only to registered consulting eng-
ineering companies, but they do give some tantalizing and 
brief evidence. 

The literature can give a better appreciation of the 
likely extent of CEDO involvement in the AOPI if we proceed 
indirectly, by analogy with other oil industry sectors. The 
analogies take several pages to draw, but it is important to 

large European engineering construction firms like Lurgi 
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Exhibit 2.2 

ImolIfneLutof_legi.sered Consulting Engineerin 
Companies in the  AOPI 

1974 

number of 
projects 	 347 (1) 	 379

(I) 
 

executed 

19 78 

fee income 
($) 

professional 
employees 

81,822,600 (1) 	92,910,000 (1)  

1,094 (2) 	 1,364 (3)  

source:  Statistics Canada 5 1974 and 1978. 

notes:  (1) These figures do not describe the AOPI exactly 
because there is no statistical breakdown for this industry 
subsector. They are calculated from the sum of the "petrol-
eum " category with the "ports and harbours " category. The 
resulting figure is somewhat too big. 

(2) Again, this is not an accurate figure to describe 
the AOPI. It was calculated from several categories: pet-
roleum extractionipetroleum other; environmental impact; 
naval architecture; soil mechanics. 

(3) This is only approximate, as it was calculated by 
adding petroleum category to harbour category. 
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discuss them given the total lack of literature otherwise 
available. In any case, the information presented here will 
be used in other sections of this report. 

The Canadian ail industry does not just consist of pet-
roleum companies, but is made up of a range of firms grouped 
in specialized subindustries. Exhibit 2.3, adapted from Nickle's 
Canadian Oil Register,  shows that the petroleum firms are 
but one of 13 separate groups of companies. 70 The other 
column of this figure shows the number of finis that Kubinski 
calculated were primarily oil and gas related in 1977. 71 The 
three groups most concerned with the development of new 
arctic offshore technology are described further in employ-
ment statistics by Exhibit 2.4. These estimates are not 
very accurate due to the incomplete nature of Nickle's stat-
istics and my interpretation of which companies to include. 
For example, some of the larger consulting firms have several . 
thousand employees, but most of these employees are in cor-
porate divisions that are not concerned with the petroleum 
industry. Nonetheless, it does show that the petroleum com-
panies account for only a portion of the total industry 
employment. 

The breadth of contractors' roles in the Canadian oil ind-
ustry is striking. Exhibit 2.5 records the steps necessary 
to drill and complete a real well in Alberta. Thirty one 
separate contractors are involved, The petroleum company's 
role is mostly that of promoter, banker and manager. Even 
the management role is not always present as the driller or 
drilling consultant may do most of this. 72 

This example is of a small independent 
but the general structure is much the same 
firms that make up the AOPI. House writes 
oil company 

petroleum company, 
as for the larger 
that the small 
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Exhibit  

ecialized Subindustries in the Canadian Petroleum Industr 

Category of Firms 	 Number of Firms 

1. Oil and gas explorers and producers 	 676 

2. Service and supply companies 	 422 

3. Consultants (engineering, geological, geophysical, 	335 
surveying and other) 

4. Data processors 	 21 

5 0  Engineers, pipeline contractors, designers 	 71 
constructors and fabricators. 

6. Financial and investment companies 	 11 

7. Geophysical and exploration drilling contractors 	 38 

8 0  Lease brokers and land agents 	 50 

9. Oilwell drilling contractors 	 51 

10 0  Oilwell service companies 	 56 

• 11. Pipeline companies and power distributers 	 62 

12. Refiners, processors, marketers and plant operators 	58  

13. Transportation and oilfield construction companies 	205 

source: Nickle 1977 and Kubinski 1979,p.1.20 
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Exhibit 2.4 

Employment in the Canadian Petroleum Industry  

Category of Firm 	 Number of Employees 

64,000 (1)  

18,000 (1)  

37,000 (1)  

oil and gas explorers and producers 

consultants (engineering, geological, 
geophysical, surveying and other) 

engineers, pipeline contractors, 
designers, constructors and 
fabricators 

total industry 	 (2) 200,000 

source: (1) Nickle 1980. 
(2) Kubinski 1979,p.1.3. This figure includes employment 

in other categories of companies than the three given here. 
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"has a formal organization that includes a geolo-
gist in charge of exploration, an engineer in 
charge of production and a manager who coordin-
ates the activities of the two...As companies 
become larger,  thèse  roles become departments."73 

The larger scale necessitates inclusion of other departments 
such as finance, accounting, economic planning and legal 
acvice so the large firm has a broader internal structura, 
but the basic form is similar. The majors 

"maintain overall financial, technological and - 
decision-making control, but contract out most 
of the routine and less-rewarding work to 
hundreds of small companies of various types."74 

Using examples from the conventional petroleum industry 
to predict behaviour in the AOPI may be risky because of the 
great differences in scale, complexity and cost of operations. 
It might be better to compare the AOPI with the North Sea 
industry where these conditions are more similar. Exhibit 
2.6 lists the commercial activities of firms in the North 
Sea offshore supply industry. By supply industry is meant 
all those firms that are involved in oil and gas operations 
excluding the petroleum companies themselves. As Jenkin 

9 says 
"the offshore supply industry is a geographically 
diffuse collection of diverse elements unified 
only as a result of the final destination of the 
goods and services it produces. Such coherence 
as the industry possesses derives directly from 
the requirements of the oil companies and their 
contractors." 75 

Exhibit 2.6 shows that North Sea contractors have the same 
kind of extensive involvement asin the conventional petrole-
um industry in Canada and that the petroleum companies act 
mostly to initiate, finance and supervise projects. Jenkin 
states that to manage their exploration and development act-
ivities "they rely upon the services of specialist engineer-
ing contracting fitms. .76 He characterizes the offshore 
supply industry as being essentially a huge sub-contracting 
network. The oil companies are at the centre of this network, 



Exhibit 2.6  

Commercial Activities of Firms in the 
Offshore Supply Industry  

Industrial Sector Company Activity Source of Income 

Seismic companies 

Drilling contractors 

Offshore services 

Workboats 

Helicopter operators 

Material suppliers 

Well logging 

Platform manufacture 

Provision of personnel, equipment, seis-
mic information and interprétation 
Provision of rigs, equipment, crews , 
and operation of drilling assignments 
Provision of equipment and services, 
including catering and diving 
Provision and operation of supply/ 
tug vessels to transport materials 
and equipment to rigs 

Provision of transport for person-
nell between shore and rigs 

Manufacture and supply of mud, chem-
icals and equipment, 

Provision of personnel, equipment 
and well information 

Steel supplies, equipment supplies, 
fabrication and installation 

Contracts with oil companies 
and freelance work 

Contracts with oil companies 

Contract fees 

Contracts with oil companies 

Sales to oil companies 

Contracts with oil companies 

Sales to oil companies. Con-
siderable sub-contracting 
involving sales of equipment 
and basic materials 

• Contracts with oil companies 
or drilling contractors 

Pipeline manufacture 
and installation 

Suppliers of steel, concrete and other Contracts and sales to oil 
reinforcement-pipe fabrication and 	companies - considerable 
installation 	 sub-contracting. 

source:  Cazenove & Co. 1972,p.114. 



surrounded by successive layers of contracting firms such 
that the films in each succeeding layer accept more specialized 
work than firms in the previous laYer. 

To conclude from these examples, there is no direct evi-
evidence in the literature that CEDOs are to be found playing 
out roles in the innovation of technology for the AOPI. By 
comparison with standard practice in other petroleum industry 
areas we have good reason to expect CEDOs to be involved in 
AOPI projects; because many of these projects have concerned 
technology innovation (as introduced in Subsection 2.2), we 
can expect that CEDOs are involved in innovation as well. 
This is indeed suggested by the first field trip. Since the 
literature cannot help show the expected extent of CEDO inv-
olvement, it must be a major aim of the research to show this. 
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2.6 CEDO Roles 

As explained in Section 2.1, there is not much literature 
dealing directly on CEDO roles, but there are some discip-
linary perspectives that apply indirectly. This section 
brings together a wide variety of these peripheral ideas in 
order to portray the extent of existing knowledge and glean 
as much as possible from it on likely roles. Thus, the 
roles described here are presented in an introductory fashion 
only, and are sometimes inconsistent and overlapping. 

2.6.1 Carrefour 

77 Perrin has based much of his study of the engineering 
industry on the concept  that engineering companies form the 
carrefour, or central point within the group of firms that 
come together to execute industrial projects. As Exhibit 6.2 
portrays, the engineering company drives and mediates infor-
mation exchanges among four separate groups of firms: R&D 
organizations .; capital goods producers; banks; and production 
industries. This is a descriptive framework of relationships, 
not a predictive model. Perrin excludes industrial engineer-
ing and hardware design firms from this conception, limiting 
the engineering firms to those very large engineering design 
and construction firms that specialize in setting up process 
plants, factories and infrastructure projects. 

Most CEDOs in the AOPI seem to be small, especially in 
comparison with their petroleum company clients, and likely to 
be involved mostly in conceptual studies. Tliere may be signif-
icant differences between the CEDOs of the AOPI and Perisin's 
engineering firms that will limit the applicability of hi s frame-
work. Nevertheless, it is an important starting point for analy-
sis of the AOPI. 

While Perrin did not discuss innovation in relation to this 
model, some evidence is available from Miller to suggest that it 
can easily be adapted to investigate innovation. 
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In his study of the European steel industry, 
Miller found that the largest source of new tech- 

nology comes from the engineering firms building plants and 
supplying process equipment. 78 This is similar to the con-
clusion that Richardson et al. came to after studying the 
mining industry and the mining process equipment industry 
in Canada0 79  

2.6.2 Contract R&D Lab 

It is possible that CEDOs play an important role as contract 
R&D labs for the AOPI, and by extension, are an important 
independent source of the innovative ideas. This view is 
not shared by Kamenetzky; in fact he specifically excludes 
R&D as a CEDO role. 80 However his classfication scheme was - 
based on consulting organizations in the Third World, so we 
may expect significant differences in the AOPI. In fact, 
Canadian CEDOs do carry out R&D. The Association of Con-
sulting Engineers of Canada (ACEC) conducted a survey of its 
member companies' involvement in R&D and found that to half 
of the respondents, R&D was an important source of income, 
although only 18% of the firms derived more than 30% of 
their income from R&D work. 81 Additional information was 
given at a conference on the involvement of CEDOs in R&D 
in Canada. 82 Nine case histories were presented of consult-
ing engineering firms carrying  out  R&D work leading to vary-
ing stages of development of innovations. Six of the cases 
originated completely with the CED0s. One project, by Hardy 
Associates, involved developing an existing concept and spend-
ing 0.15M$ before a contract was obtained from Arctic Gas to 
do further work. Another involved an invention created in 
the archetypal inentorss garage which was picked up later 
by the inventor's employer, the UMA Group. UMA invested 
0.2 M$ before further funding was obtained. Of the other 
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three projects, one was 
mixed, in that both the 
iators, and one was not 

initiated by the client, one was 
CEDO.and client seemed to be init- 

. specified.' 

The criteria for selecting these bases by the ACEC were not 
given, so it cannot be claimed they are representative of the 
CEDO industry at large. Nevertheless, the first field trip 
seems to corroborate this. One of the CED0s, Fenco,"seems 
to be the initiator of the idea for an innovative drilling 
platform made of ice. Not only did Fenco come up with the 
idea, it also carried out R&D and constructed several platforms 
under contract to Panarctic Oils Ltd. The evidence is slim, 
but I expect a major CEDO role in R&D and as source of innovation. 

2.6.3 Transfer of Technology 

There is a variety of very brief viewpoints to be gleaned 
' from the literature referring to the CEDO as a transfer or 
linking agent. Gibbons and Johnston83 referred briefly to 
consultants' role in innovation in a capacity as a source of 
information to the firm, but found the role rather insignif-
icant. To  1-Ialty-Carérre, 84 the CEDO acts to adapt technology 
to local conditions, and characterizes 	an imitative posture 
towards inetstrial strategy. Perichitch states that CEDOs 
"play a clear role in diffusing industrial technology", 85 

although there is no elaboration of this in his paper. 

The ACEC,feels (with no analysis) that CEDOs are involved 
both in diffusion of innovations and in linking R&D to produc-
tion. 85 Pallister's model of R&D and technology interfaces 
for the AOPI places the consultant at the interface of the 
R&D system although he feels the CEDO is also involved in 
all aspects of R&D, design and production. 87 Araoz88 and 

89 Kamenetzky give somewhat fuller expression to this concept 
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of intermediary in innovation, but Araoz admits this is just 
a concept at  present that needs further research." 

To some authors, a transfer role is not considered a 
significant one. Miller says they "act only as relays in 
the transfer of technology." 91  This conception comes from 
Havelock, who seems to be the only one besides Perrin92 to 
have explicitly considered the consultant's role in innovation. 
Havelock sees the consultant as a linking organization between 
research and practice. The consultant's function in his scheme 
is to 

"assist users in the identification of problems 
and resources, to assist in linkage to appropriate 
resources; to assist in adaptation to use; facilitat-
or, objective observer, process analyst." 93 

Havelock's treatment certainly provides weight for an obvious 
possible CEDO role as a transfer agent for information, but _ 
such a prediction is of limited use because he is dealing 
almost exclusively with consultants in social sciences, not 
engineering and industrial technology. 

Thus, we see there is a variety of preliminary concepts 
centered about a possible CEDO role in transferring knowledge 
or linking knowledge to production. However, there is no 
elaboration for these ideas 	and little evidence presented 
for them. 

2.6.4 Central Technology Development Group 

The results of the first field trip showed that CEDOs 
worked with a wide varity of clients, each on an intermittent 
basis supplying expertise. This suggested the caacept of the 
CEDO as a centralized pool of technological expertise which is 
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made available through contract to all the AOPI petroleum 
companies. This is similar to an idea expressed by Rosenberg 

94 for the machine tool ind'ustry. 	He  feels that the machine 
tool industry played a key role in the evolution of a whole 
range of industries in the capital goods sector during the 
19th century because it specialized in creating the basic 
elements for their production processes. Despite a diversity 
of users, machine tools represented a common core of technol-
ogies and the machine tool industry acted as a central dev-
elopment group to create new hardware more efficiently than 
any single user firm could have. To an extent, CEDOs might 
be the equivalent to  the machine tool industry but for the 
civil engineering capital goods sector instead. 

The concept of central technology development group can-
not be elaborated further from this initial information, but 
it is potentially important and is developed during the research. 

2.6.5 Gatekeeper 

It might be possible to adapt the concept of gatekeeper 
to describe a CEDO role in controlling information flows. . 
Allen developed the concept of gatekeeper to generalize his 
findings about a characteristic role he discovered in R&D labs. 95  
The gatekeeper is an individual in an R&D organization who 
becomes a specialist in gathering information and creating 
information channels. Most researchers in the lab depend on 
this individual for supplying research literature and infor-
mation on conferences. Management uses him as a source of 
information on market opportunities and commercial contacts. 

It may be that CEDOs act as a sort of corporate gatekeeper, 
hired by petroleum companies to learn about external tech-
nological events and to communicate with other technological 
actors. The role would have to be adapted somewhat because 
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CEDOs do not act independently within clients, but work through 
the client's project manager. Miller's analysis of firm org-
anization and innovation gives indirect support for the CEDO 
as gatekeeper concept. The strategy of a firm in Miller's 
scheme is to innovate by optimally managing interdependence. 
Thus the successful firm is one which is attuned to the task 
environment and develops boundary units in the organization 
to scan and transfer information from the task environment. 96 

We must be careful when using Allen's gatekeeper model, 
because other research has been somewhat critical of it..Kelly 
et al. 97  concluded from a review of the subsequent literature 
on gatekeepers that the function was subsidiary to the exist-
ence of other informal groups in the lab. Shuchman's study 
confirmed this, showing the gatekeeper had a role but it was 
based on existing personal relations and information sources 
within the laboratory. 98 

2.6.6 Carrier of Knowledge 

In a broad sense, AOPI innovation is the result of 
technological knowledge being applied to industrial prob-
lems within a particular socio-economic context. In this 
perspective, the factor of technological knowledge assumes 
a great deal of importance. Technological knowledge can 
be kept available in several forms, written, embodied in 
hardware or in a human mind. Possibly, the CEDO plays a 
crucial role in providing an organization where knowledge 
embodied in people can be kept alive and applied in industry. 
This role I would call carrier of knowledge. 

The basic concept is present in some of Perrin's writ-
ing, but it is not well developed. Perrin suggests that 
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"il faudrait également situer l'ingénierie dans 
son rôle de mémorisation et de valorisation de 
l'experience industrielle."-99 

By this I think he implies that CEDOs are carriers and 
actualisers of unique kinds of industrial and technolog-
ical knowledge. From his concept of "l'engineering", 
this would be a knowledge of how to assemble machine 
systems, assemble large industrial production systems 
and how to optimize industbLal processes. This would be 
a knowledge of technical facts and of the network of 
relevant companies and people in the four pole areas: bank-
ing; capital goods; production; and R&D. 

These are invisible kinds of knowledge that are not 
generalized by university teaching but are specific to the 
practice of the particular industry. This knowledge of 
techniques, hardware and the network of relevant people 
and companies involved is highly temporal and perishable. 
Within the context of the AOPI, the CEDO could be a carrier of 
specialized knowledge that relates to research, development 
and design, and to a network of actors and events both 
inside and outside the AOPI. 
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2.7 Reasons for CEDO Roles 

As in the case of the CEDO roles in the previous subsec-
tion, there are various references in the literature that 
suggest reasons why the CEDOs are hired. Aside from the 
hierarchies paradigm which looks at the contract mechanism, 
the other factors described here are not well developed in 

the literature . 

2.7.1 Contracting 

On the interface between law and economics there is a 
small and recent body of literature that deals with contracts 
and monopolies under the title of the hierarchies paradigm. 
Unlike the other factors to be  • iscussed in this section, the 
hierarchies paradigm is well enough elaborated that it 
offers testable propositions, although it does not relate 
specifically to CEDOs or innovation. 

The paradigm has been most thoroughly developed by William 
100

-  
son 	who has been concerned with vertical integration and 
monopoly implications. Market contracting andfirm Integration 
are seen as the two alternative instruments for completing a 
set of transactions; whether a set of transactions is executed 
across markets or within a firm depends on the relative effic- 
iency of each mode. 101 To Williamson, the paradigm is a neg- 
ative explanation elaborating failure of the markets; the 
higher the costs of the transaction or contract, the more 
likely vertical integration or hierarchization will occur. 

"Indeed, if transaction costs are negligible, the 
organization of economic activity is irrelevant 
since any advantages one mode of organization 
appears to hold over another will simply be 
eliminated by costless contracting. " 102 

There are two sets of paired factors that must be consid-
ered. The first pair consists of bounded rationality coupled 
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with uncertainty. Bounded rationality simply means that the 
ability to understand reality is limited. When uncertainty 
of a venture increases,'a firm coPes with bounded rationality 
by internalizing the transactions to keep them better under 
control. The second pair is small numbers and opportunism. 
When there is only a small number of potential contractors, 
exchanges can easily become transaction-specific monopolies; 

if the contractors are opportunistic, meaning they operate 
with self interest mixed with lack of honesty, contracting 
becomes risky and costly to the firm. 

Basic to Williamson's conception is this notion of wide-
spread opportunism - just how well this describes the behaviour 
of CEDOs which are professional organizations as well as com-
mercial, is not yet known, and must be viewed critically. 
There is another problem in that his model of the firm's 
"criterion for organizing commercial transactions is assumed 
to be the strictly instrumental one of cost economizing". 103 

Such reduction of relevant factors may be necessary for making 
a specific model, but it may be too limited to apply to real 
situations where there is likely to be a wide range of pos-
itive and negative inducements to contracting. 

The negative orientation adopted by this theory partly 
explains Williamson's attitude to the importance of technology 
in structuring an organization. To him, "technology is no bar 
to contracting; it is transactional considerations that are 
decisive. " 

1-04
Thus he can deny that technology is a rel-

evant variable in the question of contracting. However, I 
feel that the theory is seriously limited by this attitude 
toward technology. Technology does not act directly on organ-
ization but it structures the basic industrial building blocks 
and limits the kinds of organizations needed to meld them 
into a functioning system. 
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While it seems that the hierarchies paradigm has some 
serious limitations in describing CEDO use in the AOPI, it 
may nevertheless be an important starting point to develop 
a useful model. Three critical dimensions for characterizing 
transactions are suggested: 

"(1) uncertainty, (2) the frequency with which 
transactions occur, and (3) the degree to which 
durable transaction-specific investments are 
incurred." 105 

Williamson does not posit a .  specific relationship, but only 
hypothesizes that relational contracting and vertical inte-
gration will-supplant market and classical contract exchange 
when dimensions 1 and 3 are high. Data gathered in this re-
search will test this general hypothesis and examine the basic 
conditions for the hierarchies paradigm. 

According to Globerman, 106 there is little empirical 
evidence to support the hierarchies paradigm. To test it for 
one instance of R&D contracting in the Canadian telecommunica-
tions industry, he examined evidence from the Restrictive 
Trade Practices Commission. Globerman concluded that R&D 
contracting in this case is generally consistent with the 
predictions of the hierarchies paradigm, but that the data 
were not good enough to measure any relative costs between 
contracting and in house development. Nor, he adds, 107 could 
such a test realistically be made given the difficult meas-
urement problem. These difficulties of measurement will 
1ikely affect my examination of this issue as well. 

2.7.2 Task Uncertainty 

There is a considerable body of literature concerned with 
explaining the structure and behaviour of organizations. Con-
sulting is a peripheral phenomenon within the organization lit-
erature, but there are some perspectives that might bear upon 
the .reasons CEDOs are present in the AOPI. My impression of 
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this literature is that there is no unified theoretical 
structure and no concensus on the factors of the external 
environment that influence internal structure. From Galbraith's 
model of the determinants of structure, 

108 
 we can see it is 

a veritable potpourri of practically any factor one might wish 
to investigate. Richardson

109
is skeptical of any_sort of an-

vironmental determinism, noting there are many different sol-
utions to the organizational challenges presented by complex 
environments. 

For the factor of task uncertainty, however, there seems 
to be a larger concensus that it structures organizations. 
Galbraith bases his choice of task uncertainty as a key factor 110 

 on previous studies by Chandler, 111 Burns and Stalker, 112 

Lawrence and Lorsch. 113 
When faced with a more uncertain 

task or 	environment, the firm must either increase its 
ability to preplan or increase its flexibility to adapt if it 
wishes to maihtain its performance. This by itself is a 
rather obvious observation, but it provides the basis for 
Galbraith's further elaboration of what he considers one of 
the key factors in organizational analysis. To reduce un-
certainty in decision making, the organization has several 
choiées within the broad categories of reducing the need for 
information processing and increasing the capacity to process 
information. By creating a structure that is .project-oriented rather 
than function-oriented, decisions can be compartmentalized 
and made faster, but at a cost of specialization of the per-
sonnel. 

Perhaps the use of CEDOs helps firms cope with uncreased 
uncertainty by allowing both project-oriented structure and 
specialization. The best available expertise can be applied to 



2 -42 

any problem at any time by contract. Galbraith reports on 
a case study where a firm reorganizing along these lines 
kept some specialist pools for  which there was not enough 
full time demand in the individual areas. These groups 
were shared when needed among the subproject areas in a kind 

of internal consulting mode.
-114 

One of the ways suggested to increase information pro-
cessing was to create lateral relations to decentralize the 

decision making and to reduce the use of hierarchy. The 

same effect can be achieved by eliminating much of the hier- 
archy with the hiring of CEDOs and having the kind of organic, 
informal organization envisaged for complex environments by 
Burns and Stalker. By relying on CED0s, the petroleum com-
panies can elimiate much bureaucracy and hierarchy to attain 
the kind of corporate entrepreneurial characteristics noted 
by House. 115 

Unfortunately, the literature does not specify exactly 
what this factor of uncertainty or task uncertainty means or 
how to measure it. It is obviously a qualitative and general 
factor only. Woodward 116 and Williamson 117 base their own 
theories of organizational structure on this factor and I will 
return to it in the discussion of technology and contracting. 

2.7.3 Technology 

Woodward 118 has postulated that the technology involved 
in production will directly affect the structure of the in-
dustrual organization, and that 

"the causal link between technology and organ-
izational behaviour is the degree of uncertainty 
and unpredictability in the production task." 119 

She does not spell out the exact meaning of the word technology 
but it seems to refer to a combination of the products and 
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the process technology. She found that organizational char-
acteristics could only be compared on an axis describing the 
kind of production process. The categories on this axis 
ranged from unit and small batch production through large 
batch and mass production, to continuous process production. 
To Woodward, this progression described increasing complexity 
and sophistication of the process technology. It was found 
that the organizational form at both extremes followed def-
inite patterns laid down by the work flow requirements, but 
that firms in the middle had a broader range of control 
system options. Plants producing goods in unit and small 
batch quantities had rather informal organizations and were 
made up of skilled people with generalist backgrounds. 

It is interesting how well some of the characteristics 
of Woodward's unit and small batch firms describe what we 
might expect CEDOs and the petroleum companies to be. The 
work forces were more highly skilled than for the other kinds 
of firms; products were sold on the basis of quality and per-
formance, not cost; managers were ex R&D engineers; R&D was 
valued as the elite occupation in the firm and set the tone 
for all departments; work focus was on the short term with 
few plans beyond the immediate orders on hand. 

Woodward's observations have received much attention in 
the organization literature but have generated very little 
further empirical investigation. Mintzberg 120 has summar- 
ized the results of further research on the Woodward model 
and found them to be mixed - some support the model and others 
do not, wbh no apparent pattern. 

While Woodward does not mention innovation or CED0s, hers 
is the only investigation of the role of technology as a 
structuring factor of industrial organization. The similarities 
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of characteristics between her sample and the AOPI firms 
suggests that her concepts should be looked at further for 

explaining the CEDO role. This research will attempt to 
discover exactly which aspects of technology influence CEDO 
rble, and how. 

2.7.4 Fluctuating Demand 

Clearly, the need for technology design and innovation 

services fluctuates as AOPI projects are initiated, executed 

or cancelled. One of the concepts to be developed here is 
that the petroleum companies use CEDOs to adapt to such fluc-
tuations. This view has been expressed, but not developed, 
by a variety of authors. 

In their study of innovation in the Canadian mining industry, 
Richardson et al. touched briefly on two roles for consultants 
that related to fluctuating demand for their services. They 
were a kind of "office overload" and suppliers of skills that 
were temporarily needed be not available in the firm. 121 

 Peck 
and Scherer briefly mention CEDOs being used in the US weapons 

122 industry as a "capacity buffer." 	For Marchak, the consul- 
tant is a hapless pawn in the hands of a callous foreign 
owned industry, to be used to buffer market forces. 123  House 
has also stated that consultants and other service companies 
are especially vulnerable to market slowdowns and fluctuations 
in demand, but does not seem to feel that the relationship 
is as one-sided as Marchak portrays. 124 He characterizes the 
relationship as symbiotic inequality, where the petroleum 
companies dominate, but need the services of others who also 
benefit from the transactions. 

Experts can benefit from fluctuations in demand which 
cause shortage in specific areas. Under conditions of strong 
demand and short supply, individuals  cari  easily establish 



2- 45 

themselves as CEDOs and improve their salaries or working 
conditions. House has referred to a "luxury of choice" in 
careers for professionals in the Canadian oil business, which 
is driven by a shortage of expertise under conditions of strong 
demand. 124 

2.7.5 Efficiency 

In the Abernathy/Utterback model of innovation (described 
in Section 2.3), the initial stages of innovating a new pro-
duct are carried out by a non-specialized production system. 
Only once the product design has been set for large scale pro-
duction does the process system leave the craft stage to 
become highly specialized. Because the AOPI is a very recent 
industry and is still in the initial stages of activity, it 
is possible that the overall innovation process is i i an in- . 
itial stage as well and in need of a generalist production 
system. The organization that Woodward described, which fit 
our expectations about the AOPI (Subsection 2.7.3), is known 
as."job shop". De Bresson 126   has shown that job shop or-
ganization is typical of the Canadian manufacturing industry 
which has difficulty in moving to the later stages of the 
innovation process, mass production. 

Woodward felt this kind of organization to be the least 
technically advanced of the three main types she studied, and 
like de Bresson, implied it is somehow the least desirable. 
This same premise is found in Richardson et al. , s 127  study  of 
innovation in the Canadian mining industry, and in the 
economic history literature as well. 	 Contracting 
is seen as characteristic of pre-industrial systems. The rise 
of industry is synonymous with the factory system which, as 

128 
Landes 	shows, meant the end of "putting out" where piece 
workers subcontracted certain kinds of work. Labour sub-
contracting was noticed by Clapham 129  to have persisted until 



the late 19th century in some specialized trades. Bendix 
shows how labour subcontracting was gradually integrated into 
the foreman system within the firm. He states that the 
"form the subcontracting system took depended upon the tech-
nology and the consequent degree of concentration in the 
different industries" 130 , but does nct elaborate. 

Despite this prevailing outlook, I feel that the job shop 
organization of the CEDO contracting with the petroleum com-

pany in the AOPI may represent the most efficient way of 
producing the AOPI innovations. The CEDO may be a survivor 
of the 'early form of craft-specialized subcontracting in 
industry, but it is a highly sophisticated one and perhaps 
the optimal solution to AOPI organization. Thus, the Abernathy/ 
Utterback model of innovation suggests a general concept of 
the CEDO representing high efficiency in producing innovation. 
The research should be aware of this and attempt to elaborate 
efficiency more specifically. 

2 0706 Independenée 

The ACEC advertises that one of the major benefits of a 
firm choosing to hire a CEDO is that the services are inde-
pendent and are thus made in the client's best interest. 131 

Because the CEDO topic is a new one, there is little academic 
analysis of this point, but some points made by Calhoun in 
his study of the early history of civil engineering relate to 
independence. He shows that from the beginning, consulting 
engineers were often needed as independent arbiters to make 
sensitive decisions concerning route selection and award of 
construction contracts which local authorities were reluctant 
to execute for fear of abuse of patronage. 132 Consulting engin-
eers were sometimes hired as independent experts to add pres-
teige and confidence to the design decisions of local Con-
sultants and clients. 133 CED0s in the AOPI will be examined 
to see of their roles relate to the factor of independence. 
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Notes Chapter 2  

1. See Odell (1970) for a good introduction to the world 
oil industry. 
2. A selection of references for these aspects includes: 
Maxwell 1973; Richards and Pratt 1979; Rohmer 1973; Stabler 
and Olfert 1980; Pratt 1976; Gray 1979; Consumer and Corpor-
ate Affairs 1980. Some of this literature is journalistic 
in style. 
3. Any one of the references in note 2 that deal with arctic 
issues will necessarily touch on the environment. Other general 
references include: Berger 1977; Lucas et al. 1979; Pimlott 
1977; Kieth et al. 1976; Pimlott et al. 1976; Thompson and 
Crommelin 1974; Canadian Arctic Resources Committee 1979; 
and Livingstone 19$1. 
4. Agood example is Gould - 1976. 
5. Kieth et al 1976. 
6. Pimlott et al. 1976. 
7. House 1977, 1980. For a critique of some of House's con-
cepts, see Myles (1978). 
8. Kubinski 1979. 
9. The following series of Science Council Studies summarizes 
this literature well: Stewart and Dickie 1971; Cordell 1971; 
Bourgeault 1972; Gibbons and Voyer 1974; Kieth et al. 1976; 
Britton and Gilmour 1978. 
10. Teece 1976,p.51. 
11. Enos' study (1962) is the classic in this area. 
12. MacAuley interview. 
13. Statistics Canada 1981. 
14. Stead interview. 
15. House 1977,p.6. 
16. This is a reference to a study by de Bresson for the Sci-
ence Council done in 1980 which has not yet been released. 
In fairness, it should be noted that de Bresson's criteria 
for innovation were not the same as those used here, but 
this would not have excluded all the AOPI innovations. 
17.Kubinski 1979, pp. 4.20 to 4.23. It must be noted that this conclu-
sion is weak in face of the methodological problems mention- 
ed in his report. 
18. Schumpeter 1934. 
19. See Freeman's review article of 1977. 
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20. To maintain a succinct presentation of the definitions, 
it is best to delay for several pages a detailed discussion 
of this aspect, and the following aspects of small numbers 
of innovations and their'incremental nature. 
21. Rosenberg 1976, Chapter 4. 
22. Nelson and Winter 1977. 
23. Kelly et al. 1978, p.159. Mansfield's(1978) survey of 
the main topics of innovation research does not mention the 
characteristics of innovations as ever having been investi-
gated. 
24. Rosenbloom 1978,p.216. 
25 0  Mowery and Rosenberg 1979, p.147. 
26. See for example: Freeman 1977; Abernathy 1978; Kelly et 
al. 1978,p.67. 
27. Kelly et al. 1978, Note 9, p.214. 
28. Freeman (1977,pp.243-248) points out this is 	again, the 
result of Schumpeter's influential writings. 
29. Miller 1971, p.14. Miller states that March and Simon 
(1958,pp.172-199) was the  origin for this idea. 
30. See Enos (1967) for petroleum refining, Knight (1963) for 
computers, Clarke (1968) for rocket engines, Abernathy (1978) 
for automobiles and Hollander (1965) fôr a du Pont factory. 
31. Freeman 1977,  p.251. Freeman says on p.235 in the same 
article that a fundamental question now being aired is to 
what extent innovation can occur outside the formal R&D system. 
32. Schmookler 1976. 
33. Richardson et al. 1976, p.40. 
34 0  Mowery and Rosenberg 1979, p.141. 
35. Langrish et al. 1972, p.74. 
36 0  Sapolsky 1972 ,  
37. Peck and Scherer 1962. 
38. A perusal of major reviews of the literature like Kelly 
et al. (1978), Freeman (1977), Layton (1977), Mowery and 
Rosenberg (1979), and Nelson and Winter (1977) will make 
this abundantly clear. 
39 0  Kubinski 1979. 
40. Richardson et al. 1976,p.11. 
41. See Abernathy 1978, Chapter 2 0  
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42. See Freeman (1979) and the special issue of Futures, 
August 1981 and October 1981, for a treatment of latest 
thinking on long cycles and innovation. 
43. Mensch 1978. 
44. Haustein and Maier 1980. 	 • 
45. The analogy to Kuhn's (1972) theory of scientific revo-. lution is interesting. A fundamental theoretical approach 
is developed in a field, which supplants the previous out-
look. A period then follows in which most scientific acti-
vity is devoted to testing and refining the theory. 
46. Mowery and Rosenberg 1979, Langrish et al. 1972, 
Layton 1977, Nelson and Winter 1977. 
47. A typical example is Valaskakis (1982), who affirms his 
belief that every innovation can be traced to a basic 
scientific discovery. 
48. Freeman 1979, p. 211. 
49. Mowery and Rosenberg 1979, p. 47. 
50. Rosenberg 1976, Chapts. 1,3,6,15; Mowery and Rosenberg 
1977. Hughes (1978) also has the same notion of imbalances 
inherent in his concept of reverse salients. Rosenberg 
does not make any reference to the following literature, but 
his ideas of imperatives stray directly into the controver-
sial work of such authors as Mumford (1970), Giedion (1948), 
Winner (1977) and Ellul (1964) on technology and social impact. 
51. Nelson and Winter 1977, p. 52. 
52. Miller 1971, p. 5. 
53. Nelson and Winter 1977, p. 64. 
54. Rosenbloom 1978. 
55. Jenkin 1981, p. 155. 
56. FIDIC 1979/80, p. 4. 
57. Association of Consulting Engineers of Canada (n.d.) p. 2. 
58. Brown and Perrin 1977. 
59. Perichitch 1976, p. 11; Araoz 1981, p. 10; Lee 1975, 
p. 64; Peter Barnard Associates 1981. 
60. Kamenetzky 1978. 	, 
61. Araoz 1981, p. 10. 
62. Ibid, p. 9. 
63. All of these institutions and some of their major studies 
are listed as follows. The World Bank has carried out several 
country studies (Peter Barnard Assoc. 1978) and formulated 
internal policy directives for developing local consulting 
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capacity (World Bank 1977). Both the United Nations Dev-
elopment Programme (Araoz and Politzer 1975) and the United 
Nations Industrial Development Organization (UNIDO 1978) 
have sponsored research and conferences in this field. The 
InterAmerican Development Bank has also carried out case 
studies (Sercovitch 1978). Most of the research has been 
done by the International Development Research Centre which 
sponsored the STPI project (Sagasti 1978). 
64. International research in the CEDO field has culminated 
in a project proposed but subsequently abandoned by IDRC. The 
proposal documents and research design are edited by Araoz(1981). 
65. The only report available to the author was the interim 
one by Brown and Perrin (1977). 
66. Perrin and Real 1976,p.89. 
67. Peck and Scherer 1962. 
68. Sapolsky 1972. 
69. Calvert 1967, Calhoun 1960, Noble 1977, Layton 1971. 
70. Nickle 1977. 
71. Kubinski 1979,p.1.2. 
72. Drill rig statistics support this pattern on a larger 
scale. The CAODC  Rig Locator  (CAODC 1981) shows that out of 
404 drilling and service rigs in Western Canada, only 17 were 
owned by petroleum companies. 
73 0  House 1980,p.60. 
74. Ibid. ,p.59. 
75. Jenkin 1981, p.19. 
76. Ibid., p.20. 
77. Perrin and Real 1976,p.2810 
78. Miller 1971. 
79 0  Richardson et al. 1976. 
80 ,  See Kamenetzky (1978) and his discussion of the schema of 
Figure 1. 
81. Association of Consulting Engineers of Canada 1981. These 
figures indicate general trends only and must not be taken as 
more meaningful; only 12 05% of all firms replied to the survey, 
or a total or 104 respondents. 
82 0  "R&D and the Consulting Engineer", a conference sponsored 
by the Association of Consulting Engineers of Canada, held 
at the Westin Hotel, Toronto, October 15,1981. 
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83. Johnston and Gibbons 1975, p.30. 
84. Halty-Carérre 1979,p.129. 
85. Perichitch 1976,p.7. 
86. Association of Consulting Engineers of Canada 1981,p.3. 
87. Pallister et al. 1978, p. 37. 
88. Araoz 1981, pp.12,29. 
89. Kamenetzky 1975, 1976. 
90. Araoz 1981,p.113. 
91. Miller 1971, p.47, note 34. 
92. Perrin's research on CEDOs is described in Subsection 2.6.1. 
93. Havelock 1969,p.7-4. 
94. Rosenberg 1976,p.143. 
95. Allen 1977. 
96. Miller 1971. Work on boundary units has been taken Èarther, 
but it seems to be mostly.within the context of R&D labs com-
mdnicating with external organizations, and is not helpful to 
understand the CEDO role. See Tushman (1977) as an example 
of more recent work. 

97. Kelly et al. 1978, pp.90-94. 
98. Shuchman 1981. 
99.Judet and Perrin 1977, p.61. Aside from this sug-
gestion, the topic is aompletely unexplored. The only 
study that was fodnd to touch even peripherally on the 
carrier role was by Shuchman (1981). She showed the large 
extent to which information used by engineers  cornes  from 
informal networks. (Chapt.3). The informal networks con-
tain few sources of published material and much of this 
cornes  from a wide variety of specialized sources. As 
Allen (1977) has shown with his research on gatekeepers, 
it takes a great deal of effort to keep in touch with 
these informal networks. 

It is interesting to bring in Crane's (1972) concept 
of the invisible college. She found that a scientific 
field of research was carried forward by a distinct com-
munity of scientists forming a productive network on in-
formation exchange. The advances in knowledge of the 
field were closely tied to the social dynamics of its in-
visible college of members. Researchers have wondered 
what the analogue of a scientific invisible college might 
look like in technology, but no work has been done on this 
(comment made to the author by Dr. M. Gibbons, Head, Dep't. 
of Liberal Studies in Science, University of Manchester). 
The work on invisible colleges could contribute to a bet-
ter understanding of the carrier role. 
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100. Williamson 1975. 
101. Ibid.,p.8. 
102. Williamson 1979,p.233. 
103. Ibid.,p.245. 
104. Williamson 1975,p.17. 
105. Ibid.,p.239. 
106. Globerman (1980) is the only one to date to have inves-
tigated R&D and contracting in light of the heirarchies 
paradigm. 
107. Ibid.,p.993. 
108. Galbraith 1973,p.31. 
109. Richardson 1972. 
110. Galbraith 1973,p.4. 
111 , Chandler 1962. 
112. Burns and Stalker 1962. 
113. Lawrence and Lorsch 1967. 
114. Galbraith 1973,p.81. 
115. House 1980,Chapts.1 and 3. 

116.. Woodward 1965, 1970. 
117,  Williamson 1979. 
118. Woodward 1965. 
119.Woodward 1970,p.35. 
120. Mintzberg 1979,Chapt.14. 
121. Richardson et al. 1976 9 p.89. 
122. Peck and Scherer 1962,p.391. 
123. Marchak 1979,p.120. 
124. House 1980,p.39. 
125. Ibid., Chapts 1 and 2. 
126. de Bresson 1981. 
127. Richardson et al. 1976. 
128. Landes 1969. Refer to "putting-out" in his index for 
exact references. 
129. Clapham 1932,pp.128-133. 
130. Bendix 1956,p.213 note 24. 
131.Association of Consulting Engineers of Canada, no date. 
132. Calhoun 1960, p.79. 

133. Ibid.,p.80. 
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3. INNOVATION OF TECHNOLOGY IN THE AOPI 

3.1 Introduction 

The purpose of this chapter is first of all to provide 
information on the AOPI and the innovations that is neces-
sary for the subsequent analysis. This part of the 
chapter is mostly descriptive. The initial information on 
the innovations and their sponsoring petroleum companies 
is fairly long, but this is due to the number of innovat-
ions considei-ed; the presentation of each innovation is 
actually very brief. Due to their number and diversity, 
the reader may find it hard to keep them all in mind, so 
a summarizing section follows. 

The second purpose is to show the AOPI is an important 
centre for the innovation of technology, despite the fact 
that initial evidence from the literature would not lead us 
to think so. To do this, the characteristics of innovative-
ness of the new technologies are examined, and this leads to 
the discovery of some important new ways of conceptualizing 
incremental innovation. 

The third purpose is to describe the innovation process 
in the AOPI. This is essential to fully understand the CEDO 
role in Chapter 6. Although the conceptual framework pre-
sented in Section 2.3 can only be partly developed with 
the present research topic, several new ways of viewing the 
innovation process are illustrated. 



3.2 The Arctic Offshore Petroleum Industry 

The petroleum imdustry includes a great variety of 
specialized industrial sectors whose participation chan-
ges markedly according to the stage of resource exploitat-
ion. It is necessary to describe certain aspects of the 
oil business in order to show how the AOPI evolved and 
to understand the present makeup of the AOPI. 

The first point to clarify is that there are four 
major types of activities in the petroleum industry, nam-
ely, the finding, transporting, refining and marketing 
of oil and gas. The companies involved with the AOPI 
have only been concerned with the finding and transport-
ing of petroleum to date; no oil or gas has actually been 
produced yet. For a given petroleum play (i.e. a distinct 
geographical area being exploited) these four activities 
follow each other in time. The AOPI Lin the initial stages 
of a play that will take several decades to unfold. 1  

For those readers unfamiliar with the petroleum ind-
ustry, the following paragraphs briefly describe the main 
activities in the finding stage. Exploration begins with 
a petroleum company expressing an interest in certain 
lands and gaining access to them in public auction or 
private trading with another firm, in order to conduct 
geological and geophysical surveys. On the basis of this 
work, permits are obtained to drill exploratory wells on 
promising sites. Only a fraction of these wells discover 
hydrocarbons  and an  even smaller fraction shows hydrocar-
bons present in quantities likely to rate as potentially 
commercial. 
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If the hydrocarbon shows are promising, development 
of the field ansues. Several wells are drilled on the 
field to delineate the extent and productivity of the 
reservoir. The firm then decides whether, and how, to 
produce the petroleum field. The necessary platforms and 
equipment are designed and installed. Many more wells 
are drilled to various depths in special locations, and 
the formation rock is modified by a variety of techniques 
to enhance productivity. The development phase repres-
ents by far the largest proportion of investment. Data 
from the North Sea show that development demands about 
86 % of field cost and exploration only 14%. 2  

It is important to emphasize that activity in the 
AOPI is still in the exploration phase overall, and just 
moving into development on Melville Island and the shallow 
parts of the Beaufort Sea. The cost of this activity 
since the mid 60's is great. No direct figures for the 
AOPI are available, but their magnitude can be roughly 
estimated by the following. In this period, expenditures 
in ail  frontier areas (the East.Coast, the arctic land, 
the arctic offshore) have amounted to about 2,000 M$ 
(million dollars). 3  The Arctic Islands play alone has 
cost 800 M$ . The industry claims to have spent 365 M$ 
on R&D in these frontier plays. By 1981, this effort 
had discovered approximately 16 trillion cubic feet of 

4 gas in the Arctic Islands and major oil and gas finds 
had been made in the MacKenzie Delta and Beaufort Sea. 5  

Petroleum activity in the arctic offshore arose from 
the petroleum play in the Arctic Islands and the Mackenzie  
Delta. The arctic land industry in turn is closely related 
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to the conventional petroleum industry. Because of this, 
the basic structure of the AOPI is similar to the convent-
ional petroleum industry centred in Calgary, but there 
are some important differences in respect to innovation. 
A short history of the development of the AOPI will show 
that it is technological innovation that distinguishes the 
AOPI from other petroleum sectors. 

Major petroleum activity began in 1959 for the Arctic 
when a group of firms applied to the Federal government 
for exploration permits in the Arctic Islands. 6 Dome 
drilled the first Islands land well in 1961. In the Mac-
Kenzie Delta, Imperial, Shell, Gulf, Mobil and Texaco 
became the major landholders, with Gulf drilling the first 
well in 1965. Exploration in the Islands soon languished, 
so to keep the play alive, the mnall independent companies 
involved there decided to pool their resources and persuaded 
the Federal government to take out a 45% equity, thus form-
ing Panarctic Oils Ltd. in 1967. 

By the late 60's, it was apparent that discoveries 
made in the Islands and the Delta could be extended to 
the offshore. In 1969, most of the promising offshore 
leases were bought up. Exhibit 3.1 shows the areas where 
the AOPI has become established. Imperial took up the 
shallow water acreage along the MacKenzie Delta and Gulf 
located farther offshore. Dome continued from there to 
water 100 m. deep. In 1972, Imperial constructed an arti-
ficial dredged island and drilled the first offshore well. 

Not surprisingly, drilling in in deeper waters of the 
Beaufort began somewhat later. In 1969, a consortium of 
companies and Dome Petroleum acquired much of the Beaufort 
deep water acreage. In 1972, the consortium made applic- 
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ations to drill. Dome submitted its application in 1973, 
and during the final negotiations won out with a system 
of anchored ice-reinforced drillships. The Dome fleet 
was built and the flotilla of vessels sailed from 
Vancouver in 1976. 

Meanwhile, Sun had•come and gone on the drilling stage, 
entering into an agreement in late 1972 to drill two wells 
from dredged islands in 1973-74 on another company's land. 
The Sun program ended after these two wells. 

In the Islands, Panarctic decided to drill offshore 
about the same time as Imperial in the Beaufort. Being 
ma  stable ice zone but in deep water, Panarctic developed 
artificially thickened ice platforms and drilled its first 
offshore well in 1974. 

Although Gulf had acquired a large permit area in 
the Beaufort Sea, it decided to have other companies do 
all the drilling and operations. When it became apparent 
in the late 70's that the Beaufort play was nearing the 
production stage, Gulf decided to act as its own drilling 
operator in 1980 and to create its own drilling system. 
This was venrsimilar to Dome's second generation system 
being developed at the same time. 

By 1981, the AOPI was poised to enter the next phase 
of activity, development. Planning for the development 
phase had begun in 1972 when the consortium Polar Gas 
was formed to study ways of building a gas pipeline south 
from the Arctic Islands. Polar Gas still officially 
exists but with a very low profile, having been seriously 
affected by the same kind of disputes that forced the 
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cancellation of the MacKenzie Valley Pipeline that was to 
be built in the mid 70's from Alaska and the MacKenzie 
Delta". Polar Gas had a marine component, but was prim-
arily a land project and is not studied by this research. 7 

Panarctic and its major shareholder PetroCanada began 
to cast about for alternative means of transporting the 
gas. In 1.976  they formed a joint venture with Alberta 6as 
Trunk Ltd. (now NOVA) and a group of shipowners and oper-
ators called Melville Shipping Ltd. to sponsor the Arctic 
Pilot Project (APP) to carry liquefied natural gas (LNG) 
to the south by icebreaking tankers. 

This brief history shows that the AOPI only dates from 
1969 or 1972, depending how one wishes to treat the initial 
period after acquisition of the Beaufort leases. The 
present research considers events up to the autumn of 1981, 
so the life span of the AOPI is approximately a decade to 
date. Exhibh3.2 lists all the petroleum companies con-
sidered to make up the AOPI. No figures are available to 
show the number of people in the petroleum companies who 
are actually involved in the AOPI. In any case, such a 
summary statistic would not have much meaning because there 
are large labour peaks 1  projects are intermittent and 
the three Canadian firms were formed during the 1970's. To 
find good statistics on the employment in the AOPI pet-
roleum companies would take a deliberate research program 
in itself. Panarctic is the anomalous firm, being an order 
of magnitude smaller than the others. 

The AOPI is a fairly distinct industrial group, one 
which can be studied in its entirety. There are only 6 
petroleum companies involved and a decade of activity. 
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Firm 

Esso .  Resources 
Canada 

Gulf Canada 
Resources Inc. 

Suncor 
Resources 

Arctic Pilot 
Project 

Canadian 
Marine 
Drilling 
(Canmar) 

Parent 	 Ownership 	Parent Firm 
of Parent 	Size,(employees) 

Imperial Oil Ltd. 	American 	14,753 (1) 

Gulf Canada Ltd. 	American 	11,100 (1) 

Suncor Inc. 	American 	 4,311 (2) 

PetroCanada 	Canadian Crown 	2,200 (2) 
(major proponent) 	Corporation 

Dome Petroleum Ltd. Canadian 	 1,129 (1) 

Panarctic Oils Panarctic Oils Canadian 152 	(1) 

source: (1) Financial Post 1978. 
(2) Nickle 1980. 
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What distinguishes the AOPI from other petroleum sectors 
is at the same time the basic factor causing innovation - 
ice. Technological innovation to overcome the difficulties 
posed by arctic ice is at the heart of the AOPI. Quite 
simply, conventional petroleum technology, even that already 
adapted for the arctic land petroleum industry, was inade-
quate to allow exploration, development and transportation 
activities in the ice environment characterizing the arctic 
offshore. Evidence for this contention is abundant. Pal-
lister et al. have reviewed Canadian expertise in cold 
ocean engineering and state, 

"Unique problems are introduced by an ice cover • 
and by the movement of ice masses... Before the 
offshore resource base is to be commercial 
these factors must be overcome." 8 "These 
first steps have succeeded largely by ap-
plying both Canadian cold climate onshore 
experience and innovating international 
expertise to accomodate ice presence." 9 

In 1976, a general survey of technology needs in northern 
development written for the Science Council said 

"the dominant need is for a better under-
standing of the engineering properties of 
sea ice. In particular, little is known 
about the buildup of forces and pressure 
fields in sea ice, and their interaction 
with both floating and fixed structures, 
the effects of wind, waves, currents and 
tides on the motion and forces in the ice 
pack, and the way structures can be designed 
to withstand such forces... Thus, there are 
some technological gaps which could introduce 
expensive delays if they are not closed..." 10 

Dome has stated that 
"areas of critical concern at the present 
time to the design concepts for production are: 
- Ice Islands 
- Multi-year hummock fields 
- Ice ride-up and pile-up around artificial 

structures 
- Ice forces on large diameter structures 
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- Strengths of frozen and unfrozen soils 
- Site specific sea bottom soil characteristics. 
Dome is carrying out a major research program to 
colledt basic design data in these key areas." 11 

That new environmental conditions drive innovation in 
the petroleum industry is not new: this is evidenced by 
the birth of offshore petroleum technology when the con-
ventional industry moved into the Gulf of Mexico.in the 
1940's. 12  Then, much harsher marine conditions of the 
North Sea made the North Sea play the centre of innovation 
from the 60's to the early 70's. By 1980, the Royal . 
Norwegian Council for Scientific and Industrial Research 
could state that the 

"North Sea is no longer the frontier of ocean 
development... North Sea conditions have become 
part of the design base..." 13 

The AOPI has become  one of the major new frontiers of technology. 

The unusual environment to be affronted in the marine 
areas of the Canadian Arctic has given rise to an industry 
that is unusually self contained. Although there are 
other arctic and antarctic areas with conditions similar 
to the Canadian Arctic, offshore activity in them has not 
yet begun on any scale. Thus the AOPI began in Canada, is 
still almost wholly centred here and has had little impact 
on the world offshore industry. 

This isolation has advantages and disadvantages. On 
the positive side, the offshore arctic has provided a 
stimulus to a new industry and a geographical barrier to 
incubate it. This has allowed the development of a unique 
Canadian expertise in an industry traditionally dominated 
by American firms. On the negative side, isolation might 



limit the subsequent growth of the firms into the world 
petroleum industry. So far this has not been important 
because the scale and general growth of the AOPI has ab-
sorbed most of the energy of the groups involved with 
technology innovation. However, it is possible that the 
natural protection from the geographical barrier will allow 
some firms within the AOPI to grow to world scale in the 
future so as to be able to compete with the largest inter-

national firms in more standard markets. 
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3.3 The Sample of Innovations, 

The first and basic data set'for this research consists 
of information on the innovations in the AOPI. Most of this 
information was gathered by interviews with the petroleum 
companies. From this data set, conclusions are to be drawn 

about characteristics of innovation and the innovation 
process in the AOPI. The second data set is the information 
on the involvement of CEDOs with innovation. It is depen-
dent on the first set and is formed only after the first 
set has been outlined. Most of this information was gat-
hered by interviews with the CED0s. The first data set, 
the sample of innovations,is discussed here. 

The words technological innovation are used in the title 
of this research report without any indication of which 
technologies are being considered. In fact, the sample 
consists only of marine structures and vessels and ignores 
all other technologies. Far from limiting the analysis, 
this specification makes it more insightful and economic 
by eliminating less important data. Consider the other 
fields where significant innovations have been developed 
in the AOPI: over-ice seismic shooting14 ; navigation, ice 
tracking and sensing15 oilspill detection and cleanup 
systems. 17 Industry spokespersons might be tempted to 
claim significant innovations in drilling techniques, supply 
operations and communications as well. It is perfectly true 
that these last three areas have seen great improvement in 
capability due to developments of new hardware and operating 
procedures 17 but they were mostly created by activity on 
land in the MacKenzie Delta and the Arctic Islands before 
the offshore industry began. 	It is not possible to make 
an absolute distinction, because there are cases such as 



3-13 

Dome's research on drilling techniques in offshore perma-
frost. However, offshore permafrost poses the same demands 
on drilling technology as onshore permafrost; this kind of 
innovation is not central to the marine nature of the AOPI. 

Seismic and pollution systems are marine technologies 
but they are not closely linked to the major activities of 
exploration and development. Seismic work is conducted at 
the very beginning of activity and is not connected to sub-
sequent developments in a given project. The investment in 
new pollution technology is substantial but it has been for-
ced upon a reluctant industry. If government and social 
pressures were not present to safeguard the environment, it 
is rather doubtful the AOPI would place much emphasis on 
pollution technology. 

The biggest reason for ignoring seismic, ice sensing and 
pollution systems is that they are overshadowed by the time, 
manpower and maney spent on the development of structures 
and vessels. Dome's stockpile of 3 M$ worth of oilspill 
equipment, which is the biggest single such collection in 
the world, and its 10 M$ equipment development program 18 are 
certainly important, but they pale beside a single production 
platform which is estimated to cost 750 M$. 

The AOPI is a marine industry and marine structures and 
vessels are at the heart of it. These technologies account 
for the largest problems to be overcome and the greatest dev-
elopment effort. As the APOA Review states, 

"Three broad areas of research have been identified 
in conjunction with the exploration , development, 
production and transportation phases. These are: 
fundamental research into the engineering properties 
of ice; research into the movement of ice (dynamic 
behaviour); and the design of systems, structures and 
vessels to withstand or avoid ice  forces." 19 
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The technologies are highly interrelated, facing the same 
kinds of environmental constraints and are developed by a 
coherent and small group of firms. Marine technology dev-
elopments span a range of petroleum companies and consulting 
organtzations, thus providing a useful tool to lay bare a 
cross-section of these actors over the entire history of the 
AOPI. In addition, the marine technology innovations are 
all developed from within the AOPI itself as opposed to being 
transferred from another petroleum industry and only modified 
slightly for local application. 

By concentrating on the marine structures and vessels, 
we can investigate the most important and representative in-
novations. It turns out their number is small enough that 
everyone can be treated individually (although briefly). In 
this sense, there are no problems of representativity of the 
sample,to the population for this class of innovations, 
because the entire population is included. 
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3.4 The New Technologies 

3.4.1 Imperial 20 

Imperial is considered to have made three major innova - 
tions:dredge and filled islands; concrete and steel gravity 
platforms; and caisson retained islands. All, three are de-
signed to provide a platform for drilling operations in the 
Beaufort Sea. Sixteen fill islands have been made since 1972. 
They are constructed either in winter or in summer. yinter 
islands are made by trucking gravel fill to the site and 
dumping it through slots in the ice. The covering ice is 
then removed and more gravel is added. These islands are 
only suitable for the shallowest water, to date less than 

305m. 

Summer islands are constructed by barges during the short 
open water season. In most instances, stationary dredges 
'suck sand from the seabed nearby and deliver it to the site 
through a floating pipeline. For construction of Imperial's 
latest and largest island, in 19 m of water, two seasons 
were required. The island is completed by switching to shal-
low draft barges when'it approaches the surface. Then land 
equipment is moved in to build up the freeboard. A sacrific-
ial beach is laid down to protect the island from erosion 
and various combinations of wire nets, filter cloth and sand-
bags are added around the waterline where erosion is partic-
ularly severe. When the island is completed, a standard land 
drilling system is moved  in t  Once the well is completed, the 
islands are abandoned and left to erode. 

It is clear that this kind of island building is limited 
to fairly shallow water. This led Imperial to investigate 
the feasibility of gravity platforms. The most fully developed 
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concept, the monocone, is presented here (Exhibit 3.3). It 
was to be constructed of concrete and designed to break ice 

with an adjustable steel, conical  dollar  by deflecting it 
upward as it drifted past. The word gravity means that the 

platform is not attached or piled to the sea floor, but 
simply sits on the sea bed by its own weight after it is 
floated over position and ballasted down. Removal of the 
platform is effected by pumping out the ballast and refloat-
ing the structure. 

No gravity platforms were ever built due to their unknown 
behaviour in ice and the very high costs involved. Imperial 
next went to a configuration midway between fill islands and 
gravity platforms, by designing an 8 sided caisson which is 
placed on a berm (submarine island). Exhibit 3.4 shows the 
caisson in place, ballasted down and filled with sand to res-
ist horizontal ice movement. 

3.4.2 Sun 21  

Sun's three innovations ares a fill island; an air cushion 
drilling barge (ACDB and ACT-100); and an ice cutting semi-
submersible platform. The fill island was a precursor of 
the Imperial caisson retained island, consisting of a steel 
barge towed to the site, ballasted down and filled with sed-
iment. Silt was dredged up around it and sandbags placed 
over the silt. 

The ACDB program was intended to create a large air cus-
hion vehicle that would serve as a platform for a drilling 
rig to conduct operations over shorefast ice in deep water. 	• 
As portrayed in Exhibit 3.5, it was not to be self-propelled, 
but towed by tracked vehicles. Once on site, it would settle 
down over the ice as a floating barge and have an ice melting 
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capacity to cope with small movements in the ice sheet. 

Work began by designing, constructing and testing a pro-
totype hovercraft barge, the ACT-100, with a payload of 
100 Tons, which made it the largest air cushion vehicle in 
the world? ACT-100 tests were successful and an application 
was made for a drilling permit with the ACDB, but the project 
was dropped when Panarctic successfully demonstrated the ef-

fectiveness of its much cheaper ice platform technology. 

The ice cutter, shown in Exhibit 3.6, was a type of float-
ing exploration platform designed for deep water in areas of 
moderate ice movement. While most concepts envisage platforms 
coping with the moving ice by passive breaking or deflecting , 
the ice cutter was a structure that would cut its way through 

. by means of a large rotating collar to which were affixed an 
array of milling teeth. The platform was to be kept on sta 
tionby computer controlled thrusters, a standard technique in 
many open water drill vessels. 

Extensive theoretical analysis and field model tests 
were carried out but the project was abandoned when the enor-
mous power requirements and post became apparent. 

3.4.3 Panarctic 22  

Panarctic's work centers around the ice platform. It is 
a structure of artificially strengthened ice made in the 
shorefast zone of the Arctic Islands where there is virtually 
no ice movement. Shorefast ice is not strong enough to support 
heavy drilling equipment, so it is thickened by pumping sea 
water over the natural ice surface and letting it freeze in 
thin layers. Repeated floods eventually create a zone of 
thickened ice some 5.5m deep over a specified design radius, 
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Exhibit '.6  

Sun Ice Cutter  

Courtesy of APOA 
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which tapers off to.the natural ice thickness farther away. 
A layer of insulation is put down and the drill rig is placed 
on top as in a land drilling operation. Drilling is carried 
out through a hole in the ice, or moonpool, as on board a 
floating drill vessel. Flooding starts in mid-November and 

generally takes six weeks. The drilling season lasts until 
early spring, because in summer the ice sheet undergoes part-
ial melting. The platforms are abandoned after the well is 
completed, and left to drift with the ice sheet. 

The ice structure itself is only one of three innovative, 
subsystems making up the platform system. The other two are 
the drilling equipment and the drift monitoring devices. 
Drill rigs must be kept as light as possible so as not to 
require extremely thick platforms to support them. Thick 
platforms take a long time to build, which cuts into the lim-
ited drilling season. For the first platform, a standard 
lightweight rig was used, but it cepuld not handle the large 
blow out preventer (BOP) unit necessary for marine drilling. 
Thus, the first step was to modify the BOP by splitting and 
placing part on the rig floor intead of on the sea bed. 
Experience with several wells showed this was not the best 
solution so entirely new rigs were designed for the ice plat-
form. This in turn required more changes in the BOP and 
related subsea equipment. The ice platform itself went through 
a second generation during this time in an effort to save 
construction time to allow the use of heavier rigs which 
were needed for deeper wells. Styrofoam blocks were incor-
porated into the ice  and  flooding ocurred around them. 

Shorefast ice nearly always undergoes small lateral  dis 
placements. If they are more than 5% of the water depth, 
the tolerances of the drilling equipment would be exceeded 
and drilling would have to be abandoned. Thus it was crucial 
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to have an ice drift monitoring system when the well was 
being drilled. One of the systems used to measure ice 
drift was developed for the Panarctic exploration program. 
It was a transponder placed on the sea bed near the well- 
head which sent acoustic signals to the surface instruments. 
Since this is an electronic device it is outside the main 
focus of the case studies so is not investigated thoroughly. 
It is reported here to complete the description of the ice 
platform system. 

Panarctic developed three more innovations in devising 
a system to produce its offshore wells under ice. Exhibit 
3.7 shows how the under-ice production system was installed 
using winches to pull the flowline and the drill rig to 
lower the well head. The first innovation is the method of 
pulling the flowline from winch pads built on the ice surface. 
The technique was adopted from existing offshore practice. 
The second innovation is the plough used to dig a trench which 
protects the flowline from ice scour. Design was based on 
existing seabed ploughs, but a modified device was needed to 
adapt to the local soil conditions and ice pull technique. 
The third innovation is a permafrost and ice berm that was 
built up around the pipeline to protect the shore crossing 
from ice movement. Design and construction were by standard 
techniques but the application was novel. 

3.4.4 PetroCanada and the Arctic Pilot Project 23  

The APP is a transportation project designed to carry 
liquefied natural gas (LNG) from the Arctic Islands to south-
ern markets. Exhibit 3.8 shows the expected route of the LNG 
carriers. The APP actually consist of a pipeline on Melville 
Island, a liquefaction plant at Bridport Inlet, a marine ter-
minal , two icebreaking LNG carriers and a regasification 
plant. However, the major innovations all occur in the marine 
aspects. 
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The LNG carriers show innovation in the hull foem and 
propulsion equipment. The hull form shown in Exhibit 3.9 can 
be seen to be a striking departure from tradition. It results 
from the need to be able to continuously break ice up to 2.5 m 
thick and to withstand a head-on collision with a massive 
iceberg at a speed of 20 knots without damaging the cargo con-
tainment system. The LNG carriers are the most powerful, 
sophisticated icebreakers planned in the world. Assessments 
of the innovativeness of the vessels range from "the hull 
shape involves a significant change in direction in naval 
architecture" 24 to "the most important ships in the worldv 
There is nothing else like them. " 25 

The propulsion system is gas turbine with direct AC/AC 
conversion. Industrial units of this configuration already 
exist, butnone have been made to the APP size and icebreaking 
duty requirements. There is less originality here than for 
the new hull form, but the propulsion system is still an imp-
ortant innovation. 

In addition, the APP sponsored a design technique innov-
ation. A computer model called ARCTRANS was developed to 
predict the ships° performance and project economics, which 
is crucial to selecting the optimum ship  design and route. 
While the techniques of model construction are fairly standard, 
the environmental data gathered, the comprehensiveness and the 
repeated use of the model for the APP has caused the develop-
ment of a facility which is far more sophisticated than any 
other ship route modelling program. 

There are also three more innovations that are part of the 
marine terminal at Bridport Inlet. First is the LNG loader 
arm. Difficultieb with manoeuvring the LNG carriers near the 
wharf were shown to be likely during the model tests. This 
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meant that standard LNG loading arms would be inadequate, 
simply because they could not reach the ship when there was 
heavy ice build up around the wharf. Predesign studies 
were carried out to create loading arms to overcome the 
reach difficulties. The result was a new configuration based 
entirely on existing hardware and operating techniques. 

The second terminal innovation is the wharf design tech-
nique. The design was originally to be based entirely on 
concepts already proven in the Arctic. It became clear dur-
ing model tests that the design was inadequate to allow ice 
to be pushed out of the way so the vessels could dock rel-
iably. The design was taken back to the most basic starting 
point and a weighted decision matrix technique was used to 
narrow the choice down to three alternate wharf types. This 
design technique is fairly simple and not very new, but its 
use for terminal design is novel. 

The third terminal innovation is the ice management 
scheme. Model tests showed that continued breaking of the 
ice sheet in Bridport Inlet would lead to enhanced ice growth 
and extensive pile up around the wharf. Some method was seen 
to be needed to allow vessels to manoeuver and dock all winter. 
Warm water effluent was decided upon and a novel system des-
igned. Warm water effluent has been used before in the Baltic 
Sea to control ice thickness but no instances had been designed 
or instrumented. Initial model testing has shown that the 
theoretical understanding of the heat transfer mechanism bet-
ween ice and water was deficient and the APP subsequently 
sponsored a program of applied research to better delineate 

26 the heat transfer coefficient. 
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3.3.5 Dome 27  

Dome's involvement in developing innovative technology 
has been the most extensive of the AOPI petroleum companies. 
Dome's acreage in the Beaufort is generally beyond the 20 m 
water depth contour, which means that the island techniques 
used by Imperial and Sun in shallow water could not be applied. 
Instead, a ship-based exploratory drilling system was devised. 
The first generation system was complete by 1979. Of the 16 
vessels constructed, the 4 drillships and the icebreaking 
work boat (called the Kigoriak) are considered innovative. 
Three of the drillships were converted from obsolete merchant 
vessel hulls by standard procedures and adapted for arctic 
use by special hull strengthening and superstructure modif-
ications. They are anchored over the well site. One of the 
vessels is more sophisticated, being a dynamically position-
ed vessel,not anchored. It was purchased as an open water 
vessel which Dome ice-strengthened and adapted for arctic use. 

Originally, Dome had considered a joint venture with the 
American offshore firm, Global Marine, to design far more 
innovative exploratory drilling vessels. This design would 
have used a pneumatically induced pitching system (PIPS) to 
allow the vessel to break moving ice whi/e maintaining station. 
Operating with icebreaker support, the ship could have rem-
ained on station for the greater part of the year, which 
would have equalled the performance of presently-conceived 
second generation drill vessels. 

The next innovation, the Kigoriak, is one of the most 
advanced icebreakers in the world. In addition to its reg-
ular work of supplying the drillships and clearing ice,it 
serves as a prototype research vessel for proving ice-

breaking techniques which will be applied in all the subse .- 
quentDome vessels. The hull form innovations seen in the 
LNG carriers arise from the Kigoriak as well. 
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The need to protect the wellheads and BOP stacks from 
ice scour in the Beaufort Sea resulted in two more innovat-
ions - one successful and one failed. Initially, it was 
planned to embed a concrete caisson into the sea floor sed-
iments to give protection from dragging ice keels. A cais- 
son was designed and constructed but installation was a fail-
ure. Subsequent design work concentrated on developing a 
dredging tool to simply excavate a large depression, or 
glory hole, in which the wellhead would sit. 

The first generation drilling system has now been des-
cribed. It is limited to about three months'use when the ice 
cover is absent or thin. Work has already begun on the 
second generation system , which will consist of caisson retain-
ed 	islands, a large arctic dredge, more powerful ice- 
breakers and perhaps a round drill ship (RDS). Feasibility 
studies are also going on to develop production systems, but 
these will only be considered briefly by this research as 
they are too speculative. 

The caisson retained island was emplaced in late 1981 
at the Tarsuit well site. It is very similar to the Original 
Imperial concept. There are 4 separate concrete caissons 
which were towed to the site, assembled while floating and 
ballasted down over a dredged berm. Sand is then pumped into 
the empty core to give mass to resist lateral ice movement. 
When the well is finished the caisson is refloated and towed 
to the next site. 

Now that a platform has been made for year-round well 
drilling, a high capacity year-round dredge is being designed 
to build the berms. It will be by far the largest dredge in 
existence and the only one designed for heavy ice conditions. 
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The main innovative features are a moonpool arrangement 
for the suction head (instead of the traditional position 
over the side) and a retractable dredge tower (instead of the 
usual tilting boom). 

At the time of writing, these are the only second gen-
eration systems that  have  been chosen for construction. In 
the predesign stage is the RDS, which will extend the exp-
loratory drilling role of the present drill ships by moving 
into zones of heavier ice conditions and staying on hole 

over the winter season. Little information is available 
yet on the design except thatit will be a moored barge 
with a wineglass-shaped hull to resist ice forces from all 
directions. It seems to have grown out of a concept for a 
swivelling drill ship. 

Last to be considered is the Arctic Production and Load-
ing  Atoll  (APLA) which is in feasibility stage at present. 
It will combine production wells and facilities with storage 
and loading systems to produce deep water Beaufort fields. 
The atoll encloses an artificial harbour protected from ice 
movement so tankers can load cargos without impediment. Bas-
ically, it is a second generation caisson retained island. 

3.4.6 Gulf 28  

The Gulf exploratory and development drilling system was 
announced in mid-1981. The system is remarkably similar to 
Dome's, consisting of 2 icebreakers, 2 supply boats, a caisson 
retained island and a floating anchored conical drilling 
vessel (CDV). Being so recent, little information is avail-
able, but it appears that Gulf has opted for slightly less 
innovative designs than Dome. For example, the icebreakers 
will be Class 4 while Dome plans its second generation vessels 
to be Class 6. The caisson is constructed of steel and is in 
one piece. 



3-32 

3.5 Innovation Summary 

It may be difficult for the reader to assimilate all 
the innovations described in Section 304, so they are sum-
marized here in a, more accessible form. In order to do 
this, 	we need an understanding of the concepts of system, 
project phase and family. These are all simple concepts that 
will require only a brief explanation. First, system. This 
is a term that applies to an aggregated level of technology 
which forms a whole functioning unit. It implies that any 
given technology is made up of smaller discrete subsystems. 
Which level of aggregation to call system obviously depends 
upon the observer; it is never intrinsic to the technology 
itself. For example, the LNG carrier is a system made up of 
the follawing subsystems: navigation and communication; pro-
pulsion; hull; LNG containment vessels. Such a breakdown can 
continue as far as desired, but for this research I shall limit 
it to the two levels of system and subsystem only. 

The next concept, family is used to group similar kinds 
of technologies according to some important criterion. For 
this study, I take common function as the criterion. 	There 
are three families: bottom founded platforms, designed to sit 
on the sea bed and provide a surface for drilling; vessels, 
designed to carry out diverse operations where mobility in 
ice is needed; and surface platforms, which support drilling 
operations without relying on the sea bed for support. 

The third concept is project phase. It is slightly more 
complex. The project is the basic unit for developing tech-
noloty in the AOPI. In carrying out a project there is a 
formal organization to manage the financial, equipment and 
personnel resources needed to create the new technology. For 
the purposes of this research, the aim of a project is to cre-
ate a technological system or subsystem. This provides a 
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.useful way to examine the dynamics of the innovation process 
as well as a simple way to catalogue what stage of develop-
ment each innovation is 'at. 

Every project follows a common set of discrete steps over 
time, regardless of the field of technology, the complexity 
or cost of the innovation. Like many aspects in the practice 
of engineering, the unfolding of project activity seems not 
to be codified. It is in the domain of informal industrial 
practice, the "background" of engineering, rather than an 
object of formalized research or teaching. From the inter- 
views and case study data I have synthesized a schema present-

ing 	project phases, which is shown in Exhibit 3.10. This 
is a complete schema; not all projects will have all of the 
phases or stages. 

Now that the basic concepts have been described, the in-
novation summary can be presented, as Exhibit 3.11. It 
breaks the innovations down by family and shows the stage of 
completion, the system level, the extimated cost and the 
corporate sponsor. 



Project Phase 

PREDESIGN 

DESIGN 

Project Stage 

prefeasibility 
(1) (research) 

feasibility 

preliminary design 

(research) (1) 

- regulation - 

C.  're 

Exhibit 3.10.. 

Project Phases  

CONSTRUCTION 

OPERATIONS 

Description 

first attempt to explore the basic ideas, concepts or configuration. 

further elaboration which makes a first good cost estimate and 
decides if a project is worth being fully developed. 

establishes engineering credibility. Designs may be sent to ship 
yards to sollicit bids. 

hiatus from project flow. Initial document preparation, strategy dev-
elopment, participation in hearings, subsequent redesign if needed. 

detailed design 	 complete design of all elements so contractor can bid on package. 

procurement 	 purchase equipment and supplies. 

project management 	devising and implementing the plan to build. 

construction supervision ensuring the construction is done to design specifications. 

construction 	 building, assembling, emplacement. 

preoperation 	 start up, run in, stability tests, sea trials 

(research)
(2) 

training 	 training personnel. 

technical assistance 	specialized espertise may be hired to investigate production problems. 

production 	 normal system operatious. 

DECOMMISSIONING 	decommissioning expert advice, sale, salvage 

notes: (1) Primarily aimed at establishing design criteria. 
(2) May be needed to investigate and remedy immediate production problems. 



fill islands 
small islands 
biggest island 
total for 16 

operations 
and 
decommissioned 

2-151 
60  

200 

X Imperial 

Sun 5 decommissioned steel core 

X 

100-200 

1,000 

609 (2)  

Imperial 

Dome 

Gulf 

Imperial 

Dome 

PetroCanada 

Exhibit 3.11  

Innovation Summary 

Family 1: Bottom Founded Platforms 

Technology Level of Innovation 
system subsystem 

Project Stage 	Estimated 	Corporate 
Attained 	Cost(e) 	Developer 

X 

X 

caisson retained 
islands 

octagon 

) 

Dome caisson 
island in place 

1 

Gulf caisson 
berm 

monocone gravity 
platform 

APLA 

APP wharf design 
technique 
ice management 

LNG loader arms 

detailed design 	27 . 

operations 	, 
. 	6 

14(1)
0-701 

construction 	200 ( 1 
50 

predesign 

predesign 

detailed design 

detailed design 

detailed design 



operations 

feasibility 

operations 

regulation 

design 

feasibility 

feasibility 

predesign 

construction 

construction 

operations 

decommissioned 

176 Dome 

530 

 100 

80  

n.a. 

125 

100 

200' 

n. a0 

n.a. 

1 55 

2 7 

Sun 

Dome 

PetroCanada 

Dome 

Dome 

Dome/Global Marine 

Dome 

Gulf 

Gulf 

PetroCanada 

Dome 
La 

Dome operations 	n.a. 

Exhibit 3.11 continued 

Family 2: Vessels 

Technology Level of Innovation  Project Stage 	Estimated 
system subsystem 	Attained 	 Cost (le 

Corporate 
Developer 

4 first generation 
drillships 

ice cutter 

Kigoriak 

2 LNG carriers 

dredge 

swivel drillship 

PIPS drillvessel 

RDS 

CDV 

2 icebreaking vessels X 

ARC TRANS 

wellhead protection 
caisson 

wellhead dredging 
tool 



xx } 

Project Stage 	Estimated 
Attained 	 Cost (e) 

pref'easibilty 	n.a. 

operations 

operations and 
decommissioned 

operations 

1 2.5 (5)  

Corporate 
Developer 

Sun 

Sun 

Panarctic 

Panarctic 

Panarctic 

1.3 

.8 
6.0  
2.75 

 ) 

n.a. 

operation 

4, • 

Exhibit 3.11 continued 

Family 3: Surface Platforms 

Technology 	 Level of Innovation 
system subsystem 

ACDB 	 X 

ACT-100 	 X 

ice platform ( )4) 

platform 
drill rig 
subsea equipment 

drift measuring 
equipment 

ice winch pad pull 

trenching plough 
protective berm 

source: industry interviews 

notes:  (1) The Tarsuit and Gulf caissons should be closer together in price. One or both 
of these estimates is faulty, but it could not be ascertained which. 
(2) for entire terminal 
(3) Two workboats are also included in this figure. 

- (4) The cost is for the Drake F-76 well. 
(5) This includes the flowline and operation for 1 year. 
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3.6 Innovativeness of the New Technologies 

It is necessary to show that the technologies considered 
in the previous two sections are indeed innovations. This is 
not easy to do in a succinct manner because there has been 
little development in the literature of criteria and char-
acteristics of innovativeness. 29 Innovations come in such 
a variety of forms, there is little chance of classifying 
them unless they are very closely related (i.e. in the same 

family) . Even then, there are no simple criteria to sum-
marize innovativeness. By definition, innovation is a rel-
ative term; an innovation is a technology that is new rel-
ative to an older one. We could think of innovativeness as 
being newness in terms of function and configuration. We 
should not mix importance of the innovation in with a measure 
of innovativeness, nor the difficulty of creating the in-
novation; these have nothing to do with the newness or degree 
of 	difference of the technology relative to a precursor. 

Even by concentratin tg on just these two main character-
istics - new configuration and function - it is still impos-
sible to give a thorough but succinct description of the 
innovativeness of the AOPI technologies. Each technology 
would have to be broken into subsystems and elements, and 
for each important element, analysis would need to be given 
of the genesis of its design, its relationship to precursors 
and the details of the differences. It must be remembered 
that the analysis of innovation in this research is strictly 
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secondary to the main purpose of the analysis of CED0s. 
Thus, to enter fully into a presentation of innovativeness 
cannot be done here. Instead, a few examples will be given 
to set a pattern which holds for all the case studies. The 

reader can then fill in the general outlines of the other 

technologies using theinformation presented.in Section 3.4. 
However, I will concentrate on one aspect of direct impor-
tance to the CEDO role, the nature of research in the 
AOPI innovations. 

Let us first consider the trenching plough developed 
for Panarctic. It is based closely on existing ploughs in 

use for the North Sea, but the design had to be modified 
for the arctic soils and ice presence. The functiàn is 
identical to existing systems except that no trench had 
ever been done under ice. The configuration is marginally 

' different. As another example, the Kigoriak has subsystems 
that are different than for standard icebreakers and are 
used for the first time. One subsystem is water spray to 
lubricate the hull-ice interface; it is an idea that had 
been widely discussed, but never tried before. Standard 
pumps and nozzles are used. Another subsystem is the bow 
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reamer. This was used on the icebreaking tanker Manhattan, 3°  
but the prevailing otlinion was that it was not useful. Dome 
showed its efficiency in an improved design; a marginally 
new configuration with a marginally different function. . 
Finally, consider the Sun ice cutter. This was a radical 
change in concepts of icebreaking; instead of using hull 
form or mass alone , a milling system was proposed. Given 
the scale and performance requirements, it was an audacious 
concept. Yet at the same time it involved marginal changes 
in the hardware subsystems and elements that together made a 
radical system. Semisubmersible platforms of the same general 
"shape had . been proposed for the North Sea. Dynamic positioning 
was standard. Rotary reamer theory was already available from 
work in the coal industry. 31  

These few examples show a characteristic that is common 
to all the AOPI innovations; they are incremental and not radical 
Annovations.German describes incremental innovation in the 

following manner for the AOPIg 
"Competent consultants, learned scientists, cap-
able teaching institutions are all heavily oc-
cupied, and the process is grinding out improved 
hull forms, improved structures, improved mat-
erials and improved propulsion systems, all to 
the extent that improvements are no longer 
quantum leaps forward but are short steps; but 
steps that must not be discredited because 
every step, no matter how small, is a move in 
the right direction." 33 
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The more incremental an innovation, the closer it approaches 
the lower threshold of what could be called innovative. 
Nearest this threshold are the LNG loader arms, the wellhead 
protection caisson and the trenching plough. I have not con-
sidered new technology that is more incremental than this, 
but in fact I give a false picture of innovation in the AOPI 
by not doing so. There are innumerable other small, anon- 
ymous changes in subsystems and elements that have been effec-
ted, not by formal design, but by nothing more than the draft-
sman's pen, the welder's torch or the pipefitter's wrench. 
These anonymous, marginal improvements are not really innov-
ations in themselves, but added together in a system they 
create significant technological advance. 

They are not considered as part of the data set, but it 
is important to mention them to put the technologies actually 
considered as innovations, into perspective. Over the first 
decade of development of its artificial islands, Imperial 
has brought average unit costs down by a factor of two by 
continuous marginal improvements in hardware and operating 
techniques. Panarctic's ice island construction times have 
decreased significantly from improvements in pumps, flooding 
techniques and surveying. Dome's first generation drillves-
sels have undergone continuous minor improvements in such 
things as weatherproofing, anchor handling, ice reconnaissance 
and winter maintenance. 34  Asa result, the drilling season 
was extended from 72 days in 1976 to 147 days by 1979, and 
drilling progress had climbed from 99.3 to 144.8 feet/oper-
ating day. 35  

The most striking characteristic of incremental innovation in 
the AOPI seems to be the activity known popularly as R&D. As used 

in the AOPI, it has no particular meaning except to designate 
an activity that is not management, detailed design or construction. 
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From the AOPI case studies, some important new perspectives 
can be gained on the nature of R&D and its relation to inno-
vation. The old conception of technology was that it depen-
ded upon, and arose from science. This has been largely 
discredited, but it is still generally held that new tech- 

36 nology is the result of scientific R&D. 	In the AOPI, 
nearly all the innovations are created without research and 
with development and design work only. By the very nature 
of innovativeness, it should not be surprising to conclude 
that incremental innovations in general have only smaller 
imputs of formal research. 

I find that there are only three cases where research 
was involved in the innovation process: for the Sun ice 
cutter37 ; the Panarctic ice platform38 ; and the APP ice 
management scheme 39 ; These innovations, fittingly, are among 
the most radical in the AOPI. The AOPI data show there are 
two types of research involved in the innovation process. 
In the three cases just mentioned, formal programs were 
mounted to investigate characteristics of the hardware 
systems themselves. That is, there was direct research on 
the nature of the structure and configuration of the systems 
in order to fill in specific gaps of knowledge that impeded 
design. The kind of research which does occur widely in 
the AOPI is the mounting of field programs to measure para-
meters of the arctic environment. These information gaps 
need to be filled in order to create realistic design cri-
teria for the new systems. 40  However, this activity has only 
a very limited contact with the fundamental technology itself. 
Only if the environmental forces are too severe to be met by 
existing designs will a new system design be undertaken. In 
most cases, the response is still to avoid research into the 
technology. One marine engineer puts it this way, "If we don't 
know what the forces are going to be

41
we just make it so big 

and strong it can't possibly fail." 	In addition, most of 
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the procedures and equipment used to obtain design Criteria 
are routine, so this research is usually just a form of cat-
aloguing. Thus I feel justified in claiming that research is 
not important to innovation in the AOPI. 42  

The difference between "technological" and "environmental" 
research is subtle, but important,for civil and ocean engin-
eering technologies. It shows there is very little new 
knowledge about materials, components and systems being crea-
ted in order to innovate technology. In the AOPI, the new 
technologies are troically created from existing engineering 
knowledge applied through standard engineering design pro-
cesses. New knowledge will be created on materials, compon-
ents and systems, but it will be the result of actual oper-
ating experience from the innovations. This is a fundamen-
tal difference in the way of conceptualizing the relationship 
between knowledge and innovation. It also has important 
implications for the use of CEDOs in the AOPI. 



3.7 The Innovation Process 

Two main points are-to be made here about the process 
of innovation: first, the conceptual framework presented in 
Section 2.3 will be developed further by relating the case 
study data to it; and second, some new concepts about the 
nature of the innovation process and the engineering design 
method will be made. Discussion of the process of innovation 
in the AOPI could be taken much farther than is done here 
- indeed, it could be the subject of a whole research program - 
but this is not done because it would digress from the study 
of the CEDO involvemement. Elaboration of the innovation 
process here is only done in order to show the CEDO involve-
ment more clearly. 

The conceptual framework presented in Section 2.3 has 
three parts; a process is driven by corporate strategy which 
is modified by environmental conditions. A full investigation 
of this framework was carried out in the course of the research, 
but much of it has no bearing on the CEDO involvement. Thus, 
the environment part only comes up in a fragmentary way in 
Chapters 6 and 7 where some factors of the policy and tech-
nology environments are mentioned. The economic environment 
seems to have very little impact on the process part of my 
innovation framework for two reasons. One is that the period 
covered by this research was one of exceptional expansion and 
prosperity for the petroleum companies, and there were few 
economic constraints on projects. The other reason is that 
the framework is constructed so that the process part describes 
events that are mostly at a smaller level than economic con-
siderations can touch. That is, once project funding is 
given, much of the project unfolds independently of any 



further economic considerations. The economic environment 
does, of course, affect the corporate part, but this analysis 
is mostly outside the scope of the CEDO involvement. 

The process and corporate parts are more directly impor-
tant and both will be discussed. Modelling the process 
part of 	the events which unfold during the innovation 
process in the AOPI is a very simple matter, for the process part 

is identical to the standard project process. In the case of 

every innovation studied, the development can be described 
by the project phases and stages of Exhibit 3.10. Every in-
novation considered went through a group of consecutive phases 
from predesign, to design, to construction, to operations and 
decommisbioning. Not every phase or stage is included, of 
course, for every innovation. Most have not reached operation 

phase and some did not proceed past predesign. Totally routine 
projects , 	such as the later repeat fill islands by Imperial 

began directly with design stage. However, in each case, 
there was a progression through a Sequence of stages. As the 
literature uses the term, this sequence was also linear on 
an overall level, in that there was no backtracking for whole 
steps. Once a project phase or stage was completed, it was 
left, except for occasional efforts needed to clean up sMall 
unresolved questions. Such predictability shows that inno-
vation in the AOPI is not a discontinuous, disruptive and 
unusual activity; instead, it has become almost routine and 
is scarcely noticed as innovation by the companies involved 
with it. 

After all the criticism that was levelled at linear sequen-
tial 	models of innovation in Section 2.3, it may seem 
surprising that the model I feel best fits the AOPI is of 
this type. However, it should be noticed that there are 
several major differences between the present concept and 
the usual linear sequential model in the literature. First, 
this is only one level in a three level framework; the steps 
of the innovation process are directed by corporate strategy 
and are mediated by conditions in the political, economic 
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and technological environments. Thus the model of the actual 
innovation pr'ocess must always be considered within this 
complex framework. Second, there is no stipulation that an 

innovation begin with a basic scientific discovery; science and 
research, rarely enter 	the process. Third, a project does 
not necessarily advance inevitably, and as a whole, from phase 
to phase; the overall system is optimized according to man-
agement tools like PERT or CPM, and individual subsystemb and 
elements may be in quite different stages of development at 
any time. 

Within the corporate part of the conceptual framework, there 
is one aspect that seems to have some indirect, but important 
implications for CEDO involvement and at the same time, for new 
conceptions of the innovation process. Heuristics was the term 
suggested by Nelson to refer to the problem solving approach 
used by an organization. 43 In Section 2.3 I mentioned the heur-
istics of the petroleum company as being important to the'cor-
porate part. Heuristics also means the engineering design 
process, so the heuristics of the CEDO, as contract worker in 
the petroleum company should also be included in the corporate 
part. Analysis of the creative design process in engineering seems 
to be an entirely unresearched topic. Layton is the only one 
to have remarked upon the design process and design traditions, 

44 and then only to suggest it should be investigated. 

A model of the innovation process based on heuristics will 
be quite different than the usual models in the literature. They 
imply a fixed sequence of activities, a progression from phase 
to phase, a rational analysis of needs, goals and output. Heur-
istics focusses on the aspect of creativity in design. The en-
gineering design process is not linear, nor sequential nor ra-
tional, but more an activity of intuition, simultaneous infill 
and progressive focussing over time, much like the process of 
creating any work of art, but more disciplined. 45 

Future work whould look directly at the process of creativity, 
of finding ideas and turning them into reality - in other words, , 
the engineering design process. Here, I will investigate two 
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interesting aspects of the engineering design process and inno-

vation that have not been remarked on before, packaging and 

optimization. They extend the generality of the ideas discus-

sed in Section 3.6 concerning R&D in the AOPI. 

Innovation is mostly 	the result of new design concepts. 
Engineering design recognizes that technologies are systems 
of varying degrees of complexity and creates new systems by 
packaging elements into subsystems, and subsystems into 
systems. 46 0ne example of this is the subsea equipment devel-
oped 	for the ice platform. The BOP stack designed for the 

early platforms with light drillihg rigs had to have a unique 
configuration; nevertheless, it was assembled from entirely 
standard hardware units. The propulsion subsystem for the 
LNG carriers is another example. All the elements existed 
separately in prior industrial applications, but they had 

never been put together before as a ship propulsion unit, let 
alone for icebreaker use with its critical performance require-
ments  • . Thus, the resulting propulsion system was unlike 
any of its predecessors, but it was made by packaging rather 
standard peices of machinery into a new system. 

Packaging can be seen in nearly all the AOPI innovations. 
It is a way of minimizing the amount of design and develop-
ment that needs to be done, and assuring acceptable perfor-
mance, all within the standard project framework. Packaged 
innovations can be incremental or radical. Clearly, on the 
broadest scale that Haustein and Maier 47  refer to, the AOPI 
innovations are all bunched towards the incremental end, 
but there are significant differences within the population. 

The ice cutter and the ice platform are the most radical in-
novations in the AOPI because they are the farthest removed 
in concept and configuration from prior technologies. Never-
theless, they are both packages of existing subsystems and 
elements. The LNG loading arms are among the most incremental 
innovations, but they too are created by assembling existing 
subunits into a new package. 
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Because engineering considers technology as systems and 
the design method uses packaging as a basic technique to 
create new technology, we come to an important new principle 
in innovation theory, optimization. The concept has been 
exposed, but not developed, by Perrin. He states that 

"l'ingénierie est axé sur l'optimisation: opti-
misation en termes de délais et de coûts des 
parties et sousensembles constituant l'ensemble 
d'un ouvrage, optimisation du fonctionnement de 
cet ouvrage en termes de qualité et de coût du 
produit." 48 

In most of the economic and management literature, the 
process of innovation is driven by the need to maximize 
profit, especially when the process is demand pulled. This 
may be true in the long run but it does not explain the 
influence of economic forces during the early development 
of the new technology. Gibbons feels that the early stages 
of innovation are more likely characterized by an attempt 
to maximize the performance of the technology. Only when 
the firm has a better idea of costs and the manufacturing 
process has stabilized, does the profit maximizing motive 
take over 0 49 The Abernathy/Utterback model of innovation 
depicted in Exhibit 2 0 1 9  would seem to concord with Gibbon's 
ideas. Technology maximization in the product occurs in 
the early stages and later on, profit maximization and cost 
reduction become the prime motivating factors. 

The ADP' case studies show evidence to support the ideas 
of technology maximization. In evaluating LNG containment 
systems for the APP vessels, technical factors were weighted 
three times as heavily as economic factors.,P For the pro- 
pulsion system the exact relative weightings were not specified, 
but it is clear from project documentation 51  that cost only 
antered into consideration once the alternatives had been 
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examined for technical suitability. Cost was a factor, but 
one that only aided the final selection. The same kind of 
procedure is applied to selecting CEDOs as will be discussed 
in Subsection 7.9.1. 

The case studies of the AOPI suggest that the innovation 
process is better seen as optimization of technology. Op-
timization is a system strategy; it views a technological 
system as a package of subsystems and elements which are to 
be traded off against each other to obtain the desired perfor-
mance. The key is the setting of the design standard or 
threshold. This means that the new system is designed to 
perform a certain function; there is no need for its perfor-
mancé to be superior to the design threshold , but if it 
falls below the design threshold, the project becomes infeas-
ible. The design standard is a measure of performance made 
up of a physical necessity plus a safety factor, and a great 
deal of research effort is spent to ensure it is well chosen. 
Optimization is seen as an attempt to approach the design 
threshold by performance maximization where the subsystems 
are inadequate, and by an opposite process of minimization 
when the subsystems perform too well. 

High performance often implies extra expense and unrelia-
bility. The AOPI shows a trend in several cases to simpli-
fication or minimization in order to provide reliability in 
face of the difficult arctic marine environment. The ACDB 
and  its test prototype, the ACT -100, are examples of sim-
plified innovations - a complex, sophisticated vehicle is 
turned into a massive "roughneck-proof" 52  barge that must 
be towed. Similarly, the Dome RDS is a simplified version 
of the weathervaning drillship. The first generation Dome 
drillvessels were chosen over the radical PIFS drillvessel 
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in part because they were simpler. Minimization is also 
seen to be the overriding principle in one of Dome's re-- 
search programs on exploration islands. The effort is to 
find realistic ice loads, not extreme ones, that 

"might allow a lowering of island freeboards . 
and hence reduce island costs..•[For] wave 
and current action the main issue is to 
develop a practical, cost-effective erosion 
protection for the short life of the island, 
and one which is compatible with the ice 
environment." 53 

There are many instances where the design techniques are 
inadequate to predict performance exactly, or where the design 
criteria cannot be well specified. In these cases, the prin-
ciple of optimization acts by simply adding a large safety 
factor to the design standard. Large safety factors are us-
ually achieved by extensive overdesign. 

Optimization does not only affect system design;it is 
also a principle of maximizing efficiency in the design pro-
cess. !hen performance or design standards are unknown, it 
is often more efficient in terms of time and money to simply 
add on an extra safety factor than attempt to carry out 
extra research or design. By packaging standard subsystems 
and elements as much as possible, overall development is 
optimized in terms of design time and the need for spare 

54 parts and standby equipment is reduced. 

Optimization is a principle that seems to condition the 
innovation process and reduce the need for research to advance 
technology. While most of the innovation literature has 
come to feel that innovation does not necessarily need science 
input to proceed, it is not widely recognized that significant 

•  innovation can occur without research. The AOPI case studies have 
shown that substantial advances in technology occur 
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by means of 	a combination of creativity and existing 
knoWledge. 	The advance is made by packaging old sub- 
systems into a new configuration, or by adding an extra 
safety factor or backup subsystem to a conception that is 
new, untested and uncertain. The advance in design is in-
corporated in a working system under operating conditions. 

Feedback from routine operations and instrumented tests then 

allows thenext generations to be successively refined. 
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1. For a more elaborate description of these stages, refer 
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17. Hetherington and Strain 1975, Jones 1972 p.185. 
18. Dome 1981, p.5.1-55. 
19. Pallister 1979,p.8. 
20. Aside from the interviews, some published references are 
de Jong et al.(1975), Croasdale and Marcellus (1978), Dingle 
(1981), Jazrawi and Khanna(1977). 
21. Interviews and Pimlott et al. 1976, Arctic Engineers and 
Constructors 1971 , Jones 1969, 1982 (in press), Kieth et al. 
1976. 
22. Interviews and Hetherington and Strain 1975, Hood et al. 
1979, Brown 1977, Brown et al. 1977, Pimlott et al.  1976 , 

Kieth et al. 1976. 
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23. Interviews and PetroCanada 1980, Miller 1980. 
24. Miller interview. 
25. Matthews interview. -  
26. Hill et al. 1981. 
27. Interviews and Pimlott et al. 1976, Kieth et al. 1976, 
Harrison 1981 a, Fretheim 1981. 
28. Industry interviews only. 
29. Discussed in Section 2.3. 
30. The Manhattan was the redesigned Exxon supertanker that 
transited the Northwest Passage in 1969 and 1970 to test the 
feasibility of carrying oil from Alaska. See Gray and Mayburn 
1981. 
31. The key reference is Barker et al. 1965. 
32. These terms are discussed inSection 2.3. 

33. German 1977, p.442. 
34. See Dome(1981, Sections 5.1.5.1 and 5.1.5.2) for a desc-
ription of such modifications. 
35. Ibid. ,p.5.1-14. 
36. Reference to the main innovation surveys cited in Section 
2.3 will show this. For example, see Freeman 1979, Mowery and 
Rosenberg 1977,and Nelson and Winter 1977. 
37. As shown by Fenco project reports to Sun. 
38. See Masterson's contributions to Baudais et al. (1976). 
39. Hill et al. 1981. 
40. The following quote from Dome (1980, p. 4) illustrates the 
meaning of thb design criteria research: 

"The first step in development of a year-round 
drill system was to assess the feasibility of 
such a system. A complete knowledge and under-
standing of sea ice features and the forces 
they could exert on a fixed drilling platform 
was required to establish pack ice drill system 
design criteria. To gain this knowledge and 
understanding, an extensive sea ice data collec-
tion program was conducted for several years 
by Dome Petroleum." 

41. Miller interview. 
42. The organization of Dome Petroleum displays the limited 
role for research. Within the company, system design is done 
by the various specialized line departments arranged according 
to the management of such things as islands, vessels or oper-
ations. One of these departments, the Design Analysis Section, 
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is responsible for what is called R&D. 

"A summary of key roles for the Section is as 
follows; 
(1) Defines safe and realistid design criteria 
for Beaufort Sea offshore facilities. 
(2) Identifies and conducts research on key issues 
relating to development of design criteria for 
offshore facilities. 
(3) Develops an understanding of the physical 
environment of the Beaufort Sea (ice regime, sea 
state, soils and seismicity). 
(4) Develops an nnderstanding of how the phys-
ical environment affects offshore facilities in 
the Beaufort Sea (ice forces, wave forces and 
erosion, structure response, etc.). 
(5) Establishes external credibility." (Croasdale 1981) 

43,Nelson  and Winter 1977 9  p.52. 
44,The  basic idea that art and engineering are expressions of 
the same creative instinct have been around a long time; in 
the Nicomachean Ethics,  Aristotle maintained that "art is 
identical with a state or capacity to make, involving a true 
course of reasoning" (McKeon 1947 9 p.427). 
45.. Layton 1974. 
46.Jenkin's (1981) Figure 2.2 implicitly portrays the CED° as 
packager, controlling the assembly of offshore systems. Com-
ponent suppliers feed into module fabricators who feed into 
main contractors who put the overall hardware packages to-
gether under the control of the CEDO. 

Haustein and Maier 1980. 
48. Perrin 1976 9  p. 22. 
49.According to Gibbons, this is an unexplored concept. Per 
sonal  communication from Dr. M. Gibbons, Director, Program 
of Liberal Studies in Science, University of Manchester. 
50 , Ffooks 1978, p. 12. 
51. Melville Shipping 1978. 
52. Jones interview. 
53. Croasdale 1981,p.30 
54. Kamenetzky 1978, p.7, p.15. 
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4._EXTENT OF „CEDOINVOTJYZMENT-IN..ZNNOVATION 

• 4.1 Purpose 

I have shown in Section 2.5 that there is no evidence 
in the literature for a CEDO role in innovation in the 
AOPI and only a small amount of evidence to show they are 
even present in the AOPI at all. It is easy to ignore 
their presence, as can be seen by the fact that I have 
described the AOPI, the innovations and the innovation 
process without reference to CED0s. Yet when the AOPI is 
examined more closely, it will be seen that CEDOs are 
ubiquitous, and play a major and essential role in every 
phase of its activity. The importance of CEDOs is widely 
recognized within the industry; one observer has even gone 
so far as to state 

" The- s 	datPl ±.°S,tM-1119:izrite.naA9,e-P 
_eraigney 'ee";ehrà,..eàrl.gSa4---1?r,I1D.:1--gq,ecl  in -P,49 

hands ,of-conss --àc;441e„9/1--.44--e- '-iesource industries." 	 4 
-1  

It is the purpose of this chapter to begin the analysis 
of CEDOs by assembling evidence to show the magnitude of 
their involvement with innovation in the AOPI. Subsequent 
chapters will discuss the implications of this involvement. 
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4.2 Extent of Involvement 

In 1977 a surVey was done for the National Research 
Council by the CEDO Acres, to catalogue sources of arctic 
and ocean engineering BAD expertise in Canada. 2 Exhibit 
4.1 shows the CEDO involvement and compares it to other 
groups of actors. The CEDO involvement is substantially 
greater than for government, petroleum companies and uni-
versities. According to this table, CEDOs carried out 
almost half of all arctic and ocean R&D and more than four 
times as much as petroleum companies. These data do point 
to intimate CEDO involvement in AOPI innovation, but 
several qualifying statements must be made. The Acres 
survey does not seem to be very rigorous. There is no def-
inition of R&D given and no sample of the actual survey 
questionnaire.  It is clear from the detailed data that 
the respondents' interpretations have not been uniform. I 
have had to substantially rearrange the data to fit into 
categories which corresponded more closely with my defin-
ition of the AOPI. Thus the government figure is too high, 
being more a reflection of capacity than actual performance. 
The CEDO figure should probably be reduced somewhat and 

. , 
the petroleum company figure increased due to the vagaries 
of response in the survey. 

Despite these limitations on the absolute values of the 
numbers, the relative distribution of effort is likely to 
be correct. In other words, the CEDOs are still likely to 
be the largest R&D performers. It should be emphasized 
that the Acres survey is one of only two independent data 
sources I have found to relate to CED0s 9  innovation and 
the AOPI. 
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Exhibit 4.1  

Person-years of R&D in ArcIic and Ocean Industries  
in Canada, 1977.  

CEDOs 	 490.2 

government 	 298.6 

petroleum companies 	114.0 

universities 	 43.3 

•  source:  Acres Consulting Services 1978. 

notes: 1) The sample of firms used in the figure was sel-
ected from the Acres report to correspond as closely as 
possible to the activities of the AOPI. To be selected, a 
firm must have been active in at least one of the following 
4 categories: 
-ocean engineering, 
-environment 
-resource development (oil and gas) 
;-transportation (marine). 
The firm was rejected if it appeared that the R&D work was 
not leading to the design of physical systems but was con-
cerned with such things as environmental surveys. For 
example, LGL Ltd. was not included because it is an env-
ironmental impact analysis and field data gathering firm. 
On the borderline is a firm like R.H.Loucks Oceanology Ltd. 
which does physical oceanography which more closely related 
to hardware systems. 

2) The categories were also adjusted as follows. 
Thre*e firms were put into the CEDO category: Nova Scotia 
Research Foundation; Nordco; C-Core. Included as petrol-
eum firms were Melville Shipping , Federal Commerce and 
Navigation, and PetroCanada Exploration. The following 
CEDOs' R&D efforts were reduced from what Acres' data 
indicated because of obviously different interpretations 
of the meaning of R&D which did not concord with the 
majority of respondants, or was clearly unrelated to AOPI 
work: Acres-80; Beak-25; MacLarenMarex-36; MeCo-20; R.F. 
Hardy-10; Shawinigan-25. 
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The other source is the Description of Research Projects  
for the Arctic Petroleum Operators' Association (AKA). 
The information that can be gleaned from this listing 
(which is the only publically available compilation of 
APOA projects) is limited, but it does show extensive 
participation by CEDOs in the research projects. Out of 
151 projects currently undertaken or completed by February 
11, 1981, 101 projects involved CED0s. 3 The other 50 may 
well have involved CEDOs also, but the data did not make 
this clear. Several of the APOA projects are collections 
of a large number of smaller research projects, like the 
Davis Strait and Baffin Bay Project (#138). In this case, 
there were 22 subprojects and CEDOs were involved with 17 
of them. 

The extent of CEDO involvement in these projects can 
vary greatly. For Project #138, CEDOs did the entirety 
of work in each of the 17 subprojects where they were hired; 
for Project #1, consultants were involved, but most of the 
work was done by Imperial. 4 Unfortunately, the project 
records do not indicate the extent of CEDO involvement. It 
must also be remembered that the APOA projects tend 
toward the gathering of general environmental data and 
away from specific hardware development, except where pol-
lution control equipment is involved. Despite these lim-
itations, the APOA data support my contention that CEDOs 
are strongly involved with innovation. 

Data from Dome reinforce this as well. 5  Dome has com-
piled short descriptions of selected R&D projects which 
it offers for sale. Of the 63 projects dealing with 
vessels and marine structures, 38 were executed by CED0s. 
In these cases, most or all of the work was done by the 
consultants; Dome personnel acted only to instigate and 
manage the projects. 6 
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Now I can turn directly to the innovations studied in 
this report. These innovations were summarized before in 
Exhibit 3.11 , with reference being made only to the pet-
roleum company that sponsored them. Exhibit 4.2 shows that, 
in fact, there were many CEDOs involved in their develop-
ment. For each innovation, this figure lists all the CEDOs 
which were found to be involved. The list is not complete, 
but all those CEDOs with major responsibility for the 
innovations are included. Exhibit 4.2 is intended to give 
some idea of the number and variety of CEDOs that have 
been hired by the petroleum companies to develop new tech-
nology. However, this list is too cumbersome to be used 
further in discussing the extent of CEDO involvement. The 
differences in the scale.of individual projects and the 
scope of CEDO work are too great to allow further data to 
be presented in this form. 

I have taken the major AOPI CEDOs from this figure 
(by a sampling procedure explained in Section 5.3) and 
checked their corporate project records. Exhibit 4.3 sum-
marizes the number of arctic offshore projects each com-
pany has done and compares it to the total number of pro-
jects completed in that time period. Exhibit 4 • 3 points 
out that these CEDOs depend heavily upon AOPI contracts. 

Up to this point, the evidence to show the extent of 
CEDO involvement has been rather indirect. The best way 
of comparing CEDO involvement across this wide range of 
projects and companies would be to discover the cost of 
each project and present the percentage of the cost that 
was spent on CEDO services. Unfortunately, these data 
have never been compiled by the petroleum companies. Most 
firms were willing to release the information, but it 
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Exhibit 4.2  

CEDOs Involved with Innovative AOPI Technology 

Company Innovative Technology CEDO Involved 

Imperial fill islands 

monocone 

caisson island 

Sun 	barge core island 

• ACT-100  

Swan Wooster 
Cook, Pickering & Doyle 
Hydronamics BV (Neth) 
Earl and Wright 
Swan Wooster 
NRC Ship Lab 
Swan Wooster 
Albery, Pullerits 
& Dickson (APD) 

Arctic Navigation 
EBA 
F.F.Slaney 
Air Cushion Equipment (UK) 
Arctic Systems. Ltd.(1) 

ACDB 	 Global Marine(USA), Arctic 
Engineers and Constructors 
German and Milne 
Fenco 

ice cutter 	 Sedoo/Sea Log (USA)
Fenco 

Panarctic ice structure 	 Teledyne Geotech(USA) 
C-CORE 
EF. Slaney 
Fenco 

drift measurement 	Fa/conberg 
Innovative Ventures Ltd. 
Shell Petroleum 

rig and subsea 	TriOcean 
subsea completion 	Fenco 

R.J.Brown(Neth.) 

notes:(1)  Arctic Systems was the designer and operator. It was 
the Canadian office of Arctic Engineers and Constructors, and 
was set up just for this project. 

(2).A joint venture with Sun. Arctic Engineers and Con-
structors is a joint venture of Global Marine and Raymond Int-
ernational of New York. 

(3) Joint venture of these two firms with Sun. 

(2 ) 
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:Exhibit 4,2 ( -continued)  

Company Innovative Technology CEDO Involved 

Petro- 	terminal 	 Acres 
Canada 	 Fenco 

Nordco 
loading arms 	 FMC Corp. (USA) 
carrier hull form 	German and Milne 

Lloyd's Register 
Arctec 

route studies 	 Fenco 
Arctec 
F.G.Bercha 
Lloyd's Register 
Bureau Veritas(France) 
A.D.Little Inc. (USA) 
D.Dickens 
RDA Assoc. 

environmental impact LGL 
Montreal Engineering 
R.M.Hardy 
Marin ID (Denmark) 
Scott Polar Res. Inst.(UK) 
Barron & Assoc. 
Western Research 
Outcrop 
McLaws & Co. 
Arctic Institute of 

North America 
André Marsan 
Interdisciplinary Systems 

Dome 	1st Generation 	Alberta Research Foundation 
drillships 	 Talbot Jackson 

Arctec 
TriOcean 
Robert Allan Ltd. 
Fenco 
Nordco 
Lloyd's Register 
Professor Vowinkel(McGill U.) 
F.G.Bercha 
B.H.Levelton 
NRC Ship Lab 
C-Core 
SeaConsult 



Innovative Technology CEDO Involved 

Clever & Walkingshaw 
Arctec 
C-Core 
NRC Ship Lab 

Company 

Dome Kigoriak 

wellhead dredging 
tool 

caisson 

dredge 
swivel drillship 
RDS 

APLA 
PIPS drillvessel 

caisson retained 
island 

Exhibit Lluljcontinued) 
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Robbins (USA) 

Fenco 
APD 
individual hydraulics consultant (1) 

Clever & Walkingshaw 
TriOcean 
TriOcean 
Clever & Walkingshaw 
Donnheiser Marine (USA) 
Swan Wooster 
Global Marine (2)  

EBA 
Swan Wooster 
APD 
Prof. Morgenstern (U. of Alberta) 
McLellan Co. (USA) 
Golder Brawner 
TriOcean 
Prof. Ghali (U. of Calgary) 
Marcellus 
Institute of Ocean Sciences 
Tetratech (USA) 
Weir-Jones 
Woodward Clyde (USA) 

notes: (1) Exact  naine  unknown. 
(2) Global Marine was to be the owner/operator and was 

also a major landowner. 

4 
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Company Innovative Technology CEDO Involved 

Gulf 	CDV 	 Lavalin (Fenco) 
Earl and Wright (USA) 
TriOcean 
Talbot Jackson 
German and Milne 
NRC Ship Lab 
HSVA (Germany) 
Boeing (USA) 

caisson retained 	Arctec 
island 	Swan Wooster 

F.G.Bercha 
icebreakers 	 German and Milne 

4-9 
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Exhibit 4.3 

CEDO Project Statistics 

CEDO Number of 	Total Number 	Period Covered Source 
Arctic Offshore of Projects 
Projects 

Fenco Calgary 	102 	 454 	 1970-mid1981 	Fenco 1981 

F.G.Bercha 	 48 	 93 	 1975-mid1981 	Bercha 1981 

Swan Wooster 	20 	 20 (1) 	 1971-m1d1981 	Swan Wooster 
1981 

TriOcean 	 71 	 432 	 1973-mid1981 	TriOcean 1981 

Nordco (2) 

	

57 	 75 	 1975-mid1981 	Nordco 1981 

c-CoRE (2) 	 37 	 41 	 1975-mid1981 	C-CORE 1981 

Peter Hatfield Ltd. 23 	 201 	Hatfield 
interview 

NRC Ship Lab 	24 	 123 	 1971-m1d1981 	National 
Research 	-P 
Council 1981 	1!_ 

o  

notes%  (1) This figure is for the Arctic Group only. Swan Wooster is a large 
CEDO and has done many more projects than this. 

(2) Most of these projects are for the East Coast petroleum play. 
(3) The involvement of Peter Hatfield Ltd 0  in the AOPI was limited until 

1980. Since then, AOPI contracts have risen to about 1/3 of all work. 
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would have necessitated my searching the records for every 
individual expenditure alloted to each project, a search . 

 clearly impractical given the broader aims and limited time 
for this study. 

Fortunately, for the Arctic Pilot Project (APP), such 
a figure was available, Between 80% and 90% of all project 
costs have been expended in CEDO contracts. 7  This figure 
has been constant for every year of the APP. This proves 
that PetroCanada staff involved with the APP are essen - 
tially a management team only and that the work is actually 
carried out by CED0s. 

Fragmentary evidence from Dome shows a similar structure 
for its subsidiary company Canmar, which does all the off-
shore Arctic work. Confidential documentation for 1978 
showed that 58% of all personnel costs for R&D were for CED0s. 

The case of Gulf seems at first to be quite different 
from PetroCanada and Dome. It was estimated that about 
75% of R&D work in the period 1975-1980 was carried out 
in house. 8  It should be noted though, that Gulf had no 
independent exploration program and no hardware develop- 
ment projects, but acted only in farmouts and joint ventures 
in this period. Gulf's research concentrated on understand-
ing the physical environment. After 1980, the company 
decided to create its own drilling system and CEDO invol-
vement rose substantially. 9  Thus the Gulf case shows the 
same trend to the predominant use of CEDOs as the Dome 
and PetroCanada cases. 

It can be concluded that CEDOs do play a substantial 
'role in the AOPI, and in particular, are heavily involved 
with the innovation of technology. Having established this, 
we can proceed to examine what forms the CEDOs take and 
what roles they play in innovation. 



4-12 

Notes Chapter 4.. 

1. Stewart 1979, p. 43. 
2. Acres Consulting Services 1978. 
3. Calculated from APOA 1981, Vols. 1 9 2,3. 
4. This was discovered during the interviews with APOA 
personnel (Pallister and MacKay). 
5. Dome 1980. 
6. Pilkington interview. 
7. Allardyce interview and confidential APP documentation. 
8. Wright interview. 
9 0  The interviews showed that TriOcean did nearly all the 
predesign work for the Gulf Beaufort Sea drilling system. 
Swan Wooster did the predesign and design for the caisson 
and is also doing the environmental impact statement for 
Gulf's future production systems. Earl and Wright, and Fenco 
are carrying out design of the CDV. 
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5. CHARACTERISTICS OF CEDOS 

5.1 Purpose 

The purpose of this chapter is to describe the CEDOs 
that are involved in the AOPI innovations. This description 
has three parts. First, some background information is 
given for the CEDO industry in Canada to clarify the def-
Uitions of Section 2.4 and to situate the industry. Second 
is the description of the sample of CEDOs upon which the 
research is built and an explanation of how the sample 
was chosen. Third is the creation of a framework within 
which CEDOs can be easily described and related to each 
other. The creation of a CEDO typology is necessary bec-
ause there is so little known about what the character- . 
istics of CEDOs are and what the different kinds of CEDOs 
may look like. As described in Section 1.2, the creat-
ion of a CEDO typology is one of the major aims for the 
research. It was originally hoped that the typology could 
be used to show finer variations in the CEDO involvement 
with AOPI innovation. As Section 6.1 will point out, this 
is not possible. However the typology still retains impor-
tance in extending the definition of CEDO beyond what is 
commonly recognized.and shows the extensive penetration of 
industrial contracting into the government and university 
spheres. It provides a new way of looking at the interaction 
of these three actors whichare con.sidered so important for 
technological sovereignty and industrial development.' As 
well, it points out the involvement of certain groups 

4 

	

	 like the classification society, which have never been remarked 
upon before. They are potentially very important actors in 
the overall process of developing marine technology in Canada. 
These are areas for future research. 
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5.2 The CEDO Industry in Canada 

This section presents information on the CEDO industry 
in Canada that will help create a coherent background for 
CEDOs in the AOPI. Although a wide variety of CEDOs are 
considered in the research, data are only available for 
CEDOs involved with engineering and naval architecture 
because the others have no formal professional assoc-
iations or legal guidelines. In 1980, the total consul-
ting engineering fees were estimated at 1.7 M$ and emp-
loyment at 42,000. Professionals constituted one third of 
this. 2 Growth of the industry (Exhibit 5.1) has been 
rapid over the past thirty years but highly erratic. 
Although there are some 1,700 firms, employment is highly 

concentrated in a few firms (Exhibit 5.2). 

Over the course of the 1970's, the CEDO industry 
underwent an extensive reorganization. A few large firms 
emerged by gaining control of a number of small CED0s. A 
major impetus for this was the the attempt to get MEPC 
contracts in the Very large resource development projects 
that were expected in this decade0 3  Lavalin, SNC and 
Montreal Engineering are now among the largest 
CEDOs in the world. 4 However, this has not yet resulted 
in many changes in the operations of the industry. 5  This 
is partly because the large CEDOs are still essentially 
holding companies, and partly becasue no megaprojects have 
begun. Functional reorganization takes time and it is 

being worked out. 6 
 

Of the total 101,227 registered professional engineers 
recorded in Canada, 10 i 459 were in consulting engineering 
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Exhibit 5.1  

CEDO Industry Growth in Canada 

1951 	1956 	1961 	1966 	1971 1974 	1977 1980 
year 

source:Peter Barnard Associates 1981, Exhibit 1.4. 
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Exhibit 5.2  

CEDO Size Distribution 

source:  Peter Barnard Associates 1981 9  Exhibit 1. 2 . 
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firms. 7  Statistics Canada figures for 1978 show there 
were also another 2,209 non-engineering professionals 
in the consulting firms. 8 Naval architects are not spec-
ified in this survey, but in the 1974 survey, it can be 
seen that their number is very small (15 people). 9  This 
figure is far too low; Exhibit 5.3 gives more realistic 
numbers. Nevertheless, the size of the naval architecture 
profession is tiny compared to engineering. 

Naval architecture is an unusual profession in terms 
of registration and education. Many naval architects 
register as professional engineers. The regulations for 
professional registration vary by province. For example, 
in Ontario and Québec, they are registered as professional 
engineers, but until 1979, naval architects were not allowed 
into the engineering society in British Columbia. While 
many naval architects register themselves personally as 
engineers, their companies are advertised as naval arch-
itecture firms. 

Until recèntly, the profession has only had a very 
weak educational base in Canada. Technicians have been 
trained at the College of Fisheries in St. John's, but 
all university trained people to date have been educated 
outside the country. Most of the professionals seem to 
come from the United Kingdom. 10The British system has 
not yet become fully professionalized, meaning that many 
naval architects are trained in apprentice courses. This 
makes accreditation difficult in Canada, beCause profes-
sions here are based on a clear distinction between uni-
versity graduates and trade school graduates. This will 
finally change, now that Memorial University has established 
a naval architecture school, but no students have graduated 

11 by 1982. 
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Exhibit 5.3 

Estimates of Employment of Naval Architects in Canada 

employer 	 university 	technical 
educated 	school 

educated 

shipyards 	 400 	 800 

government 	 300 	 150 

affiliated 	 120 	 120 
industries 

consultants 	 100 	 120 

shipowners 	 40 	 50 

universities 	 40 	 30 
and research 

TOTAL 	 1000 	 1270 

sources Canadian Shipping and Marine Engineering, 
May 1976 9  pp.26 0 270 
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5.3 The CEDO Sample 

It is explained in Section 1.3 that there are two 
separate samples needed to gather the data for this re - 
search. The first one is the sample of innovations. From 
this arises the second one, the sample of CED0s. Exhibit 
4.2 showed the innovation sample along with a list of all 
the CEDOs that were found to be involved with developing 
new technology. The CEDO sample is created from this list. 
Data from the investigation of the CEDOs in the sample are 
then used as the basis for analysis in the remaining 
chapters of this report. 

The Methodology section (1.3) also explained why it 
was decided to be highly selective and use an interview 
technique in choosing the CEDO sample instead of resorting 
to a statistical technique based on a written questionnaire. 
Once this deeision was made, selecting the sample was done 
by applying the following four criteria. The first one was to 
select CEDOs with the most extensive and important 
involvement. The second criterion was to obtain maximum sample 
diversity following the recommendations of the Glaser and 
Strauss hypothesis generating method (Section 1.3). In 
order to maximize diversity, CEDOs across the country 
were chosen instead of only those in Calgary. 
During the course of the petroleum company interviews, 
it was seen there were nine basic types of CED0s, so the 
sample was constructed to ensure each type was included. 
Finally, the innovations had been found to be in several 
industrial fields - civil construction, shipbuilding, 
mechanical fabricating and petroleum industry equipment - 
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so it was decided to ensure that the sample would include 
CEDOs working in each of these fields. 

As constituted, the sample is not representative of 
the entire population involved in marine AOPI innovations. 
Instead, it is highly selective and only represents the 
major actors, but this is desired because the emphasis of 
the research is on the generation of ways to perceive the 
CEDO and discover its role in innovation. 

The sample is summarized in Exhibit 5.4. The firms are 
arranged according to the nine separate categories on the 
previous page. They will be elaborated in the next section. 
The table lists all the CEDOs that were interviewed and gives 
the number of professionals that each one employed. The 
last column indicates the number of CEDOs of each category 
that were found as calculated from Exhibit 4.2. 



CEDO Type 

Individual 

Incorporated 
Individual 

Commercial 
Independent 

Commercial 
Laboratory 

Government 
Laboratory 

1979 	independent Calgary 	major 

1980 	independent Calgary 	major 

Fenco (2) 

Acres (2) 

Swan 
Wooster(2) 10 

FGBercha 18 
7 

P.Hatfield 5 

German & 18 
Milne 
Arctec 	20 

NRC Ship 25 
Lab 	68 

Nordco 	65 (3)  

1969 	Lavalin 	Calgary 	major 

1970 	independent Niagara 
Falls 

1971 	independent Vancouver 

1974 	independent Calgary 
1981 	 Ottawa 
1974 	independent Vancouver 

1922 	independent Montréal 

1973 	SNC 	Calgary 
Ottawa. 

1950 	Federal 	Ottawa 
1983 	Government St.John's 

1975 	Newfound- 	St.John's minor 	1 

"X" 

11 ytt 

1 

3 

12 

12 

3 

9 

44 

5 

4 

medium 

major 

major 

medium 

medium 

major 

medium 

Exhibit 5.4 

The CEDO Sample  

CEDO 	Number of 	Founding Affiliation Location 	Involvement Quantity 
Interviewed Professionab Date 	 (1) 	Recorded 

Crown Corp. 
Development land Gov't. 
Centre 



University Ç-CURE 	35 (3)  
Institute 

TriOcean 	25 

Classificat- Lloyd's 	12 
ion Society Register 

Design 
Group 

1975 

1976 

1760  

Memorial 
University 

independent 

Lloyd's 
Register 
UK 

St.John's minor 

Calgary 	major 

Montréal minor 

Recorded 

10 

4 

0.1 elq (n•• SI 

Exhibit 5.4 (continued)  

CEDO Type 	CEDO 	Number of 	Founding Affiliation Location involvement Quantity 
Interviewed Professionals Date 

source: Industry interviews. 

notes: (1) This is a subjective measure based on magnitude and importance of contracts. 
(2) Data refer to the Arctic Groups only within the firms. 
(3) This is the total number of employees. 

'1_rt 

o  
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5.4 CEDO Typology 

The categories of CEDOs presented here form a typ-
ology which shows that my concept of CEDO has extended 
beyond that of previous studies and what I had considered 
at the outset of the research. Originally, as described 
in Section 2.4, I expected four categories: government; 
university; independent; and design group. That typology 
was based upon ownership,which would control most of the 
other characteristics. In light of the major research 

•interviews carried out, it became apparent that these 
categories needed to be subdivided. The new categories 
are distinguished by a combination of size, ownership 
and function. No attempt has been made to further rationalize 
the categorization scheme because the sample size is too 
small and the AOPI case too individualistic. 

The typology is perhaps the best way to define what I 
mean by CEDO. The CEDO is not just a consulting engin-
eering firm, but any organization that sells services to 
the petroleum companies for the development of new tech- 
nology. This can include such services as legal, biological, 
social impact analysis, but since they are more peripheral 
to the nature of the innovations studied here, I have 
interviewed ohly engineering and naval architecture firms. 

A further qualification must be made to define the 
CEDO as an organization external to the petroleum company. 
This is needed because three of the AOPI petroleum companies 
are subsidiaries of foreign-owned firms. When they use 
the services of the parent company's R&D lab, they have to 
enter into a contract much in the same way as they would 
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to hire an independent commercial CEDO. Both Gulf and Sun 
made extensive use of the parentes  R&D labs during the 
course of their AOPI projects. Imperial centred more of 
its expertise in Canada, but still used the Exxon lab in 
Houston for aspects of its Beaufort projects. 12 Thus, 
the parent R&D lab could represent an important additional 
category of CEDO. I do not include it, in part because 
resources were not available to travel to the USA, but 
also because it seems to confuse the definition of CEDO 
somewhat. 

5.4.1 Individual 

This kind of CEDO is a private individual who works 
within the petroleum company very much like a salaried 
employee, except that remuneration is on a standard CEDO 
time basis and working periods are settled by informal 
agreement. The contract position for the individual 
inte srviewed was a full time job, but one which could be 
terminated by either part at any time. This person was 
able to accept limited amounts of external work upon 
approval by the petroleum company. In two of the three 
cases found of this type of CEDO, the individual was young 
and used his expertise in an area of short supply as the 
bargaining tool. The company had made an offer to hire 
the individual interviewed as a regular employee, but 
he refused, preferring to be independent. The company 
was highly satisfied with the arrangement because the 
individual internal consultant is always immediately 
available and can be used in a completely informal manner. 

There are probably not many of this kind of CEDO 
because it seems to depend on Severe shortages of expertise 
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and individuals who strongly value personal independence. 
It is significant because of the work in strategic areas 
and because it shows just how fluid the boundary between 
the client and CEDO can be. 

5.4.2 Incorporated Individual 

' This is very similar to the first category. The 
person works alone or with one or two other people but is 
registered as a consulting engineer and is usually incor-
porated. This CEDO may work within the firm, like the 
one in Subsection 5.4.1, or have an office and contract 
services from there. The incorporated individual is clearly 
a transition type on the way to the standard commercial 
independent CEDO. This consultant is more likely to be 
involved with several clients at once, although not with-
in the AOPI, where conflicts of interest could arise. 
Here, there is a much more intimate and long term relat-
ionship with the client than for the commercial indepen-
dent CEDO, so contracts must be chosen carefully with 
conflict of interest in mind. 

Five out of the six CEDOs for which data were available 
were marketing their experience. This is an interesting 
contrast to the prior category (5.4.1) of highly educated 
young specialists. However, the sample is  toc  small to 
know if this has any significance. Four of the individual 
incorporated CEDOs were located in Canada and two were 
foreign. They could have a wider geographic dispersion 
than the individual kind (who all lived in Calgary) because 
they were only called'in for shorter time periods when 
their specialized expertise was needed. Although inter-

mittent, the association for four CEDOs was long term, 
spanning several years. Two others who specialized in 
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project management naturally had a more continuous assoc-
iation, The petroleum firm had tried to hire these two 
CEDOs but they refused, preferring to remain independent. 

5.4.3 Commercial Independent CEDO 13  

This kind is the classic consulting company and makes 
up the bulk of the industry. Forty four such firms were 
found, of which twenty seven were consulting engineers. 
There were five naval architects and twelve environmental 
impact specialists. Six firms were investigated, four in 
engineering and two in naval architecture. Exhibit 5.4 
shows that these companies tend to be small and recently 
established. However, in the case of Fenco, Swan Wooster 
and Acres, the numbers refer only to the divisions that 
deal with the AOPIg the overall companies are very large 
engineering firms by Canadian standards. The strategy 
of these three firms is to use the preinvestment work 
"to get a hook in the fish" 14 9 to garner the large, long 
term lucrative MEPC contracts for the rest of the firm, 
because"consulting is just surviving " 15  for a big CEDO. 

The other consulting engineering firm, F.G.Bercha, is 
different. It is owned by the senior engineers and uses 
profit sharing as a means of maintaining an entrepreneurial 
spirit. This firm specializes in preinvestment work and 
the R&D aspects of projects, being uninterested in the 
project execution services. 

Naval architecture CEDOs are slightly different in 
orientation because the role of ihe shipyard traditionally 
takes much of the MEPC work and there is less formal R&D. 



e. 

5-15 

The two navalarchitectureCEDOs interviewed were quite 
different in size and history, but similar in strategy and 
operations. Peter Hatfield Ltd. is a small, young firm, 
while German and Milne is one of Canada's oldest and lar-
gest naval architectural firms. Both have longstanding 
informal subcontracting links to engineering CED0s, Peter 
Hatfield Ltd. to Swan Wooster and German and Milne to Fenco. 

5.4.4 Commercial Laboratory 

The present category, commercial laboratory, deals 
with those CEDOs whose existence is fundamentally based 
on a physical testing facility. Many of the engineering 
CEDOs have labs, such  as the Fenco cold room for ice tests 
and the Acres hydraulics lab for model tests, but these 
are used more for routine testing than for research. In 
the AOPI, the key facility is the ice and hydraulic model 
testing tank. There are four important model ice tanks in 
the world: Arctec Canada and Arctec USA (independent com-
mercial labs); Wartsila in Finland (part of the Wartsila 
Shipyard); andHSVA in Germany (which is of mixed public/ 
private ownership, but is an independent lab). 

Arctec Canada was interviewed. Its contracts are 
divided fairly equally among three areas: model testing; 
monitoring of full scale trials on ships; and analytical 
work for the arctic offshore. Arctec classifies all its 
work as R&D and is uninterested in MEPC contracts. 

16 
5.4.5 Government Laboratory 

1 	 Industrial R&D facilities in Canada are often provided 
by government, given the traditionally large role of the 
National Research Council. The AOPI makes extensive use 
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of open water model tanks and other specialized design 
facilities of the Marine Dynamics and Ship Laboratory at 
NRC. All the work of this lab is devoted to industrial 
contracts, of which about 20% are arctic related over the 
period 1971-1981. It is claimed the facility is not in 
competition with private labs such as Arctec but in 
cooperation, because it supplies expert backup services and 
equipment to them, and concentrates on experiments that 
are beyond the accuracy capability of the private labs. 
When offered a routine contract, the policy is always to 
refer the client to the commercial laboratory first. In 
contracting projects, the NRC never solicits work, uses 
approximate commercial rates and turns a small profit on 
the lab (although this is not a requirement). 

In 1981, a decision was made to reorganize this NRC 
lab as the Arctic Vessel Marine Research Institute (AVMRI), 
expand the staff and construct a 50 M$ ice towing tank in 
St. John's. When completed, the ice tank will be the best 
in the world. NRC plans to staff 32 of the 100 positions 
with industry people on contract. It is hoped that more 
basic and applied research can be done with the new fac-
ility, thereby reducing the contract work to about 70% 
of total work. 

5.4.6 Crown Corporation Development Centre 17  

This is a very recent organizational innovation 
created by several provincial• government. Its purpose is 
to aid in the development of provincial technological 
and industrial capacity by creating a centre of excellence 
aroundwhich other technology actors may coalesce. Only one 
such centre was found to be involved with the AOPI, the 
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Newfoundland Oceans Research and Development Corporation 
(Nordco). It was originally owned by the Newfoundland 
Government and paid no taxes. In 1981, the company 
reorganized to act more as a private CEDO and its pres-
ent status is somewhere between a crown and a private 
corporation. While the original mandate was to devèlop 
local expertise, this has changed to reflect a desire to 
be a profit making service company basing all its work 
in R&D. All profits, however, are to be reinvested. Nordco 
has become a major competitor to private CED0s, but not 
so 'much for the AOPI as yet because it is more oriented 
to the East Coast offshore. 

5.4.7 University 18  

Universities are important research contractors. For 
the AOPI, the university CEDO was found to take 'three 
different forms: the individual professor; the formal 
faculty group; and the partly independent research org-
anization set up within a university. The individual 
priofessor is distinguished from the individual CEDO (5.4.1) 
because he works out of the university, not within the 
client, and often involves university facilities and grad-
uate students. In the case of Memorial University, the 
indiv±duals were also organized into the second CEDO type, 
as the Ocean Engineering Group within the Faculty of Eng-
ineering. No contracting was found in the AOPI from this 
kind of CEDO. The Ocean Engineering Group is active in 
the East Coast offshore instead. 

The third type is represented by the Centre for Cold 
Ocean Engineering (C-CORE), which was the only type inter-
viewed. It is an outgrowth of the Ocean Engineering Group 
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and now has extensive research facilities in its own 
building on the Memorial campus. C-CORE began with a 
3 M$ grant from the Devonian Foundation in Calgary. It 
now seems to have taken over much of the original mandate 
of Nordco, to develop local firms and human resources, by 
establishing a very fluid boundary . between the university 
and local industry. Local CED0s, offshore service companies 
and petroleum companies donate money to central C-CORE 
funds and are able to direct its activity. These CEDOs 
also subcontract work to C-CORE. C-CORE concentrates on 
pure R&D with the aim of spinning off successful develop-
mets as subsidiary companies which are to become private, 
commercial Newfoundland firms. C-CORE's involvement with 
the AOPI is slight because of this pure R&D orientation 
and focus towards the East Coast offshore. 

5.4.8 Design Group in Construction or Hardware Firm 

As the name implies, this CEDO is only part of a 
larger firm. The prime function of the CEDO component of 
such firms is to provide design services for the construc-
tion or manufacturing divisions. Not surprisingly, in a 
country with a historically weak manufacturing sector, the 
nationality of ownership in this category is significantly 
different than for the other ones. Eight of the 11 firms 
were foreign owned and foreign based. 

The firm interviewed was TriOcean, which is now the 
most important offshore equipment design and constructing 
firm in Canada. Although it began as an engineering con-
sulting firm, its aim has always been to be a fully inte-
grated design, construction and operation company. 19 
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5.4.9 Classification Society 2°  

Industrial technologies must often comply with national 
and international standards in order to have operating 
approval and insurance. The bodies setting such standards 
often have extensive R&D and design capacity. There are 
several world wide classification societies that set 
regulations for design and operation of ships, carry out 
inspections and do research in naval architecture and 
marine engineering. Those involved in the AOPI'are 
Bureau Veritas (France), Lloyd's Register (UK), Det Norske 
Veritas (Norway) and American Bureau of Shipping (USA). 
They will all sell consulting services for specific pro-
jects. For example, Det Norske Veritas did an oil spill 
frequency study for Dome 21 , Lloyd's did a risk analysis 
for the LNG carriers of the APP

22
, and Bureau Veritas did 

23 
an iceberg collision study for APP. 

These societies have Canadian representatives, but 
apart from Lloyd's, virtually no work is done here. Lloyd's 
Register (which was the only one investigated) is the 
major classification society in Canada. Routine design 
approval is handled entirely in Canada while work involved 
with new arctic developments is sent to London to be 
carried out. Because of its international scale and exper-
tise, Lloyd's is often hired at the feasibility stages 
to analyse new AOPI vessels. Lloyd's regularly takes sub- 
contracts from naval architectural CEDOs on detailed design 
aspects. Lloyd's is unlike CEDOs in the other categories 

24 
because it does not sollicit work and it is non profit. 
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Notes Chapter  

1. Sabato 1971. 
2. Peter Barnard Associates 1981, pp.1.1 - 1.3. 
3. The term MEPC contract is explained in Section 2.4. There 
is no analysis in the literature on the reorganization of the 
CEDO industry, but the idea of the megaproject as prime impe-
tus is expressed in Blair and Carr (1981, p. 45). 
4. Major and Martin 1981. 
5. Peter Barnard Associates 1981, p. 1.3. 
6. This was the case for Fenco and its parent company Lavalin. 
Both Fenco and Arctec still operate almost independently 
of their parent companies. 
7. The overall engineering figure is from Lapp (1980,p. 25). 
The CEDO figure comes from Statistics Canada (1978). 
8. Statistics Canada 1978. 
9

, 
 Statistics Canada 1974. 

10. Having never seen figures on this, I will refer, perhaps 
hazardously, to my personal experience, wherein a sample of 
9 naval architects personally known, included 7 from the UK 
and 2 Canadians. Independent to my personal sample is the 
example of Dome's staff of 8 naval architects where only 2 
are Canadian born. 
11. Milne interview. 
12. It is interesting to note that the Gulf and Sun labs in 
Canada are entirely separate from the parent labs, and must 
pay for services, but Imperial has no restrictions on access 
to the Exxon R&D labs. Imperial and Exxon are so closely 
linked in this respect that there is an agreement for all 
Imperial patents to be assigned to Exxon. 
13. Aside from the respective company interviews, reference 
can be made to published company brochures such as Fenco 
Consultants Ltd. (1981), Swan Wooster (1981), Peter Hatfield 
Ltd. (1981). 
14. Downie interview. 
15. Masterson interview. 

16. Matthews (1981) provides a good summary of the AVMRI. 
17. Interviews and Nordco 1981. 
18. Interviews and C-CORE 1980. 
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19. This company represents the kind of firm that would 
allow Canada to compete with the large international off-
shore engineering companies. TriOcean has grown quickly 
and recently has begun to assume overall management roles 
for projects such as the predesign of Gulf's Beaufort 
drilling system. This involved extensive subcontracting 
to other Canadian CED0s. Unfortunately, Gulf let the design 
contract to Earl and Wright (USA), claiming that TriOcean 
was too small to carry out this important step in the time 
required. It is in cases like this that the presence of 
the new OIRB (Office of Industrial and Regional Benefits) 
is required to aid the growth of Canadian expertise. 
20. Interview and Lloyd's Register 1979. 
21.Dome 1981, p.5.3-44. 
22.While employed at PetroCanada, I was involved with 
drawing up this contract for risk analysis. 
23.Melville Shipping 1978,p.ix. 
24.Lloyd's Register is an example of a wholly new type 
of actor in the innovation literature. It is an internat-
ional non-profit technological society that has played a 
key role for more than two centuries in the development of 
new maritime technology. Future research should be aimed 
at further delineating the role of groups like this which 
can only be introduced here. While Lloyd's undeniably 
effects efficient execution of projects because of its 
international base, one must be alert to the policy imp-
lication. When the AOPI moves into development activity, 
there will be potential for a more progressive and stable 
marine  industry. Will  international .classification  societies 
siphon off effort to develop national capacity? Det Norske 
Veritas has recently established an office in Calgary, but 
only a detailed research program will show if this is a 
positive or negative influence on Canadian technological 
sovereignty. 
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6. CEDO ROLES IN INNOVATION 

6.1 Introduction 

From the previous two chapters, we have some estimates 
of the magnitude of CEDO involvement in the innovative AOPI 
projects and information on the different kinds of CEDOs to 

be found. The purpose of the present chapter is to elaborate 
upon these aspects by analysing the pattern of CEDO involvement; 
in other words , analysing the roles that CEDOs play in innovation. 

By role I mean the characteristic function that the CEDO 
has in the innovation process. There are three main types 
of roles for which CEDO participation should be examinedg 
organizer of the project; actor within the individual project; 
and actor at the industry level. Within each of these main 
classes there are several specific roles the CEDOs assume. 
Although my primary interest is to discover the extent of 
CEDO responsibility for the AOPI innovations, when dealing 
with incremental innovations it becomes difficult to separate 
a role that is solely related to innovation, with one that is 
a standard project role. Thus, both types are analysed. In 
any case, the pure innovation role would output nothing if 
other more standard roles were not completing the overall 
innovation process. 

For some cases, discussion of CEDO roles can only be made 
in comparison with the roles that the petroleum company plays. 
However, the analytical focus is always upon the CEDO in 
this chapter. No entirely independent roles were investigated 
for the petroleum companies due to limited resources for the 
research program. However, the analysis presented here should 
make clear that most of the important client roles are never-
theless included. 
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It will be noticed that few of the roles are analysed 
in great detail. As explained in Section 1.2, the role of 
CEDOs in innovation is an entirely new research question. 
I felt that choosing a few roles . that initially seemed impor-
tant and analysing them in detail would be a risky way to 
proceed bacause there would be no pattern of roles against 
which to judge their true importance or relation to one an-
other. Instead, I have aimed to create this full pattern of 
roles. Subsequent research can then make appropriate choices 
for further study. 

I have attempted to discuss each role on a common frame-
work of three main aspects: definition and description; 
importance and implications; and causal factors. Since this 
work is exploratory, I have not adhered consistently to this 	- 
framework but elaborated what seemed to be the most important 
aspect of each role as it came up. There is overlap between 
this chapter and Chapter 7 in the discussion of causal factors. 
Obviously, reasons for the individual role relate to reasons 
for the general industry structure. However, the overlap is 
minimized by attempting to describe only specific factors 
here, and drawing out the broader implications in the next 
chapter. In some instances , the reader is referred ahead to 
Chapter 7 where the full discussion of the causal factor is made. 

The original intent was to analyse the roles using the 
CEDO typology in order to display finer patterns according 
to the type of CEDO involved. This, however, cannot be done 
for two reasons. First, the typology is based on a very small 
sample of companies so any analysis might just reflect the 
idiosyncrasies of a particular firm rather than the class of 
firms it is taken to represent. Second, there simply does 
not seem to be any important pattern relating particular roles 
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to particular types of CED0s. With the limited amount of 

data available, only very elementary and not very useful 

relationships can be drawn. What is surprising is that 
the CEDOs generally seek to be involved in all possible 

aspects of project work. While an Incorporated Individual type of 

CEDO, for example, can not possibly offer full management, 

engineering design , procurement and construction supervision 
(MEPC) services for a large project, it will still seek to 
be involved with specific MEPC aspects of the large projects 

and may handle all aspects of small projects. There are indi-
vidual strategic differences in firms which will cause minor 

variations in the roles, but these do not seem to have a con-

sistent pattern. For example, F.G.Bercha Ltd., a CEDO of the 

Commercial Independent type, is uninterested in project 

execution services, while all the other CEDOs interviewed in 

this category aimed primarily at this very area. 	If there 
is any trend from this preliminary data, it is that no pattern 
of participation exists according to the CEDO type. 

This chapter shows why I was able to present the discussion 
of the innovation process in Section 3.7 without making ref-
erence to CED0s. For the first role, project organizer, the 

CEDO will be seen to be only a minor participant. For the 
second main role, project actor, contracting will be seen to 
be so intimate and easy to arrange, that the fact that external 

expertise and not in house staff is involved, is not important. 
The third role, inter project actor, is the one CEDOs play 

alone, but it does not affect the innovation process framework 
I have described because it is at an industry level rather 
than a project level. 
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6.2,Project Organizer 

This role has little to do directly with innovation. How-
ever, it is  important  to begin with it in order to put the 
innovation roles into proper perspective. From the Perrin 
model of carrefour described in Subsection 2.6.1, we should 
expect to see the larger CEDOs playing an important role of 
organizing projects. Perrin's conception, shown in Exhibit 
6.1 (a), shows that the engineering firms organize the project 
actors into four poles, and drive and mediate information 
exchanges among these poles. Exactly what this entails he 
does not elaborate. 

Analysis of the case study data by means of the carrefour 
model shows that in the AOPI, it is the petroleum companies 
that are the carrefour. The CEDOs are at one of the four 
poles, where they act as a small subsidiary carrefour as 
portrayed in Exhibit 6.1 (b). 

The development  of  this conclusion is made in the follow-
ing pages, from the point of view of the CEDO - . Although I 
am only concerned with the role of project organizer, it 
will be seen that at times  I use evidence which refers more 
to a general industry level .than to a specific project. 
This is a slightly weaker form of argument, but it is still 
useful to fill in areas where specific project data is scarce. 
It should still be acceptable because all the petroleum com-
panies act in approximately the same way concerning overall 
project organization; thus the specific project structure 
forms the general industry appearance. 

To start, I shall examine the links to each of the four 
poles. In the AOPI, CEDOs have no links with the finance pole. 
The petroleum companies organize all necessary financial aspects 
themselves. 1 The second pole is the R&D sector. Here a difficulty 
with the model arises as I have considered several R&D organizations 
to be AOPI CED0s. For the moment, then, let us retreat to a more 
limited definition af CEDO to exclude the government labs, crown 
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Exhibit 6.1 

(a) Perrin's model 
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corporations and university R&D contractors, and • xamine the 
links between them and the remaining kinds of CED0s, in order to 
maintain a carrefour structure closer to Perrin's and to display 
the kind of involvement formal R&D groups have in the AOPI. 

There are links between the remaining CEDOs and this "R&D 
sector", but they are rather weak. Taking the crown corporation 
first, we see that Nordco has an informal agreement to subcon-
tract with Acres. 2 In the present context, it is difficult to 
assess how important this link is because Nordco is only a minor 
actor in the AOPI. The main government R&D centre is , of 
course, 'the NRC. :OnLy two cases were found where engineering 
consultants linked with NRC. Fenco occasionally discussed 
some aspects of ice platform design with two engineers at 
NRC 	Another CEDO (requesting anonymity) approached NRC 
for discussions involving an offshore project and claimed 
later in an interview that it was fruitless to try to coop-
erate with the lab. Whatever the merits of the particular 
case, the CEDUs impression was that there was little to be 
gained by fostering any relations . There are closer links 
with naval architecture consultants such as Arctec owing to 
the fact that both operate towing tanks. The two groups have 
been involved in cooperative programs where Arctec does the 
ice tank tests and NRC the open water ones for the same 
vessels. 

It is well known that the NRC, over most of its history, has 
not been structured to interact with the industrial community 
and has been concerned more with basic research and R&D respon-
ding to government needs. 3  The minor importance of the link to 
the AOPI is partly a result of this historic situation and partly 
due to the fact already noted in Section 3.6, that the AOPI inno-
vations do not depend much on basic research. The new Arctic 
Vessel Marine Research Institute (AVMRI) will attempt to foster 
tighter links to the industrial community by staffing up to 32 
new positions from industry, so the situation may change 
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in the future. 

The other main source of R&D expertise is the university. 
One of the few academics found contracting to the AOPI claims 
there is little interaction between CEDOs and universities 94 

 and this was backed up by the case studies. Despite govern-
ment programs to support academics for sabbaticals in industry, 
(e.g. NRC Industrial Fellowships), no academics were found 
on leave in CED0s..It was claimed in one interview that more 
interaction with universities would be desirable, but the 
problems of confidentiality and the need for speed in execu-
tion of the project would render such interaction difficult0 5 

One of the main reasons that universities were so little 
involved with the arctic offshore CEDOs is 
simply that they do not have much expertise in the important 
areas. The discipline of offshore arctic engineering is 
new to Canada, being a very recent creation of the AOPI. Uni-
versities are staffed with people who do not know this new 
discipline and may be threatened by its new importance. Barton, 
the Dean of Engineering at the University of Calgary, admits 
this is a problem. He finds it increasingly difficult to 
attract expert engineers to a university position when univer 

6
- 

sity salaries are up to 50% less than AOPI salaries. 	In 
fact, the University of Calgary is having difficulty just in 
keeping some staff from quitting to find work in the AOPL 
With the high salaries and abundant jobs, graduate programs 
in engineering have also become unattractive and their enrol-
ment has declined over the 1970's. Says Barton, 

"We are absolutely flat out. The faculty is struggling 
to keep its head above water teaching undergraduates. 
Government is not funding adequately in face of the 
[AOPI] boom and that on-again, off-again planning 

• which sees megaprojects like Esso's Cold Lake program 
held in limbo because of Federal-Provincial disputes, 
makes long range planning impossible." 7 
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Two instances were found where CEDOs were hired to teach 
in universities. F.G.Bercha Ltd. designed a course for the 
University of Calgary in arctic engineering, but it was dis-
continued after only one term. 	One of the senior partners 
in the CEDO German and Milne has spent several years as 
Visiting Professor to Memorial University to develop Canada's 
first professional naval architecture school. 	Before this, 
there was obviously little interaction between universities 
and CEDOs in the field of naval architecture - there were 
almost no naval architects in Canadian universities. 

Capital goods manufacture is the third pole in the car-
refour model. When designing a system, the CEDO obviously 
has to have a good understanding of most of the major capital 
goods or hardware units that make up the new system, at 
least in terms of their input and output characteristics. We 
see this in the case of TriOcean, which has strong links to 
manufacturers of rigs and  subsea equipment because it is a 
hardware firms as well as a design CEDO (type 5.4.8). As 
well, Fenco worked directly with pump, instrument and urethane 
foam suppliers in developing the ice platform. However, for 
most large systems such as islands, caissons and vessels, the 
petroleum company handles procurement of equipment itself or 
denotes responsibility t 	 8o the constructor. 	Independent CEDO 
involvement with the third pole exists, but it is limited, 
and much smaller than the involvement of the project man-
agement team in the petroleum company. 

The fourth pole to be considered is the production 
sector, or the petroleum companies themselves. Seeing that 
this link is the main aspect of the research, it is not treated 
further here, but in following sections . Enough evidence 
has been presented to summarize the carrefour model 

and the project organizer role, but 
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before doing'this, we might consider adding another pole to 
the model, for government policy and regulation. CEDOs seem 
to have fairly strong links to various government agencies 
which hire them for development of policy and regulations. 
Exhibit 6.2 summarizes CEDO contracts to government seen in 
the AOPI. 

To summarize now, it is clear that the carrefour model 
seen by Perrin does ndt hold for CEDOs in the AOPI. CEDOs do 
not control finance; the clients do. CEDOs have weak links to 
the R&D pole; the petroleum companies organize most inter-
action by treating R&D organizations as CEDOs. CEDOs only 
control small amounts of procurement; the clients do most. 
For the AOPI, we need to modify Perrin's model to the one 
sketched in Exhibit 6.1(b). The petroleum company is at the 
centre, choosing the organizations in the poles and managing 
their involvement. The CEDO is ât the centre of a secondary  carre 
four. The R&D pole is included as a subset of the CEDO-  pole. 

The arrow linking the government pole to the petroleum com-
pany shows influence in both directions. This means that 
policies and regulations naturally affect the oil companies 
and their projects, but also that the activity of the corn- 

It should be noted that this  concept  may change as the 
AOPI moves from the present exploration phase into develop-
ment, where construction activity will be greatly expanded 
and more stabilized. CEDOs linked to large MEPC contractors 
may develop and move into a more central carrefour position. - 
As well, in technology fields other than marine structures, 
the carrefour will be different. For example, the development 
of pollution control systems is done much more by manufacturing 

parues  organizes government as well and and uses its expertise. 16 
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Exhibit 6.2 

CEDO.Links to Government  

CEDO 	 Client 

Indian & Northern 
Affairs, with 
Fisheries & Oceans 

Subject 	 Footnote Number 

tanker risk 	 9 
analysis 

Fisheries & 
Oceans 

future ocean 	- 11 
engineering 
developments 

NRC 	 AVMRI user 	 12 
survey 

NRC 	 13 

NRC 	 arctic R&D 
capacity 

Arctic Waters 
Lloyd's 	Transport 	 Pollution 
Register 	 Prevention 

Regulations 
note:  NRC is classified as government pole rather than R&D 
pole in these examples because the CEDO contracts are policy-
related rather than technical design. 

Pallister 
Resources 

Acres 

R.M.Hardy 	NRC 	 15 

interview 
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companies independent of the petroleum firms. For the East 
Coast industry, the R&D pole is much different as there 
have been concerted efforts to build up capacity in public 
institutions (e.g. Nordco, C-CORE, Memorial University) 
and have them interact with industry. The carrefour concept 
in Exhibit 6.2 must be used with caution in other applications. 

Despite these provisos, it is clear that the main role of 
project organizer is in the hands of the petroleum companies. 
For all the six petroleum companies studied, they alone chose 
the major actors and managed their work. So pervasive is the 
control of the petroleum companies over all these aspects that 
one CEDO manager exclaimed about a client, 

"We can't break into the bigger stuff at all. 
All they [the client] are is an MEPC contrac-
t er themselves, that specialize in the oil 
and gas business." 17 

This implies that the AOPI may be different than other industries 
with respect to the project organizing role. Unfortunately, 
there are few comparative data from other industries to set up 
any simple model predicting the extent of this role. This 
question will be elaborated in detail by Chapter 7 under the 
slightly different form of industrial organization. 
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6.3 Innovation Roles at the Project Level 

The most obvious innovation roles are played within the 
context of the individual project. There are three types 
to be considered here: the source of the innovation; the 
elaboration of innovation; and the execution of innovation. 

6.3.1 The CEDO as Source of Innovation 

The original concept expressed in Subsection 2.6.2 was 
that the CEDO was expected to be an independent source of 
innovation. This would represent the most important pos-
sible CEDO role and if widespread, one which would have 
important consequences on the way we view innovation. 
Exactly what the roles are and what the responsibility for 
innovation is, are qtrestions that are not clear even to the 
engineers who carry out the innovation, as the following 
quote implies. An engineer who has worked for a CEDO and 
a petroleum company put it this way: 

"Consultants have the ideas. Clients can only 
come up with the problem. They like to think 
the consultant is just working out their 
ideas but they just pick them up ih discus-
sions with the consultant." 18 

With incremental innovation it is difficult to find any 
independent source of the new technology and likewise, an 
independent actor. I will show in this subsection that the 
CEDO has no important independent role, but is crucial as 
an equal partner with the client in the origination of AOPI 
innovation. 

I define independent source as meaning the CEDO is either 
the inventor of the new technology or the instigator of a 
project involving innovation. 19  Let us start by examining 
inventions and then study instigation. It is often considered 
that a patent is a good indicator of an invention. 20 
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Exhibit 6.3 lists the Canadian patents that have been taken 
out by December 1981 for all the petroleum companies and 
CEDOs investigated in the case studies. This shows a good 
deal of inventive activity in the AOPI. However, none of the 
patents are held independently by CED0s. Routine contract-
ing practice in the AOPI is for the CEDO to sign away all 
patent rights so that all inventions arising from the project 
become the client's property. 21This means that no inventions 
could have been independently developed by CEDOs outside the 
project system. However, it is still conceivable that CEDOs 
invent within the context of the contract; while this would 
not represent an independent source of innovation, it would 
nevertheless be important as an origin. 	Once again, the 
evidence infirms this possibility. There are three patented 
systems in the AOPI that have been constructed: the Kigoriak; 
the PIFS  drill vessel; and the Imperial octagon articulated 
caisson. In the case of the Kigoriak, Dome was responsible 
for the patented hull shape. Its consultants, Clever and 
Walkingshaw, were involved in the design and execution of the 
concept but only turned the idea into engineering drawings. Arctec 
carried out ice tank tests and had major responsibility 
for their design and interpretation, but they were involved 
with the working out of the invention, not the original 
idea for it. 	The PIFS drill vessel was not developed by 
consultants, but by Global Marine, a large construction and 
operations firm. The caisson is the only example to support 
the concept of CEDO as the source within the contract. The 
consulting engineering firm APD had the major responsibility 
in inventing the articulated joints. 

It seems clear that, with only this one case, the CEDO is 
not an important independent source of innovation. What is 
then the status of CEDO as project instigator? It does not 
seem to be an important role either, as I will now show. There 
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Exhibit 6.3  

Oanadian Patents Registered by the AOPI 

ice cutter drum (9) 
ice cutter semisubmersible platform 
hovercraft bow icebreaker 
moonpool ice deflector 

ice cutter drum 
ice cutter collar (3) 

picks for ice cutter drum 
ACDB melting system 
inflatible cushion ice platform 
cable tensioned ice platform 
fill island concept 

icebreaker bow shape 
Axel icebreaker bow 
open water skirt for drillships 
monocone 

Global Marine ACDB ice sheet melter (2) 
icebreaking bow shape 
catamaran semisubmersible 
PIPS concept 	(5) 
conical shield on platforms 

Exxon 	 Manhattan type reamer bow 
icebreaker stern shape 
icebreaker tanker hull design 
island construction method 
caisson retained island (3) 

note: * The number in brackets refers to the number of 
separate patents covering the feature described if more 
than one. 
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is good evidence in the cases of the early development 
of transport systems and the lack of importance of un-
sollicited proposals. There was a great range of innova-
tive ideas proposed by companies outside the petroleum 
industry for ways to transport petroleum from the Arctic, 
including such things as submarines, semisubmersible 
tankers, gigantic aircraft and airships. 22  None of them 
was seriously considered by the petroleum firms. Unsol-
licited proposals from CEDOs do exist, but they are rare. 
One firm, Camat International Transportation Consultants, 

"completed and submitted to Panarctic an in-depth 
study dealing with the design, acquisition and 
operating costs of an Arctic Class tanker. Camat 
was neither requested to conduct a study nor paid 
for the report..." 23 

However, this is more an unusual case of a CEDO outside 

The AOPI trying to break in. Only two of the AOPI CEDOs 
that were studied claimed to use unsollicited proposals, 
and then, very infrequently. Interviews with petroleum 
companies reinforced tnis interpretation; all managers 
agreed that unsollicited proposals were rarely received. 

As we continue farther away from independent source 
towards partner in innovation, we can see an inàreasing 
CEDO presence. When dealing with incremental innovation, it is 
unrealistic to seek discrete beginnings and. individual res-
ponsibility for innovations, so it would be better to 
modify the concept of independent source by thinking of 
these innovations as arising from 	. a pool of ideas 
for new technologies which are widely held by a community 
of designers. This concept gives a much greater role to the CEDO, 
for it is active in shaping the development of this pool 
of ideas. APOA Projects 12 and 13 carried out by the 
Arctic Petroleum Operators' Association 24 are good 
examples to show this kind of involvement. These projects 
were prefeasibility studies executed by a group of CEDOs 
for the APOA that examined possible exploration and pro-
duction systems for the Beaufort Sea. Several inventive 
concepts were outlined that later became active projects. 
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The case of Fenco's involvement with the ice platform 
is another example of this less clear cut but still impor-
tant CEDO role in innovation. Fenco worked on the concept 
for several years before Panarctic decided to build an ice 
platform. To all extents and purposes, Fenco was responsible 
for the innovation, but all the development work was funded 
by various petroleum companies. 

These cases show we must not expect to find an indepen-
dent CEDO role in innovation, but one that unfolds within the 
project system. There are two ways a CEDO can still be con-
sidered to act as a source of innovation within the project 
system The first one is to control most of the prefeasibility 
stage of the project. The second one is to join with the 
client so closely that there becomes little distinction bet-
ween the two from the point of view of design. 

We can now reinterpret the examples of Fenco's ice 
platform design and APD's articulated caisson given bêfore. 
These CEDOs were initiating innovation during the pre-
feasibility project stage. However, the case studies 
make it clear that most prefeasibility work is conducted 
by the petroleum companies in house. In the typical 
project, the petroleum company already has the general 
configuration of the new technology worked out and is 
looking for verification, elaboration or completion of the 
idea. This is the standard case shown by almost every 
technology discussed in Chapter 3. and is in keeping with the 
dominant project organizing role found in the previous section. 
If this is so, it would seem to cast doubt on the assertion 
just made that the CEDO role as source of innovation could be 
in the control of prefeasibility. Examining the evidence 
clarify this issue. 
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For Sun's three projects, the ACDB, the ACT-100, and the 
ice cutter, both the original idea and the prefeasibility study 
were in the hands of the engineering companies, with Sun play- 
ing a minor role. At the beginning of its drillship 

conversion program, Dome relied upon the CEDO Talbot 

Jackson for a significant amount of preliminary study. 
Similarly, PetroCanada used the services of J.S.Management 

and Shipbuilding Consultants to lay out the general con-
figuration of aspects of the APP. 	Panarctic carried out 

the intitial conceptual stages for the ice platform by 
giving almost full design responsibility to Fenco and Tri-

Ocean. 

What these cases have in common is the client's 
initial lack of expertise in a technological field at 
the outset of the new project. In order to begin work, 
the petroleum company had to rely upon CEDOs until it 
could build up in house expertise to a competent management 
level. The essence of petroleum companies' role is man-
agement, which allows them to recognize project needs, 
delineate objectives forfurther study and competently 
supervise and integrate consultant's work. In all the 
other cases noticed 	the petroleum companies had 
the in house expertise required to do their own prefeas-
ibility work. Thus, it would seem that the CEDO is only 
used in exceptional circumstances to begin a prefeasibility 
study to come up with an idea for an innovative project. 

The second way for CEDOs to have important input to initi-
ate innovation in the prefeasibility stage is as a partner 
with the client's management team, where new ideas are gener-
ated together. CEDOs do this in a variety of formal and in-
formal ways. For example, it was seen for the interviews at 
Dome, Panarctic and PetroCanada that once a contract was let, 
frequent informal consultations would occur which often led 
to the formulating of new subprojects. 
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Trying to pin down responsibility further may be a 
waste of time because the CEDO associations are often so 
long lasting and intimate that it would frequently be 
impossible to unravel any exact origin. TriOcean and 
Fenco worked very closely with Panarctic on all aspects 
of the ice platform program over the entirety of Pan-4 
arctic's history. When Dome and PetroCanada use Indiv-
idual and Individual Incorporated CEDOs (types 5.4.1 and 
5.4.2), there-is no longer any real distinction between 
client and CEDO. Dome has gone even farther to reduce 
institutional barriers between CEDO and client, thereby 
encouraging this informal interaction as much as possible. 
Dome uses the firms Clever and Walkingshaw, and Nautican, 
-as "house consultants". 	This means the firm is guaran- 
teed a minimum monthly amount of work for an indefinite 
period in return for priority attention to Dome work. The 
CEDO must also ask Dome's permission to work on other 
contracts that could be competetive with Dome's. A con-
sultant may also be hired for general use in a similar 
manner but for a shorter time period. F.G.Bercha Ltd. 
was on such a general retainership to Dome for a period 
of time. 

25
Dome even makes a practice of hiring CEDOs 

to participate in group "brainstorming sessisons" to 
maximize the input of expertise in prefeasibility studies 

and for special problems. Although the individuals often 
represent competing companies, it is reported that the 

sessions are very productive. 
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Enough evidence has now been given to show the main 
points for this subsection. CEDOs do not have an impor-
tant role as an independent source of innovation, but 
they are very important for their contributions within 
the project system. Some of the original ideas seem to 
arise from the CEDO alone, but it would take more specific 
case studies to display the pattern more clearly. It 
seems most likely that the responsibility is shared and 
that innovative ideas arise in the recurring and informal 
interactions between client and CEDO. 

6.3.2 Elaboration of Innovation 

The second innovation role within the context of the pro-
ject is that of elaborator of innovation0  I have coined this 
term to refer to the kind of project work that occurs after 
prefeasibility (where general function and configuration are 
established) in order to prepare the design for construction. 
It means something like development in the term R&D, except 
that for the AOPI, the prototype Is usually the working sys-
tem, so there is not the extensive feedback from operations 
and subsequent redesign over many generations of the tech-
nology. 

Within the framework of project stages shown in Exhibit 
3.10, elaboration occurs during feasibility, predesign and 
detailed design stages. These three stages are on a contin-
uum that leads from generality to increased specificity. 
Dividing the continuum into separate stages is somewhat arbi-
trary, but there is a basic division between prefeasibility 
and the following three  stages e they may be considered as 
elaborating the concept, working within the boundaries of 
configuration and function to create the new system. The 
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innovation process does not stop after the inventive idea 
has been expressed; in fact the great bulk of work occurs 
during the elaboration or the development stage. This is 
where most of the CEDO work lies. However, it is likely 
that the more elaboration proceeds from feasibility to design, 
the weaker becomes the connection with innovativeness and the 
work becomes more that of standard project work, 

The petroleum company interviews make it clear that for 
every innovation considered in Chapter 3, CEDOs did almost 
all the elaboration work, with the petroleum companies act-
ing mostly as managers. Paradoxically, this important in-
volvement makes it difficult to describe the role, because 
CEDOs do whatever is necessary for the feasibility, pre-
design and design of AOPI marine innovations. Out of all 
the possible relationships and trends that can be observed 
for this role l a few patterns stand out and seem to be mean-
ingful in describing the factors that cause variations in 
the extent of CEDO participation. They are seen in the ex-
ceptions to the general CEDO involvement. Investigating 
these exceptions allows the generation of several interes-
ting hypotheses that may be important for further elabor-
ation in future research. 

There are two dimensions that seem to be important in 
describing exceptions to the general pattern of CEDO use. 
These are the scope of CEDO input and the amount of CEDO 
involvement. First let us examine the scope of CEDO 
input. It varies from one extreme of great freedom in 

making general design decisions, to the other extreme of 

being highly constrained by the client and given very 
specific directives. Dome seems to give CEDOs the least 

scope in executing design projects. Their CEDOs are used 

in smaller contracts with less continuity. One consultant 
is given the initial stage; another, the final stage of a 

project. A CEDO like Arctec will be hired for model tests, 
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but will not be used to monitor or run full scale tests. 

Dome's behaviour seems to correlate with concern for 
confidentiality of technologies that have wider commer-
cial importance like the Kigoriak, instead of just direct 
project importance only. By itself, concern for confiden-
tiality does not shape the CEDO role because Imperial 
and Gulf seem to be the most secretive about their arctic 
offshore projects, but they give consultants somewhat 
more scope than Dome. 	I suspect the important factor 
here is Dome's desire to sell its technologies or .use 
them to jockey into favourable positions in joint ventures 
or as drilling contractor. It will be shown in Section 7 0 5 
that Imperial had useful technology but preferred to make 
it more openly available to industry, in one case even 
giving it away. This leads me to the hypothesis that the 
more an innovation has commercial importance, the smaller 
the scope of the CEDO's role in elaboration will be. 

Next, one might hypothesize that growth of in house 
staff will limit the scope of the CEDO's role in elaboration 

of innovation. Presumably, the bigger the in house staff, 

the broader the range of skills and the bigger the reserve 
of manpower that can be applied to any problem. The case 

study evidence seems to support this hypothesis. 	Panar- 
ctic had the least in house staff and gave the broadest 
scope to Fenco, IVL and TriOcean to develop the ice plat-
form system. Dome had large in house staff and gave the 
least scope for CEDO. However, this aspect cannot be con-
sidered independently of the petroleum companies' strategy 
of operation. Dome has been widely characterized in the 
interviews as a company where short term interests dominate 
(as opposed to the more orderly long term approaches that 
Imperial shows, for example). Thus, Dome tends to use CEDOs 

in a fragmented way for spcialized applications that are 

called for by immediate exigencies. While this hypothesis is 
an idea for future research, it is clearly too simplistic to 
be used in isolation. 
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As a final hypothesis for the scope dimension, It 
sould seem that increasing the intimacy of the relation 
between CEDO and client causes reduced scope in the CEDO's 
role. Dome has a close relationship with its house naval 
architect Clever and Walkingshaw, but this CEDO seems to 
have only a narrow scope of work, being used 
less for idea input and more as an execution and drafting 
service. 	As Acres developed its relationship with Petro- 
Canada for the ice management scheme, its input became 
more frequent, more informal, but more specialized. 	These 
are very tentative observations, but they suggest the 
hypothesis is worth further research. 

The second dimension that seems to control the CEDO 
role refers to the magnitude of CEDO involvement, or the 
percent of work done by contract as opposed to in house. 
Two hypotheses will be explored here. The first hypothesis 
speculates that petroleum companies have a fixed strategy 
of CEDO use, so that as project work grows and more staff 
is needed, the ratio of CEDO personnel to in house person- 
nel, thus the relative CEDO involvement l remains approx-
imately constant. Both PetroCanada and Dome have great-
ly increased their in house staff over the 
course of their involvement in the AOPI. Data seen for 
PetroCanada and interviews at Dome show that, while in 
house staff expanded as the project work load grew, the 
percentage of CEDO involvement did stay approximately 
constant. Unfortunately , the cases of Panarctic and 
Imperial are not useful because they have not changed 
their work loads significantly in the period under con-
sideration. The Sun and Gulf involvement is too brief 
to show any staff changes. Thus the case study evidence 
seems to support the hypothesis. 
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It is obvious that the hypothesis could be 
extended to state that as the work load diminishes, then 

the CEDO personnel will be sacrificed before the in house 
staff. 

The next hypothesis of the magnitude dimension states 
that as the project becomes more routine, CEDO use decreases. 
This is supported by the Imperial fill island example. 
Imperial had Swan Wooster do most of the design work for 
the first fill island, but after the concept was proven, 
Imperial did the repeat designs with in house staff. On 
the other hand, Panarctic has maintained Fenco and Tri-
Ocean in charge of their respective subsystems for all 
subsequent ice islands and has not built up in house exp-
ertise. Thus, it is not clear what the relationship is. 
Despite the evidence being contradictory, this hypothesis 
is still worthy of future research as it may provide a 
useful guide to understanding CEDO role. It is obvious 
though, that all the hypotheses are too simplistic with- 
out due consideration of the aspects of convention and strategy 
of the petroleum companies. These aspects are described 
in Sections 7.4  and 7.5. 

In summary, it is found that the role occupying most 
CEDO contracts is the elaboration or the development of the 
innovations. The petroleum companies' role is generally 
that of manager, with the detailed repartition of effort 
determined by the various hypotheses suggested. 
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'63.3Execution of Innovation 

The third general project level innovation role is 
execution of innovation. This is a term I have chosen to 
group project activities that do not develop the configur-
ation or function of the new technology, but take the results 
of design and turn them into a physical system. Unlike the 
previous two roles, source and elaboration of innovation, 
execution consists of a variety of quite separate roles. 
They are defined by Exhibit 3.10 as procurement, construc-
tion supervision, project management and special services. 
This parallels what the innovation literature commonly 
refers to as prototype operation, manufacturing and mar-
keting. The execution roles are obviously not expected to 
involve significant original input because the configuration 
of the new system has already been fixed as the outcome of 
the design phase. The case studies do not show any change in 
design during execution that led to new innovation. Nor is 
there any evidence of innovation occurring in procurement, 
supervision or management techniques. Although the execution 
roles in the AOPI do not seem to involve innovation, it is 
not impossible for it to occur in these project stages. Even 
without independent innovation, the execution roles are essen-
tial to the completion of the original innovation process, 
and must be examined. 

However, there are some practical limitations to this 
analysis. First, few of the innovations have gone to construc-
tion, so the data are much more limited. Second, construction 
is quite a separate activity from design in most cases, invol-
ving different people and companies, both on the client and 
the contractor sides. Because my investigation concentrated 
on direct innovation roles and CED0s, less information on 
execution roles was gathered. 
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While CEDOs were seen to be the major actors in the 
elaboration role, the situation is reversed for execution. 
Here, CEDOs are minor actors and most work is done by the 
petroleum companies. This situation exists despite the 
efforts of Swan Wooster, Acres, Fenco and TriOcean to use 
their feasibility studies to lead into full management, 
engineering procurement and construction supervision 
(MEPC) work. Aside from the case where Gulf used Boeing 
for project management services to develop its Beaufort 
drilling system, project management is firmly in the hands 
of the petroleum companies. In fact, three of the pet-
roleum companies involved in the AOPI innovations were 
set up specifically to carry out the management functions 
along with operations. Canmar was created by Dome to' 
take charge of all Beaufort projects. The APP was set 
up by the joint venture partners PetroCanada, Nova, 
Melville Shipping and Dome, as an independent company. 
Panarctic was created by a group of investors to own 
leases and operate drilling programs. 

Procurement, which is the detailed specification and 
purchase of equipment and supplies, is also a small role 
for the CEDOs studied in this research. Fenco procures 
minor equipment such as pumps and instrumentation for 
the ice platform, but major equipment and labour are con-
trolled by Panarctic. TriOcean and IVL, as CEDOs of the 
Design Group type (5.4.8), are also the owners and builders 
of the hardware units they design. In this sense, they 
do their own procurement and construction supervision, 
but this is not representative of the other CEDO categoriee.26 
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The general pattern seems to be that procurement is 
controlled by the petroleum company or the firm it hires 
to do construction. This was the case for the Dome caisson, 
the first Imperial islands and the Gulf icebreakers. 

It is only in construction supervision that the AOPI 
CEDOs seem to play an important role. Construction super-
vision is an advisory function which occurs during the 
project building where the owner must check to ensure 
that construction is in conformity with design. Generally, 
it would seem that the designer is also chosen for con-
struction supervision. Fenco acted as construction sup-
ervisor for the ice platforms and Swan Wooster did the 
same for the Dome Tarsuit caisson. Imperial . does its 
own construction supervision for the gravel islands with 
some input from the consulting firm EBA. Data from the 
other systems such as Dome's vessels, were not available. 

The last category of project execution roles is 
special services. There are three types of special ser-
vices done by CEDOs that were noticed in the AOPI: expert 
witnesses, watchdogs; and environmental impact analysts. 
The first role is the expert witness. During the regul-
atory phase of projects, CEDOs are likely to be placed 
on the stand by the client to defend or explain specific 
parts of the project design. This was widespread practice 
during the MacKenzie Valley and Alaska Highway Pipeline 
enquiries. So far in the AOPI, only the APP has been in-
volved inregulatory hearings, but production systems in 
the Beaufort are slated to be examined by the Environmental 
Assessment and Review Panel (EARP) in 1982 or 1983. The 
expert witness role is not an independent one because the 
CEDO is usually hired beforehand to do the necessary 
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feasibility or design work, but consideration of this 
role can definitely be a factor in the initial strategy of 
choosing one company over another. This is especially 
important for environmental consultants since EARP plays 
a general investigatory role in sensitive social areas 
and there is much room for interpretation of incomplete 
data and opinion on such semi-intangibles as "environ-
mental risk". 

27
Two interviewees claimed there are cases 

when a CEDO may be hired in an expert witness capacity just 
to enhance the legitimacy of a design decision 0

2-8 
If a 

consultant is prepared to support a particular design, 
it implies an impartial external review has been made, 
and an assurance that accepted industry practice has been 
followed. The greater the consultant's reputation, the 
weaker the challenges to the design decisions will be. 
Dome's choice of Det Norske Veritas to an oil spill study, 
and PetroCanada's choice of Bureau Veritas and Lloyd's 
Register to investigate collision aspects and risks to 
the APP LNG carriers are in large part public relations 
exercises. Peck and Scherer, studying the weapons acqui-
sition process in the USA, found this was a common 
occurrence among defence contractors. 

29  

The next special service role is watchdog. It arises 
from a combination of the enormous expense involved in 
the innovative projects and the lack of exact design tech-
niques. This role is somewhat similar to construction 
supervision except that its aim is to check design con- 
cepts and get second opinions on them. This is especially 
important for ice tank tests. The techniques are only 
approximate and results vary according to the kind of 
model ice, the different tank dimensions and the different 
scale of models. For this reason, the same structure is 
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routinely tested in severà1 different tanks: Hydronamics 
BV tested the Imperial fill island in the Delft Hydraulics 
Laboratory; Arctec tested it in their Ottawa lab; Imperial 
ran its own tests in its tank in Calgary. Gulf tested its 
vessels at the Arctec tank, the NRC tank and the HSVA 
tank in Germany. 

It is also common practice to hire one CEDO to monitor 
ongoing programs of another and to review completed work. 
Thus, Fenco checked Sea Log's ice cutter field tests for 
Sun. Swan Wooster reviewed design work done by Earl and 
Wright on Beaufort production structures for Imperial. 3° 

 Fenco, through its parent company Lavalin is also being 
used to check the use of ice data by Earl and Wright for 
the Gulf CDV. 

The last special service role is environmental impact 
analysis. This is slightly different than the other two 
roles because it is a field of study as well as a role 
type, but it is included because the domain is almost 
exclusively the CEDO's. Except in PetroCanada, there is 
very little environmental expertise in the petroleum 
companies. PetroCanada has attempted to be an industry 
leader in integrating environmental concerns into projects 31  
but the in house expertise retains a management role. In-
vestigation showed that 80 to 90% of all APP expenditures 
for environmental studies were made to CED0s. The follow-
ing quote for the APP describes the environmental impact 
analysis role and shows the scope of CEDO involvement: 

"Early in the project a number of environmental 
consultants were hired to address the variety of 
environmental considerations that relate to a 
project of this scope. The role of the consul- 
tants included defining the existing environmental 
resources, determining the potential environmental 
problems that relate to the project, and finally 
defining the mitigatory measures that must be 
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employed to ensure that the environmental 
impacts associated with the project are 

• both minimal and acceptable. In many cases, 
the consultants carried out field studies 
to obtain the base of information neces-
sary to proceed to the environmental impact 
statement stage." 32 4 
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6.4 Inter Project Technology Development 

As pointed out in Section 2.5, most innovation research 
has focussed at the level of the firm. This is the level 
that preceeding roles discussed in this chapter refer to. 
When we consider innovation at a broader level, as an in-
dustry-wide phenomenon, a role for CEDOs comes out that is 
unique to the CEDO and is not shared with the petroleum com-
panies. 

Subsection 2.6.3 suggested that CEDOs might play a role 
in the transfer of technology, although the 1,iterature was 
too sketchy to suggest any details of such a role. In addi- 
tion, Subsection 2.6.4 came up with an idea of CEDOs as a central 
technology development group. I have now combined these two 
to describe an inter project technology development role. 
This industry level role involves some transfer of technol-
ogy, but it also implies a kind of centralized development 
of technology as well. Technology is still produced by the 
individual corporate project, but the fact that CEDOs have 
such an important involvement, and that CEDOs work at an 
industry-wide level, between projects and companies, has 
some important implications for innovation in the AOPI. 

The basic condition for the existence of an inter project 
role is very simple. It means that CEDOs form a pool of 
expertise that is used by all petroleum companies. To show 
the existence of this role I need only to show 
that the CEDOs contract with a variety of the AOPI com-
panies. It is true there are examples where the CEDO is 

limited in its choice of clients as the case of Dome's 
"house naval architects" and the Individual type of con-
sultant (5.4.2) show. However, even in theàe cases, 
the CEDOs can still contract with other petroleum com-
panies should no conflict of interest arise. For all 
CEDOs other than the Individual type, working for a wide 
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variety of clients is highly desirable as it provides 
more stable work load and brings in the most projects. 
Fenco's project list from 1971 to 1981 show the firm 
worked for all the petroleum companies studied here and 

many others outside the AOPI as wel1. 33  Swan Wooster's 
project records for this same period show the firm has 
worked for all the petroleum firms requiring fixed off-
shore structures. 34  Project records in this decade for 

German and Milne and TriOcean 35.  show that they have also 
worked for all petroleum firms that have required their 
class of services. Acres' work is less diverse in terms 
of clientele but this is partly due to its recent involve-
ment and having more than enough contracts available from 
existing sources. Acres has worked for Dome and Petro-
Canada, and is eager to contract to any other petroleum 
company. F.G.Bercha's project records indicate there 
have been contracts to Dome, Gulf and PetroCanada and a 
wide range of governmental clients. 36 Contract lists 
for the NRC ship lab show work carried out for Dome, 

Gulf, Imperial and PetroCanada as well as a range of other 
CED0s. 

The case study data clearly show the existence of the 
•  central technology development group role. This role has 
three major implications for AOPI innovation which will be 
made apparent in the following discussion. For the first 
point, I hypothesize that the inter project technology 
development 	role causes the innovations to be more, 
homogeneous and to fall into more closely related families. 
Some homogeneity would result in any case because of the 
cooperative nature of technology development in the AOPI 
and close relations between petroleum companies described 
in Section7.5, but I suspect the CEDO presence strongly 
accentuates the trend. Proof of this hypothesis awaits a 
more focussed study. It seems certain, though, that a 
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gravel island for Dome, Imperial or Gulf will be basically 
of the same design because the consulting firm EBA has a 
major role in each of them. The under ice pipeline work 
done by R.J.Brown for Panarctic's well completion is 
essentially the same as the scheme R.J.Brown developed 
for the Polar Gas pipeline. Topside drilling equipment and 
subsea systems for all clients will bear the stamp of Tri-
Ocean. An ice platform by Fenco will be almost the same 
structure irrespective of the client. In Swan Wooster's 
designs for the Dome caisson and the Gulf caisson, the 
same ice interaction phyPics we.re used, the same design 
techniques were used and the sam.e core design was invol-
ved in both structures. 

In order for this to happen, the CEDO must be relatively 
free to transfer design concepts and techniques between the 
companies of the AOPI. The key factor facilitating transfer is 
that the CEDO is not seen as a competitor by its clients. 
The CEDO produces technology, not oil and gas, and in 
general, the petroleum companies are uninterested in the 
limited commercial possibilities arising from the tech- 

37 nological innovations. 	All the CEDO can do from having 
developed the technology is sell more expert services; it 
does not control AOPI technology by patents or licencing 
so cannot dictate any unfavourable terms to the client. As 
a result, the CEDO usually has access to confidential 
environmental and design data. The CEDO is then free to 
take the data and experience and apply them to the project 
of another petroleum company, providing of course that the 
competing companies do not see each others' confidential 
data. 
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In fact, what then happens is that the CEDO builds up 
expertise which transcends what any individual petroleum 
company could achieve and applies it to all companies. The 
CEDO becomes a crucial mechanism to improve the development 
of technology and break down the impediments of corporate 
barriers. This is sepecially important in fields like 
geology and geophysics. 	If a petroleum 
company has scattered and limited leases, it is difficult 
to build up a coherent picture of the larger scale geolog-
ical structure. The CEDO which has worked for several 
competing firms in an area is the only one to have the 

general picture available and can apply the composite 
knowledge to interpreting individual lease areas. 

The effect of the inter project transfer is less striking for 
the case study innovations, but is still present. Imperial, 
Dome and Gulf all have their caissons designed by one com-
pany, Swan Wooster. The chief engineer for arctic projects 
at Swan Wooster claimed that the clients realize it is in 
their best long term interest to submit similar but com-
peting projects to the saine CEDO. This statement is not 
just corporate promotion. Interviews with the three clients 
showed they chose Swan Wooster because of demonstrated 
expertise and were pleased that competing companies chose 
the same CEDO because it validated their own choices and 
enhanced the expertise of Swan Wooster. 

I wish to broaden these particular aspects of enhanced 
homogeneity and superior CEDO expertise developed as a re-
sult of the inter project role. They imply something about 

8 the efficiency of use of scarce resources. - 3  Having more 
homogeneous families and interrelated designs may cause tech-
nology to develop faster with less effort. 39 Superior CEDO 
expertise means more efficient work. I state the second 
main implication of the inter project role in the following 
hypothesis: central availibility of CEDOs results in the 
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greatest efficiency of the AOPI in developing new technology. 

Under present conditions, even with the extensive 
involvement by CED0s, there is a critical shortage

40 
of 

offshore arctic engineering expertise in the AOPI. 
 41
CEDO 

contracts are not constant but highly intermittent. 
Obviously, if each petroleum firm attempted to build up 
full in house engineering design teams to handle the inter-
mittent labour peaks instead of hiring CEDOs only when 
needed, the shortages would be seriously exacerbated. 
There would not likely be enough expertise in arctic and 
offshore engineering to supply the 'needs of every pet-
roleum company. Companies unable to build up teams would 
be unable to execute projects. With the existence of the 
central technology development group role, the AOPI can 
produce innovation with less manpower. 

The organization of expertise into a central pool 
gives a high utilization factor of the expertise. Interviews 
showed the CEDO's strategy was to find the level of work 
that kept existing staff fullyoccupied. My own personal 
experience working for one of the major AOPI CEDOs indicates 
that less than 5% of working time is spent on " office 
overhead", or non contract work. 

The high utilization factor allows increased spec-
ialization within the CEDO pool which further increases 
efficiency. That specialization increases industrial 
efficiency has been one of the mainstays of economic 
theory since Adam Smith gave his famous example of the 
manufacture of pins. However, this assertion is difficult 
to prove with the present data for the AOPI. There is no 
comparison group to investigate to see if it has a dif-
ferent degree of specialization and efficiency. Measuring 
these two factors would prove difficult. Efficiency 
could be measured by work hours or dollar cost, but spec-
ialization is much more difficult to measure, being a 

42 
qualitative concept. 
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Although I cannot prove the assertion about specializat-
ion, I can demonstrate its reasonableness for one partic-
ular aspect. The execution of AOPI projects has needed 
the services of many diverse CEDO specialties such as LNG 
vapour cloud combustion, underwater noise measurement, 
seismicity risk and ice platform vibration analysis. These 
are so infrequently needed by the AOPI that it is obvious 
these subprojects would never have been done had they not 
been contracted out. It would have taken years to build 
up the expertise for a simple application - a patent 
absurdity. Such specialized expertise can only be sup-
plied by a CEDO which can support itself on contracts from 
an international range of clients. 

The third main implication can be stated as this hypo-
thesis8 the inter project role facilitates entry by novice 
petroleum firms into the AOPI by supplying the needed exper-
tise in a routine contract way. 	This has important 
policy implications where concern exists over 

monopolies, barriers to entry and national industrial 
development. Kubinski and House have both pointed out 
that all petroleum companies, even the smallest, possess 
a core of expertise in house about the basic geological, 
geophysical, engineering and marketing operations of the 

43 oil and gas industry. 	Thus, if a company wishes to 
enter the AOPI play independently, it can do so relatively 
quickly and easily because the expertise needed to adapt 
to the arctic offshore is almost completely available 
by contract. As the Panarctic example shows, all that 
is needed is to maintain a small management structure0 

suspect this mechanism is a major reason why we see 
such important participation in the AOPI by Canadian firms 
like Dome, PetroCanada and Panarctic, which all started 
out much smaller than the multinationals. 
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Before leaving the inter project role, a further analysis 
must be presented, briefly, to explain why the two expected 
industry level roles of carrier (Subsection 2.6.6) and gate-
keeper (Subsection 2.6.5) are not useful. The carrier role 
may provide a way of viewing the kind of work a CEDO does, 
but it does not describe a particular role. After all, every 
industrial organization acts as a carrier of knowledge that 
it finds immediately important. The carrier concept only 
describes the kind of knowledge the CEDO uses. 

However, in a specific form, the carrier role has more 
applicability. It seems that the CEDOs act as a source of 
trained personnel to petroleum companies when the client 
industry suddenly develops a need for expertise in a new 
area. There is some.evidence that there is an overall per-
sonnel transfer from the CEDOs to the petroleum companies, 
although in general, there is not much transfer of personnel 
among the AOPI companies. Two CEDO managers said the over-
all flow is from the consulting firms to the client, and the 
reverse flow is smaller. The case studies seem to confirm 
this tentatively; three of FEnco's engineers were hired by 
Dome in its early years in the offshore; another Fenco en-
gineer went to Gulf; Dome's three senior naval architects 
came from CED0s; two senior offhsore engineers in Petro-
Canada were hired from CED0s. 

The essence of gatekeeping is the control of privelaged 
information and the transfer of raw information (events, 
prices, market opportunities) across an organization boundary. 
The CEDOs in the AOPI have no privelaged control of tech-
nology and their links to outside actors are generally 
weaker than the clients'. 44 They are not independent, but 
report through the project manager in the client. They 
do not control the transfer of information into the AOPI 
but are simply the carriers or vehicles for the transfer. 
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In addition, they do not carry raw information about res-
earch, markets or other actors (the kinds of things a 
gatekeeper looks for),but rather, highly developed tech-
nical knowledge that is applied to the creation of a 
specific project. If the gatekeeper role exists, it is 
held by people within the CEDO or the client, but for 
the internal purposes of that organization only. 
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Notes Chapter 6.  

1. It does not seem as though the CEDOs have strong links to 
the financial sector in their projects outside the AOPI 
either. Only two CEDOs were potentially large enough to be 
owners of turnkey projects, Acres and Swan Wooster. (Fenco 
and Arctic, although owned by very large CEDOs are managed 
independently, so are effectively much smaller than Acres 
and Swan Wooster.) Neither firm works in this way because 
they are only interested in the engineering design aspects 
and they feel the financial risks are too great to do other-
wise. They will only help potential clients find financing 

, if necessary. 

2. This is similar to the agreements between Fenco and German 
and Milne, and Swan Wooster and Peter Hatfield Ltd. 

3. This was one of the main conclusions of the Royal Commis-
sion investigating science policy in Canada (Lamontagne 1973). 

4. Morgenstern 1981. 

5. Cammaert interview. In fact, there is a serious clash of 
styles and objectives between the AOPI and the government R&D 
labs that limits their interaction for both the CEDOs and 
petroleum companies. In one such example, Dome attempted to 
give a contract to the Alberta Research Council but the ne-
gotiations broke off after the Council insisted on having 
all patent rights. More general and pervasive is the next 
example. The objective of the AOPI is to develop systems 
that will do the job at the expense of technical elegance 
and theoretical certainty. Dome calls this "learning by 
doing" (Harrison 1981 b, p.46). This is consonant with 
what I have already shown in Section 3.7 on packaging and 
optimizing as basic innovation strategies. On the other 
hand, the government research institutes like the NRC ship 
lab are concerned more with accuracy and refined technique. 
This makes working together difficult. 

6. Barton 1982, p.32 and interview. 

7. Barton interview. 

8. This is elaborated in Subsection 6.3.3. 

9. Bercha 1981. 

10. Skarborn 1981. 

11. Lavalin Services Inc. 1981. 

.111, 
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12. Eyretechnics 1979. 
13. Pallister et al. 1978. 
14.Acres Consulting Services 1978. 
15. R.M. Hardy and Assoc. Ltd. 1978. 
16.For example, the proposal for the MacKenzie Valley 
Pipeline led to the establishment of a Royal Commission 
(Berger 1977) which resulted in extensive changes to the 
approval procedure for northern projects. Early Beaufort 
activity caused the Federal government to react to  environ 
mental pressure by establishing the Beaufort Sea Project 
(Hnatiuk 1977) which involved Federal money and scientists. 

17. Masterson interview. 
18. Iyer interview. 

19. Remember that in Section 3.5 a project was defined so 
that it can be of any size or generality. Thus, the APP is 
a project, but the ice management is also a project because 
it involves specific contracts, consultants, technologies, 
management and budget. 
20. For example, Schmookler's (1966) influential work is based 
upon the assumption of patents signifying invention. 
21. CEDOs do not seem to object to this and do not regard pat-
ents as very important. Only Nordco, C-CORE and F.G.Bercha 
Ltd. replied they had any patents , but none related to the 
AOPI. Onter interviewees were indifferent to patenting, except 
for four who expressed strong antipathy towards them, citing 
unsavoury court cases for defence, the expense and time need-
ed to patent, and the utility of the patent. In several cases 
where CEDOs could have applied for a patent, the reason for 
not doing so was invariably related to these factors. Kubinski 
(1979,p.4.20) also found that patents were insignificant in 
the small firm sector of the petroleum industry. 

22. For submarines, see Courtney (1977), Rohmer (1973, 
p. 158), Taylor and Montgomery (1977, p. 265) and Sandnaes 
(1975). Stewart and Dickie (1971) recommended submarines 
to the Science Council of Canada, quoting Northern Asso-
ciates' (1973, p. 4) prediction on their inevitable use. 
Rohmer (1973, p. 163) described the aircraft work. Energy 
Systems Ltd. (1977) analysed lighter-than-air craft. 
23. Laskey 1976, p. 32. 
24.Acres Consulting Services ' 1970 and Westburne, 
Foundation, Sedco and Institute for Storm Research 1971, 
25. Bercha 1981. 
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26, This illustrates a difficult problem in definition. 
Section 2.4 specifically excluded firms that constructed 
and owned the innovations from definition as CED0s, but I 
have considered TriOcean, IVL and at times, Sea Log as 

• CED0s. The only justification for this is that they act 
more as CEDOs in the AOPI .uase studies than as constructors. 
That is, the work involves much more predesign study and 

• there 	are  few systems that actually go to construction. 
In addition, TriOcean has only moved into ownership and 
construction during the latter part of the period under 
consideration. 

Ultimately, there is no clear-  distinction betweeh a 
firm like thim and a firm like Earl  and Wright  which designed 
and  built the Gulf Conical Drilling Vessel (CDV) after Tri-
Ocean did the predesign work. Perhaps the best measure of 
difference is firm size and the proportion of work going 
either to services or to construction. 

The link within a firm between design service and con-
struction is a crucial one for future investigation. The 
Major Projects Task Force, which forecasted megaprojects 
in Canada and tried to assess their impacts, found Can-
adian CEDOs to be weak in integrated MEPC capacity (Blair 
and Carr 1981, pp.44-47.). The Task Force expressed the 
need for this capacity to be built up if Canada is to 
profit fully from forthcoming energy megaprojects. As 

• the AOPI moves into the development phase, there is a 
possibility that the project execution services will be 
increasingly taken over by large foreign MEPC CED0s, as 
in the case of the Gulf CDV. 

The control of the full range of MEPC work is not 
only important for a CEDO becuase of the magnitude of the 
work and the profits, it is also important because it 
gives a more integrated experience with the new technol-
ogies. Several CEDO interviewees suggested that the dev- 
elopment of the new systems would be enhanced if the CEDOs 
had the chance to benefit from the project execution ser-
vices after having done design. This supposition on their 
part rests unproven. Certainly it would result in much 
stronger and larger CEDOs able to control more of the 
overall innovation process. 
27. The choice of LGL Consultants Ltd. .as the main marine 
biology consultants for the APP took into consideration 
their past clients, success of those projects  in weath-
ering environmental criticism, stated opinions, and the 
choice of consultants by any opposition groups. 
28. Both Starr , at DIAND, and Sinclair, the project man- 

• ager of the APP suggested this. 
29.Peck and Scherer 1962,p.245. 
30. Swan Wooster 1981. 
31. Tiffin 1978. 
32. Homan 1980 1 pp.1-2. 
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33. Fenco 1981. 
34. Swan Wooster 1981. 
35. TriOcean 1981. 
36. Bercha 1981. 
37. Thisis discussed in Section 7.5. 
38. This was originally suggested in Subsection 2.7.5. 
39. However, it could also have a negative effect by reducing 
the breadth of concepts that are tried. 
40. See Section 7.7 for discussion of this. 
41. See Section 7.6. 
42. The only evidence found in the literature to support this 
hypothesis (which is often put forward by consulting engin-
eering organizations), was in a study by Nasser (1974). He 
presented one case where CEDO use purportedly allowed substan-
tial savings over an identical project done by the owner's 
in house staff. Such evidence is decidedly slim. 
43. House 1980 and Kubinski 1979. 
44. This has been illustrated by Section 6.2. 

C1). 

• 
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7. CEDOS AND INDUSTRIAL CRGANIZATION 

7.1 Introduction 

The purpose of this chapter is the last major aim of the 
research, to investigate the factors that cause the AOREto 
be structured so that CEDOs play the extensive roles seen in 
Chapter 6. In a sense, it is an outgrowth of the previous 
chapter, which introduced some reasons for the specific roles, 
but could not give a coherent analysis of this aspect with-
out becoming too cumbersome. Rather than focussing on reasons 
for the specific roles, I will turn the question around some-
what and focus upon the specific factors influencing the 
roles. This seems to promise richer theoretical results by 
treating a broader question where there is some possibility 
of creating a more unified theoretical framework. 

In this chapter, the individual factors are first des-
cribed in separate sections, then integrated as much as pos-
sible in the final section. It turns out that our ability 
to model this question of industrial organization is extremely 
limited. 
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7.2 Risk and Uncertainty 

It seems reasonable to begin a discussion of the factors 

causing the industry organization with the aspects of risk 

and uncertainty. Although I showed in Section 2.7.2 that 

there is by no means any coherent orwidely accepted theory 
relating causal factors to organizational structure, the most 

widely used single factor is uncertainty. From Galbraith's 
concept of task uncertainty (Subsection 2.7.2) comes the pos-
sibility of enhanced CEDO use by allowing more flexible, yet 
still specialized organization structure. Woodward (Subsec-
tion 2.7.3) finds uncertainty associated with unit and small 
batch production. However, it is only Williamson's hierar-
chies paradigm (Subsection 2.7.1) that includes uncertainty 
in a predictive framework, where increased uncertainty dis-
courages contracting. 

Uncertainty is actually a very complex concept. It refers 
to the inability to predict the successful outcome of a tech-
nology development project. The overall uncertainty of a 
project can be considered to be influenced by four different 
aspects: technical; commercial; economic; 1 and political. 
Uncertainty, like innovativeness is a relative measure that 
only has meaning within a framework of closely related tech-
nologies. It is really only possible to compare technologies 
that are members of the same family and then, only approx-
imately. Uncertainty is also a subjective measure that varies 
according to the evaluator; the same system is viewed as more 
uncertain by the government regulatory authority than by the 
proponent. 2 When there are intrinsic differences in technical 
uncertainty for projects, the petroleum companies strive to 
reduce them by a variety of ways so that it becomes difficult 
to separate the basic design from the design changes that 
reduce uncertainty. Extensive testing programs are implem-
ented before uncertain systems are used. Imperial's first 
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island .was used as an instrumented and uninhabited test plat-
form for the first winter, just to see how it would behave. 
Subsequent Imperial islands were not instrumented as heavily 
and were used right away for drilling. Similarly, Dome's 
island was thoroughly instrumented and was not used immediat-
ely until its performance could be ascertained. Panarctic 
made and test loaded a full scale platform before using one 
for drilling. 

.If a design seems too uncertain at first, the company 
may also choose to change the performance standard to a lower 
level that is easier to attain. Dome's icebreaker Kigoriak 
is registered as Class 3 in performance. It was built after 
Dome's proposal to create a Class 10 icebreaker failèd to 
attract the needed sponsorship, partly because it was seen 
as too uncertain. 

Thus, it can be àeen that it is very difficult to rate the 
technical uncertainty of an innovation. Somewhat subjectively, 
I would say the most uncertain systems are the ice cutter, 
ACDB, monocone, ice platform, LNG carriers and the PIPS drill-
vessels. Except for the PIPS drillvessels which were to be 
designed by Global Marine which was not really a CEDO, all 
these systems have the highest involvement by CED0s. 

Adding political and economic uncertainties involves 
crude estimations on my part and will only be done for the 
fill islands, ice platforms and LNG carriers because the 
others were only feasibility studies. The LNG carriers are 
the most uncertain and the Imperial islands are the least 
uncertain. The hierarchies paradigm predicts that uncertainty 
causes in-house development but this analysis shows that un-
certainty 	relates to higher CEDO use. This is also the 
relationship I expected from considering the organization 
literature's concept of task uncertainty discussed in Sub-
section 2.7.2. 
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The explanation seems very straightforward. At the 

initial stages of any project, it is highly uncertain whether 
or not the project will be completed. Thus, the petroleum 
company is better off not building up extensive in house 

staff which would then have to be fired should the project 
not go ahead. This particular aspect is treated more fully 
in Section 7.6, Fluctuating Demand. 

It is also through the petroleum companies' attitudes 
toward risk that project uncertainty in the AOPI encourages 
CEDO use. Risk and uncertainty are  not  the  same thing, al-
though they are intimately related. Uncertainty refers to 
the inability to predict the outcome of a project while risk 
refers to the consequences to the company of incorrectly 
predicting the outcome. For the AOPI innovations, it would 
seem that risk is 	related in a positive way to uncertainty. 
My reasoning is that the petroleum companies are risk aversive 
concerning technological innovation. The corporate strategy 
to minimize such risk causes the innovations to be incremen-
tal, which in turn makes it easier to hire CEDOs instead of 
having to build up in house staff. Each separate aspect in 
this chain of reasoning will be examined. here . 

Grayson shows that while small independent petroleum 
companies often aggressively accept large risks, 3  the large 
firms are quite uniformly risk-aversive. For them, 

"goals are therefore more closely related to 
maintaining current wealth  and, at the least, 
holding their own with compelpitors  - goals 
common to mature firms." - 4 

This conservative stance is exhibited by the AOPI petroleum 
companies in face of the difficult and expensive arctic  of 

 conditions. As explained in Section 3.2, much of the 
activity in the Arctic is done by joint ventures; this is 
to reduce risk. The Eastern Offshore News 	states 

"Because of these enormous costs and the risk 
of failure...most of the offshore wells are 
drilled by groups of companies, principally 
very large ones, so that the high risks may 
be shared." 5 
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Frontier exploration is inherently risky and many dozens of 
wells are drilled before a productive reservoir is found. 
This risk is accepted, 6 but I suspect that it causes man-
agement to compensate by minimizing innovation in process 
technology wherever possible to reduce overall risk. 7  Inf  or-
mal  evaluation by all 6 interviewees who ventured an opinion 
sumests there is a consistent low risk-taking attitude in 
the AOPI. Dome is seen as the biggest risk-taker, with the 
others being uniformly more conservative. These evaluations 
were based more on Dome's initial operating performance in 
the Beaufort and later events have brought Dome closer to 
the industry norm. 

The case studies show a generally conservative approach 
to innovation. One marine engineer put it this way, "If ' 
we don't know what the forces are going to be, we just make 
it so big and strong it can't possibly fail." 8 This is why all 
the completed innovations discussed here are of fairly low-
uncertainty. I will show that the petroleum companies con-
sciously selected these as being the least uncertain from a 
set of riskier technologies.' The most uncertain projects in 
the case studies were the ACDB, the ice cutter and monocone. 
They were rejected during feasibility stage. Similarly, 
Dome decided not to develop the Global Marine sponsored  PIFS 

 icebreaking drillship in the early 70's, but settled for the 
well proven conversion of the CIMAVI-type merchant vessels 
instead. The consulting firm Golder Brawner invented and 
developed a hydrostatic sand island structure that could be 
built in much less time than standard islands or caisson 

9 retained islands. 	It was never considered seriously for 
use by the AOPI petroleum companies because of the high un-
certainty of behaviour in ice. Canocean Resources in Van-
couver has made major investments in developing a subsea 
production system that constitutes a radical departure from 
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surface platforms. Despite numerous demonstration trials 
successfully concluded and meetings with atleast one AOPI 
company to initiate projects, 1°  the Canocean system has 
been entirely bypassed to date in favour of adapting surface 
systems. Many schemes have been propounded for transporting 
petroleum from the Arctic by submarines and even airplanes, 11  
but the technical uncertainty was too great for them even to 
be considered by the AOPI, which chose instead to adapt 
standard vessels to ice conditions. One interviewee cited 
an example of a firm which had no success in attracting con-
tracts because its ideas for rig systems were too innovative. 
In his words, "the petroleum companies like to see innovations, 
but not all at once." 12 This is the same evaluation that 
the Royal Norwegian Council for Scientific and Industrial 
Research has  mades 

The oil industry is in general critical of new 
concepts, demanding that they are brought to a 
high level of development and thoroughly test-
ed before they may be considered for field 
development." 13 

In short, the strategy to reduce risk in new projects 
leads to less uncertain, or more incremental innovations 
that are only marginally different from standard technology. 
As was concluded from Section 3.6, all the AOPI innovations 
which have been constructed are of the incremental type. 

Incrementalness works in two different ways to have CEDOs 
hired instead of doing the work in house. The creation and 
operation of standard hardware systems is largely done by 
hiring constructors and design CED0s. If a new technology 
needs to be developed, and it is only marginally different 
than the standard one, then the standard method of producing 
the technology will also tend to be used; that of extensive 
contracting. Innovative systems require more predesign work 
which is all supplied by CED0s. 
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The second aspect of strategy concerns research. Section 
3.6 demonstrated that there was very little basic and applied 
research needed to develop the AOPI innovations; instead, 

• 	 research is directed to creating good design criteria, and 
is carried out by field work. Most field work is specialized, 
but fairly standard. Little infrastructure is needed, only 
labour, and this can easily be contracted to CED0s. There 
is no long term, expensive committment needed which might 
incline a petroleum company to develop an in house capacity. 
This is also the case for laboratory facilities. The lab 
tests that are needed are part of a fairly routine design 
procedure and are of short duration. 
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7.3 Characteristics of Technology 

Woodward's work discussed in Subsection 2.7.3 led me to 
suspect at the outset of this research that there might be 
some characteristics of the technologies themselves that 
control the industry organization. This would be an example 
of what I referred to in the innovation process model (Section 
3.7) as part of the technology environment. In the follow-
ing pages, I will introduce two new factors, physical size 
and customness, that are characteristic of the AOPI inno-
vations. Following this, I will illustrate how they influ-
ence industrial organization . 

Both these factors are new to the innovation literatureî 
size has never been considered i and customness only in a very 
introductory manner. Size and customness are not necessarily 
related, but they act in concert in the AOPI. Customness refers 
to the number of units produced of the particular innovation, 
and size, to the physical scale of the technology. High custom-
ness then means that very few units are produced and they 
tend to be tailor made ta a specific user. The concept of custom-
ness first appeared under a different name in Woodward's 
studies. She used the terms unit, batch and mass to describe 
the production system, so that in my terms, a unit production 
system produced innovations of the highest customness; only one 

14 was produced, and it was "custom-made". Little 	was the 
first to specify customness as a possible variable influencing 
new product development but more from the point of view of 
marketing. The term was not elaborated until de Bresson 15 
began to investigate customized product innovations as char-
acteristic of the Canadian manufacturing industry. High.custom-
ness in the AOPI is not an indicator of a manufacturing 
sector that has difficulty in moving to the final stage of the 
innovation process, namely mass production, but is more a 
reflection of the lack of demand for the products to be pro-
duced in more than single units or small batches. 
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Customness of the AOPI innovations can be summarized by 
showing the number of each innovation constructed. There are 
20 fill islands, 19 ice platforms, 4 first generation drillships, 
2 LNG carriers. All the other innovations are unique. At once, 
this indicates we are dealing with highest custom innovations. 
The repeat islands and ice platforms are not small batch, but 
are unique as well. The characteristics of every 
fill island were uniquely determined by the drilling 
program, the surficial geology and the marine environment. 
The ice platforms are more routine than the islands but even 
here, each design is considered separately according to the 
rig needed and the drilling program. Of all the innovations 
considered, only the ice platform drift measurement equip-
ment is not unique, but produced in a very small batch. 

Not only are most of theinnovations unique, many are des-
igned only for one particular spot, that is, they are site-
specific. The fill islands, LNG terminal and ice platforms 
are all site-specific. Site-specificity can be thought of 
as an even more restricted form of customness. 

Let us turn now to the second parameter, size, and make 
two categories, large size and small size . The difference 
is basedsolely on physical size. The term small or large is 
highly relative, but there should be little objection to label-
ling the marine structures and vessels involved with the AOPI 
as large. The LNG carriers have displacements of 140,000 m3 ; 
there are artificial islands in 20 'm of watei.; hovercraft 
capable of carrying entire drill rigs were proposed. In fact, 
all the AOPI innovations at the system level of organization 
(see Exhibit 3.11) are large size . 
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The influence of size and custom-ness can be seen by compar-
ing the civil and ocean engineering technologies studied 
here, with the industrial technologies studied in the liter-
ature. I am dealing with technological systems that are very 
large, take a long time to construct b  are often designed for 

a specific site and user, and are produced in very few numbers. 
The literature has concentrated on products that tend to be 
of much smaller physical size and are usually mass produced 

or in batches in a relatively short period of time. The dif-

ferences are of size and custom-ness 

The characteristics of the two kinds of products affect 
the process systems. For civil projects, a work force unique 
to each project assembles on site and moves over the terrain 
to put the hardware system in place. For industrial tech-
nologies, production takes place inside a factory by a rel-
atively stable set of machines and people, and the products 
are transported to the customer. 

In turn, the characteristics of these two different sets 
of process systems affect the kinds of organization needed, 
in terms of the separation of the design function from con-
struction. For small size low custom technologies char-
acteristic of a factory system, there is a large throughput 
and relatively constant market, which means the process system 
can be stabilized. If there is a need for R&D and design, 
this need can be supported over a long time period. The 
iteration time is short between generations of a given tech-
nology which give R&D and design groups a more constant 
work load. All these functions can take place under the org-
anization of one firm. 

For projects of large size and high customness, the conditions 
are radically different. The factory is turned inside out 
and it creates the technology around itself on the site where 
the system will sit. There is a small throughput of numbers 
of systems,each different than the other. Thus, the work load 
is highly episodic with sharp activity peaks of specialized 
equipment and people. Because of its size, the project typ-
ically takes a long time to construct once design is finalized 
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and a very large labour force to do the work. Owning, man-
aging and predesign are thus markedly different activities 
than construction in terms of skills, numbers of people 
and purpose of the organization. This tends to make con-
struction done by completely separate companies. Thus, the 
petroleum industry is structured to have its routine tech-
nology needs supplied by contracting firms and this estab-
lishes a strong convention. When the technologies become 
more innovative, the convention to supply technology by 
contract simply extends to the design CED0s. The power 
of convention in the AOPI is examined separately in the 

16 next section. 
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7.4 Convention 

The other sections of this chapter attempt to portray factors 
which assume rational behaviour on behalf of the actors'involved. 
In this subsection, under the general heading of custom, I 
wish to emphasize that the search for theoretical explanation 
must take into account behaviour that is not rational as well. 
Some of the reasons CEDOs are used in the AOPI are the result 
of such intangible factors as industrial custom, or the style 
of working that people have developed over the years within 
an industrial community. None of the factors of convention can 
be quantified or even shown to have resulted directly in the 
hiring of a CEDO; instead, they create a predisposition to 
make the hiring of outside expertise easier and make the 
build up of in house personnel more difficult. 

Convention, or custom, is a way of operating that is.never ques-
tioned. It is an unconscious background against whiCh decisions 
are made. The custom  of hiring contractors to carry out 
many aspects of standard petroleum projects is widely established 
in the petroleum industry. In the arctic offshore, when in-
novative technologies were required, the custom of hiring 
contractors to do the work was simply extended to engage 
CEDOs to do R&D as well. The interviews showed that in no 
project was there a formal examination of costs and benefits 
of doing the work in house or by contract; instead there was 
always an unquestioned assumption that CEDOs would be invol-
ved to some extent. 

A second aspect of custom that influences the role of 
CEDOs is the image of the petroleum industry that the senior 
managers have. Senior people simply have not perceived that 
the industry needs to be concerned on a long term basis with 
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any disciplines other than the core ones of geology, geophy-
sics, reservoir engineering, promotion and marketing. Prob-
lems in other areas are seen as external to the main interest 
of the companies and are solved episodically by hiring experts 
on contract to deal with them: These attitudes thereby create 
a strong predisposition to divide in-house work from contract 
work on the basis of custom rather than rationality. 

Historically, the petroleum industry in Calgary has been 
concerned mostly with activities of exploration and production. 
This has changed somewhat as large Canadian firms like NOVA, 
Dome and PetroCanada have been formed and have centralized 
their operations in Calgary, but these developments only 
began toward the end of the period studied. Multinationals 
like Imperial, Gulf and Sun have specialized their Calgary 
offices to handle all exploration and production while Toronto 
retains finance, refining and marketing. House 

17
emphasizes 

that the oilmen of Calgary form a remarkably close knit , . 
homogeneous social group, where the dominant ways they perceive 
their industry were created in the early days of exploration 
and production in the Turner Valley and Leduc plays. The 
ieage that the petroleum industry consists of geophysics, 
geology, reservoir engineering, promotion and management, 
arises from that time. 

This custom is reinforced by the intense political and 
social conservatism of the Calgary oil community which House 
has stressed. The conservatism is well known for the North 
American oil industry as a whole. Says Sampson about the 
head office of Exxon at New York: 

"the directors themselves are something of an 
anticlimax. They are clearly not diplomats, 
or strategists, or statesmen; they are chemical 
engineers from Texas, preoccupied with what 
they call 'the Exxon incentive'. Their route to 
the top has been through the 'Texas Pipeline' up 
through the technical universities, the refin-
eries and the tank farms ." 18 
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The result of this kind of background and powerful encultur-
ation is the resistance to seeing the oil industry as needing 
to be concerned with anything more than the core technical 
disciplines. Thus, the marine fields tend to be seen as less 
important and contracted out. 

Dome's first steps in the Beaufort are a good example of 
this. Facing the considerable challenge and unknowns of the 
Beaufort Sea, senior Dome management were reluctant to spend 
money on R&D and set up any in house capability; they pre- 
ferred to do a minimum of study and hire consultants to do 
the oceanographic, geological, naval architectural and struc-
tural design work necessary. 

The importance of convention is seen most clearly in the field 
of environmental impact analysis. As Subsection 6.3.3 has 
already discussed, the involvement of CEDOs is most pronounced 
in this field. I have shown in previous research 19  that 
even when there is in-house expertise, the companies resist 
giving it a central role in project development.  Environ. 
mental and social impact analysis is seen as something forced 
upon the companies which only complicates the execution of 
projects. The antipathy comes across clearly in this quote 
from Charles Hetherington, President of Panarctic , in des- 
cribing a northern pipeline project he directed in the late 50's: 

"There was no talk of the environment then. 
The government guys we dealt with were the. Board 
of Transport Commissioners, who ran railways 
and.stuff like that. When they asked for a 
survey of the proposed route we said we didn't 
have money to waste and we'éd téll them exactly 
where the pipe ran once we'ed put it in." 20 

It is possible to extend this general concept into a 
hypothesis for future research. Fields outside the core area 
(here, marine structures and vessels), shouldbe more heavily 
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worked by .CEDOs and the core areas more worked by in house 
staff. Unfortunately the data from this research cannot 
shed any light on such a hypothesis because they were only 
gathered for the core disciplines. 

Another important aspect of custom is the work ethic and 
idea of free enterprise, combined with the cyclical nature of 
the oil industry. One of the dominant collective ideas held 

by the Calgary oil society is that the oil industry is a bastion 
of free enterprise and that it is the most highly efficient 

21 system:possible. House and Kubinski both report this. 	A 

perusal of any issue of the industry magazine Oilweek  will 
also show how strongly this concept is held. The free enter-
prise concept then combines with the cyclical nature of the 
oil business in the following way: if companies staffed up 
to meet peak demand for personnel, they would have to carry 
superfluous staff through a subsequent downturn. Firing 
professional staff is always to be avoided for the companies 
pride themselves on being benevolent employers 

22 and such 
action would create severe morale problems. Thus there is 
strong pressure to hire CEDOs for limited contract periods 
to meet peak demands. I suspect the ethos is so strong 
against the idea of unproductive bureaucracy that the companies 
tend to hire CEDOs even where a rational cost benefit analysis 
would recommend in house staff. 

The last aspect of custom relates to the fact that the 
large petroleum 

23
companies have been highly profitable over 

the last decade and have ready cash to hire CED0s. The 

abundance of money and the necessity for large scale projects 
in the Arctic has conditioned the industry to aim for the best 

and the biggest in technology. The boom and bust mentality 
characteristic of the world oil industry has led to a style 

of operations where expense is no object during the boom and 
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speed in mobilizing and executing the work is all important 0
24 

As the president of one CEDO said, "price is not the important 
factor,it's delivery. The petroleum companies are always in 
a terrible rush." 

25
These attitudes make it easier for a 

manager to hire a CEDO even though the short term cost rate 
is about 2.5 times more expensive than for salaried staff and 
the CEDO must be paid overtime as well (which salaried staff 
are not). Again, custom may override rationality to encourage 
CEDO use. 
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7.5 Strategy of Competition 

The petroleum companies strategy of competition is an 
important factor in encouraging CEDO use. As I will show 
in this section, it works in the following way. The commer-
cial strategies driving the operations of petroleum companies 
in the AOPI do not emphasize the use of innovative technology 
for competition. Thus, technology innovation occurs more as 
a byproduct of corporate activity and the petroleum companies 
make few efforts to control or keep secret the new technol-
ogies. In some cases they actually encourage its diffusion. 
As a result, the innovation process is fairly open and 
cooperative among the companies. This facilitates the use 
of CEDOs in the inter project industry level role because 
their activities are not seen as potentially damaging to 
the petroleum companies' interests. 

One of the fundamental strategies of a petroleum company,like 

that of a mining company, is to find or control reserves.26 

The history of the world oil industry has been a ceaseless 
search for reservoirs in ever more difficult and expensive 
conditions. 

27
To survive, the industry must always ensure 

that new reserves are found at a faster rate than the old 
ones are depleted. The Canadian oil industry is no different. 
Kieth et al. state, 

"the [Canadian] petroleum industry has one over-
riding concern: to remain a growth industry 
by finding new resources and exploiting them 
as rapidly as possible." 28 



7-18 

With this overriding concern for reserves, technology is 
only seen as a tool toovercome the ice environment 29  and 
allow the development of the reserves; in the AOPI, it is 
almost never seen as a commercial opportunity in itself. 
By this I mean there are almost no markets for the sale of 
the technologies and there are only limited ways in which 
the »innovations can be used as levers for a firm to manoeuvre 
into better bargaining positions with other firms and gov-
ernment. 

In fact, a gap in expertise between one firm holding 
innovative technologies and the rest of the industry may 
even be seen as deleterious by the company that is ahead. 
Exxon publically released the relevant island design infor- 
mation it had gained in the Beaufort before a land sale off-
shore the Alaskan North Slope. It did this in order that 
rival firms bidding on the leases would have an accurate 
estimate of costs and would not outbid Exxon with unrealist-
ically high offers. This is exactly what House stated in 
describing how the majors in Calgary calculate their compet-
etive strategies. 

"The best way to protect your long-term interest 
is to agree to share the discovery should you 
make it. Major companies seem to have evolved 
this type of tacit agreement in the process 
of accomodation to each other over the years." 30 

This is exactly what Galbraith would predict. In his view, 
large corporations have evolved an implicit form of market 
control and cooperation because they have been taken over 
by a cadre of technical specialists with common goals and 

31 
training - the technostructure. 

The opportunities for firms to sell their new AOPI tech-
nologies are extremely limited. There are several reasons 
for this. One is that the petroleum companie have become 
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specialized in different geographical areas which need dif-
ferent technologies. Panarctic is in stable ice and uses ice 
platforms; Imperial in shallow water and uses fill islands; 
Dome is in mobile ice and deeper water so uses drill vessels; 
PetroCanada needs ships for bulk transportation of gas. The 
reasons for geographical specialization lie in the complex 
method of operation unique to the petroleum industry. The 
original strategy of lease acquisition tended to concentrate 
each company in a specific geographical area. Such concen-
tration was never complete and there were always common 
geographical areas of interest to several firms. However, as 
the plays unfolded,, the companies tended to group themselves 
so that only one firm did the operations and the others 
gave financial support. 

Panarctic has become a highly formalized, long term 
joint venture to carry out all operations for petroleum com- 
panies interested in the Arctic Islands. Dome has specialized 
in conducting operations for - itself and other companies, 
including Gulf, in deepwater Beaufort areas. Imperial has 
done the same for shallow operations in the Beaufort. As a 
result, until 1982, there was no duplication of effort in 
similar geographical areas so most market potential for new 
technology was eliminated. I say most, because there has been 
a small market. Imperial did sell its octagon caisson design 
to Gulf. Dome has even published a booklet advertising the 
R&D projects it has for sale. 32  Imperial occasionally sells 
the results of its research projects. However, any market 
is severely limited by the isolation of the AOPI from the 
world oil industry which was discussed in Section 3.2. A 
few sales of services and R&D results have been made to the 
Japanese, but they have been very small to date. 

Of course, technology can be used in ways other than in 
direct sales for cash. Dome has made a conscious effort to 
exploit the potentials of its innovative technology to jockey 
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into favourable commercial agreements with other firms. 
Dome's program as a drilling contractor has allowed it to use 
other firms' money to develop the technology to create a 
drilling system with which to explore on its own lands. 33 

However, the Dome case is the exception rather than the 
rule. 

An examination of the use made of patents in the AOPI 
shows that they play almost no role whatsoever; the only 
factor that protects a firm's technology is the investment a 

rival would have to make to duplicate it. At first glance, 

the list of Canadian patents taken out for the AOPI tech-
nologies in Exhibit 6.3 might appear reasonably impressive, 

but a comparison with what I have shown to be the main inno-

vations (Exhibit 3.11) shows otherwise. 

Sun and Sea Log have made an effort to patent aspects of 
the ice cutter, the ACDB, ice platforms and drill islands. 
They have been the most active. However, neither the ACDB 
nor the ice cutter proceeded to design stage. None of their 
other patents has yet been incorporated in a project and two 
patented concepts like the hovercraft bow icebreaker and 
the cable tensioned ice platform have now been shown to be 
ineffective or unnecessary. Global Marine has some patents, 
especially for its PIPS dx.illship, but most of this work was 
proposed in the early 70's and has been completely bypassed 
to date. Imperial's vessel patents have not been used and 
the bow reamer patent has not interfered with Dome's develop-
ment of a similar device in the Kigoriak. The island con-
struction technique has not been used. 

The caisson retained island design concepts referred to 
in the three patents may ,  possibly be incorporated in Imperial's 
latest island. (Details on the chosen design have not been 
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released at time of writing.) If so, it will be the only 
patented technology found to be in use in the AOPI. Even 
here, the patents are not important because the Dome and 
Gulf islands have gone ahead without reference to them. None 
of the Dome patents has been incorporated yet into a project 
with the possible exception of the icebreaking bow shape. 

Because much of the innovation is incremental, it can-
not be patented. This helps to create a climate of cooperat-
ion that allows a relatively open flow of technology across 
firms' boundaries?For example, the Tarsuit agreement bet-
ween Dome and Gulf gives Gulf full access to the Dome cais-
son design. In the conventiahal petroleum industry, there 
is a good deal of open cooperation. House feels that com-
petition is only for markets and the race for land. 35 

"The oil industry seems to have decided that 
technological information should be made avail-
able fairly readily to everyone. As with prices, 
oilmen agree that the 'pooling' of technological 
knowhow is in the best interests of all compet-
itors; short-term 'technology wars' could disrupt 
the long-term smooth operations." 36 

Kubinski's study of the small firm in the Calgary oil and 
gas industry makes some similar points on competition. He 
quotes from an interview; 

"The industry is not a hardnosed competitive 
,business it is a cooperative business. We 
are a very close-knit family working to the 
same end. You rely on business friends and 
repeat business." 37 

The AOPI shows even more cooperation than the conventional 
industry because of the difficult arctic conditions. In the 
conventional petroleum industry, securing leases at auctions 
and shooting . seismic lines are two of the key elements of a 
company's competitive strategy. Normally, these activities 
are carried out in intense secrecy but in the Arctic, this 
has become a more cooperative venture. Says.Jones: 
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"By the mid-Seventies, though seismic on the ice 
was producing usable results, it was extremely 
expensive, and companies cOuld not afford ad-
equate regional coVerage...a massive collective 
effort was needed. Nine companies (later 
joined by two others) formed the Arctic Islands 
Offshore Group (AIOG) and worked for almost 
four years at a cost of $45,000,000 on a grid 
of 11,000 line miles in the western, central, 
and southern Sverdrup Basin. The program was 
managed by Suncor." 38 

Nevertheless, we must not go too far in ascribing the 
extent of cooperation at the expense of competition. What 
we see regarding cooperation and competition is a pattern 
that seems to stress cooperation for general research that 
will be of use to al10 39  The more specific the project becomes 
to the creation or operation of a particular system, the 
more the firm keel:is the information confidential.40 However 
there are important  exceptions,  such as the case of Exxon 
giving away island design data alluded to earlier in this 
section. As well, in most instances, the efforts at confi-à 
dentiality are not seriously pursued on the level of tech-
nology design but are more related to keeping project plan-
ning secret. There is a climate of openness that allows 
CEDOs ready access to environmental data and system design 
information which they are free to use on other companies' 
projects. This lack of defined corporate strategy for tech-
nological innovation encourages the industry level role of 
CED0s. 



7-23 

7.6 Fluctuating Demand 

Subsection 2.7.4 presented the concept that CEDOs might 
be used by the petroleum companies to adapt to conditions of 
fluctuating demand. First of all, the predesign phase of 
projects may be only a few months' work spread intermittently 
over several years, with no certainty of the project proceed-
ing further. This mitigates heavily in favour of CEDO use 
instead of building up in house staff. Next, projects are inter-

mittent and CEDO expertise is not needed when there is no 
project. Although I have dealt mostly with CEDOs that are 
involved with the AOPI for many years, there are contracts 
where the expertise is called for once, on short notice, and 
then never needed again. 	Even in normal contracting in the 
core areas of marine structures and vessels, the projects are 

highly intermittent. Months and years go by between similar 
contracts being awarded. 

Third, the project development process itself is cyclical. 
Even if a certain type of expertise were needed on a long 
term basis, the amounts needed would still vary greatly over 
normal project development, and the petroleum company would 
have to staff up for the peak loads. 	Although good data are 
not available to show this for CED0s, the peaks can be 
for construction in Exhibit 7.1. In the design phase, 
CEDOs predominate, the manpower peaks are an order of mag-
nitude smaller and are much shorter in time, but they still 
follow the same trend. Exhibit 7.1 shows Sable Island gas fields off 

the East Coast. The peak is almost 10 times the base load 
and only lasts some 5 years. Annual fluctuations are not 
shown, but they occur within this curve according to the 
dictates of the "weather windows" when critical emplacement 
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work is done. Concerning its Beaufort operations, Dome says: 
"Because of the seasonal nature of the project 
most personnel were employed through contrac-
tors with Dome providing the managerial and tech-
nical personnel." 41 

In 1979, the Dome operations staff in the offshore Arctic 
consisted of 175 of its own employees and 725 who were hired 
from 28 different contractors. 42 	The.seasonal nature of the 
AOPI causes Beaufort drilling to shut down in winter and Pan-
arctic's drilling to shut down in summer. There may also be 
lengthy periods when most work comes to a halt while waiting 
for regulatory approval or because some important external 
conditions such as gas prices have changed. 

Extreme fluctuation of activity seems to be a basic char-
acteristic of the petroleum industry. Throughout its history 
the oil industry has been characterized by an intermittent 
boom and bust supply situation as new reservoirs were dis-
covered and quickly depleted. The Arctic has seen the initial 
rush in the early 60 1 s_ followed by a lull, another rush in the 
late 60's followed by the bust of the MacKenzie Valley Pipeline 
and a third boom of activity after Dome struck oil in 1979. 
The cycles are Unpredictable in time and in magnitude. 

It is striking that every one of the 19 interviewees asked 
this question felt that fluctuation in labour demand and 
project intermittency was the major reason for CEDOs to exist. 
It is tempting to conclude, following the suggestions of 
several authors in Subsection 2.7.4, that CEDOs are being 
used by the petroleum companies to adapt to an uncertain 
environment. CEDOs can supply competent and sufficient ex-
pertise to carry out project development when needed, and 
can simply be dismissed ,  when the contract runs out. The 
petroleum firm's only obligation is to carry an expert man-
agerial staff through the downturns in activity and changes 
in projects. 
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If this is indeed the case, we should expect to find CEDOs 
less involved in long term and repeat projects because work 
loads are somewhat smoothed out and are predictable, allowing 
the petroleum .company to staff up internally. Considering the 
three examples of repeat projects, for Imperial, Dome and 
Panarctic, shows this prediction is not supported by the AOPI 
data. The Imperial example is the only one in agreement. After 
the first fill island was built by Imperial, the rest were 
designed in house, although admittedly the design component 
was much smaller and better defined for the subsequent iter- 
ations. However, the next two examples are at odds. Initially, 
Dome contracted out its concept and design work for all ves-
sels of the basic Beaufort fleet but when it became clear 
that a great deal more long term work would be needed, Dome 
built up a highly qualified and sizeable team -of naval arch-
itects. In this,case, though, the work load expanded apace 
so the in house team still limited itself mostly to conceptual 
work and had CEDOs carry out the designs as before. The case 
for Panarctic shows that no more internal expertise was built 
up concerning the ice platform and rig design for subsequent 
iterations; both Fenco and TriOcean maintained their original 
responsibilities and there was little subsequent internal-
ization of expertise. 

The data are inconclusive. I suspect that fluctuating 
demand is indeed a major factor, but that other factors at 
work in the AOPI, which must be considered at the same time. 
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7.7 Independence and Expertise Shortage 

Consulting appeals to certain kinds of individuals, and 
in conditions of high demand for specialized expertise, an 
individual can move 	easily into a consulting job (as 
was suggested in Subsection 2.7.4). I suspect these two 
aspects are major factors in the AOPI and will consider them 
together. First I will show how consulting appeals to certain 
people, then show the offshore engineering skills are in short 
supply and draw the relation between the two aspects. 

Both House 43 and Kubinski 44 feel there exist two polar 
roles for employees of petroleum companies: organization man, 
played in the big firms; and independent entrepreneur, played 
in the very small ones. In many CEDOs we see people who 
have chosen the entrepreneurial  role for an independent car- * 
eer in science and engineering. The smaller CEDOs like Pet-er 
Hatfield Ltd. are entrepreneurial organizations which the 
founders have created to gain independence. The desire for 
independence is even stronger in the Individual and Incorp-
orated Individual types. Some of the medium sized CEDOs like 
F.G.Bercha Ltd. are strongly marked by the personality of the 
founder and president, and integrate their employees into an 
entrepreneurial outlook by such measures as profit sharing. 
As one progresses to bigger CEDOs like Acres, Fenco, Swan 
Wooster or Nordco, they of course become more bureaucratized - 
profit sharing is typically replaced with pension schemes - 
but far less than the petroleum companies because they are 
so much smaller. 

Independence of the AOPI consultants is reinforced by the 
ethos of professionalism. The CEDOs in question are primar-
ily made up of engineers and naval architects and organized 
into professional associations. The essence of profession-
alism is independence and adherence to a code of conduct 
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that identifies not with the employer but with the community 
of professionals and the general public. Layton 45 has 
shown the intense struggle in the United States by the eng-
ineering profession to free itself from domination by com-
mercial interests during the early decades of this century. 
The revolt failed in the end and engineering did not adopt 
the pure independent model of the classical liberal professions 
like medecine and law, but the ideal and basic spirit remained. 
For civil engineering, consulting was long the highest pres-
tige mode of operating. 46 It remains a standard career 
model for engineers and a popular model of engineering for 
the public at large. 

In some cases, the chance to work in a CEDO in the AOPI 
is not a luxury, but a necessity for career development. I have 
shown 	in Section 7.4 that senior management of the pet- 
roleum companies in Calgary tends to value only the basic 
exploration and production technologies. Senior personnel 
are not oriented to R&D in the fields of marine structures, 
vebsels, instrumentation or pollution. Career patterns that 
lead to the top are much more likely to pass through such 
areas as geology, reservoir engineering or operations man-
agement. In a corporation hostile or indifferent to environ-
mental concerns, for example, an environmental specialist 
will reach a career ceiling very quickly unless he switches 
to the mainstream activities. This was seen for an environ 
mental manager in Dome, in PetroCanada and in another oil 
company, Aquitaine. Consulting is clearly an attractive 
prospect under these conditions. 47 

When in demand, the expert can respond by asking for higher 
wages, better working conditions or more satisfying work. In 
the,AOPI, money is not an important factor in encouraging people 
to go into CED0s. In no interview did a consultant say he was 

. in the business because he could make more money than as a 
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salaried employee; in every consultant interview, 48 the indiv-
idual stated the primary factor was professional development. 
The median salary for a professional engineer employed by 
a petroleum company  in  higher than for his counterpart in a 
consulting firm, $.47,300 as opposed to 44,400. 49 This dif-
ference might be exaggerated by the fact that the petroleum 
firms tend to be management organizations, so they have fewer 
junior personnel with lower salaries. However, one petroleum 
company manager who had left a CEDO stated the consulting 
firm's salaries were about 20% lower. Another ex CEDO employee 
agreed with 	this approximate figure. 

Wages are clearly not the factor pushing people to CED0s. 
Instead, it is the perception of better working conditions, 
mostly the desire for independence or a specialized technical 
career. 

The next point to show is that there is a shortage of 
expertise . There is a good deal of evidence for this. Short-
ages in expertise for the offshore industry are worldwide. 
The chairman for Brown and Root, one of the largest integrated 
offshore engineering firms, says, "we just cannot get enough 
engineers." 50 Jenkin writes of the North Sea: 

"Marine petroleum engineering is a small and high-
ly specialized field, and despite the huge amounts 
of money spent in the area, shortages of skilled 

• 

	

	managers and engineers have always been a problem, 
even for the oil companies, which along with a very 
few large engineering consulting firms, employ almost 
all of the specialists in the field." 51 

In the AOPI, every CEDO interviewed , other than the Individual 
and Incorporated Individual types, stated that there was a 
critical shortage of expertise. The shortage was not really 
in the recruitment of junior engineers, but for senior people 
experienced in the arctic offshore. Government has been espec-
ially hard hit by high demand for senior people because of its 
inability to match high industry salaries. The following 
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comment by Maurice Thomas, a regulatory engineer based in 

Yellowknife, is telling: 
"it was very difficult to attract the kinds of 
people that we wanted. So we had to do with 
those people we could hire; that is still the 
case today [June 1980]. I have positions for 
six engineers and I have none. Because we 
can't hire them." 52 

The Canadian Petroleum Association describes engineering 
shortages as "critical". 53  The Dean of the Faculty of Eng-
ineering at the University of Calgary has stated that the 
university is already producing engineers at full capacity 
and the Province of Alberta cannot supply more students. 54  
Immigration of all skilled trades and professions to fill 
the gaps is proceeding from all parts of Canada, but it is 
felt by the Major Projects Task Force that there will still 
be a shortfall. Presently, Canada is deficient at a rate of 

55 several hundred engineers per year 	and this is predicted 
to worsen.

56 Immigration has traditionally been the means 
of filling shortfalls but another subcommittee of the Task 
Force finds that this source is quickly drying up. 57  

From this discussion, it would seem reasonable to assume 
that both the desire for independence and shortage of exper-
tise can be independent factors encouraging people to go into 
CED0s, and for the CEDOs to take the Central Technology Dev-
elopment role. It also seems reasonable to assume that the 
shortage factor combines with the independence factor to 
accentuate the normal trend. Consulting independently or in 
a small organization is a riskier business than being an 
employee of a large and wealthy oil company, but under con-
ditions of high demand for expertise, the financial risks 
are small. There is a strong market for CEDO services and 
should the enterprise not work out, there will always be a sub-
sequent job available with a petroleum company. Unfortunately, 
the data are not specific enough to relate to this point, so 
it must remain a concept for further research. 
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This analysis has only presented independence from the 
CEDO's point of view. From the discussion of project execu-
tion roles in Subsection 6.3.3, it is apparent that the pet-
roleum company also needs a source of expertise that is 
independent in order to have the watchdog, environmental 
impact analysis and expert witness roles carried out. Thus, 
there are substantial reasons for both parties to value 
the independence of CED0s. 
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7.8 Regulation 

Four small issues have arisen during the research that 
have one factor in common; CEDOs are hired as a way for the 
petroleum company to cope with some regulation. The regula'- 

tion.is  usually imposed upon the petroleum company by govern-
ment but this need not be the case. For example, Dome has 
expanded quickly over the last decade and placed a hiring 
freeze on several departments for a period of time. Obtaining 
the services of several scientists and engineers needed for 
project execution was done by hiring them on contract in order 
to get around the hiring freeze on permanent staff. 

The other cases seen related to legal restrictions. Petro-
Canada circumvented Canadian immigration restrictions by hiring 
a foreign expert as a consultant rather than as permanent staff. 
Immigration laws make it complicated and time consuming to 
hire foreign nationals; 58 the consultant classification is an 
easy way,around such problems. I suspect these two types of 
strategies are rather minor in importance. 

The third issue is Canadian content. The hiring of Canad-
ian CEDOs can be used as a way for foreign owned oil companies 
like Gulf, Imperial and Sun to increase Canadian content of 
their projects; if work were done in house, it would be less 
clearly "Canadian" since the firms are owned outside the country. 
To date, the issue has not been particularly important because 
most of the expertise relating to arctic offshore technology 
has been formed in Canada and there is no special incentive 
to go to foreign sources. Even a company like Shell, which 
is concerned mostly with Alaskan operations, has centred its 
arctic work in Calgary. 

One case was found where Fenco was hired by Sun to check 
the work of Sea Log; this.could be considered as partly a 
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Canadian content gesture. In a second case, Fenco is involved 
with the Gulf Conical Drilling Vessel through a joint venture 
between Earl and Wright (an American firm) and Lavalin, which 
owns Fenco. The Canadian content factor is likely to be impor-
tant in the second case because at the time the contract was 
let, Gulf was under pressure from the Federal government to 
increase Canadian sourcing for its Beaufort fleet project. 

The Canadian content issue, as signalled here, is small 
but it is bound to grow and affect CEDO use as the newly created 
Office of Industrial and Regional Benefits,and the Canadian 
Oil and Gas Lands Administration bureaux begin to take action. 

The last issue is the regulatory hearing. To state this 
briefly, it is the existence of public regulatory hearings 
that creates a role for independent expertise under some 
circumstances. The petroleum company gains much more cred-
ibility for its project if it can state that it is following 
standard engineering practice and have an independent con-
sulting engineer attest publicly to the fact. 
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7.9 Integrating Summary 

The previous sections in this chapter have presented all 
the factors that were found to be involved with structuring 
the AOPI so that CEDOs are extensively used in innovative 
projects. Can these factors be related to produce a more 
coherent framework? Given the variety of factors specific 
to the AOPI, the importance of non rational factors like 
convention and of semi rational factors like strategy for 
competition, I do not see much hope for any simple model. 
To fully understand any case of innovation and industrial 
organization, there is no substitute for a full and inde-
pendent analysis. However, there are some other concepts 
that may prove fruitful in yielding a more unifying per- 
spective by taking different approaches to this question. 
These are discussed in the following two subsections, the 

hierarchies paradigm and the productive unit. 

7.9.1 Hierarchies Paradigm 

As far as I can tell from the literature, the hierar-
chies paradigm (Subsection 2.7.1) is the only coherent 
theoreticai analysis of contracting. It treats the ques-
tion of industrial organization between client and con-
tractor by examining the costs of the contract mechan-
ism under various conditions. The analysis to be made 
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here will show that it has only a very limited appli-
cability to the AOPI. However, it is discussed because 
it is an important attempt at modelling contracting and 
some useful observations can be made about the AOPI by 
examining it carefully. 

As stated in Subsection 2.7.1, the hierarchies par-
adigm posits three critical dimensions: uncertainty; 
transaction-specific investment; frequency of trans-
action. As they increase, it is predicted there will 
be more in house work and less contracting. Further, 
there are two factors, opportunism and small numbers, 
which are necessary conditions for the hierarchies para-' 
digm to hold. The analysis will examine each of these 
aspects in turn, and end with the two base factors, 
opportunism and small numbers. 

Section 7.2 has already investigated the uncertain-
ty factor and concluded that contrary to the predictions 
of the hierarchies paradigm, contracting increases as 
project uncertainty increases. 

As for the dimension of transaction specific investment, 
it does not seem to apply. The hierarchies paradigm posits 
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that whenever a project is to involve large investments that 
are specific to that project (e.g. a pilot plant) integration 
would occur instead of contracting out the project development 
(see Subsection 2.7.1). It was seen in the case studies that 
in many cases, the innovation itself was the experimental 
unit or pilot plant, but that it was also a fully useful 
system, such as the Kigoriak or the APP. For the AOPI, trans-
action specific investment should also refer to any specific 
infrastructure costs necessary to create the technology, given 
the unusual nature of pilot projects here. Major infrastruc-
ture costs would be for such things as ice towing tanks or 
large computer analysis programs. There are some good examples 
for theseg Exxon funded Wartsila Shipyards in Helsinki to 
build the world's best ice tank in order to carry out the 
Manhattan supertanker tests in 1969; PetroCanada funded Acres 
to build an ice lab for testing in the APP; PetroCanada funded 
Arctec to build up the world's most complete computer prog-
ram to simulate ship transits. All three cases contradict 
the predictions of the hierarchies paradigm. 

The last dimension to be considered is frequency of trans-
action. Like small numbers, frequency is hard to specify in 
operating terms. It is predicted that internal organization 
will supplant contracting when the frequency of transaction 
with the contractor becomes high. The evidence for the AOPI 
shows extensive recurrent use of the saine CEDOs and frequent, 
almost daily, contact in many cases during the course of a 
project. The number of contacts needed during project ex-
ecution does not seem to be an inducement to reduce contract-
ing in the AOPI. 

We  cari  also think of frequency of transaction as repres-
ented by the number of repeated projects. The hierarchies 
paradigm would imply that the more a project becomes routinely 
repeated, the more likely is in house staff to be built up. 
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The creation of in house expertise to execute similar projects 
happens in only one case, for Imperial's islands. Panarctic 
continues to have TriOcean and Fenco do the ice platform work. 
Dome's in house arctic offshore expertise has expanded great-
ly, but only to keep pace with expanded work load; the per-
centage of work going to consultants remains about the same 
in all fields. The frequency dimension seems to be inoperative 
in the AOPI. 

Now that the basic aspects of the hierarchies paradigm 
have been discussed, the results can be'summarized. In-
creaseduncertainty of a , project means it is more likely for 
CEDOs to have a bigger role; this contradicts the hierar-
chies paradigm. Frequency of transaction and transaction 
specific investment do not seem to be relevant variables. 
Why such differences? Part of the answer lies in the fact 
that some of the basic conditions for the theory are not met. 
For one thing, there is not much uncertainty once a project . 
is selected for development. For another, the two basic 
conditions, small numbers and opportunism, do not seem to 
operate to a great extent in the AOPI, as I will now show. 

Opportunistic behaviour in the two contracting  parties 
0 

of the AOPI is not pronounced. As House 59and Kubinski 
have pointed out, the overall Calgary oil indutry is a 
closely bound community which operates very informally on 
a basis of mutual trust. This feature is even more exag-
gerated for the AOPI because the community is much smaller. 
Personal relationships and personal reputations are emphasized. 

"The oil business operates on two primary principles: 
a man's word is better than his bond, and most 
information is got from whom we know more than 
what we know." 61 

The petroleum companies deal less with the CEDO as anon-
ymous company and more with the individual expert who works 
for a CEDO. The CEDO is often an entrepreneurial organization 
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and it is closely identified with its founder or chief 
engineer. Contracts are given in recognition of that indiv-
idual's reputation. There are several examples of this. 
When the chief offshore structure designer left one CEDO 
to join a competing CEDO, the clients switched their con-
tracts to follow him. When the president of another CEDO 
quit the firm, concern was expressed about the continuing 
quality of the CEDO's work. Swan Wooster claims to have 

lost a follow up set of contracts in one case when the client 
appointed a new project manager who was from a foreign country. 
The subsequent projects went instead to firms with which the 
manager had already built up relationships in his previous 
job. 

In such a climate, opportunistic behaviour is difficult 
to get away with, and once found out, carries heavy penalties, 
on both sides of the CEDO-client fence. Only one case of a 
dispute over opportunistic behaviour was found. Here the 
CEDO terminated a contract and for a while refused to do 
further work for the company which it regarded as opportunistic. 

The fact that consulting engineering and naval architec-
ture . firms are organizations of professionals adhering to a 
formal code of ethics also reduces opportunistic behaviour. 
Members of legally constituted professions like engineering, 
have some loyalty to the idea of a profession, which is 
based on concepts of honest service to the public. If the 
professional societies and provincial associations do nothing 
else, they at least regulate entry into the profession and 
produce contract and wage guidelines that are adhered to. 
Thus, there is no competition on price for contracts. Bid 
packages will vary somewhat, but this is more due to differ- 
ent scope of work and inclusion of different types of personnel. 
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The interviews clearly showed that the quality of work 
• in a CEDO contract is considered more important by the pet-
roleum companies than the CEDO cost.

62
This reduces the in-

centive for a CEDO to cut contract costs because the quality 
of the work will suffer and it will immediately be noticed. 
The CEDO rarely commands analytical knowledge that is not 
held by the client. Thus in the great majority of contracts, 
the client can evaluate the results perfectly well. In 
addition, all AOPI structures must be approved by government, 
which brings another level of expert checks on a CEDO's work. 
It would seem then that the CEDO-client relationship in the 
AOPI could not be regarded as particularly opportunistic. 

What is the situation for the second basic factor, small 
numbers? This is not an easy criterion to use because of the 
difficulty in specifying when small numbers become large. 
There are only a few dozen major AOPI CED0s, and each spec-
ialized domain has only three or four CEDOs in it. For 
example, caissons could be designed by APD , Fenco, Swan 
Wooster and perhaps Acres. For drilling modules, TriOcean 
has a Canadian monopoly. These are probably what would be 
called small numbers. Despite this, they do not render con-
tracting less attractive. They can easily be converted into 
larger numbers by the client letting contracts outside 
Canada. The ice expertise is inferior elsewhere, but it would 
not take much effort to bring it up to the best standards. 
The kinds of expertise we see in the AOPI are not greatly 
ahead of standard knowledge and practice, and are difficult 
to keep proprietary. There are large numbers of CEDOs out-
side the country which would willingly accept contracts and 
it does not appear the increased costs to the client in 
terms of communication and transportation are prohibitive. 
After all, the petroleum companies already contract to CEDOs 
across Canada. 

With such a difference in basic conditions, the hier-
archies paradigm seems to have limited applicability to the 
AOPI. Despite this, it is useful because it directs our atten-
tion to some important factors to consider in analysing CED0s. 
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The most basic one is the mechanism of hiring outside exper-
tise - the contract. It is assumed by the proponents of the 
hierarchies paradigm that writing a contract for technological 
projects is difficult and costly. In the AOPI, this is not 
the case. I hypothesize this is so primarily because of the 
nature of the technologies involved. As I mentioned in Sub-
section 2.7.1, the hierarchies paradigm specifically excludes 
any consideration of the nature of the technology being con-
tracted because it is considered unimportant. Others such 
as Woodward feel that technology does structure organization 
through its effect upon project uncertainty (Subsection 2.7.3) 
This is a step in the right direction but does not go far 
enough, as I will now show. 

In the AOPI, the contracting procedure is very informal 
and simple. A standard engineering services contract is 
used by most oil companies and it requires only corporate 
names and signatures; the actual work is referred to in the 
consultant's proposal or client's call for bids, as an appen-
dix.

63 
This of course can vary. Fenco reported a client 

submitted a 35 page contract for a $5,000 project - it was 
refused until a simpler legal document was offered. Once 
a contract has been let to a CEDO, subsequent projects often 
begin on word of mouth approval. This is followed several 
days  la-ter  by telex or single page letter granting formal 
approval by referring to the previous contract document. 
Even the intitial contract is often given on verbal approval 
and the proverbial handshake. A typical case is the develop-
ment of the ice platform. TriOcean and Fenco were called in 
by Panarctic for a meeting on how to drill from shorefast 
ice; within half an hour Panarctic had decided to build a 
platform, modify a drilling rig and gave the CEDOs verbal 
approval to begin work. Subcontracting between CEDOs may be 
still more informal. Swan Wooster and Peter Hatfield Ltd. 
are "united by a gentleman's agreement". 64 

Of course, there are always written contract documents 
associated with each exchange of funds, but to Many of the 
engineers, "the contract is just a salve to the company to 
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65 
satisfy the accountants and lawyers." 	Only two cases of 
serious contract dispute were discovered. In one case, the 
CEDO threatened to go to court, but in fact would not have 
done so. 

Once a personal relationship is built up between the client 
and the CEDO, the informality of the arrangements increases. 
Acres reports that about 80% of its work from PetroCanada 
now comes from direct request without tender. As Acres 
develops its relationship with Dome, the same phenomenon 
is recurring. Every day the senior arctic engineers at 
Acres receive calls frcYm these clients with problems, ques 
tions orideas. This may lead to further work for Acres, but 
is just as likely to result in contracts being given to 
other CED0s. Acres is paid for the advice by simply includ- 

ê 	 big it in an existing contract on verbal approval, but does 
not charge for many of the minor requests. The intimacy of 

this relationship may grow into the general services retainer 
for the CEDO and the house consultant position already noted 
in Subsection 3.1. Informality reaches a peak with the Indiv- 
idual and Individual Incorporated type consultants who work semi-

permanently within the companies and can interact on a totally 
informal, immediate basis. 

The whole process of contracting for research, feasibility 
and design work relating to innovation in the AOPI is different 
than contracting for standard manufacturing as outlined by 
Williamson and different than contracting for the product-
oriented R&D described by Globerman. The AOPI process is 
what I would characterize as open and fluid as opposed to a 

closed, static, performance-oriented process. By this, I 

mean that the AOPI process is treated in a more exploratory 

fashion because of the nature of the technologies involved. 

One cannot specify beforehand the exact performance of an 
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icebreaker, or a caisson or an ice platform because the env-
ironment is so complex and poorly understood. What the 
client asks for in a contract is that the CEDO work meet 
minimum requirements. The consumer and industrial products 
that Globerman refers to , can, and need to, meet much more 
exact initial design criteria because they fit into systems 
as subcomponents where the interfaces are determined *by 
existing technologies. Hence , contracts must cope with the 
serious consequences that will ensue if the innovation does 
not fit in this technological environment. The AOPI innovat-
ions tend to fit into an unspecified natural environment and 
to be on a higher level of system aggregation . By this I 
mean the innovations occur more often on the system level as 
opposed to subsystem or element levels. If performance is 
inadequate, there are no grounds for dispute with the CEDO 
unless a gross design flaw is discovered. 

This is widely recognized in the AOPI. The full scale 
structures and ships are the only way to completely test 
design concepts due to the insufficiency in design techniques 
and the environmental variability. To a large extent, each 
new system is a prototype. Even a multibillion dollar project 
like the APP is a pilot project or a prototype intended to 
test designs and operating techniques as well as make a profit. 

' If a dispute does arise, it is more likely to be between 
the constructor and the client and not involve the CEDO. In 
the construction stage, the CEDO acts on the client's behalf 
to monitor the constructor's work. In any case, many CEDO 
contracts are only conceptual paper studies and never get to 
a stage where performance becomes a factor. 
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In other words, there are two important, but previously 
unrecognized relationships between technology and industrial 
organization: the system level of the new technology; and 
the type of environment the technology is designed for. 
These are concepts that should be further investigated in 
future research. 

To summarize this section, it does not seem as though 
the hierarchies paradigm offers any neat solutions to the 
search for a more unifying framework. 	 The problem 
with the hierarchies paradigm is that is considers negative 
factors only - costs and risks of the transaction. There 
are other factors at play in contracting: factors that make 
the contracting mode an efficient one; factors of strategy 
and custom that push contracting to be used; and factors that 
make in house development undesirable. 

If we can make any integration of this discussion, it 

is by returning to the full range of factors mentioned in 

the earlier sections,of this chapter and aggregating them 

into more general groups. Using the conceptual framework 

of the innovation process (Section 2.3) as a guide, I sug- 

gest there are five main groups 	of factors: technological; 

political; economic; industrial and heuristic. The industrial 

category would include such factors as the nature of contrac-

ting, fluctuating demand and shortage of expertise. It is 

possible that these factors can be related to more basic 

factors in the other groups and hence the industrial group 

may not be a fundamental one. Heuristics contains all the 

non or only partly rational factors like strategy of 
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competition, perception of risk, convention and the CEDO 
desire for independence. While this does not provide a 
recipe for analysis of industrial organization, it does at 
least provide a more accessible framework and one which is 
consonant with the framework for the innovation process. 

With the present state of knowledge, no explanation of 
why CEDOs are present can be complete without a full 
analysis of these groups of factors. If we go to any higher 
levels of aggregation, all that can be done is to make some 
very general statements which cannot be translated into oper-
ating terms. As a final summary, though, it is interesting 
to make such a statement. I interpret the AOPI data as 
showing that the most general principle at work in determin-
ing industrial organization is the desire of the petroleum 
company managers at the highest technical level to minimize 
the difficulty they have in performing acceptable work. The 
ultimate aim is not maximizing profit, or efficiency, or tech-
nology, but optimizing medium range tasks. Thus, industrial 
organization is not perceived as an important variable and 
it follows the path of least resistance along pre-established 
tracks. 
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7.9.2 The Productive Unit 

Before concluding this analysis, there remains one 
major concept to be discussed which offers some per-
spectives for unifying the CEDO and organization ques-
tion, and points to new directions for innovation 
research. In the present study I have touched only 
peripherally on the involvement of the constructor in 
AOPI innovation. While the constructor has no major 
direct contribution to determining the function or 
configuration of the new technology, this organization 
is an essential actor in the overall innovation pro-
cess and must be considered for a complete analysis. 
I have studied only the relationship between the CEDO 
and the petroleum company; in fact the relationships 
between the CEDO and the constructor, as well as the 
petroleum company and the constructor, should be 
analysed too. 

The CEDO, the constructor and the petroleum com-
pany are three specialized organizations that work 
together and produce new technology. Modifying the 
concept that Abernathy has developed (Section 2.3), 
it is seen that they form a productive unit. This 
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concept arose from his research on innovation and long 
term productivity growth. The productive unit is 
defined 

"as an integral production process that is 
located in one place under a common man-
agement to produce a particular product 
line." 66 

In other words, he means an industrial plant owned by 
a firm. The basic conception of Abernathy's theory is 
that innovation in products is so intimately tied to 
innovation in the relevant process technology that 
they must be treated together. The productive unit 
is then the proper unit to investigate in innova-
tion research because it treats products and pro-
cesses together. 

For the manufacturing industry, the product is the 
technology the firm makes and sells. By strict anal-
ogy for the resource industry, the product is the 
raw material it finds» Thus, the technology in the 
AOPI that is involved with exploration, field devel-
opment and transportation actually is the process 
system for producing the raw material. However, I 
am concerned with the innovation of these new tech-
nologies, so I look for the process system that in 
turn creates them. This is the grouping of CEDO, 
constructor and petroleum company. While the pro-
ductive unit for Abernathy is a fixed unit, 
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a factory, in the AOPI, the productive unit is 
the group of firms and equipment assembled by the petroleum 
company for each individual project. The productive unit 
consists of the petroleum company, the design CEDOs and the 
constructors. The productive unit is custom designed to the 
job at hand. 

The first major implication of this concept is that it 
forces us to expand the coverage of the technological inno-
vations investigated. We should look at all related inno-
vations produced by a productive unit, not just the ones pro-
duced for the petroleum companies. The CEDO expertise that 
produced the AOPI innovations does not exist in isolation, 
but is intimately linked to other activities of the CED0s. 
Examining all innovative activity of the productive unit will 
cast the CEDO roles in a new light. 

The case studies turned up several important innovations 
the CEDOs have developed that are related to tâose already 
discussed, but they have not yet been mentioned because they 
have no direct relationship with a single petroleum company 
innovation. Fenco has been responsible for the development 
and standardization of field ice testing techniques and in-
strumentation during its arctic projects with many different 
clients. Fenco even custom manufactures and sell ice testing 
instrumentation to the petroleum companies and to firms in 
Japan, Norway and the USA. Another CEDO, EBA, has had a major 
role in the improvement of offshore geotechnical instrumenta-
tion, survey and design techniques. 67 Arctec has been respon- 
sible for the development of new kinds of model ice, towing 

68 tanks and test procedures in the ice basins. 
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Using the concept of the productive unit would allow us to 
consider these innovations as well, and place them into pro-
per perspective with the innovations of the petroleum com-
panies. It also shows that CEDOs are active on three dis-
tinct levels in the AOPI. First, they carry out much of the 
work in the technological innovations themselves. By con-
sidering their expanded involvement with the production unit 
we can include other innovations which show they are active 

as well in the creation of hardware, design techniques and 

construction techniques that are necessary for the original 
innovations considered. Finally, they amass and synthesize 
much of the purely scientific knowledge about the Arctic ice 
environment. 

The second major benefit of the productive unit concept 
iè that it encourages us to examine innovation from a longer 
term point of view as an evolutionary phenomenon. The Aber-
nathy/Utterback model of innovation has already set the scene 
with its interaction of product and process over time; we 
need only broaden the idea. Evolution of technology seems to 
be an unexplored concept but one with much potential. 

69
There 

are several different aspects to consider. One is the evol-
ution of external actors that are influenced by core produc-
tive units, the "Route 128" phenomenon" or spinoff of small 
technological firms from a  •core institution. 70 Still another 
is the evolution of the three separate major actors, CEDO, 
petroleum company and contractor. 71  

It is very important to know more about evolution of these 
groups; for example, the whole pattern of CEDO involvement 
I have sketched in this report may be characteristic of the 
AOPI only during one stage of development. As the productive 
unit evolves, CEDO participation may change markedly. If we 
cast the analysis of physical size and customness into 
an evolutionary perspective, we could hypothesize that as 
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the AOPI moves into development stage, the amount of invest- 
ment will increase greatly, customness will decrease and we will 

see more of the design work being done by contractors. Thus 
CEDOs will diminish in importance. 

However, there is some evidence that precisely the opposite 
could happen and there would be still greater differentiation 
among the three actors in the productive unit. When a totally 
new project is embarked upon, the trend in the AOPI seems to 
be that a large foreign engineering frrm is hired to do the 
initial work. The studies are wide ranging and the CEDO has 
much freedom to devise solutions independently of the client. 72 

Five of the six interviewees with whom this aspect was dis-
cussed, agreed that as the petroleum firms gained expertise 
over time, the contracts given to the consultants became 
more carefully defined and limited in scope. The process 
seems to be one of adeepening of CEDO expertise as its spec-
ialization becomes more limited. 73 This may be part of a 
broader trend in the overall petroleum industry that Kubinski 
noticed. He states that the "petroleum industry in Calgary 
has become increasingly diversified functionally."

74 

Increased specialization over time of the companies making 
up an industry is a fairly well known phenomenon, at least 
in general outline. It is usually supposed to be related to 
the size of the market. As Stigler says, 

"Young industries are often strangers to the 
established economic system...These young in-
dustries must design their specialized equip-
ment and often manufacture it, and they must 
undertake to recruit (historically, often to 
import) skilled labour. When the industry 
has attained a certain size and prospects, 
many of these tasks are sufficiently impor-
tant to be turned over to specialists. " 75 

Rosenberg has suggested that convergence, or the growing com-
monality of basic processes in a new industry, encourages 
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the development of specialized new process equipment firms 
76 

as well as market growth. 	Convergence is not likely to be 
a relevant factor for the CEDOs° development because their 
process equipment is not physical, but intellectual, for 
design work. Convergence could be examined for contractors, 
however. Judet and Perrin feel that increased specialization 
is the natural pattern within which engineering companies 
grow relative to the central manufacturing industry, but they 

have done no detailed analysis. 77  

Thus, we cciuld set up a contrary evolutionary hypothesis 
to the first one; as the AOPI moves into development, the ac-
tors in the productive unit will become increasingly spec-
ialized. Only more research will indicate which hypothesis 
is more likely, and under what conditions. . 

As a final point concerning evolution, future research 
should focus directly on innovation of technology as a phen-
omenon of evolution. The use of evolutionary concepts has 
been suggested often 78 but as I mentioned above, no one seems 
to have carried out any work on them. There are several in-
teresting analogies that .I would like to point out. If we 
look at the overall change in technology as it has spread 
into the offshore Arctic, we can see that the main thrust 
has been to develop ways to allow the basic core of petroleum 
operation technologies - drilling, production, transportation - 
to remain untouched. This follows very closely the idea 
Thompson seems to have in mind when he wrote 

"Organizations seek to seal off their core techr› 
nologies from environmental influence", and they 
do so by attempting " to buffer environmental 
influences by surrounding their technical cores 
with input and output components." 79 

For the AOPI, the marine structures and vessels are the buffer 
technologies that adapt to the environment. Their adaptation 



allows the standard operations that have always made up the 
focus of the Canadian petroleum industry to continue unchanged. 
As the case studies have shown, there has been no significant 
change in the core technologies moving to the arctic offshore. 
There is a striking analogy between this situation and Wadding- 

+ 	 tonian evolutionary theory which regards evolution as a rare 
event that is resisted by the genetic structure of the specie2 0 

The genes are the analogy of the core technologies in the AOPI, 
and they direct the individual to adapt by behavioural and 
epigenetic mechanisms (physical adaptation of the individual) 
to buffer themselves from environmental influence. In this 
perspective, the innovations in vessels and structures are 
analogous to the epigenetic adaptations; they are mediators 
or interfaces between the core petroleum technologies and the 
arctic marine environment. The minimizing of evolution in a 
species finds its echo in the attempts by the AOPI to innovate 
as little as po -ààible and accept incrementally new systems 
only. 81  
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The idea of the productive unit suggests a number of im-
portant hypotheses and concepts to be pursued in further re-
search. To go any further into such aspects here would diverge 
from the main topic of the present research.. Pointing the 
direction ahead is an appropriate place to end this analysis 
of CEDO involvement in innovation for the AOPI. A final 
chapter rests for conclusion. 
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1. Mansfield (1978,p.103) discusses these first three aspects 
of uncertainty. 
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7. Richardson et al.(1976,p.31) found the same for the 
Canadian mining industry. 
8. Miller interview. 
9. Dowse 1979. 
10. Offshore Engineer (1981,p.31) quotes a Dome manager to 
this extent. 
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of civil and mechanical engineering in the United States. Right 
from the beginning, when civil engineering began on canal 
projects in the early part of the 19th century  in the  United 
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ment of civil angineers (Ibid., p.195). It seems to have been 
mostly carried on by individual engineers with a wide reputa-
tion and by university professors, until the beginning of 
the 20th century when large consulting engineering corpora-
tions such as A. D. Little Inc. were founded (Noble 1977,p.124). 
By 1909, Layton (1971,p.30) reports that about one fifth the 
the members of the American Society of Civil Engineers were 
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consultants. Despite a minority size, the independent con-
sultant became the ideal model of the professional engineer 
and had an influence on the evolution of the profession dis-
proportionate to its numbers. 

Mechanical engineering was the next discipline to emerge, 
lagging civil engineering by several decades in development 
as a separate body of knowledge and practice. Its profess-
ionalization showed the same drive to seek social status that 
marked civil engineering, but here the ideal of the engineer 
as independent professional gentlemen, or consultant took a 
different aspect. In his history of mechanical engineering 
in the USA, Calvert(1967) shows how the discipline grew out 
of two currents: the Navy; and the general purpose machine 
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almost exclusively toward "shop culture" with the mechanical 
engineer idealized as entrepreneur. Consulting was almost 
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text. For civil engineering, the products were public works 
projects, transportation projects and industrial infrastruc-
ture; for mechanical engineering, the products were machines, 
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scale and custom. 
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rocated by the environmentalists. In fact, the environmental 
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Berger 1977; Hnatiuk 1977; Tiffin 1978; Kieth et al. 1976. 
21. House 1980,Cnapt. 4. Kubinski 1979,Chapt.5. 
22. House 1980,pp.71-74. Here he describes the results of such 
firings at Imperial. Of course, companies will fire when 
necessary, but are usually able to reassign professional employ-
ees instead. 

23. The Commission of Inquiry into Competition in the Petrol-
eum Industry (Consumer and Corporate Affairs 1980) give a 
great deal of data on the financial situation of the industry 
in the past decade. 
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24: Jenkin (1981,p.22)'describes this for the North Sea and 
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Coast offshore. 
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30, House 1980,p.46. 
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35. House 1980,p 044. 
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38. Jones 1982(in press),p.Galley 10 0  
39. House 1980,p.46. The example of pollution research shows 
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The work was done cooperatively by the petroleum companies 
involved in the Beaufort, and it was public. This joint 
industry-government arrangement became formalized in 1981 with 
the Canadian Offshore Oil Spill Research Association. All 
companies exploring in its geographical area are obliged to 
join and pay a portion of the research budget in advance. 
All research is to be public information. 
40. The develcpment and subsequent change in the strategy of 
the Arctic Petroleum Operators' Association (APOA) regarding 
technology is a good indicator of this. Although there has 
been no analysis made of the APOA, I suspect two main factors 
pushed the various companies into this association. First 
was a realization that operations in the Arctic offshore would 
be very difficult, necessitating a great deal of initial res-
earch on the physical environment to delineate design param-
eters and much preliminary feasibility study to find new  drill
ing and production , technology (Pimlott et al. 1976,p.14). 
Second was the recognition by industry that social and environ-
mental controversy over their arctic projects was growing. 
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initial prefeasibility and feasibility studies, APOA has 
tended to concentrate on general environmental research 
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the Arctic Marine Oilspill Prevention program, it is in pol- 
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AOPI is ànly- a - decade or so old; many specialists in the new 
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yet, so this could become a more important factor in the 
future. 
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49. Association of Professional Engineers, Geologists and 
Geophysicists of Alberta 1980,p.11. 
50. Offshore Engineer April 1981,p.159. 
51. Jenkin 1981,p.151. 
52. CARC 1980,p.12. 
53. Canadian Petroleum Association 1980,Summary p.2. 
54. Barton 1982,p.32 and interview. 
55. Management, Design and Construction Committee, 1980,p.12. 

56. Chemicals, Hydrocarbon and Pipelines Subcommittee 1980,p.40. 

57. Manpower Subcommittee 1980,p.31. 
58. The Downie interview suggested this was a serious problem 
for Swan Wooster. The point was made by the Manpower Sub-
committee (1980,p.31) as well. 
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59. House 1980.pp.49-53. 
60. Kubinski 1979. 
61. Grayson(1960,p.33) quotes a typical oil man. The same 
impression was given very strongly in the AOPI interviews, 
although no interviewee was specifically asked such a question. 
62. Of the13 interviewees asked this, all were in agreement. 
In two separate memos seen for the APP where  engineering  man-
agers were explaining their choice of consultants for major 
contracts, cost was a consideration, but it was secondary 
to the expected quality of the CEDO's work. Enormously ex-
pensive systems like the APP have operating costs of more 
than 0.1 MS/day, so breakdowns and maintenance time must be 
minimized by maximizing quality. Small savings in cost by 
reducing design quality is recognized as absurd for these 
projects. In any case, the amounts of money involved in 
feasibility and design work are small relative to the sub-
sequent construction work - less than 10%. This is a rule 
of thumb agreed upon by all 5 interviewees asked the question. 

63. This isthe standard practice for Dome, PetroCànada and 
Panarctic. 
64. Downie interview. 
65. Miller interview. 

66. Abernathy1978,p. 48. 
67. Hayley 1979. 
68. Edwards et al.1971. 
69. Kelly et al.'s (1978, pp013,14) review article finds no 
other research on this topic. They draw the analogy, but 
do not develop it. 

70. The literature on the Route 128 phenomenon and spinoff 
(Lieberman 1968, Roberts 1968; Cooper 1973) is very small 
and not of much use to shed light on the productive units of 
the AOPI. While there is a lot of folklore about these 
topics, Kelly et al.(1978, p.57) show there is little formal 
research that relates to their role in innovation or working 
relationship to the central technological actor. 
71. There is no literature on the evolutionary patterms that 
CEDOs follow, either. This is shown by the preparatory 
documents for a major study that was supported by the Inter-
national Development Research Centre in Ottawa on the role 
of CEDOs in development.(Tillet interview and Araoz 1981). 
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The grouping of the three kinds of firms that make up 
the productive unit, constructor, CEDO and petroleum company, 
is not static, but changes over the course of the project. 
Part of this pattern of evolution was seen in the APP where 
there have been significant changes in management personnel 
since its inception. The original group was characterized 
as creative, open, and entrepreneurial. As the designs 
became fixed, the work became more specialized and routine 
and most of the original staff left the project one by one. 
A project in design and regulation stages needs a different 
mix of skills than one in feasibility stage. 

72. For example, Santa Fe (Acres Consulting Services 1970), 
Global Marine and Sedco (Westburne et al.1971) were hired in 
the early days of the AOPI. When Panarctic began its projects 
for under ice well completion, it hired R. J. Brown (Netherlands) 
to do the work (R. J. Brown & Assoc. 1973). Typical of these 
early wide ranging prefeasibility studies are APOA Project 12 
(Acres Consulting Services 1970) and APOA Project 13 (Westburne 
et al. 1971). 
73. This is the general trend only; significant differences 
exist among petroleum firms according to differing commercial 
strategies. Dome has gained the most in house expertise 
while Panarctic has continued to rely largely on outside 
consulting. One of the six interviewees (a CEDO president) 
claimed that no particular change was evident from the point 
of view of his firm; both client and consultant gained exper-
tise and their relative participation stayed the same. 

74. Kubinski 1979, p.1.15. It must be noted that his data were 
rather limited for this conclusion. 

Stigler 1951,p.190. 
76. Rosenberg 1976, p.17. 
77. Judet and Perrin 1977, p.35. 
78. House 1981, p.47, Kelly et al. 
has been around for a long time in 
well (see Barnard 1938). Conversely 
have occasionally used organization 
industrial development as well. Gei 
analogies with Galbraith's (1968) i 
State.  
79. Thompson 1967, p.19. 
80. Waddington 1957, 1975. 

1978, pp.13,14. The concept 
organization theory as 
, evolutionary theorists 
theory and analogies from 
st (1978, p.117) draws 
deas in his New Industrial  
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81. Several other fascinating analogies can be drawn. Odum 
(1971, p.251) describes some basic characteistics of ecosystem 
development. Each characteristic has its analogy in technolog-
ical innovation in the AOPI. As the ecosystem develops (as 
the AOPI develops), niches become more specialized ( the CEDOs 
become specialized) and the ecosystem becomes more stable 
(there is a greater diversity of projects and opportunity to 
smooth out workloads). The species diversity increases (the 
number and kinds of actors increases). However, the ecosystem 
evolution may not progress to complete maturity, but may 
remain in a state of immaturity because of some external fac-
tors (the productive units stay in the custom or "fluid" state 
in the Abernathy/Utterback model and do not proceed to mass 
production, because there is no demand). 

Geist (1978, Chapt. 4) has shown that as a species moves 
to a new environment where there is resource abundance, the 
individuals become generalists in their resource harvesting 
strategies and show much less intraspecific competition 
among individuals. The AOPI analogy is again, very closes 
the firms moving into the offshore Arctic had to be open to 
a whole range of new  skills and the productive units became 
more general by including consultants from a wide range of 
specialties; the petroleum companies show a great deal more 
active and passive cooperation than in the conventional 	 4 

petroleum industry. 
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8. CONCLUSION 

A descriptive summary is made of the main findings of 
the research, arranged according to the original major aims. 
This is folloimed by a section which evaluates the major aims 
in light of the research results and recommends which find-
ings should be the subject of future investigation. 

8.1 Descriptive Summary 

Purpose 1- Innovation of Technology.  The AOPI is an impor-
tant centre for the development of innovative technology. The 
'main focus of innovation is in the area of marine structures 
and vessels capable of functioning in an ice environment. The 
innovations are characterized by incremental modifications. 
Research into the characteristics of the technology is rare, 
so research tends to be for the purpose of finding environ-
mental design criteria only. Thus, science and research 
have only a minor input as the development of new technology 
tends to  be done using existing knowledge which is organized 
by the engineering design process. 

The innovations are characteristically made in a process 
of packaging smaller units to form a new system. Innovation 
in the AOPI is done by a process of optimization, which involves 
the maximizing and minimizing of technological performance to 
attain a design threshold. 

The conceptUal framework which best describes the AOPI has 
three parts: a corporate part, which initiates and controls 
the process; an environment part made up of political, econ-
omic and technological factors which modify the controls from 
the corporate part; and the process part, which is the actual 
set of steps describing the development of the new technology. 
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The process part is a standard, fairly predictable activity 
which follows the project development phases, from prefeas-
ibility to decommissioning. 

Pu .ose 2- Extent of CEDO Involvement. Most of the work to 
create new technology is carried out_by CEDOs under contract 

Vn ,[^1.,  n ••-n •n 	 v- 

to the petroleum-companiés. It is estimated that CEDO :con-
tracts account for between 50% and 90% of the expenditures 
for predesign and design phasesof projects. 

122122s2_3-  CEDO Characteristics.  In their search for exper-
tise to develop new technology, the petroleum companies con-
tract to a wide variety of groups. The consulting engineering 
company, although . the most important kind of CEDO, is only one 

of 9 different types discovered for the AOPI. CEDOs may_ .be 
private individuals Working almost as regular employees, non 
profit government laboratories or crown corporations, uni- 
versities or design groups in manufacturing firms. Contract- , 
ing to CEDOs is done for every innovation studied, and every 
field of technicél exPertise needed to create each innovation 
is represented in the CEDOso The common characteristic of 
CEDOs is an almost exclusive focus on supplying knowledge to 
create new technology for some other firm. 

Purpose 4- CEDO Roles.  Itis the petroleum company that 
plays the role of carrefour, or organizer of the projects 
and controller of the major interactions among the external 
groups involved. The client generally initiates the innoyativ:e 
projects.as  well. 

CEDOs do not play a role as an important independent - 
source of innovation and they have no unique control over 
technology in the AOPI. However, it is not productive to seek 
precise origins because the ideas are widely known by the AOPI 
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design community. CED0s, forming the major part of this com-
munity, share much of the responsibility for the ideas. As 
well, they work repeatedly, and in extremely close association 
with clients, so new concepts are generated by both partners 
working together. 

The major CEDO role is in the elaboration of the innova-
tions, which is the work needed for feasibility, predesign 
and design stages. Here CEDOs account for nearly all the 
elaboration work in nearly all the projects. They also perform 
a range of roles involving specialized independent knowledge 
during the execution of the innovations. It is noteworthy that 
the CEDOs studied do not perform the full range of MEPC services. 

CEDOs do not only perform roles within the context of a 
single project, they are also a crucial factor in the develop-
ment of new technology at the level of the entire industry. 
t'his is the inter project role. By acting as a centralized 
pool of expertise available to every petroleum firm, I sus-
pect they spread ideas and innovations across corporate boun-
daries, thereby in -Ci-de-fhëné-i'nnéncy 'of the innovation_ 
process and homogenizing the innovations. Their inter project 
role is also suspected to reduce entry barriers of new pet-
roleum firms into the AOPI by providing expert arctic services 
in a packaged manner. 

Purpose 5- CEDOs and Industrial Organization. There are no 
simple reasons why CEDOs are used so extensively in the AOPI. 
Instead, a variety of interrelated factors are important. 
They can be arranged into five categories. First, there are 
technological factors like uncertainty, size and customness, 
the types of technological environment and incrementalness. 
Second,  there are political factors which set out various 
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regulations requiring certain project procedures to be fol-
lowed and different expertise to be needed. Political fac-
tors also cause fluctuations in project scheduling. Third, 
there are economic (mainly cost) factors, which were not 
seen to be particularly important. The exceptional pros-
perity of the AOPI during the period covered by this study 
placed very few constraints on the projects and technical 
considerations took precedence over cost factors. Fourth, 
I consider industrial factors, such as fluctuating demand 
and expertise shortàge. Fifth, there are heuristic factors, 
which consist of important attitudes towards a strategy of 
competition, risk taking and the background current of . 
industrial convention. 

There is no concise model that can be created from this 
conceptual framework. Contracting, or the hierarchies par-
adigm, is not a useful unifying concept. However, the 
idea of productive unit helps to focus the factors and may 
provide guidelines for future research on innovation, in-
dustrial organization and the evolution of technology and 
industrial structure. 
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8.2 Evaluation 

While guided by five specific aims, this research was 
primarily designed to explore concepts and generate hypo-
theses in an unexplored area. The attempt has been to 
create a broad and solid base upon which subsequent research 
programs may confidently propose highly focussed topics 
that are now seen to have special importance. Section 8.1 
has attempted to summarize the factual contributions made 
by this research, but this is not sufficient; an evaluation 
of the fundamental concepts developed needs to be done as 
well in order to point the direction for future study. 

Innovation. Investigation of the characteristics of inno-
vation and the innovation process in the AOPI was done only 
to support the analysis of CEDO involvement; however, it is 
now clear that innovation in the AOPI is quite different than 
innovation in the manufacturing industries studied by the 
literature in terms of its incrementalness, the limited 
role of research, development by contract and the routineness 
of the development. These characteristics are seen to have 
considerable influence on the process of innovation, the CEDO 
role and the factors causing the specialized role structure. 
Thus, this aspect has both a theoretical importance and a 
practical one, expecially to a country like Canada, which 
depends heavily on the primary sector,because the unusual 
characteristics for innovation in the AOPI may turn out to 
be characteristic of most resource industries. Much more 
study should be made on this topic. 

Only one part of the conceptual framework for the inno-
vation process was developed because the research focussed 
solely on the CEDO involvement. However, I feel this frame-
work should be examined in future research, along with the 
aspects of technology optimization, packaging and the two 
different kinds of research. It would also be interesting to 
analyse the innovation process from the entirely novel point 
of view of creativity in engineering design. A final concept 
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which was not much developed, but one which could be impor-
tant is the relationship of an innovation to its technology 
environment. It seems that this relationship, described as 
open and fluid as opposed to closed and static, had consider-
able influence on the nature of contracting. 

CED0s.  Conspicuously absent from this concluding chapter 
is a summary of the hypotheses developed to explain the inter-
nal repartition and dynamics of CEDO roles. In evaluating 
them against other concepts discovered by this research, I 
conclude that with the present condition of understanding of 
CED0s, they are of secondary importance for the next stage 
of research. Instead of further elaborating the role internal 
to projects, research should concentrate on establishing the 
importance of the CEDO industry in very specific cases. 

I feel the general topic of the present research has 
served a useful purpose in introducing CED0s, scanning their 
literature, typology and involvement with innovation in a 
particular industry, the AOPI. The focus on CEDOs has meant 
a focus on engineering, which has resulted in several new 
perspectives on innovation and the innovation process. We 
now know much more about the important innovative activity in 
the AOPI and the CEDO involvement with it. However, further 
attempts to create general theoretical models of roles and 
organization would not be particularly productive, given the 
specificity of each case, the number of factors involved and 
the importance of non rational factors. 

The most general sort of the specific studies I would 
recommend would be investigations of CEDO roles in other 
industries for the sole purpose of detailed comparison with 
the AOPI, and studies focussing directly on CEDOs alone, 
instead of on the industry in which they operate. 
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Studies of specific kinds of CEDOs could be important. For 
instance, nothing is known about the Classification Society type 
and what it does in marine industries in Canada. However, - 
such studies should be focussed on specific questions, such 
as delineating the costs to Canada of relying on foreign 
classification societies. 

Future studies should also be oriented directly 
to policy. There are several important issues that have become 
apparent. For example, I have shown that the AOPI CEDOs 
have fewprojects with integrated MEPC work. In one instance, 
a Canadian CEDO was abruptly removed from a potential and 
major MEPC contract , only to be replaced by a large multi-
national American engineering firm. We need to know much 
more about industrial benefits from integration and how to 
achieve it. 

This is not to say that the theoretical aspects should 
be ignored. I feel the productive unit concept for one, 
has the potential to offer some very useful insights into 
innovation and industrial organization. It should be possible 
to frame specific questions for its elaboration, using the 
present research as background. I find the three hypotheses 
developed in Section 6.3 for the inter Project role partic-
ularly interesting. They proposed that CEDOs increase the 
efficiency of the AOPI innovation process, homogenize the 
technologies and reduce entry barriers into the AOPI. These 
are excellent candidates for future research topics. 

The topic of CED0s, resource industries and technological 
innovation represents an area of importance for further 
studies in policy and theory. Hopefully, my research will 
provide a useful base for future studies in this new area. 
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