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EXECUTIVE SUMMARY

The new nuclear program in the Netherlands comprises
the construction of two to four nuclear power plants
up to the year 2000. The main objective pursued with
the implementation of the nuclear program is the
supply of low-cost electricity in the future.
In order to prepare the program and to provide a
basis for further decisions, the Ministry of Economic Affairs has entrusted Motor-Columbus Consulting Engineers Inc., Baden, Switzerland, with a study
to determine the most suitable project approach option(s) for the implementation of the future nuclear
program in the Netherlands.
In carrying out this study, Motor-Columbus investigated the following main project approach options:
o turnkey contract approach
o split-package contract approach
o multi-contract approach
These main project approach options can be defined
and generally characterized as follows:

TURNKEY CONTRACT APPROACH
A single contractor or a consortium of contractors take the
responsibility for the whole works or at least the largest
part of them.
Main characteristics:
o Good assurance of standard and proven plant design
o Better assurance of good project management
o Simple or no interface problems
o Low risk for cost and schedule overrun 'out possibly higher
bid prices
o Little influence on plant design after contract award
o Limited influence on local industry participation after contract award
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SPLIT PACKAGE CONTRACT APPROACH
The responsibility for the whole works is divided between a
relatively small number of contractors and the owner.
Main characteristics:
o Possible selection of technically best and cheapest individual nuclear island packages
o Better competition and more options
o More possibilities to involve local engineering and preferred manufacturing companies
o Owner must take overall responsibility to match packages
o Overall plant design possibly not proven
o Guarantees only on packages, no overall guarantee
o Greater risks

MULTICONTRACT APPROACH
The owner or his architect engineer assumes responsibility for
engineering the nuclear power plant, issuing a large number of
contracts, mainly for plant components rather than sytems.
Main characteristics:
o Maximum opportunity to select the plant and influence design
o Possible low initial overall costs but with higher risks to
exceed costs and schedule
o Maximum opportunity to involve local engineering and manufacturing capacities
o High demand for nuclear know-how within owner, industry,
engineering companies
o Owner to bear overall responsibility and all related risks
o High efforts for licensing
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The evaluation of the suitability of these options
was performed in assessing the prevailing situation
in the Netherlands and by reviewing the factors
being relevant to the decision to select the project
approach.
The important factors have been grouped into three
areas:
- utility factors
- Dutch industry
- External factors
These factors and the situation relevant to these
factors have been assessed by interviews with
-

Ministry of Economic Affairs
utilities and SEP
Safety Authorities
Banks
Dutch industry
Other organizations involved

When evaluating the prevailing situation in the
Netherlands as regards the implementation of a
nuclear power program, one comes to the following
conclusions:
Utility Factors
The utility factors are governed by the general
objective to build power plants which will provide
low cost electricity. Hence, the considerations of
the utilities who will be the future owner should be
directed toward- a proven design with a reference
plant in operation and towards minimizing the risks
as to costs and schedule. The pursuance of these
objectives has to be seen in the light of limited
engineering capabilities and capacities presently
available and in the light: of optimum scope of
responsibilities that the owner should take and
those that are preferably delegated to the contractor ( s ) .
In view of the present situation, the Dutch utility
organizations and their banks are in favor of the
turnkey approach.
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Dutch Industry
A second aspect that needs attention is the involvement of Dutch industry for the implementation of the
nuclear program. While proven design for essential
plant systems like the nuclear steam supply systemf
turbine generator, etc., are only available from
foreign sources, the Dutch industry has the know-how
and capacities to engineer and manufacture a high
percentage of the total plant. The way of negotiating contracts and the definition of their scope has
to take care of the Dutch interests while still
minimizing any technical risks.
In industrial circles, there is a preference for the
multicontract approach because of the expected higher local content of work.
External Factors
Other factors having an important bearing on the
project approach are concerned with safety and licensing as well as the market situation. Problems
originating from the licensing procedure have caused
considerable cost and time overruns in past projects
in several countries. The lessons learnt demand a
clarification of the safety requirements before the
design work starts and a grant of all construction
permits before the construction of the plant starts.
The turnkey approach is more likely to be based on a
proven plant design and would hence be the more desired approach from a licensing point of view. This
is also the opinion of the Dutch Safety Authorities.
The project approach depends also on the market
situation and preferences and experiences of the
potential contractors. The limited number of nuclear
projects creates a buyers' market with great competition which was demonstrated by the keen interest
that the main contractors have shown already. The
preferred project approach of the main foreign contractors range from turnkey to the split-package
approach.
Recommendation
On the basis of the prevailing situation in the
Netherlands, the criteria relevant to the selection
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of the project approach have been defined and a
benefit analysis was conducted. The analysis shows
that the
Normal Turnkey Contract Approach
would be the most suitable project approach for the
construction of the next nuclear power plant in the
Netherlands.
The approach for the following plants could be modified to a split-package approach if the experiences
witL the first plant and the preferences of the main
contractors show a tendency in that direction.
A multicontract approach could only be considered if
the utilities would take a large interest in the
management, engineering and design of the plants to
such an extent that a large national engineering
organization and closer ties with one of the foreign
reactor suppliers would be formed.
The main considerations that have led to the recommendation of the turnkey approach for the next
nuclear plant in the Netherlands are the following:
o The future owners want to minimize the risks originating from the responsibility for plant design
and engineering.
o A standard and proven plant on the basis of a
reference plant is most likely to be supplied
under a turnkey contract.
o Institutions providing finance favor strongly the
turnkey approach.
o The available engineering capacities of the future
owners are best suited to handle a turnkey contract with a large owner's scope.
The Dutch industry does not favor the turnkey
approach but, by taking adequate steps, a satisfactory participation of the Dutch industry in the
project can be achieved.
The turnkey approach as proposed has primarily to be
seen as a basic allocation of responsibilities
between the owner and the contractor(s). Delegating
a large portion of these responsibilities to a
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contractor in a turnkey approach does not necessarily limit the owner's freedom to have a decisive
influence on the project as regards technic, transfer of know-how and degree of Dutch industrial participation. Adequate influence can be exerted also
in a turnkey approach if these items are given the
necessary attention at the right time. The present
study contains detailed proposals to cover also this
aspect.
If applied in the appropriate way, the normal turnkey contract approach represents the most suitable
approach under the prevailing situation in the
Netherlands.
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INTRODUCTION

1.1

PURPOSE OF THE STUDY
The Ministry of Economic Affairs of the Netherlands
has entrusted Motor-Columbus Consulting Engineers
Inc., Baden, Switzerland with a study to evaluate
the best way to implement the future Dutch nuclear
program from a contracting point of view.
The three basic project approach options:
o turnkey
o split-package
o multi-contract
have distinct advantages and disadvantages which
are, to a large extent, dependent on the "environment" in which the project will be implemented and
on the objectives pursued by the owner organization.
The selection of the project approach must therefore
be based on a thorough investigation of all factors
having an impact on the way how, by whom and under
which conditions the future nuclear power plants are
built.
This study has been prepared with the aim of finding
the most suitable project approach in consideration
of the factors describing the "environment" and the
conditions under which the project will be implemented. The recommended project approach - being the
result of this study - shall ensure that the objectives of the Dutch nuclear program shall be achieved
with the lowest possible risk.

1 - 2
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PURPOSE OF THE STUDY

THE SALIENT PURPOSE OF THE STUDY SHALL BE TO
PROVIDE IMPARTIAL ADVICE ON THE SELECTION OF
THE MOST SUITABLE PROJECT APPROACH FOR THE
NEXT NUCLEAR POWER PLANTS TO BE BUILT IN THE
NETHERLANDS
FACTORS:

OBJECTIVES:

SAFE POWER PLANT
LOW GENERATING COSTS

THE MOST SUITABLE PROJECT APPROACH MUST
COMBINE ACHIEVING THE OBJECTIVES WITH A
MAXIMUM CONSIDERATION OF PREVAILING FACTORS

MEZ
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LAYOUT OF THE STUDY
The study report is made up of eight sections with
an executive summary which has been added at the
front. Figure 1-2 below gives an overview of the
report.

LAYOUT OF THE STUDY

Figure 1-2

THE REPORT IS SET UP AS FOLLOWS:

3 CONCLUSIONS ANO
RECOMMENDATIONS

7 SUMMARY
ASSESSMENT

6 POSSIBLE EXTENT
OF THE OWNER'S
SCOPE
5 EXTERNAL FACTORS
AND CONSIDERATIONS

4 DUTCH INDUSTRIAL
PARTICIPATION

3 UTILITY FACTORS
ANO CONSIDERATIONS

2 PROJECT APPROACH
STRATEGIES

1 INTRODUCTION

0 EXECUTIVE
SUMMARY

PRESENTS THE RECOMMENDED
CONTRACT APPROACH AND
GIVES FURTHER CONCLUSIONS
BENEFIT ANALYSIS TAKING INTO
ACCOUNT ALL PREVAILING FACTORS
PLANT PORTION FOR WHICH OWNER
ASSUMES RESPONSIBILITY
INVESTIGATES SUPPLIERS EXPERIENCE.
LICENSING ASPECTS AND FINANCING IN
RELATION TO PROJECT APPROACH

INVESTIGATES INVOLVEMENT OF DUTCH
INDUSTRY IN VIEW OF AVAILABLE CAPABILITY
RELEVANT TO PROJECT APPROACH
DISCUSSES OWNER'S EXPERIENCE. RISKS
ATTITUDES AND OWN PROJECT INVOLVEMENT
RELEVANT FOR THE VARIOUS PROJECT
APPROACH OPTIONS
EXPLAINS THE VARIOUS PROJECT APPROACH
OPTIONS WITH ITS CONTRACT TYPES
AND BIDDING PROCEDURES
STATES THE PURPOSE OF THE STUDY
AND THE METHODOLOGY USED
SUMMARIZES FOR THE QUICK READER THE
MAIN ASPECTS INVESTIGATED IN THIS STUDY
AND THE CONCLUSIONS AS TO MOST SUITABLE
PROJECT APPROACH

1 - 4
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METHODOLOGY
The methodology that has been followed to arrive at
the recommendation is characterized by five steps as
indicated in the figure below.

Figure 1-3

THE STEPS INDICATE THE METHODOLOGY APPLIED
IN THIS STUDY TO FIND THE MOST SUITABLE PROJECT
APPROACH

DEFINITION OF OBJECTIVES
RELEVANT TO PROJECT APPROACH

OBJECTIVES

TERMS OF
REFERENCE

DETERMINATION
OF
DOMINANT FACTORS + PROJECT APPROACH OPTICMS

DOMINANT
FACTORS

ANALYSIS

EVALUATION

RESULT

UTILITY FACTORS
PARTICIPATION OF
DUTCH INDUSTRY
EXTEHNAL
FACTORS

PROJECT APPROACH
OPTIONS
APPRAISAL
OF SITUATION AND
ANALYSIS OF FACTORS
IN CORRELATION TO
PROJECT APPROACH
OPTIONS

• CONTRACT
TYPES
AND
• BIDDING
PROCEDURES

BENEFIT ANALYSIS
CRITERIA: WEIGHT x RATING
-BENEFIT

RECOMMENDATIONS AND CONCLUSIONS
AS TO MOST SUITABLE PROJECT APPROACH
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The objectives that are to be achieved with the
future nuclear program form the starting point for
the subsequent appraisal and they provide the
criteria to which the different options have been
evaluated. The structure of the objectives is shown
in the figure below.

Figure

1-4

STRUCTURE OF OBJECTIVES

IN PURSUING THE OVERALL OBJECTIVE TO "SATISFY THE
FUTURE ENERGY DEMAND AT COMPETITIVE COSTS" ONE OF
THE GENERAL OBJECTIVES IS THE IMPLEMENTATION OF THE
DUTCH NUCLEAR PROGRAM WHICH CAN BE FURTHER BROKEN
DOWN INTO SPECIFIC OBJECTIVES AS DETAILED BELOW:

PAS
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The remaining steps are the subject of the relevant
sections in which the project approach options are
discussed in detail together with the dominant
factors important for the decision-making process.

1.4

PREPARATION OF THE STUDY
This study has been prepared by Motor-Columbus
Consulting Engineers Inc. on the basis of its
in-house experience and know-how from realized
projects and similar consultancy work for leading
foreign utilities and governmental institutions. All
specific information relevant to this study has been
obtained from various sources in the Netherlands and
other countries concerned namely:
-

Ministry of Economic Affairs
SEP/KEMA
Several utilities
Banks
Manufacturers
Engineering companies

The recommended project approach is based upon the
situation in the Netherlands as assessed by MotorColumbus in view of the first plant to be built
under the envisaged program. Therefore, the recommendation has to be reviewed for the second and subsequent projects and when some of the factors that
have characterized the present situation have
changed.
We would like to express our thanks to all
organizations that have provided valuable
information for the compilation of this study.
From the Motor-Columbus staff, the following members
have supplied essential contributions:
Mr. N. van Zijl

Overall Project Supervision

Mr. F. P. Ackermann

Assessment of Factors and
Preparation of Study Report

Mr. H. Sutter

Licensing Matters

Dr. R. Burger

3enefit Analysis
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Mrs. F. Schmid}
}
Mr. J. Zeiler }

Preparation of Figures
and Tables

c•
C. Banthien
Project Manager
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PROJECT APPROACH STRATEGIES

2.1

DEFINITION AND EXPLANATION OP IMPORTANT TERMS

2.1.1

Project Approach
There are two main aspects to the question of project approach: the type of contract which is used,
which defines the responsibilities of the contractor
or contractors and the owner or his architectengineer and the bidding procedure which the owner
uses to select the contractor or combination of contractors to build the plant for him.

Figure
2-1

CONSTITUENTS OF THE PROJECT APPROACH

THE TWO M A I N CONSTITUENTS TO THE QUESTION OF
PROJECT APPROACH ARE
• TYPE OF CONTRACT
• BIDDING/CONTRACTING PROCEDURE

PROJECT APPROACH
TYPE OF CONTRACT
- TURNKEY
- SPLIT PACKAGE
- MULTI CONTRACT

I
DEFINES THE RESPONSIBILITIES BETWEEN
THE OWNER A N D THE
CONTRACTOR

1P I

11
1
1

1
1

BIDDÏNG/CONTRACTINQ
PROCEDURE
-

STANDARD BIDDING
PARALLEL BIDDING
SEQUENTIAL BIDDING
LINKED BIDS
HARMONIZED BIOS
INDEPENDENT BIDS

DEFINES THE PROCEDURE
OF HOW TO ARRIVE AT
A CHOSEN CONTRACT
TYPE

2-2
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The broad categories of contracts are Turnkey, where
a single contractor or a consortium of contractors
takes the responsibility for the whole works or at
least the largest part of them, Split Package where
this responsibility is divided between a relatively
small number of contractors each building a large
section of the plant and Multi-Contract, where the
owner or his architect-engineer assumes responsibility for engineering the station, issuing a large
number of ccitracts, mainly for plant items rather
than systems.

Figure 2-2

THE THREE FUNDAMENTAL
CONTRACT APPROACH OPTIONS

TURNKEY
CONTRACT
APPROACH

SPLIT-PACKAGE
CONTRACT
APPROACH

MULT1
CONTRACT
APPROACH

1
;§
:

•: :-:

ffl.
1 CONTRACT
PLUS POSSIBLY
OWNER'S SCOPE

•*•'•••

1

ü

•:-x*

2 - 5 CONTRACTS
PLUS OWNER'S
SCOPE

LARGE
NUMBER
OF CONTRACTS

2 - 3
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CONTRACT TYPES AND
BIDDING/CONTRACTING PROCEDURES

THERE ARE DIFFERENT BIDDING AND CONTRACTING PROCEDURES POSSIBLE TO ARRIVE AT THE PREFERRED CONTRACT TYPE
THE BIDDING AND CONTRACTING PROCEDURE MAY INFLUENCE THE COMPETITIVE SITUATION AND THE WAY OF
SOLVING INTERFACE PROBLEMS

MAIN TYPES
OF CONTRACT

TURNKEY

POSSIBLE
VARIATIONS

BIDDING/
CONTRACTING
PROCEDURE

SUPER-TURNKEY

STANOARO BIOOING

NORMAL-TURNKEY

PARALLEL BIOOIMG

QUASI-TURNKEY

SEQUENTIAL BIOOING

TWO-PACKAGES

LINKED BIDS
HARMONIZED BIDS

SPLIT-PACKAGE

• THREE-PACKAGES
INDEPENDENT BIOS
FIVE-PACKAGES

SEQUENTIAL BIDS

MULTI-CONTRACT I

The chronological sequence for specification writing, bid preparation, bid evaluation, negotiation
and harmonizing of bids and interfaces for the
various bidding and contracting procedures is shown
in Figure 2-13 at the end of Section 2.

PAS
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Definition of Packages
A nuclear power plant consists of a large number of
plant items and systems together with peripheral
works associated with its administration, security,
etc.
The nomenclature used in the literature is not
always fully consistent. In order to avoid confusion, this report will use a consistent set of terms
which is defined in Figs. 2-14 to 2-27 at the end of
this section.

2.1.3

Interfaces between Packages
The plant, equipment and civil works which go to
make up a nuclear power plant form a closely integrated whole. The interfaces between one part and
another are not only much more complex than for a
conventional plant but also have to be investigated
in much greater depth under all credible normal and
abnormal conditions to show that every potential
cause of a nuclear incident is adequately safeguarded.
The plant can be broken down into a number of
packages. The problem of interfaces then moves to
the boundaries of the packages, some of which are
more complex or more critical from the point of view
of nuclear safety or availability than others. If a
project approach is chosen which places responsibility for different packages with separate contractors, usually the owner will have the responsibility
for making sure that all interface problems are
dealt with adequately by the contractors.

2-5
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The complexity and influence on plant safety related
to the different interfaces is shown in the following table:

INTERFACES BETWEEN PACKAGES

Table 2-4

J

•THE INTERFACES BETWEEN THE PACXAGES ARE MUCH MORE
NUMEROUS AND COMPLEX THAN FOR A CONVENTIONAL PLANT
AND NEED TO BE INVESTIGATED IN MUCH GREATER DEPTH TO
SHOW THAT EVERY POTENTIAL CAUSE OF A NUCLEAR INCIDENT
IS ADEQUATELY SAFEGUARDED.

EVALUATION OF SELECTED INTERFACES

PROJECT
APPROACH

INTERFACE
OWNER'S SCOPE/
MAIN POWER
PLANT COMPLEX

COMPLEXITY

INFLUENCE
ON PLANT
SAFETY

NORMAL
TURNKEY

X

-

CIVIL WORKS/
QUASI
REMAINDER OF NPP TURNKEY

XX

X

NUCLEAR ISLAND /
TURBINE ISLAND

2 PACKAGE
CONTRACT
APPROACH

NUCLEAR LOT/
OTHER PLANT

NSSS / NSOP

XX

XX

FIVE PACKAGE
CONTRACT
APPROACH

XXX

XXX

MULTI
CONTHACT
APPROACH

XXXX*

XXXX

LEGEND:
X
XX
XXX
XXXX

RELATIVELY LOW
MEOIUM
HIGH
VERY HIGH

' VEHY COMPLEX BUT
SOMETIMES WELL
DOCUMENTED DEPENDING
ON THE REACTOR SUPPLIER

PAS
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2.2.1

Types of Turnkey Contracts

2.2.1.1

General

MEZ

The term "Turnkey" is used in this report to describe contracting procedures in which a single contractor who may be a single company or a consortium
of companies enters into a single contract and takes
on the overall responsibility to design, supply,
construct and set to work all the plant of a nuclear
power station within a contractually defined cost
and time limit. Strictly interpreted, the single
contract should also cover the civil works, but
since the characteristics of the so-called "QuasiTurnkey" contract from which the civil works are
excluded are in many ways similar to those of turnkey contracts it will be considered as falling in
the same group. The various types of contract will
first be defined and then alternative bidding procedures which can be used. Comments on advantages and
disadvantages will only be made at this stage insofar as they explain why the alternatives were
evolved.
The nuclear fuel can be dealt with in the same contract or in a separate, but associated contract. The
latter way has been more usually applied due to the
difference in duration of the plant and fuel contract.
2.2.1.2

Sueer_Turnkey. (Fig. 2-5)
This term is used when a single contract is placed
covering the whole nuclear power plant. It also usually implies minimum involvement on the part of the
owner in influencing or approving design so that the
whole responsibility for the success of the project
is placed upon the contractor. This approach is particularly suitable for utitilies with little technical strength in the nuclear field.

FIGURE

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS
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PROJECT APPROACH STUDY FOR NUCLEAR POWER PLANTS

SUPER TURNKEY
CONTRACT APPROACH

ONE SINGLE CONTRACT IS PLACED COVERING
THE WHOLE NUCLEAR POWER PLANT
(NO OWNER'S SCOPE)

SPECIAL FEATURES OF THE SUPER TUNKEY CONTRACT APPROACH:

DAT: Oc/-. 0£

•

MAXIMUM RESPONSIBILITIES AND RISKS ON CONTRACTOR'S SIDE

•

HIGH BID PRICES

•

LITTLE OR NO POSSIBILITIES FOR OWNER TO INFLUENCE DESIGN

•

BEST OVERALL GUARANTEES

•

LIMITED INVOLVEMENT OF OWNER'S ENGINEERING CAPACITY

•

NO INTERFACE PROBLEMS

•

NO INFLUENCE ON INVOLVEMENT OF LOCAL RESOURCES UNLESS
SETTLED 3EFORE CONTRACT AWARD

•

LIMITED TRANSFER OF KNOW HOW UNLESS SETTLED BEFORE
CONTRACT AWARD

NR:

MOTOR COLUMBUS

PAS
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Normal_Turnkg2 (Figure 2-6)
This term is used to describe a contract placed for
the main power plant complex. It is usual for owners
with nuclear experience or greater competence in
conventional power stations to wish to influence and
approve the design of the plant to a greater extent
than for the super turnkey contracts as well as
taking full responsibility for the owner's scope
themselves. The owner's scope can, however/ differ
substantially, depending on the engineering capability within the utility (see Section 6 ) . This approach means a closer involvement of the owner in
the detailed engineering of the station and increased local participation in the owner's scope.

2.2.1.4

Qy§sirTaEQkgx (Figure 2-7)
The civil contract can be separated from what would
otherwise be a normal turnkey contract. Usually, the
turnkey contractor will, however, remain responsible
for the layout and basic civil engineering of the
station design. The detailed civil engineering
design would in such a case be carried out by the
owner or his architect-engineer or could even be
carried out by the civil contractor who will be
responsible for the construction of the station.
Clearly, this approach increases the owner's involvement in the project and means that there is no
longer a single contractor with overall technical
responsibility for the whole project.

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS

FIGURE
2-6

PROJECT APPROACH STUDY FOR NUCLEAR POWER PLANTS

NORMAL TURNKEY
CONTRACT APPROACH

ONE CONTRACT IS PLACED FOR THE MAIN POWER
PLANT COMPLEX

1
1

NUCLEAR BOP

1—1

OWNER'S
NSSS

CIVIL jwowè

ZlJ

;'*Hf~ >jSCOPE

SPECIAL FEATURES OF NORMAL TURNKEY CONTRACT APPROACH:
•

GOOD UTILISATION OF OWNERS ENGINEERING CAPACITY FOR OWNER'S
SCOPE

•

LITTLE INFLUENCE ON DESIGN OF MAIN POWER PLANT COMPLEX

•

RESPONSIBILITIES ANii RISKS FOR ALL VITAL PLANT SYSTEMS STILL ON
CON! FACTOR'S SIDE

•

INFLUENCE ON INVOLVEMENT OF LOCAL RESOURCES FOR OWNER'S SCOPE

•

TRANSFER OF KNOW HOW FOR NUCLEAR SYSTEMS SMALL
IF NO SPECIAL ARRANGEMENTS ARE MADE IN THE CONTRACT

NOTE:

DAT:

VIS:

THE OWNER'S SCOPE CAN DIFFER SUBSTANTIALLY DEPENDING
ON THE OWNER'S OBJECTIVES AND ENGINEERING CAPABILITY

NR:

MOTOR COLUMBUS

FIGURE

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS
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PROJECT APPROACH STUDY FOR NUCLEAR POWER PLANTS

QUASI TURNKEY
CONTRACT APPROACH

THE CIVIL CONTRACT IS SEPARATED FROM WHAT WOULD
OTHERWISE BE A NORMAL TURNKEY CONTRACT

SPECIAL FEATURES OF QUASI TURNKEY CONTRACT APPROACH:

DAT: Ot/t

•

INCREASED OWNER'S INVOLVEMENT IN THE PROJECT, USUALLY WITH
RESPONSIBILITY FOR CIVIL DESIGN, INTERFACES BETWEEN CIVIL AND
THE ELECTROMECHANICAL EQUIPMENT AS WELL AS THE COORDINATION
BETWEEN THE TURNKEY AND THE CIVIL CONTRACTOR

•

AVOIDS HIGH CIVIL CONTINGENCIES

•

RESPONSIBILITY AND RISK FOR PLANT FUNCTION AND PERFORMANCE
STILL ON CONTRACTOR'S SIDE

•

RESPONSIBILITY OF OWNER EXTENDED ON CIVIL PART AND RELEVANT
INTERFACES

VIS:

NR:

MOTOR COLUMBUS
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2.2.2

Bidding and Contracting Procedure

2.2.2.1

General

MEZ

The bidding and contracting procedure for getting to
a turnkey contract can have major effects on some of
the features of such contracts in particular as far
as the competitive situation and the team-up of
reactor and turbine supplier or the turnkey supplier
and civil contractor is concerned. The bidding procedures for turnkey contracts which have been considered in this project approach study are described
in the following (see also Fig. 2-13).
2.2.2.1

Normal_Bidding
The normal procedure for bidding for a turnkey plant
is for a reactor vendor to get together with a turbine vendor/ sometimes from within their own firm or
group, and a civil contractor to submit a firm price
bid for the complete nuclear power plant.
Some of the problems associated with the civil works
were outlined in the previous section. A further
problem that concerns some utilities is that with
the normal bidding procedure only limited possibilities exist to influence the way reactor vendors and
turbine suppliers team up. Difficulties also arise
when the number of potential reactor vendors is different from the number of potential turbine vendors. Experience has shown that it is not a good
thing to have turbine vendors participate in more
than one project. On the other hand, it is detrimental to the project if a potential reactor vendor
does not find a suitable partner or has to team up
with a nonpreferred turbine vendor. The main
disadvantages of this normal bidding procedure are
thus
- combination of reactor and turbine vendor might
not give the best technical solution;
- competitive situation is restricted and potential
vendors might be excluded.
Bidding procedures are available which can overcome
these disadvantages without departing from the principles of a turnkey contract. Some of these will now
be described, comments on their advantages and disadvantages being made later in the report.

PAS
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Paraliel_Bidding
Under this procedure, separate bids are received
from the reactor vendor for a nuclear island and
from the turbine vendor for a turbine island. Since
it is not normally a good thing to have two civil
contractors on a single site working in close proximity with one another, it is probably best to have
bids for quasi-islands and to select the civil contractor for the turnkey contract at a later time as
described in the next section. When the assessment
of the various bids has been completed, the favored
contractors are asked to get together to harmonize
their bids at the interface and then to submit a new
combined bid for a turnkey or quasi-turnkey contract
as desired with a justification for any discrepancy
which will undoubtedly occur between the new price
and the sum of the prices originally quoted. The
bidders will of course have to be warned in the bid
specification that this procedure will be followed.

2.2.2.4

Seguential_Bidding
This approach recognizes the fact that the reactor
is more complex than the turbine and that interface
requirements, electrical and control system design,
etc., tend to be dominated by reactor rather than
turbine requirements. Bids are therefore invited
from reactor vendors, either alone or in conjunction
with architect engineers.
Bid evaluation, will proceed in the usual way until
negotiations with the favored bidder reach the
letter of intent stage. The successful bidder will
then invite bids for the supply and erection of the
turbogenerator and for the civil design and construction. These bid specifications will be prepared
by the owner and adjusted by the reactor vendor to
suit his design.
The turbine and civil bids will be assessed jointly
by the original bidder and the owner and letters of
intent issued by the former to bidders acceptable to
both parties.
At this stage the successful turnkey bidder should
form a consortium to build the station with the turbine supplier and the civil contractor.

PAS
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2.3

SPLIT-PACKAGE APPROACHES

2.3.1

Types of Split-Package Approaches

2.3.1.1

General
The term "Package" is used in this report to describe a functionally complete part of a nuclear
power plant for which a single contractor takes
overall responsibility to design, supply, construct
and set to work. The split-package approach has been
applied to a great extent for the construction of
conventional thermal power stations in Europe but
until now not so much for nuclear power stations due
to the complexity of these stations. A country where
the split-package approach has been widely applied
for nuclear power plants is Sweden. This approach,
however, takes more and more interest in the various
countries in Europe and is therefore dealt with to
some extent.
Basically, the following alternatives can be distinguished :
• two-package approach
• three-package approach
• five-package approach

2.3.1.2

The_Twg-Package_AEErgach

(Fig. 2-8)

Under this approach, the two main contracts (excluding the owner's scope) are for a nuclear island and
a turbine island. By dividing the main plant into
two packages, a higher degree of competition and
technical choice can be effected. This approach has,
however, two main difficulties. One is the problem
of harmonizing the interfaces. Various ways of getting the bidders to do this themselves are discussed
in Section 2.3.2 under the heading of bidding procedures. The other problem arises from the problems of
having two civil contractors close to one another.
This can be avoided if each bidder is asked to select his civil contractor later by sequential bidding technique. The bidding for the civil works can
then be arranged so as to choose a single civil contractor for both halves of the station.

FIGURE
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TWO PACKAGE
CONTRACT APPROACH

•THE TWO MAIN CONTRACTS COVER (EXCLUDING THE OWNER'S
SCOPE) THE NUCLEAR ISLAND AND THE TURBINE ISLAND

TURBINEGENERATOR
GROUP

SPECIAL FEATURES OF TWO PACKAGE CONTRACT APPROACH:

DAT

BS

•

HIGHER DEGREE OF COMPETITION AND TECHNICAL CHOICE
THAN WITH A TURNKEY CONTRACT APPROACH

•

INTERFACES VERY COMPLEX

•

INCREASED RESPONSIBILITY OF THE OWNER

•

PROBLEM OF HAVING TWO CIVIL CONTRACTORS CLOSE TO ONE
ANOTHER (IF THE CIVIL CONTRACTOR IS NOT SELECTED LATER
BY A SEQUENTIAL BIDDING)

NR:

MOTOR COLUMBUS

PAS
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The Three-Package .Approach (Fig. 2-9)
This approach separates the civil works from both
the nuclear and turbine islands and makes them a
separate contract placed directly by the owner. This
approach has, apart from the problem related to
civil work, the same positive and negative features
of the two-package approach, i.e. it does not ease
the problems associated with the interface between
reactor and turbine unless a bidding procedure is
chosen which makes the bidders take responsibility
for this. For this reason, it may in fact be better
to move to a five-package approach.

FIGURE
2-9
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THREE PACKAGE
CONTRACT APPROACH

• THIS APPROACH SEPARATES THE CIVIL WORKS FROM BOTH THE
NUCLEAR AND TURBINF 'SLANDS AND MAKES THEM A SEPARATE
CONTRACT PLACED DIRECTLY BY THE OWNER

TURBINEGENERATOR
GROUP

SPECIAL FEATURES OF THREE PACKAGE CONTRACT APPROACH:

DAT: O^f

•

HIGHER DEGREE OF COMPETITION AND TECHNICAL CHOICE THAN
WITH A TURNKEY CONTRACT APPROACH

•

INTERFACES BETWEEN THE PACKAGES VERY COMPLEX AND WORK
EXTENSIVE

•

INCREASED RESPONSIBILITY AND WORK LOAD OF THE OWNER

•

STRONG PROJECT MANAGEMENT NOT WELL ASSURED

NR:

MOTOR COLUMBUS
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The Five-Package Approach (Fig. 2-10)
In this approach, the problems associated with the
matching of the interface between the nuclear island
and thermal island is reduced by the owner taking
direct responsibility for much of the mechanical and
electrical equipment which links them. The initial
bidding is then for nuclear and thermal lots each
with reduced extents of supply compared with the
corresponding island but including responsibility
for the layout and system engineering of all main
systems within the island. When the two main plant
contractors have been chosen, the owner (or his
architect-engineer) issues appropriate bid invitations for civil, mechanical and electrical lots to
complete the power plant. In practice, the electrical and mechanical lots may be made as a number
of separate contracts over an extended period of
time.
The simplification of interfaces can be taken
iurther by enlarging the nuclear lot so that it includes nearly all the equipment needed to ensure
reactor safety. The nuclear lot then becomes a
nuclear island (less civil). This is in principle
the method often used in Sweden.

2.3.2

Bidding and Contracting Procedures

2.3.2.1
As for turnkey contracts, although to a lesser extent, the bidding and contracting procedure for
getting to the contracts for the different packages
can have major effects on some of the features of
this approach in particular as far as the interfaces
and the selection of the civil contractor are concerned. The bidding procedures which have been considered for the split-package approach are described
in the following (see also Figure 2-13).
2.3.2.2

Link.ed_Bids
Under the split-package types of contract, the
interface problems represent a risk to the owner of
extra costs and delay. One way to avoid this while

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS
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FIVE PACKAGE
CONTRACT APPROACH

•THE FIVE MAIN CONTRACTS (EXCLUDING THE OWNER'S SCOPE):
•

NUCLEAR LOT (NSSS + NBOP)

•

TURBINE GENERATOR GROUP

•

MECHANICAL LOT

•
•

ELECTRICAL LOT
CIVIL WORKS

OWNER'S

WORKS

fcLJ
SCOPE

SPECIAL FEATURES OF FIVE PACKAGE CONTRACT APPROACH:

DAT:

•

HIGHER DEGREE OF COMPETITION

•

INTERFACES COMPLEX AND WORK EXTENSIVE BUT REDUCED
BETWEEN THE NUCLEAR AND THE TURBINE ISLAND

•

HIGH RESPONSIBILITY AND WORK LOAD FOR THE OWNER

•

HIGH DEGREE OF INFLUENCE ON TECHNICAL CHOICE BY THE OWNER

8S

VIS:

NR:

MOTOR COLUMBUS
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keeping separate contracts is to invite linked bids
for the nuclear island and the turbine island. Under
this scheme, pairs of reactor and turbine venders
are asked to submit bids for their respective
islands where the interface problems have been
considered before the bids were submitted.
2.3.2.3

Independent _Bids_harinonized_b2_ Vendor s
Under this proposal, the reactor and turbine vendors
will submit independent bids in response to an enquiry which specifies the interface. When the favored bidders have been identified, instead of asking
them to form a consortium, they are asked merely to
harmonize their interfaces.

2.3.2.4

Indep.endent_Bids

(Owner-Engineered)

TJiis is the most normal type of split-package
approach and the one where the owner really starts
to take responsibility for many aspects of the
design of the station. Bidding is similar to that
described in the previous section but the owner
takes it upon himself to negotiate any necessary
amendments to the interface directly with each
bidder. He may find this a much easier job if he
himself places separate contracts for some of the
auxiliary mechanical and ^lectrical equipment linking the two halves of the station, thus changing the
approach into the five-package one.
2.3.2.5

Seguential_Bidding
If time permits, a sequential bidding procedure can
be utilized for the split-package approaches. In
this case, bids will first be invited and assessed
for the nuclear island (with or without civil works)
or nuclear lot. The bid specification for the turbine island or thermal lot can then be issued with
much better defined interfaces. Bid evaluation of
the nuclear lot or nuclear island is, however, complicated by the lack of a firm design or price for
the turbine island.

PAS
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(Fig. 2-11)

The multi-contract approach is now the normal way of
contracting in the USA and is also being adopted in
France, Spain, Belgium and some other countries.
Under this approach the owner, or more usually his
architect-engineer invites bids for an NSSS and turbine, selects the preferred bids, places contracts
and then designs the balance of plant around this
equipment. He will produce a very large part of the
safety report and supervise construction, usually
erecting the plant himself. This option clearly
gives the maximum opportunity to the owner to select
the plant which suits him and to influence the
design as he would wish. It also gives him, if his
architect-engineer is a good one, the best chance of
having a minimum cost plant. On the other hand, it
gives him or his architect-engineer the maximum
amount of work and responsibility and the minimum
protection if things go wrong, and the station is
late or does not behave well.

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS
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MULTI CONTRACT APPROACH

THE OWNER OR HIS ARCHITECT ENGINEER ASSUMES
RESPONSIBILITY FOR ENGINEERING THE NUCLEAR POWER
PLANT, ISSUING A LARGE NUMBER OF CONTRACTS,
MAINLY FOR PLANT COMPONENTS RATHER THAN SYSTEMS

MAIN CHARACTERISTICS:

DAT: Oc/.

•

MAXIMUM OPPORTUNITY TO SELECT THE PLANT AND INFLUENCE DESIGN

•

POSSIBLE LOW INITIAL OVERALL COSTS BUT WITH HIGHER RISKS TO
EXCEED COSTS AND SCHED'JLE

•

MAXIMUM OPPORTUNITY TO INVOLVE LOCAL ENGINEERING AND MANUFACTURING CAPACITIES

•

MAXIMUM OPPORTUNITY TO BUILD UP NUCLEAR KNOW HOW WITHIN
OWNER, INDUSTRY, ENGINEERING COMPANIES

•

OWNER TO BEAR OVERALL RESPONSIBILITY AND ALL RELATED RISKS

•

HIGH DEMAND FOR ENGINEERING CAPACITY WITH NUCLEAR EXPERIENCE
ON OWNER'S PART

•

HIGH EFFORTS FOR LICENSING

NR:

MOTOR COLUMBUS
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PROJECT APPROACH IN SELECTED COUNTRIES
From an examination of the international scene, it
is apparent that various types of project approach
have been tried or considered. In some cases, traditional attitudes have influenced contracting procedures, whereas in other cases political and/or financial factors have dictated project approach strategies. For the present purpose, the review of project
approach history and trends is limited to a selected
number of countries.

Figure

2-12

PROJECT APPROACH
IN SELECTED COUNTRIES

• COUNTRIES WITH SMALLER NUCLEAR POWER PROGRAMS
RATHER BASE THEIR PROJECTS ON TURNKEY APPROACHES

COUNTRIES

PROJECT APROACH FOR COMMERCIAL
LWR NUCLEAR POWER PLANTS
SPLIT
PACKAGE

COUNTRIES WITH
RELATIVELY MODEST
NUCLEAR PROGRAM
- AUSTRIA
- FINLAND
- ITALY
-

NETHERLANDS

- SWITZERLAND

COUNTRIES WITH
MAJOR NUCLEAR
PROGRAM
- BELGIUM
~
-

FRANCE
GERMANY
JAPAN
SPAIN

- SWEDEN
- USA

NB NUCLEAR POWER PLANTS WITH OUTPUT LESS THAN 100 MW ARE NOT
CONSIDERED IN THIS GRAPH

MULT I
CONTRACT
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BIDDING AND CONTRACTING PROCEDURES
THE BIDDING AND CONTRACTING PROCEDURE FOR GETTING TO
A CHOSEN CONTRACT TYPE HAS MAJOR EFFECTS CONCERNING
• COMPETITIVE SITUATION
• PREFERRED TEAM-UP OF REACTOR AND TURBINE SUPPLIER
•
RESPONSIBILITIES FOR INTERFACES

BIDDING . CONTRACTING CONTRACT RESPON
APPROACH SIBILITY
PROCEDURE
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THE LENGTH OF THE BARS DO NOT REFLECT THE REAL TIME REQUIRED

DAT:OCT. 85

VIS:

NR:

MOTOR COLUMBUS
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NUCLEAR POWER PUNT

•THIS TERM IS TAKEN TO APPLY TO THE WHOLE
PLANT

ELECTRICAL LOT
MECHANICAL LOT
\
1
NUCLEAR BOP
TURBiNE-

r~

1
I

NSSS

1

GENERATOR
GROUP

CIVIL J WORKS

1

i

i

1 OWNER'S
1
; SCOPE

PRINCIPLE SCOPE OF THE NUCLEAR POWER PLANT:

DAT:

•

REACTOR PLANT (NSSS/NBOP)

•

TURBINE GENERATOR PLANT

•

ALL MECHANICAL AND ELECTRICAL
AUXILIARY EQUIPMENT

•

MAIN AND AUXILIARY BUILDINGS
AND SERVICES

NR:

MOTOR COLUMBUS
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THE OWNER'S SCOPE REFERS TO THE PERIPHERAL
PLANT AND WORKS WHICH ARE OFTEN EXCLUDED
FORM A TURNKEY CONTRACT

TURBINEGENERATOR
GROUP

THE OWNER'S SCOPE USUALLY INCLUDES:
•

LAND, SITE PREPARATION

•

PART OF YARDWORK

•

GATEHOUSE AND FENCE

•

ADMINISTRATION BUILDING, WORKSHOP AND STORES

•

MAIN COOLING WATER SYSTEM EXTERNAL TO THE
TURBINEHOUSE

•

SWITCHYARD

•

POSSIBLY MAIN TRANSFORMERS

THE EXTENT OF THE OWNER'S SCOPE MAY VARY
P'^ENDING ON LOCAL CONDITIONS

DAT: 0cA

vis:

NR:

MOTOR COLUMBUS
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MAIN POWER PUNT COMPLEX

THIS TERM IS TAKEN TO REFER TO THE WHOLE
NUCLEAR POWER PLANT EXCEPT THE OWNER'S
SCOPE

ELECTRICAL LOT
MECHANICAL LOT
NUCLEAR BOP
NSSS

1

TURBINEGENERATOR
GROUP
CIVILIWORKS

OWNER'S

-1 I
SCOPE

THE MAIN POWER PLANT COMPLEX ESSENTIALLY INCLUDES:

DAT:

•

REACTOR AND TURBINE - GENERATOR PLANT

•

ASSOCIATED AUXILIARY PLANT EQUIPMENT AND BUILDINGS

NR:

MOTOR COLUMBUS

FIGURE
2-17

MINISTRY OF ECONOMIC AFFAIRS, NETHERLANDS
PROJECT APPROACH STUDY FOR NUCLEAR POWER PLANTS

NUCLEAR ISLAND

THE NUCLEAR ISLAND INCLUDES THE REACTOR
AND ALL ASSOCIATED MECHANICAL AND
ELECTRICAL AUXILIARY EQUIPMENT AND THE
BUILDINGS IN WHICH ALL OF THIS IS HOUSED

r

ELECTRICAL LOT
| MECHANICAL LOT

It
NUCLEAR BOP
NSSS

.1
TURBINEGENERATOR
GROUP
CIVIL? WORKS

|

1

1

1OWNER'S
1- 1
|
SCOPE

THE NUCLEAR ISLAND IS MAINLY MADE UP OF

DAT

SS

•

NUCLEAR STEAM SUPPLY SYSTEM WITH:
- REACTOR AND
- PRIMARY COOLING CIRCUITS

•

BALANCE OF NUCLEAR ISLAND WITH:
- NUCLEAR AUXILIARY AND SAFETY SYSTEMS AND
- ALL ITS OTHER MECHANICAL AND ELECTRICAL
EQUIPMENT

•

REACTOR BUILDING

NR:

MOTOR COLUMBUS
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NUCLEAR STEAM SUPPLY SYSTEM

THE NUCLEAR STEAM SUPPLY SYSTEM OR NSSS
IS THE HEART OF THE NUCLEAR POWER PLANT.

ELECTRICAL LOT
MECHANICAL LOT
NUCLEAR BOP
NSSS

III

TURBINEGENERATOR
GROUP

CIVILJWORKS

r
lOWNER'S

SCOPE

THE NUCLEAR STEAM SUPPLY SYSTEM IS COMPRISED OF:

DAT:

•

REACTOR ITSELF

•

THE PRIMARY COOLING CIRCUITS

•

SAFETY RELEVANT AND CLOSELY RELATED MECHANICAL
AND CONTROL EQUIPMENT.

NR:

MOTOR COLUMBUS
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NUCLEAR BALANCE OF PLANT
(NBOP)

THIS PACKAGE INCLUDES THE REMAINDER OF THE
REACTOR EQUIPMENT ASSOCIATED WITH THE NSSS

TURBINEGENERATOR
GROUP

TYPICAL ITEMS BEING:
•

REACTOR AUXILIARY SYSTEMS (E.G. REACTOR BORON
AND WATER MAKE-UP SYSTEM; FUEL HANDLING AND
STORAGE SYSTEM)

•

WASTE TREATMENT AND DISCHARGE SYSTEM

•

NUCLEAR AUXILIARY COOLING WATER SYSTEM

•

NUCLEAR VENTILATION SYSTEMS

THE SCOPE MAY VARY FROM PROJECT TO PROJECT

DAT. Oct.

VIS:

NR:

MOTOR COLUMBUS
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BALANCE OF NUCLEAR ISLAND
(BOND

THIS PACKAGE HAS A WIDER SCOPE COMPARED WITH
THE NUCLEAR BALANCE OF PLANT AND INCLUDES
OTHER RELATED MECHANICAL / ELECTRICAL SYSTEMS
OR EQUIPMENT

TURBINEGENERATOR
GROUP

THIS ITEM MAY TYPICALLY INCLUDE THE FOLLOWING ITEMS
BESIDES NUCLEAR BALANCE OF PLANT ITEMS

DAT'.

•

CRANES LIFTING EQUIPMENT

•

VENTILATION EQUIPMENT

•

COMPRESSED AIR SERVICES

•

ALL OTHER MECHANICAL/ELECTRICAL EQUIPMENT
IN THE REACTOR ISLAND EXCEPT FOR THE NSSS ITSELF.

NR:

MOTOR COLUMBUS
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NUCLEAR LOT

I

•THIS TERM IS USED TO COVER THE NUCLEAR STEAM
SUPPLY SYSTEM PLUS THE NUCLEAR BALANCE OF
PLANT, I.E. THE WHOLE OF THE SPECIFICALLY
NUCLEAR PACKAGE WITHIN THE NUCLEAR ISLAND.

TURBINEGENERATOR
GROUP

THE SCOPE OF THE NUCLEAR LOT TYPICALLY INCLUDES

DAT: ö c / . 8*3

•

REACTOR

•

PRIMARY COOLING CIRCUITS

•

NUCLEAR AUXILIARY AND SAFETY SYSTEMS

NR:

MOTOR COLUMBUS
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TURBINE GENERATOR GROUP
(THERMAL LOT)

THE TURBINE GENERATOR GROUP INCLUDES THE
TURBOGENERATOR ITSELF PLUS ITS CLOSELY
ASSOCIATED AUXILIARIES

TURBINEGENERATOR
GROUP

PRINCIPLE SCOPE OF THE TURBINE GENERATOR GROUP:

DAT:

•

TURBINE AND GENERATOR

•

CONDENSER AND PREHEATING PLANT

•

WATER SEPARATOR AND REHEATER

•

A WIDER SCOPE OF THE TURBINE GENERATOR GROUP
INCLUDING FEEDPUMP, CONDENSATE POLISHING PLANT
AND THE OFF-GAS SYSTEM MAY ALSO BE REFERRED
TO AS THERMAL LOT

NR:

MOTOR COLUMBUS
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TURBINE ISLAND

THE TURBINE ISLAND CONSISTS OF THE TURBINE
GENERATOR PLANT AND ITS BUILDING

TURB1NEGSNERATOR
GROUP

CIVIL WORKS

.OWNER'S

SCOPE

THE SCOPE OF THE TURBINE ISLAND INCLUDES:

DAT: OcA 85

•

TURBINE GENERATOR GROUP WITH:
STEAM TURBINE AND GENERATOR SET AND
ASSOCIATED EQUIPMENT

•

BALANCE OF TURBINE ISLAND WITH CONVENTIONAL
AND ELECTRICAL EQUIPMENT

•

TURBINE BUILDING

NR:

MOTOR COLUMBUS
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BALANCE OF TURBINE ISLAND

THIS TERM REFERS TO THE MECHANICAL AND
ELECTRICAL EQUIPMENT IN THE TURBINE ISLAND
WHICH IS NOT INCLUDED WITHIN THE TURBINE
GENERATOR GROUP

TURBINEGENERATOR
GROUP

TYPICAL ITEMS BEING:
•

CLOSED COOLIMG WATER SYSTEM

•

CRANES AND HOISTS

•

VENTILATING SYSTEM

•

COMPRESSED AIR AND SERVICE WATER SYSTEM
WITHIN THE TURBINE ISLAND

THE SCOPE MAY VARY FROM PROJECT TO PROJECT
DEPENDING ON THE EXTENT OF THE OWNER'S SCOPE

DAT:

vis.

NR:

MOTOR COLUMBUS
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CIVIL WORKS

THIS TERIV REFERS TO THE BUILDINGS, STRUCTURES
AND ALL OTHER CIVIL WORKS

r

ELECTRICAL LOT
MECHANICAL LOT
1
1
1
NUCLEAR BOP

TURBINEGENERATOR
GROUP

NSSS

|[ 1
1
1[OWNER'S
1

CIVILJWORKS

SCOPE

THE CIVIL WORKS INCLUDE:
•

SITE PREPARATION

•

INFRASTRUCTURE ON AND AROUND SITE

•

REACTOR AND TURBINE BUILDING

•

ELECTRICAL AND PLANT AUXILIARY BUILDINGS

•

COOLING WATER STRUCTURES

•

ADMINISTRATION-AND SOCIAL-BUILDINGS

THE RESPONSIBILITY FOR THE CIVIL WORKS MAY BE
SPLIT BETWEEN THE OWNER AND THE CONTRACTOR(S)
DEPENDING ON THE CONTRACT APPROACH CHOSEN.

DAT: OcA

VIS:

NR:

MOTOR COLUMBUS
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THE TERM MECHANICAL LOT REFERS TO ALL
MECHANICAL SYSTEMS IN THE MAIN POWER PLANT
COMPLEX WHICH SERVE BOTH THE NUCLEAR AND
TURBINE ISLAND
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THE MECHANICAL LOT MAY INCLUDE:
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•

CONVENTIONAL AUXILIARY COOLING WATER SYSTEMS

•

DEMINERALIZED MAKE UP WATER PLANT

•

COMPRESSED AIR SYSTEMS

•

SAMPLING SYSTEMS

•

FIRE FIGHTING SYSTEMS
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ELECTRICAL LOT

THE ELECTRICAL LOT REFERS TO ALL THE
ELECTRICAL EQUIPMENT WHICH IS NOT AN
INTEGRAL PART OF THE NUCLEAR OR THERMAL
LOTS AND WHICH SERVE BOTH LOTS

TURBINEGENERATOR
GROUP
CIVIL WORKS

OWNER'S

•LI
SCOPE

THE ELECTRICAL LOT USUALLY INCLUDES:

DAT:

•

ALL AUXILIARY POWER DISTRIBUTION SWITCHGEAR

•

CABLING

•

COMMUNICATION AND ALARM SYSTEMS

•

MAIN CONTROL ROOM

•

CONTROL GEAR NOT INCLUDED IN NUCLEAR OR THERMAL LOT

•

LIGHTING

VIS:

NR:

MOTOR COLUMBUS
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UTILITY FACTORS AND CONSIDERATIONS

3 .1

GENERAL
This section of the report will discuss the interrelations between the various project approaches and
the owner. In Section 3.3, economic and commercial
factors are considered, the main points being the
effect of the project approach on the budgeted cost
of the project, the risk that this cost will be
exceeded or that the plant will be late (which can
have an even more significant effect on cost) and
the extent to which these risks can be minimized by
asking for warranties or guarantees from suppliers.
Section 3.4 is a step-by-step examination of the
impact of project approach on the work to be carried
out from the time the bid specification is written
until the station is commissioned. Section 3.5 will
then summarize the workload requirements of the different approaches in terms of the management and
engineering requirements of the owner's organization
and the requirements for assistance from a consultant or architect-engineer. The overall effect on
project time schedules will also be discussed.
From this section conclusions can be drawn about the
suitability of the various project approaches for
the future owner, taking into consideration the present situation on the utility side with regard to
project approach.
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UTILITY FACTORS RELEVANT
FOR PROJECT APPROACH

THE ORGANISATION OF THE OWNER, HIS NUCLEAR KNOW
HOW AND HIS ENGINEERING CAPACITY AS WELL AS HIS
PREFERENCES AND ATTITUDES TOWARDS RISKS AND OWN
INVOLVEMENT CONCERNING PROJECT PLANNING AND
IMPLEMENTATION TAKE A DECISIVE ROLE FOR THE
SELECTION OF THE MOST SUITABLE PROJECT APPROACH.

THE PRESENT POTCH SITUATION I S CHARACTERIZED BY:
•

Low generating costs i s the main objective

• A nuclear power plant project of 900 to 1,300 M
W i s much
larger and more complex than any of the past projects for
conventional and nuclear power plants
9 Nuclear know-how and nuclear engineering capacity i s limited
and fragmented within different organizations
• Nuclear operating experience i s available
• The performance of the two existing nulcear power plants in
the Netherlands i s very good
•

Since 15 years no nuclear power plant has been built in the
Netherlands

• Comprehensive experience with contract management for
conventional power plants i s available
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ORGANIZATION AND EXPERIENCE OF THE OWNER
The organization of the future owner is not yet
fully defined. Among the various interviews recently
conducted with some utilities, the Ministry of
Economic Affairs, banks and representatives of the
Dutch industry, it seems that the future owner will
consist of a group of southern utilities with a
possible participation of SEP and some other
utilities.
The nuclear know-how and nuclear engineering
capacity - compared to the requirements of a large
nuclear project - is rather small and fragmented
within the different utility organizations. Nuclear
operating experience is partly available.
The present organization of the utilities and some
general assumptions regarding organization of the
future nuclear power plant owner is shown in the
following Figure 3-2.

Figure
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PRESENT ORGANISATION OF DUTCH UTILITIES AND ASSUMPTIONS
REGARDING ORGANISATION OF FUTURE NUCLEAR POWER PLANT OWNER

DUTCH ELECTRICITY PRODUCTION IS COVERED BY
11 UTILITIES AND THE DISTRIBUTION IS MANAGED
BY SEP

EGD:

Elektriciteitsbedrijf voor
Groningen en Drenthe,
Groningen
PEB:
Provinciaal Electriciteitsbedrijf in Friesland
Leeuwarden
IJC:
N.V. ElactriciteitsMaatschappij IJsselcentrale. Zwolle
PGEM:
N.V. Provinciale
Gelderse Elektriciteitsmaatschappij, Arnhem
P6GUS:
N.V. Provinciaal en
Gemeentelijk Utrechts
Stroomit veringsbedri jf.
Utrecht
PEN:
Provinciaal Electriciteitsbednjf van NoordHolland. Sloemendaal
AMSTERDAM: Gemeente Energiebedrijf Amsterdam
EZH:
N.V. Electricinitibcdrijf
Zuid-Holl3nd,
's-Gravenhag*
Hierin werken samen
alle produktiebedrijvvn
in Zutd-Holland
PZEM:
N.V. Provinciale Zeeuwse
Energie-Maatschappij,
Middelburg
PN6M:
N.V. Provinciale Noordbrabantse Elektriciteit!Maatschappij.
's-Hertagenbosch
PL6M:
N.V. Provinciale Limburgse ElektriciteitsMaatschappij.
Maastricht
SEP:
N.V. Samenwerkende
Elektriciteits-Produktiebedrijven. Arnhem

/

y

j

c

(^j-^PZEM/

ASSUMPTIONS REGARDING ORGANISATION OF FUTURE NUCLEAR POWER
PLANT OWNER:
• POOLING OF ENGINEERING RESOURCES IN A SINGLE ORGANISATION IN
ORDER TO ENSURE BEST USE OF AVAILABLE KNOW HOW AS WELL AS
A COMMON APPROACH FOR THE PLANNING AND CONSTRUCTION OF
THE NEXT NUCLEAR POWER PLANT UNITS IN THE NETHERLANDS
• BROAD PARTICIPATION OF UTILITIES IN INDIVIDUAL PROJECTS TO
ENSURE FINANCING Ai"D GOVERNMENTAL BACKING

3-5
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3.3

ECONOMIC AND COMMERCIAL FACTORS

3.3.1

General
The project approach can indirectly influence the
economy of a nuclear power plant over the factors
which determine the project costs and the availability.

INFLUENCE OF PROJECT APPROACH
ON ECONOMY OF POWER PLANT

Figure 3-3

THE GENERATING COSTS EXPRESSING THE ECONOMY OF
A NUCLEAR POWER PLANT ARE MAINLY INFLUENCED BY
« PROJECT COSTS
• AVAILABILITY

•
•
•
•
•

BIO PRICES
COST RISKS
SCHEDULE RISK
CASH FLOW DISTRIBUTION
PROJECT MANAGEMENT

- DEGREE Of STANDARD AND
PROVEN PLANT DESIGN
- GUARANTEES

ECONOMY
OF
NUCLEAR POWER PLANT
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Capital Costs
The bid prices, the costs and schedule risks
associated with the different project approaches
have a great influence on the final capital costs.
Experience from the past may lead to the following
conclusions:
- A turnkey project may initially start with higher
costs than a nonturnkey project, mainly due to the
fact that the turnkey supplier needs to include in
his bid relatively high contingencies to cover
himself to a great extent for the risks when assuming overall responsibility for the turnkey
scope.
- Therefore, it is reasonable to assume that any
deviation from the turnkey approach is likely to
lead to a reduced initial estimate of capital
cost, the magnitude being mainly dependent on the
characteristics of specific project and the market
conditions prevalent at the time. Whether this
will be reflected in a lower final cost is less
certain.
- With the turnkey approach, the risk of cost overrun is a minimum because of the firm price contract with good guarantees. Hence, the owner runs
a minimum of risk with this approach.
- The nonturnkey approach minimizes the supplier's
contingencies. The risk of real cost overrun is
probably no higher than with any other approach,
but any overrun will be all to the owner's
account. Nowadays, the cost overrun should be less
than a cautious turnkey contractor's contingency
provided an experienced and competent architectengineer is chosen. However, this was usually not
the case in the past.
In conclusion it can be said that for a first
nuclear power project - and the Dutch project has to
be regarded as a "first" after a 15-year pause - it
is considered that the possible cost advantages of a
split-package or multi-contract approach are not
sufficiently proven to compensate for the appreciably higher responsibilities and risks that must be
carried by the owner. Thus, in terms of cost risk
considerations generally, the turnkey approach has
obvious merits.
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The potential cost development in the course of a
project for turnkey and nonturnkey contracts
is qualitatively shown in the figure below. The
wider cost band for nonturnkey projects (higher
risks) is confirmed by experience with USA projects
(see Fig- 2-2 in the MOTOR-COLUMBUS cost study for
the Ministry of Economic Affairs dated April 1985).

Figure
3-4

POTENTIAL COST DEVELOPMENT OF TURNKEY
AND NON TURNKEY CONTRACTS
\
THE RISK OF COST OVERRUN IS SMALLER
WITH A TURNKEY CONTRACT

COSTS

NON TURNKEY CONTRACT

TIME
STAHT OF PROJECT

START OF COMMERCIAL OPERATION

3 -
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Cash Flow Projections
The money paid to construct the power plant will be
disbursed by the owner over a period several years
longer than the actual construction time. The interest charges that he is faced with during construction therefore depend critically on the shape
of the cash flow curve.
The various project approaches car. have different
patterns of down payments, time contracts are
placed, retentions, and so on. However, if the owner
is faced with additional financing charges for a
particular project approach because he is paying
money early, his supplier must be saving financing
charges on a precisely similar sum. Assuming that
the suppliers have correctly taken the financing
charges into account in fixing their price, and
assuming also that interest rates are similar for
the owner and suppliers, the overall economic
consequences of these "artificial" alterations to
the shape of the incidence of expenditure curve
should be zero.

Figure

3-5

IMPACT OF PROJECT APPROACH
ON CASH FLOW PROJECTIONS

COSTS

PRICE PAID TO CONTRACTOR
IDC PAID BY OWNER
N.B. THE POSSIBLE CASH FLOW PROJECTION IS PRIMARILY
DETERMINED BY THE TERMS OF CONTRACT BATHER
THAN 8Y A PROJECT APPHOACH

o There are no arguments arising from incidence of
expenditure with any significant influence on the
choice of project approach.
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Warranties and Guarantees
General
A warranty or guarantee has normally two aspects.
Firstly, a contractor makes a promise to perform in
a certain way, and secondly, there is oft n, though
not always, a specified penalty if he fails to do
so. In practice the losses to a utility if a nuclear
plant is late or has a poor availability are so high
that no contractor is willing to accept penalty
clauses heavy enough to cover the utility's risk.
The penalty clauses must therefore be thought of as
an incentive to the contractor to perform well
rather than as an insurance policy for the buyer.

Figure

3-6

IMPACT OF PROJECT APPROACH
ON THE GUARANTEE SITUATION

IN THE TURNKEY APPROACHES THE CONTRACTOR HAS TO
PROVIDE COMPREHENSIVE GUARANTEES WITH REGARD TO
QUALITY, FUNCTION AND PERFORMANCE FOR COMPONENTS,
SYSTEMS AND THE OVERALL PLANT.
WITH NON TURNKEY APPROACHES THE CONTRACTOR'S
GUARANTEES ARE LIMITED TO ÏY3TEMS OR COMPONENTS
LEAVING A HIGHER RISK REGARDING FUNCTION AND
PERFORMANCE FOR THE OWNER.

TOTAL
PLANT

SYSTEMS

COMPONENTS

•

SPLIT
PACKAGE

MULTI
CONTRACT

D

CONTRACTOR'S GUARANTEES

I

OWNER'S RISK

I
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Furthermore, the contractor will include a contingency sum in his price to cover a proportion at
least of the penalties he may have to pay. This
tends to convert the "penalty" clause into a direct
incentive (to keep the contingency as a profit) and
it is worth considering whether a straight incentive
payment or combined incentive/penalty clause may not
be more advantageous than the more usual penalty
clause.
Turnkey Contract Approach
The normal turnkey form of contract is the one for
which the most comrehensive set of guarantees are
likely to be obtainable and where these guarantees
are most easily enforced. The guarantees include the
compliance with contract, the completeness of the
scope and the performance of the plant as a whole as
well as for individual units or systems.
Split-Package Contract Approach
In this case the guarantees on plant performance
will have to be more fragmented, but should still
give the owner the cover that he needs. One disadvantage of their being more fragmented is that margins will have to be applied separately to the turbine and the reactor plant instead of being shared
between them at a lower rate (on the basis that both
halves of the plant are unlikely to be at their
lower limit of their range of likely performance at
the same time). The risk of not being able to
extract penalties for lateness is greater than it
was with quasi-turnkey approach and even if responsibility for lateness can be firmly allocated to one
contractor, the penalty will only be applied to his
section of the works instead of the whole works as
in the case of the turnkey approach.

Multi-Contract Approach
The remarks made under the previous heading about
the fragmented nature of the performed guarantees
and the performance margins also apply to the
multi-contract approach.
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Design, material and workmanship are normally
guaranteed for a period of one or two years after
successful commissioning. In oase of multi-contract
approach, many parts are successfully commissioned
long before plant startup. It might even occur that
parts are out of guarantee before the plant actually
starts operation.

3.3.5

Owner Risks
It was mentioned in the previous section that the
penalties associated with guarantees are never
large enough to recompensate the owner for shortfalls in performance by the contractor or the plant,
and also that the guarantees are not always easily
enforceable. This section will discuss in qualitative terms the remaining risk which the owner must
bear from both of these causes, and from causes not
covered by guarantees, and the effect of the project
approach strategy on these risks.

Turnkey Contract Approach
The biggest risks on the owner's part, are that the
power station will be lata, will not give the expected availability or that something will occur
that will require a lengthy or even permanent shutdown.
The security of the project program depends mainly
on:
- the strength of the project management
- the selection of contractors who are able to keep
to program
- adequate safety margins in the plant which minimize the risk of licensing confrontations
The turnkey approach should give a unified project
management with the right incentives to perform well
since not only will penalties be extracted if the
plant is late but the contractor's own costs will
also escalate.
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A careful scrutiny of the bid for quality as well as
price should give the best chance of high availability and freedom from incidents requiring extended
shutdown. In this respect, the owner himself should
play a role in the quality assurance process and
general design review. This is likely in any case to
be a requirement of the licensing authority.
The turnkey approach thus provides a sound basis for
minimizing the owner's risk provided it is combined
with the careful selection of high quality contractors and a well established design with good safety
characteristics.
Split-Package Contract Approach
Under this approach, there are a number of factors
which tend to increase the owner's risk. The extent
to which this happens in practice will depend critically on the owner's awareness of the risks and
his architect-engineer's skill in avoiding them.
The first point is the technical risks that will
exist if a new combination of reactor and turbine
are put together.
The second is the weakened guarantee situation especially for timely completion which not only protects the owner less well but also gives the contractors more excuses for late completion. More
important, however, may be the risk of fragmented
project management. The nuclear lot and turbine lots
are large enough to require their own project
management staff and the owner will also require his
own to coordinate them and to engineer electrical
and mechanical lots. This must increase the risk of
pocr communication , misunderstanding and conflict
and hence the risk of late completion unless good
working relationships are achieved.
Multi-Contract Approach
The risks situation is very similar to that for the
split-package approach. For this approach, the
choice of the architect-engineer is even more important than in the case of the split-package approach. The architect-engineer is not only responsible for overall project management and for plant
design but also for detailed plant design of the
main lots, erection and commissioning.
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The multi-contract approach is less covered by technical guarantees than any other approach and the
risks are correspondingly greater. This is also the
case on delivery guarantees where many single
guarantees on deliveries of components do not help
if one critical component is late- On the other
hand, the suppliers of individual components can
find fewer excuses for late deliveries than a turnkey or split-package supplier.
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PROJECT IMPLEMENTATION
This section of the report discusses the impact of
project approach on each stage of the project.

3.4.1

Preparation of Specification
Turnkey Approach
The bid specification for a normal turnkey contract
will normally include:
- a section giving instructions to the bidders about
the way their bid should be presented, the extent
of information required, etc.
- a section on conditions of contract, including the
warranties which are required
- a section giving information on site conditions
dealing both with foundation conditions and population distributions and other factors of importance in carrying out the safety analysis
- the technical specification for the plant. This
should be largely functional and will, as a
minimum, specify the safety and operational
flexibility requirements and will include
references to local standards, etc., which must
be met, and specify QA requirements. In some
cases, it goes much further than this in detailing
plant requirements. It is recommendable to agree
upon with the licensing authorities.
The amount of detail included in this bid specification can vary enormously according to the practice
of the owner and his consultant.
If the possibility should exist to exchange the turbine island later on during evaluation and contract
negotiations then the bid specifications must preferably define the limits of supply at the interfaces
between the nuclear and the turbine island to make
sure that bids are on an approximately comparable
basis with regard to the nuclear and turbine island
packages.
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Split-Package Approach
For the split-package approach, the utility will
need to have carried out an outline design of the
plant with representative designs of a PWR and a BWR
in enough detail to be able to specify quite precisely the interface requirements for the nuclear
island package and the turbine island package.
Having done this, both the contract conditions and
technical parts of the specification will inevitably
be more complex than for the turnkey approaches both
in an attempt to avoid conflicts at the interfaces
and also by specifying the way in which the conflicts, which will still inevitably arise, can be
resolved without undue extra cost or invalidation of
guarantees. The majority of the work involved in the
writing of the bid specifications for the civil
works and the mechanical and electrical packages
must await the selection of the reactor and turbine
contractors. However, quite a lot of preliminary
work can be done, in particular as regards the civil
specifications during the quiet period while the
bidders ari preparing their bids.

Multi-Contract Approach
Although the total amount of specification writing
involved in the multi-contract approach is significantly greater than with any other approach, the
bulk of it also occurs later. The amount of effort
required to write the NSSS and turbine specifications is significantly less than that involved in
the writing of any of the turnkey or other approaches already described, since there will be
little impact of site-related factors on these plant
items and the specifications can be virtually
standardized.

3.4.2

The Bid Preparation Period
During the period when the vendors are preparing
their bids, the owner will need to keep in touch
with them to answer questions about the interpretation of the specification and to give advice on
design choices, which were not covered in the specification. The amount of effort involved is not
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great, but will be likely to vary from one method of
contracting to another in approximately the same
ratio as the effort needed to write the specification. For the split-package and multi-contract approach, the customer or his architect-engineer will
also use part of this time to do preparatory work on
plant and equipment layouts for each reactor type.

3.4.3

Evaluation of the Bids
Turnkey Approach
Bid evaluation should be the simplest for the turnkey approach since there will be no difficult interface problems to resolve. The eccncnic evaluation of
the bids should not be difficult r .:e they will all
be complete. It will, however, .. i.^ . rsary to check
the bids technically for complia
? . ith the specification and consider any departu~^s from the specified contract conditions which the bidders suggest.
Split-Package Approach
The bid evaluation in this case becomes significantly more complex. Not only all the separate
bids have to be evaluated technically,- but also
their compatibility has to be checked and economic
and technical comparisons made between all the
reasonably compatible pairs of bids. Furthermore, in
order to do this, a significant amount of outline
design for each such compatible pair of bids must be
carried through in order to assess the cost of the
missing civil, mechanical and electrical packages.
In order to keep this work within reasonable bounds,
it is desirable to carry out a preliminary sorting
process to eliminate any reactor or turbine bids
which appear unlikely to be the most attractive.
Even with this approach, however, the total work
involved in the bid evaluation is significantly
greater than for any of the turnkey approaches.
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Multi-Contra^ t Approach
In this case, the technical evaluation of the actual
bids will be simpler because of their limited content, but the work involved in carrying out the outline design of stations incorporating them in order
to carry out an economic evaluation will be even
greater than in the case of the split-package approach, and it will, therefore, be even more essential to carry out some preliminary sorting process
in order to limit the number of combinations of bids
which have to be studied in detail.

3.4.4

Contract Negotiations
At this stage there is a difficulty in deciding how
many bidders to negotiate with. If only one is
chosen (for each plant section if a split-package
approach is used) there is the risk that the negotiations are made more difficult because the bidder
will realize that he is in the lead. On the other
hand, the resources in terms of people able to hold
the successful negotiation on contracts of this
importance is very limited and it would not be wise
to squander this valuable resource on negotiations
with more than two sets of tenderers. Even the
choice of two only makes sense if the second one has
a real chance of becoming the favorite as a result
of the negotiations.

Turnkey Approach
The technical content of the pre-contract negotiations for any of the turnkey options is very important since it will be the last time that the owner
has the opportunity to influence signficantly the
plant design. It is, therefore, likely that the
technical negotiations will be quite extensive and
that as a result of this there will be a significant
number of adjustements to the contract price quoted
in the bid. It is also likely that there will be a
number of points on the conditions of contract which
will need resolution.
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Split-Package Approach
In the case of split-package approach, the technical
negotiations will be complicated by the need to resolve all interface problems between the selected
pair of bids and also between the plant contracts
and the civil contract as outlined above. This is
likely to be the most complex set of pre-contract
negotiations considered in this report. It will be
carried on between the owner and twc <_ ' er parties
simultaneously and will be complicatt.. oy the fact
that as far as the interface is concerned the outcome of one set of negotiations can influence the
other.

Multi-Contract Approach
This is likely to be the simplest approach as far as
pre-contract negotiations are concerned because, for
the American companies, it is likely to be a
standard package that is being bought, possibly
excluding erection. However, some European vendors
have no experience with this type of contracting.
The owner is unlikely to want to change the design
significantly since to do so would be likely to
result in poor availability and licensing difficulties, the parts of the station layout which he may
well wish to influence will be carried out at a
later date by his a-chitect-engineer.

3.4.5

Licensing up to Construction Permit
Licensing is normally carried out in three main
stages: site approval, construction permit and
operating license. It is an advantage if a site
approval is availabe at the time of writing the
specifications. The site approval should, however,
be available before a letter of intent or a contract
is placed. The Construction Permit will be issued by
the licensing authority following assessment of a
safety document prepared by the owner. This document
can be supported by a Preliminary Safety Analysis
Report (PSAR) prepared by the contractor. The safety
document will need to discuss the safety characteristics of the reactor itself, the design and reliability of the engineered safeguards (which may or
may not be in the reactor vendor's supply according
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to the project approach selected) and will also have
to deal with the interrelationship between the reactor characteristics and the site characteristics.
Apparently, and adequate set of details of plant
design and layout must be available before a
construction permit in the sense as defined above
can be granted.
The preparation of the safety document can only
start after the overall plant design has been
established which requires that the suppliers of the
reactor and the turbine/generator have been selected. The amount of work for preparing the input for
the safety document for a particular site will vary
significantly with the chosen project approach.
Turnkey Approach
In this case, most vendors will have available a
reference safety report which covers not only the
MSS3 but also the balance of plant. It may be necessary for the vendor to make minor amendments to this
to cover special features specified by the owner for
his plant, but this should not be very time-consuming.
The whole of this work for a turnkey bid where the
plant is well defined should be carried out in a
period little longer than that needed for pre-contract negotiations, in fact one of the probable prerequisites for the sumbission of the safety document
to the licensing authority is probably that a (suitably qualified) letter of intent will have been sent
to the supplier.
Split-Package
In this case, the safety report will need to describe much of the equipment in the electrical and
mechanical lots and the civil lot. The detailed design of these will be the responsibility of the
architect-engineer even though the accepted design
and layout may have been exposed by the nuclear and
thermal lot bidders. This will extend the period
required to write the safety document by an extent
which will depend on the amount of detail required
by the safety authorities.
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Multi-Contract
In this case, a large part of the equipment which
will contribute to safety will be outside the NSSS
package, so that the architect-engineer will need to
have decided the design in some detail before the
safety document can be written. This situation has
led some of the American architect-engineers to
develop standard packages which go with the reactor
vendor's standard packages and which have been preassessed by the NRC. In the absence of this approach
in Europe, the period from the selection of the reactor contractor to the safety document submission
is likely to be longer than any of the other approaches and the manpower involved will also be much
greater.

3.4.6

Construction
Once the contract has been let, the construction
permit received and construction started, the time
scale of the project, barring accidents, should be
independent of the project approach chosen. On the
other hand, the effort which has to be expended by
the owner and his architect-engineer or consultant
will vary considerably between the approaches.
Turnkey Approach
With this approach, the owner, with or without the
assistance of a consultant, has several tasks to
perform during the construction period. One is the
engineering of the owner's scope. This scope will
be chosen to be relatively independent of the main
plant; however, there will still be interface
problems, particularly on the main electrical and
cooling water supply ystems.
The owner will also wish to see, comment on, and
possibly approve the detailed design of the plant as
it is evolved by the turnkey supplier. The workload
involved in this will depend upon his own wishes and
the contract conditions which he has been able to
negotiate. These two are the other main tasks of the
owner during construction.
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Spli t-Package
With the split-package approach, the owner (or his
architect-engineer) has a much more active role
during the construction period. He will need to
design and place contracts for the mechanical and
electrical packages, either as a whole or as a
number of separate contracts. He will also have a
considerable task in ensuring that the interfaces
between the nuclear and turbine lots remain fully
harmonized as the detailed design of each progresses. The total engineering effort involved in
this will be considerable and he will not have the
same freedom to vary his involvement in the work to
suit his resources that he has with the turnkey
options.

Multi-Contract
With the multi-contract approach the owner, or more
usually his architect-engineer, has an even greater
involvement in the design and contracting of the
station and is likely also to be responsible for the
erection of all the plant. The main responsibility
for the engineering of the station, which was firmly
with the suppliers for the turnkey approach and
shared between supplier and customer with the
split-package approach, now rests firmly with the
owner and his architect-engineer.

3.4.7

Operator Training
The task of operator training is an important one,
but depends little on the project approach. The reactor vendors will normally arrange for operating
staff to be trained at their own training schools,
and at plants with similar equipment. In the case of
turnkey projects, it is perhaps more likely that
near identical plants will be found where training
can be most effective, but this difference is only a
second order one.
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Licensing
Turnkey Approach
In these approaches, the major responsibility for
the technical content of the final safety analysis
report rests with the turnkey bidder. The owner in
his safety document will have to show himself fully
aware of the safety implications of his operational
procedures, but the procedures themselves will
largely be the standardized ones worked out by the
vendor. The only significant difference between the
three turnkey approaches is that the customer will
have more responsibility for showing the adequacy of
the civil design where this is a subject of a separate contract, although even here the contractual
arrangements may give certain responsibility for
assessing the civil design and combining it into the
PSAR to the reactor vendor.

Split-Package Approach
With the split-package,approach, the owner or his
architect-engineer will have a considerable responsibility for assembling the various parts of the
final safety document and for writing those parts
where he had the design responsibility. The difficult accident analysis part of the report will, however, still be provided for him by the reactor
vendor.
The owner must assume that there will be a significant workload answering questions from the licensing authority after the submission of the safety
report, and since many of these questions will be
directed at particular site-correlated items which
will not be cleared in the safety analysis of
similar plants in say the United States, much of
this workload will fall directly on the owner and
cannot be passed onto his suppliers.
Multi-Contract Approach
The remarks made in the preceding section on splitpackage approach apply even more strongly to the
multi-contract approach, the owner or his architectengineer having an even greater involvement in writing the final safety documentation and answering
questions upon it from the licensing authorities.
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Plant Commissioning
In plant commissioning, the actual work to be done
is similar for all project approaches. In each case,
the plant suppliers will provide most of the basic
commissioning documentation, although in the splitpackage and multi-contract approaches the owner will
have to provide documentation dealing with the
preliminary testing of plant items in his own supply. In most cases, the contractor will use the
utility's own staff under his own supervision. This
approach is very much to the utility's advantage
since it helps to familiarize his own staff with the
plant at a time when responsibility for supervision
will still lie with the suppliers.
The actual responsibility for commissioning will,
however, be different for the turnkey approach and
the others.
Turnkey Approaches
For the turnkey approaches, the whole responsibility
for commissioning is clearly with the turnkey
contractor, the owner acting as his "agent".
Split-Package and Multi-Contract Approaches
In these cases, the owner theoretically has the responsibility for commissioning the plant; nevertheless, the contractors wilx have responsibility for
their plant until it is commissioned and handed
over. This means that in practice, the men at the
controls will still be acting on the instructions of
the contractors and disregarding these instructions
may invalidate guarantees.
A further point is that the owner will be responsible for nuclear safety under all approaches. Thus,
in practice, there is little difference between the
approaches.
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3.5

PROJECT PLANNING

3.5.1

Utility Organizational Requirements
The tasks to be carried out during most stages of a
nuclear project have been described qualitatively in
the previous section of this report. This section
will try to quantify the differences due to project
approach and give some indication of the utility
workload.

Figure

IMPACT OF PROJECT APPROACH
ON THE OWNER'S WORK LOAD

3-7

\

THE ENGINEERING EFFORT OF THE OWNER (OR ITS AE)
DEPENDS VERY MUCH UPON THE CONTRACTING APPROACH
OWNER'S ENGINEERING EFFORT IN RELATION TO THE
ENGINEERING EFFORT OF THE CONTRACTORS

TURNKEY
APPROACH

SPLIT ACKAGE
APfflOACH

10-15*

^-35*

MULTI CONTRACT
APPROACH

85-90*

LEGEND:
f~H OWNER'S ENGINEERING EFFORT

NB COMPONENT ENGINEERING NOT CONSIDERED

It is very difficult to give absolute figures because of the very different approaches of different
utilities. However, the following table is an attempt to quantify the effort required.
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OWNER'S ENGINEERING EFFORT WITH
THE VARIOUS PROJECT APPROACHES

3-1

(IN MAN MONTHS)

THE CHOSEN PROJECT APPROACH HAS A GREAT IMPACT ON
THE OWNER'S WORK LOAD DURING ALL PROJECT STAGES
THE FOLLOWING TABLE INCLUDES THE ESTIMATED MAN MONTHS
TO BE SPENT BY THE OWNER HIMSELF, HIS CONSULTANT OR
ARCHITECT /ENGINEER
THE FIGURES HAVE ONLY INDICATIVE CHARACTER AND DEPEND
VERY MUCH ON THE EXTENT OF THE OWNER'S SCOPE AND ON
HOW MANY CONTRACTS WILL BE PLACED IN THE CASE OF A
SPLIT PACKAGE OR MULTI CONTRACT APPROACH
PROJECT STAGES

-

BID SPECIFICATIONS

-

BID EVALUATION AND
CONTRACTING

- PRELIMINARY SAFETY
ANALYSIS REPORT
-

LICENSING AND FOLLOW
UP WITH AUTHORITIES

-

BASIC ENGINEERING AND
DETAILED PROJECT UP TO
CONSTRUCTION START

TOTAL UP TO
CONSTRUCTION START
CONSTRUCTION. PHASE.
-

DETAILED ENGINEERING

-

BID SPECIFICATIONS
(OWNER'S SCOPE)

-

BID EVALUATION
CONTRACTING AND
FOLLOW UP

-

LICENSING AND FOLLOW
UP WITH AUTHORITIES

-

SITE SUPERVISION

-

COMMISSIONING AND
START UP
TOTAL CONSTRUCTION PHASE
TOTAL ESTIMATED MINIMUM
WORK LOAD (MAN MONTHS)

THE FIGURES INCLUDE THE OWNER'S OWN PROJECT MANAGEMENT
DURING ALL PROJECT STAGES

UP TO CONSTRUCTION PERMIT

NORMAL
TURNKEY

SPLIT
MULTI
PACKAGE CONTRACT

60

90

50

160

2S0

500

20

50

80

200

300

500

300

V500

3'000

740

2'190

4'130

600

2'000

30*

30*

lO'OOO
100

100

430

rooo

150

500

rooo

750

3'0OO

4'270

130

250

500

V760

6'210

16'370

2'500

B'400

2V000

NB ALL FIGURES ARE AT THE LOWER END OF THE RANGE.
THE UPPER END IS AT LEAST TWICE AS HIGH.
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Project Time Schedules
In Section 3.4 the differences between the time
taken to carry out given tasks under various project
approach options has already been discussed in a
qualitative way. In this section the attempt is made
to put together comparative schedules for the period
up to the issue of the construction permit. Prom
that time onwards, the target construction program
should be the same for all approaches (although the
risk of delays will not necessarily be the same).
Even for the same project approach, the time taken
by different utilities to prepare specifications,
evaluate bids and negotiate contracts may vary
considerably. The time taken by the Licensing
Authority to evaluate the PSAR and the amount of
details required in it can also have a major effect
on the total time required and even on the differences between project approaches. Despite these uncertainties, Figure 3-8 shows comparative time
schedules for the various project approaches up to
the construction permit.

Figure 3-8

IMPACT OF PROJECT APPROACH Otl THE
PROJECT TIME SCHEDULE UP TO THE
CONSTRUCTION PERMIT
THE IMPACT OF THE PROJECT APPROACH ON THE TIME
SCHEDULE ÖP TO THE CONSTRUCTION PERMIT IS WITHIN THE
RANGE OF ABOUT 8 MONTHS ONDER THE ASSUMPTION OF
QUALITATIVELY SIMILAR PROJECT MANAGEMENT FOR ALL
PROJECT APPROACH OPTIONS
• The normal turnkey with standard bidding tends to
have a shorter period compared to other bidding
procedures to get a turnkey contract
• The period for the split-package is longer since
bid evaluation and contract negotiations are
time-consuming with regard to interfaces
« The period for multi-contract is long due to the
necessarily sequential bidding for the turbine
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Figure 3-8 continued

MOTCR-COlunSLS

mNismv OF
ECONOMIC AFFAIRS

CH-S<iO1 BAQEN

IMPACT OF PROJECT APPROACH ON THE
PROJECT TIME SCHEDULE UP TO THE
CONSTRUCTION PERMIT

FIGURE 3 . »
STATUS. AUGUST VMS
DATE. 6.AUG.SS
MR . « M 2 O O 0

NETHERLANDS

O

SUQniT 5AFCTY
DOCLMENT AOOEHXjn
CONSTRUCTION PERMIT

11
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So far, all considerations have been made without
investigating the possible impact of the size of the
nuclear program on the project approach. There are
two factors to be considered
- total number of units
- period of implementation
The Dutch nuclear program is planned to include 2
(possibly 4) power plants of approx. 1,000 Mitfe to be
built up to the year 2000.
Assuming that the time required to build the first
power plant will take approx. 10 years from planning
to commissioning, the two plants could be built with
a minimum time lag of 1 - 2 years or a maximum of
approx. 6 - 7 years in order to have two power
plants operating within this century. The minimum
time lag is determined by the optimum use of the
planning and manufacturing capacities whereas the
maximum time lag stems from the objective to have
two plants operating within this century.
From the cost point of view, a short time lag in
combination with a standardized design would probably result in some cost savings since orders could
be placed for two instead of one unit. A larger time
lag on the other hand would render a feedback of
information for the second plant regarding contractor's performance and solution of technical problems. It will be difficult, therefore, to prove any
distinct advantage or disadvantage for any contract
approach regarding the time aspect.
A second question that might be raised in connection
with the volume of the program is the use of and the
further development of the Dutch nuclear engineering
capacity with the possible aim of having a Dutch
organization who can act as an architect/engineer
for the construction of nuclear power plants as in
Belgium or Prance. Such a decision would certainly
have to be evaluated in a study on its own but the
question should be answered whether the selection of
a particular project approach for the first plant
would prejudice a decision as to development of
engineering capacities in the nuclear field in the
Netherlands.
The basic answer is no, as the total engineering
effort for any contract approach is approximately
the same. Only in one case is the engineering within
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the responsibility of the contractor (turnkey) and
in the other case within the responsibility of the
owner (multi-contract). In both cases there are good
opportunities for Dutch engineering organizations to
develop the necessary know-how, either as a subcontractor of the main contractor or of the owner.

Turnkey Project Approach
The turnkey approach should be, contrary to the common understanding, accompanied by a deep involvement
of the owner. This involvement has to be defined in
the contract and will consist in a close monitoring
over the whole contract period. Special agreements
can be made regarding the transfer of know-how depending on the owner's requirements.
Split-Package Approach
The choice of this project approach requires the
availability of experienced engineering capacity
within the owner's organization. The attention and
experience gathered by the owner might at this
approach be directed more towards the coordination
of the main contractors (interface management) than
towards the follow-up and checking of the main contracts.
Multi-Contract Approach
If an outside architect/engineer is employed, special agreements would be necessary to provide a
know-how transfer to the owner.
From the comments made, it would appear that a turnkey project provides the best opportunity to build
up know-how since a large insight in all technical
aspects can be accomplished, while the responsibility still rests with the contractor.
The question of developing large engineering capacities in the nuclear field in the Netherlands
depends not so much upon the contract approach but
on the size of the nuclear program and the trust
which Dutch engineering organizations can give to
main contractors and/or owners in providing engineering services for the projects under consideration.
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DOTCH INDOSTRIAL PARTICIPATION

4.1

GENERAL
In all countries which have introduced or are introducing nuclear power, the participation of local
industrial, contracting and engineering organizations is considered to be of great importance.
It is evident that many factors influence the degree
of local participation that can be achieved or is
desirable. Technical capability, commercial and cost
consideration, foreign exchange, as well as political factors, can have an important bearing on the
final outcome. As has been discussed in Section 2,
the various types of project approaches differ substantially in the split of responsibilities between
the owner and the contractors. In the non-turnkey
approaches, the owner usually retains more responsibilities and hence has more possibilities to
influence decisions regarding local industry participation. However, there are a number of other factors that may have an even greater influence on t^e
participation of the Dutch industry:

Figure 4-1

FACTORS INFLUENCING THE DEGREE OF
DUTCH INDUSTRIAL PARTICIPATION

!5*j GOVERNMENTAL::?;
INFLUENCE$l
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Figure 4-2

IMPACT OF PROJECT APPROACH ON THE DEGREE
OF DUTCH INDUSTRIAL PARTICIPATION
THE DEGREE OF DUTCH INDUSTRIAL PRATICIPATIO» IS NOT
SO MUCH A QUESTION OF PROJECT APPROACH BUT DEPENDS
MORE ON:
• Competitiveness of Dutch industry
• Capability of Dutch industry
• Foreign exchange
• Pressure applied by government and owner to
involve Dutch industry
• Willingness of foreign contractors concerning
Dutch manufacture
• Availability of time to negotiate Dutch
participation during the bidding period.
However, the project approach has an influence on
the main contractor's responsibility and extent of
guarantees. Hence, a foreign contractor might favor
to supply more equipment from his own resources.
For any strategy, the importance put upon local participation must be spelt out in detail in the bid
specification. Bidders must then be asksd to be
specific about local participation in their bid
wherever possible and, if vague promises of a certain percentage of local participation are made,
these should be investigated in detail during precontract negotiations and prefers'-l^ converted into
firm commitments with pena.^ies attached for nonfulfilment.
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If local contractors are competent but not fully
competitive, a more difficult situation arises. With
the split-package or multi-contract approaches, it
is possible for the owner to decide on an item-byitem basis whether to pay extra for higher local
content. With a turnkey approach, it is much more
difficult to get competing contractors to increase
local content. By doing so, they weaken their competitive position if not one of the criteria in
evaluating the bids will be the degree of local
industrial participation.
Another important factor to possibly increase the
local participation is to get the Dutch industry
interested and prepared for the future bidding
stages. This preparatory work should start as soon
as possible immediately after a stimulation program
in this respect has been elaborated.
In the following sections, the possible local content is discussed in more detail. However, the
thoughts may only be considered as having indicative
character. In order to be more accurate, separate
detailed investigations would be necessary.

4.2

NSSS AND NUCLEAR SUBSYSTEMS
The nuclear systems present a substantial portion of
the total plant costs.
Essential components for the NSSS for LWR, e.g.
reactor pressure vessels and nuclear components for
a fast breeder reactor have been manufactured in
Holland. For the envisaged nuclear power plants, a
substantial number of parts and components could be
manufactured by Dutch firms who have the necessary
know-how and facilities. Owing to the fact that
orders for nuclear components to Dutch firms were in
some cases carried out several years ago without
follow-up orders, some of the expertise might not be
up-to-date and would require restauration.
The Dutch nuclear program will certainly justify
efforts by industry in this direction. In order to
avoid wrong investments some guidance has to be
given to industry as to what investments shall be
made and which measures shall be taken to get a fair
participation in the nuclear projects.
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It is assumed that the local industry could become
involved in manufacturing of the reactor pressure
vessel and internals, steam generators, fuel racks,
pressurizer, and other parts of the nuclear systems
and subsystems.
The local content of the NSSS and nuclear subsystems
could reach 30 to 50 % as estimated by the possible
main suppliers.

4.3

TPRBINE/GENERATOR SYSTEMS AND SUBSYSTEMS
The local industrial participation is estimated to
be higher than for the nuclear items.
The local industry could become involved in the following fields: pipe work, valves, pumps, heat
exchangers, heating and ventilating plant and other
conventional systems.
The rotating parts of the turbine and the generators
would most probably be excluded from local supply
except some blades which can be manufactured in the
Netherlands.
It is assumed that most of the equipment for the
main cooling water and other conventional systems
can be manufactured locally.
The overall local content for the turbine/generator
systems can be as high as 70 %.

4.4

CONTROL AND INSTRUMENTATION
Here, the reactor vendors will tend to regard some
reactor control equipment and most of the reactor
protection equipment as part of the NSSS and it
would raise unnecessary licensing difficulties to
try to use locally manufactured equipment. However,
this still leaves a very large parcel of control
equipment, control cabling and instrumentation where
in principle Dutch industry's share could be similar
to its sha-e in conventional power stations.
The local content of the control and instrumentation
is judged by the possible main suppliers to be
between 60 and 80 %.
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ELECTRICAL SYSTEMS
It is estimated that the local content would be
higher than for control and instrumentation and
could reach up to 90 %.
It is here that the policies of the different vendors may differ having an incentive to sell more own
electrical equipment. The effect of this on Dutch
participation in these fields can only be judged
more accurately by quite specific discussions with
the vendors.

4.6

CIVIL WORKS
It is usual for the civil works to have the highest
local content for obvious reasons. Even if a foreign
contractor is used, he would normally use a high
proportion of local labor and local supplies of
aggregate, cement, rebar, etc. to cut transport
costs. In the Dutch situation, there is no reason
why civil construction should not be carried out by
local civil contractors, and this would be the normal procedure for turnkey plants as well as if the
civil works are a separate contract.
For the specialized civil design such as containment
and other safety-relevant structures, it might be
more economical to relay rather on existing design
know-how from the reactor supplier than developing a
new design by a local civil contractor. Since this
will represent only a small portion of the total
civil works the local content for civil works can be
assumed to be 100 %.

4.7

NUCLEAR FUEL
The nuclear fuel, like the NSSS, is of critical
importance to the performance and safety of a nuclear power plant and affects nearly all the guarantees the reactor vendor gives. Also the fuel elements are normally bought under a separate but
linked contract with a different period of validity
from the main plant contract. The arguments for and
against local fuel elements manufacture tend, therefore, to be rather more related to contractual and
guarantee considerations than merely to the ability
to make the fuel.
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ENGINEERING
The Dutch nuclear engineering capacity is relatively
small compared to the envisaged program. This is
easily understandable as a gap of more than ten
years exists since the last nuclear power plant has
been built in the Netherlands.
Apart from the owner's engineering effort which is
dealt with in Section 3.5, quite a few nuclear engineers will be needed by the safety authorities and
by the main contractor.
Even for a turnkey contract, it must be assumed
that, apart from the present local engineering capacity, some foreign support will be necessary, at
least for the first nuclear power plant unit.
To what extent the engineering can be done in the
Netherlands is judged very differently by the various possible main suppliers. It ranges between 20 100 % and will depend very much on the main contractors and the degree of standardization in plant
design which is finally selected.

4.9

LOCAL SUPPORT
A project of this magnitude will have a substantial
influence on the local companies in the direct
vicinity of the constructor's site. There are ample
opportunities also for small companies to render
support services to foreign big companies and to do
<>'ork within the owner's scope. Such work could be:
-

paint work
structural steelwork
erection work
civil work
plant hire
manpower supply, etc.

Also the local services industry such as hotels,
restaurants, shops, etc. will derive profit from the
project.

4.10

SUMMARY
The situation regarding the possible involvement of
the Dutch industry can be summarized as shown in
Figure 4-3.
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PROJECT APPROACH AND DUTCH
INDUSTRIAL PARTICIPATION

IN THE QUESTION OF PROJECT APPROACH AND DUTCH
INDUSTRIAL PARTICIPATION THE FOLLOWING NEEDS TO BE
CONSIDERED:
• A HIGH AS POSSIBLE INVOLVEMENT OF DUTCH INDUSTRY
AT ACCEPTABLE TECHNICAL AND COST RISKS IS TO BE
ACHIEVED IN VIEW OF
AVAILABLE CAPACITY, EXPERIENCE AND KNOW HOW

PRESENT DUTCH SCTUKHTON
o Kb Dutch reactor and turbine suppliers
o Dutch shares in UREMCO (uranium Qirichraent Company)
o High standard in manufacturing of mechanical equipment
o Only a few companies familiarized with nuclear quality assurance requirements
o Dutch nuclear engineering capacity relatively small compared to envisaged
program
o lack of knowledge regarding price level in nuclear market
o No limitations for importing materials and eq* -pment but government agreements
on compensating orders can be made
o Dutch industrial participation only if ccnpetitive (maximum 5 - 10 % wore
expensive than foreign suppliers)
o Concern of Dutch industry to be forced by foreign turnkey suppliers to accept
low prices which will possibly result in losses
o Several years ago Dutch ccnpanies made large investments to manufacture
nuclear ocnponents for the export market. These investments have not been paid
back
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The possible overall involvement of the Dutch
industry in the construction of 2 - 4 nuclear power
plants in the Netherlands is presently estimated to
be about 55 to 75 %. These figures have generally
been ronfirrr.ed by the potential main suppliers.

Figure 4-4

ESTIMATED INVOLVEMENT OF DUTCH INDUSTRY IN THE
CONSTRUCTION OF NPP'S IN THE NETHERLANDS

• THE POSSIBLE OVERALL INVOLVEMENT OF THE DUTCH
INDUSTRY IN THE CONSTRUCTION OF NUCLEAR POWER
PLANTS IN THE NETHERLANDS IS PRESENTLY ESTIMATED
BY THE POTENTIAL MAIN REACTOR ANO TURBINE
SUPPLIERS TO BE ABOUT 55-75%

NUCLEAR STEAM SUPPLY
SYSTEMS * SUBSYSTEMS

30-

50%

55-

75%

TURBINE GENERATOR
SYSTEMS + SUBSYSTEMS
CONTROL ANO
INSTRUMENTATION
ELECTRICAL SYSTEMS
NUCLEAR FUEL
CIVIL WORKS
ENGINEERING
ESTIMATED OVERALL
INVOLVEMENT OF DUTCH
INDUSTRY
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EXTERNAL FACTORS AND CONSIDERATIONS

5.1

GENERAL
External factors such as the suppliers experience,
the competitive situation, the financing possibilities, the safety and licensing aspects and the
public opinion play a certain role in the selection
of the best project approach.
In this section, the different project approach
options are investigated with regard to what extent
they can influence the various factors such as
licensing, financing, etc., taking the present Dutch
situation into consideration.
Some main aspects of the present Dutch situation
related to licensing, financing and plant suppliers
with regard to project approach are given in the
following figure.
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EXTERNAL FACTORS RELEVANT
FOR PROJECT APPROACH

EXTERNAL FACTOR» SUCH AS THE SUPPLIERS EXPERIENCE.
THE COMPETITIVE SITUATION,THE FINANCING POSSIBILITIES.
THE SAFETY APJD LICENSING ASPECTS AND THE PUBLIC
OPINION PLAY AN IMPORTANT ROLE FOR THE EVALUATION
OF THE PROJECT APPROACH OPTIONS.

PRESENT DOTCH SITCKTION

Licensing
o Bigineering capacity of licensing authorities at present too small for
envisaged nuclear program
o Safety design criteria not defined in detail. This situation might hnply
considerable cost and schedule risks
Financing
o It is assumed that sufficient financing can be raised on the Dutch market,
foreign credits only if cheaper
o Dutch interest rates presently attractive
o Good capital situation of Dutch utilities
o Cost risks during construction are of great concern in banking circles
Plant Suppliers
o Preferred project approaches are turnkey or three-package approach
o Project approach experience not the same for all suppliers
o M l supplies are very keen to bid, hence competitive situation will be good
o Plant suppliers are willing to involve the Dutch industry to a maximum
o The main suppliers are flexible as regards collaboration with other suppliers
Acceptance by Public
o There is a majority having a positive or at least tolerating attitude towards
nuclear power

5-3
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SAFETY REQUIREMENTS AND LICENSING
Time, effort, schedule and cost risks related to
licensing are dependent on many factors
-

licensing criteria
licensing procedure
available capacity of licensing authorities
owner's engineering capacity
standardization of plant design

The factors possibly depending on project approach
are shown in Figure 5-2.

Figure 5-2

UCENSING AND PROJECT APPROACH

1

•

A PROVEN PLANT DESIGN WITH AN EXISTING REFERENCE
PLANT WHICH IS MORE LIKELY TO BE OFFERED UNDER A
TURNKEY APPROACH WILL FACILITATE LICENSING AS TO
TIME, EFFORT AND RISKS.

•

A TURNKEY CONTRACT APPROACH REQUIRES LESS OWNER'S
ENGINEERING CAPACITY RELATED TO LICENSING THAN A
SPLIT PACKAGE OR MULTI CONTRACT APPROACH.

FACTORS POSSIBLY DEPENDING ON PROJECT APPROACH

PROVEN PLANT DESIGN
WITH REFERENCE PLANT

SUFFICIENT OWNER'S
ENGINEERING CAPACITY

TIME, EFFORT AND RISKS
RELATED TO LICENSING

AVAILABLE CAPACITY
OF
LICENSING AUTHORITY

LICENSING
CRITERIA
LICENSING
PROCEDURE
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Taking into account the relatively small nuclear
engineering capacity available in the Netherlands,
the turnkey contract approach receives clear
preference against the non-turnkey approaches since
they require less engineering capacity on the
owner's side and a proven plant design is more
likely to be acquired with a turnkey contract.
With regard to the present Dutch situation related
to licensing as summarized and listed in Figure 5-1,
special attention must be given to the point "Safety
Design Criteria not defined in detail". It means
that the design criteria as published in the Netherlands are only defined in a general qualitative but
not quantitative way. The owner will have to prove
that the plant is safe. He cannot base the bid
specifications on sufficiently detailed design
criteria. This situation implies considerable cost
and schedule risks during contract negotiations and
later on during construction as experienced in other
countries.

5-5
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FINANCING
The possible sources for local or foreign financing
of a nuclear project is shown in the following
figure.

Figure 5-3

PROJECT APPROACH AND FINANCING
OF THE NUCLEAR POWER PUNT
FOR DUTCH CONDITIONS FINANCING IS OF MINOR
IMPORTANCE AS REGAROS PROJECT APPROACH
HOWEVER. THE TURNKEY PROJECT APPROACH WITH
PRINCIPALLY LOWER RISKS CONCERNING SCHEDULE
AND COST OVERRUNS ON THE OWNER'S SIDE MAY
FACILITATE FINANCING

FINANCING POSSIBILITIES
LOCAL MARKET

1

- OWN FINANCING

1

FOREIGN FINANCING

1
1

-

INTERNATIONAL
FINANCING SOURCES

- SANK LOANS

1
1

- NATIONAL EXPORT
ORIENTATED FINANCING
INSTITUTES

- FINANCING INSTITUTES

1
1
1

- COMMERCIAL SOURCES
WITH AND WITHOUT
EXPORT-CREDIT
GUARANTEE COVER

|

- EUROMARKET

1

- BOND ISSUES

- BONO ISSUES

1

4>
(I

SMALL IMPACT

At

PROJECT APPROACH

It is assumed that sufficient financing can be
raised on the Dutch market, although the construction of a nuclear power plant will be the far biggest project a utility ever had so far.
The capital situation of the utilities is good.
There is no capital shortage on the Dutch market and
the interest rates are presently attractive in the
Netherlands.
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For above reasons, export credits or other foreign
financing sources are not required, although they
could be of some hel]?.
As learned from banking circles, their main concerns
are the cost risks during construction. With a
government guarantee for the construction phase,
there would be no restraint for financing.

5.4

ACCEPTANCE BY THE PUBLIC
It is assumed that the public opinion is more or
less indifferent with regard to the project approach
options. The non-turnkey approach could get a slight
preference due to the higher stimulation for the
Dutch industry.
One of the main issues to get presently public
acceptance of nuclear power is the expectation of
lower generating costs compared to coal-fired power
plants. The capital costs and the cost risks for the
various project approach options have been dealt
with in Section 3.3.

5.5

PLANT SUPPLIERS
The experiences and preferences of the plant
suppliers regarding the project approach were
investigated by questionnaires which were sent to
the main foreign contractors. The answers of these
contractors range from turnkey to split-package. No
contractor preferred a multi-contract approach for a
project in the Netherlands.
In keeping with the general indications given by the
Ministry of Economic Affairs and the interviewed
utilities, this section of the report is concerned
with reactor plant of the light water reactor type
(PWR and BWR) and corresponding turbine-generator
suppliers. The Candu reactor for instance is not
considered in this review.

5-7
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Reactor Plant Suppliers
General
The number of reactor plant suppliers who might be
judged as potential bidders for the nuclear power
project under consideration is subject to a number
of considerations, such as the attitudes and preferences of the owner, general market conditions and
last but not least the type of project approach that
is finally chosen.
The most important reactor plant suppliers under
consideration for the Netherlands and potential
other reactor vendors are listed in the following
table.
Table
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IMPORTANT LIGHT WATER REACTOR PLANT
SUPPLIERS IN THE WESTERN WORLD

SUPPLIER

COUNTRY

HEACTOR TYPE

SWEDEN

BWH

MOST IMPORTANT SUPPLIERS
ASEA ATOM
FRAMATOME

FRANCE

PWR

GENERAL ELECTRIC

USA

BWR

KRAFTWERK UNION

GERMANY

PWH/BWR

WESTINGHOUSË

USA

PWR

BELGIUM

PWR

IW)
IGEI

OTHER ORGANIZATIONS
ACEC
ANSALDO

ITALY

BWR

BABCOCK +WILCOX

USA

PWR

COMBUSTION ENGINEERING

USA

PWR

ELETTRO NUCLEARE

ITALY

PWR

IWI
iGE)

HITACHI

JAPAN

BWR

MITSUBISHI

JAPAN

PWR

IWI

TOSHIBA

JAPAN

BWR

IGE)

IW)
IGEI

WSSTINGHOUSE LICENSEE
GENERAL ELECTRIC LICENSEE
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Turbine-Generator Plant Suppliers
As in the case of reactor suppliers, the turbinegenerator suppliers who might be judged as potential
bidders for the nuclear power project under consideration are subject to a number of considerations.
The principal international suppliers, in the western world, of large saturated steam turbinegenerator units are:
-

ALSTHOK
BROWN BOVERI GROUP
GENERAL ELECTRIC
KRAFTWERK UNION
STAL LAVAL (ASEA STAL)
WESTINGHOUSE

In addition to the above, there are a number of
other companies and consortia which have supplied
some large turbine-generators for nuclear power stations. Such companies include COP/ACEC (Belgium),
Ansaldo (Italy), Tosi (Italy), Allis-Chalmers (USA),
Hitachi (Japan), Mitsubishi (Japan) and Toshiba
(Japan). However, in terms of large saturated steam
units, none of these companies can be regarded as
leading international suppliers for the experience
they have gained and orders received have been
essentially related to their national markets.

5-9

PAS

5.5.3

MEZ

Supplier Associations
Of the above-mentioned reactor suppliers, only Westinghouse and General Electric, and to a lesser
extent ASEA-ATOM have experienced working together
with outside turbine-generator suppliers, i.e.
turbine-generator suppliers from another than their
own country. Of the turbine-generator suppliers,
Brown Boveri stands out as a company which has
enjoyed relatively extensive collaboration with
various reactor suppliers. An overview over possible
combinations is provided in Figure 5-4.

POSSIBLE COMBINATIONS OF
REACTOR AND TURBINE SUPPLIERS

Figure 5—4

TO IMPROVE THE COMPETITIVE SITUATION ALSO OTHER
THAN THE STANDARD COMB IN AT IONS OF REACTOR AND
TURBINE SUPPLIERS MAY BE CONSIDERED.
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COMPETITIVE SITUATION
This section considers the competitive situation in
relation to the main project approach options.
Turnkey Approach
For the turnkey approach, the alignment of reactor
and turbine-generator bidders would be at their discretion, although obviously influenced by indications of preference obtained in prior meetings with
the owner.
ASEA-ATOM, FRAMATOME and KWU would automatically
involve turbine-generator suppliers from the own
group. This means that Westinghouse and General
Electric would need to find a turbine-generator
partner with Brown Boveri being the obvious choice.
These two reactor suppliers could also offer their
own turbine-generator set.
In order to improve the competitive situation for
turnkey contract approaches, also other than the
standard combinations of reactor and turbine suppliers may be considered.
Additional combinations as shown in the Figure 5-4
could be reached when the bid specifications and the
bids are made for a turnkey project in such a way
that it would be possible during contract negotiations to exchange the turbine island if so required
by the owner. This would require clear scope split
and separate prices for the turbine island.
If the owner would like to exchange the turbine
island during negotiations, then the bidding and
contracting procedure would follow the so-called
turnkey contract with parallel bidding as explained
in Section 2.2.2.
Split-Package Approach
If a split-package project approach is adopted, particularly if based upon five main packages as discussed in Section 2, the external competitive situation would be broadened to a great extent.
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In terms, however, of realtor and turbine-generator
packages, the competitive situation would not differ
from that resulting from a turnkey approach as shown
before. The main broadening of the external competitive situation would be related to the creation of
separate packages for the electrical lot and the
mechanical lot.
The provision of the electrical and mechanical lots
would, in principle, allow bids for these packages
to be invited from general electrical contracting
firms, as well as from the main electrical plant
manufacturing organizations, e.g. ASEA, SIEMENS,
BBC, etc., The mechanical lot would undoubtedly
offer an even greater scope of increasing the competitive situation, although it must be said that this
package only accounts for 3 - 10 % of the direct
construction costs.
Multi-Contract Approach
If a multi-contract approach would be adopted, then
the competitive situation would be extended to the
components level.
However, with regard to the supply of the reactor
itself and the turbine, the competitive situation
would not differ from what was said for the turnkey
and split-package approaches.
Summary
Impressions obtained indicate a very strong interest
among reactor and turbine-generator suppliers
towards the nuclear power project under consideration and it is evident that there will be strong
competition.
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Split-Package Approach
If a split-package project approach is adopted, particularly if based upon five main packages as discussed in Section 2, the external competitive situation would be broadened to a great extent.
In terms, however, of reactor and turbine-generator
packages, the competitive situation would not differ
from that resulting from a turnkey approach as shown
before. The main broadening of the external competitive situation woulc" be related to the creation of
separate packages for the electrical lot and the
mechanical lot.
The provision of the electrical and mechanical lots
would, in principle, allow bids for these packages
to be invited from general electrical contracting
firms, as well as from the main electrical plant
manufacturing organizations, e.g. ASEA, SIEMENS,
BBC, etc., The mechanical lot would undoubtedly
offer an even greater scope of increasing the competitive situation, although it must be said that this
package only accounts for 8 - 10 % of the direct
construction costs.
Multi-Contract Approach
If a multi-contract approach would be adopted, then
the competitive situation would be extended to the
components level.
However, with regard to the supply of the reactor
itself and the turbine, the competitive situation
would not differ from what was said for the turnkey
and split-package approaches.
Summary
Impressions obtained indicate a very strong interest
among reactor and turbine-generator suppliers
towards the nuclear power project under consideration and it is evident that there will be strong
competition.
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POSSIBLE EXTENT OF THE OWNER'S SCOPE

6.1

GENERAL
If utilities are used to handling their own engineering for conventional power plants as is the case
in the Netherlands/ there will be a natural reluctance to accept a turnkey approach for a nuclear
station because of the seeming loss of control over
the project. A utility or a consortium of utilities
may, nevertheless, feel that it wishes to follow the
the turnkey path for at least the first plant for
many of the reasons discussed earlier in this
report. It may however exclude from the turnkey
package a number of less critical items.
This section of the report discusses the content of
what is known as the "Onwer's Scope", i.e. the
part of the works which could be excluded from the
turnkey contract. There are a number of peripheral
items the design of which tends to be site- or
owner-related rather than plant-related. These items
can, for technical and economic reasons, better be
engineered by the owner himself if he has the capacity to <?o so. The contracts for the owner's scope
are let directly by the owner and he has direct control about who is being awarded with a contract
within the owner's scope. In the light of maximum
involvement of Dutch industry and optimum utilization of the utilities' know-how in the field of conventional power plants, the owner's scope should be
as large as possible.
The operating experience of nuclear power plants
which have been built on a turnkey basis is in
general satisfactory but most of these plants have
been built with too tight a cost budget which has
detrimental effects on the design of systems which
do not directly affect the performance of the plant,
such as radwaste systems, ventilation systems, etc.,
but which do affect the operation and maintainability of the plant. Consequently, there is a tendency
to exclude also such auxiliary systems from the
turnkey scope of supply which are not vital for the
operation of the plant, but which are a nuisance for
the operator if they are not well designed.
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This section will also discuss the question of
district heating which might be of interest for the
future.

6.2

OWNER'S SCOPE
The items, which are usually part of the owner's
scope of supply and which can represent approximately 10 to 12 % of the total direct construction
costs, are shown in the following table.

Table
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OWNER'S SCOPE OF SUPPLY IN VIEW OF
EXCLUSIONS FROM A TURNKEY CONTRACT
MANY SITE OR OWNER RELATED ITEMS CAN BETTER BE
ENGINEERED BY THE OWNER HIMSELF IF HE HAS THE
CAPACITY TO DO SO
THE OWNER'S SCOPE CAN VARY FROM PROJECT TO PROJECT

POSSIBLE OWNER'S SCOPE

FOR CONSTRUCTION PHASE

PART OF SUPPLIES AND
SERVICES DURING
CONSTRUCTION

CIVIL

PERIPHERAL BUILDINGS
AND STRUCTURES

MECHANICAL
AUXILIARY MECHANICAL
SYSTEMS
ELECTRICAL
ELECTRICAL SYSTEMS

OTHER
OTHER ITEMS

•
•
•
•
•
•
•
•
•

ACCESS TO THE SITE
SITE CONSTRUCTION ROADS
GENERAL SITE PREPARATION
FENCING / CAR PARKS
TEMPORARY SERVICE AND
POTABLE WATER SYSTEMS
TEMPORARY POWER SUPPLY
TEMPORARY SEWAGE SYSTEM
FIRST AID. TEMPORARY CANTEEN
VISITOR CENTER ETC

•
•
•
•
•
•
•

ADMINISTRATION BUILDING
CANTEEN
GARAGE
FIRE FIGHTING STATION
WORKSHOP FACILITIES
STORES
BUILDINGS AND STRUCTURES TOR
WATER MAKE-UP AND COOLING
WATER SYSTEMS
• INFRASTRUCTURE ON AND
_ _AHOUND_SITE
•
•
•
•

COOLING WATER SYSTEM
MAKE-UP WATER SYSTEM
AUXILIARY BOILER PLANT
COMPRESSED AIR SYSTEM

• HIGH VOLTAGE SWITCHYARD
• MAIN UNIT TRANSFORMERS
• EXTERNAL PERMANENT LIGHTING
SYSTEM
• FURNITURE
• LABORATORY EQUIPMENT
• COMMON TOOLS
• CARS
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The above scope can be dealt with by the owner without interference with the main turnkey contract and
since the design of most of these peripheral works
will need to take account of the owner's personal
preferences rather than any particular features of
the turnkey vendor's plant design, it is sensible
for him to do so.
The arrangement of cooling water intake and outfall
are almost entirely site-dependent rather than
plant-dependent. To a slightly lesser extent, this
also applies to the pumphouse and screening equipment. It is, therefore, quite us"al and entirely
sensible for the owner to keep this equipment in his
own scope if it suits him to do so.
Since the high-voltage switchyard can be considered
as much a part of the owner's transmission system as
of the nuclear power plant, this equipment can, very
conveniently, be excluded from the turnkey contract. The main transformer installation can also be
considered for exclusion from the turnkey scope
without causing any excessive interface problems.
With some reactor layouts, it could be sensible to
take the diesel generators into the owner's scope
but in other cases these are widely separated in
order to avoid common-mode failures and do not
provide a conveniently separable package. In any
case, it is arguable that it is wrong to take components which are so important to safety away from the
turnkey supplier who has overall safety responsibility.
The telecommunication systems form other electrical
packages which are sometimes excluded. The systems
concerned include a telephone system, probably a
wireless system, staff paging systems, and alarm
systems for fire or excess radiation. Some of these
systems are fairly closely integrated with the
plant, others may well be centered in the administration building which may be in the owner's scope
of supply. In this case, it is usually convenient to
exclude either all or part of the system from the
turnkey scope, perhaps using cabling supplied within
that scope.
As a result of experience gained on other turnkey
nuclear power plants, utilities tend to include also
the solid and liquid radwaste systems in their scope
of supply, since these systems have suffered most
from lack of attention paid by the turnkey contractors and from the tight cost budgets generally
available for these systems. This is partly also
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valid for ventilation systems, fire protection
systems, etc., but these systems are more closely
linked with overall plant design and consequently
more difficult to exclude from the turnkey scope of
supply.

6.3

WASTE HEAT UTILIZATION
The increasing need to save natural resources, such
as natural gas, and the desire to reduce emissions
from heating installations has promoted the utilization of nuclear power plant waste heat for district
heating and process use. Such installations have
been successfully realized and for the long-term
planning in the Netherlands the supply of heat for
domestic heating or greenhouse heating from nuclear
power plants has to be examined very carefully.
Although the waste heat utilization is not in any
way relevant to the question of project approach, it
will fall under the owner's scope and thus provide a
further area of activities for the owner and open
new possibilities for Dutch industrial involvement.
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SUMMARY ASSESSMENT AND EVALUATION

7.1

GENERAL
In this section, the previously discussed features,
advantages and disadvantages of the various project
approach options will be appraised with regard to
the objectives of the Dutch nuclear program by means
of a benefit analysis. The result of this benefit
analysis shall be the recommendation as regards the
most suitable project approach in consideration of
the prevailing situation and the criteria to be fulfilled.

7.2

BENEFIT ANALYSIS
The benefit analysis has been prepared with the aim
of achieving a result which can be expressed in
measurable units. For this purpose, four main
criteria have been formulated each representing a
portion out of 100 % relative to its importance. To
each main criterion, subcriteria were defined with a
relative weight summing up to 1.0 for each main
criterion. The project approach options were evaluated with points, ranging between +5 and - 5 , where
+5 would express good compliance with a criterion
and -5 the contrary. The benefit is the product of
points times weighted importance and the possible
range would be between +500 and -500.
The procedure of the benefit analysis is summarized
in the following description of steps:
Step 1
Compiling a list of criteria by which each contract
approach can be judged. The criteria are derived
from the main objectives to be achieved with the
project as shown in Figure 1-3 in the introduction.
In accordance with the structure of the objectives
(see Section 1 ) , the criteria are grouped into
-

commercial
technical
management/contractual
national importance
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Step 2
Allocating an overall importance to each of the four
criteria groups
-

commercial
technical
manegement
national

50
20
10
20

%
%
%
%

Step 3
Defining of individual criteria for each of the four
groups (see Table 7.1). The criteria have been
selected in such a way that they represent a
distinct aapect of an objective combined with a
relevance to the project approach»
Step 4
Allocating a relative weight to each criterion which
will define, with the importance of each group, the
weighted importance of each criterion.
Step 5
Judging of project approach options by each
criterion in using points ranging from +5 for very
good to -5 for very poor.
Step 6
Calculation of the benefit: multiplying the points
with the weight and importance of each criterion and
summing up the individual results provides the
benefit of each project approach option (values see
Table 7.1).

PAS

7.3

7-3

MEZ

EVALUATION OF CRITERIA
The project approach has undoubtedly an influence on
the implementation of a project but there are many
more factors that are equally or more important for
the fulfillment of certain criteria. Therefore, the
choice of a project approach cannot provide assurance as to whether a project becomes a success or
not. With this understanding, the evaluation of
criteria in the benefit analysis can only give an
indication in how far a selected project approach
provides a good basis to achieve the objectives
under the given circumstances.
The evaluation of technical criteria for example has
been based on the consideration that under a turnkey
approach and under the present market conditions the
probability to buy a proven plant design with a
reference plant in operation is very high. Therefore, high positive points have been given to the
turnkey approaches.
Opting for a split-package approach the main plant
portion, i.e. the NSSS and the Turbine Island will
be of a standard and proven design but the particular combination of NSSS and Turbine Island might be
new which might pose some interface and standardization problems onto the parties involved. Thus, the
rating of points has been close to zero.
Choosing the third alternative, the multi-contract
approach, the plant would be engineered and constructed by an Architect/Engineer employing many
preferable local suppliers. Whether this approach is
successful or not depends largely on the plant
design and the experience of the Architect/Engineer
with regard to local conditions. At this point of
time, there are many uncertainties which have resulted in a negative rating for the multi-contract
approach for the technical criteria.
With all three approaches theoretically the same
results can be accomplished but depending from where
the question of project approach is looked at the
priorities and the rating with merit points will be
different.
For the owner the new nuclear power plants are an
investment ruled primarily by economical aspects.
Hence, the project should be implemented with a
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minimum of risks as to costs, schedule and design.
Naturally, the tendency to build the plant on the
basis of a well performing reference plant under a
project approach freeing the owner largely from
technical, cost and schedule risks is quite logical.
The Dutch industry on the other hand is mainly interested in possible work and transfer of know-how
originating from the project. (The objective of
cheap electrical power - low generating costs - does
not apply equally to all industries). From the \dustries' point of view, a split-package or multicontract approach would consequently be more desirable assuming that the owner or his Architect/
Engineer would retain a larger freedom to award
certain works to local firms.
This conflict of interests has been taken care of in
the analysis in giving an appropriate importance to
those criteria dealing with the control of risks.
Other views have been considered later in this section when a few variations of importance, weight and
merit points have bean tested to see when and under
which circumstances the analysis proposes a different project approach.
The evaluation is further based on the situation as
assessed at the time of this study. Any change
against this situation will possibly change the
basis for a decision and a new assessment would have
to be made. This holds particularly true for the
second plant to be built when there is a feedback of
experiences from the first project.

ASSESSMENT AND RANKING OF THE PROJECT APPROACH
OPTIONS

,4.1

Super Turnkey Approach
In a super turnkey approach, the contractor bears
the overall responsibility for implementing the
project within the cost and time limits set and he
will therefore include a relatively high contingency
in the contract price. Owing to this high
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responsibility, he will also give preference to his
standard supply sources for equipment and thus tend
to limit local participation. For these reasons the
super turnkey approach has been penalized in the
benefit analysis with poor marks for contract price
and nonconsideration of national interests.
The superturnkey approach would be suitable for
countries with no or little industrial and engineering capacities who want to construct nuclear power
plants without becoming deeply involved in the project. Also for this reason the superturnkey approach
would be inadequate for the Dutch situation.
Positive Features
- Responsibilities for design, costs and schedule
are with tne contractor
- Simple project control by owner
- Lov; cost and schedule risk
- Good possibility to select proven plant type with
operating reference plant
- Good overall guarantees
Potentially negative features
- No owner's scope
- After contract award little influence on project
- Relatively high bid price because of contractor's
contigencies
- Special efforts required to involve local industry

7.4.2

Normal Turnkey
The normal turnkey approach differs from the super
turnkey approach in that an owner's scope is
excluded from the turnkey supply. The extent of the
owner's scope can vary substantially. As outlined
before, the capabilities of Dutch engineering and
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manufacturing resources would allow a rather large
owner's scope. The normal turnkey approach as evaluated in this study will have to be understood as
including an owner's scope as large as possible
(details see Section 6 ) .
Through the direct control by the owner over a substantial part of the project, he will be able to
take full benefit of the competition in the free
market for this portion of the project and thus
achieve lower total costs. Since the owner's scope
usually includes all items which are site- and
owner-related the exclusion from the turnkey scope
will reduce the contractor's risk because these
items are extraordinarily difficult to be estimated
by a foreign contractor. As a consequence/ the contractor's contingencies can be reduced substantially
by defining the owner's scope accordingly.
One of the strong points of the turnkey approach is
that one contractor is responsible for the design,
engineering and construction of all essential plant
items at a fixed cost and within a specified time
limit. The owner has to bear a minimum risk as
regards extra costs, timely completion and technical
performance. This holds particularly true if the
plant is of standard and proven design which would
be the case for all turnkey contractors who will be
considered for the Dutch nuclear program.
Further positive features would be;
- scope of supply and the responsibilities of the
contractor are easy to define
- the economic aspects of bid evaluation are simple
- licensing should be eased by the availability of a
comprehensive safety report based on a reference
plant
- the guarantees are most comprehensive for this
approach and easiest to enforce
- there are only few interfaces between contracts
- the manageability of the project from the owner's
point of view is easy
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The disadvantages of all turnkey approaches must be
seen in the owner's limited possibilities to influence the project and as a consequence of this, the
possibly smaller participation of local engineering
and manufacturing capacities. Considering the Dutch
situation with capable engineering and manufacturing
capacities, one can improve the situation by taking
appropriate measures in time.
When giving a high priority to the limitation of
cost and schedule risks and if proven plant design
is an important issue, then the normal turnkey
approach yields the best result in the benefit
analysis.
In order to take full advantage of the positive
features of the turnkey approach and to alleviate
the disadvantages to the best possible extent, some
measures are recommended in Section 8, Conclusions
and Recommendations.

7.4.3

Quas i-Turnkey
Compared with a normal turnkey, the advantages and
disadvantages of the quasi-turnkey approach are as
follows:
Positive Features
- Civil works are often strongly affected by the
specific site conditions. This may lead to quite
high contingencies in civil works which are bid to
a fixed price as they normally are with turnkey
bidding. A separate civil contract may avoid this
and result in a lower total price.
- A separate civil contract gives the utility
greater involvement in the project and may be
attractive from this point of view especially if
the utility has civil engineering staff available
which it cannot use in any other way.
- It may also be that a utility is used to handling
its civil contracts itself and has developed good
relationships with civil contractors. In this
case, it may improve the project's chance of success to avoid direct contractual contacts between
a foreign turnkey supplier and the local civil
contractor.

PAS

7-8

MEZ

- The US vendors are reluctant to include civil
works in their bids at a fixed price.
Negative Features
- The quasi-turnkey contract gives the owner much
greater responsibility and dilutes the responsibility of the main contractor.
- With a quasi-turnkey contract, the owner runs
increased risk of having to meet extra costs.
- The risk of lateness is increased both because the
owner is a third party concerned with the civil
interface and also because difficulties at the
interface can now give both civil and quasiturnkey contractors excuses for their own poor
performance elsewhere.
- The owner will need to expend a very considerable
amount of effort in the civil engineering field,
much of which is additional to the effort which
the quasi-turnkey supplier will also have to expend in looking after interface problems.
In general, this type of contract approach can only
be selected when the owner either possesses a substantial civil engineering capability or makes extensive use of a consulting engineer having adequate
experience in the nuclear engineering field, in
particular in fields such as seismic design, external and internal missiles, airplane crash, sabotage, etc.
In the case where a quasi-turnkey contract is carried out as described in this report, in which the
civil engineering responsibility would be in the
scope of the owner, considerably more engineering
capacity on the side of the owner is required than
in the case of a normal turnkey contract.
It is estimated that in addition to the engineering
manpower required for a normal turnkey one would
need over a period of two to three years:
Man-months
- Civil Engineering (Owner) }
- Consulting Civil Engineer }

800 - 1,200
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Although the "benefit" of the quasi-turnkey approach
is nearly as high as for the normal turnkey approach, it is not recommended to follow this approach since the civil works will be performed by a
Dutch contractor in any case and the increase in the
owner's responsibilities and risks is not likely to
be compensated by cheaper prices.

7.4.4

Split-Package Approach
The split-package approach which has largely been
and still is the approach adopted for building conventional power statons in Europe has been mainly
applied in Sweden and on a limited scale in Japan
and Spain. Due to the complexity of nuclear power
stations, it is still considered by many European
utilities as too risky. Other reasons for not adopting the split-package approach might be the relatively good experience with turnkey jobs, the lack
of engineering capacity of the utility and the
limited experience of European architectengineers.
Theoretically,' there are only little differences
between the two- three- and five-package approaches
and therefore all three alternatives are dealt with
together in this paragaph.
Positive Features
- Wider competition should lower prices and direct
buying ought to lower contingencies and avoid
handling charges on subcontractors. However, until
more experience is gained of the approach, vendors
may add special contingencies to cover their uncertaintities about interface problems.
- The owner will be able to have a much bigger influence on the station design.
- The participation of local industry is much more
,nder the owner's own control.
- Buying a number of packages of plant from different countries may increase the possible sources of
foreign finance.
- Local civil contractors will only have to bid for
one design.
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The two main advantages, i.e. better competition and
increased owner's influence on plant design, can
turn into disadvantages.
Low project costs depend mainly on the degree of
plant standardization. When splitting the plant into
packages obviously concessions will have to be made
with regard to standardization which will in turn
increase the engineering efforts and thus increase
the costs also with regard to the engineering of the
interfaces.
The additional engineering costs in a split-package
approach could, therefore, be as high as the otherwise cost advantage over a turnkey approach.
The advantage of the owner's freedom to influence
the plant design is limited to the selection of the
packages. As soon as the owner starts to request
changes within a standard package this will invariably lead to increased costs.
Other negative features can be:
- the nuclear and thermal lots are so large that
each will need a project organization to look
after procurement, erection, etc. Coordination between these project organizations and the owner's
ov/n project organization may pose difficulties.
This potential lack of unified project control may
increase the risks;
- lack of experience with.this approach by many
vendors;
- writing the bid specification will be more difficult, involving the definition of outline designs
for a number of combinations of plant. Bid evaluation will also be complex;
- the owner will have a great deal more work
throughout the project but this can be done on his
behalf by an architect-engineer;
- the project program up to the start of construction will be rather longer than for other approaches;
- the owner is left with considerable responsibilities for interfaces and bears most of the risk of
cost overruns or lateness;
- guarantees will be more difficult to enforce and
less valuable.
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The effort and manpower involved on the owner's side
is considerable for such a project approach. Overall
project management as well as the selection of the
contractors of the main lot is a key issue for the
overall success of the project with such an
approach.
Considering the Netherland's available capacity in
the nuclear field, a joining of forces from
utilities and other organizations with nuclear
expertise is necessary to form the owner's project
team. Such a project team is deemed to be capable of
handling a turnkey project with a large owner's
scope; however, in the split-package approach this
project team will have to be supported to a large
extent by outside engineering capacities.
The manpower estimates for the different project
phases are given in Section 3.5, Table 3-1.
Such an approach definitely needs more preparation
from the side of the owner than in the case of
turnkey contract, since a detailed layout study with
a general concept of station design should be
available for typical PWR and BWR plants.
From the main suppliers' side, there are more or
less distinct preferences as to project approach.
The European suppliers would favor building a power
plant in the Netherlands in a turnkey approach
whereas ASEA-ATOM and Framatorae would possibly be
more ready to accept a split-package approach than
KWU who are very much geared up for a turnkey approach. Even the two American suppliers consider
also a split-package approach more suitable in the
Netherlands than the more common US multi-contract
approach, but they would also take part in a turnkey
consortium. The independent turbine supplier, like
BBC, would of course recommend a split-package
approach.
As a conclusion of the discussion of the pros and
cons, the possible but most uncertain price advantage and the better influence on the project by the
owner does not compensate for the increased risks
caused by matching packages of different suppliers
with all implications regarding engineering efforts,
costs, schedule and guarantees. In order to still
make use of the advantages of a split-package approach and avoid its disadvantages, a turnkey approach should be adopted with a bidding procedure
where packages can be married to a turnkey contract.
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Multi-Contract Approach
The multi-contract approach has, apart from the US,
mainly been applied in Spain, France and Belgium. In
France, EdF has always been responsible for the
engineering of conventional and nuclear power stations but Spain and Belgium are heavily influenced
by American industry and the American way of doing
things. This approach was also favored in these
countries since it enlarges the possibility for
local participation and development of engineering
know-how.
Here again, a complete summary of the major advantages and disadvantages of this approach is presented below:
Positive Features
- The multi-contract approach should be capable of
giving the minimum cost plant since it minimizes
the need for contingencies, and maximizes competition for all components.
- The approach gives unified project control.
- The owner has the best possible chance to influence the design and make sure that it meets all
his requirements (though this may be at the expense of a somewhat higher capital cost) and the
learning effect of this approach is substantial.
- The owner has the maximum possible control over
the degree of local participation.
- The ability to place contracts in a number of different countries increases the possibilities of
foreign finance.
- Local civil contractors will only have to bid for
one design.
Potentially Negative Features
- The whole success of this approach depends on
picking the right architect-engineer. A question
also arises as to how to pick an architectengineer who is not only good in his own country
but will also perform well when he detaches a team
and sends it to the Netherlands.
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Negative Features
- The owner is left with a very great deal of responsibility and bears the full consequences of
any cost overrun or lateness.
- The owner will have a great deal more work
throughout the project and definitely needs an
architect-engineer.
- Some European vendors have little experience with
this approach.
- Evaluation of the main plant bids will be complex
if it is required to be very precise about the
economic evaluation.
- The licensing process is likely to be lengthy
since a complete set of safety documentation will
have to be produced by the architect-engineer.
- Guarantees are restricted and will only apply to
quite small sections of the plant.
The effort and manpower involvement on the owner's
side is still larger than for a split-package approach since the detailed engineering of the main
packages as well as erection and testing of these
packages is now part of the owner's responsibilities. The need for a competent architect-engineer is
evident. The project team of the architect-engineer
will amount to approximately 200 people in addition
to the owner's staff (see Section 4.4, Table 4-1).
If a utility in Europe does not wish to go for a
turnkey contract, the respective advantage of the
multi-contract and split-package approaches largely
depends on the selection of the vendors. If American
main suppliers are preferred, the multi-contract approach may be the more obvious solution. The performance of American architect-engineers in the nuclear field in Europe has not always been successful, largely due to the many codes and standards
valid in the different countries, different material
specifications, other units, etc. On the other hand,
it has to be noted that European architect-engineers
have gained considerable experience in connection
with work carried out for reactor vendors.
In view of the experiences made in the USA with the
cost of nuclear power it is certainly not recommended to follow the US way of doing a project (multicontract approach) as the cost risks are too great.
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BENEFIT EVALUATION

7.5.1

Evaluation (Benefit Analysis)

MEZ

The benefit analysis as described in paragraph 7.2
of this section is summarized in Table 7-1 below.
Assuming that the criteria selected for this evaluation have been defined correctly, the normal turnkey
approach represents the optimum solution in consideration of all Dutch needs and objectives.
Compared with the total benefit range of +500 to
-500 the results of turnkey and split-packages
approaches are relatively close together whereas to
the multi-contract approach a substantial difference
exists (see Figure 7-1, Graph 1).
In order to give an indication of how sensitive the
recommendation is to changes of importance, weight
and points of the criteria, some alternative values
have also been tried out (see Figure 7-1,
Graph 2-4).
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The table below reflects the importance and weight
allocated to the criteria and the merit rating based
on the assessed situation.
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Sensitivity to Changed Parameters
Change of Importance
The importance of the main criteria was allocated in
accordance with the objective that low generating
costs with low risks should be achieved. Taking this
basis and assuming that the main objective of the
nuclear program would be to stimulate local industry, the importance of commercial criteria would
have to be reduced to 20 % and the criteria of
national importance increased to 50 %. The result
changes as illustrated in Figure 7-1, Graph 2.
In such a case the split-package approach would
appear to be the better approach and also a multicontract approach would still be a recommendable
alternative.
Change of Relative Weight
Changing the relative weight will have an impact on
the result particularly for those criteria that
stand in conflict with each other, e.g. "low bid
prices" and "low risks". For the original analysis
the weight has been split into 0.3 for the "low bid
prices" and 0.7 for "low risks" reasoning that a
higher bid price with a low risk is more valuable
than a somewhat lower bid price with a higher riskWhen changing the split to an equal weight of 0.5
for both criteria the result changes into a rather
balanced situation with a tendency towards splitpackage (see Figure 7-1, Graph 3 ) .

Change of Points
Changing individual points would be necessary if
some of the factors or the prevailing situation
changes. Such a change in situation would be necessary if an experienced Dutch Architect/Engineer had
already realized projects in the Netherlands. This
would change the risk situation. In addition, the
technical criteria would receive a positive rating
assuming that the plant would be built on the basis
of an existing reference plant. In such a situation,
the solution tends to be the multi-contract approach
(see Figure 7-1, Graph 4 ) .
The variation of parameters has shown that under
changed conditions a different project approach
might represent a more adequate solution; however,
under the present situation the normal turnkey
approach would be the preferred solution.
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The diagram below displays the result of the benefit
analysis for the base case - Graph 1, and variations
of importance, weight and point-graphs 2-4.

S U P E R -

|

N O R M A L - )

BASIC ANALYSIS
CHANGED MERIT POINTS

MULTI

SPLIT-PACKAGE

T U R N K E Y
Q U A S I -

T U O -

|

T H R E E -

CHANGED IMPORTANCE

|

F I V E -

CHANGED WEIGHT

1 - Benefit based on objectives and situation as assessed
in the study
2 - Benefit if national criteria get more importance than
commercial criteria
3 - Benefit if low bid prices have more weight than low risks
4 - Benefit if experienced architect/engineer would be available
who had realised a reference plant in Holland before
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CONCLUSIONS AND RECOMMENDATIONS

8- 1

INTRODUCTION
In this section, the conclusions of this study are
drawn and some recommendations are given as to
implementing the recommended project approach. An
outlook on further action highlights the next important steps to embark on this new nuclear program.

8.2

CONCLUSIONS
The advantages and disadvantages of the various
project approach options have been discussed with
regard to the Dutch situation and objectives. As a
result of this, it is evident that there are inherent advantages and disadvantages linked with each
of the evaluated options and that the best possible
project approach for the construction of the next
nuclear power plant in the Netherlands is a compromise combining the best potential for a successful
project with the least risks for cost and schedule
overruns.
The recommended project approach providing these
features is the
Normal Turnkey Project Approach
as summarized in Figure 8-1.
The main consideration that has led to the recommendation of the turnkey approach is the overall objective of achieving low generating costs. The normal
turnkey approach provides a maximum control of risks
with regard to costs, schedule, licensing and plant
design. Having one main contractor who will be responsible for the largest part of the project and
who can provide evidence of his competence by reference projects to manage a project of this magnitude
is regarded as a key factor for a successful project
particularly for a "first project" after a pause of
more than 10 years.
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PROJECT APPROACH

(FOR THE NEXT ONE OR TWO NUCLEAR POWER
PLANTS IN THE NETHERLANDS)
AS A RESULT OF THE BENEFIT ANALYSIS THE NORMAL
TURNKEY IS THE MOST SUITABLE PROJECT APPROACH
TAKING INTO ACCOUNT THE PREVAILING FACTORS AND
SPECIAL DUTCH CONDITIONS

NORMAL TURNKEY CONTRACT
WITH STANDARD BIDÖING*

OWNER'S
SCOPE,

THE BID SPECIFICATIONS SHOULD HOWEVER BE MADE IN A WAY TO ALLOW
A POSSIBLE OTHER THAN USUAL COMBINATION OF NUCLEAR AND TURBINE
ISLANDS (CLEAR SCOPE SPLIT AND SEPERATE PRICES FOR THE TURBINE
ISLAND).

ADVANTAGES

(COMPARED TO OTHER PROJECT APPROACHES)

HIGH DEGREE OF RESPONSIBILITY RESTS WITH THE CONTRACTOR
STANDARD AND PROVEN PLANT DESIGN (SAFETY, AVAILABILITY)
WELL MANAGEABLE IN VIEW OF OWNER'S ENGINEERING CAPABILITY
SIMPLE AND CLEAR CONTRACT DEFINITION
LOWER COST AND SCHEDULE RISK
GOOD GUARANTEES
EASE OF LICENSING
DISADVANTAGES

•
•

(COMPARED TO SPLIT PACKAGE OR MULTI
CONTRACT APPROACH)

POSSIBLY HIGHER INITIAL PROJECT COSTS
LOWER STIMULATION AND LESS KNOW HOW TRANSFER TO THE DUTCH
FIRMS - HOWEVER, THE DEGREE OF DUTCH INDUSTRIAL PARTICIPATION
IS CONSIDERED SIMILAR FOR THE VARIOUS PROJECT APPROACH ALTERNATIVES AND CAN HIGHLY BE INFLUENCED DURING THE BIDDING AND
CONTRACTING STAGES

PAS

3-3

MEZ

Some of the main reasons that have caused cost and
schedule overruns in past projects have been identified to be:
o poor management
o weak leadership in a consortium
o plant design not well defined at project start
o problems with licensing
o technical changes during the project
With a turnkey approach, these factors can be well
controlled when they are given due attention during
project planning and contract negotiations.
The two- or three- package approach might, under
certain circumstances, be considered as a possible
and acceptable approach if clear economic and technical gains can be achieved.
The multi-contract approach is more prone to suffer
from one or more of the above deficiencies and
thereby increasing the cost and schedule risk for
the owner.

8.3

RECOMMENDATIONS FOR THE NORMAL TURNKEY APPROACH
The inherent disadvantages of the normal turnkey
approach can be seen in the
o limited competition with only a few turnkey
vendors
o possible lower extent of Dutch industry and engineering participation
o limitation of the owner's influence on the project
In how far these disadvantages have a strong impact
on the project depends to a large extent on whether
these factors are being sufficiently realized at an
early stage. If these weaknesses are known from the
start they can be counteracted accordingly and
totally eliminated.
The following recommendations shall provide some
guidance in this direction.
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Limited Competition because of Only Few Turnkey
Vendors
The bid price situation with respect to competition
and project approach is difficult to predict. The
turnkey vendors might start at a high price level
and it will be difficult for the owner to negotiate
good prices with only three or four turnkey bids. In
order to improve the competition, the turnkey vendors should be asked to provide individual prices
for the nuclear and turbine islands besides the
turnkey price, and in addition, separate bids for
the turbine island can be invited.
With this information and possibly further price
breakdown to hand, the owner has a broader basis for
his tender negotiations which will assist to reach
low contract prices comparable to those reached
under a split-package approach.
Dutch Participation by Industry and Engineering
Companies
The objective to involve the Dutch industry as far
as possible appears to be in conflict with the turnkey project approach. Considering that there is no
reactor vendor nor a turbine generator vendor for
the required size in the Netherlands, it must be
accepted that for all project approaches the vendors
of these main complexes will be foreign. Whether or
not the arrangements regarding local supply are less
favorable for a turnkey supply compared to a splitpackage or multi-contract approach for the main complexes will be a matter of attention which is given
to this subject before contract signature. It will
be most important to put Dutch industry in a good
position to tender as subcontractors and to have
firm commitments built into the contract to assure a
high Dutch participation.
One of the prerequisites for the development of a
successful strategy for Dutch industry participation
is to create a good relationship with the future
owner who will have the key to influence the local
participation with his foreign contractor.
Furthermore, a promotion program should be initiated
by the Dutch government to create more favorable
conditions to optimize Dutch participation and to
assist Dutch industry in preparing themselves for
the task envisaged to be carried out by them.
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The outline of such an industrial promotion program
could be as follows:
o making an inventory and appraisal of Dutch industry (capabilities, experience, capacities, industrial links, attitudes and interests, plans, competitiveness, etc.,
o preparation of an industrial promotion program
(actions to be undertaken by industry and/or Dutch
government to bring the industry at the required
level of ability within the time required)
o implementation/application of an industrial promotion program
The contents of such an industrial promotion program
could include items such as:
- indicating the companies, the type and range of
supplies and services they could supply and render
as well as the size of the potential business
- familiarizing the industry with the designs of the
different main suppliers and the way in which
these suppliers normally subcontract the equipment
in their own country
- assisting the industry for bringing the engineering capacity for design, QA and QC up to the standard as required for the nuclear industry
- proposing organizational measures to make use of
and to cope with the engineering requirements in
the best possible way
- proposing a time program for preinvestments and/or
a refurbishing of manufacturing facilities as may
be required
- assisting the industry in pricing their equipment
by comparing their prices with those from foreign
suppliers
- familiarizing the industry with the special
requirements for the supply and manufacture of
equipment for nuclear power plants
- assisting the industry to find suitable partners
to make licensing agreements and/or any other
types of agreement with companies from other countries

PAS

£ - 6

MEZ

Following the above proposed procedures, it is
believed that the potential drawback of limited
Dutch participation within a turnkey project
approach can be overcome.

Limitation of the Owner's Influence on the Project
How a project is implemented under a turnkey
approach depends to a large extent on the owner's
organization as regards know-how, capability and
capacity and his desire to become involved. The normal turnkey approach leaves room for a large owner's
scope which can be defined in accordance with the
owner's capabilities and know-how. The owner should
further play a strong role in controlling and supervising the turnkey contractor to make sure that the
works are executed in full conformity to the contract and to the owner's requirements. During contract negotiations, the owner's involvement has to
be agreed upon to make sure that a beneficial control function by the owner can be reached. In this
way, the owner will have the benefit of good project
control combined with transfer of know-how without
taking undue risks.

8.4

NEXT IMPORTANT STEPS
The preparation, planning and launching of the project depends on the selected project approach. When
adopting the normal turnkey approach, the next important steps would include those briefly described
in the following paragraphs.

8.4.1

Project Organization
The first step in the project implementation would
be to establish a project organization which will
combine strong management and nuclear know-how capabilities. The formation of a strong decision-making
project organization is the prerequisite for all
further steps.
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Project Planning
The planning of the whole project in the form of a
master plan reflecting all main activities and milestones as to time, duration, required resources, and
organizations involved would have to be worked out
to form the basis from which all further detail
planning could be done. An action plan should be
made to resolve all outstanding questions and
problem areas.

8.4.3

Owner's Scope
The normal turnkey approach has been recommended
assuming that a large scope of the project would be
handled by the owner. The owner's organization has
to decide about the owner's scope in order to define
the scope for the bid specification.

8.4.4

Budget/P inane ing
A detailed budget has to be compiled in order to
have a sound basis for future contract negotiations
and to make provisions for the project financing.

8.4.5

Bid Specification
The bid specifications have to be worked out in accordance with the selected project approach for the
turnkey scope. As explained in the previous section,
the specifications have to be prepared in such a way
that detailed cost information has to be provided by
the bidders thus strengthening the owner's position
for the contract negotiations.

8.4.6

Clarification of Licensing
Early discussions between the owner and the licensing authorities to define the procedures and requirements are essential to eliminate the risk of
changes during the design and construction phase due
to undefined requirements, which will invariably
"lead to extra costs and schedule overruns.
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One reason for recommending the turnkey project approach is the risk of licensing problems with a nonstandard plant which is more likely with nonturnkey
project approaches.

8.3.7

Dutch Participation
To ensure that Dutch industry participates in the
project to a high degree also for the turnkey scope,
a promotion program should be launched by the Dutch
government as proposed in Paragraph 8.3.
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